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The Polillo Butaan Project 1999-2010; Lessons Learned in the 
Study of Varanus olivaceus Howell, 1857 
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Varanus olivaceus, commonly known as butaan, is a frugivorous monitor lizard restricted to lowland 
dipterocarp forests in southern Luzon and three adjacent islands (Catanduanes, Polillo and Alabat) in 
the Philippines. Populations on Luzon and Catanduanes were the subject of a 22 month study by Walter 
Auffenberg in the 1970s, relying on methods that are no longer available. The principle aims of the Polillo 
Butaan Project were to develop non-destructive and, where possible, non-intrusive methods to investigate 
aspects of the ecology and population status of the animals in a fragment (approx 220 ha) of unlogged 
forest and adjacent smaller areas of secondary forest on Polillo island, and to actively conserve the 
population within the study area. This presentation discusses successes and failures of the project, and their 
implications for future ecological studies and in-situ conservation efforts for frugivorous monitor lizards.

Abstracts from the 2015 
World Interdisciplinary Conference on Monitor Lizards
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Here we describe some of the challenges and experiences we encountered in our studies of Australian 
monitor lizards over many months of fieldwork. We begin with some general statements about varanid 
lizards, then each of us describes some of his own personal experiences with these extraordinary lizards. 
SSS studied tropical species exploiting radio–tracking to follow individuals over long periods of time. 
ERP studied desert species collecting them as museum specimens, which were dissected to gather data 
on reproduction and stomach contents. He presents a food web that includes 41 species of desert lizards 
including 7 species of monitor lizards as top predators. We conclude by comparing our results with an 
emphasis on species richness of varanids coexisting in Australia. 



Integrative Taxonomic Revision of the Varanus timorensis 
(Gray, 1831) Group (Squamata: Varanidae) 

MARKUS PATSCHKE, WOLFGANG BÖHME & ANDRÉ KOCH 
Zoologisches Forschungsmuseum Alexander Koenig, Germany

E-mail: andrepascalkoch@web.de

Insufficient taxonomic expertise and capacity are the main reasons why a large amount of the global 
biodiversity is still not discovered and described. Consequently, our knowledge, not only about the world’s 
countless invertebrates, but also about species groups of larger vertebrates, such as monitor lizards, suffers 
from this taxonomic impediment. At the same time, these giant reptiles are highly demanded by the ever-
hungry international pet trade due to their attractive colour patterns. Therefore, lack of taxonomic resolution 
may have severe consequences for the conservation of unrecognized endemic taxa. With an integrative 
approach, we addressed the open taxonomic questions posed by the Varanus timorensis species group, 
an assemblage of dwarf monitor lizards, that currently consists of four monotypic species (V. timorensis, 
V. auffenbergi, V. similis, and V. scalaris) inhabiting northern Australia, New Guinea, and the Timor 
Archipelago. As a result two locally endemic taxa of this understudied monitor lizard group, a subspecies 
and a species from the Timor Archipelago, are recognized as new. Consequently, V. timorensis is revealed 
to be polytypic. In addition, two hitherto dubious Papua-Australian taxa, kuranda and pengilleyi, deserve 
revalidation due to significant diagnostic characters in the integration by partial congruence (IPC) protocol 
we applied, which represents a balanced and pragmatic trade-off approach for integrative taxonomic 
revisions.

Do the Hatchlings of Dumeril’s Monitor (Varanus dumerilii) 
Schlegel, 1839 display Batesian Mimicry? A Conspicuous 

Phenomenon and its Presumptive Evidence 
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E-mail: Herpetologe@gmail.com 
An analysis of batesian mimicry in the hatchling Dumeril Monitor (Varanus dumerilii) is made. The 
analysis is done by defining Batesian mimicry, and setting conditions for batesian mimicry. The species 
which hatchling Varanus dumerilii mimic are identified by appearance, common geographic distribution, 
and behavior. The possible predators of are systematically described, and compared to the conditions set 
for batesian mimicry, their distribution in comparison to Varanus dumerilii and those species that it mimics. 
Lines of circumstantial evidence, due to lack of natural history information, are used to show which species 
hatchling Varanus dumerilii mimic and the predators that are targets of, and most likely fooled by this 
mimicry. 



