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About Our Cover: Acanthocercus atricollis 

East Africa's Blue-
headed Tree Agamas, 
with their bright blue 
heads, live in sa-
vanna, woodland, 
and forest clearings, 
often in association 
with human settle-
ments. This species 
can be found over 
much of the African 
continent, from 
Ethiopia to South Af-
rica. Diurnal and ar-
boreal, much of their 
time is spent on the 
trunks of big trees, 
sometimes on rocks 
and termite hills. The vividly colored, broad-headed males 
are strongly territorial, defending territories from elevated 
vantage points. Home ranges of males are markedly larger 
than those of females. Ants are their favored food, although 
a wide range of insects and other arthropods are eaten. Fe-
males lay 4-15 eggs, which undergo an incubation period of 
about 90 days. Hatchlings, which are 70-80 mm total length, 
grow rapidly and achieve sexual maturity in their second year. 

The cover subject, a male Acanthocercus atricollis, was 
photographed just outside of Isasha National Park during the 
Exo Terra 2005 Ugandan Expedition. This eleven-person, fif-
teen-day expedition successfully studied the local 
herpetofauna. Other notable lizard species documented on 
this trip included Chamaeleo xenorhinus, Chamaeleo 
johnstoni, and C. adolfifrederici. 

The cover photo was taken by Michael D. Kern, an exotic 
wildlife photographer living in Palo Alto, California. As win-
ner of the 2005 Exo Terra Nactus Award, Kern was invited to 
be the offi-
cial photog-
rapher of the 
Ugandan 
Expedition. 
His work has 
been pub-
lished in sev-
eral leading 
reptile and 
photo-
graphic 
magazines 
as well as nationally in many newspapers. To see more of 
Kern's photography, including additional images from the 
expedition (such as the aforementioned species of 
Chamaeleo), visit www.thegardensofeden.org . To learn more 
about Exo Terra and the 2005 Uganda Expedition visit 
www.exo-terra.com . 

SSAR BUSINESS 

Kennedy Student Award Committee 
Annual Report, 2006 

The Kennedy Award Committee (Carl Anthony, Bill 
Lutterschmidt, Terry Schwaner, Wayne VanDevender, Lynnette 
Sievert, Chair) has completed its work for Volume 39 of the Jour-
nal of Herpetology. The Committee has selected "Critical Litera-
ture Review of the Evidence for Unpalatability of Amphibian Eggs 
and Larvae" by Margaret S. Gunzburger (Joseph Travis, coauthor; 
Vol. 39: 547-571). The Kennedy Award carries with it a cash 
prize of US $200 or the winner's selection of any SSAR publica-
tions valued at twice that amount. The Committee was impressed 
with the high quality of a number of the eligible papers. 

The committee invites all student members of the Society to 
submit their work to the Journal, and encourages regular mem-
bers who supervise the work of students to draw this award to the 
attention of those students. 

Seibert Award Winners for 2006 Announced 

The fifteenth annual Seibert Awards were presented at the 49th 
Annual Meeting of the SSAR in New Orleans, Louisiana July 12– 
17,2006. These awards are named in honor of Henri C. Seibert, 
an early and tireless supporter of SSAR, serving as an officer for 
over 20 years. In recognition of outstanding student presentations 
at the annual meeting, a single award is given in each of four cat-
egories: Morphology & Physiology (7 presentations), Evolution 
& Systematics (5 presentations), Ecology (18 presentations), and 
Conservation (12 presentations). All winners will receive a check 
for US $200 from SSAR and a book from University of California 
Press compliments of Chuck Crumly. 

The Winners—Morphology & Physiology: Raymond A. 
Hernandez (coauthors Stephen M. Secor and Robert E. Espinoza), 
California State University, Northridge, "Can omnivores be di-
etary specialists? Adaptability of gut form and function in an om-
nivorous lizard." Evolution & Systematics: Julie Ray (coauthor 
Richard B. King), Old Dominion University, "Long term perspec-
tive of Lake Erie Watersnake color polymorphism." Ecology: Kurt 
J. Regester (coauthors Matt R. Whiles and Karen R. Lips), South-
ern Illinois University, "Trophic basis of production and energy 
flow associated with emergence among assemblages of larval 
ambystomatid salamanders in forested ponds in southern Illinois." 
Conservation: Tracy A.G. Rittenhouse (coauthor Raymond D. 
Semlitsch), University of Missouri-Columbia, "Defining terres-
trial habitat use and summer refuge sites of wood frogs in oak-
hickory forests." 

Honorable Mention—Evolution & Systematics: Allyson Modra 
(coauthor Ronald L. Gutberlet, Jr.), University of Texas at Tyler, 
"Phylogeny of Bothrops, Bothriopsis, and Bothrocophias species 
from morphological data (Serpentes: Viperidae: Crotalinae)." Ecol-
ogy: Elizabeth B. Harper, University of Missouri-Columbia, 
"Density dependence in the terrestrial life history stage of two 
anurans." Conservation: Natalie Hyslop (coauthors J. Michael 

Herpetological Review 37(3), 2006 	 257 



Myers and Robert J. Cooper), University of Georgia, "Home range, 
movements, and survival of the threatened Eastern Indigo Snake 
(Drymarchon couperi) in southeastern Georgia." 

The judges for 2006 were Lora Smith (Jones Ecological Re-
search Center, Newton, Georgia), Margaret Gunzburger (US Geo-
logical Survey, Gainesville, Florida), Christopher Sheil (John 
Carroll University, University Heights, Ohio), Fredrick Janzen 
(Iowa State University, Ames, Iowa), John Maerz (University of 
Georgia, Athens, Georgia), Patrick Owen (Ohio State University, 
Lima, Ohio), Matthew Aresco (Nokuse Plantation, Bruce, Florida), 
Stephen Corn (US Geological Survey, Missoula, Montana), Marion 
Preest (Claremont College, Claremont, California), and Kirstin 
Nicholson (Washington State University in St. Louis).  

toring Initiative, Partners in Amphibian and Reptile Conservation, 
the Natural Resources Conservation Service, Environment Canada, 
the Association of Fish and Wildlife Agencies, and Conservation 
International. St. Louis, Missouri, USA. Information: http:// 
www.umesc.usgs.gov/ag_effects_workshop/workshop.html.  

16-20 April 2007—First Mediterranean Herpetological Congress, 
Marrakech, Morocco. Information available from the Congress 
website: www.ucam.ac.ma/cmhl.  

20-23 June 2007-31st International Herpetological Symposium, 
Toronto, Canada. Information: http://www.kingsnake.com/ihs/.  

CURRENT RESEARCH 

NEWSNOTES 

Declining Amphibian Populations Task Force 
Transition 

Effective mid-2006, the Declining Amphibian Populations Task 
Force (DAPTF) became part of the World Conservation Union 
(IUCN) Amphibian Specialist Group (ASG). This merger will 
continue and expand the DAPTF's mission as an organization de-
voted to amphibian research and conservation. DAPTF's familiar 
newsletter, Froglog, will continue on a bimonthly basis. Electronic 
versions of back issues, as well as information for contributors, 
can be found at the DAPTF website: 

http://www.open.ac.uk/daptf/froglog/  

MEETINGS 

Meetings Calendar 

Meeting announcement information should be sent directly to 
the Editor (rwh13@csufresno.edu ) well in advance of the event. 

4-5 November 2006-33rd Annual Meeting, Kansas 
Herpetological Society, hosted by Fort Hays State University, Hays, 
Kansas, USA. Information: http://www.cnah.org/khs/  
AnnualMeetingInfo.html 

6-9 November 2006-9th Reunion Nacional de Herpetologia 
Mexico, hosted by the Mexican Herpetological Society. Universidad 
Autonoma de Nuevo Leon, Monterrey, Nuevo Leon, Mexico. 
Information: http://www.sociedadherpetologicamexicana.com/.  

24-27 November 2006—Herpetological Association of Africa 8th 
Conference. Potchefstroom campus of the North-West University, 
South Africa. Information available from the conference website: 
www.wits.ac.za/haa/2006conf.htm.  

6-8 February 2007—Workshop: Understanding Agriculture's Ef- 
fects on Amphibians and Reptiles in a Changing World. Spon- 
sored by U.S. Geological Survey's Amphibian Research and Moni- 

The purpose of Current Research is to present brief summaries and 
citations for selected papers from journals other than those published by 
the American Society of Ichthyologists and Herpetologists, The Herpe-
tologists' League, and the Society for the Study of Amphibians and Rep-
tiles. Limited space prohibits comprehensive coverage of the literature, 
but an effort will be made to cover a variety of taxa and topics. To ensure 
that the coverage is as broad and current as possible, authors are invited 
to send reprints to the Current Research section editors, Maria del Rosario 
Castaiieda or Michele Johnson; postal and e-mail addresses may be 
found on the inside front cover. 

The current contents of various herpetological journals and other pub-
lications can be found at: http://www.herplit.com/contents.  

A New Cretaceous Terrestrial Snake: Implications 
for the Origin of Snakes 

A new fossil snake (Najash rionegrina sp. nov.) is described 
from the Upper Cretaceous period of Patagonia in Argentina, rep-
resenting the first limbed snake from a fully terrestrial deposit. 
Najash has a sacrum supporting the pelvic girdle, functional 
hindlimbs outside the ribcage and several features associated with 
a surface-dwelling or subterranean lifestyle. Previously described 
fossil snakes with fully formed limbs, Haasiophis, Pachyrachis 
and Eudopophis, from the Tethyan coasts of Northern Gondwana, 
were considered the most primitive snakes and the 'transitional 
link' between extant snakes and the Mosasauroidea, an extinct 
group of marine lizards, supporting the hypothesis of a marine 
origin of snakes. However, Haasiophis, Pachyrachis and 
Eudopophis also show other features typical of more advanced 
macrostomatan snakes (boas, pythons and colubroids) contradict-
ing their basal position and questioning their relevance in the ori-
gin of snakes. A phylogenetic analysis of 119 characters coded for 
18 relevant taxa, including all relevant fossils, shows Najash as 
the most primitive snake known and all other snake fossils closely 
related to more advanced recent forms. These results support the 
hypothesis of a terrestrial origin of snakes. 

APESTEGIA, S. AND H. ZAHER. 2006. A Cretaceous terrestrial snake with 
robust hindlimbs and a sacrum. Nature 440:1037-1040. 

Correspondence to: Sebastian Apesteguia, Museo Argentino de Ciencias 
Naturales Bernardino Rivadavia, A. Gallardo 470, Buenos Aires (1405), 
Argentina; e-mail: paleoninja@yahoo.com.ar.  
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Captive Breeding and Potential Fitness Loss in a 
Reintroduced Species 

Captive breeding has become an important conservation tool 
for some endangered species. Because captive populations are 
founded by a small number of individuals, the resulting loss of 
fitness due to inbreeding is usually impossible to avoid. Additional 
concerns result from the absence of natural selection and the rapid 
adaptation to captivity environments (stable, unchanging environ-
ments without predators). The authors examined whether defenses 
induced by predators in Alytes muletensis, the Mallorcan midwife 
toad, were maintained in populations after several generations in 
captive breeding. Tadpole induced responses to natural predators 
(the snake Natrix maura and the frog Rana perezi) under labora-
tory conditions include elongation of the tail, shallower tail fins, 
and faster development. Morphological measurements and devel-
opmental stage were compared between 1) a natural population 
(founder) and a reintroduced population (descendant) with com-
mon ancestry, and 2) short-term (3-8 generations) and long-term 
(9-12 generation) captive populations with different ancestors. 
Tadpoles from both founder and descendant populations showed 
induced changes to chemical predator cues in tail shape, with no 
significant difference between the two. Significant differences 
between short-term vs. long-term captive populations were found 
only in the lower tail fin, and despite no significant differences in 
other measurements, short-term population shape variation was 
stronger. Genetic variation was also studied using microsatellite 
DNA analysis, comparing heterozygosity and allelic richness 
among populations. Results suggest that relatively high levels of 
heterozygosity and important fitness attributes can be maintained 
for a few generations in captivity, but in long-term captive popu-
lations these start to decline and might have a detrimental effect in 
reintroduction programs. 

KRAAllEVELD-Smrr, F. J. L., R. A. GRIFFTTHS, R. D. MOORE, AND T. J. C. 
BEEBEE. 2006. Captive breeding and the fitness of reintroduced spe-
cies: a test of the responses to predators in a threatened amphibian. 
Journal of Applied Ecology 43:360-365. 

Correspondence to: Richard A. Griffiths, The Durrell Institute of Conser-
vation and Ecology, University of Kent, Canterbury, Kent CT2 7NR, UK; 
e-mail: R.A.Griffiths@kent.ac.uk.  

Deviation from the Frequency-Dependant 
Selection Model of Batesian Mimicry in Poison 

Frogs 

In Batesian mimicry a palatable species mimics the warning 
signal of a toxic model to deceive and avoid predation. The mi-
metic advantage is frequency dependant, as a considerable increase 
of mimics result in predators learning to ignore the warning. Where 
more than one model species is available, theory predicts 1) the 
evolution of polymorphism, so mimics diverge in appearance and 
are allowed to increase in abundance and maintain the warning 
signal in low frequency, 2) the evolution of an intermediate phe-
notype between model species, or 3) a mimetic resemblance to 
the most highly abundant and/or noxious model. The authors stud-
ied a mimicry system composed of two parapatric models  

(Epipedobates bilinguis and E. parvulus) that share a similar warn-
ing coloration and one mimic (Allobates zaparo) that is geographi-
cally dimorphic resembling each warning signal where the model 
is parapatric. Where the two models co-occur, A. zaparo resembles 
only one of the models (E. bilinguis), contradicting predictions 1 
and 2. The authors used toxicity assays, field abundance measure-
ments, and predator learning experiences to investigate the mecha-
nisms related to this atypical case. In the area where both models 
occur, Epipedobates parvulus was significantly more abundant than 
E. bilinguis. Further, E. bilinguis was less toxic than E. parvulus. 
Contrary to expectations, in co-occurring areas A. zaparo resembles 
the least abundant and less toxic model. Predator-learning trials 
with chickens were conducted to study the psychological 'stimu-
lus generalization' model. Predators educated with the more toxic 
E. parvulus avoided mimics of both models; however, predators 
educated with the less toxic model only avoided models from their 
learning experience. Therefore, in the area of overlap, mimics of 
E. bilinguis (the less toxic and less abundant model) received pro-
tection generated from both models. The authors suggest the re-
semblance of A. zaparo to the less abundant, less toxic model is 
stimulus-controlled predator generalization of learned avoidance. 
Alternative explanations for this pattern are also discussed. 

