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About Our Cover: Siphlophis compressus 

Liana snakes are slender, 
usually under a meter in 
length and include six spe-
cies: Siphlophis cervinus, S. 
compressus, S. leuco-
cephalus, S. longicaudatus, 
S. pulcher, and S. worontzowi 
(Peters and Donoso-Barros 
1970. Catalogue of the Neo-
tropical Squamata. Part I. 
Snakes. Washington, D.C., 
347 pp.; Zaher and Prudente 
1999. Journal of Herpetology 
33:698-702). Siphlophis 
compressus was formerly 
placed in the monotypic ge-
nus Tripanurgos, but was re-
assigned to Siphlophis owing 
to its hemipenial morphol-
ogy (Zaher and Prudente 
1999, op. cit.; Zaher and 
Prudente 2003. Herpetological Review 34:304-307). The genus is distributed 
from Costa Rica and Trinidad south to Bolivia and tropical Brazil. Four species 
are Brazilian endemics, with S. cervinus and S. compressus ranging throughout 
the Amazon Basin and Trinidad northwest to Panama and Costa Rica, respec-
tively. 

Like its congeners, the Red-eyed Liana Snake, S. compressus, is nocturnal 
and arboreal. The preferred habitat is lowland rainforest, usually in humid lo-
cales, and often in flooded forest. Reaching at least 150 cm in length, S. 
compressus may be the largest member of the genus (Cunha and Nascimento 
1978. Ofidios da Amazonia 10. As cobras de regiao leste do Para. Publicacifoes 
Avulsas 31. Museu Paraense Enu7io Goeldi, Belem, 218 pp.). This species has 
been known to consume small mammals (Q. Dwyer, personal communication). 
but it is primarily a lizard specialist, preying on everything from Alopoglossus, 
Neusticurus, Norops, and Gonatodes to larger species such as Ameiva, 
Kentropyx, Enyalioides, and even Corytophanes (crest and all!) (Cunha and 
Nascimento 1993. Boletim do Museu Paraense Emilio Goeldi 9:1-191; Mar-
tins and Oliveira 1998. Herpetological Natural History 6:78-150; Medem 1969 
[dated 1968]. Revista de la Academia Colombiana de Ciencias Exactas, Fisicas 
y Naturales 13:149-199). Prey is captured by active foraging, both in trees and 
on the ground. They are egg layers and the hatchlings bear a conspicuous cream-
colored parietal ring, much like hatchlings of some Leptodeira species. The 
ring may be retained into adulthood, as is typical of northern populations, or 
obliterated by the reddish ground color. 

The cover photo depicts an adult female Siphlophis compressus, 83.3 cm 
long. It was found at night while it climbed in a small tree about 3 m above the 
forest floor at Finca El Naranjal, Golfito, Puntarenas, Costa Rica. The site is 
near sea-level and about half a kilometer from the Pacific coast. The snake was 
captured in the month of January, the height of the dry season, and the usually 
humid forest was parched. 

The photograph was 
taken by Louis W. Porras. 
He used a Canon AT-1 cam-
era, Canon 100mm f/4 lens, 
and Fujichrome Velvia ISO 
50 film exposed at f/11. 
Lighting was obtained using 
a Norman P400D power 
pack with 2 LH2 lamp heads 
and umbrellas. 

Porras is proprietor of 
Eagle Mountain Publishing, 
LC, in Eagle Mountain, 
Utah. A veteran of numerous 
field trips to Mexico, the 
Caribbean, Central and 
South America, Louis now 
dedicates his efforts to 
studying the herpetofauna of 
the Neotropics and the Inter-
mountain West and publish-
ing. 
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SSAR BUSINESS 

Announcing the 2005 Joint Meeting of 
Ichthyologists and Herpetologists 

6-11 July 2005 

The annual meeting of the Society for the Study of Amphibians 
and Reptiles, The Herpetologists' League, and the American So-
ciety of Ichthyologists and Herpetologists will be held 6-11 July 
2005, hosted by the University of South Florida at the Marriott 
Tampa Waterside Hotel and Marina, Tampa, Florida. Please refer 
to the Joint Meeting website <http://www.dce.ksu.edu/ 
jointmeeting/> for information on how to register for the meeting. 
All material typically included in the Call for Papers is now ac-
cessible on the website. 

SSAR Election Results 

Results of the 2004 SSAR election are as follows: 

President-Elect: 	 Roy McDiarmid 

Secretary: 	 Marion Preest 

Treasurer: 	 Theodora Pinou 

Board Members (Class of 2008): 
	  Rafe Brown, Meredith Mahoney 
	 Jim McGuire, Richard Shine 

Thanks to all of the nominees who agreed to stand for positions 
and to Maureen Kearney (Elector). 

Kennedy Student Award Committee 
Annual Report, 2005 

The Kennedy Award Committee (Craig Franklin, Mark Jordan, 
Terry Schwaner, Lynette Sievert, Robert Gatten, Jr., Chair) has 
completed its work for Volume 38 of the Journal of Herpetology. 
The Committee has selected "Using chorus-size ranks from call 
surveys to estimate reproductive activity of the wood frog (Rana 
sylvatica)" by Cameron Stevens (Cynthia Paszkowski, coauthor; 
Vol. 38:404-410). The Kennedy Award carries with it a cash prize 
of US $200 or the winner's selection of any SSAR publications 
valued at twice that amount. The Committee was impressed with 
the high quality of a number of eligible papers and would also like 
to acknowledge a runner up, Caren Goldberg, for her paper "Habi-
tat use and spatial structure of a barking frog (Eleutherodactylus 
augusti) population in southeastern Arizona" (Cecil Schwalbe, 
coauthor; Vol. 38:305-312). 

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. 
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2005 Metter Award Winner 

The Dean E. Metter Memorial Award was established to en-
courage students to pursue field research in herpetology and to 
facilitate field research by providing funds for related expenses. 
The Metter Award Committee is pleased to announce that this 
year's winner is Mr. Matthew W. H. Chatfield ("Hybrid zone dy-
namics between two species of salamanders in the genus 
Plethodon"). The committee (Joseph Beatty, Anne Maglia, and 
Brian Miller) was extremely impressed with all eight proposals 
but had to choose a single awardee. 

Matthew Chatfield earned a B.A. in Biology from The Univer-
sity of Chicago and is now a Ph.D. student in the Department of 
Ecology and Evolutionary Biology at the University of Michigan 
working jointly with L. Lacey Knowles and Ronald A. Nussbaum. 
He has an impressive record working as a field biologist in a vari-
ety of ecological systems and with a broad spectrum of taxa. His 
PhD work is focusing on hybridization zones between Plethodon 
jordani and P metcalfi and he is gathering data with the intent to 
understand more about the process of speciation as well as the 
maintenance of species boundaries between these two lungless 
salamanders. 

The proposal should be limited to four pages in length and should 
include a description of the project, a concise budget, and a brief 
resume of the student. Proposals should be submitted by 31 Au-
gust 2005 to: Bob Herrington, Chair of Research Advisory Com-
mittee, Georgia Southwestern State University, Department of 
Biology, Americus, Georgia 31709, USA; e-mail: 
bherring@canes.gsw.edu.  

Check List —A New Online Journal 

Check List is a scientific journal devoted to publish species lists 
and geographic distribution maps of any taxa. We are all aware, 
these days, that the effort to preserve natural remnants of species 
ranges is fundamental for the perpetuation of life as it has evolved. 
The first step to accomplish this is to record species occurrences 
in those remnants and adjacent areas. This sort of study has been 
neglected for being considered "too basic" or "not directly ap-
plied." Check List was therefore created to fill this gap in publish-
ing papers on such important inventories. Check List is available 
at: http://www.rc.unesp.br/ib/checklist/index.htm.  

MEETINGS 

NEWSNOTES 
Meetings Calendar 

Kansas Herpetological Society Annual Meeting 

The Kansas Herpetological Society held its 31st Annual Meet-
ing at Kansas State University in Manhattan, Kansas, on Novem-
ber 6-7, 2004. Approximately 110 participants attended scientific 
paper sessions presented by scientists and students from across 
the nation. Featured speaker was Alicia Mathis, professor at South-
west Missouri State University in Springfield. Dr. Mathis spoke 
about salamander conservation. 

Daphne Jones, a student at Emporia State University, received 
the 2004 Howard K. Gloyd/Edward H. Taylor Scholarship, hon-
oring the memory of two great biologists with strong ties to Kan-
sas. The 2004 Alan H. Kamb Grant for Research on Kansas Snakes 
were made to Erik Bartholomew, a student at Fort Hays State 
University. Dwight R. Platt, Bethel College, was recognized as 
the seventh recipient of "The Suzanne L. & Joseph T. Collins Award 
for Excellence in Kansas Herpetology." 

