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HOUSING AND ENCLOSURE REQUIREM ENTS

Effective management of the babirusa requires proper housing. This chapter of the Husbandry Guidelines for the
Babirusa SSP is a compilation of a survey sent to eight institutions housing babirusa. Using the survey results and
the AZA Mammal Standards for wild swine, these guidelines have been developed on the suggested housing of this
species in captivity. Managers are asked to use these guidelines and to report any experiences that may improve the
guidelines to the SSP Coordinator. Constructive comments have also been gathered from European zoos housing
babirusa.

Babirusa need indoor enclosures and should have the opportunity to spend time in an outdoor enclosure. Housing
animals together in pairs and as single sex groups have been successful in North America, Europe and Indonesia.
Pregnant sows usually need to be separated from other babirusa prior to parturition, as boars as well as other sows
have been known to kill infants.

INDOOR ENCL OSURE REQUIREMENTS

Size: Dimensions of indoor stalls vary among zoos from 2.9 to 28 square meters (32 to 312 square feet). The
recommended size for indoor enclosures is 4.5 square meters (~50 square feet) for each individual or female with
litter. If a single sex group is housed together, the group must be monitored for aggression prior to decreasing the
amount of available space per individual (in a single indoor enclosure) from 4.5 square meters to 2 square meters per
individual.

Structure:  Enclosure walls and doors need to be solid for the bottom 2 meter to prevent foot/leg injuries and/or
neonates escaping the enclosure. Most enclosures are made with concrete but wood has been used at one facility.
All enclosures need to be able to be cleaned properly. Doors have been constructed in a variety of ways. Doors
which are barred with spacing of bars from 3-31/2 inches can be utilized for trimming tusks. Care must be taken to
avoid large gaps between bars, around doorways, between walls, etc., as males may get tusks caught or broken.
Each enclosure should have two animal doors to aid in introductions. With two animal doors, a “run around” can be
created to prevent animals from being cornered.

Substrate:  Babirusa can be susceptible to foot and leg problems. These problems, which are associated with
confinement lameness, may be a result of the flooring since most enclosures are concrete. The inflexibility of
concrete and its roughness have been the suspected causes of these problems. Several options have been



experimented with to reduce the risk of health problems. A rubber coating, much like that found in horse barns, has
been used at two-institutions. Rubber mats that can be removed and cleaned have also been utilized. Rubber mats
can be a problem if not cut carefully to fit the size of
the floor because animals will chew on the ends of
the mats if they are exposed.

Bedding, such as hay, straw, wood shavings and/or
fine mulch have also been used as substrate. The hay
or straw provides not only a cushion between the
animal and the concrete but also serves as bedding
material used by both sexes to form nests into which
they burrow at night. This is particularly important
for females prior to and after birth. Prior to
parturition, the female will build a large nest into
which she can burrow. These nests are believed to be
important for reducing female stress before and after
birth.

Water: Providing fresh water for animals is
essential. Commercial hog waterers are available and
work well. Other waterers that have been used successfully include Nelson waterers and lixits. Large tubs of water
can be used but animals tend to tip over tubs. All drinking containers should be cleaned and disinfected daily.

(Photo: D. Wilson, St. Louis Zoo)

Lighting: Natural or artificial lighting needs to be provided for each area. Natural lighting may not be sufficient
on overcast or winter days, so supplemental lighting should be available in all indoor areas. Additional artificial
lighting may be needed at doors if these are to be used as ports to trim tusks.

Heating:  All indoor enclosures need supplemental heat. Depending on location of the facility, heating can be
accomplished using heat lamps, pig mats, forced heat or a combination. One facility has built hot water pipes under
the flooring to provide heating without the drying properties of most heat sources. Babirusa piglets, like their
domestic cousins, are likely to be poor thermoregulators and may need supplemental heat beyond that normally
provided for adults. Providing adult and infant domestic pigs with a gradient of temperatures allows each to select a
preferred microclimate (Liptrap, et al., 1980). During those months when animals are not given the opportunity to
go outdoors, forced heat can cause skin problems. Mineral or baby oil can be applied topically to alleviate cracked
and dry skin. Maximum and minimum temperatures of indoor areas need to be monitored to provide the most
comfortable range for animals. Maximum indoor temperature ranges from 24 — 35°C (75 — 95°F) and minimum
indoor temperature ranges from 4.5 — 20°C (40 — 68°F), because this is a tropical forest species. If winter housing is
maintained at the low end of the range, ample bedding must be provided. If housing is maintained at the high end of
the range, air needs to be circulated within the facility.

Ventilation:  Good ventilation in indoor areas is essential. Exhaust fans or air exchange units are necessary, but
drafts can be a problem especially with neonates and young. If temperatures exceed 30°C, air needs to be circulated.
Exhaust fans and portable fans will aid in the circulation of air within the facility.

(Photo: B. Meng, WCS/Bronx Zoo)




OUTDOOR ENCL OSURE REQUIREMENTS

Size:  Outdoor enclosures should be available to all animals, at least on a rotating basis. Outdoor areas range from
66 - 1324 square meters (720 - 14,400 square feet) with the average size being 225 square meters (2500 square feet).
AZA Mammal Standards for wild swine state that minimum size for outdoor enclosures need to be double the size
of indoor housing (minimum recommended size for indoor enclosures is 4.5 square meters per animal). The
Babirusa SSP recommends areas larger than this minimum size to enable natural behaviors to occur. These outdoor
areas need to be able to accommodate breeding pairs, small single sexed group or sow and offspring. These areas
should also be large enough to allow for the introductions of new animals.

Structure: A variety of barriers have been used successfully with babirusa. Minimum barrier height needs to be
1.5 meters (5 feet). Barriers include gunite rockwork, bollards, wooden fencing, chain link fencing, and commercial
hog fencing. All have contained animals but neonates should not be allowed outdoors with open weave fencing
until young are large enough to be contained. Water moats can not be used as barriers since babirusa swim. Fence
lines need to be monitored because babirusa will dig, although they do not root as aggressively as other swine.
Electric fencing is a reliable barrier for babirusa but it should only be used as a secondary, not primary, barrier. It is
especially useful in protecting plantings. Pools for drinking and bathing are recommended. Wallows should either
be constructed in the enclosure or animals should be allowed to make their own.

Substrate: A soft, natural substrate should be used
in outdoor enclosures. Several species of trees,
shrubs and grasses have been successfully grown in
enclosures with babirusa. These include bamboo,
sweet olive, tallow, honeysuckle, elm, maples and
conifers. Each institution needs to determine which
plant species are appropriate for their specific
climates. Plants that are potentially toxic should not
be used inside animal areas as babirusa will chew or
consume them. Plantings can be protected by
physical barriers such as fencing, electric wire or log
planks. Rocks around plants may deter animals but
care should be taken as animals may climb rocks
risking leg injuries.

(Photo: WCS/Bronx Zoo)

Temperature:  Animals can be given access to outdoors with temperatures as low as 1.7°C (35°F) if there are
sunny conditions with no wind chill. Many institutions have the capability to give animals “open house”, where
they can go into heated indoor areas if temperatures drop below 4°C (40°F).

FURNISHINGS - INDOORSAND OUTDOORS
Furnishings are used for enrichment and as sight
barriers. Many institutions provide items such as
logs, plant material and Boomer balls in outdoor
enclosures. Scattering of food items throughout the
enclosure and/or in pools encourages foraging
behavior and swimming. Animals in the wild reach
up for fruit on tree trunks or hanging from branches.
Food items suspended in this way allow babirusa to
exhibit their natural ability to stand on their hind
limbs while browsing. Boomer balls with holes can
be filled with pelleted grain or other food items as
part of an enrichment program. As with all food
items used as enrichment, the weight of the animals
most be monitored closely to avoid overweight
individuals. Non-natural items, including “kiddie”
pools, rubber tubs, push brooms for rubbing, are used
indoors for enrichment.

(Photo: WCS/Bronx Zoo)




(Photo: T. Motoyama, Los Angeles Zoo)

Pregnant females need additional bedding to create nest sites prior to parturition. Several different hays have been
used for this purpose including sudan, alfalfa and bermuda. Enrichment items for pregnant females are important to
decrease boredom and the stress of parturition.

SPECIAL FEATURES

Many institutions do not allow animal staff to enter enclosures with babirusa, especially males, so the use of
specialty equipment improves the ability to monitor animals. Video monitoring equipment is advantageous when
births occur, especially with inexperienced females. Continuous monitoring of mother-infant interactions for the
first 30 days gives insight to health and well-being of neonates. Walk-on scales are helpful with monitoring weights
of all animals. Babirusa are highly intelligent and can easily be trained to stand on a scale.

ADJACENT SPECIES

Babirusa have been housed next to several different species. Swine species housed next to babirusa include red river
hog and bearded pig. Other species within visual contact include wallaby, Indian hog deer and several types of
water fowl. Audubon Park and Zoological Garden has successfully housed babirusa and small clawed otters in the
same outdoor enclosure.

Literature cited
Houston, E. W., AZA Minimum Husbandry Guidelines for Mammals: Wild Swine (1997). www.aza.org.

Liptrap, D.O., Bailey, J.H., and O’Neal, J. Baby Pig Management - Birth to Weaning in New York Pork Industry Handbook.
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MANAGEMENT, RESEARCH AND ENRICHMENT

IDENTIFICATION

Adult babirusa are usually kept in pairs and are easy to distinguish from each other. However, all babirusa should
be identified using some permanent method, such as transponders, ear notches, ear tags or tattoos. Over half of the
zoos surveyed used at least one method of permanent identification, predominantly transponders. At the Babirusa
SSP Mid-year Meeting in 1996 it was decided that the SSP would recommend that all babirusa be permanently
identified with a transponder at the base of the left ear, and that, in the future, ear notching would be used on a very
limited basis.

HANDLING

There are as many ways to manage babirusa as there
are institutions exhibiting babirusa. Each zoo has a
daily routine that is designed to fit their facilities and
the personalities of the babirusa at their facility. The
type of interaction between keeper and babirusa
varies from extremely hands-on to completely hands-
off.

(Photo: WCS/Bronx Zoo)

The individual temperament of each babirusa
determines whether the keeper enters the enclosure
with the babirusa. Some babirusa are extremely
tolerant of a keeper working in close proximity to
them and/or to manually handling them within the
enclosures, while some babirusa are too aggressive
for a keeper to safely enter the enclosure with them at
all.

(Photo: T. Motoyama, Los Angeles Zoo)

RESTRAINT

Manual restraint has only been used to restrain babirusa piglets and juveniles up to 4 months of age. Fortunately,
many management concerns pertaining to adult babirusa can be addressed using operant conditioning. Some
management concerns that have been addressed using operant conditioning include routine weighing, tusk trimming,
hoof trimming, skin care and pregnancy detection via transabdominal sonography.

Any procedures that cannot be accomplished with operant conditioning usually require chemical immobilization of
the animal. Some of the procedures accomplished using chemical restraint include transfer to a new enclosure, tusk
trims, hoof trims, pregnancy detection via transabdominal sonography, and preshipment and quarantine testing.

SHIPMENT

The crating of babirusa for moving within an institution or shipping to another institution is fairly easy. All of the
institutions used food to gradually acclimate the babirusa to the crate prior to shipment. After crating, babirusa can
be either transported by air or by trailer.

Crates for babirusa should be sturdy and can be made from wood or metal. The crate should be laarge enough to
allow the babirusa to lay down. The top of the crate should provide a minimum of 15 cm (6 in) over the highest part
of the babirusa’s back when standing. The floor of the crate should be non-slip and either be bedded heavily to
absorb urine or slatted over a leak-proof tray to catch excreta. Sufficient ventilation must be provided with slatted
sides, ends and top.



OPERANT CONDITIONING

Operant  conditioning  using
positive reinforcement can be a
useful management tool with
babirusa. (Miller et al, 1994,
MacLaughlin  and Thomas,
1991). Babirusa are quick
learners and will do just about
anything for food. Many
institutions exhibiting babirusa
currently have a loosely-
structured operant conditioning
program in place and are able to
address a wide range of

management con.cerns w1j[hout Tusk trimming. (Photo: WCS/Bronx Zoo)
the need for chemical restraint.

Some of the management concerns addressed include pregnancy detection using transabdominal sonography
(Houston et al, in prep), routine weighing, tusk trimming, hoof trimming, skin care and crate training for shipment.

Acclimation training. (Photo: St. Louis Zoo)

Operant conditioning programs for babirusa vary
from institution to institution. Some institutions have
very formalized operant conditioning programs in
which a keeper devotes 30-60 minutes each day to
handling each babirusa from within the animal’s
enclosure. Other institutions have more informal
programs and use operant conditioning only as
needed from behind a protective fence or barrier.
Whether formal or informal, an operant conditioning
program has many benefits for babirusa, including a
reduced need for chemical restraint for minor
husbandry, veterinary and research procedures,
acclimatization of nervous animals, and behavioral
enrichment.

Weighing. (Photo: T. Motoyama, Los Angeles Zoo

RECORDS

All institutions holding babirusa currently maintain a written daily keeper log noting medical problems, reproductive
activity and any unusual behaviors. Additionally, some institutions keep daily records on the sow’s vulva swelling
to track her reproductive cycle or pregnancy. Two institutions have utilized time-lapse infrared video to record
behavior of their babirusa.



Transabdominal sonography. (Photo: St. Louis Zoo)

ENRICHMENT

Enrichment can be defined as a way of changing the
daily routine or the enclosures of captive animals to
improve their environment and encourage more
naturalistic behaviors. All of the zoos exhibiting
babirusa offer sporadic and varied types of
enrichment to the babirusa as the keepers’ time
allows. Many expressed the desire to initiate a more
formalized enrichment program for this species.

[
Enrichment. (Photo: St. Louis Zoo)

RESEARCH

All Babirusa SSP institutions participated in genetic
research which confirmed the oral and written history
indicating that the global captive population of
babirusa is highly inbred.

Two institutions had participated in or were currently
participating in research projects involving babirusa.
Bronx - mother/infant behavior (MacLaughlin et a/
2000) and Nutrition (Conklin et al, 1994; Brongo,
1999)). St. Louis - mother/infant behavior (on-going)
and semen collection (future).