DARST, C. R. AND M. E. CUMMINGS. 2006. Predator learning favours mim- 
icry of a less-toxic model in poison frogs. Nature 440: 208-211. 

Correspondence to: Catherine R. Darst, Section of Integrative Biology, 
University of Texas, 1 University Station, Austin, Texas 78712, USA; e-
mail: catdarst@mail.utexas.edu.  

Morphological and Functional Convergence in 
Herbivorous Lizards 

Food capturing and acquisition requirements common to all her-
bivores provide similar selective pressures that could lead to con-
vergence. The author studied functional and morphological con-
vergence of herbivorous lizards using geometric morphometric 
techniques and simple functional models. Three questions were 
addressed: 1) do herbivorous lizards show evidence of conver-
gence in skull and lower jaw morphology? If so, 2) what is the 
morphospace pattern associated with this convergence? and 3) is 
it possible to predict the direction of the convergence based on 
functional models? Relative warp (RW) analysis and a new met-
ric of convergence (multidimensional convergence index, MCI), 
coupled with a resampling procedure to test for significance, were 
applied to digitized landmarks of adult skull and lower jaw photo-
graphs in lateral view (555 species, 13 families). Three different 
patterns that could be considered evidence of convergence were 
tested: 1) occupation of the same area of morphospace, 2) occupa-
tion of different areas of morphospace, but putative convergent 
taxa closer to each other than to relatives, and 3) parallel change 
of putatively convergent taxa away from their relatives. To test if 
it is possible to predict the direction of the convergence using func-
tional models, the author compared the mechanical advantages 
(MA) between herbivores and carnivores, calculated from the lower 
jaw landmark coordinates and plotted onto warp plots. Results 
support a morphological convergence among herbivorous lizard 
skulls, based on a pattern that shows deviations of the herbivores 
away from their carnivore relatives and towards a common area 
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of morphospace (second pattern of convergence). In the lower jaws, 
though no overlap in morphospace occurs, there is a convergent 
function that can be predicted using a lever model, where herbi-
vores tend to show higher values of MA, supporting the idea that 
different changes in morphology can result in the same change in 
function. Finally, the author highlights the importance and the 
advantages of incorporating functional and morphological perspec-
tives into the same question. 

STAYTON, C. T. 2006. Testing hypotheses of convergence with multivari-
ate data: morphological and functional convergence among herbivo-
rous lizards. Evolution 60:824-841. 

Correspondence to: C. Tristan Stayton, Department of Biology, Bucknell 
University, Lewisburg, Pennsylvania 17837, USA; e-mail: 
tstayton@bucknell.edu.  

Complex Ornament Evolution In Agamid Lizards 

The expression of exaggerated physical features or ornaments 
in males, used in reproductive displays and aggressive encounters 
has been regarded as the result of sexual selection. However, the 
presence of these structures in many females remains a tricky ques-
tion. Two main hypotheses have been postulated to explain the 
mutual ornamentation: 1) genetic correlation between sexes, and 
2) sexual selection on females as well as males. The former case 
predicts simultaneous evolutionary gain of ornaments in both sexes, 
followed by an eventual secondary loss, while in the latter, the 
historical appearance of the ornaments does not have to occur in 
concert in both sexes. Using comparative analyses, the authors 
examined the relative contribution of each hypothesis in the mu-
tual ornamentation of agamid lizards. On a composite phyloge-
netic tree, linear parsimony was used to reconstruct transitions 
between monomorphism and dimorphism, and for each sex sepa-
rately, the gain or loss of ornaments. The Phylogenetic General 
Least Squares (PGLS) regression model was used to establish if 
type of shelter used to avoid predators might influence the num-
ber of ornaments. Results show a complex history of evolutionary 
transitions between no ornamentation, mutual ornamentation and 
dimorphism in agamids for most ornament types studied, support-
ing the role of both genetic correlation and sexual selection on 
females. The total number of ornaments exhibited by both males 
and females was negatively associated with burrowing behavior. 
Interestingly, and contrary to predictions of the genetic correla-
tion hypothesis, the authors found that males have experienced 
more evolutionary losses than females for several ornament types 
and discuss different explanations for this pattern, including risk 
of predation, type of shelter used, and changes in the dynamics of 
natural selection (shift in direction of sexual selection, founder 
effect and genetic drift). 

ORD, T. J., AND D. STUART-FOX. 2006. Ornament evolution in dragon liz-
ards: multiple gains and widespread losses reveal a complex history of 
evolutionary change. Journal of Evolutionary Biology 19:797-808. 

Correspondence to: T. J. Ord, Section of Evolution and Ecology, Univer-
sity of California, Davis, One Shields Avenue, Davis, California 95616-
8755, USA; e-mail: tjord@ucdavis.edu.  

Report of the Amphibian Chytrid Fungus in Costa 
Rica Prior to Population Declines 

The recent decline and extinction of amphibian populations from 
apparently protected and undisturbed areas is an alarming global 
trend. Population declines in Costa Rica, mostly in the mid and 
high elevations, have been linked to climate change and outbreaks 
of the amphibian fungus Batrachochytrium dendrobatidis. The 
authors studied the presence of the fungus in specimens collected 
at the Braulio Carrillo National Park (BCNP, 100-2600 m), in 
1986 prior to well-documented declines in the area. Histological 
cuts from the pelvic patch of 202 specimens representing 30 spe-
cies were examined. For comparison, 18 specimens from 5 spe-
cies were collected in 2002 from the lower portion of the study 
area to establish if the chytrid fungus is currently present in lower 
areas, where no declines have been reported. The authors com-
pared the infection status of host species with altitude (as a tem-
perature indicator), reproductive mode, and current population sta-
tus. Results show that the chytrid fungus was present in the BCNP 
in almost all altitudes in 1986, not only in species that have disap-
peared from the area, but also on those that have persisted as well. 
Furthermore it was present in the few species that can still be found 
in high altitudes, where the highest declines have been reported. 
Species of all reproductive modes were infected, except the direct 
developing species that inhabit streams. As it is not restricted to 
species strongly associated to aquatic habitats, the authors sug-
gest the pathogen can survive in moist floors and can be picked up 
from the ground. In the 2002 survey three out of the five species 
included were infected, but all five are common and with no signs 
of population decline. 

This study does not support the hypothesis that chytrid infec-
tions would occur only in species and sites where subsequent popu-
lation declines occurred, though the authors do not deny the asso-
ciation between the fungus presence and population declines and 
highlight the role other factors might be playing in the amphibian 
population declines. 

PUSCHENDORF, R., E BOLANOS, AND G. CHAVES. 2006. The amphibian chytrid 
fungus along an altitudinal transect before the first reported declines in 
Costa Rica. Biological Conservation 132:136-142. 

Correspondence to: Robert Puschendorf, Amphibian Disease Ecology 
Group, School of Tropical Biology, James Cook University, Townsville, 
Queensland 4811, Australia; e-mail: Robert.Puschendorf@jcu.edu.au.  

Habitat Microstructure Predicts the Developmen- 
tal Life History of Eurycea Salamanders 

Phenotypic plasticity, the ability to express alternate phenotypes, 
allows populations to colonize and survive in variable environ-
ments. The plethodontid salamander Eurycea tynerensis, restricted 
to the Ozark Plateau of south-central North America, comprises 
both strictly aquatic paedomorphic populations and more terres-
trial metamorphic populations. Populations typically display only 
one life history mode. The authors tested the relationship between 
environmental conditions (streambed sediment) and life history 
(paedomorphic/metamorphic) using independent contrasts and 
Markov Chain Monte Carlo randomizations to test the significance 
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of regression results. Sediment particle size, type (clastic or chert) 
and degree of sorting (a measure of uniformity of particle sizes in 
the substrate, poor sorting = containing multiple size classes) were 
highly correlated with life-history mode. Paedomorphic popula-
tions were present in streams with well-sorted, large chert par-
ticles while metamorphic populations were present in streams with 
poorly sorted, clastic small material as sandstone or siltstone. All 
correlations were positive and significant. The authors suggest the 
streambed material composed by deposits of large gravel creates 
a loose streambed that allows access to subsurface water in dry 
months, allowing paedomorphic forms to survive, while stream-
beds composed of more heterogeneous, densely packed clastic 
sediments leave no subterranean refuge when water surface dries 
forcing the exploitation of more terrestrial habitats. These results 
suggest local microhabitat conditions have a major role in pheno-
typic expression. However, the authors point out that despite the 
strong correlations with streambed composition, other factors such 
as nutrient abundance, persistence of underground water, or avail-
ability of suitable surrounding habitat can be playing an important 
role in determining life history mode in E. tynerensis. 

BoNETT, R. M., AND P. T. CHIPPINDALE. 2006. Streambed microstructure 
predicts evolution of development and life history mode in the 
plethodontid salamander Eurycea tynerensis. BioMed Central Biology 
4:6. 

Correspondence to: Ronald M Bonett, Museum of Vertebrate Zoology 
and Department of Integrative Biology, University of California, Berke-
ley, California 94720, USA; e-mail: rbonett@berkeley.edu.  

Comparison of Species Delimitation Methods 
Using the Sceloporus grammicus Complex 

Accurate delimitation of species is a recurrent issue in biology, 
given that species are the basic unit of analysis in several areas. 
Recently, a series of methods have been proposed to identify and 
delimit species, but few studies have compared the results of dif-
ferent methods over the same group. The authors used the 
Sceloporus grammicus complex, composed by at least 8 chromo-
some races (7 of them morphologically distinguishable) to test 
genetic distance, character-based and tree based methods for de-
limiting species. Allozyme, morphology and molecular data from 
the literature was reanalyzed to determine hypothetical evolution-
ary species (HES) according to the evolutionary (ESC) and gen-
eral lineage (GLC) species concepts. The authors tested if the four 
HES established a priori were recovered under different methods 
and different types of data (chromosome and allozyme). The meth-
ods applied were: 1) Highton (2000) genetic distance, 2) the char-
acter-based, Doyle (1995) multilocus field for recombination 
(m1FFR) and Davis and Nixon (1992) population aggregation 
analysis (PAA), and 3) Wiens and Penkrot (2002) tree-based 
method. A total of 662 lizards were included, from 55 localities, 
representing all chromosome races. Results showed Doyle's m1FFR 
had low resolution and poor ability to identify distinct lineages. 
Highton's genetic distance, Davis and Nixon's PAA and Wiens 
and Penkrot's tree based method recovered all four HES with dif-
ferent degrees of support. However, no single method strongly 
identified all four HES lineages, though no significant discordance 
was found between methods. The authors discuss the ability of  

each method to discriminate among different HES with the types 
of data used, and conclude that given the complexity of the group 
in question the results are encouraging regarding the applicability 
and accuracy of these three methods in delimiting species. 

MARSHALL, J. C., E. AREVALO, E. BENAVIDES, J. L. Sims, AND J. W. SITES, 
JR. 2006. Delimiting species: comparing methods for Mendelian char-
acters using lizards of the Sceloporus grammicus (Squamata: 
Phrynosomatidae) complex. Evolution 60:1050-1065. 

Correspondence to: Jonathon C. Marshall, Department of Ecology and 
Evolutionary Biology, P.O. Box 208105, Yale University, New Haven, 
Connecticut 06520, USA; e-mail• jonathon_c_marshall@hotmail.com . 

The Origins of Egg Eating in Snakes 

Major dietary shifts often begin with the incorporation of novel 
food items as a minor component of the diet. However, initial stages 
of diet specialization are usually overlooked because they are not 
associated with major phenotypic changes. To study the origins of 
egg eating in snakes, the authors used comparative methods to 
test if egg eating is more likely to arise in lineages that already 
include squamates (lizards and snakes) or birds in their diets. This 
association is expected for two reasons: 1) the occurrence correla-
tion, when a novel food is more likely to be encountered if its 
density is correlated with a particular food already part of the diet, 
and 2) the specific feeding predisposition, when traits that facili-
tate feeding on some food already in the diet might facilitate feed-
ing on the novel food. Quantitative data on snake diet, including 
200 species, was taken from the literature and unpublished data 
from one of the authors. Data on habitat and maximum size was 
also considered, as these variables are associated with the prob-
ability of finding squamate or bird eggs (terrestrial, arboreal, 
aquatic) and the capability of ingesting them (gape size). Concen-
trated changes test and a Bayesian estimation of character evolu-
tion based on stochastic models were applied on a supertree in-
cluding all species of interest. Analyses were conducted including 
all the taxa, and also excluding species highly unlikely to find the 
eggs or corresponding animals (i.e., aquatic species) and those 
probably unable to eat them (i.e., small species). In addition, char-
acter mapping was used to infer whether the egg specialists arose 
from lineages that ate the corresponding animals. Results support 
the hypothesis that feeding on the corresponding animals is corre-
lated with the inclusion of eggs in the diet and all the ancestors of 
egg specialist species fed on the corresponding animals. The au-
thors discuss the results under the correlated occurrence and spe-
cific feeding predisposition explanations and emphasize special-
ization of egg eating can be related not only to the availability and 
density of the resource, but to the historical constraints the evolu-
tionary path to specialization entail. 

DE QUEIROZ, A., AND J. A. RODRIGUEZ-ROBLES. 2006. Historical contingency 
and animal diets: the origins of egg eating in snakes. The American 
Naturalist 167:684-694. 

Correspondence to: Alan de Queiroz, 2695 Mineral Drive, Ely, Nevada 
89301, USA; e-mail: alandqz@yahoo.com.  
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Marcos Di Bernardo
1963-2006

ROBERTO E. REIS
Catholic Pontifical Universiry of Rio Grande do Sul

90619-900 Porto Alegre, RS, Brazil

e-mail: reis@pucrs.br

and
FRANCISCO L. FRANCO

Butantan1nstiture, 05503-900 Sao Paulo, SP, Brazil

e-mail: flfranco@butantan.gov.br

Marcos Di Bernardo, a

prominent Brazilian herpe
tologist and professor of
zoology at the Catholic
Pontifical University of
Rio Grande do Sui

(PUCRS), Brazil, passed
away on 16 June 2006 at
age 42 in Porto Alegre, fol
lowing a two-year battle
against cancer. Marcos was
born 4 November 1963 in

Bento Gon~alves, Rio
Grande do SuI State, to
Ayres Italvino Di Bernardo
and Elisa Velenti Di
Bernardo. He lived with

his family in Bento
Gon~alves until finishing ..
h· h hId h Marcos DI Bernardo In the earlyIg sc 00 an t en 2000s.
moved to Porto Alegre to
attend University and become trained as a biologist.