In 2005, the Society will meet at Pittsburg State University in 
Pittsburg, Kansas. 

Gopher Tortoise Council Grants 

The J. Larry Landers Student Research Award is a Gopher Tor-
toise Council competitive grant program for undergraduate and 
graduate college students. Proposals can address research concern-
ing gopher tortoise biology or any other relevant aspect of upland 
habitat conservation and management. The amount of the award 
is variable, but has averaged $1,000.00 over the last few years. 

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

6-11 July 2005-48th Annual Meeting, Society for the Study of 
Amphibians and Reptiles, together with The Herpetologists' 
League and the American Society of Ichthyologists and 
Herpetologists. University of South Florida, Tampa (USA). 
Information: http://www.dce.ksu.edu/jointmeeting/.  

27-30 July 2005-29th Annual International Herpetological 
Symposium, Scottsdale, Arizona (USA). Information: 
www.kingsnake.com/ihs.  

15-19 August 2005—VII Latin American Congress of 
Herpetology, Universidad Autonoma del Estado de Morelos, 
Cuernavaca, Morelos, Mexico. Information: http:// 
www.ibiologia.unam.mx/barra/congresos/frame.htm.  

21-23 October 2005—Snakebites Symposium, University of 
Nebraska Medical Center, Omaha, Nebraska, USA. Information: 
http://appl.unmc.edu/cce/snalcebites/.  

CURRENT RESEARCH 

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 
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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 
Castaileda 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.  

First Plethodontid Salamander from Asia 

The Plethodontids comprise almost 70% of the known sala-
mander species, with nearly all of these confined to North and 
Middle America. A small number of species occur in southern 
Europe, and this enormous distributional gap has long vexed bio-
geographers. The exciting discovery of a plethodontid in south-
western Korea helps fill the gap, and suggests that the 
Plethodontidae was formerly more widespread in the Holartic re-
gion. A new genus (Karsenia) is erected to accommodate the new 
species (K koreana), which is now known from 16 localities in 
three provinces. Bayesian analysis of 1503 base pairs of the nuclear 
gene Rag-1 demonstrates that the new taxon is clearly a 
plethodontid, nested within a Glade that includes the 
desmognathines and Aneides, but otherwise widely diverged from 
other members of this group. The authors propose that other spe-
cies of plethodontids await discovery in the region between the 
Korean Peninsula and the southwestern Mediterranean. 

MIN, M. S., S. Y. YANG, R. M. BONETT, D. R. VIETES, R. A. BRANDON, AND 
D. B. WAKE. 2005. Discovery of the fast Asian plethodontid salamander. 
Nature 435:87-90. 

Correspondence to: David B. Wake, Museum of Vertebrate Zoology, 
University of California, Berkeley, California 94720, USA; e-mail: 
wakelab@uclink.berkeley.edu.  

Estimating Consistency In Fossil Calibration 
Points: Turtles As An Example 

Heterogeneity in DNA substitution rates and inaccuracy in fos-
sil age estimations have been two major problems when estimat-
ing Glade divergence times. Additionally, the utilization of one fossil 
as a single calibration point has been highly criticized because it 
can increase potential bias when age estimation is not accurate. 
The authors propose a strategy to identify inconsistent fossil age 
estimations when multiple calibration points are available. The 
method measures consistency (or agreement) between fossil and 
molecular age estimates using each of the available fossil calibra-
tion points independently. The phylogeny of turtles was used as 
an example to test the method. Bayesian and Parsimony analyses 
were performed using cytochrome b (cytb), nuclear recombina-
tion activating gene 1 (RAG-1) and R35 intron sequences of 23 
species—representing all major lineages of living turtles. Seven-
teen available fossils were placed in the molecular phylogeny us-
ing a parsimony analysis of 115 morphological characters as a 
guide. Penalized likelihood was used to estimate divergence times 
in the molecular phylogeny. Results indicated that seven of the 
seventeen calibration points were inconsistent and were therefore 
eliminated from the analysis. The authors indicate that the magni-
tude of the effect of calibration inaccuracy depends on tree topol-
ogy, inferred branch lengths and the proximity of the estimated  

node with the inconsistent fossils. This method promotes the re-
moval of inaccurate calibration points to reduce the variance on 
time estimations. 

NEAR, T. J., P. A. MEYLAN, AND H. B. SHAFFER. 2005. Assessing concor-
dance of fossil calibration points in molecular clock studies: an ex-
ample using turtles. The American Naturalist 165:137-146. 

Correspondence to: Thomas J. Near, Department of Ecology and Evolu-
tionary Biology, University of Tennessee, Knoxville, Tennessee 37996-
1610, USA; e-mail: tnear@utk.edu.  

Historical Fragmentation Or Recent Population 
Decline In New Zealand Rare Skinks 

To clarify whether the disjunct distribution and small popula-
tion sizes of Oligosoma grande skinks in New Zealand are the 
result of a recent decline due to anthropogenic factors or to his-
torical pre-human climatic changes, the authors sequenced the 
hypervariable region I (HVRI) of the mitochondrial control re-
gion and 12 nuclear microsatellites of 65 individuals, represent-
ing most known populations. Analyses included: 1) parsimony and 
maximum likelihood phylogenetic reconstructions, 2) calculation 
of FST for all pairwise population comparisons and 3) estimation 
of the effective population size through the genetic diversity pa-
rameter q. Results demonstrated that both Western and Eastern 
populations are highly structured genetically, indicating minor 
inter-population dispersal. Eastern populations showed high mi-
tochondrial diversity despite their small sizes, which suggests that 
current populations are a fraction of their historical sizes, indicat-
ing a recent decline. On the contrary, Western populations had 
low levels of genetic diversity, evidence of a possible population 
bottleneck or a founding event. In conclusion, high levels of ge-
netic structure more likely indicate that the distribution of 
Oligosoma grande skinks was discontinuous: Western and East-
ern populations most probably have independent evolutionary his-
tories that predate human arrival in New Zealand. However, small 
population sizes, additional population declines and evidence of 
the limited ability to recolonize new habitats indicate the neces-
sity of prompt conservation strategies to prevent 0. grande ex-
tinction. 

BERRY, 0., AND D. M. GLEESON. 2005. Distinguishing historical fragmen-
tation from a recent population decline—shrinking or pre-shrunk skink 
from New Zealand? Biological Conservation 123:197-210. 

Correspondence to: Oliver Berry, Applied Ecology Research Group, Uni-
versity of Canberra, ACT, Australia 2601; e-mail: 
oliver.berry@canberra.edu.au.  

Bright Pattern, But Not Bright Color, As Require- 
ment For Aposematism 

Aposematism, the use of bright colors and patterns to advertise 
noxiousness, has been reported commonly in nature. However, 
bright coloration might also have costs, as it may act to warn spe-
cialized predators (that can handle noxious components) and alert 
potential prey. In theory, the use of patterns and colors that do not 
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interfere with crypsis, but provide a characteristic and recogniz-
able signal, would be an alternative strategy to combine cryptic 
and aposematic signals. Many viperids are venomous, cryptic, sit-
and-wait predators that show a very distinctive dorsal pattern. The 
authors used plastiline models with typical Viper berus zigzag 
patterns to test if the coloration pattern provides a dual function of 
crypsis and aposematism. To account for the effect of crypsis, 
models were placed against both white cards and natural back-
grounds and to account for aposematic signals, half of the models 
had zigzag patterns and half lacked them. Marks of avian preda-
tors on the models and their relative location on the snakes' bod-
ies were recorded. Binary logistic regression identified pattern and 
background as significant predictors of attack, showing that mod-
els with a zigzag pattern were attacked less frequently than mod-
els without it and models on the white board were attacked less 
frequently than models on a natural background. Models with zig-
zag patterns were attacked mainly in the anterior quarter of the 
body, while plain models attacks were scattered along the body, 
suggesting the recognition of a warning pattern by predators. Re-
sults support that zigzag patterns in Viper berus accomplish both 
the role of crypsis and warning coloration, evidencing that bright 
conspicuous coloration is not a prerequisite for predatory avoid-
ance, a classic assumption in aposematic theory. 

WASTER, W., C. S. E. ALLUM, I. B. RIARGARDOTTIR, K. L. BAILEY, K.J. 
DAWSON, J. GUENIOUI, J. LEWIS, J. McOAK, A. G. MOORE, M. NISKANEN, 
AND C. P. POLLARD. 2004. Do aposematism and Batesian mimicry require 
bright colors? A test, using European viper markings. Proceedings of Royal 
Society of London: Biological Sciences 271:2495-2499. 

Correspondence to: Wolfang Wiister, School of Biological Sciences, Uni-
versity of Wales, Bangor L57 2UW, United Kingdom; e-mail: 
w.wuster@  bangor.ac.uk . 