Enrichment. (Photo: WCS/Bronx)

Babirusa are prone to obesity which may reduce
fecundity and may contribute to arthritic symptoms in
this species. If food items are offered as enrichment,
the rations at regular feedings should be reduced so
that the daily recommended intake remains
consistent.



Below are a few ways that institutions are currently enriching their babirusa...

Feeding routine: Rather than offer a babirusa’s daily allowance of food at one feeding, it is offered at different
times throughout the day (for example, produce on exhibit in am, browse midday, and hay/grain in barn in pm).
Several zoos periodically toss produce into the exhibit to encourage the babirusa to be more active during the day.

Food items. Some suggestions for enriching food items include various types of browse, apples, pears, grapes,
cantaloupe, watermelon, sweet potatoes, squash, carrots, and greens. Some additional treats suggested include
sunflower seeds, raisins, popcorn, cereal, pumpkins, molasses, frozen fruit treats and peanut butter.

iy - st g
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Enrichment. (Photo: St. Louis Zoo)

Food Presentation: Spreading food throughout the
enclosures, hiding chunks of produce under rocks and
in logs, and floating produce in pools are just a few
ways to offer treats to babirusa while encouraging
increased activity and exercise. Food can also be
suspended in such a way that the babirusa can only
reach it by standing on its hind limbs.

Operant Conditioning: Babirusa are intelligent
animals and daily interaction with the keeper can be
enriching for babirusa. Operant conditioning gives
the keeper a chance to address minor husbandry
concerns such as tusk trimming or skin care and gives
the babirusa a chance to interact with the keeper for a
reward.

Exhibit Design: The exhibit should be an enriching
place for the babirusa. Babirusa will usually use mud
wallows or pools if offered. Heavily planted exhibits
provide a naturalistic environment and allow
selective browsing.

Toys. Many everyday items can be used as toys for enrichment for babirusa. Some suggestions include boomer
balls, boomer balls with holes and filled with grain, peanuts or raisins, scratch brooms, rotten logs, water tubs,
barrels, rubber mats, hanging buckets or buoys, and showers or sprinklers. All of the zoos were in agreement that

babirusa become bored with toys easily. It is necessa

(Photo: T.Motoyama, Los Angeles Zoo)

to rotate these toys often for them to be effective.
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NUTRITION

BACKGROUND INFORMATION TO THE FEEDING ECOLOGY

Information from the Wild

Information on the diet of wild babirusa is largely descriptive and qualitative in nature. A detailed review of all
information available from the literature can be found in Leus (1996). The lack of quantitative information does not
allow much more to be said than that babirusa appear to show a preference for fruits and seeds but that they also
consume a variety of leaves, grasses, fungi, invertebrates and small vertebrates, and garden products.

Very few wild food items are mentioned by name in the older literature: leaves of the “waringi” tree (most likely a
fig species (Ficus sp.)), “canari” seeds (almond-like seeds of the fruits produced by trees of the genus Canarium)
(Valentijn, 1726), Elatostema sp. (a non-stinging member of the nettle family Urticaceae), acorns (Lithocarpus sp.)
(Selmier, 1978, 1983), “pangi” (Pangium edule — a large fruit of the family Flacourtiaceae) (Whitten et al., 1987).
Among the garden products consumed were mentioned: coconuts, mangos, maize plants, millet, sweet potatoes,
sugar cane and small herb trees. More recent investigation of stomach contents and faeces of wild babirusa in North
Sulawesi (Clayton, 1996) indicated that the wild babirusa diet indeed mainly consists of fruit and/or seeds as well as
some animal material, leaves, grasses and soil and rock fragments. The following genera/species of fruit/seeds
could be clearly identified: Mangifera sp. (mango and its relatives - Anacardiacae); Dracontomelum mangiferum
(Anacardiacae), Pothoidium lobbianum (Araceae), Dillenia serrata (Dilleniaceae), Pangium edule (Flacourtiaceae),
Calophyllum soullatri (Guttiferae), Agloia sp. (Meliaceae), Lansium sp. (Meliaceae), Artocarpus sp. (Moraceace),
Ficus sp. (Moraceae), Streblus sp. (Moraceae), Arenga pinnata (Palmaceae), Calamus sp. (Palmaceae) and Alpinia
sp. (Zingiberaceae) (Clayton, 1996).

Hunters and guides of Lore Kalamanta claim to be able to distinguish between furrows made by Sus celebensis (the
Sulawesi warty pig) and those produced by babirusa. Babirusa are said to make shallow, straight-lined furrows
whereas Sus celebensis dig deeper and thrust their snouts in lines that radiate from one spot (Selmier, 1978).
Babirusa in captivity appear equally unable to root in compact ground and only appear to turn over loose soil or wet
mud (Leus ef al., 1992; Leus and Vercammen, 1996). The lack of a well developed rostral bone in the nose of the
babirusa (Macdonald, 1993) may explain their limited ability to root in more compact substrates and may imply that
roots are a less important category in the diet of the babirusa compared to that of the other wild pigs.
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Table 1: Chemical analysis of the water of the “Marisa” salt lick and the sediment of the
“Lantolo” salt lick in North Sulawesi (for precise location see Patry et al, 1995).
Samples collected by Mr. Maurice Patry. Analyses carried out by the Laboratoire
Municipal deBrest, 16 rue A. Ribot, 29200 Brest, France, 1989.

Components Water salt lick “Marisa” Sediment salt lick “Lantolo”

(Resultson DM basis) *

pH 7.4
Loss after heating at 550°C 53 %
Insoluble hydrochloric 83.0 %
Calcium (Ca) 500 mg/l 10.5 g/kg
Magnesium (Mg) 170  mg/l 6.9 g/kg
Ammonium (NHy) 0.33 mg/l

Sodium (Na) 580 mg/l 0.70 g/kg
Potassium (K) 8.9 mg/l 0.50 g/kg
Manganese (Mn) 0.52 g/kg
Iron (Fe) 33 g/kg
Carbonate (COs) 0 mg/l

Bicarbonate (HCO3) 49  mg/l

Sulphate (SO,) 2740 mg/l <0.2 g/kg
Nitrite (NH,) 0 mgl

Nitrate (NH;) <0.1 mg/l

Phosphate (PO,) <0.01 mg/1l

* Analyses carried out on the insoluble fraction of the sediment

Babirusa in the wild visit volcanic salt licks to drink large quantities of the salty water, to lick the stones and to
ingest the soil (Patry ef al., 1995; Clayton, 1996). Results of the analyses of the water of the “Marisa” salt lick and
the sediment of the “Lantolo” salt lick in North Sulawesi can be found in Table 1 (Patry pers. comm., 1989 — for
details of locations see Patry et al., 1995). Additional analyses of soil and water samples from salt licks in the same
region by Clayton were compared with results from control samples (soil taken 25m away from the salt lick and
water taken from the Nantu river) (Clayton, 1996). Results from these two studies indicate that the soil from these
salt licks appears to contain higher quantities of SO,, Iron, Sodium, Zinc and Manganese than the surrounding soil
and that the water contains higher quantities of particularly Chloride, SO,, Boron, Sodium and Calcium. This may
well imply that babirusa have very specific mineral requirements or that their largely frugivorous diet is lacking in
one or more components. Indeed soil and stones were common in the stomachs investigated by Clayton (1996).

Information from Captivity

Foraging behavior: The foraging behavior of the babirusa mainly consists of walking around with the nose close
to the ground while probing through the loose soil and leaf litter (Leus and Vercammen, 1996). Captive babirusa in a
semi-natural enclosure showed the ability to very carefully select and obtain certain plants and plant parts such as
individual flower buds, grass ears, bramble leaves, cherry fruits, etc. (Leus and Vercammen, 1996). Valentijn (1726)
writes that wild babirusa stand on their hind legs while leaning against a tree to “sample the smells of approaching
enemies”. An equally likely explanation for this behavior is that the animals are foraging for fruits or leaves on
trees. In fact, babirusa in captivity have frequently been observed browsing leaves on trees while standing on their
hind legs unsupported or with their front legs leaning against the tree trunks or uprights in their enclosure (e.g.
Macdonald and Leus, 1995).

Digestive anatomy: Although consisting of one large compartment without any narrow constrictions separating

one part from the other, the babirusa stomach contains an enlarged area of mucus-producing cardiac glands (>70%
of internal surface area v. 30% in Sus scrofa) with a near-neutral pH and large populations of microorganisms (Leus,
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The domestic pig should be considered
the dietary model for the babirusa.
However, diets designed solely for
commercial swine production are
unsuitable for babirusa considering:

» the babirusa is an unimproved breed

with a slower growth rate and a smaller
mature body size

* babirusa appear to browse more and
root less and thus may be consuming a

diet of lower nutrient density

* babirusa have a unique stomach
structure containing large microbial
populations

% .|.I'-

+ babirusa are prone to obesity in g o
(Photo: C. Dresner, St. Louis Zoo)

captivity

1994; Leus et al., 1999). A frequently discussed function of such microorganisms is bacterial fermentation of plant
structural components by means of enzymes, which the host is unable to produce itself. The cardiac gland area of
the babirusa is therefore likely to be a fermentation area. The anatomy of the intestinal tract of the babirusa appears
to be very similar to that of the domestic pig and other wild pigs although no detailed studies have been carried out
(Mitchell, 1905, 1916).

Two groups of animals appear to share with the babirusa the possession of an enlarged and elongated stomach part
lined almost exclusively with cardiac glands: the Colobinae monkeys and Macropodidae marsupials. Forestomach
fermenters usually show a system of folds, blindsacs or narrow constrictions in the stomach which slow down the
passage of digesta and which separate the fermentation chamber from the low pH of the gastric gland area. Apart
from therelatively small diverticulum (typical for the stomach of all pigs but larger in the babirusa), no such

structures were found in the babirusa stomach. Passage time experiments on captive babirusa suggested that no part
of the digestive tract selectively held digesta longer than any other part and that the transit time of digesta for the
babirusa is not longer than that for the domestic pig (Leus, 1990; Conklin and Dierenfeld, 1994). Thus, bacterial
fermentation in the babirusa stomach may be somewhat less efficient than is the case for other forestomach
fermenters.

Digestion: Two digestibility studies were carried out on the babirusa (Conklin and Dierenfeld, 1994; Leus, 1994,
1997) and in both cases the animals did not readily consume the amount of hay or dried grass offered as a source of
fiber. These therefore appear not to be palatable fiber sources for the babirusa.

When consuming a zoo diet (mostly composed of low fiber grain and fresh produce), the babirusa digested the NDF
and ADF fractions of the diet equally well (Conklin and Dierenfeld, 1994). Babirusa consuming a barley-soy basal
diet with dried grass added as a source of fiber digested NDF slightly better than ADF although the difference
appeared to become smaller the more grass was added (Leus, 1994). In comparison to the domestic pig (Large
White x Landrace) the babirusa appeared to digest NDF equally well (for dried grass fiber) or better (for barley-
soybean + dried grass fibers) than the domestic pigs but ADF equally well (for barley-soybean + dried grass) or
worse (for dried grass fiber) than the domestic pig (Leus, 1994, 1997). The low metabolic fecal nitrogen losses in
babirusa consuming a zoo diet, together with the absence of a secondary marker excretion peak in the transit time
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study, suggest that hindgut fermentation may be less important in the babirusa than in the other pigs (Conklin and
Dierenfeld, 1994). In the domestic pig almost all cellulose and 80% of hemicellulose digestion occurs in the large
intestine (Keys and DeBarthe, 1974). Similarly, in the peccary, another forestomach fermenter and close relative of
the pigs, practically no cellulose digestion occurred in the forestomach (Shively ef al., 1985; Lochmiller et al, 1989).
If hindgut fermentation is indeed less important in the babirusa and if in pigs and peccaries digestion of cellulose
occurs mainly in the caecum and colon, then we would expect less efficient digestion of cellulose by the babirusa.
All of the above strongly suggests that the babirusa is a non-ruminant forestomach fermenting frugivore/concentrate
selector specialized in the fermentation of more easily digestible fibers and other cell components.

(Photo: C. Dresner, St. Louis Z0oo)

Recommended body
weights

Adult male babirusa ~90 kg

Adult female babirusa ~ 60

(Photo: WCS/Bronx Zoo)

ZOO DIET SURVEY

Between March 1991 and May 1993, all zoos with
babirusa (16 in Europe, 7 in the USA and 2 in
Indonesia) were sent a questionnaire requesting
information on the constituents of the diet, the daily
amounts fed, the preferences and dislikes of the
animals and the way in which the food was offered.
Results from 13 zoos in Europe and 6 in the USA
(containing 38 male and 41 female babirusa) were of
a sufficiently detailed nature to be used in further
analyses. A detailed account of the results of this
questionnaire can be found in Leus (1994) and short
reports were published in Leus and Morgan (1995)
and Leus (2000).

a. Feeding schedule and feeding locations

One zoo that replied to the questionnaire
only fed once a day, thirteen zoos fed
twice a day, three zoos fed three times a
day, one zoo fed four times and another
five times a day. Most of the zoos that fed
twice a day offered a smaller portion of
the daily ration in the morning and a
larger portion in the late
afternoon/evening. Those zoos that fed
more than twice a day offered browse
and/or scatter feeding (fruit, vegetables,
seeds and grains etc.) at other times of the
day.

Eight zoos fed the main part of the diet on
the floor, eight zoos offered the meal in a
trough and three offered the food on a bed
of grass, hay or alfalfa on the floor.