The butaan, Varanus olivaceus, has been an enigmatic creature to the scientific community, avoiding 
detection by many competent biologists for 130 years. Until the monumental works of Auffenberg in the 
1970s, and most recently Bennett, almost nothing was known of this lizard’s biology. We now understand it 
is one of three known highly arboreal and primarily frugivorous monitors, all of which are endemic to the 
Philippines. Specimens of this shy monitor species trickled into captive collections through legal and illegal 
means since its rediscovery. Due to its highly specialized lifestyle, captive specimens have proven difficult 
keep or reproduce. The Los Angeles Zoo has worked almost continually with butaan since 1998, when 
four specimens were seized by the United States Fish and Wildlife Service and transferred for safe keeping 
to the Zoo. In 2015, the zoo’s work culminated in the first complete clutch to be hatched in the Western 
hemisphere. A total of four offspring were successfully hatched from four fertile eggs. A second larger 
clutch of eight fertile eggs are incubating and due to hatch in July 2015. The Los Angeles Zoo has utilized 
many strategies, some typical and some unusual, to induce reproduction, incubate eggs, and ultimately raise 
young butaan. These techniques will all be discussed in some detail. 

Reproduction of the Rare, Frugivorous Monitor, 
Varanus olivaceus Hallowell (1857) at the Los Angeles Zoo 
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Nesting Behaviors of Wild Sydney Heath Monitors, 
Varanus rosenbergi 

DAVID S. KIRSHNER 
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The heath monitor, Varanus rosenbergi, is considered to be the most studied of all Australian monitors due to long-
term research on Kangaroo Island, but the NSW population is relatively poorly known. Aspects of nesting behavior 
in heath monitors in the region of Sydney, NSW, were recorded on camera during opportunistic visits to specific 
termite mounds in late summer over an 8 year period. Nesting typically took place from February into early March 
and females usually remained near the nest for an extended period after egg-laying. Recorded observations included 
nest digging and backfilling, evidence of two females nesting in the same termite mound in a single nesting season, 
intra-specific nest marauding by a male V. rosenbergi, an attempt at inter-specific nest marauding by V. varius, and 
nest defense by a female V. rosenbergi against the latter. 
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Chasing Flamingos: Toxicofera and the Misinterpretation of 
Venom in Varanid Lizards 
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The recently-proposed Squamate clade Toxicofera requires the abandonment of a number of well-studied 
macroevolutionary trends in morphology, behavior and ecology, leaving it its place hundreds of de facto 
convergences and rendering much of the fossil record contradictory. No significant morphological features 
are synapomorphies of the Toxicofera, which is based on gene sequences in very short branches uniting 
snakes, iguanian and anguimorphan lizards. As currently understood, the genes support this clade, but it 
is sufficiently in conflict with so much other evidence that great skepticism remains warranted. One of the 
pillars supporting the Toxicofera (and the source of the name) is the claim that expression of venom genes 
in salivary glands is a synapomorphy (a shared, derived trait). This has recently been shown to be false, the 
genes being expressed in geckos and in multiple tissue types in various squamates. The further claim that 
monitor lizards (Varanidae) are venomous does not withstand careful examination. Venom gland structures 
are present in the lower jaw, but evidence for toxicity of monitor bites is generally lacking. Monitors kill 
most large prey more quickly than venom could act, and are in turn killed so quickly by most predators 
that little deterrent effect can exist. One potential exception is as a defense against constricting snakes, but 
detailed work on this possibility remains to be done. 