Disruption Of Endocrine Function Linked To 
Amphibian Population Declines 

Population declines in amphibians have been detected world-
wide, although for many species causes are still unclear. Acris 
crepitans is a native species of the northeastern half of the United 
States that has shown population declines in the past 25 years. 
Industrial compounds and their by-products have been associated 
with amphibian declines; polycyclic aromatic hydrocarbons 
(PAHs), polychlorinated byphenils (PCBs), polychlorinated 
dibenzofurans (PCDFs), and polychlorinated dibenzo-p-dioxins 
(PCDDs) have been linked with disruption in endocrine function, 
and DDT (p,p-dichlorophenyl trichloroethane) and the herbicide 
atrazine have been associated with biased functional sex ratios, 
reduced size at metamorphosis and delayed maturation among 
amphibians. To test the relationship between population declines 
and occurrence of intersexuality (hermaphrodism) of Acris 
crepitans, the authors examined museum specimens collected be-
tween 1852 and 2001 in Illinois, and determined proportions of 
male, female and intersex individuals. Three regions were delim-
ited (northeast, central and southern), based on human population 
densities and agricultural intensity, and five time periods were 
considered based on industrial pollutants utilization. Results show 
that the proportion of intersex individuals was much larger and 
the proportion of females smaller in the northeast Chicago area,  

where the highest human population density and intensive indus-
try occurs. The southern region, with the least intensive agricul-
ture and industry, had the smallest proportion of intersex individu-
als. From 1930 to 1945 the percentage of intersex individuals in-
creased until its peak in the 1946-1959 period, a rise accompa-
nied by a reduction in female proportion, and a strong correlation 
with PCB's intensive use and the introduction of DDT. This study 
evidences a relation between endocrine disruption (intersexual-
ity) and Acris crepitans population declines, suggesting the in-
crease of PAHs, PCBs, PCDFs, PCDDs, and DDT usage as a con-
tributing factor. 

REEDER, A. L, M. 0. Ruiz, A. PESSIER, L. E. BROWN, J. M. LEVENGOOD, C 
A. PHILLIPS, M. B. WHEELER, R. E. WARNER, AND V. R. BEASLEY. 2005 . 

Intersexuality and the cricket frog decline: historic and geographic 
trends. Environmental Health Perspectives 113:261-265. 

Correspondence to: Val R. Beasley, Department of Veterinary Biosciences, 
College of Veterinary Medicine, University of Illinois, 2001 S. Lincoln 
Avenue, Urbana, Illinois 61802, USA; e-mail: val@uiuc.edu.  

Correlation Between Ontogenetic Changes In 
Coloration And Behavioral Changes 

Color pattern is known to affect antipredatory behavior in snakes. 
In particular, disruptive patterns effectively conceal individuals 
when immobile, and striped, finely speckled and uniform patterns 
confound predators when the snake is in motion. Some species 
experience ontogenetic changes in their coloration patterns, but 
corresponding changes in behavior, although suspected, have not 
been investigated. The author studied behavioral responses to 
predator attacks in Coluber constrictor snakes, where juveniles 
have a blotched (disruptive) pattern and adults have a solid col-
oration. Results show that hatchlings were more prone to respond 
with an aggressive behavior when confronted by a predator, while 
adults where more likely to flee. Additionally, sprint speed was 
not significantly different between hatchlings and adults when 
accounting for the effects of size. However, sprint speed was cor-
related with body length, with adults faster than hatchlings on an 
absolute scale. In conclusion, this study supports the hypothesis 
that in Coluber constrictor there is a correlation between color 
pattern and antipredator behavior, which provides effective alter-
native defense strategies at different life stages. 

CREER, D. A. 2005. Correlations between ontogenetic change in color 
pattern and antipredator behavior in the racer, Coluber constrictor. Ethol-
ogy 111:287-300. 

Correspondence to: Douglas A. Creer, Department of Biological Sciences. 
Florida International University, 11200 SW 8th Street, Miami, Florida 
33199, USA; e-mail: creerd@fiu.edu.  

Evolution Of Viviparity And The Cold-Climate 
Hypothesis 

The cold-climate model states that viviparity evolved as an ad-
aptation to cold climates, which are associated with high altitudes 
and latitudes. This hypothesis is supported by the characteristic 
lower temperatures in high altitudes and latitudes and, within 
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squamates, by 1) a large proportion of viviparous species living in 
high altitudes and latitudes, and 2) the association of recent ori-
gins of viviparity with recent invasions of higher altitudes and 
latitudes. The author tested, within a phylogenetic context, whether 
mode of reproduction was correlated with altitude and latitude in 
Phrynosoma lizards. Reproductive modes at minimum, midpoint, 
and maximum altitudes and latitudes were compiled for all spe-
cies of Phrynosoma from literature, museum specimens, and field 
observations. Hodges and Zamudio's (2004) phylogeny, based on 
molecular and morphological characters, was used as the context 
for analyses. Results documented no correlation between latitude 
and reproductive mode; however, minimum and midpoint altitude 
were correlated with viviparity. This suggests that, in the cold-
climate hypothesis context, altitude might be a better predictor of 
cold climates than latitude. Or, instead of an indicator of cold cli-
mate, altitude may incorporate other selective forces important 
for the evolution of viviparity, such as oxygen content, humidity 
conditions, daily temperature fluctuations, and growing season 
length. 

HODGES, W. L. 2004. Evolution of viviparity in horned lizards 
(Phrynosoma): testing the cold-climate hypothesis. Journal of Evolution-
ary Biology 17:1230-1237. 

Correspondence to: Wendy L. Hodges, Department of Biology, Univer-
sity of California, Riverside, California 92521, USA; e-mail: 
wendyh@ucr.edu.  

Phylogeny And Colonization History Of Neartic 
Bufo 

Three different colonization hypotheses have been proposed for 
the origin of the Neartic Bufo, suggesting the group is: 1) poly-
phyletic, resulting from different colonizations from Africa, 2) 
paraphyletic, resulting from a single colonization from South 
America and subsequent colonization into Eurasia, or 3) mono-
phyletic, derived from the Neotropics. The authors sequenced —
2500 by of the 12S, 16S, and intervening valine tRNA mitochon-
drial genes from 56 species, including South American, Eurasian, 
African, and most Neartic representatives. Parsimony, maximum 
likelihood and Bayesian analyses were performed to reconstruct 
phylogeny, and parametric bootstraping was used to test the dif-
ferent hypotheses for Bufo Neartic colonization. Although differ-
ent optimality criteria rendered slightly different relationships 
within Bufo, all strongly supported the monophyly of the Neartic 
Bufo Glade, with disagreements regarding its sister taxon (either a 
Bufo marinus Glade or a Middle America Bufo Glade). Further-
more, parametric bootstrap analyses rejected the polyphyly, 
paraphyly and non-monophyly hypotheses, strongly corroborat-
ing the monophyletic Neartic Bufo hypothesis. Results suggest 
that the Neartic Bufo evolved from a northward radiation from a 
South American ancestor, without any subsequent intercontinen-
tal dispersal into Eurasia. Additionally, the authors discuss evi-
dence suggesting that North American Bufo colonization occurred 
prior to the development of a Central American Land Bridge, pro-
viding support for a transmarine dispersal hypothesis. 

PAULY, G. B., D. M. HILLIS, AND D. C. CANNATELLA. 2005. The history of a 
Neartic colonization: molecular phylogenetics and biogeography of the 

Neartic toads (Bufo). Evolution 58:2517-2535. 
Correspondence to: Gregory B. Pauly, Section of Integrative Biology and 
Texas Memorial Museum, University of Texas, Austin, Texas 78712, USA; 
e-mail: gbpauly@mail.utexas.edu.  

Effects Of Destructive Collecting Practices On 
Reptile Abundance 

Herpetofauna collection practices frequently result in perma-
nent habitat damage; these consequences have increased in recent 
years, due to the rising demand for supplying the pet trade market. 
Practices include breaking apart and overturning rocks to expose 
hiding reptiles. The authors quantified the effects of destructive 
collecting techniques on reptiles by comparing abundance before 
and after disturbance on rock outcrops in Arizona. Additionally, 
in disturbed sites, individual location was quantified: whether rep-
tiles were on an original rock surface, a freshly exposed surface, 
or a rock that was moved in the manipulations. Abundance of liz-
ards increased in both control and treatment sites after the distur-
bance, with the increase larger in control sites. The effect of dis-
turbance on abundance varied between seasons and species, and 
within species varied between seasons, sexes, and age-classes. 
Authors attributed interspecific variation to differences in repro-
ductive ecology and habitat utilization. Results suggest that de-
structive collecting techniques led to a decrease in reptile abun-
dance of diurnal lizards, and that portions of undisturbed rock 
outcrops were preferred. Based on the results, strict regulation of 
collecting methods is recommended, along with an increase in law 
enforcement to make restrictions effective. 