Marcos entered the same university in which he eventually be
came a professor in March 1981, and graduated with a degree in
Biological Sciences in 1985. A few years later Marcos enrolled in
the graduate school at the same university and received a M.Sc.
degree in 1991 with a thesis on a cladistic analysis of a group of
xenodotine snakes and the resurrection of Echinanthera Cope,
1894. In 1986 Marcos accepted his first position as a biologist, as
Assistant Researcher in the Museum of Sciences and Technology
of PUCRS (MCP). At MCP Marcos was a student of Thales de

Lema, who guided his first steps in the field of herpetology. To
gether with Thales, Marcos constructed an important collection of
amphibians and reptiles at MCP that today includes more than
26,000 specimens, mainly from South America. In March 1994,
Marcos entered the graduate program of the State University of
Sao Paulo (UNESP) at Rio Claro, under Ivan Sazima. He received
his Ph.D. degree from UNESP in 1998 with a dissertation on the
natural history of a community of snakes in the Araucaria Plateau
in southern Brazil.

In March 2001, Marcos accepted the position of Adjunct Pro
fessor at the Catholic Pontifical University of Rio Grande do SuI,
where he taught undergraduate courses on the zoology of tetra
pods, amphibians, and biodiversity, and graduate courses in her
petology and the natural history of reptiles. During the last several
years Marcos was very active in university life, serving in many
university committees, teaching, and directing 13 master theses
and nine doctoral dissertations. His important contributions to
Brazilian herpetology include 46 peer-reviewed papers, one book,
and six book chapters published during his career, most of those
on natural history and taxonomy of reptiles and amphibians, and
several papers co-authored with his former graduate students. He
was a gifted photographer and produced thousands of wonderful
images of reptiles and amphibians over the courses of many years.
Marcos had a deep interest in biodiversity studies, publishing origi
nal descriptions of two new species of snake, Echinanthera
cephalomaculata Di Bernardo, 1994 and E. cephalostriata Di
Bernardo, 1996, and two new species of frog, Elachistocleis
erythrogaster Kwet & Di Bernardo, 1998 and Melanophryniscus
admirabilis Di Bernardo, Maneyro & Grillo, 2006.

In the early 1990's Marcos met Thales de Lema's graduate stu
dent Silvia Rodrigues Machado, whom he married in 5 November
1995. Tragically, Silvia died very young of a cerebral aneurism in
July 2002, leaving Marcos and their daughter Camila Di Bernardo,
then only three years old. Silvia's cousin and Camila's godmother
Carla Nogueira assumed much of Camila's care and eventually
married Marcos. Carla came to reestablish family happiness, with
enormous dedication and love. This passage would have been much
more painful without Carla.

Marcos was a successful field and laboratory herpetologist who
loved snakes and other reptiles. He was an excellent and dedi
cated teacher, beloved by his students, and several times elected
as Honored Teacher in graduation ceremonies. Marcos had a rare
combination of virtues: he was generous without being spendthrift,
was proud without being arrogant, was humble without being
simple, and was serious without losing the joy of life. The happi
ness and the peace that he transmitted to all around him earned the
affection of adults and children, as well as prominent personali
ties and those of more modest backgrounds. This way, he built
friendship and respect everywhere he traveled. He was righteous
in his beliefs, and lived to high standards, both in his personal life
and in his academic and professional life. It was always a pleasure
interact with him. He is now resting after the glorious fight that
nobody emerges from as winner. Thankfully he will be remem
bered not for this final battle, but for living his life with the kind
of dignity that distinguishes great men.

A devoted husband and father, Marcos is survived by his only
daughter Camila and his wife Carla, and will be forever remem

bered with the most vivid and happy memories by those colleagues
and friends that he cultivated during his life. Marcos, we all will
miss you!

Acknowledgements.-We thank G. M. F. Pontes, who provided assis
tance in finding proper dates and helped in searching photographs, and J.
S. Albert for reviewing the manuscript.
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Daniel Robert Sutherland
1952-2006

phibians. Not long afterwards, he became heavily involved in re
searching the platyhelminth species Ribeiroia ondatrae, a para
site that has been shown to elicit amphibian malformations in both
laboratory and field settings. For the past decade, Dan tirelessly
collected and dissected thousands of anurans in an attempt to bet
ter understand this parasite and its effects on amphibians, quickly
becoming a nationally known authority on the subject. Amphib
ian researchers from throughout North America would annually
send field-collected anurans to him for dissection and proper iden
tification of the parasites they contained.

He co-authored a number of important scientific papers on the
subject and his research was featured in William Souder's book, A
Plague of Frogs: The Horrifying True Story (2000), and Dan re
cently wrote an authoritative chapter on anuran parasites in De
clining Amphibians: The Conservation Status of United States
Species (2005).

Although an outstanding scientist and researcher, Dan will be
most affectionately remembered for the passion with which he
taught. Having mentored hundreds of undergraduate and graduate
students (including me) throughout his professional career, Dan
excelled at getting the best out of his students. Well known for his
gregarious, affable personality and highly respected on campus,
word quickly spread each semester among students registering for
classes to "take Sutherland" for introductory biology, parasitol
ogy, anatomy and physiology, and aquatic animal health. Dan's
love of field biology became apparent when he taught, as all of his
parasitology students were taken to nearby wetlands to go
"frog gin '" and collect their own specimens to analyze in lab, some
thing they all enjoyed. His ability to tell stories, jokes, and his
good-natured ribbing of students was also legendary, quickly en
dearing him to those enrolled in his courses.

Dan will be deeply missed by those who considered him a col
league, a teacher, a mentor, and, most importantly, a dear friend.

Eleutherodactylus longirostris(Leptodactylidae). Colombia: Rio

Yurumangui, Valle del Cauca, along Pacific Coast. Illustration by Fernando
Vargas Salinas.

Dan Sutherland, pictured here, as those who
worked with him in the field will remember him

most fondly: slopping through wetlands, wearing
shorts (never hip-waders), soaking wet, and cov
ered in muck. This picture was taken at an amphib
ian malformation "hotspot" in Eden Prairie,
Minnestoa. Photo courtesy of Pieter Johnson.

JOSHUA M. KAPFER
Department of Biological Sciences, University of Wisconsin-Milwaukee

Milwaukee, Wisconsin 53211, USA

e-mail: jmkapfer@uwm.edu

Daniel Robert

Sutherland,

Ph.D., passed
away suddenly
and unexpectedly
on May 26, 2006
in La Crosse,
Wisconsin. He
was 54. He is

survived, in part,
by his wife of 22
years, Becky A.
Lasee, Ph.D., and

daughter, Alyssa
(age 13).

Dan was born

on March 26,
1952 in Vermil

lion, South Da
kota to Robert

and Vida (Floy).
He attended high
school in Wayne,
Nebraska, where
he achieved no-

table success on the football field, and graduated in 1970. Dan
went on to receive his undergraduate degree in biology from Wayne
State College (Nebraska) in 1974, and his master's degree in zo
ology from the University of North Dakota in 1976; his thesis was
entitled "An Analysis of the Piscine Parasitofauna of Four North

Dakota Streams." Upon finishing his master's research, Dan be
gan doctoral work in zoology at Iowa State University under Pro
fessor Martin Ulmer. He completed his dissertation ("Life Cycle
and Host-Parasite Relationships of Kbawia iowensis, Calentine
and Ulmer, 1961 [Cestoidea: Caryophyllidea]") in 1981 and, af
ter teaching for a year at the University of Wisconsin-Eau Claire,
took a post-doctoral position at the University of Wisconsin-Mad i
son. Dan went on to become a professor of biology at Wartburg
College (Iowa) from 1987-1993. He then joined the biology fac
ulty at the University of Wisconsin-La Crosse where he remained
until his passing.

Although educated and trained as a fish parasitologist, Dan's
significant contributions to herpetology are well known to those
in the field of amphibian malformations. As an expert in aquatic
animal health, Dan was initially drawn to the phenomenon of "de
formed frogs" in the mid-1990s after it was suggested that a trema
tode could disrupt normal development in metamorphosing am-
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ZOO VIEW 

When I started in the zoo business in 1965, one of the persons I met a 
few years later was reptile keeper Ron Goellner from the St. Louis Zoo. A 
few years later, he was promoted to curator, a position he held until 1995. 
Since then, Ron was Director of Animal Collections. Some months ago, I 
learned that Ron was ill and sadly, he passed away on 26 February 2006. 
An expanded tribute to Ron will appear in Herpetological Review by two 
of his friends and colleagues, Jeff Ettling and Charles Hoessle. Ron was 
the creator of the Zoo's Center for Hellbender Conservation, now renamed 
the Ron Goellner Center for Hellbender Conservation. Donations can be 
sent to the St. Louis Zoo Foundation, P.O. Box 790290, St. Louis, Mis-
souri 63179-0290, USA. Include a note directing funds to the Hellbender 
Center. 

—James B. Murphy, Section Editor 

Herpetological Review, 2006,37(3), 264-268. 
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Herpetology at the Fort Worth Zoo: 
A 45-Year History 

CLAY M. GARRETT* 
Department of Herpetology, Fort Worth Zoo 

Fort Worth, Texas 76110, USA 

* Present address: Second Nature Wilderness Program 
2711 Santa Clara Drive, Santa Clara, Utah 84765, USA 

e-mail: cgarrett@airmail.net  

THE EARLY YEARS 

In late summer of 1953, members of the Fort Worth Zoological 
Association, notably Kirk Johnson, Amon G. Carter Jr., and Park 
Director Hamilton Hittson, began searching for a professional 
zoologist for the position of Curator of the Fort Worth Zoo. 
Although the search committee considered numerous candidates, 
it was a young chap, merely 23 years old, who piqued their interest. 
His name was Lawrence Curtis. Curtis, who had earned two natural 
science degrees from Southern Methodist University, had been 
working at the Dallas Aquarium for seven years, and was also 
gainfully employed as General Curator of the Dallas Zoo. Assistant 
Park Director James Brown frequently visited the Dallas facility 
and had been very impressed with Curtis. So on the 
recommendation of Brown, Hittson attempted to recruit Curtis for 
the position of Curator of the Fort Worth Zoo. 

Curtis thoughtfully weighed the merits of each institution. He 
knew that Dallas was municipally supported and had no immedi-
ate plans for capital improvements, whereas the Fort Worth Zoo 
was supported by a strong association intent on expanding their 
facilities. Further lured by an increase in salary and the promise of 
free residence, Curtis accepted the position. 

Shortly after joining the staff, he began developing a master 
plan, which would become the basic design of the modern Fort 
Worth Zoo. One of his primary goals was to add indoor facilities, 
for at that time the Zoo was basically a summer attraction. Curtis 
had a great interest in ichthyology and rather quickly sold the Zoo-
logical Association members on the value of a new aquarium. In 
December of 1953, Amon G. Carter Jr., presented the Zoological 

Association with a check for $50,000, and shortly thereafter, con-
struction on the new aquarium began. It was named the Record 
Aquarium, in honor of James R. Record, dynamic Managing Edi-
tor of the Fort Worth Star Telegram. In two-and-half years the 
aquarium had drawn more than twice as many visitors as the popu-
lation of Fort Worth, and had grossed $150,000, much of which 
was used to finance additional Zoo construction. 

The following five years were busy ones for Curtis. He peti-
tioned the Park Board for numerous improvements that included 
moated exhibits and a Great Ape House. In November of 1958, 
Curtis initiated a project that would bring the Zoo acclaim for de-
cades. He appeared before the Park Board to announce that the 
Zoological Association wished to build a reptile house. After re-
ceiving authorization to proceed, Curtis flew to New York, Phila-
delphia, and Washington, D.C. to evaluate various herpetological 
facilities. 

Herpetarium Construction.—In the spring of 1959, Curtis pre-
sented Herpetarium plans for final approval. The building was to 
measure 117 x 55 feet and cost approximately $80,000, including 
stocking expense (ca. 200 species). The Park Board unanimously 
approved the proposal, whereupon the Zoological Association re-
ceived a $93,000 loan co-signed by Amon Carter Jr. The loan was 
to be repaid by admission fees of 10 cents for children and 20 
cents for adults. 

The Herpetarium was completed in the summer of 1960 and 
was the fourth indoor exhibit to open in less than six years. Boast-
ing the largest exhibit of reptiles and amphibians in the world (with 
175 vivaria), the facility also included a Zoo hospital and quaran-
tine room. Then contemporary features, such as refrigerated air, 
operational skylights, temperature controlled water, switch oper-
ated emergency alarms, and state-of-the-art service facilities, made 
this Herpetarium a true marvel. Innovative exhibits such as a dis-
play of giant snakes with curved non-reflective glass (creating the 
illusion of an open-fronted exhibit) were especially popular at-
tractions. The main public area included five exhibit halls cover-
ing various geographic regions and another area that was devoted 
exclusively to amphibians. There were also special exhibits teach-
ing the identification of native venomous snakes and treatment 
for snakebite. 

STAFF 

Lawrence Curtis had a passion for herpetology that rivaled his 
interest in ichthyology. In the 1950s he authored papers in numer-
ous journals such as Copeia, Herpetologica, and the Texas Jour-
nal of Science. He also contributed regularly to International Zoo 
Yearbook. Over the years he held many board positions including 
Vice President of the Texas Herpetological Society and President 
of the American Association of Zoological Parks and Aquariums 
(now AZA – American Zoo and Aquarium Association). 

Curtis was one of the first herpetologists to keep an up-to-date 
catalogue on antivenin. During the summer of 1966, a young boy—
the victim of a rattlesnake bite—was saved after receiving antive-
nin treatment. Curtis consulted his antivenin catalogue and coor-
dinated the serum shipment to Texas via the US Air Force. Before 
the year's end, he aided several other people from various states. 
In recognition of his services he received several awards from the 
American Aviation Association and the Press Club of Fort Worth. 
Further, Fort Worth Mayor Willard Barr proclaimed August 15, 
1966, as "Lawrence Curtis Day." 
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Top Row (L to R) — Lawrence Curtis and J. P. Jones; J. P. Jones and Jonathan Campbell; Lawrence Curtis and Roger and Isabel Conant; Middle 
Row — Herpetarium as it appeared shortly after construction; Bern Tryon; Bottom Row — David Blody; George Ledvina; Rick Hudson. 
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After leaving the Fort Worth Zoo, Curtis became Director of the 
Oklahoma City Zoo in 1970—a position he held for 15 years. In 
later years he served as a consultant for various zoos and aquaria 
around the world, and he recently lived in Saudi Arabia where he 
worked as Director of the Riyadh Zoological Gardens. He pres-
ently lives in Oklahoma. 