What Best Determines Survival Rates of Varanus komodoensis: 
Prey, Density-dependence or Inbreeding?
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Island endemics are especially sensitive to extinction. Though one or more ecological, demographic or 
genetic processes maybe implicated in causes of island population declines, estimation and ranking of such 
processes is rarely undertaken hindering prioritization of management actions needed to prevent island 
extinctions. Here we integrated long-term capture-mark-recapture analysis, prey surveys and molecular 



Burrowing is one of the major activities of Varanus griseus and it is engaged in it frequently. The burrowing 
behaviors of V. griseus in the field, as well as in captivity are described. A presumable innate burrowing 
instinct which is activated in certain stressful conditions is discussed. A burrowing-derived behavior, i.e. 
digging motions with one of the forefeet is described and assumed to be a manifestation of displacement 

Burrowing Behavior and Burrowing-derived Behavior 
of Varanus griseus (Daudin, 1803) 

MICHAEL STANNER 
Graduate School, Surindra Rajabhat University, Thailand. 
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analysis to estimate survival rate variation in Komodo dragon (Varanus komodoensis) at 10 sites on four 
islands in Komodo National Park, Indonesia. Using open population capture-recapture methods we ranked 
competing models that considered ecological, genetic and demographic effects on site specific survival 
estimates in Komodo dragons. Variation in survival ranged from 0.54 (95% CI: 0.41-0.68) to 0.81 (0.67-
0.90) among sites. The best ranked model (ωi = 0.50) indicated that ungulate prey abundance most 
influenced Komodo dragon survival. However model support for Komodo dragon density and inbreeding 
coefficients effects further contributed to survival rate variation. These results suggested hierarchical but 
additive effects of ecological, density-dependent and genetic (i.e. inbreeding) processes acting on Komodo 
dragon survival. Hence to ensure Komodo dragon persistence, National Park authorities must maintain 
habitat security to support ungulate prey and possibly consider assisted gene flow to bolster genetic and 
demographic viability in these iconic lizards.

The Feeding Act in a Few Varanid Species: A Description with 
Systematic and Evolutionary Implications 

UWE KREBS
Philosophische Fakultät, Universität Erlangen-Nürnberg, Germany 

By means of existence the feeding act of all organisms is an important interface between organism and 
habitat. In a phylogenetical perspective it could be postulated that high evolutionary pressure will be laying 
on optimizing this behavioral act and this is the case in monitor lizards as well and even especially because 
of their challenging function in most species as carnivore hunters. The contribution deals with the mixture 
of genetically fixed behavioral parts and learned behavioral parts of the feeding act in order4 to meet an 
optimal solution to the problem. Fragments of the behavior of V. albigularis, V. acanthurus, V. beccarii 
and V. dumerilii on this matter are mentioned. A 9.5 minute film shows the complicated overpowering and 
feeding of a big living Chinese mitten crab by a tame V. dumerilii and –in contrast – of a mouse. Finally, a 
few general conclusions on the feeding act are presented. 
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activity that is activated by stress, conflict or frustration. The burrowing behavior and the burrowing-derived 
behavior of V. griseus are compared to the pecking behavior and pecking-derived behavior of woodpeckers.

Over the past two centuries, zoos and private herpetoculturists have played crucial roles in advancing 
understanding of reptilian biology. As poikilothermic ectotherms, captivity-based investigations on reptiles 
and their long-term keeping and breeding success necessitate that captives are maintained under optimal 
environmental conditions to ensure a normal and healthy physiology. From a historical perspective, 
herpetological husbandry practices have often differed between zoos and private herpetoculturists due to 
a number of factors including, but not limited to different keeping philosophies, spatial constraints and 
available resources. To identify and better understand some of the differences existing between these 
two groups, this study assessed thermal husbandry practices currently offered to varanid lizards (Genus: 
Varanus) in captivity. A survey of these practices in 31 North American zoos and 236 private collections 
in 21 countries revealed marked differences in thermal husbandry between zoos and private keepers. 
Furthermore, this study identified the continued use of keeping methodologies that conflict with what is 
currently known about varanid thermal biology. In light of these findings, we identify specific areas of 
thermal husbandry in both zoos and private collections that can be improved upon and highlight the need 
for improved communication and collaboration between these two keeping groups in advancing varanid 
husbandry and breeding and understanding of their biology.