GOODE, M. J., D. E. SWANN, C. R. SCHWALBE. 2004. Effects of destructive 
collecting practices on reptiles: a field experiment. Journal of Wildlife 
Management 68:427-432. 

Correspondence to: Matthew J. Goode, Wildlife and Fisheries Sciences 
Program, School of Renewable Natural Resources, University of Arizona, 
Tucson, Arizona 85721, USA; e-mail: mgoode@ag.arizona.edu.  

Effect Of Paedomorphic Characters in 
Salamander Phylogeny 

The significance of developmental characters in phylogenetic 
reconstruction has been controversial for decades. In salamanders, 
several lineages show paedomorphic characters, and it has been 
suggested they all evolved independently. However, if similar, 
large-scale developmental changes are present in distantly related 
lineages, phylogenetic reconstruction based only on adult mor-
phology can be misleading; paedomorphic species will group to-
gether, based on the shared presence of larval (paedomorphic) traits. 
The authors added new morphological and molecular data to pre-
viously published salamander analyses to test the confounding 
effects of paedomorphic characters in morphology-based phylo-
genetic reconstruction. Parsimony and Bayesian analyses were 
performed including thirty-two species, representing all ten living 
families. Analyzed matrices included: 1) morphological data only, 
including and excluding paedomorphic characters; 2) molecular 
data only, including ribosomal and nuclear sequences, and 3) mor-
phological and molecular data combined, with and without cod- 
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FIG. 1. Gamaleon or chameleon from body of 
works called "Hortus sanitatis" [Garden of Health] 
in 1497. Quote is loose translation from text of early 
English version: "Chameleon is a beste with ii 
wynges and four fete havinge an hede lyke an adder 
and a longe wronge tayle lyke a dragon and bereth 
gere [hair?] on his backe lyke woll and the clothe 
that therof is made can nat burne." Credit: Courtesy 
of Smithsonian Institution Libraries, Washington, 
DC. 

ing morphological adult characters as missing data for paedomor-
phic taxa and/or including or excluding paedomorphic characters. 
Both parsimony and Bayesian analyses of the morphological-data 
matrices recovered three of the four paedomorphic families as 
monophyletic. These results are contradicted by the molecular and 
combined analyses, suggesting that the placement of the paedo-
morphic families as a single Glade reflects the influence of paedo-
morphic characters and not phylogenetic history. The authors dis-
cuss different factors that could lead to an incorrect placement of 
paedomorphic taxa and propose a robust phylogenetic hypothesis 
for salamanders. 

WIENS, J. J., R. M. BONETT, AND P. T. CHIPPINDALE. 2005. Ontogeny 
discombobulates phylogeny: paedomorphosis and higher-level sala-
mander relationships. Systematic Biology 54:91-110. 

Correspondence to: John J. Wiens, Department of Ecology and Evolu-
tion, Stony Brook University, Stony Brook, New York 11794-5245, USA; 
e-mail: wiensj@life.bio.sunysb.edu.  

ZOO VIEW 

Free Power Point Presentations 

When I arrived in Washington, D.C. about a decade ago, one of the 
first things I did was to go to the Smithsonian Institution's National Mu-
seum of Natural History to examine the splendid collection of herpeto-
logical books and other printed materials. Of particular interest was the 
Joseph E Cullman 3rd Library of Natural History (in SI Special Collec-
tions Department) 
which houses 
books written no 
later than 1840. As 
an example, in 
1497 a woodcut 
showing a 
"gamaleon" was 
published in a 
body of works 
called "Hortus 
sanitatis" [Garden 
of Health]; the 
creature looks 
more like a canine 
with wings than a 
chameleon (Fig. 
1). Librarians 
Leslie Overstreet 
and D a ri a 
Wingreen spent 
many hours find-
ing historical il-
lustrations of 
herps like these 
for me to covet. In 
addition, Kirsten 
van der Veen from 
the SI Dibner Li-
brary of the His-
tory of Science & 
Technology and 
National Zoologi-
cal Park Librarian 

Alvin Hutchinson checked many sources for illustrations. Roy 
McDiarmid's personal library in the museum was also a treasure trove 
and he kindly let me scan many of his books. 

It occurred to me that seeing these original tomes was a unique oppor-
tunity, largely unavailable to other herpetologists. The Smithsonian's col-
lection is unrivaled in breadth and depth. As a result, I asked Martin 
Kalfatovic, Permissions Coordinator from the SI Libraries, if it would be 
possible to duplicate these images to create a series of free power point 
presentations for zoo meetings, regional herp societies, natural history 
organizations, academics teaching herpetology, and others within the bio-
logical community and he assisted me in doing so. Here are the ones 
currently available, mostly using materials from the SI collection: 

1)Herpetological Time Travel Through the Zoo and Aquarium World 
Divided into three parts—Deceased zoo herpetologists, historical vi-

gnettes, and tour of reptile buildings and aquaria throughout the world. 
Uses many historical illustrations and photos, often provided by zoo col-
leagues. Topics include first reptile building (Tower of London in 13th 
century), first zoo snakebite fatality, studies on brooding pythons in zoos 
beginning at Menagerie Jardin des Plantes in 1841, studies and experi-
ments on fear of snakes at London Zoo by Charles Darwin, public outcry 
over feeding live food to snakes at London Zoo in 1860s (an issue so 
contentious that it was debated in Parliament), collection of Galapagos 
tortoises by Charles Townsend, final days of the Belle Vue herpetological 
collection, and others. 
2)Are Komodo Dragons Really More Intelligent than Other Reptiles? 

Divided into four parts: historical studies on varanids, books on varanids, 
history of dragons in zoos, and play behaviors in a dragon at Smithsonian 
National Zoo. Produced with Trooper Walsh and Claudio Ciofi. 
3) Chameleons: Biology and Captive Management 

Divided into four parts: biology, history of chameleon illustrations, 
captive history, and our research trip to Madagascar to study panther cha-
meleons. Produced with Gary W. Ferguson. 
4) How to Draw a Chameleon? 

Five centuries of chameleon illustrations showing evolution of this art 
and portraits of influential chameleon biologists. Produced with Gary W. 
Ferguson. 
5) Zoo Herpetology. The Past to Now 

Suggestions for future herpetological research in zoos. 
6) Betwixt Plated Decks. Five Centuries of Turtle Illustrations 

Five centuries of turtle illustrations and portraits of influential chelo-
nian biologists. 
7) The Art of Drawing Serpents 

Twelve centuries of snake illustrations from scientific and semi-popu-
lar works and portraits of influential snake biologists. 
8) The Nature of Crocodilians Depicted Through Art and Literature 

Twelve centuries of crocodilian illustrations showing examples from 
scientific and semi-popular works. Also includes books on crocodilians 
and portraits of influential crocodilian biologists. 
9) Going, Going, Gone? The Case of Disappearing Frogs and Toads 

Six centuries of frog and toad illustrations and a discussion of the role 
and mission of the Declining Amphibian Populations Task Force. 

These CDs are available free for one-time use. Presentations last be-
tween 45-60 min, with accompanying background music. They cannot 
be duplicated or distributed and must be returned to me. 

For additional information, contact me at <jbmurphy2@juno.com >. 
Mailing Address: 3100 Connecticut Ave., N. W., Apt. 431, Washington 
DC 20008, USA. 

Kevin R Buley, Curator of Lower Vertebrates & Invertebrates at Chester 
Zoo, is editor of the new "Shellshocking News," official newsletter of the 
European Association of Zoos and Aquariums (EAZA). The newsletter 
details the activities of the organization's Turtle & Tortoise Campaign 
2004/2005. The EAZA has 294 member zoos and aquaria; the mission of 
this campaign is to conserve chelonians through captive breeding initia- 
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tives and in situ conservation projects. Kevin is soliciting articles, photo-
graphs, ideas, and suggestions for the next issue. To send materials or be 
added to the electronic mailing list, contact him at Chester Zoo, Upton-
by-Chester, Chester CH21LH, United Kingdom, (Direct Telephone Line: 
+44 1244 389402, Direct Fax: +44 1244 381352, e-mail: 
k.buley@chesterzoo.org,  Website: wwwchesterzoo.org ). 

Dr. Joseph Mendelson is the new herpetological curator at Zoo At-
lanta. I first met him and his new boss, general curator Dr. Dwight Lawson, 
when they were lowly graduate students laboring under Jonathan Campbell 
at University of Texas at Arlington. Later, Joe received his PhD in Sys-
tematics and Ecology (Herpetology) at University of Kansas. After gradu-
ation, he was a professor of biology at Utah State University. Dwight and 
Joe will make a formidable team at Zoo Atlanta as both have a broad 
grasp of herpetology, have been involved in many field projects through-
out the world, and have published extensively. 