The first Supervisor of the Herpetarium was John M. Mehrtens. 
He was partly responsible for the quality design of many exhibits 
in the Herpetarium. Over the years he traveled to many locations, 
securing animals for display. Mehrtens is probably best known 
for his book Living Snakes of the World in Color (Sterling Pub-
lishing, 1987). 

Joseph Laszlo, well known internationally for his significant 
contributions to our understanding of captive management, fur-
thered his career at the Fort Worth Zoo under John Mehrtens. Joe 
was a colorful character to say the least. He was always eager to 
talk herpetology and he pursued his interests with unbridled pas-
sion. Joe was promoted to Assistant Supervisor in the mid 1960s, 
and later worked at the Houston Zoo before accepting the position 
of Supervisor at the San Antonio Zoo in the early 1970s. 

John P. Jones was hired as Supervisor in the late 1960s—a posi-
tion he held for many years. J. P. was a talented man who under-
stood the art of exhibit design, graphic display, and the science of 
animal husbandry. Moreover, he led a fine crew of young men, 
some of whom would go on to make significant contributions to 
herpetology. 

Contemporary with Jones was a young stalwart named Jonathan 
Campbell. Campbell was Assistant Supervisor at the time and had 
already begun to blaze a herpetological path of accomplishment 
that would prove difficult to follow. Back in those days he trav-
eled frequently to Mexico and Guatemala with various colleagues, 
bringing home all manner of reptiles and amphibians—many of 
them new to science. Campbell left the department in the early 
1970s to pursue his master's degree under William Pyburn at the 
University of Texas at Arlington. Afterwards he wrapped up his 
graduate studies at the University of Kansas, under William 
Duellman, where he earned his PhD in 1983. Some of Campbell's 
early publications covered husbandry techniques and behavioral 
observations in captivity. He subsequently produced a wave of 
manuscripts and books that included myriad new species descrip-
tions and taxonomic revisions, mostly on Latin American herps. 
Campbell now holds a professorship at the University of Texas at 
Arlington where he is also Chair of the Biology Department and 
Director of the Amphibian and Reptile Research Diversity Center. 

Bern Tryon joined the department in the mid-1970s as Assistant 
Supervisor. Modeled in the Carl Kauffeld tradition, Bern was an-
other zoo herpetologist who bridged captive management with 
academic pursuits. He published many peer-reviewed papers on 
topics such as breeding and rearing bog turtles and captive repro-
duction of West African dwarf crocodiles, a paper widely regarded 
as one of the classic studies on crocodilian reproductive behavior. 
His paper entitled How to Incubate Reptile Eggs stands today as 
the standard cited reference on this topic. Bern's publications 
helped advance the state of chelonian husbandry, but two of his 
enduring passions during this time were developing breeding tech-
niques for Arizona Ridge-nosed Rattlesnakes and Gray-banded 
Kingsnakes. Bern presently lives in Tennessee where he serves as 
Director of Animal Collection—Herpetology at the Knoxville Zoo. 

One of the hallmarks of the Fort Worth Zoo's Herpetarium was 
the naturalistic quality of the exhibits. The departmental person-
nel began using live plants to enhance exhibits at a time when this 
practice was considered anathema (or before this practice became 
vogue). When it came to quality in herpetological exhibitry, one 
keeper stood head and hands above the rest—Fort Worth-raised 
David Heckard. Lead keeper in the department until 1981, David 
brought an attention to detail for exhibits that was unequaled. David 
went on to manage the Herp Department at the Abilene Zoo in 
Texas for many years before moving to San Diego Zoo's Wild 
Animal Park where he is presently employed. 

Certainly one of the more colorful and intense curators in the 
department's history was Dave Blody. Dave had an unparalleled 
passion for the "herp of the moment." The result of his addiction 
was a burgeoning collection that stretched the resources of the 
department. Dave's primary husbandry interests included arbo-
real crotalids, boids, and varanids. He was particularly adept at 
making the drafty and poorly insulated Herpetarium work to his 
advantage by shuffling animals to appropriate niches, thus induc-
ing many of his charges to reproduce. Perhaps his legacy will be 
that he oversaw the transformation of an aging and deteriorating 
facility into a showcase for rare herp species that attracted legions 
of reptile enthusiasts and became world renowned for success-
fully breeding difficult-to-manage species. 

Rick Hudson was hired in 1980 as Assistant Curator. A Virginia 
native with degrees in biology and veterinary technology, Rick 
arrived at a time when the mystique of Texas zoo herpetology was 
at its peak and the collection in Dallas across the river to the east 
was earning its highest accolades. Fueled by a competitive spirit 
to excel, Rick was at once Dave Blody's "partner in crime" and 
together they built a reproductive program rivaled only by the 
Dallas menagerie. 

Early on Rick became involved in the emerging AZA conserva-
tion programs for reptiles, founding and chairing the Lizard Advi-
sory Group for more than ten years. This led to the development 
of the Rock Iguana Species Survival Plan (SSP) and the Jamaican 
Iguana Recovery Program, which received the AZA's International 
Conservation Award in 2000. For years he has worked tirelessly 
on this project and has played an integral role in the survival of 
the species. Expanding on this work to include the conservation 
of other Caribbean iguanids, Rick helped organize the IUCN Iguana 
Specialist Group, now in its 10th year, which he currently co-chairs. 
In this capacity, he devotes 50% of his time to traveling, doing 
fieldwork, building head-start facilities, and organizing reintro-
duction and recovery programs. To fund and support these efforts, 
he helped create the International Iguana Foundation in 2001 and 
serves as the Executive Director. He has long had a special inter-
est in crocodilians and chelonians, and in 2001 organized an inter-
national workshop to address the Asian Turtle Crisis. That led to 
the formation of the IUCN Turtle Survival Alliance that he co-
chairs, which raises funds, conducts workshops, and administers 
conservation programs in five Asian countries. Rick worked in 
the Herpetarium until 2000, whereupon he became one of the zoo's 
Conservation Biologists. 

Jack Cover, a native of Baltimore, Maryland, was hired as Lead 
Keeper in the early 1980s. Jack worked at the Fort Worth Zoo for 
several years where he made significant contributions to the over-
all program. Jack was a great exhibit artist, published numerous 
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papers, and was particularly adept at enticing animals under his 
care to reproduce. Jack left the Fort Worth Zoo in the late 1980s to 
take a position at the National Aquarium at Baltimore, where he 
presently serves as General Curator. 

Other former staff members worthy of mention are: Johnny 
Banks, Steve Boyd, Kelly Bradley, Amy Bridegam, Gary Carl, 
Chris Davis, Steve Dobbs, Ricky Green, Norm Haskell, Terry 
Hulsey, Randy Johnson, Tim Jones, George Ledvina, Tommy Lo-
gan, Doug Mehaffey, Steve Meyers, Ken Morgan, Nate Nelson, 
Norman Nunley, Rick Reed, Jeff Ross, John Simmons, Marc 
Spataro, Mike Stewart, Earl Turner, and Mark Wanner. 

Currently the department has eight staff members: Curator Diane 
Barber, Lead Keeper Matt Vaughan, and keepers Grant Ashmore, 
Andrew Brinker, Mike Doss, Andrea Floyd, and Stephen 
Hammack. 

CAPTIVE REPRODUCTION 

During the late 1970s and early 1980s herpetologists were fi-
nally beginning to grasp the fundamentals of husbandry science—
made possible by pioneering studies on sex determination, ther-
moregulation, hibernation, habitat selection, UV light requirements, 
social behavior, etc. 

The Fort Worth Zoo Herp Department has always had an im-
pressive collection and a staff motivated to provide their animals 
with the environmental/social conditions necessary to reproduce. 
In 1988 the department was awarded the prestigious AZA Edward 
H. Bean award for their breeding program for five species of ar-
boreal boids. Over the years staff elicited reproduction in more 
than 220 species (crocodilians, 6 species; chelonians, 25 species; 
lizards, 58 species; snakes, 120 species; anurans, 15 species) re-
sulting in the production of more than 6000 offspring. 

CONSERVATION 

Staff members at the Fort Worth Zoo have a rich history of in-
volvement in conservation projects. In 1993 the Zoo established a 
Conservation Department to more actively participate in global 
programs aimed at habitat protection and species conservation. 
Although the members have an interest in many non-herp pro-
grams, reptile and amphibian projects have always been, and con-
tinue to be, an integral part of their overall conservation vision. 
Herpetology staff is actively involved in the Conservation 
Department's programs and also pursue projects independently. 
The following is a brief summary of ongoing herp projects. 

Anegada Iguana, Cyclura pinguis 
In an effort to save Cyclura pinguis, the World Conservation 

Union (IUCN) Iguana Specialist Group, along with the British 
Virgin Islands National Parks Trust, initiated a head-start program 
to bolster the wild population until many of the problems facing 
the iguanas could be minimized or removed. This project is par-
tially funded and managed by staff at Dallas Zoo, with staff from 
the Fort Worth Zoo providing field support and nutrition studies. 
The San Diego Zoo's Center for Research of Endangered Species 
(CRES) also has an active role in this program. 

Puerto Rican Crested Toad, Peltophryne lemur 
In an effort to save this species from extinction, a Species Sur-

vival Plan (SSP) was created in 1984. The SSP goals include is-
land-wide education and outreach, research, the protection of ex-
isting habitat, and the creation of new ponds. A reintroduction pro- 

gram is a large component of the recovery plan for this species. 
Each year, captive toads from zoos and aquaria in the United States 
and Canada are reproduced, and tadpoles are sent to Puerto Rico 
for repatriation. 

In late 2006 program participants will begin a nutritional/di-
etary analysis of wild tadpoles, and continue a hydrology study on 
the remaining breeding pond and release sites. Zoo veterinarians 
will initiate a health assessment study on Marine Toads that are 
sympatric with the Crested Toad. 

SSP Partners are American Zoo and Aquarium Association, 
Puerto Rican Department of Natural Ecological Resources, U.S. 
Fish and Wildlife Service (USFWS), University of Puerto Rico, 
Juan Rivero Zoo, and citizens of Puerto Rico. 

Chiricahua Leopard Frog, Rana chiricahuensis 
Listed as threatened without critical habitat, the Chiricahua Leop-

ard Frog is in decline in many locales across its range. The Fort 
Worth Zoo has set up a head-start facility where adult frogs from 
select populations will be bred and resulting tadpoles returned to 
the field for repatriation. 

Partners are USFWS, New Mexico Game and Fish Department, 
Arizona Game and Fish Department, and Turner Endangered Spe-
cies Fund. 

Jamaican Iguanas, Cyclura collei 
Shortly after the rediscovery of the Jamaican Iguana in 1990, 

the Durrell Wildlife Conservation Trust funded initial field work 
and began to establish husbandry protocols. Subsequently the Fort 
Worth Zoo began raising funds to further support field research. 
To formulate a consensus, conservation, and recovery strategy, 
the Zoo organized a Population and Habitat Viability Assessment 
workshop in Kingston. Conservation actions were focused on re-
versing high juvenile mortality due to mongoose predation and 
called for collection of hatchlings for an expanded head-start pro-
gram at the Hope Zoo, increased field research, predator control, 
and an eventual restocking program. In 1994 a team from the Fort 
Worth Zoo constructed an iguana management and head-start fa-
cility, and by 1996 the first pilot releases of iguanas had occurred. 
Since then the Zoo has conducted nutritional studies, coordinated 
genetic research, and performed veterinary health assessments. 
Training of Hope Zoo staff has been ongoing, both in Jamaica and 
in the U.S. The reintroduction program continues today and since 
1996, 76 sub-adult Jamaican Iguanas have been successfully re-
patriated to the wild in order to boost the remnant population sur-
viving in the Hellshire Hills. In 2002 a milestone was reached 
when a released iguana appeared at one of two known nesting 
sites and laid eggs, evidence that head-started iguanas were be-
coming integrated with the wild population. Today the Jamaican 
Iguana is recognized as one of the world's leading conservation 
success stories, and reinforces the concept that captive popula-
tions, when properly managed, can be highly relevant to conser-
vation. 

FUTURE PLANS 

Following tradition, the Herp Staff will continue to showcase a 
diverse collection and focus on the captive reproduction of rare or 
little-known species. With conservation and in-house research play-
ing an increasing role in the department's master plan, staff mem-
bers will further expand their ties with the academic herp commu- 
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nity to more broadly define and address issues of importance. 
As the department nears its 50` h  anniversary, staff are complet-

ing plans and raising funds for a new state-of-the-art herpetarium. 
This improved facility will provide increased off-exhibit holding 
space, as well as a more dynamic public display that presents natu-
ralistic exhibits with an educational theme of conservation and 
stewardship. 
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". . THAT HE HAD RECEIVED INFORMATION FROM THE INHABITANTS 
OF THAT ISLAND, THAT IN THE NEIGHBOURHOOD OF LABOEAN 
BADJO, AND ON THE ISLAND OF KOMODO OCCURED [SIC] A VARANUS 
SPECIES OF AN UNUSUAL SIZE. THEY CALLED THE ANIMAL 'BOEAJA 
DARAT' (LAND CROCODILE)."—P. A. OUWENS (1912) 

"THE PUBLIC SEES THE KOMODO DRAGON, WITH ITS AWESOME MOR-
PHOLOGY AND UNSETTLING FEEDING BEHAVIORS, AS A COMBINA-
TION OF CROCODILIAN, LIZARD, AND DINOSAUR - A CREATURE THAT 
MERCILESSLY TRACKS AND DEVOURS ITS PREY. THIS AMALGAM-
ATION OF FEAR, RESPECT, AND ADORATION HAS DRIVEN THE RE-
SEARCH MACHINE FOR MANY YEARS."—KURT AUFFENBERG AND 
WALTER AUFFENBERG (2002) 

"HOWEVER, THOUGH BURDEN (1928) STATED THAT THERE IS NO IN-
DICATION ORAS WILL ATTACK MAN, SOME INDIVIDUALS ARE DECID-
EDLY AGGRESSIVE, AND ATTACKS ON HUMANS HAVE OCCURRED ON 
SEVERAL OF THE ISLANDS ... ORAS WERE INVOLVED IN TWO DEATHS 
ON KOMODO."—WALTER AUFFENBERG (1981:320) 

"ACCOUNTS OF HUMANS BEING KILLED OR INJURED BY KOMODO 
DRAGONS HAVE BEEN DOCUMENTED ONLY IN LOCAL CASUALTY 
RECORDS OF THE MANGGARAI PROVINCE IN WESTERN FLORES IS-
LAND."—DENNIS R. KING, ERIC R. PIANKA, AND BRIAN GREEN (2002) 

In 1926, the first living Komodo Dragons (Varanus 
komodoensis), known as "Oras" in Indonesia, were placed on ex-
hibit in New York's Bronx Zoo (Fig. 1) and the Amsterdam Zoo 
(Fig. 2), but the effort to display them in New York was less than 
satisfactory. W. Douglas Burden (1927) painted this gloomy pic-
ture, "After watching these great carnivores in the wilderness of 
romantic Komodo, it was painful to see the broken-spirited beasts 
that barely had strength to drag themselves from one end of their 
cage to the other. Surely, it is not all a matter of diet and a change 
of climate. Perhaps, as in the case of many mammals, Varanus 
komodoensis, in order to survive, demands the freedom of his rug-
ged mountains." In 1934, a dragon on display at the Smithsonian's 
National Zoological Park (NZP) lived only two years after cap-
ture by the Griswold-Harkness expedition (Fig. 3). Five dragons 
were exhibited at NZP over a forty-year span, the average longev-
ity being five years and the maximum being 12 years (Fig. 4). 
Because the largest specimens were generally captured, dragons 
at other North American and European zoos fared poorly as well 
(see Flower 1937; Jones 1965; Rookmaaker 1975), no doubt due 
to the fact that adult animals often have difficulty adjusting to 
captivity. Dragons rarely lived beyond five years in captivity, and 
most did not survive the first few months. Zoo visitors were ex-
cited about viewing these huge, carnivorous lizards, so collecting 

FIG. 1. Komodo dragon exhibit at Bronx Zoo (Wildlife Conservation 
Society). Undated photograph but possibly in the early 1930s. Credit: 
photograph courtesy of Wildlife Conservation Society, headquartered at 
Bronx Zoo. 