Eight institutions had an automatic water

supply whereas the remaining eleven
institutions used water troughs.
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b. Food items and quantities offered

For the analyses, the food items offered
were divided into 4 categories: 1) fruit
and vegetables (F&V), 2) commercial
pellets, grains, bread, nuts and oils
(P&G), 3) animal products (AP) and 4)
browse (grass, hays, branches, leaves

Nutritional Recommendations for
Babirusa in Captivity

diet comprising approximately s swine
maintenance pellets or high fiber herbivore
pellets and % “produce/browse” composed of
Ya fruit (maximum, "z yellow/orange/root
vegetables, 2 green leafy vegetables and s
locally available browse

complete pellets are preferred to mixes of
whole grains

produce should be fed raw and with peels
and/or stones

total amount offered per day should equal no
more than 2.5% of body mass on an as fed basis

crude protein concentration of dietary DM is
calculated to be approximately 13% and
digestible energy approximately 13 MJ/kg

vitamin and mineral requirements of the
babirusa diet should meet the standards for

etc.). The babirusa received a very wide domestic swine
range of food items: 54 different F&V,
30 P&G, 9 AP and 41 different browses
were offered to the animals (Tables 2 &
3). In most zoos, the diet was built up
around a relatively fixed set of core items
which were easily available all year
round. These core items were then
supplemented with smaller amounts of
seasonal fruits, vegetables and browse.

a small amount of pelleted concentrate diluted
with various produce items is suggested to
promote natural feeding behaviors, provide
bulk and reduce calorie density

the ration should be spread rather evenly
throughout the day, for example 30% in the
morning, 20% scatter-fed and 50% in the
evening

fresh water should be available at all times

Browse offered to the babirusa came in many forms and shapes (Table 3). A number of zoos did not
specify the species of browse fed and their accounts were included under the general terms branches,
grass, hay and leaves. In some zoos, alfalfa hay was eaten completely whereas others stated that the
animals tried to pick out the leaves and would sometimes chew the stems but not eat them. Many zoos
offered fresh branches, grass, herbs or alfalfa during the spring and summer seasons and fed dried
branches and hays during the winter. The inclusion of browse in the diet was often not on a regular or
controlled basis. In fact, information on the amounts and types of browse offered was too vague to
allow calculation of the percentage of browse in the diet in relation to the other food categories. The
data shown below are for the daily diet of adult male and adult female babirusa without the browse.

Table 4 shows the mean amounts of the different food categories offered to the babirusa. As is obvious
from the large standard deviations there was a huge range in the amounts and proportions of the
different food items fed. On average, the diet consisted of 2/3 fruit and vegetables and 1/3 commercial
pellets and other grain products. Nine zoos added small amounts of animal products (such as chicks,
eggs, and beef) to the diet on some days of the week.
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Table 4: Average amount of food (Total fresh weight), fruit and vegetables (F& V), commercial pellets, grains, bread, nuts and
oils (P& G), animal products (AP) and dry matter (DM) offered to babirusa in 19 zoos in Europe and North America. (%BW =
per centage of body weight for a 90 kg male and 60 kg female)
Total (g/day) F&V (g/day) P&G (g/day) AP* (g/day) DM (g/day)
Male 31284928 21514983 878+577 2094233 1069+481

%BW 3.5 1.2
Female 2733+798 1856+831 806+512 148+113 956+425
%BW 45 1.6

(*) Average of nine zoos that did offer animal products

(Photo: WCS/Bronx Zoo)
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Table 2: List of Fruit and Vegetables (F& V), Commercial pellets, Grains, bread, nutsand oils (P& G), and

Animal Products (AP) offered to babirusa in 19 zoosin Europe and North America.

Food item

F&V
Apple
Aubergine
Avocado
Banana

Broccoli
Cabbage
(unspecified))
Carrots
Cauliflower
Celery
Cherries
Chicory
China cabbage
Coconut
Corn-salad
Cucumber
Endive
Fennel
Fodder beet
French beans
Grapefruit
Grapes

Green cabbage
Kale

Kiwi
Kohlrabi
Lamb’s lettuce
Leek

Lettuce
(unspecified)
Mandarins
Medlar
Melon
Nectarines
Onion
Oranges
Parsley
Peaches
Pears
Pineapple
Plums
Potatoes
Pumpkin

Radish

Red beets
Red cabbage
Salsify
Savoy

Soya sprouts
Spinach
String beans

Form

with peel

raw with peel
raw with stone
with peel or
without peel
raw

raw

raw or boiled
raw

raw

with stones
raw

raw

raw

raw

raw with peel
raw

raw

raw

raw

without peel
with peel and seeds
raw

raw

with peel
raw

raw

raw

raw

without peel

raw

with peel

without stone
raw

without peel

raw

with peel and stone
with peel

with peel

with peel and stone
raw or boiled

raw with peel and
seeds

raw

raw

raw

raw

raw

raw

raw

raw

No.
Z00s

19
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Food item

Water melon
White cabbage
Yams
Zucchini

P&G

Acorns

Barley

Biscuits

Bran

Bread

Corn on the cob
Corn

Corn oil

Dog chow
Germinated corn
Germinated wheat
Herbivore pellets
Horse pellets
Horse-chestnuts
Maize meal
Nutritional yeast
Peanuts

Pig pellet

Rice

Rolled corn
Rolled oats
Soya meal
Sunflower seeds
Sweet chestnut
Textured grain
Toast

Vegetable oil
Walnuts

Wheat

Wheat

AP

Beef meat
Chicks (one day
old)

Crickets

Eggs

Fish
Grasshoppers
Mice

Rats

Skimmed milk
powder

Form

raw with peel

raw

raw or cooked
with seeds and peel

raw
dry

dry

dry

brown or white
fresh

fresh or dry
fluid
pellets/biscuits
fresh

fresh

pellets dry
pellets dry

raw

dry

dry

dry

pellets dry
cooked

dry

dry

dry

dry

raw

dry

brown or white
fluid

with shell

dry

ground

raw or boiled
whole

whole

raw or boiled, with
shell

raw

whole

whole, skinned
whole, skinned

dry

No.
Z00s
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Table 3: List of browseitems offered to babirusain 19 zoosin Europe and North America.

Scientific name English name Form Parts eaten No.
Z00S
Branches fresh bark, leaves, twigs, buds 8
Grass fresh entirely 9
Hay dry entirely 4
Leaves fresh and dry entirely 2
Acacia sp. Acacia branches fresh leaves only 3
Acer pseudoplatanus | Sycamore branches fresh bark, leaves, twigs 1
Acer rubrum Red maple branches fresh ? 1
Acer saccharinum Silver maple branches fresh ? 1
Acer saccharum Sugar maple branches fresh ? 1
Alnus sp. Alder branches fresh ? 1
Avicennia germinans | Mangrove branches fresh ? 1
Betula sp. Birch branches fresh bark, leaves, twigs, buds 3
Celtis occidentalis Hackberry branches fresh ? 1
Corylus sp. Hazel branches fresh leaves 1
Crataegus sp. Hawthorn branches fresh leaves 1
Fagus grandifolia American beech branches fresh ? 1
Fagus sp. Beech branches fresh leaves 1
Ficus benjamina Weeping fig branches fresh ? 1
Forsythia sp. Forsythia branches fresh ? 1
Fraxinus sp. Ash branches fresh bark, leaves, twigs 1
Gymnocladus Kentucky coffee tree | branches fresh ? 1
dioicus
Hibiscus rosa Hibiscus branches fresh ? 1
Hordeum vulgare Hydroponic barley fresh entirely 1
Liquidambar Sweetgum branches fresh ? 1
styraciflua
Malus sp. Crabapple branches fresh ? 1
Medicago sativa Alfalfa fresh and dry entirely 9
Morus alba White mulberry branches fresh ? 1
Morus sp. Mulberry branches fresh and dry | leaves, bark 1
Musa sp. Banana leaves ? 1
Phleiim pratense Timothy hay dry ? 3
Phyllostachys aurea | Golden bamboo branches fresh ? 1
Populus alba White poplar branches fresh ? 1
Populus Poplar branches fresh bark, leaves, twigs, buds 2
euramericana
Quercus rubra American oak dried leaves leaves 1
Quercus sp. Oak branches fresh and dry | leaves, bark 2
Robinia Black locust branches fresh ? 1
pseudoacacia
Salix babylonica Weeping willow branches fresh ? 1
Salix nigra Black willow branches fresh ? 1
Salix sp. Willow branches fresh bark, leaves, twigs, buds 4
Trifolium sp. Clover fresh entirely 1
Viburnum sp. Fragrant honeysuckle | branches fresh ? 1
Vitis vinifera Grape branches fresh ? 1
Zea mais Corn stems fresh and dried entirely 1
Zea mais Corn stems with cobs | fresh and dried entirely 2
Zingiber sp. Torch ginger ? ? 1
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In the study by Conklin and Dierenfeld (1994), the animals showed a dry matter intake of 1.2% of their
body mass. The wet weight intake was about 2.3% of body weight. If we assume an average weight of
90kg for males (a wild caught full grown adult male babirusa weighed 90kg (E. Wahyuni, pers. com.)
and 60kg for females, then the average amount of dry matter offered to male babirusa is equal to the
observed intake, whereas that offered to the females is higher. The average wet weight offered to the
babirusa as a percentage of body weight (average of 4%) was almost twice the intake observed by
Conklin and Dierenfeld (1994). Considering the wide variation in amounts offered, babirusa holders
should consider it a priority to determine how much of the offered food the pigs are actually consuming!

c. Quantities of nutrients offered

Table 5 shows the amounts of the different nutrients contained in the diets offered to babirusa in
captivity. The large variation in the amounts of different food items fed translates into a wide range of
nutrient amounts offered. In fact, the range of values for the different nutrients offered is so wide that it
is impossible that all these diets are meeting the nutritional requirements of the animals.

Table 5. Average amount of food (Total fresh weight), dry matter (DM), crude protein (CP), Fat,
englyst fiber (EF) and digestible energy (DE) offered to babirusa in 19 zoos in Europe and North
America. (%BW = percentage of body weight for a 90 kg male or a 60 kg female; % DM = per centage of
dry matter; CP:DE = protein to energy ratio)

Total (g/day) DM (g/day) CP (g/day) Fat (g/day) EF (g/day) DE (MJ/day) CP:DE

Male 31284928 1069+481 162+109 63.9+44.9  209+136 14.4+6.6 10.6+3.2
%BW 3.5 1.2

%DM 15.2 6.0 19.6

Female 27334798 9564425 142484 54.4+32.4  184+120 13.0+5.7 10.5+3.2
%BW 45 1.6

%DM 14.9 5.7 19.2

(*) Average of nine zoos that did offer animal products

RECOMMENDATIONS

Feeding schedule and feeding locations A foraging babirusa typically walks around with the nose to the ground
or probing through the leaf litter while, slowly, bit by bit, picking up food items that it comes across. Foraging is
therefore likely to occupy a significant proportion of the wild babirusa’s day. To duplicate this activity level,
feeding in captivity should be spread throughout the day. For example, animals could be fed about 30% of the diet
in the morning, 20% (scatter feeding and browse) throughout the day and 50% in the afternoon. Feeding not too
much in the morning will hopefully still result in babirusa willing to forage for scatter food rather than to snooze.
However, feeding nutrient-rich items during the night may result in more obesity because of less activity during the
night time hours.

In order to have sufficient control over the intake of individual animals, and because males tend to monopolise the
food when fed in the company of females, food items requiring more precise dosage such as vitamin and mineral
supplements and nutrient-rich items such as commercial pellets, starchy fruit and vegetables, larger quantities of
nuts and seeds etc., should be offered individually, for example during the morning and/or evening meals.

Ground surfaces as well as troughs can be used for feeding the main portion of the diet as long as they are cleaned
thoroughly and regularly. When using food troughs, these should be placed at ground level.

In order to prevent soiling of the drinking water it is recommended to have automatic drink nipples/pressure pads in

the stables. These should be placed as close as possible to a drain so that spillage of water during drinking does not
wet the rest of the stable and the bedding.
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Nutrient content of diet:

Main nutrients

No data are available on the protein and energy requirements of the babirusa. Using prediction equations for the
domestic pig based on the protein weight in the body (Whittemore, 1998), the babirusa maintenance requirements
for digestible energy (DE) and crude protein (CP) can be calculated. A state of maintenance can be defined as a
situation where the body composition of the animal remains stable, the animal is not producing any products e.g.
milk and it is not performing any work on its surroundings (McDonald et al., 1995).

The maintenance DE requirement for a Large White domestic pig of 90 kg can be calculated from the equation:
ME maintenance = 1.75Pt""

with ME = Metabolisable Energy and Pt = protein weight in the body (Whittemore, 1998). The average Pt for a
Large White pig is 16% of its body weight (Whittemore, 1998). The metabolisable energy is the digestible energy
minus the energy contained in the urine and excreted gasses. It has been established that DE and ME relate to each
other as DE = ME/0.96 and the requirement for DE can therefore be estimated from the ME value (Whittemore,
1998).

The protein content of an adult babirusa body is not known. Taking into account that the babirusa has a smaller
mature size and is a non-developed pig (i.e. not intensively selected for leanness) and could thus be expected to be
fatter and have a lower body protein content, we had previously estimated its Pt to be 12% of body weight (Leus and
Morgan, 1995), leading to a maintenance DE requirement of 10.9 MJ/day for a 90 kg adult babirusa. However, it has
since transpired that even young Chinese Meishan pigs (a Chinese domestic breed selected to be fat) had a body
protein content of 15% (Kyriazakis et al., 1993). Given this evidence and the appearance of the mature wild
babirusa, which shows it to be a reasonably lean animal, a reassessment of the original assumption of body protein
content seems appropriate. It is more likely that the babirusa is similar to an unimproved pig in having a body
protein content of around 15 to 16% (Close, 1994). A 90 kg babirusa with a Pt 16% of body weight (i.e. 14.4 kg
body protein) is then predicted to have a maintenance DE requirement of 13.4 MJDE/day. For an average female
babirusa of 60 kg (i.e. 9.6 kg body protein) this amounts to 9.9 MJDE/day (Table 6). These values compare
favorably with those derived from the equations of AFRC (1990a) of 14.4 and 9.7 MJ DE, respectively .

Because the maintenance state relates to a state where the body is neither anabolising nor catabolising body tissues,
the formula can be used to predict the energy requirements of adult, non-growing, non-gestating and non-lactating
animals. In other words, very active animals, growing animals and pregnant or lactating will have higher
requirements. For example, in commercial pigs, mature pregnant sows have a DE requirement about 30% greater
than maintenance and each kg of milk requires 8.4MJ DE.