Clay Garrett from the Fort Worth Zoo analyzes the potential value of 
zoo collections for significant research in herpetology and opportunities 
for their caretakers by stressing the need for academic-zoo collaborations 
in the following article. Of particular interest are the new SSAR web 
pages being developed by the Relationships with Herpetologists at Zoo-
logical Parks Committee in 2005. 

— James B. Murphy, Section Editor 

Herpetological Review, 2005, 36(2), 103-106. 

0 2005 by Society for the Study of Amphibians and Reptiles 

Herpetological Research in Zoos: A 
Contemporary Assessment 

CLAY M. GARRETT 
Department of Herpetology - Fort Worth Zoo 

1989 Colonial Parkway - Fort Worth, Texas 76110, USA 
e-mail: cgarrett@fortworthzoo.org  

Over the last 15 years numerous authors have addressed the 
value of zoo-academic collaborations (Card et al. 1998; Chiszar 
et al. 1993a; 1993b; Cooper et al. 1996; Garrett and Chiszar 1996; 
Kreger 1993; Murphy and Chiszar 1989; Pough 1993). Conse-
quently, many peer-reviewed papers have been published as a re-
sult of successful partnerships between zoo and academic col-
leagues. Although there are numerous zoo and academic herpe-
tologists who work jointly on conservation projects, this paper 
addresses collaborative projects of a basic scientific nature. 

Card et al. (1998) conducted a survey revealing 164 technical 
papers published during 1987-1997 contributed by zoo herpetolo-
gists, and determined that members from three institutions con-
tributed 80% of those papers. In the eight years since the afore-
mentioned review there has been a considerable decline in the 
number of manuscripts resulting from zoo-academic collabora-
tions. Noteworthy exceptions include the following: Ferguson et 
al. (2003) investigated whether Panther Chameleons (Furcifer 
pardalis) bask to regulate endogenous vitamin D3 production; 
Hartdegen and Chiszar (2001) looked at prey chemical discrimi-
nation in Gila Monsters (Heloderma suspectum); Cooper and 
Hartdegen (1999) examined chemoresponse to plant and animal 
cues in Scincella lateralis; Cooper and Hartdegen (2000) explored 
lingual and biting responses to prey chemicals by ingestively naïve 
S. lateralis; Murphy et al. (2002) compiled various studies on 
Komodo Dragons (Varanus komodoensis) resulting in a book pub-
lished by Smithsonian Institution Press; Aucone et al. (2003) con- 

Savanna Monitors (Varanus albigularis): test subjects for collabora-
tive experiments at Fort Worth and Dallas Zoos. 

ducted studies with Chuckwallas (Sauromalus obesus) to deter-
mine the levels of 25-hydroxyvitamin D following exposure to 
Westron® self-ballasted mercury vapor lamps; Ferguson et al. 
(2004) published a book on the natural history, conservation, and 
captive management of Panther Chameleons (Furcifer pardalis); 
and Ewert et al. (2004) documented temperature dependent sex 
determination and ontogeny in Pancake Tortoises (Malacochersus 
tornieri). Clearly, there are a handful of prolific collaborators, but 
overall there is a lack of breadth regarding experimental research 
among zoo herpetologists. Herein I identify some of the problems, 
and suggest how the occurrence of collaborations with academic 
colleagues might increase. 

Some of the reasons for the paucity of collaborations include: 
lack of knowledge and/or inspiration on the part of zoo staff; per-
ceived unimportance by management, both at the curatorial level 
and above; dwindling number of academic herpetologists who 
place emphasis on research in zoos due to de-emphasis of natural 
history and related fields in universities (as noted by Chiszar and 
Smith, 2005); and no convenient medium for broad-scale com-
munication about ideas for interesting projects. 

Most zoo herpetologists are really good at what they typically 
do, which is to care for and exhibit diverse living collections of 
amphibians and reptiles. It is also true that they tend to have a 
global knowledge of herpetofauna, and are generally well read. 
But the literature they consume is often descriptive in nature, thus 
formal papers pertaining to herpetological science are frequently 
unseen. This is an important detail, for without a basic knowledge 
of contemporary herpetological science, one would essentially 
speak a different language from those in mainstream academia. 
And unless we speak the same language there can be no meaning-
ful relationships with those in academia. The best way to remedy 
this problem is for curators to encourage, if not require, their staff 
to stay abreast of current herpetological news. Further, the acqui- 
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sition of knowledge is intrinsically tied to the act of being inquisi-
tive, so curators should always push their staff to explore the sys-
tematics, ecology, and physiology of amphibians and reptiles, and 
ensure that they have easy access to relevant scientific literature. 

Likewise, academic herpetologists are really good at what they 
typically do. Often times, however, they have scant knowledge of 
the many resources zoos have to offer, and their ties with zoo her-
petologists are weak or non-existent. The logical fix for this prob-
lem is to enhance communication between zoo and academic her-
petologists and make the resources available at zoos more readily 
apparent and accessible to those in academia. See below for more 
on this topic. 

Allow me to share a telling anecdotal experience. I was em-
ployed in the department of herpetology at the Dallas Zoo from 
1985-1995. A ritual at the time was a morning meeting, lasting 
about an hour (a tradition that continues at Dallas today) that cen-
tered around the break table. These gatherings were an opportu-
nity to discuss the day's agenda (medical procedures, new exhib-
its, research projects, animal transactions, etc.), and to talk about 
herpetology in general. There are several important points here: 
1) everyone was equal at the break table so the curator could not 
or did not impose his ideas because of his position. If he pushed a 
particular idea for acceptance, it only was added to our program 
because his argument was sound; 2) there were ground rules—be 
courteous to one another and not try to intimidate with posturing, 
etc. Since we worked closely with each other, it was important to 
encourage a collegial interaction with a bunch of alpha types who, 
as a rule, were somewhat selfish; 3) there were limited resources 
so we had to make sure that what we did made sense and was a 
mutually acceptable course of action by the majority; 4) all of us 
needed to be able to defend our ideas and engage in a Socratic 
dialectic with the top professionals in our field. 

Frequently we shared the company of prominent academic her-
petologists (Walter Auffenberg, Roger Avery, Bayard Brattstrom, 
Bill Branch, Angus d'Bellairs, Daniel Bennett, Edmund Brodie, 
Jr., Jonathan Campbell, Charles Carpenter, Dave Chiszar, Joseph 
Collins, Roger Conant, William Cooper, Jr., David Crews, Ben 
Dial, James Dixon, Gary Ferguson, Neil Ford, Darrel Frost, Carl 
Gans, Bill Gehrmann, James Gillingham, Howard Gloyd, Harry 
Greene, David Hardy, Victor Hutchison, Frances Irish, Elliott 
Jacobson, Konrad Klemmer, Bill Lamar, Chris McAllister, 
Sherman and Madge Minton, M. Graham Netting, Eric Pianka, 
George Pisani, William Pyburn, Gerald Raun, Gordon Schuett, 
Edward Taylor, Donald Tinkle, Stanley Trauth, Paul Weldon, 
Martin Whiting, Wayne and Tom Van Devender, and others) who 
were passing through—stopping by to admire our collection and 
to harass curator James Murphy about all manner of things, not 
the least of which was his sartorial ineptitude. Humor aside, those 
of us in the department during those times had the good fortune of 
learning in this informal classroom with non-zoo colleagues who 
brought a suite of interesting ideas independent of zoo matters for 
us to consider. This was a place where all of us could test our 
wings with our peers, leading later to fruitful interactions. To his 
credit, James Murphy fostered this intellectual environment often 
at the frustration of the zoo director and fellow curators...as 
in...why are you guys still sitting around the break table drinking 
coffee...don't you have work to do? Of course, we always had 
plenty to do. We were encouraged to structure our days efficiently  

so that if an unexpected guest stopped by, there was time to visit. 
Accordingly, we generated project lists with agreed upon dead-
lines, and strived to complete routine duties as quickly as pos-
sible. Good time management also permitted us to work on other 
projects unrelated to collection maintenance. The benefits to this 
organizational strategy were that it built self-determination and 
good work habits, and negated the need for supervisors to micro-
manage staff—clearly a plus for both employee and employer! 

It seems that the most important manifestation of these gather-
ings was the inspiration to think on a higher plane—to encourage 
inquisitiveness and develop independent lines of inquiry. And the 
effect of those morning meetings has been lasting, as evidenced 
by the number of us who have gone on to collaborate with many 
of the persons mentioned previously. When I think of factors that 
have led to successful partnerships, a scenario similar to that just 
described seems paramount. Further, I must emphasize how im-
portant those times were in influencing my overall philosophy of 
management and program building. Since the mid-1990s, several 
of us have moved into management positions in herp departments 
at other zoos, and we are working to establish a similar environ-
ment at our institutions. 

