178

ZOO VIEW

Herpetological Review, 2019, 50(1), 178-201.
© 2019 by Society for the Study of Amphibians and Reptiles

Tales of Monitor Lizard Tails and Other Perspectives

SINCE [—ABOUT 30 YEARS AGO—GOT MY FIRST LIVING INILE MONITOR
AND BECAME ACQUAINTED WITH HIS LIFE HABITS IN THE TERRARIUM, THE
MONITOR LIZARDS HAVE FASCINATED ME ALL THE TIME, THESE ‘PROUDEST,
BEST-PROPORTIONED, MIGHTIEST, AND MOST INTELLIGENT LIZARDS AS
[FrRANZ] WERNER STRIKINGLY CALLED THEM.

—ROBERT MEERTENS (1942)

MODERN COMPARATIVE METHODS ALLOW THE EXAMINATION OF
THE PROBABLE COURSE OF EVOLUTION IN A LINEAGE OF LIZARDS (FAMILY
VARANIDAE, GENUS VARANUS). WITHIN THIS GENUS, BODY MASS VARIES
BY NEARLY A FULL FIVE ORDERS OF MAGNITUDE. THE FOSSIL RECORD AND
PRESENT GEOGRAPHICAL DISTRIBUTION SUGGEST THAT VARANIDS AROSE
OVER 65 MILLION YR AGO IN LAURASIA AND SUBSEQUENTLY DISPERSED
TO AFRICA AND AUSTRALIA. TWO MAJOR LINEAGES HAVE UNDERGONE
EXTENSIVE ADAPTIVE RADIATION WITHIN AUSTRALIA: ONE EVOLVED
DWARFISM (SUBGENUS ODATRIA, PYGMY MONITORS), WHEREAS THE OTHER
AUSTRALIAN LINEAGE (SUBGENUS VARANUS) REMAINED LARGE, AND
SEVERAL OF ITS MEMBERS EVOLVED GIGANTISM.

—ERic R. PiaNka (1995)

MONITOR LIZARDS ADOPT CHARACTERISTIC DEFENSIVE POSTURES,
FLATTENING THEMSELVES FROM SIDE TO SIDE AND EXTENDING THEIR GULAR
POUCHES, PRESUMABLY TO MAKE THEMSELVES APPEAR AS LARGE AS POSSIBLE.
OFTEN THEY HISS LOUDLY AND FLICK THEIR TONGUES. BIG SPECIES LASH
THEIR TAILS LIKE WHIPS WITH CONSIDERABLE ACCURACY. SOME SPECIES
STAND ERECT ON THEIR HIND LEGS DURING SUCH DISPLAYS.

MALE MONITOR LIZARDS ENGAGE IN RITUALIZED COMBAT, FIGHTING
OVER FEMALES. LARGER SPECIES WRESTLE IN AN UPRIGHT POSTURE, USING
THEIR TAILS FOR SUPPORT, GRABBING EACH OTHER WITH THEIR FORELEGS
AND ATTEMPTING TO THROW THEIR OPPONENTS TO THE GROUND. BLOOD
IS SOMETIMES DRAWN IN SUCH BATTLES. SMALLER SPECIES GRAPPLE WITH
EACH OTHER WHILE LYING HORIZONTALLY, LEGS WRAPPED AROUND EACH
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OTHER AS THE ROLL OVER AND OVER ON THE GROUND. THE VICTOR THEN
COURTS THE FEMALE, FIRST FLICKING HIS TONGUE ALL OVER HER AND THEN,
IF SHE CONCURS, CLIMBING ON TOP OF HER AND MATING BY CURLING THE
BASE OF HIS TAIL BENEATH HERS AND INSERTING ONE OF HIS TWO HEMIPENES
INTO HER CLOACA. (MALE VARANIDS HAVE A UNIQUE CARTILAGINOUS,
SOMETIMES BONY, SUPPORT STRUCTURE IN EACH HEMIPENES, CALLED A
HEMIBACULUM).

—ERic R. PIANKA AND LAURIE . ViTT (2003)

MAINTENANCE OF THE EXISTING DIVERSITY OF VARANIDS, AS WELL AS
CLADE DIVERSITY OF ALL OTHER EXTANT LIZARDS, WILL DEPEND INCREASINGLY
ON OUR ABILITY TO MANAGE AND SHARE BELEAGUERED SPACESHIP
EARTH. CURRENT AND EXPANDING LEVELS OF HUMAN POPULATIONS ARE
UNSUSTAINABLE AND ARE DIRECT AND INDIRECT CAUSES OF HABITAT LOSS.
THEY ALSO CONTRIBUTE TO ESCALATING RATES OF CLIMATE CHANGE. TO
ADDRESS ANTHROPOGENIC HABITAT LOSS AND CLIMATE CHANGE, WE WILL
HAVE TO MAKE MAJOR CHANGES IN OUR RESOURCE USE.

—ERIc R. Pianka (2012)

IT IS EVIDENT THAT THE INTERNATIONAL PET TRADE IN MONITOR
LIZARDS ORIGINATING FROM SOUTHEAST ASIA AND THE INDO-AUSTRALIAN
ARCHIPELAGO IMPACTS A MUCH HIGHER NUMBER OF SPECIES COMPARED TO
THOSE INVOLVED IN THE COMMERCIAL SKIN TRADE. .. TRADE IMPACT IN LIVE
VARANUS SPECIES STILL REMAINS POORLY UNDERSTOOD, GIVEN THE FACT
THAT FIELD CONSERVATION STUDIES ARE ALMOST COMPLETELY LACKING,
PARTICULARLY IN THE TROPICS...CURRENT INDONESIAN LEGISLATION
APPEARS NONTRANSPARENT AND INCOMPLETE TO CONSERVE INDONESIA’S
CURRENTLY RECOGNIZED 28 MONITOR LIZARD SPECIES. ONE MAJOR REASON
IS THAT TRADERS, PARTICULARLY THOSE HARVESTING SPECIES, NEXT TO
COLLECTORS AND MIDDLEMEN, REACT HIGHLY RESPONSIVE TO LUCRATIVE
OPPORTUNITIES WHICH ARE GENERATED BY INTERNATIONAL DEMAND...
TRADERS HAVE LARGELY BENEFITED FROM THE PAUCITY OF INFORMATION
AVAILABLE FROM THE WILD. IN ADDITION, THE COMPLEX GEOGRAPHY OF
THIS VAST ISLAND REGION TOGETHER WITH THE TAXONOMIC UNCERTAINTY
IN LOOK-A-LIKE SPECIES AND THE LACK OF CAPACITY BUILDING PROGRAMS,
TRAINING MATERIAL AND GUIDES IN THE COUNTRIES OF ORIGIN HAMPER AN
EFFICIENT TRADE CONTROL.

—KocH ET AL. (2013)

In Babylon in the 3% millennium B.C., monitor lizards (also
known as varanids and, in Australia, goannas) were beloved by
the chief god, Marduk (the long, split tongue can be recognized in
reliefs). Monitor mummies are known from Egypt and monitors
appear in hieroglyphs; in the late Egyptian era (1* century B.C.)
there were genuine “lizard cults” (Brentjes 1975). Aristotle, in
the fourth century B.C., might have been the first person to
study the anatomy of monitor lizards, most likely the Bengal
Monitor (Varanus bengalensis)—brought back with many other
animal specimens from Alexander the Great’s Asiatic expeditions
(Cresswell 1862). A wonderful representation of an incarnation
of Gautama Siddhartha, adorned with a water monitor’s head,
resides in a Thai Buddhist temple in Bangkok (Fig. 1). Before he
achieved nirvana and became the Buddha, Gautama Siddhartha
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Fic. 1. Thai Buddhist temple representation of an incarnation of Gau-
tama Siddhartha, adorned with a monitor’s head. The story began
in India, where Buddha had been a Bengal Monitor. We believe that
the monitors on either side are likely V. bengalensis and the scene is
in a Buddhist temple in Bangkok, Thailand. The only other species it
could be is V. salvator; however, because water monitors are despised
in Thai culture (the Thai word for them - ‘hiia’ is one of the most de-
plorable insults you can call someone), we suggest that V. bengalensis
is a more appropriate fit.

Fic. 2. Bengal Monitor (called Lacerta Draceena) from “General Zool-
ogy or Systematic Natural History. Volume III. Amphibia” by George
Shaw (1802).

was the Bodhisatta of Many Lives. Legend has it that in one of
these lives the Bodhisatta, who was born as a lizard. His life was
that of a lizard along a river, hunting for food and basking in the
sun, which sounds like a pretty nice lifestyle to us.

Monitor lizards have proven to be interesting subjects
for behavioral studies. H.-G. Petzold (1984, translated from
German) stressed the importance of observations made on
monitors in captivity. “In appropriately equipped large terraria—
or in climatically favorable regions, held in outdoor enclosures,
monitors are impressive show animals and biologically
interesting study objects at the same time. Their care in zoos
goes back to the times of the menageries; only a few decades ago,
successful breeding was among the rarest of zoo events. A large
part of our knowledge about the behavior and reproduction of
individual species of the genus Varanus is based on terrarium
observations.” At the Smithsonian National Zoological
Park (SNZP), a female Komodo Dragon (V. komodoensis)
demonstrated play behavior, interacted with inanimate objects
and human caretakers (Burghardt et al. 2002; Murphy and Walsh
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2006). A recent study by Loh et al. (2018) summarized the state of
peer-reviewed research in AZA zoos and aquariums.

A sizeable threat to smaller Australian varanids is the
invasive Cane Toad (Bufo marinus = Rhinella marina), that has
expanded its range across the top half of the country. One of the
most disastrous examples of human miscalculation has been
the introduction of these highly toxic anurans into the sugar
cane fields of Queensland in 1935 to control invertebrate pests.
However, the Yellow-spotted Goanna (V. panoptes) is a large (up
to 1.5 m TL) monitor inhabiting woodlands and floodplains
in New Guinea and northern Australia. Ujvari and Madsen
(2009) radio-tagged nine lizards to investigate predation on the
toads; they discovered > 90% mortality in the study area due to
ingestion of toxic toads.

The introduction of two invasive mammal predators—
European Red Fox (Vulpes Vulpes) and feral House Cat (Felis
catus)—in Australia has resulted in direct and indirect mortality
of goannas. Both foxes and cats kill monitors, and these alien
predators are also responsible for the widespread use of poisoned
baits to control their populations. There is a critical need to
instructland managers to properly use bait products. Jessop et al.
(2013) studied bait effects on Lace Monitors (V. varius) and found
that these lizards can remove and ingest surface-laid Curiosity®
baits. Depending on daily weather conditions, up to 22% of baits
per day were removed by varanids during the summer.

A study byWoinarski et al. (2018) listed astronomical numbers
of reptiles killed by feral cats. These figures are sobering and
disquieting: feral cats in Australia’s largely natural environments
kill more than one million reptiles per day, and individual cats
take, on average, more than 225 individual reptiles each year,
with almost all of these being native species:

“THE LOSS OF ~1.8 MILLION NATIVE REPTILES PER DAY DUE TO
PREDATION BY CATS PROVIDES FURTHER EVIDENCE OF THE POTENTIAL
CONSERVATION IMPACT OF THIS INTRODUCED PREDATOR ON AUSTRALIAN
BIODIVERSITY, AND UNDERSCORES THE VALUE OF EFFORTS NOW BEING
MADE TO MANAGE FERAL CAT POPULATIONS (E.G. THROUGH LOCAL-SCALE
EXCLOSURES, ENHANCED ISLAND BIOSECURITY, BROAD-SCALE PREDATOR
CONTROL PROGRAMS) AND THE PREDATION PRESSURE THEY EXERT (E.G.
MANAGEMENT OF FIRE AND GRAZING PRESSURE), ESPECIALLY TARGETING
CONSERVATION MANAGEMENT FOR SPECIES WHOSE POPULATION VIABILITY IS
MOST VULNERABLE TO CAT PREDATION.”

Woinarski has also published studies on native birds and
mammals, mirroring the results shown for reptiles. The effects
of feral cats on local goanna populations can be significant. For
example, Sweet (2007) had six of 50 radio-tracked Spotted Tree
Goannas (V. scalaris) and Black-headed Monitors (V. tristis) at his
study site in Kakadu National Park, NT, that were predated by a
single feral cat, and observed several additional cases of feral cat
predation on non-tagged individuals. Nutt (2011) listed Varanus
sp. as among the 20 most important prey categories of feral cats
in north-central Queensland.

We have listed many excellent papers concerning varanids in
the Literature Cited: Rotter (1963), Minton and Minton (1973),
Auffenberg (1981, 1994, 1998), Pianka (1986), Pianka et al. (2004),
Pianka and Vitt (2003), Bennett (1998, 2003), Burden (1927),
King and Green (1993, 1998, 1999), Surahya (1989), Vincent and
Wilson (1999), Murphy et al. (2002), Rogner (2007), Eidenmiiller
(2007, 2016), Swan (2009), Lenz (1995), and Brown (2012). In
the series Mertensiella, a supplement to Salamandra, Wolfgang
Bohme and Hans-Georg Horn edited a volume called Advances
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Fic. 3. The videotaped sequence of actions during arching bout of
two Varanus gilleni males at Dallas Zoo. From Carpenter et al. (1976).

Fic. 4. Komment-Kampf or ritual struggle of male Varanus gilleni at
Dallas Zoo. A) First sequence, prior to contact. B) Second phase, now
in combat. C) Each male either inflates body with gular pumping
motion and rotates upon longituinal axis or deflates trunk in order to
overpower rival. D) Struggle concludes with winning male on left bit-
ing subordinate loser. Because these lizards were kept in a relatively
small enclosure, the subordinate could not flee and became immo-
bile. The dominant male switched from aggression to courtship be-
havior and attempted copulation. From Murphy and Mitchell (1974).

in Monitor Research (1991). Two additional edited volumes of
Advances in Monitor Research were produced in 1999 (Horn and
Bohme) and 2007 (Horn et al.). Recently, proceedings from the
Interdisciplinary World Conference on Monitor Lizards held in
Bangkok, Thailand in 2015 have been published by Michael Cota
(2016).