The maintenance requirement for crude protein in the diet can be estimated in a similar way to that for energy. The
amount of ideal protein for maintenance at tissue level can be calculated from the formula: 0.004Pt (Whittemore,
1998). The balance of the different amino acids in the food is generally different from that in pig protein, but pigs
still need to transfer food proteins into pig proteins. It is therefore not just the total amount of protein that indicates
the quality of the diet but rather the amount and balance of those amino acids that are necessary for the construction
of pig protein. That part of the total protein intake that contains the right spectrum and balance of the amino acids
essential for the functions of maintenance and production is called “ideal protein” (Whittemore, 1998). Using the
same Pt values (16% of body weight for babirusa) and body weight values (90kg for a babirusa male and 60 kg for a
babirusa female) as above, the ideal protein requirements for maintenance for a male and female babirusa can be
calculated to be 57.6 and 38.4 g respectively. In order to derive from this the requirements for CP intake, these
values have to be divided by (i) the efficiency of use of ideal protein, (ii) the protein score (= the proportion of the
dietary protein that is ideal) and (iii) the ileal digestibility (the proportion of the ideal protein that will be digested up
to the end of the small intestine). If we estimate the efficiency of use to be 0.85, the protein score to be 0.65 (a value
appropriate for lower quality diets containing a high proportion of vegetable protein sources) and the ideal
digestibility to be 0.75 (high fiber diets) (Whittemore, 1998), then the required amount of crude protein in the diet
for maintenance is 139 g and 93 g for a male and female babirusa respectively (Table 6).
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Table 6: Predicted maintenance requirementsfor CP and DE for
an average male (90kg) and female (60kg) babirusa. Predictions
according to equationsin Whittemor e (1998).
(CP:DE ratio = protein to energy ratio)
Maintenance 90 kg Babirusa 60kg Babirusa
requirement for:

CP 139 g/day 93 g/day
DE 13.4 MJ/day 9.9 MJ/day
CP:DE ratio 104 g CP/MJDE 9.4 g CP/MJ DE

Mature animals have a smaller need for protein because there is no longer any above maintenance lean tissue
growth, but have a higher need for energy to sustain body maintenance activities (McDonald et al., 1995;
Whittemore et al., 1998). Mature animals will therefore have a smaller protein:energy ratio than young growing
animals. A protein:energy ratio of 13gCP/MIJ DE is considered to be appropriate for pregnant adult female domestic
pigs or growing domestic pigs above 80kg (Whittemore, 1998). The required protein:energy ratio for an adult non-
gestating, non-lactating babirusa can therefore be expected to be somewhat lower than that. Indeed, if the ratio is
calculated from the predicted CP and DE requirements (see Table 6) then we obtain 10.4 and 9.4 g CP/MJ DE for a
90 kg and 60 kg babirusa respectively. For males this corresponds well to the average CP:Energy ratio offered
whereas females receive on average too much protein in relation to energy (Table 5). Proteins and amino acids fed
in excess of the animal’s requirements will be deaminated and will either form precursors for the formation of body
fats or will be excreted in the form of urea (Whittemore, 1998). Feeding excess protein therefore puts a large strain
on the animal’s deamination system. In addition, the deamination of proteins is a very inefficient process and is
therefore a large drain on the animal’s energy supply (Whittemore, 1998).

Fats have a higher gross energy content than the other nutrients in the diet and thus make a proportionally larger
contribution to the DE of the diet and the transfer of dietary fats to body fats is a very efficient process costing the
animal very little energy (Whittemore, 1998). Considering the problems with obesity in captive babirusa, care
should be taken not to feed large amounts of fat. In particular, preventing the feeding of animals by the public may
contribute to this. For example, 50g of peanuts (about half the average packet for sale) contributes 1.23 MJ DE.
Babirusa are very fond of people and particularly those that bring food! Feeding by the public should be prevented!

In many ways, the problems of feeding of babirusa in captivity appear similar to those of feeding Asian colobines in
captivity. For the colobine monkeys, zoo diets contained much less fiber and more protein than the natural food
stuffs and it was therefore recommended to either include locally available browses or a specially designed
commercial product (Nijboer and Dierenfeld, 1996). For the babirusa, no data on the fiber and protein content of
natural food stuffs is available. However, the anatomy of their digestive system and the similarity of the stomach
anatomy to that of colobine monkeys could mean that the digestive strategy of the babirusa may not be so far
removed from that of these monkeys. The main difference may be that the fiber fraction in the natural diet of the
babirusa is mainly derived from tropical fruits (which in some cases may be equally, or even more, fibrous than
leaves (eg. Rogers et al., 1990; Remis et al., in press) rather than from leaves.

Although no data are available on the requirements for fiber, a fiber content of about 19% of dry matter appears very
low for a forestomach fermenter. Because of the lack of fibrous commercial fruits, daily inclusion of common
European and North American browses would significantly improve the amount of fiber consumed (Nijboer and
Dierenfeld, 1996). However, care should be taken with species such as willow (Salix sp.). As is the case with
langurs (Colobinae), the babirusa will ingest long strips of the bark that may form a fiber ball in the stomach, as was
the case with one female babirusa in Antwerp (De Meurichy, pers. comm.). Browses should not only be fed at
ground level but can occasionally also be offered at higher levels so that the animals have to reach high, and if
necessary stand on their hind legs, to reach for food. Grasses and hays appear to be less palatable to the babirusa.
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Table 7: Proposed criteriafor atest diet for an average male (90kg) and female (60kQ)
babirusain captivity. BW = Body Weight; DM = Dry Matter, CP = Crude Protein,
DE = Digestible Energy, CP:DE ratio = protein to energy ratio, NDF = Neutral
Detergent Fiber, ADF = Acid Detergent Fiber.

90 kg babirusa 60 kg babirusa
Total DM intake 1.2% BW =1080g 1.2% BW =720g
Cp 129g/kg DM 129g/kg DM
DE 12.4 MJ/kg DM 13.8 Ml/kg DM
CP:DE ratio 10.4 9.4
NDF/ADF daily browse daily browse

Taking all of the above into account, a diet with a target nutrient composition as set out in Table 7 emerges as a diet
to be tried. Because the babirusa is a non-improved pig species which has a slower growth than domestic pigs,
reaches a smaller mature size and has problems with obesity in captivity, the CP and DE levels were left at the
predicted levels for maintenance requirements.

As far as dry matter is concerned, the diet in Table 7 could be achieved by feeding "4 swine maintenance pellets or
high fiber herbivore pellets and 3% “produce/browse” composed of Y fwmit (maximum), % yellow/orange/root
vegetables, Y green leafy vegetables and Y4 locally available browse. Many commercial pellets used for babirusa
today are too rich in energy and/or protein so that with a 25% ration, the animals could receive too much of these
nutrients. Because most of the dry matter fed is derived from the P&G fraction, further reduction of this fraction to
bring down the energy and protein content of the diet makes it very difficult to obtain the required intake of DM
unless large amounts of fruit, vegetables and browse are fed. The challenge will be to either locate a pellet that is
not too rich in energy and protein, or to devise a new pellet that can replace the pellet and browse fractions.

Because no data are available on the nutritional composition of the diet in the wild, experimentation will be
necessary to try out and refine the recommended diet. In addition, there is an urgent need for feed intake data of the
current diets being fed, including the browse fraction. Equally urgent and essential are quantitative diet studies in
the wild.

Problems Related to Nutrition

Obesity, which could lead to locomotion
problems, reduced reproductive output,
circulation problems, excess cholesterol,
among other problems

Young growing males may show
weakness in hind quarters (“swaying”

hind legs) which Antwerp solved on
several occasions by a temporary
increase in Vitamin E/Selenium
supplement

“Arthrific like" symptoms can occur in
both young and old captive babirusa.
Further research is needed to clarify or
rule out the role of nutrition in the onset of
this disease

(Photo: WCS/Bronx Zoo)
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Vitamins and Minerals

The specific vitamin and mineral requirements of the babirusa are unknown. Their habit of visiting salt licks to
drink the water and ingest the soil may however indicate that this species has either specific requirements, or that
their largely frugivorous diet is deficient in one or more components. Until further research has been carried out the
domestic pig forms the best model for this species. The NRC and AFRC requirements for domestic pigs and the
recommended vitamin and mineral contents of a babirusa diet based on the pig as a model can be found in Table 8.

Table 8 NRC and AFRC vitamin and mineral requirements for domestic pigs and the
recommended vitamin and mineral contents of a babirusa diet based on the domestic pig as a
model.

Nutrient Adult Maint/ Growing Swine Breeding pigs Babirusa

Dietary Breeding NRC, 1998 >120 kg Complete

Concentrations SwineNRC, (20-50kg) AFRC, 1990b* Diet

DM basis 1998

Protein, % 12-13 16-20

Crude Fat, %

Vitamins
Vitamin A, 1U/g 2-4 1.4 6.9 5.0
Vitamin D; [U/g 0.22 0.2 0.9 0.5
Vitamin E, IU/kg 48 11 17 50
Vitamin K, mg/kg 0.5 0.5 1.1 1
Vitamin B, Thiamin, mg/kg 1.1 1.1 1.7 2
Vitamin B,, Riboflavin, mg/kg 4.0 2.7 34 4
Vitamin Bj, Niacin, mg/kg 11 11 17 20
Vitamin B, Pyridoxine, mg/kg 1.1 1.1 1.7 2
Vitamin B,,, Cobalamin, pg/kg 15 11 17 20
Folacin, mg/kg 1.4 0.3 1.5
Pantothenic Acid, mg/kg 13 8.8 11.5 15

Vitamin C, mg/kg
Minerals, %

Calcium 0.75 0.66 0.97 1.0
Chloride 0.20 0.11 0.2
Potassium 0.22 0.25 0.29 0.3
Magnesium 0.04 0.04 0.03 0.04
Sodium 0.22 0.11 0.15
Phosphorus 0.66 0.55 0.75 0.75
Salt 0.40 0.4
Concentration, mg/kg
Copper 5.5 4.4 5.7 6
Iron 88 66 69 90
Todine 0.14 0.14 0.57 0.5
Manganese 22 2.2 17 25
Selenium 0.15 0.15 0.17 0.2
Zinc 55 66 57 75

* calculated from AFRC: 87%DM, 13DE/kg
** ideally Fe should not exceed 300 mg/kg
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HANDREARING

The only institutions known to have hand reared
babirusa in recent times are Port Lympne Wild
Animal Park in the United Kingdom and Madrid Zoo
in Spain. The only analysis of the composition of
babirusa milk was carried out at the Durrell Wildlife
Conservation Trust, Jersey, where samples from a
single sow on days 27, 28 and 37 post partum were
pooled. The milk contained 23% solids, 13% Fat,
7.8% Protein and 2.7% Lactose (Bowles, pers.
comm).

Until further information is available, hand rearing
protocols for domestic pigs or commercial wild boar
form the best model for this species. These can be
obtained from standard agricultural and veterinary
sources.

(Photo: WCS/Bronx Zoo

Few birthweights of babirusa piglets are known. One stillborn piglet at Antwerp zoo weighed 820 gr (Vercammen,
1991). Female twins in Antwerp weighed respectively 1005gr and 1205gr one day after birth, while a single male
weighed 890gr one day after birth. Based on experience in Antwerp, piglets tend to weigh about 3-4kg at one month
of age, 10-12kg at four months and about 25kg at 7-8 months (Antwerp zoo, pers comm.; Vercammen, 1991). (See
Reproduction Chapter. Physical Development and Growth Characteristics)

Babirusa piglets start nibbling small amounts of solid food from one week of age onwards. The amount of solid
food is then gradually increased as they grow older. However, piglets as old as 5 months were still seen to have

occasional suckling periods (Leus et al., 1992).

CASE STUDY: PORT LYMPNE WILD ANIMAL PARK BY ROBERT SAVILLE AND MATT HARTLEY

Introduction
There are approximately 170 babirusa maintained in 35 collections worldwide. The animal is listed as vulnerable
and is in Appendix 1 of CITES.

Many problems have been experienced with the husbandry of the species in captivity including a small genetic base,
poor reproductive performance, maternal aggression towards young and stringent restrictions on importation. These
factors have meant that the captive population has to be intensively managed to ensure the species’ survival.

Handrearing is an important aspect of the management of small, endangered populations maintained in captivity
especially in a species such as the babirusa where litter size is small, averaging 2 young and successful rearing is
erratic. Few babirusa have been hand-reared to maturity.

Here we describe the management of two male babirusa, born at Port Lympne Wild Animal Park, which were taken
for handrearing due to the failure of the female to rear previous litters and the risk of infanticide.

CaseHistory

The mother was a fourteen-year old animal who had had three previous full term pregnancies but had committed
infanticide on each occasion and thus failed to rear any young. She had been mated 162 days before parturition and
had shown some nest building and pre-partum behaviour over the week but had not shown the full spectrum of
preparations described by other authors.

It is preferable to allow the female maximum privacy as it has been suggested that infanticide occurs if the female is
disturbed during parturition. Video monitors were used to observe the female in order to remove the youngsters
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before she could harm them. Previous youngsters were killed at around 36 hours post-partum. The female had
shown good maternal behaviour up to this point and no reason for the infanticide could be determined.

Previous reports suggest that the vast majority of births occur during the night however the first young was born at
15:30 on the afternoon of the 13" December 1996. It had been reported that the interval between the birth of the
youngsters averaged 30 minutes (Leus et al., 1992). However in this case the second youngster was born 90
minutes later at 17:00. (See Reproduction Chapter. Parturition)

Infant A followed the female closely and did attempt to suckle however the female showed very little maternal
instinct but no aggression. The two youngsters were removed from the mother at 17:30.

The first infant (A) weighed 600 grams whilst the second (B) weighed 400 grams.

Nutrition
Due to the lack of published information on artificial diets for babirusa, a protocol used for hand-rearing domestic
swine was adopted.

The infants were each fed 2mls of “Volostrom” commercial pig colostrum substitute every two hours. On te third
feeding this was combined with 7mls of “Farrowmate” milk replacer. This was continued throughout the night at
two hour intervals. Human infant bottles and nipples were used.

After a total of 10 feedings (20mls) of colostrum substitute had been administered only the milk replacer was fed.
By the end of the 14" December infant A was consuming 12ml per feed whilst infant B was taking 8ml every two
hours. The animals were allowed to suckle until satisfied. This protocol was continued for the next 2 days so that
by the 17" December infant A was taking 30ml of milk per feed and had gained 150g body weight since birth and
infant B was taking 15ml per feed and had gained 100g body weight.