The fact that experimental research is not on the "front burner" 
in more zoo herp programs is baffling. Murphy (2005) points out 
that zoo herpetologists devote considerable time to American Zoo 
& Aquarium Association (AZA) related activities, such as prepar-
ing studbooks and Taxon Management Accounts (TMAs), admin-
istering Taxon Advisory Groups (TAGs), etc., believing these ac-
tivities are research, which they are not. This is not to say that 
these endeavors are unimportant, for they are. They should not, 
however, be confused with empirical research. Given the broad 
range of behaviors associated with amphibians and reptiles, there 
are myriad projects that can be implemented utilizing a diverse 
herpetological collection. Projects that explore basic organismal 
topics such as reproduction, behavior, and comparative physiol-
ogy are important. Some specific reptilian psychobiological pro-
cesses that are candidates for assessment include: activity cycles, 
cover-seeking behavior, anti-predator tactics, stress, foraging be-
havior, etc. (for more examples see Chiszar et al. 1993a; 1993b). 
Apart from experiments that have obvious applied value (see 
Ferguson et al. 1996; Burghardt et al. 1996), there are many op-
portunities to answer questions having theoretical relevance (see 
Kardong 1996; Garrett et al. 1996; Cooper et al. 1996). As Chiszar 
et al. (1993b) suggest "qualitative analysis of the presence or ab-
sence of suspected adaptive phenomena although useful in their 
own right, can easily give rise to theoretical insight and advanced 
understanding of phenomena that are incompletely known at 
present." Utilizing zoo herp collections to this end should be an 
integral component of progressive zoo herpetology. And the inter-
est is there. In May of 2004, SSAR Zoo Liaison Committee mem-
ber Brian Aucone (Curator of Herpetology – Oklahoma City Zoo) 
queried herpetologists at 46 US and European zoos as to whether 
they would be interested in collaborating with academic herpe-
tologists for scientific research-100% indicated they would. 

Non-invasive experimental research should be an easy sell to 
upper administration in zoos, as long as the primary facets of tra-
ditional operations (animal health, public display, education) are 
met. In-house research typically has negligible budget impact and 
can result in important contributions. And the experimental pro- 
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cess is, in and of itself, enriching. Apart from potentially answer-
ing interesting questions, the process often generates new ques-
tions, taking the investigators in completely new directions. An-
other fortuitous advantage of collaborative research is that it draws 
positive attention to the zoo—ever important in a time when zoos 
must constantly justify why they keep animals. Common sense 
would dictate that it is our responsibility to maximally utilize our 
collection. 

There is little to be done about the falling number of herpetolo-
gists focusing on ecology in academia (which directly effects zoo 
collaborations), save for the constant bleating about its importance. 
What we can do is make it easier for the academic and zoo herpe-
tologists to communicate. An historical problem has been the ab-
sence of a convenient medium for dialogue and the exchange of 
ideas. Accordingly, one of the goals for the SSAR Relationships 
with Herpetologists at Zoological Parks Committee for 2005 is to 
establish a web-based forum (as part of the SSAR website) to fa-
cilitate communication. As committee chair, I have volunteered to 
take on this task, both as developer and moderator. The forum will 
be accessible from the SSAR Homepage (Zoo Liaison button), 
and will be seamless, meaning it will link directly and have the 
same user interface as the main site. Herpetologists will also have 
the luxury of viewing threads and posts of all who participate, 
therefore augmenting dissemination of ideas. With this new tool 
at our disposal, communication should be considerably more effi-
cient. 

An artifact of communication through the web forum may be 
the increased desire of zoo herpetologists to attend professional 
meetings. While quite a few zoo peers do attend IHS, SWAN, 
SSAR/ASIH/HL meetings, it would certainly be conducive to col-
laborative relationships for more zoo herpetologists to attend aca-
demic symposia. These meetings, especially the larger ones, al-
ways engender excitement, and are the perfect venue for network-
ing and exchange of ideas. Zoos are more likely to financially 
support registration fees and travel to AZA-sponsored events, so 
there exists the challenge of persuading zoo administrators to al-
locate a portion of their budget for academic herp meetings. Cura-
tors should certainly consider such meetings an important part of 
professional development for herp staff. 

One of the most difficult aspects of implementing a research 
program in a zoo setting is getting projects off of the ground. While 
there will always be challenges with staff, administration, etc., the 
bottom-line is that curators just have to make it happen . . . no 
need to wait for planets to align. Collaboration with other indi-
viduals makes this considerably easier, as long as projects do not 
suffer scope creep (a corporate term for projects where focus is 
lost and deadlines are missed because too many people are al-
lowed to have input and/or make decisions). A number of us at 
various zoos (all of whom were in the Dallas Zoo's herp depart-
ment at some point) are working on what we hope will be a model 
program. We have formed a "consortium" of sorts where we view 
our inventories as a collective, thereby allowing us access to a 
greater diversity of species and increased sample sizes. We have 
identified numerous projects (some of which involve moving eggs 
and neonates between zoos), assigned principle investigators, and 
are presently carrying out experiments. 

Every collaborative relationship is different. What works well 
for some, may not work well for others, thus investigators will  

tackle the issues of project planning and initiation in different ways. 
Chiszar and Smith (2005) offer some insightful comments on their 
experiences collaborating with zoo herpetologists, and they out-
line program attributes that have contributed to meaningful col-
laborations. Embracing those protocols can certainly facilitate new 
relationships. I should add that while Dave Chiszar and Hobart 
Smith humbly insist that their efforts have not been special in any 
way, I know first-hand that they have—namely their sharing of 
knowledge and willingness to encourage and support eager zoo 
herpetologists. 

Pough (1993) suggests that involving students in zoo research 
projects is an excellent way to tap the resources of academic insti-
tutions, and notes that most colleges and universities offer aca-
demic credit for research projects supervised by a faculty mem-
ber. In fact, many of these supervised projects result in peer-re-
viewed publications. Currently, numerous zoo herp departments 
offer intern programs where both undergraduate and graduate stu-
dents work summer semesters for biology and/or research credit. 
Our experience at the Fort Worth Zoo has been that interns pro-
vide a great service while learning about animal behavior, hus-
bandry, record keeping, etc. Many of these student employees will 
doubtless hold academic positions in the future, thereby paving 
the way for fruitful interactions. Zoo herpetologists should also 
become more involved in academic lab and field projects as re-
search assistants, as academics with sizable grants may be inter-
ested in hiring temporary help from the non-student pool. 

One more thing . . . it is rare for academic herpetologists to 
"drop the ball" when it comes to completion of collaborative 
projects. While I do not mean to suggest that indolence prevails 
among zoo herpetologists, we should make every effort to finish 
projects that are started. Nothing sours professional cooperation 
quicker than partners who do not follow through. Time is impor-
tant for all of us, and mutual respect in this regard will serve ev-
eryone well. 
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Until recently the plethodontid subfamily Desmognathinae, with 
20 species, has been considered a monophyletic lineage of mor-
phologically specialized salamanders, standing as the sister taxon 
of the 350-plus species of the subfamily Plethodontinae, the latter 
comprising the tribes Hemidactyliini, Plethodontini, and 
Bolitoglossini (Larson et al. 2003; Schwenk and Wake 1993; Wake 
1966). The biphasic life cycle, featuring a free-living larval stage, 
has been hypothesized as the ancestral life-history mode of 
desmognathines; the three species having direct development have 
been viewed as specialized, derived forms (Hairston 1987; Wake 
1966). 

Recent studies of molecular systematics of desmognathines have 
shown that the direct-developing species, the large, elongate 
Phaeognathus hubrichti and the miniaturized Desmognathus 
wrighti and D. aeneus, occupy more basal positions in the taxon, 
leading to the hypothesis that direct development was ancestral in 
desmognathines (Rissler and Taylor 2003; Titus and Larson 1996). 