Early artistic renditions often show varanids and other lizards
with coiled tails held over the body, a position now known to be a
bit of an exaggeration (see Shaw 1802; Fig. 2). Many illustrations
of reptiles beginning in the 15" century are not terribly accurate,
perhaps because the artists may not have viewed living examples
and updated technology (engravings, etchings, lithographs,
and so on) was not available at the time. Dennis and Adler
(2003) traced the evolution of herpetological art and improving
technologies for showing amphibians and reptiles. An historical
overview of varanid illustrations is in preparation for the journal
Biawak (see Mendyk et al. 2016).

TaiL Use

The degree of variation and specialization in tail morphology
across monitor species is remarkable. Bedford and Christian
(1996) studied the relationship between tail morphology and
habitat in monitor lizards. Wide ranges of fascinating uses of the
tailhave been recorded. One of the most dramatic examples of tail
use is that of male Pygmy Mulga Monitors (V. gilleni) embracing
conspecifics in an arching posture during combat rituals at
the Dallas Zoo (DZ) (Murphy and Mitchell 1974; Carpenter
et al. 1976; Radcliffe and Murphy 1983; Figs. 3-4). Aquatic,
semiaquatic, rock-dwelling, and terrestrial varanids utilize
ritualized combat to establish dominance with conspecifics.
A few examples reflect differences in combat between species
from different habitats. Davis et al. (1986) recorded ritualized
combat in captive Dumeril’s Monitors (V. dumerilii). Honegger
and Heusser (1969) contributed an analysis of the behavioral
inventory of the Asian Water Monitor (Varanus salvator). Horn
et al. (1994) provided a description of the four or five elements
comprising varanid combat:

We think it appropriate to combine these single elements to the
following four or five phases:
DISPLAY PHASE: AGGRESSIVE TONGUE-FLICKING, BODY

FLATTENING.

ENCOMPASSING PHASE: COMBATANTS ENCOMPASSING EACH OTHER
WITH LATERAL DISPLAY, PARTLY ACCOMPANIED BY HEAD JERKS.

CLINCH PHASE: BIPEDAL STANCE IN WRESTLING POSE WITH MUTUAL
EMBRACE.

CATCH PHASE: TILTING OVER FACH OTHER AND TWISTING AND
TURNING AROUND TO ACHIEVE THE SUPERIOR POSITION.

SUBPRESSIVE PHASE: AFTER THE FIGHT MOUNTING THE INFERIOR

SPECIMEN (PSEUDOCOPULATION), BITING (AND CHASING IF IT RETREATS).

THE FOLLOWING VARANID SPECIES HAVE BEEN OBSERVED TO CARRY
OUT RITUAL COMBAT OR ENCOUNTERS INTERPRETED AS SUCH: VARANUS
ALBIGULARIS (BraNcH 1991), V. B. BENGALENSIS (DERANIYAGALA 1957),
AUFFENBERG 1981), V. puMmERILIT (DAVIES ET AL. 1986), V. FLAVIRUFUS
(THOMPSON ET AL., IN PRESS, AS V. GouLpi1), V. GOULDII HORNI (THIS
PAPER), V. courpir RuBiDUS (BENNETT 1992), V. inpicus (McCorN &
HensLey 1989), V. komopoensis (Horn 1985), V. MerTENST (GREER
1989; THIs paPER), V. niroricus (CLEMENTS 1968, BrancH 1991),
V. oLvAcEUS (AUFFENBERG 1988), V. SALVATOR MARMORATUS (GAULKE
1989), V.s. sarvator (HONNEGGER & HEUSSER 1969, VOGEL 19794, B,
Rese 1986), V. spENCERI (WAITE 1929; NoT V. GiGanTEUS: HORN 1981),
V. varrus (WORRELL 1963, BREEDEN & BREEDEN 1972, Horn 1980,
TwiGG 1988, AND THIS PAPER); FROM THE ODATRIA SECTION OF VARANUS
HAVE TO BE ADDED: V. CAUDOLINEATUS (THOMPSON ET AL., IN PRESS),
V. GiLLent (MurpHY & MiITcHELL 1974, CARPENTER ET AL. 1976), V.
SEMIREMEX (HorN 1985), V. sivizis (Horn 1985; THIS PAPER), AND
V. tivMoRrensts (HORN 1985). IT 1S IMPORTANT TO NOTE THAT MONITORS
SHOW THEIR AGONISTIC BEHAVIOURAL INVENTORY NOT ONLY IN THE FIELD
UNDER NATURAL CONDITIONS, BUT ALSO IN THE LABORATORY; WHEN KEPT
PROPERLY, AFTER MANY YEARS. EVEN CAPTIVE-BRED SPECIMENS (E.G. V.
SIMILIS, SEE ABOVE) DISPLAY IT. THEREFORE, THE INHERITED NATURE OF
THESE STEREOTYPED BEHAVIOURAL PATTERNS IS PROVEN.

Rock-dwelling Ridge-tailed Monitors (V. acanthurus) at Dallas
Zoo (DZ) used the spiny tail to wrap around human fingers
when held. In one case, the monitor also bit the space between
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Fic. 5. lllustration of Odatria ocellata now V. acanthurus from “The
Lizards of Australia and New Zealand” by John E. Gray and Albert
Giinther from 1845 to 1875. The spiny tail seems to be used to block
entrances to burrows. This publication was reissued by SSAR in 1995.

two fingers with surprising force and held this position for ca. 15
min, causing considerable pain. The tail may have been used to
position the bite. Auffenberg (1994) recalled a V. acanthurus that
drew blood from his index finger by forcefully pushing its spiny
tail scales against the finger after it was jammed into the captive’s
burrow. Horn (1999) observed captives using their tails to probe for
prey under rocks. The enclosures at DZ had many flattened rocks
that accommodated small rodent and invertebrate prey hiding
from the monitors; the use of the tail as a probe was never seen
(Fig. 5). Wilson and Knowles (1988) described tail use to block the
entrances to burrows, presumably as a defense against predators.

Sprackland (1980) described peculiar tail use in a captive
Storr’s Monitor (V. storri):

"I HAD BEEN SIFTING THE SAND IN THE CAGE AND PULLED THE MALE
LIZARD OUT FROM UNDER HIS RETREAT. ONCE EXPOSED, HE MOVED A SHORT
DISTANCE AWAY FROM MY HAND, FLATTENED THE BODY TO FACE ME, AND,
WITH NOSE IN THE SAND AND HIPS UPRAISED, BEGAN TO RATTLE THE TIP OF
HIS TAIL. THE LATTER THIRD OF THIS ORGAN WOULD BE RAPIDLY VIBRATED
IN A SERIES OF 2—3 SECOND BURSTS, UNTIL [ WITHDREW MY HAND. LATER
OBSERVATIONS SHOWED THAT THIS DISPLAY WOULD BE INVOKED WHEN
ANOTHER LIZARD ENCROACHED UPON THE MALE'S PERCH, OR, WHEN
INTIMIDATED BY ME OR LARGE PREY ITEMS. IF THE VIBRATING TAIL CAME
INTO CONTACT WITH ANY SOLID MATERIAL (ROCKS OR TWIGS), THE SOUND
PRODUCED WAS A DISTINCT BUZZ, SIMILAR TO THAT PRODUCED BY YOUNG
RAT AND BULL SNAKES (ELAPHE SP. AND PITUOPHIS SP., RESPECTIVELY)."

Sprackland also noted that when manually restrained, a V.
storri forcefully rubbed the spines of its tail against his hand,
slightly abrading his skin.

Patanant (2012) described tail-probing behavior in a King’s
Monitor (V. kingorum) and listed three other literature accounts
describing this behavior in other varanid taxa (Gaulke 1989;
Eidenmuiiller 1993; Horn 1999). Patanant (2012) recorded that
prey is located using vision and/or olfaction. If the crevice is too
narrow for the lizard to enter with its head, the lizard forms a
semicircle with its body and rapidly undulates the tip of its tail
to force the prey item out of its hiding spot. When fleeing the
hiding spot, the prey is chased and consumed.

Members of the tree monitor, or V. prasinus species complex,
have long prehensile tails measuring twice the length of the body
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and are used to assist with climbing and descending from trees.
Emerald Tree Monitors (V. prasinus) may hang from branches by
the prehensile tail tip and lift prey such as rodents held in their
jaws from the substrate. In the Dampier Peninsula Goanna (V.
sparnus), the tail is highly prehensile, similar to that of the Short-
tailed Pygmy Monitor (V. brevicauda), possibly functioning to
assist in navigating through Triodia clumps (hummock-forming
bunchgrass) and shrubs (Doughty et al. 2014).

In several larger species, the tail can be used as a powerful
whip-like weapon for defense. Stirling (1912) referenced claims
made by Australian anthropologist Francis James Gillen that
he once saw a large Perentie (V. giganteus) use its tail to knock
down an aboriginal woman with a powerful blow to her legs. He
also mentioned a third-hand account of both forelegs of a dog
being broken in a similar manner. Mitsch (1936) reported that an
irritated V. varius broke the glass window of its terrarium with a
blow from its tail. Kent-Seville (1897) noted that a zookeeper at
Regents Park sustained severe lacerations to the neck from the
tail of a V. varius as he attempted to clean its enclosure. At DZ,
when three adult Crocodile Monitors (V. salvadorii) were placed
on the floor, all three lizards accurately used the long tail tip to
strike at JBM’s eyes. In several cases, his eyes were nearly struck
so he started using a welder’s mask to avoid injury. [As an aside,
these lizards regularly showed blood and saliva in the labial
region and dental arcade. At first, it was interpreted as a medical
issue but there were no outward signs of pathology. Examination
of published photos of captive lizards indicated that this was a
regular occurrence, so we speculated that this condition might
be similar to the exudate from mouths seen in Komodo Dragons.
This phenomenon is frequently seen in captives of species
with exceptionally long teeth—e.g., V. salvadorii, V. doreanus, V.
yuwonoi—and might be related to normal tooth replacement (S.
Sweet, pers. comm.).]

The laterally compressed tails of semi-aquatic species such
as Mertens’ Water Monitor (V. mertensi), the Nile Monitor (V.
niloticus), and V. salvator allow for powerful swimming but
can also aid in sequestering food. A V. mertensi at SNZP used
its laterally compressed tail to corral live feeder cichlids into
the shallows of a smaller pool that had a rock perimeter. This
monitor chased the fishes from the larger pool into the smaller
one where they were more vulnerable. The tail was pressed into
the spaces between rocks separating both pools or raised above
the rocks to trap the fishes. Some of the fishes leaped over the
monitor, who caught them in mid-air in many cases (JBM, pers.
obs.). This behavior has been observed in other captive (Vincent
and Wilson 1999b) and wild V. mertensi (Hermes 1981), and has
also been documented in wild V. niloticus (Keith and Ginsburg
2010). Mayes et al. (2005) observed a V. mertensi at an irrigation
channel drain in East Kimberly in Western Australia during the
late wet season. The monitor was standing on the edge of an
artificial waterfall and snatched three fish out of the air. In Sri
Lanka, Wikramasinghe et al. (2010) observed a V. salvator using
thrashing tail movements to displace water and small fish from
small shallow pools during the dry season, where they were
easily captured and consumed on land.

Christian (1981) described a truly remarkable positioning of
the monitor tail:

ONE HABIT OF THE BLACK-HEADED MONITOR [ VARANUS T. TRISTIS)
THAT HELPS DISTINGUISH IT FROM OTHER MONITORS (PARTICULARLY AT
A DISTANCE) IS ITS TENDENCY TO CURVE THE LONG TAIL IN A HIGH ARC
OVER ITS HEAD WHILE SUNBAKING. I HAVE NEVER SEEN [THIS] IN ANY
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OTHER SPECIES OF MONITOR, INCLUDING THE FRECKLED MoONITOR [V,
TRISTIS ORIENTALIS], RESTING IN THIS FASHION. THIS CLASSIC POSTURE IS
FOLLOWED BY AN AMAZING BURST OF SPEED AS THE LIZARD IS APPROACHED
AND IN A FLASH IT HAS DISAPPEARED AMONGST THE SPINIFEX.

This behavior was observed in juvenile V. tristis orientalis in
captivity (McDonald 1999).

McDonald (1999) also observed tail-luring behavior in
captive-bred hatchlings of this species, as well as an individual
thatused its tail to flick a cricket off branches inside its enclosure.
Varanus tristis have been reported to use their tails to rustle leaf
litter and stir up small skinks and insects so they could then be
seized (Sweet 2007); this behavior has also been observed in
captive specimens of the Kimberly Rock Monitor (V. glauerti)
(RWM, pers. obs.).

Lizard ecologists can often create indirect behavioral profiles
by examining tail markings in the substrate. In the Desert
Monitor (V. griseus), Michael Stanner (in Pianka et al. 2004) listed
indirect communication by spoor:

"WHILE RUNNING FAST, THE MONITOR RAISES ITS BODY AND LEAVES
ONLY FOOTPRINTS. OCCASIONALLY THE TAIL MAY SLIGHTLY TOUCH THE
SAND, LEAVING A SHORT STRAIGHT TRACTION MARK; 2) WHILE WALKING OR
RUNNING SLOWLY, THE MONITOR LEAVES A SINUOUS TRACTION MARK OF THE
TAIL WITH FOOTPRINTS ON BOTH SIDES; 3) AFTER DEFECATION, V. GRISEUS
WIPES ITS CLOACAL REGION IN THE SAND, LEAVING A BROAD TRACTION
MARK. DURING THIS ACT, THE MONITOR PROPELS ITSELF FORWARD WITH
THE FORELIMBS ONLY. THE HINDLIMBS ARE RAISED AND DO NOT TOUCH
THE SAND; 4) TSELLARIOUS AND MENSSHIKOV (1994) COINED THE TERM
‘DRAG’ FOR THE FOURTH TYPE OF TRACTION MARK. THE MONITOR PRESSES
ITS TAIL AND/OR ITS CLOACA AND HIND PART OF THE BELLY INTO THE SAND
AND LEAVES A DISTINCT MARK OF UP TO 10 M LONG, USING ALL FOUR LIMBS
TO PROPEL ITSELF FORWARD."