Veterinary Care and Practice with Varanid Lizards

EDGAR WEFER 
Vivaria Veterinary Services, Valencia, Spain 

E-mail: reptileswb@hotmail.com 

In veterinary practices for exotic animals, reptiles are perhaps one of the most important groups because 
their popularity as pets has increased in recent decades. Within this large group, monitor lizards have been 

A Comparative Assessment of Varanid Lizard (Reptilia: 
Squamata) Thermal Husbandry in Zoos and Private Collections: 

Disparate Ideologies or a Paradigm Disconnect? 
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While some believe that the Komodo dragon (Varanus komodoensis) kills its prey by introducing pathogenic 
bacteria into bite wounds, others believe that the dragon’s deadly bite is due to venom. A number of groups 
have identified both pathogenic and non-pathogenic bacteria in Komodo saliva, but the reliance of these 
studies on culture-based techniques limit their ability to deeply characterize the Komodo dragon oral 
microbiome. Here we use 16S rRNA gene amplification and deep sequencing to describe the stool, skin, 
and oral microbiomes of captive Komodo dragons in twelve zoos across the United States. We identified 25 
novel bacterial taxa, some of which appeared to be related to bacterial taxa that are capable of producing 
debilitating blood infections in mammalian hosts, such as Pasteurella, Bacteroides, and Clostridium. 
Microbiome diversity and composition was also similar between skin and saliva microbiomes, but not 
the stool microbiome. We additionally compared the Komodo dragon microbiomes to those of three 
other varanids: the Gray’s monitor (Varanus olivaceus), the Mangrove monitor (Varanus indicus), and the 
Roughneck monitor (Varanus rudicollis), as well as the venomous prairie rattlesnake, which purportedly 
shares a venomous common ancestor with varanids. Our analyses revealed that the Komodo dragon 
stool, skin, and salivary microbiomes are most similar to the Gray’s monitor microbiomes, Mangrove and 
Roughneck monitors are more similar to one another than to Komodos or Gray’s monitors, and the prairie 
rattlesnake microbiomes are largely dissimilar from those of the varanids. Altogether, our results comprise 
the most thorough captive Komodo dragon microbiome study to date, expanding our knowledge of Komodo 
microbial ecology and highlighting the need for further studies both in captive and wild Komodos and other 
varanids to thoroughly understand the complex relationship between these animals and their microbes.

gaining ground in private collections and zoos. Therefore, it has been collecting more and more information 
about the most common health problems of these lizards. This lecture, will be focused on the most common 
problems that have been treated by the author, a veterinarian specializing in reptiles for over fifteen years. 
There will be exposed clinical cases seen and managed at the veterinary clinic and zoological institutions. 
Commenting on this, the origins of the problems are discussed, as well as treatment and prevention. This 
talk will be supported by a variety of images and videos to make it much more understandable. 
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Examining Multi-scale Effects of the Invasive Fox on a Large 
Varanid (Varanus varius; White, 1790) Mesopredator
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The mesopredator release hypothesis and theory of intra-guild predation emphasize that interactions between 
coexisting predators may be strong and important to population and community dynamics. This is because 
predators not only compete for food resources but large predators frequently kill smaller predators and 
suppress their abundances. Across Australia suppression of native and introduced carnivores (e.g. dingoes 
[Canis lupis dingo] and red foxes [Vulpes vulpes]) using poison baits containing sodium flouracetate 
(“1080”) is likely to disrupt predator-prey and competitive interactions that follows the manipulation of 
top predator abundances. Currently there is little understanding of how top predator suppression affects 
Australia’s predator guilds and especially the large and common Varanid lizards. However, given the 
importance, and even potential negative consequences, of mesopredator release, evaluation of the effects 
of top predator suppression on native predators is vital. Here we investigated the effects that a large scale 
red fox (5-7 kg), suppression program had on a large predatory lizard the Lace monitor (Varanus varius, 
4-7 kg). We evaluated the effects of fox suppression on proxies of V. varius population status using count 
surveys in replicated poison baited and non-poison baited control areas. We compared the effects of fox 
baiting on the maximal body size and body condition of lizards, their sex ratio to infer further consequences 
of potential competition between foxes and V. varius. We found increased population counts and higher site 
occupancy of V. varius in poison-baited areas relative to control areas. Lizards in fox baited sites were also 
in better body condition, but neither maximal body size nor sex ratio differed between baited and control 
treatment areas. Our study shows that: 1) Fox management, via 1080 baiting, can benefit V. varius; 2) V. 
varius functions as a mesopredator in the presence of foxes and 3) mesopredator release is not restricted to 
interactions between vertebrate species of the same order.