FIG. 2. Komodo dragon with keeper at Natura Artis Magistra in 
Amsterdam photographed between 1926 and 1931. Komodo dragons were 
added to the collection in 1926. Five years later, 12 eggs were laid in a 
hole and protected by the female. Note tortoise in back right corner of 
exhibit. Credit: provided by Eugene Bruins, Natura Artis Magistra Ar-
chives. 

expeditions to Komodo were mounted to secure specimens for 
display until World War II brought collecting to an end for many 
years. 

At the London Zoo, several intriguing reports on dragon behav-
ior seemed to contradict the belief that dragons were always dan-
gerous to man and were delicate captives. Hill (1946) mentioned 
a dragon at the Zoo pushing a shovel over the stones in his cage... 
"and the more noise he can make with it, the more it seems to 
please him." Curator of Reptiles Joan Beauchamp Procter (1928) 
discussed tractability and tameness, "The dragon, whose name is 
Sumbawa, walked around a very long table, and without paying 
attention to the audience ate a large fowl, several eggs, and a pi-
geon from her hand, allowing itself to be scratched and patted 
even when swallowing the fowl with enormous gulps, treatment 
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FIG. 3. Keeper Roy Jennier next to "Xomo," the first Komodo dragon
at Smithsonian National Zoological Park. This lizard was collected by
Griswold-Harkness expedition in 1934, cost $780 at that time, and lived
two years. Hot water pipes in rockwork provided heat. This image was

duplicated in color on a postcard for sale. Photograph courtesy of
Smithsonian National Zoological Park Photo Archives.

which even dogs will not always permit." and "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. Procter (1928-1929) included a photograph of a two-year
old child standing next to Sumbawa (Fig. 5) and examined dragon
behavior, "The question of the ferocity of these lizards is, per
haps, the most misunderstood of all. All the lizards of the genus
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 is the gentlest, most intelligent,
and most tractable of them all. This is comparing them with speci-

FIG. 4. Supervisor of reptiles Jack DePrato and dragon named Kalana
at Smithsonian National Zoological Park in late 1960s. Photograph cour
tesy of Smithsonian National Zoological Park Photo Archives.

FIG. 5. Photograph by F. W. Wood of Sumbawa standing next to two
year-old child from Joan Procter's article "Dragons that are alive to-day,"
published in Wonders of Animal Life in 1928-1929. Photograph cour
tesy of Kraig Adler.

mens 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." Sumbawa accom
panied Procter on strolls through the Zoo during her inspections,
" ... investigating everything which might be of interest." The
lizard responded to the voice of its keeper or curator, but disliked
having its tympanum touched. There is a photograph of keeper
Arthur Budd with Sumbawa in 1928 (Zuckerman 1976); the scar
on the lizard's neck was caused by a crocodile bite. Peter Chalmers
Mitchell, Secretary of the Society from 1902 to 1935, concluded
in 1929, " ... the better conditions for the reptiles themselves and
the feeding and handling of them has made some unexpected crea
tures docile. Notable instances are the Komodo dragons, which
are as tame as dogs and even seem to show affection."

Robert Mertens from the Senckenberg Museum in Frankfurt,
Germany acquired two dragons from Mr. R. R. Rookmaaker on
Flores (Mertens 1930; see also Rookmaaker 1975). Mertens (trans
lated from German) described the affair, "The next day we met
the zoologically very interested assistant-resident of Flores, Mr.
Rookmaaker, who immediately showed his willingness to support
our expedition in any way. I was especially pleased when Mr.
Rookmaaker agreed to comply with my request to get me a
Komodo monitor for the Senckenberg-Museum. As the Island of
Komodo had been thoroughly investigated the previous year by
the American Burden-expedition, it would hardly have served any
purpose to visit the Island by ourselves, as a visit to Komodo would
have cost a lot of time and money. Mr. Rookmaaker showed great
kindness by sending a small expedition of natives from Laboean
Badjo, on the West coast of Flores, to the Island Rintja-in be
tween Komodo and Flores-to catch a Varanus komodoensis for

me; I would then travel to Reo, on the North coast of West-Flores,

to collect this valuable animal that would be transported there from
Laboean Badjo ... As the larger Varanus komodoensis still per
sisted in refusing to take food, we decided to kill the animal, in
order to prepare the skin and skeleton in a leisurely manner. After
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we had tried in vain to kill the animal with chloroform [Mertens

uses the term 'chloroformieren'] I reached for the needle and after

an injection of 5 ccm nicotin and 10 ccm sublimate it died within
a few minutes. The smaller specimen on the other hand quickly
decided to start feeding: chicken eggs, chicken entrails, and veal
were taken regularly. Mr. Rookmaaker now kindly gave us this
lively specimen for the Frankfurt Zoo, while he courteously do
nated the larger specimen to the Senckenberg-Museum." There is

a picture of the live dragon with a rope around its pelvic area. In
1942, curator Gustav Lederer described the habits of this tame

dragon named Bilbchen which 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 Aquarium was demolished,
thus living 16 years, 8 months, and 21 days. In Lederer's 1942
paper, there is a photograph of a woman with this large dragon.
Some reptiles can recognize their keeper and are able to distin
guish him from other persons. At Frankfurt, the dragon knew the
veterinarian after the second treatment and could no longer be

persuaded to leave its hiding place as soon as the vet appeared.
The lizard even recognized the operating table and fled from it
(Lederer 1931). Keeper Albert Schick allowed zoo visitors to in
teract with a dragon outdoors at the Frankfurt a. M. Zoo (Figs. 6,
7).

Two dragons from Rintja arrived at the Berlin Aquarium in
1927-"Max and Moritz"-presumably named after the charac
ters from a famous old German book for children (Sachs 1927;

Jones 1985; Fig. 8). Moritz lived until 1944. There is another pho
tograph of a Berlin dragon with its keeper in a publication by
KlingelhOffer (1957:247). Jilrgen Lange (1989) reported on a pair
of dragons from Flores which arrived at the Aquarium during May
1984, "During the first two months after their arrival both the moni
tors were aggressive toward visitors so viewing was restricted to
the narrow sides of the terrarium and the public prohibited from

touching the glass. Since then, however, they have become very
tame and show no fear of their keeper."

The first dragons arrived at the Antwerp Zoo in 1930 but these
lizards lived only a few years. Seven years later, other dragons
began arriving at the Zoo but these varanids also lived a short
time. In 1959, Walter Van Den Bergh published two interesting

photographs. One pictures the chief guardian of reptiles, 1. Van
Gorp, next to two large dragons which became tame only a few
days after arrival. The other photo shows a dragon being held by
its forelegs in an upright position.

In 1937, the only zoo in Indonesia to have dragons was Surabaya.
Two years later, on occasion of the 75th anniversary of the then
Dutch Zoo of Batavia (Jakarta), a book was published:
"Bataviasche Planten- en Dierentuin 1864-1939" with photographs

of the dragons in that old zoo and also a special chapter dedicated
to them. There is an account of an expedition that would fulfill an
old wish of the Zoo's board-to offer some of these dragons for
sale to other zoos. The Ministry of Economic Affairs supported an

expedition to collect lizards for Rotterdam, Antwerp, Rome,
Edinburgh, Washington, and Philadelphia zoos. They left for
Laboen Badjo in early June 1937 and decided to catch dragons by
using wooden traps. The traps were baited with deer and pig meat.
Only one young dragon was caught but the traps attracted a lot of
very skinny dogs so they switched to the methods used by the na-

FIG.6. Photograph of Komodo Dragon at Frankfurt Zoo with keeper
Albert Schick during early 1960s. Photograph courtesy of Hans-Dieter
Philippen and Gerard Visser.

tives-using wire traps-something they initially had wanted to
avoid because of potential damage to the monitors. There is no
mention on how many were caught or whether any were shipped

FIG.7. This adult Komodo Dragon, with keeper Albert Schick, was
allowed to walk among zoo visitors at Frankfurt a. M. Zoo in Germany.
When the lizard arrived at the zoo in 1958, it measured 2.5 m. Photo
graph by R. Faust, courtesy of Christian Schmidt.
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FIG. 8. Moritz, an adult male Komodo Dragon at the Berlin Aquarium. 
Two dragons from Rintja arrived at the Aquarium in 1927 and Moritz 
lived until 1944. The other dragon (Max) died shortly after arrival. Moritz 
is climbing out of his terrarium in the Aquarium and following his keeper 
like a dog. Photograph courtesy of Archive Zoo-Aquarium Berlin. 

FIG. 9. Kraken with Trooper Walsh during one of the experimental tri-
als to determine play behavior at Smithsonian National Zoological Park 
in 1999. 

FIG. 11. Kraken begs pizza from a familiar volunteer at Smithsonian 
National Zoological Park, 1998. Photograph by Trooper Walsh. 

to foreign zoos. 
In the National Geographic School Bulletin published on 10 

October 1960, a cover photo said to be taken at the Rotterdam 
Zoo shows a young child walking with a large dragon controlled 
by a rope harness around its body. 

Until recent decades, captive dragons have not been thoroughly 
investigated, due to lack of success in maintaining viable popula-
tions. At the NZP in 1995, a young female named Kraken, ap-
proximately 2.5 m in total length and hatched at the Zoo three 
years earlier, usually exhibited playlike behavior—removing a 

FIG. 10. Keeper Rob Lewis records Kraken's behaviors during experi-
mental trials to determine play behavior at Smithsonian National Zoo-
logical Park in 1999. Photograph by Trooper Walsh. 

FIG. 12. Kraken investigates unfamiliar visitor at Smithsonian National 
Zoological Park, 1998. Photograph by Trooper Walsh. 
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handkerchief or notebook from keeper Trooper Walsh's pocket, 
scraping his shoes with her forearm, playing tug of war with a 
plastic cup, interacting with empty cardboard boxes, as well as 
pieces of cloth and scarves (Fig. 9). Kraken stood on her hind 
legs, directed tongue flicks to Walsh's face, rested her head on his 
shoulder, and closed her eyes. Kraken carried frisbees, shoes, plas-
tic toy action figures for children, and other objects around in her 
mouth but made no attempt to swallow them (Fig. 10). The lizard 
stuck its head into a plastic bucket, raised her anterior trunk so 
that the container covered her head and walked around the ex-
hibit. The dragon placed her snout inside a shoe, lifted it off the 
substrate, and moved throughout the cage. When Walsh whistled, 
Kraken turned her head toward the source of the sound. Kraken 
could discriminate between prey and non-prey; she would gently 
take a rat offered with tongs and never showed an inclination to 
bite Walsh. See Burghardt et al. (2002) for an initial behavioral 
inventory and quantitative analysis of the trials with Kraken. 

Not all dragons are placid toward humans, however. Walter 
Auffenberg (1995, pers. comm.) told us about a large rogue dragon 
(later identified as # 34) tracking his fifteen-year-old son Kurt and 
field assistant Putra Sastrawan during his study on Komodo Is-
land. Kurt and Putra took a small trail from the base camp to work  

in Poreng, a pass over the mountain ridge that separates the north-
ern and southern watersheds of the island. People used this trail to 
go to Sabita, a village on the northeast coast. This dragon entered 
their tent, tore apart articles of clothing, and carried off a soiled 
handkerchief. When they returned to base camp the next day, # 34 
walked up to the house, laid its chin on the deck and watched 
them. Kurt recognized # 34 and suspected that the lizard had tracked 
them which was confirmed when they returned to the trail the next 
day; the dragon's tail drag was superimposed over their footprints. 
Remarkably, this dragon had tracked Kurt and Putra from Poreng 
back to the base camp, a distance of several kilometers. Walter 
interpreted this as a potential predatory episode. Of the 55 
hatchlings produced by the NZP female between 1992-1995, at 
least two were aggressive toward humans at hatching and remained 
so through adulthood. 

There are a number of research projects currently running or 
recently completed at several zoos. At the Dallas Zoo, Curator 
Ruston Hartdegen and associates have discovered that a dragon 
could discriminate between 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 famil-
iar caretaker, nervous around the less-familiar reptile keeper, and 
displayed defensive behavior to the keeper from another animal 
department (R. Hartdegen, pers. comm.). Kraken at NZP exhib-
ited the same responses toward familiar and unfamiliar persons 
(Figs. 11, 12). 

At the London and Houston zoos, ultrasonography without an-
esthesia is used to determine sex and assess reproductive condi-
tion on dragons; the dragons remain calm during the procedure 
(Fig. 13). 

In London, a large male dragon (named Raja) was in a restraint 
box for target training (Fig. 14). 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 ini-
tial cue—then the reward frequency was gradually reduced, using 

FIG. 13. Ultrasonography of dragon at London Zoo in 2005. Photo-
graph courtesy of Richard Gibson, Zoological Society of London. 