Three newer studies have re-evaluated the relationships of 
plethodontids generally, and have supported Titus and Larson's 
(1996) and Rissler and Taylor's (2003) interpretation of 
desmognathine evolution. In an investigation of plethodontid mi-
tochondrial genomes, Mueller et al. (2004) showed that 
desmognathines nest within a mix of direct-developing forms, in-
cluding Plethodon, Hydromantes, and Aneides, and fall out as the 
sister taxon of Ensatina (Fig. 1). These authors (Mueller et al. 
2004: Fig. 3) posited three equally parsimonious evolutionary sce-
narios to account for life-history diversification within the frame-
work of their phylogeny. Although they left this as an unresolved 
problem, each of the three scenarios requires, for desmognathines, 
the evolution of biphasic life cycles in descendants from direct-
developing ancestors, and thus the re-evolution of a free-living 
larval morph within this lineage. Second, Chippindale et al. (2004), 
using both morphological and molecular characters, found that 
desmognathines fall within the traditional plethodonine (tribal) 
Glade, and stand as the sister taxon of Aneides—Ensatina (Fig. 2). 
They speculated that desmognathines re-evolved a biphasic life 
cycle under competitive pressures from other terrestrial 
plethodonines in species-rich Appalachian Mountain ecosystems. 
Finally, Macey (2005), in a reanalysis of the Mueller et al. (2004) 
mitochondria' genomic dataset, reported that desmognathines fall 
within a plethodonine—Hydromantes lineage, and recovered 
Desmognathus—Phaeognathus as the sister lineage of Aneides-
Ensatina—Hydromantes (Fig. 3). This paper did not directly ad- 

A, Hemidactyliini, exclusive of Hemidactylium 

Ensatina 

Desmognathinae 

Hydromantes 

Aneides 

FIG. 1. Main features of the mitochondrial genomic phylogeny of 
Mueller et al. (2004: Fig. 2). 

dress life-history evolution. Chippindale et al. (2004) proposed a 
new taxonomy for plethodontids in which the traditional subfam-
ily Desmognathinae is abolished, with the genera Desmognathus 
and Phaeognathus recognized as the supergenus Desmognathus. 
In the remainder of the present paper I use the term desmognathan 
for the monophyletic Glade of Phaeognathus and Desmognathus, 
and will refer to plethodontid subfamilies by the new names sug-
gested by Chippindale et al. (2004) and followed by Macey (2005) 
(see Figs. 2, 3). 

The Mueller et al. (2004), Chippindale et al. (2004), and Macey 
(2005) analyses raise numerous questions concerning the evolu-
tionary history and relationships of desmognathans. I address the 
following: (1) What is the sister taxon of plethodontids, and how 
does resolution of this question inform understanding of life-his-
tory evolution in plethodontids generally and desmognathans spe-
cifically? (2) What is the likelihood that desmognathan morphol-
ogy is a product of convergent evolution (homoplasy) for the three 
morphological character sets that Mueller et al. (2004) evaluated? 
(3) What other morphological characters contribute to the resolu-
tion of desmognathan relationships? (4) What is the status of the 
three direct-developing members of the Glade in reference to their 
morphology, developmental biology, life history, and ecology? (5) 
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FIG. 2. Phylogeny of Chippindale et al. (2004: Fig. 4) based on com-
bined data (molecular + morphology). Names in the right-hand column 
are the subfamily assignments proposed by the authors. 

FIG. 3. Macey's (2005: Fig. 1A) most parsimonious tree based on the 
mt-DNA dataset. Subfamilies follow Chippindale et al. (2004). 

How realistic is the ecological scenario posited by Chippindale et 
al. (2004) for the re-evolution of biphasic life cycles in 
desmognathans? (6) What weight should be assigned, in 
plethodontids, to an evolutionary transition from a biphasic life 
cycle to direct development, as opposed to the reverse? 

In addressing these questions, my arguments are based on (1) 
application of outgroup comparison in phylogenetic inference, i.e., 
that the ancestral character state is most likely the one that is most 
widely distributed among taxa outside the group in question, and 
(2) Dollo's law of irreversibility, i.e., that complex characters, once 
lost in evolution, are unlikely to be regained (Dollo 1905; Gould 
1970). 

1. THE SISTER FAMILY QUESTION 

Whereas Larson and Dimmick (1993) assigned Amphiumidae 
as the sister family of Plethodontidae, Larson et al. (2003) noted  

the uncertainty of relationships among Amphiumidae, 
Plethodontidae, and Rhyacotritonidae. Chippindale et al. (2004) 
recovered Amphiumidae as the sister family of Plethodontidae, 
with Rhyacotritonidae as the sister lineage of this Glade. The analy-
ses of Mueller et al. (2004) and Macey (2005), both of which 
omitted Amphiumidae, supported a sister-group relationship be-
tween Rhyacotritonidae and Plethodontidae. Both Amphiumidae 
and Rhyacotritonidae are small families, each with a single genus, 
with three and four species, respectively. The species of Amphiuma 
are highly aquatic, specialized, partially paedomorphic sala-
manders; yet the gilled larval period is apparently brief and larvae 
may not feed in the larval stage (Gunzburger 2003; Ultsch and 
Arceneaux 1988). Thus—uniquely—life-history modes in 
Amphiuma approach direct development, even though metamor-
phosis is incomplete and adults retain some larval features. 
Rhyacotritonids resemble plethodontids in the reduction of lungs 
and absence of an ypsiloid cartilage (Good and Wake 1992), some 
aspects of cloacal anatomy (Sever et al. 2004a,b), and courtship 
behavior, which features a tail-straddling walk identical to that of 
plethodontids (Rudenko et al. 2003). The species of Rhyacotriton 
are mountain-stream salamanders; the biphasic life cycle involves 
a multi-year larval period (Nussbaum and Tait 1977), similar to 
that of many biphasic plethodontids (Bruce 2003). Thus, a sister-
group relationship between rhyacotritonids and plethodontids in-
fers a stream-dwelling common ancestor with a biphasic life cycle. 

In their phylogenetic construct of developmental modes, 
Chippindale et al. (2004: Fig. 4) coded amphiumids as biphasic. 
They did cite evidence (Gunzberger 2003) that amphiumids could 
be considered direct developers. In any case, the early life histo-
ries of Amphiuma means (Gunzburger 2003) and A. tridactylum 
(Ultsch and Arceneaux 1988) are similar to those of Phaeognathus 
hubrichti (Means 2003) and Desmognathus aeneus (Harrison 1967; 
Valentine 1963), which Chippindale et al. (2004) considered di-
rect developers. However, coding amphiumids as direct develop-
ers would require postulating a direct development–biphasic tran-
sition in the hemidactyline and spelerpine lineages, as well as in 
(most) desmognathans. This might be a difficult argument to sus-
tain. Adding rhyacotritonids to the mix reinforces assignment of 
the ancestral life-history mode as biphasic. 

2. MORPHOLOGICAL HOMOPLASY 

Mueller et al. (2004) evaluated the following three morphological 
characters in reference to their mitochondrial genomic phylogeny: 
(1) hind-limb toe number, (2) tongue structure, and (3) tail 
autotomy. Toe number is uninformative for desmognathans; the 
ancestral number is five, and this state is retained in all members 
of their major PI–C Glade to which desmognathans belong. 
Reduction from five to four toes has occurred in several lineages 
within their major AB Glade. 

Three tongue types are found in plethodontids: protrusible, free, 
and attached projectile. The protrusible tongue is the simplest, and 
is least modified from the ancestral condition based on outgroup 
comparisons. It is retained in desmognathans and in the genera 
Plethodon and Aneides. However, in other members of the Pl–C 
Glade, Ensatina (the putative sister group of desmognathans) has 
an attached projectile tongue, whereas Hydromantes has a free 
tongue. 

The third character considered by Mueller et al. (2004) is tail 
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autotomy, with three states. The simplest is a thick-based tail with 
no specializations for autotomy and rapid wound healing. This 
condition is found in desmognathans and most spelerpines, as well 
as in close outgroups, and thus can be considered the ancestral 
state. The more specialized states are slender- and constricted-
based tails, with various provisions for breakage and wound heal-
ing. Mueller et al. (2004) proposed that tail autotomy evolved in 
ancestral plethodontids, and that evolution of a thick-based tail 
occurred independently in aquatic and semi-aquatic spelerpines 
and desmognathans as an adaptation for aquatic locomotion. Based 
on outgroup analysis, such a scenario would represent a reversal. 
Ensatina, the putative sister taxon of desmognathans, has a con-
stricted-based tail. 

Based only on information provided by Mueller et al. (2004) on 
these three sets of morphological characters, it seems remarkable 
that desmognathans have retained character states for all three that 
can be inferred as ancestral vis-à-vis close outgroups, yet in the 
mitochondrial genomic phylogeny they nest deeply in a Glade com-
prising members exhibiting derived morphological states. The sis-
ter-group relationship of Ensatina and desmognathans appears 
especially suspect, inasmuch as desmognathans otherwise share 
few traits with Ensatina, either in morphology, ecology, or life 
history. 

3. OTHER MORPHOLOGICAL CHARACTERS 

The principal morphological characters that define 
desmognathans are nine skeleto-muscular features of the head, 
trunk, and limbs (Schwenk and Wake 1993). The latter authors 
interpreted these as conjoint adaptations for feeding and for bur-
rowing by head wedging in streams. They argued that the traits 
reflect a secondary entry into streams by adult desmognathans. 
But, given that the traits are shared across the supergenus, such an 
evolutionary scenario would seemingly necessitate some degree 
of aquatic ancestry for the direct-developing species as well as for 
the biphasic members of the Glade. 