Komodo Dragons (Varanus komodoensis, Ouwens 1912) on 
Flores Island: A Grand Conservation Challenge 

ACHMAD ARIEFIANDY1*, DENI PURWANDANA1, TIM S. JESSOP2 & CLAUDIO CIOFI3 

1Komodo Survival Program, Indonesia 
2 Center for Integrative Ecology, Deakin University, Australia

3Department of Biology, University of Florence, Italy 
E-mail: aariefiandy@komododragon.org

The Komodo dragon Varanus komodoensis is endemic to five islands in southeastern Indonesia. Four of these 
islands (Komodo, Rinca, Nusa Kode and Gili Motang) are part of Komodo National Park. Until the early 1970s, 

BIAWAK VOL.9 NO. 121



Komodo dragons were also common on the western, northern and northeastern coast of Flores. Since 
then, population densities have decreased mainly as a result of expansion of human settlements and forest 
clearance to slash-and-burn agriculture. On Flores, V. komodoensis is now mainly found on the western 
coast in the Wae Wuul nature reserve and on the northern coast in the Wolo Tadho, Riung and Tujuh belas 
pulau reserves. 
 In Komodo National Park, V. komodoensis populations are well protected and regularly monitored. 
An intensive population monitoring program has been conducted since 2001. Komodo dragon populations 
are relatively stable on Komodo and Rinca Islands, while some indication of slight decline is evident on 
the smaller islands of Nusa Kode and Gili Motang. Information on the current status of V. komodoensis on 
Flores is instead relatively scant, extant populations have faced multiple human-related threats over the past 
30 years. On northern Flores, for instance, V. komodoensis was since recently captured and often killed to 
avoid predation on livestock. 
 Since 2008, the Indonesian NGO Komodo Survival Program has been working in collaboration with 
the Indonesian Eastern Lesser Sunda Central Bureau for Conservation of Nature Resources (BBKSDA) on 
a multidisciplinary initiative integrating population monitoring techniques, community awareness plans 
and capacity building for the conservation of extant Komodo dragon populations on Flores. The goal is to 
help management authorities conserve Komodo dragons with the involvement of the local community. 
 During the first four years, an intensive conservation program was conducted in the Wae Wuul nature 
reserve on West Flores. Afterwards, from 2012, the project expanded to northern Flores. On the West 
coast of Flores, the Wae Wuul ranger post was completely rebuilt, community awareness and involvement 
of local people in habitat-protection schemes were regularly and successfully implemented, local rangers 
were trained in wildlife-monitoring techniques and annual population monitoring was conducted. Live 
cage trapping and camera trapping were used to monitor Komodo dragon population. Results indicated that 
Komodo dragon densities are lower in Wae Wuul than in the adjacent Komodo National Park. However, a 
relatively high level of genetic diversity was recorded for this population. Ungulate prey showed a relatively 
stable prey population density. 
 Population monitoring surveys is also being conducted on the North coast of Flores, particularly on 
Ontoloe Island, in the Tujuh belas pulau reserve, in the Riung nature reserve and in the monsoon forest 
close to the Pota district. Recently, nesting activity of a female Komodo dragon was documented on 
Ontoloe Island. Community awareness and involvement of local people in habitat-protection schemes were 
implemented, and local rangers were trained in wildlife-monitoring techniques. Moreover, a three-year 
expedition was started to collect information on the current Komodo dragon distribution across the entire 
Flores coastal areas. 
 On Flores, unclear reserve boundaries, habitat encroachment, Komodo dragon prey poaching and 
different attitudes of local community on the importance of biodiversity have so far made Komodo dragon 
conservation efforts more challenging than in Komodo National Park. The work conducted by Komodo 
Survival Program is slowly improving natural habitat and wildlife protection schemes. The involvement 
of Indonesian stakeholders, including local government authorities and BBKSDA is much needed, and 
maintenance of community-based initiatives and regular wildlife monitoring are crucial to ensure persistence 
of Komodo dragons on Flores. Future activities will also begin to address climate change impacts could 
threaten population alongside identifying additional habitats to increase protect areas and optimize Komodo 
dragon conservation.
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Living Lizard Shit: 
The Diet of Varanus olivaceus on Polillo 