If the trail is several hours old, the male can track the female
in the right direction; if several days old, it is hit-or-miss. Farlow
and Pianka (2000) described variation in the trackway patterns
of Australian desert-dwelling monitors, noting that different
species left their own conspicuous tail drag-marks.

THREAT AND DEFENSIVE BEHAVIOR, MIMICRY

An adult V. mertensi was placed in a mixed lizard exhibit at
DZ that housed several West Indian Iguanas (Cyclura) to see if
they would be compatible. The monitor immediately assumed a
threat posture that was described by Murphy (1969) and Murphy
and Lamoreaux (1978).

Tsellarius and Tsellarius (1997) described threat behaviors of
V. griseus during encounters with conspecifics:

"FIGHTS WERE RARELY NOTED AND ONLY BETWEEN UNFAMILIAR
LIZARDS. IT IS PROPOSED THAT RITUAL COMBAT ARISES FROM DISPLAYS
OF DOMINANCE AND NOT FROM A RITUALIZATION OF THE FIGHT. THE
BEHAVIOR OF MONITORS DURING CONTACTS IS HIGHLY VARIED AND NOT
STEREOTYPICAL. DATA FROM OBSERVATIONS ATTESTS TO THE EXISTENCE OF
A COMPLEX, MAMMAL-LIKE SOCIAL STRUCTURE IN THE POPULATION."

Bels et al. (1995) provided a threat analysis of V. griseus:
"THE THREAT BEHAVIOUR IN VARANUS GRISEUS WAS INVESTIGATED

WITH HIGHSPEED CINEMATOGRAPHY AND XRAY FILMS. LIZARDS EXHIBIT
THREAT DISPLAY INVOLVING THROAT MOVEMENTS AND ASSOCIATED THROAT,

THORAX AND MOUTH MOVEMENTS. THE FUNCTIONAL ANATOMY OF THE
BUCCOPHARYNGEAL REGION IS DESCRIBED AND THREAT DISPLAYS ARE
KINEMATICALLY STUDIED AND FUNCTIONALLY INTERPRETED. "

Johnson (1976) published the following observations seen in
captive monitors:

"THE ADULT MALE V. GoULDII ($-V LENGTH 91.0 CM) DEMONSTRATED
A HIGH DEGREE OF AGGRESSIVENESS AND DISPLAYED THE CHARACTERISTIC
THREAT POSTURE WITH BACK ARCHED, NECK AND THROAT INFLATED, AND
AT TIMES RAPIDLY INFLATED AND DEFLATED THE BODY. LOUD HISSING
AND RAPID TONGUE FLICKING ALWAYS ACCOMPANIED SUCH BEHAVIOUR.
OCCASIONALLY AFTER THIS INITIAL THREAT DISPLAY, RAPID TAIL VIBRATION,
INCREASED TONGUE FLICKING, HISSING AND BIPEDAL (REARING UP ON THE
HIND LIMBS) STANCE WAS ASSUMED. THE AUTHOR HAS ALSO OBSERVED THIS
LATTER BIPEDAL STANCE WITH EXTREME HARASSMENT IN CAPTIVE V, VARIUS
AND V SPENCERI. AT TIMES THE TAIL WAS USED DEFENSIVELY IN A WHIP-
LIKE ACTION. OFTEN THE V, GOULDII AFTER ASSUMING THE BIPEDAL STANCE
LUNGED FORWARD AT THE INVESTIGATOR. THESE LATTER RESPONSES WERE
ONLY ELICITED WHEN CORNERED AND HIGHLY AGITATED. WHEN GRABBED V.
GOULDIT OFTEN DISCHARGED THE CLOACAL CONTENTS AND ATTEMPTED TO
CLAW AND BITE."

Cota and Krebs (2015) proposed that newly hatched V.
dumerilii, which have bright red heads and glossy black bodies
with creamish transverse dorsal bands, may use Batesian
mimicry to avoid predation by raptors and mammals. There are
several highly toxic red, orange, and yellow-headed venomous
elapid snakes in the geographic range of this lizard—King Cobra
(Ophiophagus hannah), Red-headed Krait (Bungarus flaviceps),
and Malaysian Coral Snake (Calliophis bivirgata flaviceps)—
which might well be the models. The non-venomous Red-headed
Reed Snake (Calamaria schlegelii) may also be related to this
mimicry complex, and the Red-headed Pipe Snake (Cylindrophis
ruffus) conceals its head among body coils, flattens the tail and
arches it upward to display its red pattern, mimicking that of
coral snakes.

When captured and physically restrained, some monitors
appear to use defecation as a defense strategy. RWM recalls an
unfortunate incident involving the late varanophile Mark K.
Bayless, in which he brought one of his White-throated Monitors
(Varanus albigularis albigularis) to the veterinarian for an
examination. While restraining the animal and holding it out
vertically for the veterinarian to inspect its dorsum, the irritated
monitor forcefully evacuated the contents of its bowels, spraying
liquefied feces onto Bayless’ face and into his open mouth.

THERMOREGULATION

One recent development in maintaining captive monitors
successfully is recognition of the need to provide broad thermal
gradients with high surface basking temperatures (Mendyk et al.
2014). Christian and Weaver (1996) examined thermal profiles in
four species of Australian varanids:

"ABSTRACT: THE AIMS OF THIS PAPER ARE TO COMPARE THE THERMAL
ECOLOGY OF FOUR SPECIES OF VARANID LIZARDS THAT OCCUPY A RANGE OF
HABITATS AND CLIMATIC REGIONS, AND TO ASSESS THE EFFICACY OF METHODS
FOR EVALUATING THE EXTENT TO WHICH ECTOTHERMIC ANIMALS EXPLOIT
THEIR THERMAL ENVIRONMENTS. HERTZ ET AL. (1993) HAVE PROPOSED
SEVERAL INDICES OF THERMOREGULATION, AND THESE ARE EVALUATED WITH
RESPECT TO OUR DATA FROM VARANID LIZARDS. THE THERMOREGULATORY
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Fic. 6. Varanus albigularis in John Anderson’s “Zoology of Egypt”
in 1898.

CHARACTERISTICS OF
PANOPTES, V. GouLDII, AND THE SEMIAQUATIC V. MERTENSI), AND THE

THREE TROPICAL MONITOR LIZARDS (VARANUS
TEMPERATE-ZONE V. ROSENBERGI WERE STUDIED THROUGHOUT THE YEAR.
RADIOTELEMETRY WAS USED TO MEASURE THE BODY TEMPERATURES (TB’S)
OF FREE-RANGING ANIMALS, AND MICROCLIMATIC DATA WERE COLLECTED TO
DETERMINE THE RANGE OF POSSIBLE TB’S THAT AN ANIMAL COULD ACHIEVE.
OPERATIVE TEMPERATURES (TI:YS) WERE ESTIMATED BY BIOPHYSICAL
MODELS FOR EACH SET OF ANIMAL CHARACTERISTICS AND MICROCLIMATIC
CONDITIONS. THE TB’S SELECTED BY ANIMALS IN A LABORATORY THERMAL
GRADIENT WERE USED TO DETERMINE THE SET-POINT RANGE OF TB’S THAT
THE ANIMALS VOLUNTARILY SELECT."

Bartholomew and Tucker (1964) outlined the effects of size,
body temperature, thermal conductance, oxygen consumption,
and heart rate in Australian varanids, emphasizing physiological
differences in size rather than species given that varanids have
roughly the same body plan across taxa. Two important papers
by Mendyk et al. (2014, 2016) concern thermal husbandry of
varanids and should be consulted by those who maintain these
lizards in captivity. Walsh et al. (1999) compared dramatically
differing thermal preferences in wild and captive V. komodoensis
at SNZP. They hypothesized that the life style of captives is less
energetic than in their wild counterparts.

REPRODUCTION

Ofthe 80 or so species of varanids currently known to science,
at least 65 have been maintained in captive collections and of
these, around 50 species have successfully reproduced at least
once in captivity. Horn and Visser (1989) reviewed reproduction
of 20 species in captivity and data on their biology (1991; Fig.
6). Horn and Visser (1997) also provided an updated account
on reproduction that covered behavior, diet, egg incubation,
light, reproduction, sexing, and taxonomy. Mendyk (2012)
presented reproductive data for 12 species of monitors kept at
the Bronx Zoo over a 33-year period, including five species that
were successfully hatched at the zoo. Brotzler (1965) outlined
the breeding of V. mertensi in in the Wilhelma Zoo in Stuttgart,
Germany. This species later reproduced on several occasions
at the Bronx Zoo through the late 1990s and 2000s (Lee 2000;
Lee and Friedman 2000; Mendyk 2012). Miiller (1970) bred V.
salvator at the Leipzig Zoo, David (1970) at the Ahmedabad Zoo,
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and Hairston and Burchfield (1992) at the Gladys Porter Zoo in
Brownsville, Texas. Herrmann (1999) documented husbandry
and captive breeding of V. salvator in the Cologne Aquarium at
the Zoo. At the Frankfurt Zoo, Wicker et al. (1999) kept and bred
the beautiful Cuming’s Water Monitor (Varanus cumingi); this
species was recently bred by the Cologne Zoo (Anonymous 2017;
T. Ziegler, pers. comm.). Ziegler et al. (2009) documented the
first captive breeding of the Blue Tree Monitor (V. macraei) at the
Plzen and Cologne Zoos, and Ziegler et al. (2010) described the
first F, breeding of the Quince Monitor (V. melinus) at the Cologne
Zoo. Wesiak and Koch (2009) reported on the husbandry, first
breeding, and juvenile development of Rennel Island Monitors
(V. juxtindicus). De Zeeuw (2010) described husbandry and
reproduction of V. glauerti in captivity. The Dallas Zoo hatched
one Butaan (V. olivaceus) in 1992 that died shortly after hatching
(Card 1995), perhaps due to a congenital heart defect. More
recently, the Los Angeles Zoo has experienced repeated success
in reproducing this species (Recchio 2016). Mendyk (2015c,
2016, 2017, 2018) prepared annotated bibliographies on captive
reproduction in several Varanus subgenera.

Brown (2009) recommended using hemipenial trans-
illumination as a sexing technique in varanids. Recchio and
Kasielke (2017) described a successful blood collection technique
for sex determination of incubating V. komodoensis eggs at Los
Angeles Zoo. Judd et al. (1977), Morris and Alberts (1996), and
Morris et al. (1996) explored sex determination in V. komodoensis
and V. albigularis at San Diego Zoo.

The Gembira Loka Zoo in Jogjakarta, Indonesia has
successfully bred V. komodoensis for many years, producing
well over 100 hatchlings (Walsh et al. 1998). The offspring are
maintained in large groups in movable enclosures and are placed
in sunlight daily (Busono 1974). Gaulstaun (1973) reported
that V. komodoensis eggs were deposited in the Zoological and
Botanical Garden of Jakarta, Indonesia; Osman (1967) prepared
a note on the breeding behavior of V. komodoensis at Jogjakarta
Zo00; and Sunter (2008) at London Zoo. Walsh and Rosscoe (1993)
and Walsh et al. (1993) reported on the history, husbandry, and
breeding of V. komodoensisat SNZP. Birchard et al. (1995) followed
oxygen uptake in these V. komodoensis eggs and the energetics
of prolonged development. In 2006, Phillip et al. described
parthenogenesis in V. komodoensis at London and Chester Zoos:

"THIS REPRODUCTIVE PLASTICITY INDICATES THAT FEMALE KOMODO
DRAGONS MAY SWITCH BETWEEN ASEXUAL AND SEXUAL REPRODUCTION,
DEPENDING ON THE AVAILABILITY OF A MATE — A FINDING THAT HAS
IMPLICATIONS FOR THE BREEDING OF THIS THREATENED SPECIES IN
CAPTIVITY... IT OCCURS IN CAPTIVE SNAKES AND HAS BEEN IMPLICATED IN

"

ONE OTHER SPECIES ARGUS MONITOR LIZARD (VARANUS PANOPTES)

Parthenogenesis has now been observed in at least seven
species of Varanus (Lenk et al. 2005; Kona$ 2007; Hennessy
2010; Weichmann 2012; Horenberg 2013; Grabbe 2014; Grabbe
and Koch 2014; RWM, unpubl.). Additionally, given its apparent
prevalence in captive varanids, an older case of suspected
delayed fertilization in Gould’s Monitor (V. gouldii) at DZ (Doles
and Card 1995) might have been a case of parthenogenesis.

Perry et al. (1993) described the first captive reproduction of
V. g. griseus at the Research Zoo of Tel Aviv University in Israel
(Figs. 7, 8). Visser (1981, 1985) provided notes on the breeding
of V. albigularis and the Yellow Monitor (V. flavescens) in
Rotterdam Zoo. Bosch (1999) bred V. prasinus in the Lobbecke
Museum + Aquazoo, Diisseldorf (Germany). Barker (1984)
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Fic. 7. Varanus griseus from “Symbolae Physicae-Zoologica” by
Christian Gottfried Ehrenberg in 1828.