FIG. 14. Large male dragon named Raja in restraint box for targeted 
operant training to allow bleeding, nail clipping, physical examination, 
and other procedures requiring handling. Photograph courtesy of Richard 
Gibson, Zoological Society of London. 
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FIG. 15. Dolly Ellerbrock and dragon named No-Name at Pittsburgh 
Zoo. This enormous male dragon is called "No" by the staff and comes to 
them when called. No-Name hatched at Smithsonian National Zoologi-
cal Park in 1993 and now measures approximately 3 m in total length and 
weighs ca. 82 kg. Photograph by Herb Ellerbrock, Pittsburgh Zoo. 

a clicker (sound producing device) as a bridge between the target 
and reward (R. Gibson, pers. comm.). 

At the Pittsburgh Zoo, 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 sup-
port 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.; Fig. 15). 

Dragons will prove to be interesting subjects for future behav-
ioral studies. What we have presented here is mostly anecdotal, 
but systematic studies to further examine the causes for these un-
expected responses by dragons toward humans will be fruitful. 
But why are humans motivated to interact with dragons and why 
are these lizards often personalized? It seems as though large rep-
tiles in zoos, especially dragons, are often given pet names but 
this rarely occurs with smaller ones. Retired NZP curator Dale 
Marcellini offered an interesting observation—perhaps the size 
and shape of dragons (and other reptiles such as crocodilians) which 
are somewhat similar to humans may be the main reason that hu-
mans pay more attention to these large reptiles and, as a conse-
quence, may well initiate interactions with them. In an attempt to 
dominate all animals, some humans may specifically focus atten-
tion on large, possibly dangerous reptiles even when there are 
potential risks. In other cases, humans motivated to understand 
why reptiles operate the way they do may concentrate on dragons 
and other gargantuan reptiles. Detailed comparative studies with 
small reptiles and humans would be very enlightening. 

There are examples of habituation ("tameness") in dragons in 
the wild, wild dragons brought into captivity, and those hatched in 
captivity. In a series of arresting photographs in her 1992 book 
called "Les Dragons de Komodo," Nicole Viloteau is interacting 
with two large wild dragons and one image shows her pulling out 
a gigantic dragon's tongue and kissing its tip. 

In our combined experience working with living reptiles for 
nearly 90 years, no other species has interacted with humans like 

Komodo Dragons—these lizards are something special. Noted 
varanid biologist Eric Pianka put it this way: "Varanid lizards dif-
fer from other lizards in several ways. They have more aerobic 
capacity and greater metabolic scope, most varanids range over 
larger areas, and they are much more intelligent than other lizards. 
If you doubt this, go to a zoo that has a Komodo Dragon, make 
eye contact, and look into its eyes. You will be impressed with the 
way it looks back at you!" 
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Statement of the problem: nomenclatural instability and 
confusion 

Ever since their discovery by Europeans, giant tortoises of the 
western Indian Ocean have been at the center of taxonomic de-
bates (Chambers 2004; Crumly 1988). Two clades are now recog-
nized from this region (Arnold 1979): Cylindraspis spp., the ex-
tinct Mascarene tortoises, and Aldabrachelys from the Seychelles-
Aldabra-Madagascar region (SAM). During nearly two centuries, 
no fewer than five generic names, and 13 epithets have been ap-
plied to the giant tortoises of SAM, with nearly 30 binomial com-
binations. Yet, recent genetic research indicates that despite this 
plethora of names there are but three distinguishable congeneric 
species in SAM: two fossil forms from Madagascar, and one liv-
ing taxon, the Aldabra Tortoise (Austin et al. 2003; Karanth et al. 
2005; Le et al. 2006; Palkovacs et al. 2002, 2003). 

In the eye of this taxonomic tempest is the Aldabra Tortoise. 
Over the past two decades there has been growing confusion about 
which scientific name to apply to the giant tortoise that lives on 
Aldabra Atoll. During this period at least four generic names 
(Aldabrachelys, "Dipsochelys," Geochelone, and Testudo) and 
three epithets ("dussumieri," elephantina, and gigantea) have been 
used for this tortoise, with no fewer than six binomial combina-
tions. This nomenclatural uncertainty affects not only the two fos-
sil species on Madagascar, but also ongoing debates about giant 
tortoises from other islands in the Comores and Republic of 
Seychelles. 

The contemporary surfeit of names for the Aldabra Tortoise stems 
from three issues: evolving opinions on the intergeneric relation-
ships of land tortoises (Testudinidae), enhanced understanding of 
the taxonomic relationships of the nominal species that lives on 
Aldabra and Seychelles, and varying interpretations of how to deal 
with Schweigger's (1812) description of Testudo gigantea, for 
which there is no known type specimen. 

With regard to the question of intergeneric relationships, ever 
since Loveridge and Williams' (1957:220 ff.) seminal study, the 
Linnean genus Testudo has generally been restricted to certain Old 
World, non-gigantic species, although as late as 1996 Testudo 
gigantea was still in use (e.g., Blaszkiewitz 1996). Loveridge and 
Williams (p. 225) proposed the subgenus Aldabrachelys for group-
ing the Aldabra tortoise and other closely related species within 
Geochelone Fitzinger, 1835. "Dipsochelys" was coined by Bour 
(1982) to replace Aldabrachelys (see below) as the genus for the 
Aldabra tortoise and its close relatives. Today the use of 
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Aldabrachelys (or "Dipsochelys") as a full generic name, instead 
of Geochelone, comes from the generally accepted conclusion that 
Geochelone (s. lat.) is not monophyletic but that its subgenera are 
monophyletic, although there are divergent views (see Austin et 
al. 2003:1415; Caccone et al. 1999:6; Crumly 1982:232; 1985:117; 
Crumly and Sanchez-Villagra 2004; Gaffney and Meylan 
1988:210; Le et al. 2006; Meylan and Auffenberg 1987:74; Meylan 
and Sterrer 2000:68; Palkovacs et al. 2002:224). 

From no later than 1877 until at least 1915 more than one spe-
cies of giant tortoise was thought to live on Aldabra Atoll. Some 
of the better known works that reported various species to be sym-
patric on Aldabra, are Gunther (1877:10): elephantina, daudinii, 
hololissa, and ponderosa; Boulenger (1889:167-169): elephantina, 
daudinii, hololissa, and gigantea (with ponderosa regarded as a 
junior synonym to elephantina); Rothschild (1897): gigantea and 
daudini [sic] (with elephantina, hololissa, and ponderosa regarded 
as junior synonyms of gigantea); and Rothschild (1915:425-427): 
daudinii and elephantina (with gigantea on some other island in 
Seychelles, and hololissa regarded as a junior synonym of gigantea, 
and ponderosa regarded as a hybrid of elephantina and gigantea). 

Since 1950 most workers have agreed that just one species of 
giant tortoise, gigantea, lives on Aldabra and the Seychelles (e.g., 
Mertens and Wermuth 1955:377-378; Wermuth and Mertens 
1961:204, 1977:84; Williams 1950:520, 551;1952:557). However, 
in the last two decades there have been renewed claims that as 
many as four species of giant tortoise are living, or have lived, on 
Aldabra and Seychelles islands (e.g., Bour 1985a:54 ff, 1985b:60 
ff., 1988:403; Gerlach 2004); these assertions have been contra-
dicted by recent molecular genetic work (Austin et al. 2003; 
Karanth et al. 2005; Le et al. 2006; Palkovacs et al. 2002, 2003). 
Questions about intergeneric relationships and multiple species 
on Aldabra and Seychelles are beyond the scope of this paper. 
Here I evaluate only the nomenclatural status of Schweigger's 
(1812) name, Testudo gigantea. 

Origin and early use of Testudo gigantea Schweigger 

In 1812 Testudo gigantea was described by Schweigger in two 
places (page 327 and pages 362-363) in a monograph that was 
republished partially two years later (1814) (see Bour 1984a:162; 
Loveridge and Williams 1957:533). According to Schweigger 
(1812:327), the specimen upon which his description was based, 
from the royal collection of Lisbon, was examined in a museum in 
Paris (although not specifically stated, it was later assumed that 
this specimen was in the Museum National d'Histoire Naturelle, 
Paris; see Bour 1984a:162; Crumly 1986:238; Pritchard 1986:522). 
It has been questioned if Schweigger "specially indicated" a type 
(Pritchard 1986:522; Rothschild 1915:430), for it was not cus-
tomary at that time to do so. Nonetheless, the single specimen that 
Schweigger described is ipso facto the holotype, and it has been 
lost since at least the beginning of the 20th Century (Bour 
1984a:162; Crumly 1986:238-239; Rothschild 1915:430). The 
"habitat" of T gigantea was listed by Schweigger (1812) as 
"Brasilia." Certain other species described by Schweigger (1812), 
with erroneous localities, are recognized today (Crumly 1988:2; 
Pritchard 1986:531). 

Between 1831 and 1881 numerous authors referred to T. gigantea 
in varying ways showing that there was considerable confusion 
about the taxonomy and zoogeography of giant tortoises, and this  

species in particular. T. gigantea was placed within the complex 
synonymy of Testudo indica, a species regarded by Gray (1831a:3, 
183 1 b:9) as highly variable and found in many parts of the tropi-
cal world. Later, Gray (1844:5-6, 1855:5-6) placed T gigantea 
within the synonymy of Testudo indica, but simultaneously listed 
it as "T. gigantea Schweig. ?" (or "T. gigantea Schweigger?") in 
the synonymy of Testudo tabulata. Dumeril and Bibron (1835:114, 
120, 121, 123) and Dumeril and Dumeril (1851:5) recognized T 
gigantea Schweigger as a separate species, of unknown "patria," 
but noted that it resembled closely T elephantina, a species known 
from the region of the Mozambique Channel, including Aldabra 
and other islands. Gray (1869:171, 1870:7) made cautionary re-
marks about the risks of "determining species without the exami-
nation of all the parts of the animal, the skull as well as the tho-
rax" raising the possibility that gigantea, as well as eight other 
nominal species of giant tortoise, might not be distinct species. 
Gunther (1877:22 fn.) commented that T gigantea may be the 
same species as T elephantina, the latter known to live on Aldabra. 
Other interpretations during this fifty-year period include listing 
Testudo gigantea Schweigger under Testudo tabulata (Temminck 
and Schlegel 1835:69), a synonym of Geochelone (Chelonoidis) 
denticulata Linneaus 1766, from South America; and using the 
name Scapia gigantea Schweigger (Gray 1872:3, 8) as a new com-
bination based upon a specimen of Manouria emys Schlegel and 
Milner, 1844, a species known from Southeast Asia. 

Establishment of Testudo gigantea Schweigger as the 
Aldabra Tortoise 

Hubrecht (1881:43) was the earliest author known to explicitly 
list the locality of T gigantea Schweigger as Aldabra, "the chief 
dwelling place of the closely allied Testudo elephantina." He raised 
the question if these are distinct species, or "merely varieties of 
the same species." Boulenger, in his seminal catalogue (1889:168) 
listed the locality of T gigantea Schweigger as Aldabra, along 
with elephantina and two other nominal species. He later 
(1894:305) referred to "the true Testudo gigantea of Schweigger" 
having earlier indicated that a fossil form from Madagascar is "most 
nearly allied to Testudo gigantea of the Aldabra Islands" 
(1893:581). 

From 1881 until present, T gigantea has been applied to the 
Aldabra Tortoise, with varying opinions on the number of other 
giant tortoise species on this atoll and elsewhere in the Seychelles 
islands. As many as seven different species have been recognized 
at one time from the Aldabra and Seychelles area (Rothschild 
1915), and as many as four species were thought to occur on 
Aldabra by Gunther (1877:10) and Boulenger (1889:167-169). 

Rothschild (1897:407) recognized T gigantea Schweigger as 
the oldest name for the Aldabra Tortoise, and established 
elephantina and ponderosa as subspecies, or "casual aberrations 
of T. gigantea;" he also recognized T daudini. By 1950 T gigantea 
was the only species of Indian Ocean giant tortoise mentioned in 
Williams' comparative study (1950:520, 536, 552), and later Wil-
liams (1952:557 fn.) drew attention to the fact that "T gigantea is 
the oldest name" for the Aldabra Tortoise. In 1957 Loveridge and 
Williams (1957:225) designated T gigantea Schweigger, as the 
type species of their new subgenus A Idabrachelys. Apart from the 
Aldabra Tortoise and the extinct Madagascar grandidieri, the only 
other species that they specifically included in their new subgenus 

276 	 Herpetological Review 37(3), 2006 



was T sumeiri [sic], a name applied to a gigantic specimen of 
confused origin but generally thought to come from the Seychelles. 
Mertens and Wermuth (1955:377-378) and Wermuth and Mertens 
(1961:204) listed only one species from the Aldabra and Seychelles 
area: Testudo gigantea Schweigger, 1812, with three subspecies: 
T g. gigantea from Mahe, T g. daudinii from Aldabra's south 
island, and T g. elephantina from Aldabra's north island. Other 
major taxonomic studies of testudines that continued to recognize 
T gigantea as the only species from Aldabra include Auffenberg 
(1974:142) and Wermuth and Mertens (1977:84). Moreover, scores 
of authors in more than a hundred papers in a wide variety of 
scientific publications have also referred to the species of the 
Aldabra tortoise as gigantea (Gerlach 2001:23 tab. 1; Stimson, in 
Pritchard 1986:522). 

Varying opinions on the established nomenclatural system 

In 1982 Bour stated that Schweigger's type description of T 
gigantea applied "incontestablement" [unquestionably] to an ex-
tinct Mascarene tortoise, now known as Cylindraspis indica 
(Schneider, 1783). Though acknowledging that gigantea had been 
used for decades, including by himself (e.g., Bour 1979:1225, 
1980:543, 544, 1981:120), Bour concluded that the name could 
not be applied to the Aldabra Tortoise and decided it was a junior 
synonym of T indica Schneider, 1783. He then revived Dumeril 
and Bibron's (1835) name, T elephantina for the Aldabra Tor-
toise. Bour further concluded that Aldabrachelys (Loveridge and 
Williams 1957: 225 "Type species: Testudo gigantea Schweigger") 
was not available for the Aldabra Tortoise, but a junior synonym 
of Cylindraspis Fitzinger, 1835. On the basis of these decisions, 
Bour erected a new genus "Dipsochelys" for the giant tortoises of 
the Seychelles-Aldabra-Madagascar region. He later published 
more extensive arguments along these same lines (Bour 1984a, 
b); in all cases his evidence was based solely on Schweigger's 
(1812) description. 