Five days after birth an ad-lib feeding protocol was adopted with bottle-feedings reduced to three hourly intervals.
The frequency of feedings was reduced as intake increased.

By 14 days of age both young had started taking solid food such as mashed bananas and grated apple and were now
drinking 1.5 litres of milk replacer daily. At this age it was first noted that the infants were ingesting hay from their
bedding. Over the next week the variety of solid food increased with bananas, apple, lettuce, carrot and parsnips
being eaten. Fresh water was also provided at this stage.

At four weeks old a few commercial weaner pellets were given with the fruit and vegetables. The amount gradually
increased each day until they were given ad lib too. The youngsters were weaned over four days when they were six
weeks old by gradually watering down the milk replacer so that by seven weeks old their food intake was ad lib
weaner pellets, 6-7 bananas, 2-3 apples, lettuce, grapes, parsnips and carrots.

Starting at three months of age the weaner pellets were gradually replaced with 12.5% protein pellets used for the
adult babirusa.

Husbandry

The infants were housed in a one-metre square plywood box with 50 centimetre high sides and lived in the keepers
flat. A standard infra-red heat lamp was fitted above the box. Oat straw and grass hay was used for bedding. They
were allowed 5 hours of free exercise daily. The animals were moved to the zoo’s babirusa house at 7 weeks of age.
For the first few weeks the heat lamp was provided in addition to the heating in the house. As the weather got
warmer the animals were provided with access to a small sand yard and at 6 months of age they were moved to an
outside grass paddock.

It was not necessary to stimulate the animals to defecate, the meconium was passed during the first twenty-four
hours and they continued to defecate spontaneously.
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Medical Management
The two animals were generally very healthy and only required veterinary attention on two occasions.

At four weeks of age during the weaning process both animals developed diarrhoea for a 48-hour period. They
remained bright, alert and active and were not ill in any other manner. All milk and solid food was stopped and they
were given only electrolyte replacer ad lib. Faeces samples submitted for culture revealed no pathogens. Normal
rations were re-introduced but apple was omitted from the diet as it is thought that the milk and apple, in
combination, was too acidic.

At six weeks of age infant A became constipated. This was treated by administering glycerine enemas and glycerine
per os twice daily for 3 days. Food intake was not altered.

Glycerine and warm water baths were given regularly to prevent the skin drying and cracking.
No vaccinations were given as no clinical disease has been seen in this species in our collection.

Discussion

Very little information is available on the composition of babirusa milk and thus how closely this protocol reflects
the natural formula is not known. In this case two animals were successfully hand-reared using commercial
domestic swine products.

Due to the lack of medical problems experienced and the fact that it is highly unlikely that the young suckled from
their mother it can be concluded that the colostrum paste used provided a reasonable level of immunity to the
animals.

Previous reports suggest that those animals started eating solid food and had been weaned at younger ages than
maternally raised animals. Jersey Zoo reports that youngsters born in their collection first started eating solids at 3
weeks and continued suckling for approximately one year. :

The diets provided for the animals when fully weaned are comparable to those reported in other sources (Leuset al,
1992; Lindsay, N., 1988; and, Parker, R., 1991)

The short periods of illness in these animals can be explained by dietary changes during weaning rather than
pathological conditions.

These two animals have grown to full maturity and are still healthy individuals suggesting that they have developed
comparably to mother raised individuals. They are also re-integrated with other animals showing that they are not
imprinted on humans.
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SOCIAL GROUPING

GROUP STRUCTURE INTHE WILD

The babirusa has been observed alone and in-groups of up to eight animals in the wild. These sightings have taken
place primarily around water, salt licks, or mud wallows (Macdonald, 1993). In a recent study of the babirusa on the
Minahasa peninsula in North Sulawesi the majority of sightings were of solitary males (84% of all solitary animals).
Single adult males were observed with adult females, but never with two or more adult females. Bachelor groups of
four or more adults were never observed. Adult males were rarely seen with young animals without the presence of
adult females in the group. At times adult females were observed with other adult animals, but more often than not
they were with young babirusa (M. Patry et al., 1995).

The median group size of babirusa in the study area (including solitary animals) was two animals. Almost half of the
sightings were of single animals, whereas groups of five or more animals represented less than 20% of the groups
recorded. The second most frequently observed group size were single adult females with young; the group size
ranged from two to six animals. There were never more than three adult females in a group and no group had more
than five young. No group of adult females and young were seen with more than two adult males present. Twice as
many family groups without adult males were observed as there were with males (M.Patry et al.; 1995).

B

(Photo: C. Dresner, St. Louis Zoo)

GROUP STRUCTURE MANAGEMENT IN CAPTIVITY

In captivity the babirusa has been managed in a variety of different ways. They have been kept in large social
groups, individually, male and female, male and female and offspring, and in single sexed groups. Often times the
space availability of an institution will dictate the type of management structure utilized.

Management as Mixed-Sex Social Groups Most notably, the Surabaya and Jakarta (Rangonon) zoos in Indonesia
manage babirusa in large mixed-sex social groups comprising of many males and females. In these situations adults
and/or juveniles of both sexes are managed in one enclosure. The estrus females are commonly mounted by more
than one male, thus making it very difficult to determine which male is the actual sire (Leus et. al., 1992). This
situation may also give rise to cannibalism of the young if the female is not removed from the group prior to
parturition. It is worth noting, that although under this system males have greater opportunities to injure each other
in male-to-male combat, they invariably tend not to do so. Only when a male (or female) is identified at the bottom
of the pecking order, does agonoistic behaviour create an animal welfare problem. In order to introduce the
opportunity for more normal behaviour, the chosen male and female should be separated out for breeding, in the
same way that those females ready to give birth are given separate accommodation (Leus et. al., 1992). This
particular management scheme relies heavily on the ability of keepers to recognize impending estrus/parturition and
requires an adequate amount of space in order to manage properly and effectively.
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Management as Individuals Housing babirusa individually has its advantages and disadvantages. Although more
space may be needed, depending upon the number of individuals to be managed, it has proven to be one of the more
successful management schemes for the production of babirusa. Both the Antwerp zoo in Belgium and the Bronx
zoo in New York have kept several males and females, rotating the individuals as needed to maintain reproduction.
The presence of additional males in the adjacent enclosures may stimulate libido in babirusa boars, as has been
documented for domestic boars (Foote, 1974). In one particular case a second male was brought in and housed in an
enclosure adjacent to a non-breeding pair of babirusa. Within a year the pair had reproduced for the first time. It is
not known whether the presence of multiple males has any parallel effect on the reproductive physiology of babirusa
females. For domestic gilts approaching puberty, exposure to a male is known to accelerate to onset of puberty
(Alexander, et al., 1974) so there is some basis to believe that a male’s presence might influence the reproductive
physiology of a female in other ways.

Individuals are kept in separate enclosures, usually adjacent to one another, with a gate or door between each
enclosure. Under one commonly practiced management scheme the male is introduced to the female as she comes
into estrus. If feasible the breeding pair should be given both enclosures so as to provide as much space as possible.
This also provides the ability to quickly separate the pair if necessary. Once breeding has taken place or the estrus
cycle has ended the male is separated and returned to his own enclosure. Assuming the space is available several
males and females can be managed in this manner and rotated among one another.

A similar management scheme involves separating the male and female at night and housing them together during
the day. This type of management has been effective at the Saint Louis Zoo in Missouri where they have produced
nine offspring. In addition to Saint Louis, both the Lowry Park Zoo in Florida and the Audubon Park and Zoological
Garden in Louisiana have successfully reproduced babirusa under this management.

Management as Permanent Pairs This social
grouping is commonly employed in zoos for a variety
of rare species where the institution only has access
to a single pair of animals. As it is applied to
babirusa, the pair is often kept together at all times
and the animals are only separated if and when the
sow becomes pregnant. Zoos who wish to manage
babirusa in this fashion need to understand that
adjustments may be necessary should reproduction
fail to ensue. Such adjustments might include
temporary separation and isolation of the individual
animals, providing the pair with a change in venue,
and, in some cases, breaking up the pairing to
formulate a new pair. All of these adjustments are
geared towards stimulating production in a non-
reproducing pair. Factors such as the mean kinship
ranking of your animal and the overall status of the
babirusa SSP population should influence how long
you try a particular pairing that is not initially
successful before making adjustments under this
management scheme.

(Photo: D. Wilson, St. Louis Zoo)

Five institutions in North America have managed their animals in this manner. Three of the five have produced
offspring on at least one occasion. In each of the three institutions that were initially successful under this
management scheme (Los Angeles, Cincinnati, and Roger Williams Park), the animals were introduced to one
another for the first time when they arrived at their respective zoos and bred quickly, producing offspring in the first
year of their pairing. At all three zoos the male was separated from the female prior to parturition and at least
through the first six months of the youngsters lives. Of the five zoos practicing this form of management, in at least
two cases where the pairings either failed outright to reproduce, or failed to produce any subsequent litters, breaking
up the pairing and moving the animals to another institution was followed by a return to reproductive success for
two females. While this success cannot be definitively attributed solely to the re-pairing and change of venue (at
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least one of the females involved was also found to have a sub-clinical uterine infection that responded to antibiotic
therapy) such adjustments should be kept in mind by the animal manager practicing this form of management.

Management as a Family Group: Managing babirusa in this manner requires careful supervision. However, on a
few occasions it has been tried with some positive results. These family groups are made up of the parents and their
offspring. The male should always be separated from the female at least 3-4 weeks prior to parturition, and the re-
introduction of the male should not be attempted until the offspring are at least three months of age. At that point the
male should be given visual access through a “howdy door” for at least 2 weeks. The length of time here will be
determined by the behavior of the sow and her offspring. Often times it will take quite awhile for them to adjust to
the sight of the male. Once they have adjusted, the male can then be given physical access to the sow and offspring.
This part of the introduction should be carried out where there is a lot of space (such as the exhibit, if large enough)
or in the den area where the situation can be controlled through a series of doors. When the male is introduced he
will often ignore the offspring and pursue the sow, particularly if she is in estrus. The offspring will become
particularly excited with the male’s presence, and will initially stay at a distance from him. As they become more
comfortable they will approach him and often times interfere with his pursuit of the sow.

On the few occasions that this type of grouping has been tried the males have been relatively tolerant of the
offspring. A male may chase after the offspring once he tires of their “play” or if their interference with his pursuit
of the sow persists. These incidences of chasing are usually “half-hearted” in nature and quickly end without
incident. Generally by the end of the first day of introduction the family is seen resting together, and frequently the
offspring will be resting atop the male. The male should be separated from the sow and offspring at night when
observations can not be made.

Management as Single Sex Groups The SSP encourages development of strategies to manage single sex groups
in order to optimize the use of limited space among institutions.

The Saint Louis Zoo has managed a single-sex herd of five sows for over four years. Two unrelated adult sows
were allowed to acclimate to each other for a period of approximately one month before proceeding with a full
introduction. Within two weeks post-introduction, the two sows were cohabiting peacefully 24 hr per day and we
proceeded to increase the size of this single sex herd. Two related sows (mother and juvenile daughter) were
moved into the area, given approximately one month to acclimate to the adult female pair before proceedint with a
full introduction of the two pairs. Again, within two weeks post-introduction, the four sows were cohabiting
peacefully 24 hr per day and we proceeded to incorporate the last sow into the herd. The largest and most dominant
of the adult sows was acclimated for approximately one month before a full introduction was attempted. As
expected, this final introduction produced more interaction and aggression than the previous two, but the two most
dominant sows quickly worked through their differences and within two weeks the herd could be considered
established. This herd of five females was successful for nearly four years at which time one sow was humanely
euthanized for health reasons and another sow was separated for breeding. The remaining herd of three adult sows
continues to successfully cohabitate.

The Audubon Park and Zoological Garden has had success with a managing a father-son pair for a period of time.
The Gulf Breeze Zoo managed two littermate brothers together into adulthood.

INTRODUCTION PROTOCOL

The introduction process for babirusa is generally non-problematic. Prior to proceeding with a full introduction, a
period of acclimation should be allowed. The acclimation period should begin with housing the animals in adjacent
stalls so that they have olfactory and auditory contact for a few days. Visual access should be given next through a
“howdy door/window” between the two stalls or enclosures. The visual access should be carried out for several days
to weeks, depending on the reactions and behavior of the individuals involved. The behavior of the animals during
this period of time will determine whether visual access needs to be continued for a longer period of time. Often the
animals will begin lying side by side at the “howdy door/window” as early as two days into the introduction. In this
case the actual physical introductions can be conducted sooner rather than later.

The physical introduction can be conducted in the exhibit area or the holding stalls. If the introduction is to take
place in the holding stalls, it is desirable to utilize the maximum number of stalls available in order to provide as
much space as possible and to have more control over
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the introduction. The individuals who will be
involved in the introduction should be given
exclusive access to the introduction space for a few
days prior to the introduction to allow him/her to
become familiar with the space. Suitable visual
barriers should be provided to allow subordinates to
drop out of sight of the more dominant animals.

Male/Female Introductions: When first introduced
the male will begin pursuing the female and these
pursuits can be either performed at a walk or a run.
The female will usually initiate the chase by attempt-
ing to get away from the persistent male. The
femalewill often turn and face the pursuing male and
give out a loud scream, before she turns and runs
again with the male in pursuit. For the first few hours
the male will pursue the female relentlessly, but
within at least four hours the pair will normally have
settled down and can often be found lying side by
side. If the pair is familiar with one another and is
being introduced for the purpose of breeding, then the
step by step process of introduction as described
above is not necessary. Generally when the female
comes into estrus the pair can be put together without
any unusual aggression.

& 25 D

(Photo: M. Fischer, St. Louis Zoo)

Single Sex Herd Introductions: When first introduced, the most dominant individual will often aggressively
pursue the subordinate individual(s) in the herd. If cornered, the subordinate individual will fight, but will
preferably flee to avoid confrontation with the dominant individual. Typcially, the aggression decreases within an
hour and disappears almost completely in a day or two.
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REPRODUCTION

BREEDING

Birth Season: Babirusa in captivity reproduce throughout the year (Reinhard and Fradrich, 1983, and MacLaughlin
and Thomas, 1991.) While there is one report that wild babirusa are primarily born during November, December
and January, (Guillemard 1886), recent studies have found no evidence of seasonality in the affiliation of male
babirusa with females nor any evidence of a birth peak (Clayton, 1996).