Fic. 8. Varanus griseus in John Anderson’s “Zoology of Egypt” in 1898.

reproduced Biak Tree Monitors (V. kordensis) at DZ. Boyer and
Lamoreaux (1983) and Horn (1978) bred V. gilleni; Husband
(1991) bred this taxon at the Australian Reptile Park. Mitchell
(1990) reported on the reproduction of V. gouldii, and Card
(1994) reported double clutching in V. gouldii and V. olivaceus at
DZ. Radford and Paine (1989) hatched five V. dumerilii and one
Black Tree Monitor (V. beccarii) at Buffalo Zoo in 2005. Fisher
(2012) described husbandry and reproduction of V. beccarii.
Irwin (1996) described courtship, mating and egg-deposition
by V. giganteus at the Queensland Reptile and Fauna Park (now
Australia Zoo) and DZ (W. Card, pers. comm.). Rehdk (1996)
followed the reproductive biology of the Mangrove Monitor (V.
indicus) in Prague Zoo; several important studies on the biology
of this species have resulted from the captive-bred individuals
hatched at this zoo (Frydlova et al. 2011; 2013a,b; 2017a,b;
Frynta et al. 2010; Gregorovicova 2012). Wicker (1993) presented
reproductive data on V. acanthurus at Frankfurt Zoo. Stirnberg
(1997) described care and breeding of V. varius in Bochum Zoo
that led to 2" generation offspring.

A number of varanids lay eggs in termite mounds (Green et
al. 1999):

'"THE INTERNAL TEMPERATURE OF TERMITARIA OF INASUTITERMES
EXITIOSUS, THE MOUND SPECIES USED BY V. ROSENBERGI, 1S MAINTAINED
BY THE TERMITES AT AROUND 30°C FOR MOST OF THE YEAR, BUT SHOWS
A MID-WINTER DECLINE TO AROUND 20°C...IN ADDITION, HUMIDITIES
ARE HIGH THROUGHOUT THE YEAR...THERE IS A PROTECTIVE EARTHEN

OUTER WALL THAT 1S COMPARATIVELY SOFT AND FRIABLE, BUT ABOUT 10cMm
BENEATH THE MOUND SURFACE THERE IS AN EXTREMELY HARD INNER LAYER
OF MATERIAL (ABOUT 14CM THICK) THAT IS DIFFICULT TO PENETRAT E...ON
THE INNER SIDE OF THIS LAYER ARE THE WARM NURSERY GALLERIES, AND
THESE CONSIST OF A FLAKY MATERIAL THAT IS EASILY BROKEN."

Kirshner (2016) described various aspects of the termite
mound nesting biology of Rosenberg’s Monitor (V. rosenbergi).
Carter (1999) described nesting and evidence of parental care by
V. varius. Varanus varius lay eggs in the center of mounds. The
eggs incubate within the mound for about 290 days and hatch
in mid-spring. At hatching, the adult (probably the female)
digs into the termite mound to release the hatchlings. What is
remarkable is that the adult remembers the location of the eggs
after ca. 8 months.

At DZ, a pair of V. varius were observed courting, followed
by copulation. The male slowly followed the female until she
stopped moving, then began scratching her dorsum with his
foreclaws. After this behavior, which lasted about 5 min, he
straddled her and twisted his tail to align their cloacae and
inserted the hemipenis. Copulation lasted about 15 min. No
eggs were produced. Complete descriptions of the reproductive
biology of captive V. varius were published by Kirshner (2007)
and Horn (1991).

Eidenmiiller and Wicker (1991) covered captive breeding,
artificial egg incubation, development and surgical removal of
impacted eggs in Varanus similis at Frankfurt Zoo. Stefani (2008)
outlined husbandry protocols and reproduction of the Peach-
throated Monitor (Varanus jobiensis) in captivity (earlier referred
to as V. karlschmidti). Jackson (2005) outlined history, natural
history, captive breeding, and husbandry in the Rusty Monitor
(V. semiremix).

INTERACTIONS WITH HUMANS

In 1942, Gustav Lederer published observations on captive
V. komodoensis at Frankfurt Zoo, including a photograph of a
woman with a large dragon. Lederer discovered that dragons
are able to distinguish one person from another. At this zoo, the
dragon knew the veterinarian after the second treatment and
could no longer be persuaded to leave its hiding place when the
vet appeared. The lizard even recognized the operating table and
fled from it (Lederer 1931). He described the habits of this tame
dragon that lived at the Frankfurt Zoo between 1927-1944. It was
taken on long walks through the zoo by the director. The dragon
was in excellent health up to its death from an Allied bombing
raid in which the facility was demolished, thus living 16 years,
8 months, and 21 days. At DZ, curator Ruston Hartdegen and
associates discovered that a dragon could discriminate among its
permanent keeper, another reptile keeper who had less contact
with the dragon, and a keeper from another animal department.
The dragon was calm with the familiar caretaker, nervous around
the less-familiar reptile keeper, and displayed defensive behavior
to the keeper from another animal department (R. Hartdegen,
pers. comm.). Kraken, the first dragon hatched at SNZP in 1992,
exhibited the same individualized responses toward familiar and
unfamiliar persons.

London Zoo reptile curator Joan Beauchamp Procter (1928)
examined dragon behavior:

"THE QUESTION OF THE FEROCITY OF THESE LIZARDS IS, PERHAPS,
THE MOST MISUNDERSTOOD OF ALL. ALL THE LIZARDS OF THE GENUS
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Fic. 9. Varanus niloticus in John Anderson’s “Zoology of Egypt” in
1898.

VARANUS ARE SAVAGE, PREDATORY, AND HIGHLY STRUNG, AND THEY
USE THEIR TEETH, CLAWS AND SLASHING TAILS WITH GREAT EFFECT, AS I
HAVE PERSONAL CAUSE TO KNOW. AT THE ZOO WE CONSIDER ANY LARGE
MONITOR MORE DANGEROUS TO DEAL WITH THAN A CROCODILE TWICE ITS
SiZE. BUT, ALLOWING FOR THIS, V. KOMODOENSIS 1S THE GENTLEST, MOST
INTELLIGENT, AND MOST TRACTABLE OF THEM ALL. THIS IS COMPARING
I'HEM WITH SPECIMENS ONLY HALF THEIR WEIGHT OF SPECIES SUCH AS
NILOTICUS, ALBIGULARIS, BENGALENSIS, SALVATOR, NEBULOSUS, VARIUS, AND
SO ON. IT IS QUITE TRUE THAT THEY ARE VERY NERVOUS, AND ALSO THAT
THEY COULD NO DOUBT KILL ONE IF THEY WISHED, OR GIVE A TERRIBLE BITE
WHEN TAKING FOOD FROM THE HAND GREEDILY, BUT THERE IS NO VICE IN

"
THEM.

Procter included a photograph of a two-year-old child
standing next to an adult dragon and wrote:

"THE DRAGON, WHOSE NAME IS SUMBA\‘VA, WALKED AROUND A VERY
LONG TABLE, AND WITHOUT PAYING ATTENTION TO THE AUDIENCE ATE A
LARGE FOWL, SEVERAL EGGS, AND A PIGEON FROM HER HAND, ALLOWING
ITSELF TO BE SCRATCHED AND PATTED EVEN WHEN SWALLOWING THE FOWL
WITH ENORMOUS GULPS, TREATMENT WHICH EVEN DOGS WILL NOT ALWAYS
PERMIT ... SHE [AT DEATH PROVED TO BE A MALE] WOULD TEAR A PIG TO
PIECES BUT CAN BE TRUSTED WITH CHILDREN."

Sumbawa was the host at children’s tea parties a few weeks
after arrival at the Zoo and was perfectly tame with all the guests.
Sumbawa accompanied Procter on strolls through the Zoo
during her inspections investigating everything that might be of
interest. The lizard responded to the voice of its keeper or curator
but disliked having its tympanum touched. Procter’s experiences
and her fondness for Komodo Dragons have recently been
turned into a children’s book, Joan Procter, Dragon Doctor: The
Woman Who Loved Reptiles (Valdez and Sala 2018).

Murphy and Walsh (2006) and Murphy et al. (2002) described
many instances of dragons and humans interacting without
incident. Gordon Burghardt of the University of Tennessee
filmed sequences of a dragon at Zoo Knoxville interacting with
a cardboard box, Frisbee, bucket, small balls, shopping bag
containing a shoe within a cardboard box, and exploratory
tongue-flicking on his torso. The lizard stuck its head into the
bucket and shoe and carried both around the enclosure. At DZ,
a tame adult V. niloticus (Fig. 9) was used in demonstrations for
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several years. Atypical for the species, this lizard was completely
tractable and allowed many visitors to pet and hold it.

A most enjoyable read is an account by Eric R. Pianka and
Samuel S. Sweet (2016)—Field Observations by Two American
Varanophiles. For many herpetologists, studying monitor lizards
in Australia would be a dream come true but to actually do so
is very challenging: biting insects, difficult terrain, isolation,
finding and catching lizards in blasting dry heat and dangerous
rainstorms while avoiding injuries from the monitors. ERP spent
about 48 months over a 42-year period in the Great Victoria
Desert. SSS worked 31 months in the field over 13 years in
tropical northern Australia, primarily in Kakadu National Park.
The superb in situ photographs show the beauty and difficulty
in traversing the study sites within the various habitats and the
magnificence of these varanids living there. ERP remembers:

"FOR ONE OF MY BIRTHDAYS, HELEN EMBROIDERED AN ACCURATE AND
BEAUTIFUL VARANUS EREMIUS ON THE BACK OF A NICE SHIRT. SADLY, I HAVE
GROWN TOO FAT AND CAN NO LONGER FIT INTO THIS FINE SHIRT! WHEN
I WAS STILL LEAN AND MEAN, I WORE IT PROUDLY TO A HERPETOLOGICAL
SOCIETY MEETING — AS | WAS WALKING ALONG, SOMEONE BEHIND ME
CALLED OUT MY NAME — THE GUY TURNED OUT TO BE NONE OTHER THAN
MY GOOD BUDDY FELLOW VARANOPHILE JIM MURPHY WHO KNEW VARANUS
EREMIUS WAS MY FAVORITE LIZARD AND WHO RECOGNIZED THE SPECIES. "

GREAT ESCAPES

Because of their intelligence and problem-solving abilities,
captive monitor lizards can be quick to exploit defects or flaws in
their exhibits and enclosures or take advantage of keeper errors.
As a result, there are numerous accounts of escapes in zoos; in
some cases it took several days or weeks to apprehend an animal,
and in others, captives were never retrieved. While working at
the Long Island Reptile Museum (LIRM), a former reptile zoo in
New York (see Mendyk 2015), RWM witnessed several monitor
escapes worth noting. A male V. melinus escaped from its exhibit
and worked its way up into the ductwork in the ceiling of a
service corridor where it could not be retrieved. Keepers would
periodically encounter the animal basking out in the open under
overhead skylights in the museum’s gallery when they would
arrive for work in the morning, but it managed to evade recapture
for several weeks. A 1.2-m long V. salvadorii acquired through a
seizure from a local drug dealer’s residence managed to squeeze
through a small gap and access the crawl space in the ceiling
above its exhibit. Perched on ladders with their heads poking up
through the ceiling tiles on opposite ends of the exhibit, RWM and
afellow keeper attempted to direct the animal towards either side
by poking at it with broomsticks. Poked from the opposite side of
the enclosure, the monitor lunged towards RWM with its mouth
agape, causing him to fall backwards off the ladder and into the
exhibit’s shallow pool below. The resulting sprained ankle was an
acceptable alternative to a bite to the face given the impressive
dentition of the species. RWM was told of an incident involving
an escaped V. cumingi at the LIRM that managed to crawl behind
a wall in the main exhibit gallery. Without hesitation and in front
of numerous museum visitors, the facility’s owner took to the wall
with a sledgehammer, proceeding to punch large, gaping holes
in the drywall until the animal could be located and captured
by hand. Unaware of why this was going on, the looks on the
museum visitors’ faces were priceless (T. Baez, pers. comm.).

Despite varanids’ reputation and propensity for exploiting
weaknesses in enclosures or keeper errors (e.g., leaving an
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enclosure door unlocked), sometimes escaped individuals do
not travel far, or even depart when given the opportunity to
do so. Ruston Hartdegen recalled an incident at DZ where he
transferred an older V. olivaceus to an attached shift enclosure
while the glass window of its exhibit was waiting to be replaced.
The following morning, the curator commented on how great
the V. olivaceuslooked on display, having shifted the animal back
into its exhibit the previous night. Knowing that the glass had not
yet been replaced, a perplexed Hartdegen went to check on the
exhibit to find the monitor basking contently on a perch just a
few feet away from the missing window pane of the exhibit!

Some accounts document monitors returning back to the
enclosures they originally escaped from. For example, Kent-
Seville (1897) reported on a V. varius that returned to its outdoor
enclosure 10 days after escaping, but now missing part of its
tail and in poor physical condition. Kent-Seville (1897) also
referenced a monitor (species not identified, but probably V.
salvator) that escaped from its holding enclosure in northern
Borneo that was found back at its enclosure just a few days later.

Grossly underestimating their climbing abilities, keepers at
the Bronx Zoo were surprised when one of two Komodo Dragons
that arrived in 1955 promptly escaped from their enclosure—a
former Galapagos Tortoise exhibit (Dunto 1955; Bridges 1959).
A V. komodoensis nearly escaped from the Antwerp Zoo when
it was taken outside into an uncontained area for photographs
and took off running; luckily a keeper was able to grab its tail
at the last moment before it got away (Berg 1959). Possibly
unsatisfied with the nesting options provided to her, a gravid
female V. salvadorii managed to escape from its enclosure at the
Honolulu Zoo by squeezing through a two-inch gap in the corner
of its exhibit (Meier 2000). When captured and returned to its
enclosure, it immediately returned to the precise spot where it
had escaped from, demonstrating remarkable spatial memory.
Conners (2004) noted that a juvenile V. komodoensis escaped its
outdoor enclosure at Zoo Miami and was free for more than two
months. In his 1958 book, Zoo Hunt in Ceylon, German animal
dealer Heinz Randow described the escape of an enormous 3-m
long V. salvator that had been captured and held at his facility in
Ceylon (now Sri Lanka) awaiting export to a European aquarium.
There, it was housed in a large wooden crate and fed a diet of
flying foxes every other day. One day it managed to escape but
was found shortly thereafter dragging the heavy wooden crate
behind it, to which it had been tethered.