Pritchard (1986) agreed with Bour that Schweigger had not de-
scribed an Aldabra Tortoise. However, he concluded that the 1812 
description applied to the South American Geochelone 
(Chelonoidis) denticulata. Like Bour, Pritchard developed intri-
cate arguments for reinterpreting the original description. His stron-
gest point was an assertion that "there is persuasive circumstantial 
evidence that the specimen indeed came from Brazil" (1986:528). 
While his reinterpretation is compelling, a careful reading of 
Pritchard's arguments reveals that they are replete with qualifiers 
and caveats (for example in regard to the reliability of type locali-
ties from that era, Schweigger's two recognizable descriptions of 
denticulata listed the species as native to Virginia [Crumly 1988:2; 
Pritchard 1986:531]; see Rasmussen and Prys-Jones [2003] for a 
detailed discussion on the complexities of interpreting locality data 
from 19th Century ornithological specimens). Moreover, Pritchard 
stated that Schweigger did not designate type specimens, indicat-
ing that no type specimen for T gigantea will ever be located. 
While Pritchard agreed with Bour that gigantea should be replaced 
by elephantina, he argued that Aldabrachelys should be maintained 
as per his interpretation of the rules and recommendations of the 
International Commission of Zoological Nomenclature (ICZN). 
He admitted that "invalidation of the familiar epithet gigantea rep-
resents a rather profound upheaval," reporting that this name was 
well established during the past fifty years of publications  

(1986:522, 531). 
Crumly (1986) adopted a conservative approach to these no-

menclatural dilemmas, explaining that Schweigger's (1812) de-
scription was not easy to interpret, and observing that gigantea 
was the established name for the Aldabra Tortoise. Given that the 
priority of the ICZN is to maintain stability and universality, he 
saw no reason to cause instability in a system that was established 
and widely used by a diversity of researchers and publications, 
and he reasoned that both gigantea and Aldabrachelys are valid 
and should be retained. 

In their taxonomic review published for the Association of Sys-
tematics Collections, King and Burke (1989:70) decided to fol-
low Pritchard (1986), as did Broadley and Howell (1991:8) in their 
checklist and synoptic keys. However, numerous specialists in 
chelonian systematics have continued to use gigantea for the 
Aldabra Tortoise, employing either Geochelone or Aldabrachelys 
as the generic name (e.g., Austin and Arnold 2001:2515; Austin et 
al. 2002:281, 2003:1417; Crumly 1988:2; Crumly and Sanchez-
Villagra 2004:136, tab. 2; Ernst and Barbour 1989:250; Iverson 
1992:249; Meylan and Auffenberg 1986:303, 1987:76; Meylan 
and Sterrer 2000:52; Zug et al. 2001:44 ff.). 

A major proponent of name change for the Aldabra Tortoise and 
rejection of the established nomenclatural system has been Gerlach 
(e.g., Gerlach 1997, 2001, 2004; Gerlach and Canning 1995; see 
Frazier 2006 for details), who argued for the use of "Dipsochelys 
dussumieri" for the Aldabra Tortoise, thereby rejecting Bour 
(1984a:171 fn. 1, 1984b:282) and Pritchard's (1986:532) argu-
ments that Gray's (1831) T dussumieri is a nomen oblitum. In 
fact, Gray (1831a:3, 1831b:9, 1844:5, 1855:6), as well as 
Temminck and Schlegel (1835:75), clearly used "Test. dussumieri" 
only as a synonym for Testudo indica Schneider, 1783; hence, T 
dussumieri is an unavailable name (ICZN Art. 11.6; Frazier, in 
prep.). Gerlach (2001:23 tab. 1) has presented a summary of names 
used in tortoise publications that clearly shows that gigantea is 
the established name for the Aldabra Tortoise. 

Bour, in proposing the invalidation of gigantea, admitted to being 
"embarrassed to run counter to an apparently satisfying system" 
(1984b:281), but it is unclear what name he now prefers for the 
Aldabra Tortoise. Recently he has coauthored publications that 
have used Aldabrachelys gigantea (Austin et al. 2002, 2003). Yet, 
he has also been a coauthor of a paper in which "Dipsochelys 
dussumieri" was used for the Aldabra Tortoise (Gerlach and Bour 
2003). In his review of Gerlach's (2004) popular book, Bour (2004) 
wrote: "[t]he author [Gerlach] has chosen to use a generic name, 
Dipsochelys, and a specific name, dussumieri, which are not ab-
solutely unequivocal." 

Possible disadvantages from the continued use of Testudo 
gigantea Schweigger 

The only possible problem that has been mentioned for the con-
tinued use of gigantea for the Aldabra Tortoise is Pritchard's re-
mark (1986:532) that the same species name was used by 
Grandidier (1868a, b) for an extinct giant tortoise from Madagas-
car, Emys gigantea. However, this junior homonym of T. gigantea 
Schweigger was purposely replaced by Vaillant (1885:876) with 
T grandidieri (see also Boulenger 1894:305). Hence, Emys 
gigantea has long since been supplanted by T grandidieri, with 
widespread and continuous use, including by Pritchard himself 
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(Pritchard and Trebbau 1984:198). The only way that this hom-
onym could cause a problem would be to invalidate Vaillant's es-
tablished designation and try to supplant it with Grandidier's long 
disused name—a proposition that would only cause more chaos 
and instability and contravene ICZN Article 59.1 (1999). 

Summary of the contemporary situation regarding Testudo 
gigantea Schweigger 

The above discussion clearly shows that there is not only gen-
eral instability and chaos regarding the valid name of the Aldabra 
Tortoise, but the major proponents (Bour 1982, 1984a, b; Gerlach 
2001; Pritchard 1986) for "invalidating" gigantea have admitted 
that this action causes upheaval in an established nomenclatural 
system, thereby negating the ICZN objectives of stability, prior-
ity, and universality. Other specialists of chelonian taxonomy and 
systematics have chosen to reject the claim that Schweigger's 
(1812) T gigantea is not valid (see above). As mentioned earlier, 
Rothschild (1915) and Bour (1982) reported that the type speci-
men is lost. Although other workers (e.g., Arnold, Gerlach, 
Pritchard) have examined type material of giant tortoises in the 
Museum National d'Histoire Naturelle, Paris, with special atten-
tion to old types, there is no evidence that Schweigger's (1812) 
type is extant. Consequently, while scholars may continue to rein-
terpret Schweigger's (1812) description, there can be no unequivo-
cal determination, for this type specimen is lost. 

Designation of the neotype for Testudo gigantea Schweigger, 
1812 

To clarify the situation and stabilize the name for the Aldabra 
Tortoise, I designate USNM 269962, an adult male from Dune 
Patates, South Island, Aldabra Atoll, Republic of Seychelles, as 
the neotype of Testudo gigantea Schweigger, 1812. This speci-
men at the National Museum of Natural History, Smithsonian In-
stitution, consists of a skull, mandible, articulated carapace and 
plastron, scutes (most of which are attached to the shell), postcra-
nial skeleton, and fragments of skin. Skull measurements (mm) 
are: basicranial length = 110; maximum length = 123; maximum 
width = 82.9. Shell measurements (cm) are: straight carapace length 
= 82.4, curved carapace length = 116.2; straight width of 3rd verte-
bral = 28.0, curved width of 3'd vertebral = 30.1; and plastron length 
= 65.0 (see Grubb [1971:330] for a description of methods for 
measuring Aldabra Tortoise shells). There is a conspicuous nuchal 
scute; and the fourth vertebral has an epoxy-filled circle where a 
titanium disk was once attached (see Gaymer 1973). This neotype 
is a specimen of the nominal species Testudo gigantea Schweigger, 
which has recently been defined and diagnosed thoroughly as 
Aldabrachelys gigantea by Arnold (1979:138), as Geochelone 
gigantea by Crumly (1982:218 ff., 1985:124) and Crumly and 
Sanchez-Villagra (2004:Table 2. ff.), and as "Dipsochelys 
elephantina" by Bour (1994:19-25, 93 ff.). As Loveridge and 
Williams (1957:225) noted when erecting the subgenus 
Aldabrachelys, this taxon is characterized by having the external 
naris higher than wide. 

The status of Aldabrachelys Loveridge and Williams, 1957 

As summarized above, Bour (1982:117, 1984a:170, 1984b:282) 
stated that Loveridge and Williams' (1957:225) subgeneric name 
Aldabrachelys is a junior synonym for Cylindraspis Fitzinger,  

1835, and is thus not valid for the Aldabra Tortoise. Nonetheless, 
various authors have reasoned that without a ruling by the ICZN, 
Aldabrachelys continues to be available for the Aldabra Tortoise 
(Crumly 1986:240; King and Burke 1989:70; Meylan and 
Auffenberg 1987:74; Pritchard 1986:532). Bour (1994:136-137) 
contended that these authors were in error, and he stated that he 
will continue to use "Dipsochelys" for the generic name of the 
Aldabra Tortoise until a "hypothetical decision" is taken by the 
Commission. It is unclear if he ever submitted a proposal to the 
Commission, and as Bour (1994:137) admitted, the Commission 
has not offered an opinion on the status of the purported 
misidentified type specimen of Aldabrachelys. Hence, Loveridge 
and Williams' (1957) name continues to be available for the Aldabra 
Tortoise and closely allied species. In any case, Dipsochelys Bour, 
1982, is a subjective junior synonym and not a valid name for the 
Aldabra Tortoise. Moreover, the designation of a neotype for the 
type species (Testudo gigantea Schweigger) of the genus 
Aldabrachelys Loveridge and Williams (1957) removes the no-
menclatural confusion associated with the generic name of the 
Aldabra Tortoise. Aldabrachelys stands as the valid generic name 
for Aldabrachelys gigantea and other closely allied species (A. 
abrupta, A. grandidieri, and A. laetoliensis) whenever these spe-
cies are regarded as generically distinct from other taxa of giant 
tortoises. 
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Breeding behavior in plethodontid salamanders is comprised of 
several stages that employ tactile, chemical, and possibly visual 
stimulation (Verrell 1997). Certain integumentary glands called 
caudal courtship glands, located at the dorsal base of the tail in 
some male plethodontid salamanders, presumably produce phero-
mones and are of special interest concerning courtship and mating 
behavior (Sever 1989). Caudal courtship glands were first reported 
and histologically described in plethodontids by Noble (1929), 
who called them "hedonic" glands. Arnold (1977) later renamed 
them "courtship" glands and suggested these glands be referred to 
by their anatomical position (hence the name "caudal" courtship 
glands; Staub and Paladin 1997). Courtship glands may play a 
pivotal role in reproduction by pheromonally influencing female 
receptivity during mating (Sever 2003), and thereby influencing 
individual mating success. 

Caudal courtship glands produce secretions during the breed-
ing season (Sever 1989, 2003). During the mating season some 
male plethodontids (e.g., Plethodon jacksoni = Plethodon 
wehrlei-Newman 1954; Eurycea multiplicata-Noble 1929) 
exhibit an elevated ridge or protuberance at the dorsal base of the 
tail within which caudal courtship glands have been found (Hamlett 
et al. 1998; Sever 1989; Trauth et al. 1993). The secretions pro-
duced by these glands are thought to aid in eliciting the "tail-strad-
dling walk," which is a courtship component unique to 
plethodontids (Arnold 1977). During this walk the female places 
her snout directly above the glands on the tail base of the male. 
Her nasolabial grooves are believed to transfer chemicals from 
these glands to her vomeronasal organs (Houck and Sever 1994) 
where pheromonal stimulation presumably maintains the female's 
interest while the male deposits a spermatophore on the substrate. 
The female then may pick up the spermatophore with her cloacal 
lips, essentially completing the tail-straddling walk. Since sper-
matophore deposition is dependent upon the female being in the 
tail-straddling position (Houck and Reagan 1990) and because 
pheromonal secretions from the caudal courtship glands presum-
ably increase the likelihood that the female will remain in this 
position, these glands would increase success in male insemina-
tion of a female. Although sexual dimorphism and hypertrophy 
during the breeding season provide compelling evidence of a court-
ship function for these glands (Sever 2003), functional tests have 
not been performed. 

Caudal courtship glands are known in Desmognathus, Eurycea, 
and Plethodon (Sever 2003). Histological evidence also exists for 
several species of Eurycea (Hamlett et al. 1998; Noble 1929; Sever 
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FIG. 1. A. Caudal courtship, granular, and mucous glands of Plethodon albagula stained with Pollak 
trichrome; dark areas below the epidermis represent melanophores; scale bar = 100 gm. B. Caudal 
courtship, granular, and mucous glands of Plethodon albagula stained with alcian blue; scale bar = 
100 gm. C. Caudal courtship and granular glands of Plethodon ouachitae stained with Pollak trichrome; 
scale bar = 100 gm. D. Caudal courtship, granular, and mucous glands of Plethodon ouachitae stained 
with alcian blue; scale bar = 100 gm. Adipose tissue (AD), caudal courtship glands (CC), epidermis 
(EP), granular glands (GG), mucous glands (MG), muscle (MU). 

TABLE 1. Staining properties of various epidermal glands of Plethodon albagula, Desmognathus brimleyorum, and Plethodon ouachitae. Negative 
reaction (-), weak positive reaction (+), strong positive reaction (+++). 

Species 
	 Gland type 	 H&E 

	
Pollak trichrome 	Alcian blue 	PAS 	Secretion type 

P. albagula 

P albagula 

P albagula 

P ouachitae 

P ouachitae 

P ouachitae 

D. brimleyorum 

D. brimleyorum 

D. brimleyorum 

Caudal courtship 	Basophilic 
Mucous 	Basophilic 
Granular 	Eosinophilic 

Caudal courtship 	Eosinophilic 
Mucous 	Basophilic 
Granular 	Eosinophilic 

Caudal courtship 	Eosinophilic 
Mucous 	 Basophilic 
Granular 	Eosinophilic 

Greenish-blue 
no reaction 

Reddish-brown 
Purple-red 
no reaction 

Orange-brown 
dark purple 
no reaction 

Orange-brown 

+++ 

+++ 

+++ 

Granular 
Fibrous 
Granular 
Granular 
Fibrous 

Granular 
Granular 
Fibrous 

Granular 

1985, 1989; Trauth et al. 1993), Plethodon cinereus (Houck and 
Sever 1994; Noble 1929), Plethodon jordani (Noble 1929) and 
several desmognathines (e.g., Desmognathus phoca 
Desmognathus monticola; Desmognathus fuscus fuscus = 
Desmognathus auriculatus; Desmognathus fuscus carolinensis = 
Desmognathus ochrophaeus—see Noble 1929). Herein, we report 
the presence of these glands in three ad-
ditional species of salamanders in the two 
plethodontid subfamilies: 
Desmognathinae (Desmognathus 
brimleyorum, the Ouachita Dusky Sala-
mander) and Plethodontinae (Plethodon 
albagula, the Western Slimy Salamander, 
and P ouachitae, the Rich Mountain Sala-
mander). In addition, our study provides 
the first histological detail describing cau-
dal courtship glands in a desmognathine 
salamander. 