and its Role as a Seed Disperser

DANIEL BENNETT 
Box 42793, Larnaca 6503, Cyprus
E-mail: mampam@mampam.com

Between 1999 and 2008 a total of 1754 fecal clumps of the frugivorous monitor lizard Varanus olivaceus 
were located in approx 400ha of primary and secondary lowland dipterocarp fragments around Sibulan 
Watershed Reserve, Polillo Island, Philippines. Abundance of common fruiting species important in the diet 
was estimated by measuring densities in transects totaling 5.5 ha. For rare, dioecious, species attempts were 
made to calculate absolute abundance of fruit-producing individuals. Likely local competitors for fruit were 
identified using direction observation, camera traps and literature searches. The positions of fecal clumps 
were mapped and related to the distribution of reproductive individuals, adults and seedlings of species of 
fruit prominent in the diet of the lizard. Assuming that the nearest reproductive tree was the origin of seeds 
in feces, seed dispersal kernels and minimum dispersal distances were calculated. To investigate seed fate, 
germination rates of seeds from clumps were measured in situ. Feces were comprised almost entirely of the 
fruits of ten species belonging to seven genera/five families of plants, and two species of snails. Pandanus 
and Gnetum trees were more common in degraded areas than in intact forest, but densities for other fruiting 
species did not change with habitat. Fruit consumption by the lizard was strongly correlated with fruit 
abundance for three species but showed no relationship in six other species. Average minimum dispersal 
distances by lizards were 114-126 m for Canarium species, 46-93 m for Pandanus spp. and 38 m for 
Microcos. In situ rates of germination were lowest for Canarium species and highest for Pinanga, Caryota 
and Microcos. Rates of seed loss were highest for Canarium sp. and Microcos and lowest for Pandanus 
sp. and Caryota. The results suggest that 1) V.olivaceus does not alter its diet in degraded habitats and is 
probably unable to survive in the absence of Canarium and Pandanus trees and 2) local extinction of the 
lizard would result in the cessation of much of the long distance dispersal of Canarium and all of the long 
distance dispersal of Pandanus species in the area. These findings highlight the importance of “specialized” 
fruiting trees in the feeding ecology of the species and support the hypothesis that rare forest frugivores 
depend largely on rare fruit types. 

The Scale Ultrastructure of Monitor Lizards (Squamata: 
Varanidae: Varanus spp.) and their Allies: Implications for 

Systematics, Evolution, and Conservation 

YANNICK BUCKLITSCH1,2, WOLFGANG BÖHME1 & ANDRÉ KOCH1 
1 Zoologisches Forschungsmuseum Alexander Koenig, Germany

2 Current; Staatliches Museum für Naturkunde Karlsruhe, Germany
E-mail: andrepascalkoch@web.de
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We analysed scale contour, shape and additional characters from five different body regions using scanning 
electron microscopy (SEM) across all nine recognized subgenera of the monitor lizard genus Varanus 
Merrem, 1820 including 41 different species investigated. This qualitative visual technique was applied by 