Escapes from private reptile keeper collections are far
more extensively documented in local newspapers, and date
back to the late 1800s (Zandera 1895; Kent-Saville 1897). It is
suspected that escaped or intentionally released pet V. niloticus
are responsible for the introduction and establishment of the
species in southern Florida, USA, where there are now at least
three known populations (Enge et al. 2004; Wood et al. 2016).

FEEDING BEHAVIORS

Several authors have described that varanid lizards are
capable of modulating their transport kinematics in response to
different prey. Although these lizards use inertial prey transport,
they also modulate tongue and hyoid movements in response to
different prey types. Schaerlaeken et al. (2011) wrote:

"THE ABILITY TO MODULATE FEEDING KINEMATICS IN RESPONSE
TO PREY ITEMS WITH DIFFERENT FUNCTIONAL PROPERTIES IS LIKELY A
PREREQUISITE FOR MOST ORGANISMS THAT FEED ON A VARIETY OF FOOD

ITEMS. VARIATION IN PREY PROPERTIES IS EXPECTED TO REVEAL VARIATION IN
FEEDING FUNCTION AND THE FUNCTIONAL ROLE OF THE DIFFERENT PHASES
IN A TRANSPORT CYCLE. HERE WE DESCRIBE THE KINEMATICS OF PREY
TRANSPORT OF TWO VARANID SPECIES, VARANUS NILOTICUS AND VARANUS
ORNATUS. "

Smith (1986) described varanid feeding:

"THE MORPHOLOGY AND FUNCTION OF THE TONGUE AND HYOID
APPARATUS IN VARANUS WERE EXAMINED BY ANATOMICAL AND EXPERIMENTAL
TECHNIQUES. MORPHOLOGICAL FEATURES UNIQUE TO VARANUS INCLUDE
A HIGHLY PROTRUSIBLE TONGUE THAT HAS LOST A ROUGHENED DORSAL
SURFACE, AN EXCEPTIONALLY STRONG AND MOBILE HYOBRANCHIAL
APPARATUS, A WELLDEFINED JOINT BETWEEN THE CERATOHYAL AND
ANTERIOR PROCESS, AND A SERIES OF DISTINCT MUSCLES INSERTING AT THE
ANTERIOR HYOBRANCHIAL REGION. VARANUS IS ALSO UNUSUAL AMONG
LIZARDS IN A NUMBER OF FEEDING BEHAVIORS; IT INGESTS PREY ENTIRELY
BY INERTIAL FEEDING, AS THE TONGUE DOES NOT PARTICIPATE IN FOOD
TRANSPORT."

Thompson (1995) followed the feeding behavior of V. gouldii
in the wild. The abstract from that paper reports:

"Two GOULD’S GOANNAS (VARANUS GOULDII) WERE INTENSIVELY
OBSERVED IN THE SEMI-URBAN ENVIRONMENT OF KARRAKATTA CEMETERY,
PERTH, WESTERN AUSTRALIA. AFTER EMERGING AND BASKING TO INCREASE
THEIR BODY TEMPERATURE, THEY SPENT MOST OF THEIR TIME OUT OF THEIR
BURROWS FORAGING, PRIMARILY IN LEAVES BETWEEN GRAVE COVERS, AND
UNDER TREES AND SHRUBS. MEAN SPEED OF MOVEMENT BETWEEN SPECIFIC
FORAGING SITES WAS 27.6 M MIN'!, WHEREAS THE OVERALL MEAN SPEED
WHILE ACTIVE WAS ONLY 2.6 M MIN'! BECAUSE OF THEIR SLOWER SPEEDS
WHILE FORAGING. A NUMBER OF SPECIFIC BODY POSTURES WERE OBSERVED,
INCLUDING; VIGILANCE, WALKING, ERECT, AND TAIL SWIPES. SPECIFIC
FEEDING AND AVOIDANCE BEHAVIOURS WERE ALSO RECORDED, ALONG WITH
THE INFLUENCE THAT TWO SPECIES OF BIRDS HAD ON THEIR SELECTION OF
FORAGING SITES."

Large varanids forage in a slow deliberate manner, swinging
the head from side to side and following prey trails by using the
forked tongue to evaluate both sides of the trail without requiring
the lizard to constantly shift from side to side (Schwenk 1994,
2000). Young (1997) reported that monitors lack taste buds. At
DZ, Garrett and Card (1993) found that rapid tongue-flicking
enables monitors to pick up olfactory cues. Losos and Greene
(1988) examined the ecological and evolutionary implications of
diet in monitor lizards. Arboreal monitors have unique ways to
handle prey. Irwin (1994) reported on the behavior and diet of
the Canopy Goanna (V. keithhornei) at the Queensland Reptile
and Fauna Park (now Australia Zoo). Hartdegen et al. (1999)
observed feeding behavior of V. beccariiat DZ. These lizards often
take struggling prey to a horizontal branch used as a permanent
killing station, much like raptors.

Should prey be hidden inside a hole in a tree branch and the
opening too small to accommodate the lizard’s head, a clever
alternative is employed by members of the V. prasinus complex.
Once the prey item is detected by smell or by sight, V. beccarii
and V. prasinus tongue-flicked around the opening to investigate
its content, then stuck their snouts in the opening, only to
discover that the food was out of reach. After the unsuccessful
attempt with their snouts, they reached into the hole with a
forelimb while maintaining eye contact with the food, and the
prey was hooked with the claws. Both species have exceedingly
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Fic. 10. Varanus beccarii using the forelimb to probe for inaccessible
prey. From Mendyk and Horn (2011).

sharp claws on their forefeet which are inserted into the opening
to impale rodent prey, which is quickly extracted and consumed.
Extraction of food items out of a small opening requires highly
coordinated movements of the forelimb, wrist, and digits (Fig. 10;
see Mendyk and Horn 2011; Mendyk 2012; Kuppert 2013). Shuter
(2014) reported that a 13-yr old captive-bred male V. prasinus
submerged itself underwater to secure prey at the Bronx Zoo.
Hartdegen et al. (2000) described prey laceration by using the
sharp foreclaws of V. prasinus and V. beccarii at DZ.

Traeholt (1993) found that V. salvator dispatches live mice
by seizing them consistently behind the head/cervical region
(76.7%) rather than the stomach (9.0%) or tail (5.0%). [In
contrast, venomous snakes that are ambush predators such as
pitvipers and true vipers carefully strike rodents. If the mouse
or rat approaches frontally, they often wait until the prey offers a
lateral view and strike. Usually the prey is released after the strike,
especially if the rodent is too large and possibly dangerous, and
the snake accurately follows the trail (see Boyer et al. 1996).] He
divided treatment of prey into three broad categories”Shake”,
“Scrape” and “Crush Head and Neck.” Horn (1999) mentioned
teamwork between two V. niloticus as they may cooperate when
raiding bird or crocodile nests. At DZ, an adult V. indicus recently
collected from the wild in West Papua passed shell fragments
from a newly hatched Fly River Turtle (Carettochelys insculpta).

Jaman et al. (2007) evaluated population status and feeding
of V. bengalensis and V. flavescensin Bangladesh (Figs.11, 12). The
study showed that V. bengalensis preferred invertebrates whereas
V. flavescens sought vertebrate prey. The authors concluded
that there was significant niche separation. These differences
suggested that future conservation plans should be aware of
population numbers. Varanus bengalensis are significantly more
numerous than V. flavescens.

Eight V. gouldii hatched at DZ in 1996 were used to compare
chemosensory behavior and prey trail-following (Garrett et al.
1996; Fig. 13). In the trail-following experiment, an S-shaped
trail was laid on a paper substrate and a dead mouse carcass was
pulled along the trail and hidden behind a barrier at the end.
The following variables were recorded: time when the lizards

Fic. 11. llustration of Monitor gemmatus (now V. bengalensis) from
“The Animal Kingdom” by Baron Cuvier and P. A. Latreille (Plates,
Vol. II, Reptiles-Fishes) in 1834.

contacted the trail; time when rodent was located; amount of
time the lizard’s head was within the trail area; total number
of tongue-flicks while in the testing arena; and total number
of tongue-flicks within trail. Naturally, the trails followed lizard
bodies. A series of experiments were performed using these
recently-hatched lizards as a stimulus to study tail-luring in Death
Adders (Acanthophis antarcticus). These lizards were separated
from the snakes with a glass panel and were susceptible to the
lure, lunging at snake tails.

Captive V. albigularis were observed by John (Andy) Phillips
at San Diego Zoo, who found that these lizards are capable of
numerical discrimination (Pianka et al. 2004). The varanids were
fed four snails in an enclosure with separate compartments with
movable partitions—opened one at a time allowing a monitor
to eat each of the four snails. After the last snail was consumed,
the lizard was allowed access into another adjacent chamber
containing four more snails. After the lizard became conditioned
to expect four snails, one snail was removed from some snail
groups—all the test lizards searched extensively for the missing
fourth snail, even when the door to the next group was open.
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Fic. 12. Varanus flavescens from “Illustrations of Indian Zoology
Chiefly Selected from the Collection of Maj.-Gen. Hardwicke” by
John Edward Gray in 1830-1835.

Fic. 13. Illustration of Monitor gouldii now V. gouldii from “The Liz-
ards of Australia and New Zealand” by John E. Gray and Albert Giin-
ther from 1845 to 1875.

This clever experiment was expanded to demonstrate that these
monitors can count up to six. If snails were offered in groups of
larger than six, the monitors gave up counting, eating all before
moving on to the next chamber. This ability to count possibly
evolved as a consequence of raiding nests of mammals, birds, and
reptiles, since average clutch or litter size of prey would probably
be less than six. Phillips and associates have extensively studied
varanid biology, publishing their findings in a series of papers
from 1992 to 1998. Varanus albigularis regularly consumes
venomous snakes, including Puff Adder (Bitis arietans), African
Viper (B. caudalis), Egyptian Cobra (Naja haje), and Black-
Necked Spitting Cobra (Naja nigricollis). JBM saw a nature film
of this monitor attacking an adult N. nigricollis. The snake was
grabbed at mid-body and was vigorously shaken and battered
against the rocky substrate, preventing accurate spraying of the
venom. When the snake was disoriented after about 15 min, the
lizard released it and quickly seized the head. The snake was still
moving weakly during swallowing until the end of the episode. It
never was able to bite the lizard during the violent struggle.

One of the most interesting papers on V. albigularis was
written by Bill Branch in 1991 called “The Regenia registers of
Brown (1869-1909). “Memoranda on a species of Monitor or
Varan.” Branch covers all aspects of Alfred ‘Gogga’ Brown’s
extensive observations—sex ratio, size, body proportions,
hemipenial morphology, visceral fat bodies, coloration, diet,
cause of death, longevity, reproduction, gestation period, egg
laying, oviposition, eggs, clutch size, hatchling size, incubation
period, growth, behavior, mating behavior, shedding,

Fic. 14. Varanus dumerilii from “Verhandelingen over de natuurlijke
geschiedenis der Nederlandsche overzeesche bezittingen...” by Sa-
lomon Miiller in 1839-44.

thermoregulation, predation, parasites, exploitation, seasonal
activity, and retreats. The amount of information that Gogga
collected on his captive lizards and on wild counterparts in the
late 19" century is truly astounding.

JBM saw a film at a European monitor conference of an
adult V. dumerilii attacking a large crab (Figs. 14, 15) and it was
grisly. The lizard began by pulling off both pinching claws, then
removing each leg until only the carapace remained. Each part
was quickly ingested. The crab was still alive but finally died when
the monitor crushed it in its jaws and swallowed it piecemeal.
This behavior was discussed by Krebs (1979, 1991, 2016).

Three frugivorous and largely arboreal monitors occur in the
Philippines: Sierra Madre Forest Monitor (Varanus bitatawa),
Mabitang (V. mabitang), and V. olivaceus. Fruits, snails, and
palm nuts are eaten by wild V. olivaceus but four captives at
DZ refused all available fruits, snails, and nuts available from
local Asian markets but fed voraciously on mice and rats.
Invertebrates such as crabs and insects were ignored as well
as birds and bird eggs. Yuyek (2012) described husbandry and
reproduction of V. olivaceus at the Avilon Montalban Zoological
Park; thawed chicken parts and rodents were accepted. Recchio
(2016) outlined husbandry and reproduction at Los Angeles Zoo,
which included a diet comprised of several fruit items. Sweeney
et al. (2017) compared nutritional elements in captive versus
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Fic. 15. Hatchling Varanus dumeriliihave bright red heads and glossy
black bodies with creamish transverse bands to potentially mimic
several highly venomous sympatric snakes. Illustration by Carel Piet-
er Brest van Kempen (“A Kerangas Forest Floor — Hatchling Dumeril’s
Monitor,” 2012. Acrylic on illustration board, 30” x 20”). Kerangas is
an Iban term referring to the fact that the soil is too poor to grow
rice. Dominant tree species usually belong to the mangosteen family.
Orchids show the greatest species diversity. Species of melastomes,
laurels, myrtles, and gingers are also commonly represented. Many
plant species bear nitrogen-fixing bacterial nodules on their roots,
and carnivorous plants also thrive. Species of the pitcher plant genus
Nepenthes trap insects in leaves that are modified into water-bear-
ing pitchers. Bladderworts (Utricularia spp.) and Sundews (Drosera
spp.) also trap small arthropods.

wild lizards and found that the sugary cultivated fruits typically
offered in captivity were vastly different nutritionally from the
fruits consumed in nature.