Methods.—Male specimens were col-
lected from Polk, Montgomery, 
Crawford, Newton, Logan, and Pike 
counties in Arkansas (Appendix 1; P. 
albagula, N = 5; P. ouachitae, N = 2; D. 
brimleyorum, N = 6). They are deposited 
in the Arkansas State University Herpe-
tological Museum. The majority of 
voucher specimens were collected dur-
ing the spring months (from Mar–May; 
N = 11). Early spring appears to be the 
optimal breeding season for these species 
(Taylor et al. 1990; Trauth et al. 1990), 
although little is actually known about the 
mating season in Arkansas. Specimens 
collected during this period were exam-
ined because caudal courtship glands are 
known to hypertrophy during the breed-
ing season in other species (Sever 1989), 
thus indicating that they may serve some 
function related to mating. For compari-
son, some animals were collected from 
the non-reproductive season (N = 2). The  

snout–vent length (SVL) of each specimen was measured from 
the tip of the snout to the anterior margin of the vent. 

Histological examination was performed using routine histo-
logical methods (Presnell and Schreibman 1997). Skin was ex-
cised from the dorsal base of the tail of preserved specimens and 
compared to patches of skin excised from the trunk region just 
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Fla 2. A. Caudal courtship, granular, and mucous glands of Desmogathus brimleyorum stained with H & E; scale bar = 100 gm. B. Caudal courtship 
and granular glands present outside of the breeding season of Plethodon albagula stained with Pollak trichrome; scale bar = 100 gm. C. Granular and 
mucous glands present in the dorsal trunk region of Desmognathus brimleyorum stained with alcian blue; scale bar = 50 gm. D. Granular and mucous 
glands present in the dorsal trunk region of Plethodon ouachitae stained with alcian blue; scale bar = 100 gm. Adipose tissue (AD), caudal courtship 
glands (CC), epidermis (EP), granular glands (GG), mucous glands (MG), muscle (MU). 

anterior to the hind legs. Tissue samples were dehydrated in a 
graded series of ethanol solutions, cleared in xylene, infiltrated 
and embedded in paraffin, and serially sectioned into ribbons 8 
pm thick. Serial ribbons were mounted on glass slides using 
Haupt's adhesive. 

Tissues were stained or treated with four histological stains: 
hematoxylin and eosin (H & E), alcian blue 8GX (pH 2.5), Pollak 
trichrome, and periodic acid-Schiff reagent (PAS). General cytol-
ogy was revealed by using H & E, and alcian blue indicated the 
presence of carboxylated glycosaminoglycans. Pollak trichrome 
revealed connective tissue and mucins (common in glandular se-
cretions) and was expected to stain elastin red, fibrin and calcium 
purple, collagen and mucus blue green. Neutral carbohydrates, 
mucopolysaccharides, mucoproteins, glycoproteins, and other car-
bohydrate-protein substances were reveal by PAS (Presnell and 
Schreibman 1997). Collectively, these stains and reactions revealed 
the presence of caudal courtship glands and allowed for differen-
tiation among all glands present in the epidermis (caudal court-
ship, granular, and mucous glands; see Sever 1989). Tissues were 
examined and photographed using a compound light microscope 
at 100x magnification. 

Caudal courtship glands are, in part, defined by their staining 
properties. They are known to have an eosinophilic reaction with 
H&E, a negative reaction with alcian blue, a positive reaction with 
PAS, and mixed reactions (more than one color evident) with Pollak 
trichrome (Hamlett et al. 1998; Sever 1989; Trauth et al. 1993). 
These glands are also defined by their anatomical location on the 
dorsal tail base. 

Results.—Plethodon albagula (mean SVL = 71 ± 0.96 mm; range 
62-72 mm), P. ouachitae (mean SVL = 58 ± 2.8 mm; range 56-60 
mm), and D. brimleyorum (mean SVL = 78 ± 6.9 mm; range 76-
89 mm) possessed caudal courtship glands in the skin at the dorsal 
base of their tails. No male specimen examined in this study lacked 
caudal courtship glands. These glands contain serous secretions 
and differ in staining properties (Table 1) from granular and mu-
cous glands also located in this region (Fig. 1). 

The epithelium of caudal courtship glands in P albagula, P. 
ouachitae, and D. brimleyorum was simple columnar, and nuclei 
were arranged basally in each gland cell (Figs.1A, 1C, and 2A). 
Epithelia of mucous and granular glands were modified low simple 
columnar that almost appeared squamous-like (Figs. 1A, 1D, and 
2A). 

Caudal courtship glands of P albagula (Fig. 1B), P. ouachitae 
(Fig. 1D) and D. brimleyorum exhibited secretions with no reac-
tion to alcian blue and a slightly positive reaction to PAS (Table 
1). Caudal courtship glands of P. albagula produced secretions 
that were slightly basophilic with H & E. In P. ouachitae and D. 
brimleyorum (Fig. 2A), secretions of caudal courtship glands ap-
peared slightly eosinophilic with H & E. With Pollak trichrome, 
secretions of P. albagula, P. ouachitae, and D. brimelyorum stained 
dark red (D. brimleyorum secretions often additionally contained 
a blue-green component), and epithelia stained blue-green with 
dark red nuclei (Fig. 1A, IC). 

During the breeding season, caudal courtship glands in the tail 
base region of P ouachitae varied in shape, including triangular, 
barrel-shaped, or spherical configurations, presumably due to 
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squeezing from the surrounding hypertrophied granular glands 
(Figs. 1C and 1D). Caudal courtship glands were spherical in D. 
brimleyorum (Fig. 2A) and spherical or ovoid in P. albagula (Figs. 
1A and 1B). There was no consistent difference in shape between 
pre-secretory, secretory, and post-secretory stages. 

Granular glands, mucous glands, and caudal courtship glands 
of specimens of P albagula collected outside the breeding season 
appeared extremely small relative to their size in specimens ex-
amined within the breeding season; moreover, they appeared to 
be fewer in overall number (Fig. 2B). Courtship glands were rarely 
observed or were absent in sections of the skin taken from the 
trunk region of the body (Figs. 2C and 2D). 

Discussion.-Although no female plethodontids were examined 
in this study, we conclude that the glands examined are caudal 
courtship glands based on staining property similarities between 
the glands in the present study and glands described by Sever 
(1989), Trauth et al. (1993), and Hamlett et al. (1998). We predict 
that these glands will be absent in female plethodontids. The ab-
sence or extreme reduction in caudal courtship glands size in speci-
mens collected outside of the breeding season compared with those 
from specimens collected within the breeding season also sup-
ports their classification as courtship glands. The absence of these 
glands in the trunk region provides additional evidence that they 
may play a role in the tail-straddling walk stage of courtship. 

Staining of caudal courtship glands in P. albagula differed from 
Eurycea longicauda melanopleura and E. lucifuga in that Trauth 
et al. (1993) and Hamlett et al. (1998) found the latter two species 
to appear eosinophilic with H & E. Our study revealed them as 
basophilic. Caudal courtship gland secretions in P ouachitae and 
D. brimleyorum stained similarly to those in E. 1. melanopleura 
and E. lucifuga (eosinophilic). Staining properties of caudal court-
ship glands in P. albagula, P ouachitae, and D. brimleyorum, 
agreed with those in E. lucifuga and E. 1. melanopleura, when 
PAS, alcian blue, and Pollak trichrome were employed. 

All staining properties of glands in D. brimleyorum and P. 
ouachitae match those found by Sever (1989) in the Eurycea 
bislineata complex. He reported that caudal courtship glands are 
eosinophilic. Our results for P. albagula differ; a basophilic reac-
tion is indicated. Agreement of staining properties resulting from 
PAS and alcian blue in our study with Sever (1989) suggests that 
secretions of caudal courtship glands in P. albagula, P. ouachitae, 
and D. brimelyorum are also likely mucoproteins. 

Staining with Pollak trichrome indicated the possible presence 
of elastin (red), fibrin and calcium (purple), and collagen and mucus 
(blue-green) in caudal courtship glands (Presnell and Schreibman 
1997). Positive reactions of caudal courtship glands with PAS and 
negative reactions of these glands with alcian blue may indicate 
the presence of a neutral carbohydrate (Hecker et al. 2003). 

Courtship glands can occur in areas other than the dorsal tail 
base (Noble 1929; Thurow 1968), although they are normally con-
centrated at the tail base. In D. brimleyorum, the large caudal court-
ship glands occupied such an overall high volume during the breed-
ing season that they displaced the adjacent mucous glands in the 
tail base region. 

Our study has revealed the existence of caudal courtship glands 
in three additional plethodontid species and includes the first de-
tailed histological description of these glands in a desmognathine 
salamander. Knowledge of the presence of caudal courtship glands  

is useful because pheromones produced by these glands probably 
increase female receptivity and, therefore, male mating success. 
Although overall understanding of the role of glandular secretions 
and their relationship to salamander behavior in plethodontid sala-
manders remains insufficient, female receptivity and the probability 
of insemination are known to increase markedly due to the effects 
of courtship glands (e.g., mental glands; Houck and Reagan 1990). 
Further investigations of caudal courtship glands will undoubt-
edly shed more light on this remarkable method of sexual com-
munication in salamanders. 
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APPENDIX 1. Collection data for specimens examined. 

Species Museum No. Date of collection SVL County 
(ASUMZ) (mm/dd/yy) (mm) 

P albagula 22419 4/17/98 70 Crawford 

P. albagula 15887 4/14/90 72 Crawford 

P. albagula 15464 3/13/90 71 Newton 

P. albagula 22756 5/27/98 72 Polk 

P. albagula 19201* 9/22/93 62 Pike 

P. ouachitae 22762 5/27/98 56 Polk 

P. ouachitae 24016 4/15/00 60 Polk 

D. brimleyorum 22397 3/27/98 68 Montgomery 

D. brimleyorum 21840 5/11/97 76 Polk 

D. brimleyorum 22523 4/18/98 84 Polk 

D. brimleyorum 21749 4/19/97 85 Polk 

D. brimleyorum 23156 4/16/99 79 Logan 

D. brimleyorum 3561** 8/15/80 89 Polk 

*Animal collected during non-reproductive season. 
**Animal collected during non-reproductive season; skin only excised 

from dorsal trunk region. 
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The Panamanian Golden Frog, Atelopus zeteki Dunn (Anura: 
Bufonidae), is a taxon of concern endemic to the Code and Panama 
Provinces of Panama (Dunn 1933; Savage 1972), principally in-
habiting lowland rainforest (Savage 1972) on the Pacific cordille-
ran slope. Bufonidae are among four families of amphibians con-
taining more "rapidly declining" species than the average (Stuart 
et al. 2004), and of 34 species of amphibians which have gone 
extinct since 1500 (Stuart et al. 2004), three were in the genus 
Atelopus (IUCN et al. 2004). In addition, of 77 described species 
of Atelopus (Frost 2004), 61 (82%) are listed as Critically Endan-
gered (IUCN et al. 2004), and it has been suggested that this is the 
first example of a species-rich lineage being so uniformly imper- 

iled (Loners et al. 2004). In particular, Atelopus zeteki is listed as 
Critically Endangered (IUCN et al. 2004) and given the highest 
level of protection by the Convention on International Trade in 
Endangered Species (CITES I). Development of conservation 
strategies and long-term monitoring programs for threatened spe-
cies is contingent upon understanding species' life histories. As 
basic biological and ecological information is lacking for many 
Atelopus species, collection of such data may be crucial for con-
servation efforts. 

Relatively little is known about the reproductive ecology of 
Atelopus frogs (Utters 1996). While breeding phenology usually 
varies somewhat among species and populations depending upon 
local climatic conditions, limited data suggest that Atelopus breed-
ing generally occurs at the beginning of the dry season (L6tters 
1996, Savage 2002). Atelopus oviposit in cryptic locations, attach-
ing their eggs to the undersides of rocks in swiftly flowing streams 
generally during periods of low water flow (Savage 1972, Utters 
1996). Previous descriptions of egg-laying and clutch characteris-
tics come principally from captive or dissected animals. The few 
reported field observations of egg masses or oviposition sites pro-
vide limited data on clutch sizes, ovum diameter, and/or oviposi-
tion site characteristics in A. flavescens (Lescure 1981) and A. 
franciscus (Boistel et al. 2005) from French Guyana, and A. muisca 
(Rueda-Almonacid and Hoyos 1991) from Colombia. To our 
knowledge, no published information from the field or laboratory 
exists on the reproductive ecology of A. zeteki. Our objectives were 
to describe the clutches and oviposition sites of A. zeteki and com-
pare their reproductive ecology with that of other Atelopus spe-
cies. 

Materials and Methods.—In 10-16 December 2004 and 8-15 
December 2005, we conducted surveys for Atelopus zeteki in 
Panama Province, Panama, in a small stream ca. 5-15 m in width 
with steep rocky slopes. We searched for A. zeteki egg masses by 
overturning rocky substrates and submerged woody debris and 
examining accumulations of leaf litter within the stream channel 
along a 200 m reach. These searches were conducted in conjunc-
tion with surveys for adult A. zeteki along the stream margins and 
on exposed rocks and small islands within the stream. All frogs 
were marked by toe-clipping. When clutches were found, we 
counted the number of eggs per clutch and measured the diam-
eters of at least 20 eggs, randomly chosen, from each of three 
clutches. Embryo developmental stages were estimated (Gosner 
1960). To characterize the microhabitat at oviposition sites, we 
measured overstory canopy closure using a concave spherical 
densiometer (only in 2005), size of substrate (Platts et al. 1983) to 
which an egg mass was attached, predominant size of surround-
ing substrate (visually estimated within a 1 m 2  area centered on 
the oviposition substrate), water depth at the location of the clutch 
(only in 2004), distance of oviposition substrate to wetted edge, 
wetted width of stream at each oviposition site, stream velocity 
(m/s) near each egg mass, and instream habitat type (e.g., pool or 
riffle, Platts et al. 1983). Stream velocity at oviposition sites was 
estimated by determining the time it took for a floating object to 
travel a 1 m stream segment centered on the location of an egg 
mass. Velocity was calculated as the distance traveled divided by 
the time elapsed. In addition, we measured the distance between 
clutches within each year. In 2004, we measured general habitat 
conditions for five of the variables along the stream reach and 
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