Estrous Cycle Length/Duration of Estrus: First
estrus has been observed in females as young as 190
days old (MacLaughlin and Thomas, 1991). Females
as young as one year and as old as fourteen years
have conceived and successfully reared their
offspring. Cycle lengths have ranged from 30 to 40
days (Bowles, 1986, and MacLaughlin and Thomas,
1991). Estrus lasts 1 to 3 days. Post-partum estrus
starts at 4 to 5 months (Bowles, 1986). One female at
the St. Louis Zoo had four sets of twins with
interbirth intervals ranging from 9.5 to 10 months.

(Photo: WCS/Bronx Zoo)

Estrus Detection: Physical and behavioral changes associated with estrus in babirusa are accurate external markers
of reproductive events.

Physical: The vulva swells to at least twice its normal size increasing in both length and thickness. The
skin around the vulva becomes more stretched and pink in color and the labiae become slightly everted
exposing the mucus membranes. The vulva often has a fluid discharge (MacLaughlin and Thomas, 1991;
Leus et al., 1992).

Some zoos monitor cycles by vulva scoring using a chart to score the size and color the sow’s vulva over
time (M.T. Fischer, pers. comm.).

Behavioral: When kept in large social groups, males check the female’s perineum daily. The female
responds by arching her back and urinating and defecating. The male then tests the urine and feces by
mouthing it. If the female is in estrus, the male pursues her (Leusef al., 1992).

For babirusa kept as pairs interest in breeding often declines when they are constantly kept together (Leus
et al., 1992). Managers often have more success breeding babirusa when pairs are put together only when
the female is in estrus.

Hormonal: Estrus can be detected by measuring urinary estrogen metabolites (Chaudhuri et al., 1990).

Silent heats: While estrus is often detectable by physical or behavioral changes some females have silent
heats (Leus et al., 1992) in which they exhibit little or no physical or behavioral signs of estrus.
Monitoring urinary hormones can help managers decide when to place females who have silent heats with
males. Since breeding activity can decline when pairs are constantly kept together another breeding strategy
for females with silent heats is to put male and female together just long enough each day for the male to
test the females status by checking her perineum and sampling her urine.

COURTSHIP AND COPULATION

Courtship behavior varies with the experience and disposition of the pair, but will include ritual behavior. Generally
the female solicits the male, the male pursues the female who often runs, but eventually turns and faces the male.
The female will push her snout under the chin of the male; both animals will groom each other’s limbs and genitals.
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Often at this point during courtship, an experienced male will lie on his side while the female nuzzles and nibbles his
ears, limbs, belly and prepuce. Eventually the male approaches the female from behind, nuzzles her perineum, and
then puts his chin on her back. If the female is ready to mate she stands; if not, she will run off (Leuset al., 1992).

Copulation sessions generally take from 15 to 30 minutes often with several mountings before intromission. When
the female is ready for full penetration she generally moves her tail to one side. Intromission varies from one to ten
minutes with an average copulation lasting about 3 minutes (MacLaughlin and Thomas, 1991; Leus et al., 1992;
Kalk, unpublished). When given the opportunity babirusa will copulate several times each day while the female is
receptive (MacLaughlin and Thomas, 1991)

PREGNANCY
Gestation: Gestation ranges from 155 to 175 days with an average of 163 days.

Pregnancy Detection:

Sonography: Pregnancy can be detected by transabdominal sonography at five weeks after conception
(Miller et al., 1994). Uterine changes associated with pregnancy can be detected as early as 30 days into
the gestation (Houston ef al., in prep). Many female babirusa will lie down when given a massage starting
behind the ears or inside the legs. Starting with this behavior females can be trained to accept a sonogram.
Sonography can be a useful non-invasive and non-stressful method for determining pregnancy before
external physical changes become apparent.

Physical: Nipples begin to develop two months (MacLaughlin and Thomas, 1991) to three weeks (Bowles,
1986) prior to parturition. The vulva starts to swell 10-14 days before the female gives birth. The udder
increase in volume and the labiae become slightly everted, and pink. Fluid is often discharged from the
vulva (MacLaughlin and Thomas, 1991; Leus et al., 1992). Nipple and udder development varies from
sow to sow but the change in size is usually the most pronounced during the sow’s first pregnancy. Once a
sow has had her first litter the udder remains somewhat distended.

Behavioral: A few days before parturition the female usually becomes restless and somewhat antagonistic
towards her keepers. However, some sows do not display aggressive behavioral changes associated with
parturition (S. Taylor pers comm). For some pregnant sows lack of interest in food is an additional
indicator that parturition is imminent (MacLaughlin and Thomas, 1991). The sow will spend increasingly
large portions of time nest building prior to parturition.

(Photo: WCS/Bronx Zoo)
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PARTURITION PREPARATION

Privacy: Prior to parturition the sow should be separated from her exhibit mates and provided with a den, blind, or
some means of increased privacy.

Nest building: Babirusa in nature (Guillemard,
1886; Clayton 1996) as well as in captivity
(MacLaughlin and Thomas, 1991; Leus ef al. 1992)
build nests for parturition. Extra nesting material
such as timothy hay or good quality straw should be
provided. Heat lamps or some supplemental heat
should be added if necessary to provide a
thermostable  environment for the  piglets.

)

(Photo: D. Wilson, St. Louis Zoo)

Stress Reduction: Extra effort should be made to reduce stress for the female. A video camera is ideal for
monitoring the progress of the newborns while still giving them privacy. For several days following parturition the
female is often aggressive towards animals and keepers who get too close to her or her offspring. Approximately
two weeks after parturition the female’s behavior will return to normal. Females will sometimes cannibalize
newborns. While inexperience sometimes accounts for maternal aggression, giving the female as much privacy as
possible for several days prior to and for one to two weeks following parturition often ameliorates maternal anxiety
and aggression. The female and piglets should be given privacy following parturition. Keepers should not enter the
enclosure for cleaning or feeding for one or two days following parturition.

An alternate strategy that worked well at the St. Louis Zoo where isolation was not practical was to have the keeper
staff spend extra time in and around the pregnant sow’s enclosure for several months prior to parturition to acclimate
her to the proximity and activity of humans. This worked well for 5 litters produced between two sows, with births
occurring in the presence of the keeper staff in most instances (M.T. Fischer, pers. comm).

PARTURITION
Timing: Babirusa in captivity usually give birth at night. Fourteen out of sixteen births in Antwerp, for which
delivery times were known, occurred between 18.00 and 08.00 (Leus ef al., 1992).

Number: One, two or rarely three offspring are born per litter. The average is 1.4 offspring per litter. Intervals
between births in the same litter range from 4 to 90 minutes (Leus ef al. 92; Saville and Hartley, see earlier).

Neonatal Exam: Many zoos do not give neonate
exams to babirusa. The benefit of neonate exams
when weighed against the risk of contributing to
maternal anxiety and potential aggression to her
offspring needs to be carefully considered for each
individual sow. With many sows the risk is not
merited.  Infanticide from stressed sows has been
document In some cases in which the sow is of a
calm disposition and well acclimated to close human
activity the manager may judge the neonate exam to
be desirable. If the managers judge the sow calm
enough to accept the separation of the piglet(s) for a
neonate exam it is usually performed in the first 24 to
72 hours.

(Photo:  St. Louis Zoo)
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The procedure and necessary equipment are organized prior to the exam so that it can be completed as quickly as
possible. The piglet(s) are shifted away from the sow, caught and moved to a room where their intense squealing is
muffled. The piglets are sexed, weighed, transpondered, given iron and BoSe injections, and the umbilicus
swabbed. Blood should not be collected during the neonate exam. Blood collection from the major vessels of the
thoracic inlet has led to extensive hemorrhage and death in babirusa. Venipuncture from the neonate’s leg vessels is
too difficult, time intensive and stressful. Upon completion of the exam the piglet(s) are released into their stall and
the sow is given access to them. Humans then leave the area as this helps calm the sow.

PARENTAL CARE

The usually docile female will become increasingly aggressive towards the keeper and other babirusa 2-4 days prior
to parturition. There was one incident of a female at Los Angeles that did not become aggressive until after giving
birth. This aggressive state will continue for up to three weeks post partum (Macdonald, 1993). Females are
normally avid defenders of their young, attacking other animals and keepers if they come to close. The female will
usually position herself between the piglets and the perceived threat so that the piglets stand either behind her or
underneath her. When threatened, the female will point her ears forward and produce a low-pitched continuos
squeal. If the piglets wander too far away the female will vocalize with short clucking noises. Two to three weeks
after giving birth the female aggressiveness will subside and the behavior of the female towards the keeper will
return to normal (Leus et. al., 1992).

Incidences of females neglecting or Kkilling their
young are unusual and uncommon. There have been
only four such cases since 1984. Three of those
involved the females killing or mutilating their
offspring immediately after birth. In two of those
cases it could not be determined if the offspring had
been born alive or not. One of the females that had
previously killed her offspring went on to
successfully raise three separate piglets after being
moved to another facility and paired with a different
male. The fourth incident involving parental neglect
was with a first time parent. This particular female
was very high strung and nervous and had been
inadvertently let out on exhibit where she gave birth
to a single piglet. After giving birth she paid little or
no attention to the piglet. The piglet subsequently
died due to exposure.

(Photo: C.Dresner, St. Louis Zoo)

Parental care by the male is virtually non-existent, since the male is separated from the female either immediately
after the breeding or prior to parturition. Thus, he is never allowed with the offspring. On the few occasions in which
the male has been given access to the piglets, generally when the piglets are at least three months of age, no parental
care on the males’ part has been observed.

However, in the situations at the Bronx zoo and Los Angeles zoo in which the male was introduced to the piglets,
both males were reported to have been very tolerant of the offspring. The male in Los Angeles would often allow the
piglets to climb on him and lie next to him. At times he would chase after them if they became too annoying. The
male at the Bronx zoo was also very well mannered with his offspring, but the offspring continuously harassed him
to the point that he had to be removed.

PHYSICAL DEVELOPMENT AND GROWTH CHARACTERISTICS
Birth Weights: At 2 hours old one male was 600 grams while his twin brother was 400 grams (Saville and Hartley,
see earlier). The sow had a history of infanticide at about 36 hours on several previous litters.

The St. Louis Zoo reports neonatal weights taken from nine individual piglets at ages ranging from 24 to 120 hours
old: 24 hour weights were 856, 939, and 1064 grams for females and 1076 grams for a male; 48 hour weights were
901 grams for a female and 888, 901, and 1124 grams for males; one female at 72 hours weighed 811 grams and a
male at 5 days weighed 1410 grams (Houston, 92; M.T. Fischer, pers. comm.). Weights on two 10.5 week old
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males at the Bronx Zoo were 15 and 17 1bs (P. Kalk, pers. comm.).

Babirusa from birth to 30 days nurse an average of 18
times per 24 hours with the duration of nursing bouts
ranging from 8-10 minutes (MacLaughlin et al.,
2000). Babirusa nurse their offspring for longer
periods than most other ungulates. Offspring are
weaned between the 25" and 32™ week with twins
being weaned earlier (27 weeks) than single births
(30 weeks) (MacLaughlin et al., 2000). Piglets will
start eating small amounts of solid food at less than
one week old (MacLaughlin and Thomas, 1991; Leus
etal., 1992).

AGE OF DISPERSAL/REMOVAL OF YOUNG

In the wild sexual maturity is likely to be influenced by the level of nutrition, and thus the animals probably do not
breed until at least one year of age. In captivity female babirusa have been known to become pregnant at 5 months
of age though puberty is typically attained closer to 10 months of age (Leus et. al., 1992). Pregnancy at such an early
age can lead to the development of calcium problems which will affect the sow’s growth later on (pers. Comm. Paul
Vercammen).

Piglets can be removed from their dam as early as 4
months of age to facilitate her return to reproduction.
The removal process should begin at 90 days of age
with the offspring being separated from the sow for 5
minutes a day. This is increased by 5 minutes each
day until there is permanent separation at 120 days of
age. This process will allow for the female to breed
back within a relatively short period of time. During
the initial separation period the sow and youngsters
may become very upset. At times the sow may go off
feed or her udder may become very swollen. The
swollen udder can be corrected by withholding grain
for a few days. Moving the young as far away from

E the sow as possible at the time of permanent
(Photo: WCS/Bronx) separation may ease the transition for mother and
young alike.

Young babirusa can be shipped to other facilities as early as 6 months of age. If at all possible it is better to allow
them to develop for one year and adjust to being away from the sow prior to shipment.

CONTRACEPTION

No successful reversible chemical contraceptive methods with babirusa have been reported. The Roger Williams
Park Zoo conducted trials with PZP (porcine zona pellucida) vaccinations to contracept two females. Titre levels
indicated that it was not effective (A. Vecchio pers. comm.).

Separating males from females during estrus remains the most safe and effective contraception method. The SSP
recommends caution in using chemical methods of contraception, as reversibility needs to be established. The
AZA’s Contraception Advisory Group should be consulted when considering various forms of contraception.
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Reproduction Summary

> Ageatfirstestrus  Asearly as 190 d

» Earliest recorded conception 12 mo
» Latest recorded conception 14 yrs
> Average length of cycle 30-40d

» Average length of estrus 1-3d

> Average gestation length 163 d

(Photo: WCS/Bronx Zoo)

> Postpartumestrus  4-5mo.

> Litter size 1-3 piglets

» Prior fo farrowing, an expectant sow
should be separated from her exhibit
mates and provided with extra nesting
material, a den, a visual barrier or

some means of increased privacy

> Sows become antagonistic for several
days prior to and after farrowing and
caretaker contact and disturbances
should be minimal
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(Photo: D. Wilson/St. Louis Zoo)

INTRODUCTION

The data from which this overview was prepared is based upon the review of submitted medical records from 14
institutions currently holding babirusa in the United States. Further information was gleaned from discussions with
veterinarians having experience with this species and from retrospective studies and clinical trials performed at the
Wildlife Conservation Society’s Bronx Zoo. In addition six of the contributing 14 institutions submitted MedARKSs
records on disk which were used to create a MedARKs Library Reference Disk.