Tourists arrive by ship several times a week to Komodo Island
to watch demonstrations of dragon feeding behavior. A 46-kg
V. komodoensis ate a 41-kg wild pig, which left its belly grossly
distended and dragging on the ground (Auffenberg 1981). JBM
watched dragon feeding behaviors on Rinca and Komodo Islands.
The visitors stood on a high overlook on Komodo Island and the
rangers tossed dead goats down to the dragons. At the former
site, a freshly killed adult goat was presented by the rangers to 20
lizards ranging in size from adult males to subadults. The largest
lizards were near the carcass and the smaller ones dashed in to
grab scraps flung by the bigger ones since cannibalism was a real

189

danger. The time span between the carcass hitting the ground
and until nary a speck of goat remained was 7 min. Surprisingly,
the lizards did not bite one another. After the feeding, two adult
males engaged in vigorous bipedal combat for ca. 15 min; no
biting took place and the subordinate animal quickly left the
arena (see Schuett et al. [2009] for explanation of evolution of
bipedal postures). The rangers tied the hindquarters of a goat to
a tree, so the lizards had to adopt a bipedal stance; they never
jumped to reach the food. The rangers also tied the hindquarter
to a long rope and ran with the lizards following like the pied
piper; fortunately, the humans were faster than the lizards. The
dragons were habituated to the area, waiting for goats to fall from
the sky and no longer showed predatory behavior. The rangers
were worried that the demonstrations led to deleterious effects,
so these shows were discontinued. Quentin Bloxam from Jersey
Wildlife Preservation Trust (pers. comm.) documented that after
the cessation of artificial feeding some of these varanids simply
remained in place and starved to death.

On Rinca, JBM observed a subadult dragon foraging for
over two hours with no success. Every rock or hiding place was
investigated with rapid tongue flicking; the tail was not used to
frighten hidden prey in to the open. A Sambar deer bellowed a
plaintive stress call next to a dirt trail. Ten minutes later, an adult
lizard slowly crossed the trail, presumably tracking the deer,
about 3 m in front of JBM and totally ignored him.

Chris Wemmer told JBM that many years ago, SNZP herp
keepers routinely fed dead animals from the collection after
necropsy to reptiles. Head keeper Lee Schmeltz acquired a
carcass of a Muntjac (known also as the Barking Deer from Asia,
Sri Lanka, Taiwan, Indonesia islands, and central China) that
recently died in the collection and fed it to the V. komodoensis
during visiting hours. The dragon seized the muntjac by the
belly and tossed its head in a violent slashing motion which
eviscerated the deer, splashing the glass front of the enclosure
with blood, metabolic by-products, and entrails. Predictably, the
incident was reported in record time to higher authorities and
Schmeltz was warned never to let it happen again (Murphy and
Xanten 2007, Murphy 2015). Kuppert (2013) recorded trailing
behavior in a dragon at SNZP:

"THE SCENT TRAIL EXPERIMENT CLEARLY SHOwWS THIS KomoDO
DRraGON’s RTF INCREASED GREATLY AS IT APPROACHED THE PREY AND WAS
IN IMMEDIATE PROXIMITY TO IT. THE EXPERIMENT GIVES INSIGHT IN HOW
THE TRAILING BEHAVIOUR IS MANIFESTED. SHORTER AND MORE TONGUE
FLICKS ALSO INDICATE INTENSIFIED INVESTIGATORY BEHAVIOUR. KNOWING
THAT KOMODO DRAGONS HAVE THE ABILITY TO FOLLOW PREY OVER SEVERAL
KILOMETRES CAN BE THE BASIS FOR AN OLFACTORY-BASED ENRICHMENT
REGIMEN. ONE APPROACH COULD BE TO CONSTRUCT AN ARTIFICIAL SCENT
TRAIL THAT LEADS TO A BURIED FOOD ITEM, SIMILAR TO THE ONE IN THE
EXPERIMENT CONDUCTED. THIS APPROACH STIMULATES THE ANIMALS TO BE
ACTIVE. SINCE MANY KOMODO DRAGONS IN CAPTIVITY ARE OVERWEIGHT
(J. GERRITS, PERSONAL COMMUNICATION 15. FEB. 2012), THIS FEEDING
APPROACH MIGHT INCREASE AN INDIVIDUAL'S PHYSICAL EXERCISE AND BE A
MENTAL STIMULUS."

DEFECATION

For smaller species of monitor lizard and juveniles of larger
taxa, it may be advantageous for an individual not to defecate
close to its refuge site, where pythons and other olfactory-driven
predators could potentially track down their whereabouts. In
captivity, monitors are limited in the distance they can travel
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to defecate, which can pose a problem for dispersing their
feces. With impeccable precision, V. beccarii in RWM’s private
collection learned to aim and direct their feces out a small gap
along the bottom edge of the door to their enclosure, leaving a
mess on the room’s floor daily. Probably serving a similar anti-
predatory function, water monitors belonging to the V. salvator
complex are notorious for defecating in their water in captivity
— leaving keepers with the task of frequently cleaning out water
tubs and pools with some of the most vile and putrid sewage
produced in the herpetological world. Even worse was the keeper
at the LIRM who stumbled while carrying a tub full of rancid V.
salvator water and ended up sloshing it all over himself. Without
a shower at the facility or a change of clothes, he had no other
option but to rough it out for the remainder of the workday in his
soiled clothing. Another keeper sustained a serious bite to the
hand by a V. cumingi while it was submerged in a putrid pool of
fouled water which, in addition to major reconstructive surgery
to the hand, required months of aggressive antibiotic therapy.

Defecation could also be used to confuse predators. At
the Bronx Zoo, a female Ornate Monitor (V. ornatus) regularly
defecated on top of her freshly nested clutches of eggs (Lee
2000)—possibly as a scent deterrent to egg predation. A female V
salvadorii at the Denver Zoo defecated exclusively on top of her
nest site for a period of more than three months (Trout, 2007).
Similar behaviors have also been observed in several other
monitor species in captivity (RWM, unpubl. data; E Retes, pers.
comm.).

ENRICHMENT AND TRAINING

Hayes et al. (1981) called for zoo workers and others working
with captive animals to include amphibians and reptiles in their
enrichment schemes, countering a common belief that they
possessed limited cognitive and emotional needs. Behaviorist
Gordon Burghardt has researched environmental enrichment
and cognitive complexity in reptiles, including varanids,
focusing on implications for captive populations (Burghardt
1977, 2013). In White-throated Monitors (V. a. albigularis), a
large carnivorous species, Burghardt and associates found that
sensory cues and foraging decisions were influenced by various
snail presentations (Kaufman et al. 1996). In his many papers on
improper environmental effects and deleterious end results in
captive reptiles, he outlines ways to make the complex lives of
varanids and other reptiles far more interesting (see Burghardt et
al. 2002 for unexpected behavioral elements in V. komodoensis).

Monitors have shown remarkable learning abilities. As an
example, 16 Black-throated Monitors (V. albigularis microstictus)
reared from hatching at the Dallas Zoo in off-exhibit housing
were used in trials to track differences in learning between lizards
in complex, enriched settings and others in stark enclosures as
described in Manrod (2003) and Manrod et al. (2008):

"A TRANSPARENT FOOD TUBE CONTAINED SEVERAL PREY. THE FOOD
TUBE ALLOWED THE MONITORS TO OBTAIN PREY BY USING HINGED DOORS AT
EITHER END OF THE TUBE TO ACCESS FOOD. ALL EIGHT LIZARDS LEARNED TO
OPEN THE TUBE, INSERT HEAD, AND CAPTURE THE PREY WITHIN 10 MIN."

Not surprisingly, varanids in complex environments learned
more quickly.

A prey density-dependent foraging experiment by Kaufman
etal. (1996) is described in the paper’s abstract:

"RESULTS SHOWED THAT AT HIGH PREY DENSITY, THESE LIZARDS
SELECTED LARGE OVER SMALL SNAILS. AT LOW PREY DENSITIES, HOWEVER,
LARGE AND SMALL SNAILS WERE SELECTED AT AN EQUAL RATE. APPARENTLY,
WHEN PREY DENSITIES ARE HIGH, THE LIZARDS HAVE THE OPPORTUNITY TO
SELECT THE LARGER PREY ITEMS WITHOUT INCURRING LOCOMOTOR COSTS.
THESE DATA SUPPORT OPTIMAL FORAGING THEORY BUT ARE UNIQUE IN THAT
THEY ARE AN EXAMPLE FROM A LITTLE-STUDIED, WIDELY FORAGING SPECIES
OF LIZARD."

Using several taxa of varanids at Zoo Atlanta (V. komodoensis,
V. griseus, V. rudicollis, V. albigularis), Diaan Gaalema ran multiple
experiments for food choice, reinforcer preference, and visual
discrimination. The results show that these types of trials can be
undertaken in a zoo.

Firth et al. (2003) examined responses by V. ornatus, V.
albigularis, and the Savannah Monitor (V. exanthematicus) to a
repeated food source, asking if this was evidence for association
learning.

"FOOD LOCATION TIMES HAVE BEEN RECORDED IN THREE CAPTIVE
MONITOR LIZARDS (VARANUS SPP.). THE RESULTS, IN THE FORM OF
REGRESSION EQUATIONS, SHOWED THAT IN GENERAL THE TIME TAKEN TO
LOCATE THE FOOD DECREASED WITH THE NUMBER OF TIMES THE FOOD WAS
OFFERED."

Hellmuth et al. (2012) provided suggestions for operant
conditioning and training, using V. niloticus, V. beccarii, and V.
komodoensis in examples of trained behaviors for facilitating
veterinary procedures in reptile species in zoos. Murphy and
Walsh (2006) discussed various examples of training in V.
komodoensis:

"At THE LONDON AND HOUSTON Z00S, ULTRASONOGRAPHY WITHOUT
ANESTHESIA IS USED TO DETERMINE SEX AND ASSESS REPRODUCTIVE
CONDITION ON DRAGONS; THE DRAGONS REMAIN CALM DURING THE
PROCEDURE.

IN LONDON, A LARGE MALE DRAGON (NAMED RAJA) WAS TRAINED TO
USE A RESTRAINT BOX FOR TARGET TRAINING. DRAGONS ARE TRAINED TO
ASSOCIATE A TARGET ON A STICK WITH A FOOD REWARD. THE TARGET IS MOVED
INTO AND OUT OF THE RESTRAINT CRATE SO THAT THE DRAGONS BECOME
COMFORTABLE ENTERING THIS RESTRICTED SPACE, WHICH FACILITATES
MOVING THEM. THIS INTERESTING EXAMPLE OF OPERANT CONDITIONING
USED FOOD AS THE INITIAL CUE — THEN THE REWARD FREQUENCY WAS
GRADUALLY REDUCED, USING A CLICKER (SOUND PRODUCING DEVICE) AS
A BRIDGE BETWEEN THE TARGET AND REWARD (R. GIBSON, PERS. COMM.).

AT THE PITTSBURGH Z0O, A STUDY WAS INITIATED TO TEST A DRAGON’S
SPATIAL MEMORY BY EXAMINING WHETHER DRAGONS USE PROXIMAL (NEAR-
BY) OR DISTAL (FAR AWAY) VISUAL CUES TO REMEMBER THE LOCATION OF
A FOOD REWARD HIDDEN IN THE LIZARD'S EXHIBIT. PRELIMINARY RESULTS
SUPPORT THE HYPOTHESIS THAT A DRAGON USED PROXIMAL CUES TO
REMEMBER THE LOCATION OF THE FOOD AND ADDITIONAL EXPERIMENTS
ARE UNDERWAY TO DETERMINE IF A DRAGON CAN USE DISTAL CUES IN OTHER
CIRCUMSTANCES (H. ELLERBROCK, PERS. COMM.)."

Several zoos have focused on conditioning large varanids
for voluntary participation in routine veterinary procedures
including radiographs (Anonymous 2006; Ainsworth 2013),
nail trimmings (Herndon 2001; Ainsworth 2013), weight
measurements (Herndon 2001; Anonymous 2006), blood
(Anonymous 2006; Camina et al. 2013) and saliva collection
(Gully 2013), and crate training for transport (Mader and Divers
2003; Helmuth et al. 2012) or medical procedures (Fleming and
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Fic. 16. This superb volume incorporates virtually all
information on varanid lizards. Thirty-five of the most
prominent authors studying monitor biology provide up-
to-date overviews on all taxa. The volume also includes
information on the varanoid clade—helodermatids, and
the taxon Lanthanotus borneensis. The species Estesia
mongoliensis is known exclusively from fossils.

Fic. 17. lllustration of Odatria punctata, now V. tristis from “The Liz-
ards of Australia and New Zealand” by John E. Gray and Albert Giin-
ther from 1845 to 1875.

Fic. 18. lllustration of Varanus caudolineatus from “Catalogue of the
Lizards of the British Museum, Volume III” by George A. Boulenger
in 1887.

Skurski 2013). At Taronga Zoo, Boylan (2011) recalled traininga V.
komodoensis to walk through the zoo to its new enclosure, and
Donato (2008) mentioned training alarge V. salvadoriiat the Saint
Augustine Alligator Farm for use in educational demonstrations.

“Lizarp KiNGs”

In 2009, the US Public Broadcasting System (PBS) presented
an award-wining film on varanids in the series NOVA called
“Lizard Kings,” created by Gisela Kaufmann and Carten Orlt.
Segments included history, hatching, a Perentie attacking and
consuming a highly venomous Eastern Brown Snake (Pseudonaja
textilis), reactions to wildfires, and interactions with humans.