Drawing Monitors: A Multicentennial History 
of Varanid Lizard Illustrations 
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us in this study for the first time to most monitor lizard species and probably also to the primary outgroup 
Lanthanotus borneensis. A comprehensive list of 20 scalation characters and up to seven corresponding 
character states was established and defined for each of the sampled body regions. For the phylogenetic 
approach, parsimony analyses of the resulting morphological data matrix as well as Bremer and bootstrap 
support calculations were performed with the software TNT. Our results demonstrate that a specific 
microornamentation (i.e., ultra- or microdermatoglyphics) as seen in various squamate groups is hardly 
present in monitor lizards. In several species of ecologically distinct groups, however, we found a honeycomb-
like microstructure (polygons), the taxonomic and/or ecological significance of which remains unclear. In 
addition, the systematic affiliation of V. spinulosus Mertens, 1941, a rare species from the Solomon Islands 
with an unusual scale structure, is discussed in the light of current hypotheses about its phylogenetic position 
within the Varanidae. Due to its unique scale structure, in combination with other morphological evidence, 
a new monotypic subgenus seems justified for this enigmatic monitor species. Furthermore, we propose 
a taxonomic splitting of the morphologically and ecologically heterogeneous subgenus Euprepiosaurus 
Fitzinger, 1843 comprising the Pacific or mangrove and tree monitor lizards, respectively, again based on 
the SEM data. Thus, for the members of the highly arboreal V. prasinus (Schlegel, 1844) species group 
erection of a new subgenus is warranted based on the autapomorphic scale shape in concert with further 
morphological, phylogenetic and ecological evidence. Notably, the established scalation characters allow 
discrimination of single species, even among closely-related Varanus species, such as the members of 
the V. indicus (Daudin, 1802) species group. Together with a recently published identification key for 
Southeast Asian monitor lizards based on macroscopic phenotypic characters (Koch et al. 2013, Herp. Con. 
Biol, 8, Monogr. 3: 1-62), the SEM-pictures of the present study may serve as addition references for the 
microscopic identification of CITES-relevant monitor lizard skins and products.

Monitor lizards, or varanids, have attracted the attention and interest of humans for several millennia, 
with the earliest artistic representations of varanids appearing in cultural artifacts, hieroglyphs, petroglyphs 
and sculptures of various ancient civilizations from northern Africa and the Middle East as well as the 
Indian subcontinent and Australia. In Europe, a region bereft of indigenous monitor lizards, depictions of 
varanids first appeared as woodcuts in early 17th century works on natural history. With the emergence 
of the field of natural history and the expansion of European trade networks to Africa, Asia and Australia, 
these illustrations introduced readers to species found in distant, exotic lands, but also served as taxonomic 
iconotypes and provided visual representations which accompanied the descriptions of new species. As 
printing technologies evolved from woodcuts to copperplate engravings to lithographs, the artistic quality 
and realism of these illustrations improved, leading to some magnificently detailed representations and 
celebrated works of art. By the early 20th century, hand-drawn illustrations had largely been replaced by 
photographs in works on herpetology and natural history, and today represent relics of a bygone era. This 
presentation reflects on this fascinating period of natural history illustrations and showcases many of the 
important works depicting monitor lizards from the 17th to early 20th centuries.
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The monitors of Thailand have been recognized by the relevant national authorities in Thailand as consisting 
of four taxa: Varanus bengalensis nebulosus or V. nebulosus, V. dumerilii, V. rudicollis, and V. salvator 
(Nabhitabhata et al., 2000; Nabhitabhata & Chan-ard, 2005). There have been other taxa in Thailand which 
have been recorded, with evidence (V. bengalensis bengalensis), without evidence (V. flavescens), or have 
been synonymized (V. salvator komaini). These are discussed to give more clarification of the valid taxa 
in Thailand. Geographic distribution and habitats for the known taxa in Thailand are discussed as well as 
some ecological notes. 
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Bristol Zoological Gardens’ reptile collection has housed the emerald tree monitor since 2001, although 
only in 2004 was a female specimen obtained to start breeding the species. The first success came in 2005 
with the hatching of a single animal, but since then we have bred the species successfully in eight of the last 
11 years (we were without a breeding female during 2011-12). 
 During this period we have bred from three different males, and four different females. Fertility and 
viability of both eggs and clutches have varied greatly, although it appears to have improved over the last 
couple of years, with 3 out of 4 clutches from our current female incubated successfully. 
 Tree monitors are a common species displayed in many EAZA zoological collections due to their 
attractive appearance and their tendency to display well as active diurnal lizards. V. prasinus are one of only 
two species of monitor lizard that is being managed as a studbook species (ESB or EEP) within EAZA, 
alongside V. komodoensis. 
 There are many published accounts of breeding not just V. prasinus, but most of the V. prasinus complex 
of tree monitors, however it appears EAZA collections are still not breeding this group of monitors in great 
numbers nor with much consistency. Using the Zoological Information Management System it is recorded 
that over the last three years, only 11 V. prasinus have been hatched between three EAZA zoos, despite 
having 55 adults (26 females) among 25 collections. Over the same time period, no V. beccarii were hatched 
with 36 adults (17 females) maintained in nine collections; 48 V. macraei hatched at 4 collections with 51 
adults (22 females) housed in 17 collections; and no V. reisingeri, V. kordensis or V. boehmei have been 
hatched from 9 adult specimens housed between three zoos. 
 This poster outlines the husbandry of Varanus prasinus at Bristol Zoo Gardens that has been used to 
successfully breed this species with some regularity, and hopefully with increasing consistency.