The information herein is an accumulation of experiences or responses to unique medical situations. Those who
refer to this section are therefore advised that each veterinary situation requires individual assumptions and input
which are beyond what is provided in this chapter. It is still best practice to communicate directly with experienced
veterinarians and husbandry personnel to delineate the most up-to-date, safe and efficacious plan of action.

PHYSIOLOGICAL NORMALS

With the assistance of Dr. Andrew Teare of ISIS a library disk of physiological norms was created from the
contributed information from six cooperating institutions. 115 clinical pathology records were provided from both
males and females, 72 of which were described as being in normal health and 33 of which were deemed in abnormal
health. The results on the normal population are included in:

Appendix I: Combined Clinical Pathology Reference Values
Appendix II: Male Clinical Pathology Reference Values
Appendix III: ~ Female Clinical Pathology Reference Values
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VACCINATION PROTOCOLS FOR
BABIRUSA

There is little uniformity in vaccination
protocols between responding

institutions. Vaccines that were
reported as being used were:

+ Rabies

e Tetanus Toxoid

e Leptospirosis,multi-serovar
(Leptoshield 5)

e Parvovirus/Erysipelothrix
rhusiopathiae, Leptospira multiple
serovars (Farrowsure, Smith Kline
Beecham)

» Erysipelothrix rhusiopathiae,
Bordatella bronchiseptica
(Pleuroguard)

»  Erysipelothrix rhusiopathia
bacterin (E-Bac)

e Experimental EMC vaccine

PARASITOLOGY

In general, parasites have not appeared to be a major cause of clinical illness. Most findings occurred during routine
preventive health checks and as portions of clinical disease work-ups unrelated to the final diagnosis of concern.
Below are a listing of organisms identified and treatments administered. The treatment dosages appeared to be
empirically derived and future administration should be based on the animal’s illness and present knowledge of
medications and dosages.

Recommended Treatments for Parasific Infections in Babirusa
Coccidia sulfatrim suspension - 480 mg 15 mg/kg BID PO x 10 days

Oesophagostomum Ivermectin - 0.2 mg/kg SQ repeated 30 days
Pyrantel pamoate - 22 mg/kg PO repeated 14 days

Undiagnosed skin irritation  fenbendazole 500 mg SID PO x 5 days (RWPZ)

Coccidia (Emeria) amprolium 18 ml/3 gallons of water SID PO x 5 days
Oxyurids fenbendazole - 500 mg SID PO x 5 days (RWPZ)

Routine deworming pyrantel pamoate - 5.5 mg/kg PO

41



MAJOR DISEASE PROBLEMSAND TREATMENTS

Three clinical presentations were most frequently listed by contributing institutions:

Lameness: Babirusa of both sexes and varying ages are affected by degenerative joint disease maladies. The most
frequent presentation is a progressive lameness of one or multiple limbs which can be localized to affected joints. In
a number of cases animals presenting with acute lameness have undergone extensive evaluation including
radiography, joint fluid collection and culture for a variety of acrobic and anaerobic bacteria including mycoplasma.
In addition joint biopsies and serology for a range of generalized infectious possibilities have been included. To
date, a definitive etiology has not been ascertained despite extensive investigations in the area of infectious and
metabolic disease, immune mediated causes, nutritional imbalances and environmental provisions. Typically the
lesions have progressed to marked arthritis of multiple joints easily visible on radiographs. The signs can be
palliated via treatment with a number of anti-inflammatory agents listed in Table 9.

Skin disease: The affected animal typically presents with dry skin coat and in addition many have multiple raised
pustules which subsequently rupture leaving open healing lesions. The causes of skin disease in babirusa have been
attributable variously to traumatic events, abscessation secondary to infection and unknown causes simply described
as “dermatitis” with or without pruritis (itching) and urticaria (raised lesions). A variety of treatments have been
administered on a empirical basis and are listed in Table 9.

Hoof cracks/abscesses: This diagnosis was seen at one park and appropriate medications administered as listed in
Table 9.

Tusk fractures: Multiple institutions reported this problem secondary to traumatic injury. The identification of
periosteal bleeding and/or possible pulp exposure was cause for greater levels of concern and treatment. The
treatments are listed in Table 9.

IMMOBILIZATION

Twenty-four anesthetic events on nine male and five female babirusa were reviewed by James et. al. (1999) from the
records at the Wildlife conservation Park/Bronx Zoo. The animals weighed between 38 and 106.8 kg and included
individuals in good health as well as those with degenerative joint disease and/or dermatitis. Food was withheld for
approximately 12 hr prior to immobilization and drugs were administered with a projectile dart. Animals were
immobilized with xylazine (x = 1.25 +/- 0.33 mg/kg, range 0.82-2.07 mg/kg) given via IM dart. 20 minutes later the
animals were darted with Telazol (teletamine and zolazepam [x=1.82 +/- 0.63 mg/kg, range 0.86-3.59 mg/kg]). If
prolonged procedures were required, supplemental dosages of ketamine HCL were given IV or isoflourane was
administered via face mask. Anesthesia was reversed with yohimbine (x= 0.15 +/1 0.04 mg/kg, range 0.09-0.24
mg/kg) and in most cases flumazenil (1mg/10 mg of zolozepam) was also given either i.m. or i.v. at least 20 minutes
post Telazol administration. Further information is also available Calle and Morris (1999).

&

(Photo: St. Louis Zoo)
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Table9: Common Babirusa Health Problemsand Treatments. Key: Audubon (a), Bronx (b), Cincinnati (c), Denver
(d), Houston (e), Louisville (f), Lowry Park (g), Oklahoma (h), Philadelphia (i), Providence (j), St. Louis (k), San Diego
Z00 (1), Gulf Breeze (m) and San Antonio (n).

Lameness — Idiopathic, arthritis, Lameness - Skin - Skin - Skin - Hoof Tusk Fractures
other Trauma Trauma Abscesses | Dermatitis cracks &
Pain Management | Antimicrobial abscesses
Banamine 1-2 mg/kg | TMS 15-20 Dilute Topical TMS 13-15 Dexamethazone | Procaine None or
PO S/BID* > £k mg/kg PO BID® | Betadine® povidone mg/k%( PO 0.04 mg/kg penicillin | Monitor® * ™!
k %’?dlne 10%" | BID* once IM* G 8.8 ml
SQ (55
k)’
None or Monitor® "™ | Enrofloxacin Supplemented | None or Enrofloxacin | Peanut oil in Banamine | Betadine'
! 0.68 mg/kg PO diet with Monitor® ¢ 3-5 mg/kg diet* 1 mg/kgd
BID* biotin® PO SID"*
Diclofenac 0.25-0.5 Tribrissen 7.5 Topical None** Enrofloxacin Furazone Nitrofurazoone
mg/kg PO BID®" mg/kg PO SID* A&D 28 mghkg PO | powder dressing 0.2%"
ointment” BID Wrapd
Cosequin 2-4 Ampicillin 9-10 Silver Topical K Clavamox 13 Procaine- | Clavamox 12
capsules™*° mg/kg PO BID sulfaciazine | iodine® mg/kg PO BID benzathine | mg/kg SID’
cream’ penicillin
6 ml SQ°
Tramadol 1.6 mg/kg | Oxytetracycline Amoxicillin | Aspirate, Ampicillin 6.8 | Bandage Banamine
PO BID"* 20 mg/kg" trihydrate lance, flush | mg/kg* feet' mg/kg SID/
12 mg/kg with
PO SID" nolvasan®
Phenylbutazone 3-5 Betadine' Amoxicillin | Fenbendazol 5 | Tecnovit® | Clean, flush
mg/kg PO SID*" and dryclox’ | infusion 1-2 | mg/kg PO SID! socket
ml topically hetacillin®
SID®
Etodolac 8.9 mg/kg Topical Topical
PO SID* panalog povidone-
ointment iodine 10%
BID' BID!
Palaflex 83 mg/kg Fly _ Topical
PO SID* repellant' Panalog
ointment BID!
Topical Fentanyl Topical mineral
Citrate® oil
Cimetidine 3.75 Urea hydrating
mg/kg PO SID* mist'
Aspirin 10 mg/kg* Oxydex
shampoo'
Ketoprofen 0.5-1.0 Isoniazind 10
mg/kg PO BID" mg/kg PO SID°
Voltarin 0.12-0.64 Butorphanol
mg/kg PO BID" Tartrate 33.1-
125 meg/kg®
Carprofen 2.4 mg/kg Doxycycline
PO BID' hyciate 2.5
mg/kg PO SID°
Others: Epsom salt Amoxi-Mast
soak™, infusion 2 ml
Buprenorphine®, topically SID®
Prednisone®,
Polysulfated
glycosaminoglycans?,
Polyflex ampicillin’
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109 anesthetic events (67 males and 42 females) were reviewed from the assembled MedARKSs Library disk. While
the Telazol, xylazine combination was most frequently used, the combinations were often times given together in
the same dart with varying success. The other combination of note was the use of butorphanol, detamidine and
midazolam given simultaneously.

QUARANTINE PROTOCOLS
There was some variation in the quarantine protocols used by different institutions. In general they included a
minimum of:

General Quarantine Protocol for Babirusa

» 30 daysin a quarantine environment

+ 3 negative fecal exams (ova and parasite float)
« CBC and Biochemistry panel either pre-shipment or during

quarantine
 Fecal culture

The depth and breadth of quarantine work-up also varied with the animal’s origin. Animals arriving from an AZA
institution with a known medical history and pre-shipment evaluation were more likely to have less diagnostics
performed in quarantine. Animals arriving from outside AZA institutions or without good medical histories were
more likely to undergo greater diagnostic evaluation. Serologic evaluations and vaccination administration varied
widely between institutions.

POST-MORTEM FINDINGS
A total of 12 necropsy reports were reviewed from participating institutions. Some animals were euthanized due to
poor prognosis.

Causes of Death of Babirusa in SSP Population

Abdominal abscessation of unknown etiology

Cardiac arrest during handling of a juvenile

Acute bacterial gastritis and enterotoxemia

Subacute to chronic ulcerative gastritis with gastric ulceration

Spondylosis with fracture and spinal cord frauma suggestive of Disseminatec

Idiopathic Skeletal Hyperostosis
Stillborn

Chronic severe degenerative joint disease of multiple joints, Dermatitis

Orphaned neonate being handreared with necrotizing gastritis and possible
enteritis

Anesthetic death with underlying myocardial fibrosis

» Chronic severe degenerative joint disease of multiple joints, Dermatitis
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Appendix |. Combined Clinical Pathology Reference Value for Babyrousa babyrussa

ISIS Values

Mean S.D. Min. Max. (N)
WBC *1073/UL 7.943 +£2.985 3.500 17.80 (C))
RBC *1076/UL 6.58 +£1.40 4.56 10.50 39)
HGB GM/DL 129 +£1.8 9.1 16.9 (C2))]
HCT % 41.0 £7.5 28.8 66.0 (46)
MCH MG/DL 19.8 £2.5 15.7 28.1 39)
MCHC uug 31.7 £1.7 26.3 35.7 (40)
MCV fL 625 £7.9 51.5 93.8 39)
SEGS *1073/UL 3.988 £2.102 1.280 12.10 41)
BANDS *1073/UL 0.121 +£0.066 0.057 0.240 (10)
LYMPHOCYTES *1073/UL 3.478 £2.099 0.755 9.870 (43)
MONOCYTES *1073/UL 0.369 +0.333 0.038 1.780 39)
EOSINOPHILS *1073/UL 0.243 +0.245 0.057 1.176 (28)
BASOPHILS *10"3/UL 0.159+£0.193 0.011 0.540 ®)
NRBC /100 WBC 1+0 1 1 3)
PLATE. CNT. *1073/UL 354 +234 89 1086 (19)
GLUCOSE MG/DL 71  +£34 24 192 (45)
BUN MG/DL 16 =5 6 25 (45)
CREAT. MG/DL 1.3 +£03 0.7 2.1 (42)
URIC ACID MG/DL 03 =04 0.0 1.3 (10)
CA MG/DL 10.1 +£0.7 8.9 11.9 (45)
PHOS MG/DL 55 £1.2 39 9.5 (38)
NA MEQ/L 144 +4 134 154 37
K MEQ/L 43 05 35 5.4 37
CL MEQ/L 104 +3 94 110 (36)
IRON MCG/DL 204 +95 137 271 2
MG MG/DL 1.40 +£0.00 1.40 1.40 [€))]
HCO3 MMOL/L 30.0 £0.0 30.0 30.0 [€))
CHOL MG/DL 87 +23 25 136 (38)
TRIG MG/DL 45  £26 12 98 (23)
T. PROT (C) GM/DL 74 £0.7 6.0 8.8 (40)
ALBUMIN (C) GM/DL 43 =+0.5 33 5.7 (35)
GLOBULIN (C) GM/DL 31 +£0.9 1.4 4.7 34)
AST (SGOT) IU/L 20 +14 4 58 (43)
ALT (SGPT) IU/L 39 +12 19 85 (40)
T. BILIL MG/DL 03 +0.2 0.1 0.9 39)
D. BILI MG/DL 0.1 +0.1 0.0 0.3 ®)
I. BILI MG/DL 02 +0.1 0.0 0.4 ®)
AMYLASE U/L 554 +314 134 914 ®)
ALK. PHOS. IU/L 71 +47 18 209 41
LDH IU/L 503 +£163 285 897 20
CPK UL 268 +127 127 481 7
Body Temperature: 373 +£09 35.0 39.0 (26)
Cco2 MMOL/L 26.0 +£8.7 13.0 45.0 (10)
FIBRINOGEN MG/DL 327 +£142 0 500 (11)
GGT IU/L 67 +18 39 108 (17)
LIPASE U/L 4 +0 4 4 2)
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Appendix II1: Male Clinical Pathology Reference Values for Babyrousa Babyrussa.
Max.