A number of research projects and observations by
prominent biologists are presented. Lizard Man Eric Pianka
discusses his long-term lizard diversity studies in the Red Sands,
Great Victoria Desert in Australia with field assistant Stephen
Goodyear. The film shows views of his field camp, use of pit
traps, trailing by following tail marks left in sand, construction
of daily nocturnal burrows by V. gouldii for thermoregulation,
and tracking using Lizardcam with Oxford biologists Lucas Bluff
and Christian Rutz. Eric’s sense of humor is in full bloom—his
personal contest called “flies out of my face” where he swats

at the unbelievable density of these annoying creatures and is
quite pleased with himself when he kills two with one stroke.
Imagine his unbounded pleasure if three or more are smashed!
Two nightmares follow—a giant monitor chasing and swallowing
him and “War Crimes,” a Nuremberg-like trial explaining the
thousands of lizards (35,000+) killed for his studies with a V
giganteus as judge and many lizards (thorny devils, frilled lizards,
bearded dragons and so on) as jury: Verdict—DEATH by hanging!

Pianka has watched lizard diversity negatively impacted by
climate change over the past several decades in Australia. Due
to a ca. 20% increase in rainfall, spinifex and other desert plants
have been replaced by shrubs and other moisture-loving flora,
causing a dramatic shrinkage in saurian biodiversity.

Gordon Burghardt and associated researchers demonstrate
target training experiments with V. exanthematicus at the
University of Tennessee. Former Curator Ian Stephens at London
Zoo shows an array of different human-dragon interactions such
as trailing, targeting, and allowing keepers to brush off dead skin
with soapy water on the entire body of the famous dragon, Raja.

Michael Cota and others show an amazing sequence of
V. salvator combatting, mating, and foraging for table scraps
between and around the diners’ feet/legs and on top of the
tables at Dusit Zoo, Thailand.
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Fic. 19. Arrow shows 2-m Varanus salvator swimming at Lumpini
Park, Bangkok with city skyline in the background.

GENERAL
Ziegler et al. (2016) compiled data on zoo varanid holdings:

TO GAIN AN OVERVIEW OF MONITOR LIZARDS HELD IN ZOOS, INCLUDING
THE SPECIES AND NUMBERS OF INDIVIDUALS KEPT AND THE NUMBER OF
KEEPING INSTITUTIONS, WE ANALYZED COLLECTION INFORMATION FROM THE
Z00LOGICAL INFORMATION MANAGEMENT SYSTEM (ZIMS) DATABASE.
OUR ANALYSIS PERFORMED IN MARCH 2016 REVEALED THAT THERE ARE
50 SPECIES OF MONITOR LIZARD KEPT GLOBALLY IN 308 zoos, wiTH 39
OF THESE SPECIES KEPT IN A TOTAL OF 131 EUROPEAN 700s. ELEVEN
GLOBALLY-KEPT SPECIES WERE LACKING IN EUROPEAN ZOO HOLDINGS, AND
NINE SPECIES WERE FOUND EXCLUSIVELY IN EUROPEAN 7z00s. OF THE 79
CURRENTLY RECOGNIZED SPECIES OF MONITOR LIZARD, 30 (38 %) ARE NOT
CURRENTLY HELD IN Z0OS. ALTHOUGH ZIMS DATA ARE CERTAINLY NOT
COMPLETE, THERE IS A DISCERNIBLE TREND THAT ONLY A FEW SPECIES ARE
WIDELY KEPT BY THE ZOO COMMUNITY; WHEREAS MOST SPECIES ARE POORLY
REPRESENTED OR NOT REPRESENTED AT ALL.

A fantastic book on varanids was published by Pianka et
al. (2004; Fig. 16). Murphy (1971, 1972) provided data on Indo-
Australian varanids at DZ and a list of captive monitors in the
collection between 1966 and 1993 (Figs. 17, 18). Winston Card
published a paper with Arnold Kluge on hemipenial morphology
and systematics in 1995. Christie (1982) successfully introduced
three incompatible male V. varius at the Indianapolis Zoo.

Murphy et al. (2002) investigated factors necessary for
the medical and captive management and conservation

FiG. 20. Varanus salvator is abundant on the grounds and in the wa-
terways of Bangkok’s Dusit Zoo. The monitors can even be seen inside
various zoo exhibits including those of large carnivores such as tigers.

of V. komodoensis. At SNZP, Gray et al. (1966) discovered
amoebiasis and Spelman et al. (1996) described anesthesia
in V. komodoensis. Hyde et al. (2016) found the oral and skin
microbiomes of captive dragons are significantly shared with
their habitat. Parasite burdens of captive varanids were reported
by Bosch (1999).

Kohler (1992) assessed disease in monitors maintained in
European collections, and Mendyk et al. (2013) studied mortality
in captive varanids at the Bronx Zoo over a 40+ year period.
Mendyk (2015) also assessed life expectancy and longevity in
seven species of zoo-maintained varanids.

RWM and associates have published a number of varanid
papers listed in the references section. He is also the founding
editor of the open-access, peer-reviewed online journal Biawak,
which is devoted exclusively to monitor biology and husbandry.

Some wild monitor lizards occasionally find zoos to be
suitable homes. A study by Karunarathna et al. (2008) was
conducted on the grounds of the National Zoological Gardens
(NZG) in Sri Lanka. Varanus salvatorand V. bengalensis (protected
in Sri Lanka) live on zoo grounds. Varanus salvator was the first
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reptile in Sri Lanka to receive legal protection in 1937 (as well
as in the 1992 CITES appendix II list), while V. bengalensis has
been placed in CITES appendix I (De Silva 1996). It is clear that
the NZG is an important suburban refuge for threatened fauna
in the wet zone of Sri Lanka. During the survey period, several
threats within the NZG were observed, including water pollution
and the excessive use of chemicals.

Varanus salvator can be found living in urban environments
of many Southeast Asian cities. In Bangkok, Thailand, monitors
exceeding 2 m in length roam freely in Lumpini Park, amidst
the backdrop of a bustling megacity with towering skyscrapers
surrounding the park (Fig. 19). Varanus salvatoris also abundant
on the grounds and in the waterways of Bangkok’s Dusit Zoo (see
Cota 2011a,b). Here, because of their high population density,
conspicuousness, and indifference to human activity, many
aspects of the species’ biology can be observed easily during a
single visit, including ritualized combat, courtship, copulation,
and predation on fish and turtles. The monitors here are so
abundant that they can even be seen inside various zoo exhibits,
including those of large carnivores such as tigers (Fig. 20). At
Singapore Zoo, staff must regularly watch out for wild V. salvator
and Reticulated Pythons (Malayopython reticulatus) as they
pose a serious threat to collection birds and small mammals (S.
Lafebre, pers. comm.).

There are many contrary views of whether Komodo Dragons
are venomous. Fry et al. (2009) published a provocative paper:

"OUR MULTIDISCIPLINARY ANALYSES PAINT A PORTRAIT OF A COMPLEX

AND  SOPHISTICATED ~TOOTH/VENOM  COMBINED-ARSENAL  KILLING
APPARATUS IN V. KOMODOENSIS AND ITS EXTINCT CLOSE RELATIVE V.
PRISCUS. THUS, DESPITE A RELATIVELY WEAK SKULL AND LOW BITE FORCE,
WE SUGGEST THAT THE COMBINATION OF HIGHLY AND VERY SPECIFICALLY
OPTIMIZED CRANIAL AND DENTAL ARCHITECTURE, TOGETHER WITH A
CAPACITY TO DELIVER A RANGE OF POWERFUL TOXINS, MINIMIZES PREY
CONTACT TIME AND ALLOWS THIS VERSATILE PREDATOR TO ACCESS A WIDE
RANGE OF PREY INCLUDING LARGE TAXA. THESE RESULTS INDICATE THAT V.

PRISCUS WAS THE LARGEST VENOMOUS ANIMAL TO HAVE EVER LIVED."

However, other researchers urged caution in accepting the
hypothesis that dragons are venomous until additional evidence
is forthcoming (Weinstein et al. 2012; Weinstein et al. 2013;
Sweet 2016). Ballard and Antonio (2001) reported on two bites
sustained by zoo keepers from V. griseus that caused symptoms
suggestive of toxicity including dysphagia. Whether it could
be considered venom, there does appear to be some active
anticoagulatory properties of the saliva that accompanies the
bites of at least some species of monitor lizard. Don Gillespie and
associates have published on blood and salivary composition
(Montgomery et al. 2002; Gillespie et al. 2000; Gillespie et al.
1997). There was a V. komodoensis bite at Los Angeles Zoo
sustained by a journalist that required reconstructive surgery of
the foot and ankle; this report also included a case history of a
bite to a zookeeper (Ducey et al. 2016). RWM recalls a colleague
receiving a very minor, superficial bite from an adult female V.
melinus which caused excessive bleeding that took nearly an
hour to clot. A surprising amount of bleeding relative to the size
of the bite and considerable localized pain was also experienced
from the bite of a male V. beccarii (RWM, pers. obs.). At SNZP, a
juvenile V. prasinusbit the finger of a keeper, causing the hand to
swell (LA, pers. obs.).
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Fic. 21. Robert Mertens (1894-1975) was a pioneer in the
study of varanid lizards. He was the curator at Senckenberg
Museum in Frankfurt am Main, Germany.

SEMINAL Book oN HusBANDRY AND CAPTIVE MANAGEMENT

This section is based on a German work, Tasks and Problems
of Zoo Biology in Studying the Life Manifestations of Lower
Ampniotic Animals (Reptiles), which Hans-Glinter Petzold from
Tierpark Berlin published in 1984. This compendium, which
incorporates terriarum and scientific literature, was completed a
few days before his premature death on 19 November 1982. This
English translation, Lives of Captive Reptiles, was published by
SSAR in 2008.

"UNTIL THE MIDDLE OF THE 20TH CENTURY NOTHING WAS KNOWN
ABOUT THE INCUBATION TIMES OF MONITOR EGGS. IN HIS GREAT MONITOR
MONOGRAPH MERTENS (1942) WAS ABLE ONLY TO EXPRESS THE ASSUMPTION
THAT THE EGGS OF VARANUS NILOTICUS LAY FOR ABOUT 10 MONTHS IN
TERMITE HILLS UNTIL THEY HATCH. DESPITE THE FACT THAT THESE ARE
WELL-KNOWN AND POPULAR “SHOW” ANIMALS IN LARGE TERRARIA, NO
BREEDINGS HAD OCCURRED UP TO THAT TIME IN CAPTIVITY. HOWEVER,
THE EGGS OF VARANUS KOMODOENSIS HAD ALREADY BEEN DESCRIBED IN
1932 By BRONGERSMA (UP TO 11.5 cM LONG!). IN THE BATAVIA (TODAY
DJAKARTA) ZOO THE SPECIES WAS SAID TO HAVE REPRODUCED IN AN
OUTDOOR ENCLOSURE IN 1941/42 (ACCORDING TO MERTENS, 1952,
WITHOUT FURTHER DETAILS); DATHE [PERSONAL COMMUNICATION]
DOUBTS THIS AS THE RESULT OF HIS OWN LATER INVESTIGATION), IN THE
JOGJAKARTA Z00, ON THE OTHER HAND, BREEDING WAS SUCCESSFUL IN
1968 (Busono, 1974). — IN Z00OS AND IN ISOLATED CASES INVOLVING
EXPERT TERRARIUM PRACTITIONERS THE BREEDING OF REPRESENTATIVES

OF THESE LARGE SAURIA HAS BEEN SUCCESSFUL ONLY SINCE 1962. THE

KNOWN INCUBATION PERIODS OF THE EGGS VARY BETWEEN A MERE 92 DAYS
(VARANUS GILLENI, CF. HORN, 1978) AND 139 paYs (V. TIMORENSIS IN
THE BASLE Z00, RUEGG, 1973) IN THE SMALLER SPECIES OVER 170-177
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FiG. 22. Illustration of Le Varan a deux bandes (Varanus bivittatus,
now V. salvator) in Alfred E. Brehm’ s “Les Merveilles de la Nature. Les
Reptiliens et les Batraciens” in 1885.

DAYS (V. EXANTHEMATICUS ALBIGULARIS IN THE SAN DIEGO Z00, STAEDELI,
1962) upr 1O 327 DAYS (V. SALVATOR, VARIATION RANGE 241-327 DAYS
UNDER IDENTICAL INCUBATION CONDITIONS, KRATZER, 1973 A; 9 MONTHS
IN THE SAN ANTONIO, TEXAS Zoo AT 28.9°C, Bowers, 1981). — Up
UNTIL NOW WE KNOW OF SUCCESSFUL BREEDINGS WITH CORRESPONDING
DATA OF NINE MONITOR FORMS."

"PELLET FORMATION IN REPTILES IS NOT CONFINED TO CROCODILES.
HEDIGER (1934) WAS FIRST TO CALL ATTENTION TO GENUINE PELLET
FORMATION IN REPTILES AT HAND OF [FROM] VARANUS INDICUS WHICH
VOMITED PELLETS AFTER FEEDING WITH MICE, REMINISCENT IN SIZE AND
COMPOSITION OF THOSE FORMED BY THE TAWNY OWL: “THEY CONTAINED
PARTS OF SKELETONS AND MATTED HAIR.” IT WAS POSSIBLE TO UNDERTAKE
MORE THOROUGH EXPERIMENTS IN THE BERLIN TIERPARK WITH VARANUS
SALVATOR (PETZOLD, 1967 B). MONITOR PELLETS ARE LESS COMPACT
AND CONSTANT IN SHAPE THAN CROCODILE PELLETS, MORE “RAG-LIKE”;
ALSO, THE NUMERICAL RELATIONS ARE DIFFERENT (9 MICE FED TO A
DWARF CROCODILE YIELDED APPROXIMATELY 100 INDIVIDUAL PELLETS; IN
MONITORS ONLY ABOUT A TENTH AS MUCH). THE DIGESTIVE CAPABILITY
OF THE MONITOR STOMACH EXCEEDS THAT OF THE OWL STOMACH (ONLY
OCCASIONALLY TEETH AND BONE PARTS WERE FOUND, NO SKULLS) BUT
DOES NOT EQUAL THAT OF THE CROCODILE AND DIURNAL BIRD STOMACH.
IN THE STOMACH OF A VARANUS KOMODOENSIS WHICH HAD FASTED FOR
FOUR MONTHS AFTER ITS CATCH, MERTENS (1942) STILL FOUND BONES OF
A YOUNG INDIAN SAMBAR."