Poster Abstracts
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A key question in studies of animals in their environments, including captivity, is the extent and directionality 
of interchange with the environment. Questioning the plausibility of the bacteria as venom hypothesis as 
the explanation for the morbidity and mortality of the Komodo dragon (Varanus komodoensis) bite, Fry et 
al. posited that pathogenic bacteria are passively acquired from their prey or other environmental sources, 
and that these pathogenic bacteria play no role in prey acquisition. However, environmental microbiomes 
have been largely ignored in studies of the Komodo dragon microbiome. 
 Using 16S rRNA marker gene sequencing, we use culture-independent techniques to characterize 
Komodo dragon environmental, salivary, skin, and fecal microbiomes and to characterize host-environment 
microbiome sharing. We show that both the richness and the composition of most material in the Komodo 
dragon environment is similar to the Komodo salivary and skin microbiomes, but less similar to the fecal 
microbiome. We also find that, unlike amphibians studied in wild environments, the captive Komodo 
dragon largely contributes its microbes to its sealed enclosures, as do humans in their built environments. 
Additionally, the Komodo environmental microbiome is very specific to Komodo dragons, with no human 
or amphibian sources identified as contributing to the environmental microbiome, and individual dragon 
enclosures were highly individual to the dragon residing in them, with differential microbial communities 
that could discriminate between enclosures. The results of this cross-species comparison have important 
implications for animal health and conservation efforts, as the state of an organism being surrounded 
primarily by its own microbes in a sealed environment may be a radical departure from the microbial 
communities and exposures with which vertebrates have co-evolved.
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A First Description of the Biology of Varanus bitatawa 
Welton et al. 2010 
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Varanus bitatawa is a large frugivorous monitor lizard endemic to the North Eastern side of the Sierra Madre 
Mountain range in Luzon, Philippines. First described to science in 2010 there has been no subsequent publication 
on this species and little is known about its ecology and diet. Field research was conducted over two locations 
in Isabela and Cagayan Province from June to August 2013. Lizards were caught and fitted with a spool and 
line device, subsequent thread trails were recorded and camera traps utilised to establish patterns of tree use and 
activity area. Faecal samples were examined to determine diet and habitat characterised using the Point Centre 
Quarter Method. Catch per Unit Effort (CPUE) was calculated by number of individuals sighted/number of hours 
searching, giving a CPUE of 0.095 at the study location in Isabela and a CPUE of 0.127 in Cagayan. Five lizards 
with a snout to vent length above 40 cm were caught and tracked for between 4 and 17 days. Activity areas were 
non-overlapping with a mean of 1.24 ha. Movements were characterized by straight line distances between trees 
with a mean distance travelled between trees of 79m and a mean daily distance of 176m. Consumption of fruits 
from Pandanus, Canarium and Microcos stylocarpa was evident in faecal samples, from spool and line tracking 
observations, and from camera trap images. The frugivorous diet was supplemented with molluscs and insects 
belonging to the orders Orthoptera, Phasmatodea and Coleoptera indicating that it has a seasonal omnivorous 
diet comparable to its southern congener V. olivaceus. Predominantly arboreal, V. bitatawa showed reliance on 
large sentinel trees with a mean circumference at breast height (CBH) of 176.28 cm, significantly larger than the 
mean CBH of trees in sampled habitats. Shy and reclusive, V. bitatawa are vulnerable to disturbance, threatened 
by hunting pressure for local human consumption and for a burgeoning pet trade in exotic reptiles. Selective 
logging further degrades remaining habitat threatening the large dipterocarp trees on which they rely. Further 
study to determine a baseline estimate of population size and area of occupancy is recommended to determine 
a conservation status.
 