Test

Alanine Aminotransferase
Albumin (Colorimetry)
Albumin Globulin Ratio
Alkaline Phosphatase
Amylase

Anion Gap

Aspartate Aminotransferase
Atypical Lymphocytes
Basophils

Bicarbonate

Bile Acids — Bile Salts
Blood Urea Nitrogen
BUN/Creatinine Ratio
Calcium

Carbon Dioxide

Carbon Dioxide, Serum
Chloride

Cholesterol

Copper

Creatine Phosphokinase
Creatinine

Direct Bilirubin
Eosinophils

Fibroinogen

Gamma Glutamyl Transferase

Gamma-Glutamy! Transpeptidase

Globulin (Colorimetry)
Glucose

Hematocrit

Hemoglobin

Heterophils

Indirect Bilirubin

Iron

Lactate Dehydrogenase
Lipase

Lymphocytes

Magnesium

MCH

MCHC

MCV

Mean Platelet Volume
Monocytes

Myelocytes

Neutrophilic Bands
Neutrohilic metamyelocytes
Nucleated Red Blood Cells
Osmolality

Osmolality, Calculated
Parvovirus Antibody
Phosphorus

Platelet Count
Polymorphonuclear leukocyte
Potassium

Reactive lymphcytes

Red Blood Cell Count
Selenium

Sodium

Sodium Potassium Ratio
T.S. (Total Solids)

Total Bilirubin

Total Protein (Colorimetry)
Total Protein (Refractometer)
Total Solids (Refractometer)
Toxic Changes
Triglyceride

Uric Acid

White Blood Cell Count

Mean
31.95
4.120
1.322
49.89
272.1
20.00
17.36
4.000
0.015
28.00
10.40
17.37
12.47
9.972
22.00
24.67
103.0
81.16
276.0
372.2
1.387
0.104
0.222
286.7
76.29
83.00
3.708
63.37
37.71
11.85
4.689
0.165
183.6
456.3
2291
2.828
1.481
20.32
31.73
63.95
4.250
0.391
0.030
0.056
0.142
1.833
289.3
286.0
8.000
5.198
365.6
52.00
4.280
0.600
5.901
7.880
142.8
35.00
7.900
0.289
7.829
7.767
7.200
1.000
43.83
0.114
8.255

St. Dev Min.
+8.282
+0.579
+0.387
+24.49
+194.9
+2.646
+10.40
+0.000
+0.045
+0.000
+0.000
+5.346
+4.987
+0.667
+4.950
+2.517
+4.776
+22.47
+0.000
+345.5
+0.334
+0.054
+0.202
+2559
+14.79
+0.000
+0.874
+29.76
+6.076
+1.779
+2.447
+0.123
+75.75
+161.8
+53.24
+1.476
+0.303
+2.684
+2.398
+7.392
+0.743
+0.311
+0.042
+0.094
+0.197
+2.041
+12.10
+0.000
+0.000
+0.916
+160.2
+26.63
+0.426
+0.000
+1.096
+0.000
+4.430
+0.000
+0.622
+0.145
+0.657
+0.802
+0.000
+0.000
+24.62
+0.186
+3.167

16.00
2.600
0.800
18.00
88.00
17.00
4.000
4.000
0.000
28.00
10.40
8.000
5.200
8.900
13.00
22.00
89.30
25.00
276.0
127.0
0.900
0.000
0.000
0.000
39.00
83.00
1.900
22.00
27.80
6.900
1.280
0.000
137.0
74.00
1.000
0.426
1.200
14.11
21.97
49.38
3.100
0.000
0.000
0.000
0.000
1.000
280.0
286.0
8.000
3.700
104.0
24.00
3.400
0.600
4.370
7.880
130.3
35.00
7.400
0.100
6.400
7.00

7.200
1.000
12.00
0.000
3.100

N)
55.00
5.100
2.400
125.0
797.0
22.00
53.00
4.000
0.210
28.00
10.40
30.00
21.90
11.80
31.00
27.00
115.0
136.00
276.0
1243
2.100
0.200
0.826
800.0
108.0
83.00
6.000
143.00
54.30
16.30
12.18
0.410
271.0
868.8
173.1
7.473
2.070
28.13
3595
93.75
5.500
1.431
0.060
0.340
0.367
6.000
303.0
286.0
8.000
7.500
784.0
77.00
5.400
0.600
9.150
7.880
152.0
35.00
8.800
0.800
9.100
8.600
7.200
1.000
98.00
0.500
17.80

(57
(55)
(16)
(57)
(13)
)
(59
()
24
(M
(1
(60)
(13)
(60)
(13)
3)
(56)
(54)
(M
(13)
(60)
(12)
(44)
(15)
@1
(M
(52)
(60)
(58
(56)
(56)
(11)
3)
(32)
(10
(59
(7
(56
(54
(54
(22)
(52)
(2
@n
3)
(6)
3)
0]
o)
(55)
(36)
3)
(57
1
(56)
o))
(57
1
“
(54
(59)
3)
1)
(2
24
(7
(59)

UL
GM/DL
GM/DL
UL
UL
MEQ/L
UL

*10"3/UL
MMOL/L
UMOL/L
MG/DL
MG/DL
MG/DL
MMOL/L

MEQ/L
MG/DL
UG/DL
UL
MG/DL
MG/DL
*1073/UL
MG/DL
UL

GM/DL
MG/DL
%
GM/DL
*10"3/UL
MG/DL
MCG/DL
TU/L

U/L
*10"3/UL
MG/DL
uug
GM/DL

*1073/UL
*1073/UL
/100 WBC
MOSMOL/KG

MG/DL
*1073/UL

MEQ/L
*1073/UL
*1076/UL
UG/DL
MEQ/L

MG/DL
GM/DL
GM/DL

MG/DL
MG/DL
*10"3/UL
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Appendix I11: Female Clinical Pathology Refer ence Values for Babyrousa Babyrussa.

Test

Alanine Aminotransferase
Albumin (Colorimetry)
Albumin (Electrophoresis)
Albumin Globulin Ratio
Alkaline Phosphatase
Alpha-1 Globulin (Electrophoresis)
Alpha-2 Globulin (Electrophoresis)
Amylase

Anion Gap

Aspartate Aminotransferase
Atypical Lymphocytes
Basophils

Beta-1 Globulin (Electrophoresis)
Bicarbonate

Blood Urea Nitrogen
BUN/Creatinine Ratio
Calcium

Carbon Dioxide

Chloride

Cholesterol

Creatine Phosphokinase
Creatinine

Direct Bilirubin

Eosinophils

Fibroinogen

Gamma Globulin (Electrophoresis)
Gamma Glutamyl Transferase
Globulin (Colorimetry)
Glucose

Hematocrit

Hemoglobin

Heterophils

Indirect Bilirubin

Lactate Dehydrogenase
Lipase

Lymphocytes

Magnesium

MCH

MCHC

MCV

Mean Platelet Volume
Metamyelocytes

Monocytes

Myelocytes

Neutrophilic Bands
Neutrohilic metamyelocytes
Nucleated Red Blood Cells
Osmolality

Osmolarity

Phosphorus

Platelet Count

Potassium

Red Blood Cell Count
Selenium

Sodium

Sodium Potassium Ratio

T.S. (Total Solids)

Total Bilirubin

Total Protein (Colorimetry)
Total Protein (Electrophoresis)
Total Protein (Refractometer)
Total Solids

Toxic Changes

Triglyceride

Uric Acid

White Blood Cell Count

Mean
37.12
4203
3.300
1.630
59.80
0.800
1.100
477.8
13.50
4.46
3.000
.065
1.700
30.00
15.10
13.59
9.807
30.25
103.6
90.43
495.2
1.230
0.133
0.203
375.0
1.500
74.86
3.446
67.93
38.54
12.24
5.233
0.200
674.5
38.00
3.363
1.700
20.66
32.88
63.69
3.546
0.055
0.496
0.036
105
145
.500
295.0
297.0
4.869
2322
4253
6.090
2.80
143.8
38.00
.860
0.333
.565
8.300
8.200
8.000
4.000
44.29
0.467
9.405

St. Dev Min.
+9.969
+0.571
+0.000
+1.812
+32.47
+0.000
+0.000
+3454
+3.536
+18.27
+0.000
+0.105
+0.000
+0.000
+7.135
+7.145
+0.655
+8.180
+3.228
+21.64
+334.3
+0.336
+0.071
+0.213
+205.3
+0.000
+29.81
+1.092
+23.99
+6.801
+2.566
+2.597
+0.112
+362.5
+42.40
+1.511
+0.141
+3.163
+5.504
+7.139
+0.541
+0.077
+0.391
+0.063
+0.193
+0.167
+2.121
+12.73
+0.000
+0.960
+120.5
+0.342
+1.315
+0.000
+3.259
+0.000
+1.122
+0.133
+0.775
+0.000
+0.548
+0.000
+0.000
+23.33
+0.723
+3.307

Max.

23.00
2.600
3.300
0.000
4.000
0.800
1.100
75.00
11.00
7.000
3.000
0.000
1.700
30.00
5.800
7.700
8.200
20.00
95.00
49.00
156.0
0.100
0.100
0.000
0.000
1.500
39.00
0.800
27.00
24.10
7.500
0.673
0.000
316.0
4.000
1.147
1.600
14.71
26.77
49.22
3.000
0.000
0.000
0.000
0.000
0.000
1.000
286.0
297.0
3.000
36.00
3.460
4.300
72.80
136.7
38.00
6.200
0.100
5.800
8.300
7.600
8.000
4.000
20.00
0.000
3.700

MN)
64.00
5.700
3.300
6.300
142.0
0.800
1.100
814.0
16.00
94.00
3.000
0.384
1.700
30.00
47.00
29.00
11.30
40.00
110.0
130.0
950.0
1.800
0.300
0.810
700.0
1.500
137.0
6.200
132.00
54.20
19.70
11.95
0.400
1759
100.0
7.584
1.800
33.00
65.00
74.12
5.000
0.109
1.459
0.109
0.858
0.327
4.000
304.0
297.0
8.300
550.0
5.400
10.58
72.80
154.0
38.00
9.300
0.600
9.700
8.300
8.800
8.000
4.000
98.00
1.300
16.60

(42)
(35)
(1)
©)
(1)
(1)
(1)
(6)
2)
(1)
(1)
(23)
(1)
(1)
“3)
(8)
(44)
(4)
(37)
(42)
(©)
(43)
©)
(36)
(®)
(1)
(14)
(35)
(44)
(44)
(45)
(46)
©)
(15)
(4)
(43)
2)
(43)
(43)
(42)
(13)
2)
(44)
3)
(24)
3)
@)
2)
(1)
(35)
(20)
(37)
(43)
(1)
(37)
(1)
(5)
(40)
(40)
(1)
4)
(1)
(1)
(17)
()
(48)

UL
GM/DL
GM/DL
GM/DL
IUL
MG/DL
MG/DL
UL
MEQ/L
UL

#10°3/UL
MG/DL
MMOL/L
MG/DL
MG/DL
MG/DL
MMOL/L
MEQ/L
MG/DL
UL
MG/DL
MG/DL
#10°3/UL
MG/DL
GMDL
TU/L
GM/DL
MG/DL
%
GM/DL
#10°3/UL
MG/DL
TU/L

UL
#10°3/UL
MG/DL
uug
GM/DL
FL

FL
#10°3/UL
10°3/UL
10°3/UL
#10°3/UL
#10°3/UL
/100 WBC
MOSMOL/KG
MOSMOL/L
MG/DL
#10°3/UL
MEQ/L
#10°6/UL
UG/DL
MEQ/L

MG/DL
GM/DL
GM/DL
MG/DL

MG/DL
*1073/UL
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reported Sulawesi warty pigs, babirusa, the macaque, a large marsupial and a wild goat. Possibly it was so easy to
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Sulawesi.)
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from the northern arm of Celebes. A skull from near Kulawi, central Celebes, tends towards babyrussa, and may
represent a suviving population of the inadequately characterised B. b. bolabatuensis, known as a subfossil from the
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spoke of “white” and “black babirusas” even in the adult stage, and the one I have mentioned (young male) was
certainly lighter in colour than others we afterwards killed on Limbe island. Our hunters also told us that, when
assailed by dogs, the animal sometimes ascended the procumbent trunks of trees, and got out upon the larger lower
branches. The natives told us that almost all the babirusa would come along the ridge. On Limbe island we caught
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immediately that it was a babirusa, but the tufts of hair on its back and neck made him unsure.)

Heekeren, H.R. van (1972) The stone age of Indonesia. Verhandelingen van het Koninklijke Instituut voor Taal-,
Land-, en Volkenkunde. M. Nijhoff: The Hague, 2, 61, 69-71, 116-122.

Heinroth, O. (1908) Trachtigkeits-und Brutdauern. Zoologischer Beobachter; Der Zoologische Garten, 49, 14-25.
(Abstract: babirusa gestation length 158, 160 (Heinroth), 5 months and 5 days. The babirusa has at most two young,
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proven to be an excellent mother. To date, both the piglets and their mother have been kept separate from the boar.)

Houston, E.-W., P.K. Hagberg, M.T. Fischer, M.E. Miller, and C.S. Asa (in press). Monitoring Pregnancy in
Babirusa ( Babyrousa babyrussa) with Trans-abdominal Ultrasonography.

International Union for the Conservation of Nature (1972) Red data book, Mammalia. (Eds. H.A. Goodwin & C.W.
Holloway). TUCN: Morges, Switzerland, 2™ edition.

International Union for the Conservation of Nature (1990) IUCN Red list of threatened animals. [UCN, Gland,
Switzerland, and Cambridge, UK, p 25.

James, S.B., Cook, R.A., Raphael, B.L., Stetter, M.D., Kalk, P., McLaughlin, K. and Calle, P.P. (1999)
Immobilization of babirusa (Babyrousa babyrussa) with Xylazine and Tiletamine/Zolazepam and reversal with
Yohimbine and Flumazenil. Journal of Zoo and Wildlife Medicine, 30, 521-525.

Jardine, W. (1836) The naturalists library: Mammalia 5 The natural history of the pachydermes, or thick-skinned
quadrupeds. W.H. Lizars: Edinburgh pp 216-217.

(Abstract: The figure is from F. Cuvier from live specimens brought back on the Astrolab. The male was aged and
remarkably fat. The cold gradually produced diseased lungs, which killed them three years after they arrived. The
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