" AS REGARDS SQUAMATE REPTILES, UNTIL NOW PELLETS CONSISTING OF
MAMMALIAN REMAINS ARE KNOWN EXCLUSIVELY AMONG MONITORS, WHILE
ACCORDING TO OBSERVATIONS MADE IN ZOOS, PELLETS COMPOSED OF BIRD
FEATHERS, CLAWS AND BEAKS ARE ALSO EXPELLED BY GIANT SNAKES (LIASIS
Fuscus: FROEscH, 1966; PYTHON MOLURUS BIVITTATUS: LEDERER, 1942
B). HERE, TOO, WE ARE UNDOUBTEDLY DEALING WITH “GENUINE” PELLETS.
LEDERER (L. C.) ALSO FOUND BIRD PELLETS IN VARANUS KOMODOENSIS; THE
FEATHER QUILLS WERE “ACTUALLY PASTED TOGETHER.” MY OWN ATTEMPTS
TO FEED VARANUS SALVATOR WITH CHICKEN AND GUINEA FOWL CHICKS
YIELDED FEATHERS BROUGHT UP IN THE WATER BASIN, “BUT IT COULD
NOT BE DETERMINED WHETHER DURING THE DIGESTION OF BIRDS IN THE
STOMACH OF THE MONITOR PELLETS WAS EVEN FORMED, OR WHETHER THE
FEATHER PELLET WAS ONLY SO LOOSELY BALLED UP THAT — IN CONTRAST
TO THE HAIR PELLETS — IT INSTANTLY DISSOLVED IN WATER AFTER BEING
VOMITED UP; THE LATTER IS MORE LIKELY” (PETZOLD, 1967 B)."

"THIS COMPILATION, ENDING INTER ALIA [AMONG OTHER THINGS]
WITH THE PARTICULARLY BEAUTIFUL SUCCESS OF BREEDING THE EMERALD
MONITOR, INCLUDES ONLY THE INITIAL BREEDINGS. WHILE AT THIS TIME

Fic. 23. Illustrations in “Locupletissimi rerum naturalium thesauri”
by Albertus Seba in 1734-1765. The lizard pictured may be a Nile
Monitor (V. niloticus or ornatus). Many of the varanid illustrations
appearing in Seba’s first two volumes of Thesauri were copied by
other artists and included in subsequent publications (Shaw, 1802;
Goldsmith, 1840). The two species most often pictured by Seba were
Varanus niloticus and V. salvator. Seba’s Thesauri is considered to be
the most comprehensive survey of biodiversity of the 18" century,
and today ranks among the most valuable and sought after illus-
trated works on natural history, commanding prices of nearly US
$500,000 (Aaron Bauer, pers. comm.).

Fic. 24. Varanus indicus from “Histoire naturelle, générale et particu-
liere, des reptiles...” by E M. Daudin, an X-XI [1802-1803].

WE CANNOT AS YET SPEAK OF “CONSERVATION BREEDING” OF MONITORS—
NOT ALL THE OFFSPRING GREW UP—WE CAN NEVERTHELESS NOTE WITH
SATISFACTION THAT INTERNATIONAL COOPERATIVE EFFORTS TO BUILD UP
BREEDING GROUPS SERVE THIS OBJECTIVE (BASEL - SAN Dieco 1976

Herpetological Review 50(1), 2019




Fic. 25. llustration of Varanus gilleni and V. eremius. From Baldwin
Spencer (ed.). 1896. “Report on the work of the Horn Scientific
Expedition to Central Australia. Part 2: Zoology.” These pygmy
monitors (subgenus Odatria) have often been featured in scientific
publications.

WITH VARANUS KOMODOENSIS, CF. ANONYMOUS, 1976 B). THE TOTAL
INVENTORY OF KOMODO MONITORS IN ZOOS AMOUNTED IN 1980 TO
20 ANIMALS (WITH AN ESTIMATED VOLUME OF POPULATIONS IN NATURE
OF 6,000, AMONG THEM, HOWEVER, ONLY ABOUT 400 9 CAPABLE OF
REPRODUCTION)."

"UNTIL THE MIDDLE OF THE 20TH CENTURY THE INCUBATION TIMES
OF MONITOR EGGS (CF. THE DATA UNDER 3.1.10) WERE PRACTICALLY
UNKNOWN. IN THE MEANTIME, THE PICTURE HAS CHANGED; AT LEAST 9
SPECIES REPRODUCED IN CAPTIVITY — IN PART REPEATEDLY, BUT TO OUR
KNOWLEDGE NOT YET EVER IN THE 2ND GENERATION (CF. VISSER, 1975;
Busono, 1974; INTERNAT. Z0O YEARB., VOL. 1-20)."

"COMMENDABLY THE NUMEROUS PUBLISHED REPORTS OF KEEPING
AND BREEDING OF THE LAST TWO DECADES DID NOT LIMIT THE DATES
OF NUTRITIONAL STUDIES, CLUTCHES AND INCUBATION, ALTHOUGH THE
LATTER ALTOGETHER WERE NEW (CF. 3.1.10.). THE PARTLY EXTREME
LONG INCUBATION TIMES REQUIRED MORE COMPARATIVE STUDIES. IN
THE SAN DIEGO Z0OO THE SEX DETERMINATION OF KOMODO MONITORS
WAS ACCOMPLISHED THROUGH QUANTITATIVE MEASUREMENT OF THE
STEROID HORMONES IN THE BLOOD; ALSO, THE FIRST KARYOGRAM OF THIS
SPECIES WAS MADE (WITH AT FIRST NOT YET FULLY PROVEN INDICATION OF
HETEROGAMY OF THE @ § ; BENIRSCHKE & KumamoTo, 1981) AND ALONG
WITH THAT, ADDITIONAL MATERIAL WAS COLLECTED TOWARD KNOWLEDGE
OF THE CHROMOSOME EVOLUTION IN THE GENUS VARANUS (CF. KING &
KiNG, 1975, As WELL AS SECTION 3.1.1.). EGG MEASUREMENTS AND EGG
WEIGHTS AS WELL AS GROWTH RATES AND DEVELOPMENT OF THE OFFSPRING
OF SEVERAL MONITOR SPECIES IN VARIOUS ZOOS WERE RECORDED 124. IN
ADDITION, ZOOS WERE ABLE TO MAKE OBSERVATIONS OF THE RITUAL COMBAT
BEHAVIOR OF THE &§' ' IN THE FUNCTIONAL SYSTEM OF REPRODUCTION AND
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ABOUT THE (FOR NOW, ONLY SUSPECTED) BIANNUAL EGG-LAYING OF THE
COMMON WATER MONITOR AS WELL AS THE DIGESTIVE-PHYSIOLOGICAL
PHENOMENON OF PELLET FORMATION IN MONITORS (CF. SECTIONS 3.1.5.
AS WELL AS 3.2.1.)."

"IN THE SAN DIEGO Z0OO THE SEX DETERMINATION OF KomoODO
MONITORS WAS ACCOMPLISHED THROUGH QUANTITATIVE MEASUREMENT OF
THE STEROID HORMONES IN THE BLOOD; ALSO, THE FIRST KARYOGRAM OF THIS
SPECIES WAS MADE (WITH AT FIRST NOT YET FULLY PROVEN INDICATION OF
HETEROGAMY OF THE @ @ ; BENIRSCHKE & KumamoTo, 1981) AND ALONG
WITH THAT, ADDITIONAL MATERIAL WAS COLLECTED TOWARD KNOWLEDGE
OF THE CHROMOSOME EVOLUTION IN THE GENUS VARANUS (cF. KING &
KinG, 1975, As WELL AS SECTION 3.1.1.). EGG MEASUREMENTS AND EGG
WEIGHTS AS WELL AS GROWTH RATES AND DEVELOPMENT OF THE OFFSPRING
OF SEVERAL MONITOR SPECIES IN VARIOUS ZOOS WERE RECORDED]. IN
ADDITION, ZOOS WERE ABLE TO MAKE OBSERVATIONS OF THE RITUAL COMBAT
BEHAVIOR OF THE J'§ IN THE FUNCTIONAL SYSTEM OF REPRODUCTION AND
ABOUT THE (FOR NOW, ONLY SUSPECTED) BIANNUAL EGG-LAYING OF THE
COMMON WATER MONITOR AS WELL AS THE DIGESTIVE-PHYSIOLOGICAL
PHENOMENON OF PELLET FORMATION IN MONITORS (CF. SECTIONS 3.1.5.
AS WELL AS 3.2.1.).”

THE FUTURE

Prominentlizard ecologist Eric Pianka (2012) summarized the
state of the planet and constructed a pretty depressing picture,
especially for future naturalists. Developers, environmental
pirates and exploiters, tycoons, and others who view the natural
world as something to be only used for human needs and
pleasures will have a much easier time getting by as manmade
objects continue to litter the world. Those persons who treasure
the natural world will be selected against in a true Darwinian
fashion.

"IN THE END, THE QUESTION MAY NOT BE SO MUCH WHY DID I WRITE
THIS LITTLE BOOK [THE LizARD MAN SPEAKS 1994], BUT RATHER WHY
DID YOU READ IT? I LONG FOR A SIMPLER EXISTENCE. I DESPISE STANDING IN
LINES OR WAITING FOR TRAFFIC LIGHTS TO CHANGE. OBJECTS AND NOISES
OF HUMAN ORIGIN ARE OBNOXIOUS TO ME. I HATE BEING FENCED IN,
UNABLE EVEN TO GET OFF THE ROAD. I CANNOT TOLERATE THE THOUGHT
OF A WORLD IN WHICH I CAN'T GET TO PRISTINE WILDERNESS, LET ALONE
A WORLD WITHOUT ANY WILDERNESS AT ALL. (WE SEEM TO BE ALMOST
IMPERVIOUS TO, AND UNAWARE OF, CHANGES OCCURRING AROUND US,
PERHAPS BECAUSE THEY OCCUR ON A TIME SCALE OF DECADES, TOO SLOW
TO BE PERCEIVED. BUT IF ONE COULD TRAVEL FROM THE 1960’S TO THE
1990’s, THE RESPONSE MIGHT BE MORE LIKE “HEY, WAIT A MINUTE!”
UNFORTUNATELY, MUCH OF THE YOUNGER GENERATION DOESN'T EVEN
KNOW WHAT THEY'VE LOST AND ARE LOSING.) WE DON’T IMPROVE ON
NATURE AS WE LANDSCAPE AND PAVE OVER THE SURFACE OF THE PLANET. |
THINK BUILDINGS, FENCES AND ROADS ARE UGLY. I KEEP COMING BACK TO
THE OUTBACK IN YET ANOTHER FUTILE ATTEMPT TO ESCAPE FROM CREATIONS
OF HUMAN ORIGIN, CROWDING, OVERPOPULATION, AND REGIMENTATION.
My EX-WIFE HELEN USED TO SAY THAT I WAS BORN A CENTURY TOO LATE.
PERHAPS WE ALL WERE. PERHAPS YOU READ THIS IN YOUR OWN ATTEMPT TO
ESCAPE FROM URBANIZATION."

Pianka continued:

"PEOPLE SOMETIMES ASK ME WHY I STUDY LIZARDS. OR WORSE, SOME
SAY “WHAT GOOD ARE LIZARDS?” TO WHICH | RESPOND WITH “WHAT GOOD
ARE YOU?” THOSE WHO WOULD THINK, LET ALONE ASK, SUCH A NARROW-
MINDED QUESTION SEEM TO ME TO BE HOPELESSLY ANTHROPOCENTRIC.
LIZARDS ARE SPECTACULAR AND BEAUTIFUL FELLOW EARTHLINGS THAT
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DESERVE OUR FULL RESPECT AND CARE. THEY WERE HERE LONG BEFORE US
AND DESERVE TO EXIST ON THIS SPACESHIP, T0O."

"SADLY, “WILDLIFE MANAGEMENT” 1S SOMEWHAT OF A FARCE:
CURRENTLY WE ARE FAILING TO ADEQUATELY CONSERVE SPECIES OR
HABITATS—WE HUMANS DO NOT EVEN HAVE THE WILL TO LIMIT OUR
OWN POPULATION! HUMANS HAVE NOW DRAMATICALLY ALTERED THE
ECOLOGY OF OVER HALF OF THE LAND SURFACE OF THIS OUR ONE AND
ONLY SPACESHIP PLANET EARTH. CONSERVATION BIOLOGY IS A MAN-MADE
EMERGENCY DISCIPLINE RATHER LIKE SURGERY IS TO PHYSIOLOGY OR WAR
IS IN POLITICAL SCIENCE. WILD ANIMALS COULD AND WOULD FLOURISH
IF PEOPLE COULD MANAGE TO SHARE THE PLANET AND LEAVE THEM LARGE
ENOUGH UNDISTURBED ARFAS OF HABITAT. HOWEVER, EVEN IF WE COULD
SOMEHOW DESIGNATE AND MAINTAIN LARGE NATURE RESERVES, THE
MENACE OF IRREVERSIBLE GLOBAL WARMING SEEMS DESTINED TO TAKE A
HEAVY TOLL ON ALL EARTHLINGS. HOPEFULLY, WITH NEW APPROACHES
AND INCREASED GLOBAL EFFORTS, LIZARDS, INCLUDING VARANIDS, WILL
BE AMONG THE SURVIVORS OF THIS CURRENT MASSIVE ANTHROPOGENIC
EXTINCTION EVENT."
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