In comparing skull development in the biphasic Desmognathus 
quadramaculatus and direct-developing D. aeneus, Marks (2000), 
in assuming that the biphasic life cycle is the ancestral state in 
desmognathans, addressed the question of evolution of direct de-
velopment by (1) recapitulation of the ancestral ontogeny, which 
is accelerated so that metamorphosis occurs before hatching, ver-
sus (2) ontogenetic repatterning, wherein the ancestral pattern is 
modified. One key element in her comparison was the 
palatopterygoid bone, absent in D. aeneus but present in D. 
quadramaculatus as well as in larvae of Eurycea bislineata. Par-
simoniously, this requires that the evolution of direct development 
in desmognathans, as expressed in D. aeneus, involved ontoge-
netic repatterning. Conversely, if direct development represents 
the ancestral state in desmognathans, the palatopterygoid would 
have had to have been reinvented in biphasic desmognathans (if 
in fact it is also absent in Phaeognathus and D. wrighti). Accord-
ing to Marks (2000: p. 273), "... evolution of direct development 
via repatterning involves an alteration of the ancestral ontogeny. 
Thus, it may be difficult for larval forms to re-evolve from direct-
developing ancestors." And later (Marks 2000: p. 275), "... evo-
lution of direct development via ontogenetic repatterning may pre-
clude subsequent re-evolution of species with larval development." 
Marks's (2000) argument is convincing insofar as the evidence  

allows, but what are needed to resolve the question are embryo-
logical data for the other two species (D. wrighti and P. hubrichti) 
of direct-developing desmognathans. 

An additional set of characters bearing on desmognathan rela-
tionships is the hyobranchial skeleton, especially variation in mor-
phogenesis of the epibranchial cartilages in embryos and larvae 
(Alberch 1987). Three epibranchial cartilages develop embryo-
logically in most hemidactyline and spelerpine plethodontids, al-
though two or three species, Hemidactylium scutatum and Eurycea 
longicauda/guttolineata, have either three or four epibranchials 
(Rose 1995a). Embryos of Plethodon cinereus develop three 
epibranchials (Dent 1942). In contrast, desmognathans, including 
D. aeneus and D. quadramaculatus, have four epibranchials (Marks 
2000). Given that other families, Proteidae excepted, also develop 
four epibranchials, the desmognathan condition is most parsimo-
niously interpreted as ancestral for plethodontids. 

In plethodontids, bolitoglossines excepted, the embryonic and 
larval first epibranchial undergoes replacement (versus remodel-
ing) at metamorphosis by the single adult epibranchial that devel-
ops in its position (Alberch 1987; Alberch and Gale 1986; Rose 
1995b). Alberch (1987) proposed that this feature, unique to 
plethodontids, was an adaptation of biphasic ancestral 
plethodontids that facilitated metamorphosis and allowed inde-
pendent evolution of larval and adult morphology. 

One feature of the sensory system of phylogenetic significance 
is the lateral line. Lateral line organs are found in larvae and aquatic 
adults in all urodelan families; thus the presence of the lateral line 
is postulated as the ancestral state. In plethodontids lateral line 
organs are found in spelerpines and in larvae and adults of aquatic 
and semiaquatic species of desmognathans; they are absent in di-
rect-developing D. aeneus and D. wrighti and in direct-develop-
ing members of other lineages (Collazo and Marks 1994; Dent 
1942). If desmognathans stem from a direct-developing ancestry, 
they have necessarily re-evolved the lateral line system. 

4. DIRECT-DEVELOPING DESMOGNATHANS 

The evolution of small body size in desmognathan salamanders 
is correlated with accelerated development to metamorphosis and 
sexual maturation (Beachy and Bruce 2003). Desmognathus aeneus 
and D. wrighti are among the world's smallest salamanders, simi-
lar to many species of Thorius (Bruce 2000: Table 4) in mean and 
maximum adult sizes (Harrison 1967; Hining and Bruce 2005; 
Organ 196 1 a,b). Given that no other members of the Pl—C Glade 
of Mueller et al. (2004) exhibit such small sizes, miniaturization 
in these species is undoubtedly a derived trait. Miniaturization is 
correlated with a high rate of development to sexual maturation 
(Harrison 1967; Hining and Bruce 2005), inasmuch as age at matu-
ration is lower in both species than in other, larger Desmognathus 
(Bruce et al. 2002; Castanet et al. 1996). Thus, I suggest that di-
rect development in both D. aeneus and D. wrighti is an evolu-
tionary consequence of heterochronic acceleration in developmen-
tal rate that eliminated the free-living larval stage, lowered age at 
sexual maturation, decreased generation time, and promoted small 
body size; i.e., a "matrix of acceleration" (Ryan and Bruce 2000). 
Possible ecological factors eliciting selection for these traits in-
clude competition and predation acting in diverse species assem-
blages along the rich resource gradient of southern Appalachian 
ecosystems (Bruce 1996; Hairston 1986, 1987). 
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The biology of the third direct-developing desmognathan, 
Phaeognathus hubrichti, is poorly known. It is a secretive bur-
rower, highly derived in morphology (e.g., 21-23 trunk vertebrae 
vs. 15 in other desmognathans). Basic life-history data are sketchy. 
Whereas hatchlings emerge at a large size with well-developed 
gills, the larvae do not feed, and they metamorphose within a few 
days (Means 2003). Age at sexual maturation is estimated as 5-6 
years in females and probably earlier in males, based on 
skeletochronological data of 11 individuals (Parham et al. 1996). 
Although these findings suggest acceleration in growth and de-
velopmental rates in comparison with the larger species of 
Desmognathus (Bruce et al. 2002; Castanet et al. 1996), verifica-
tion awaits further data on growth and maturation in Phaeognathus. 

5. THE ECOLOGICAL SCENARIO 

Chippindale et al. (2004) proposed that selection favor-
ing re-evolution of a biphasic life cycle in Desmognathus derived 
from competition with terrestrial plethodontines (e.g., Plethodon) 
in species-rich salamander assemblages of the Appalachian Moun-
tains. They overlooked the likelihood that such assemblages con-
tained semiaquatic and aquatic spelerpines of the genera Eurycea, 
Gyrinophilus, and Pseudotriton. Clade ages in the latter taxon are 
in fact greater than those of desmognathans (Larson et al. 2003). 
From an ecological perspective, the evolution of biphasic life cycles 
in amphibians is related to the causes and consequences of onto-
genetic niche shifts in relation to differences in resources, compe-
tition, and predation in the aquatic and terrestrial habitats (Roff 
2002; Rowe and Ludwig 1991). Extant species of biphasic 
desmognathans and spelerpines overlap considerably in body size, 
diet, and life history (Petranka 1998). Interactions among them 
are incompletely understood. Nevertheless, the ecological–evolu-
tionary model of Chippindale et al. (2004) would seemingly have 
taken desmognathans "out of the frying pan into the fire" in the 
competitive milieu of Appalachian salamander assemblages. 

Conversely, in assuming a biphasic ancestry of desmognathans, 
the same objection might be raised for the evolution of the direct-
developing, terrestrial members of the lineage. However, 
Desmognathus aeneus and D. wrighti are miniaturized forms, 
smaller than any extant members of Plethodon, and they thereby 
occupy unique adaptive zones within the Appalachian plethodontid 
assemblage. Their evolutionary trajectories may have involved 
entry into unoccupied, resource-rich terrestrial niches, which served 
to reduce predation and competition from their more aquatic con-
geners (Bruce 1996; Hairston 1986, 1987). Similarly, as noted 
above, Phaeognathus hubrichti appears to occupy a unique niche, 
unlike that of other North American salamanders. 

6. EVOLUTIONARY REVERSALS 

The acquisition in a descendant of a biphasic life cycle, with a 
free-living larval stage, from a direct-developing ancestor, which 
itself had evolved direct development from an earlier biphasic 
ancestor, might constitute an exception to Dollo's principle; i.e., 
an organism or a complex organ system never returns exactly to 
its former state (Dollo 1905). This postulate can be restated within 
the framework of probability theory: Reversal of a complex adap-
tation to its ancestral state involves so many independent steps 
that the laws of probability make re-evolution of the ancestral con-
dition highly unlikely (Gould 1970). In the present case this gen- 

erates the question whether the larval morph of plethodontid sala-
manders is sufficiently complex to make the probability of its re-
evolution effectively nil. Resolution of the question requires evalu-
ation of morphogenesis in the biphasic and direct-developing lin-
eages within the framework of the phylogenetic hypotheses gen-
erated by the newer molecular techniques. 

In plethodontid salamanders, the derivation of a descendant with 
a biphasic life cycle from a terrestrial ancestor with direct devel-
opment would involve the re-evolution of a free-living larva 
adapted to respire with external gills and feed by suction feeding, 
and having an aquatic locomotor system, lateral line sensory or-
gans, plus other morphological features associated with aquatic 
life. Moreover, such a scenario requires the re-evolution of a com-
plex metamorphosis involving many organ systems, as well as the 
underlying physiological/endocrinological system that regulates 
the transformation. It is unlikely that an evolutionary change of 
this level of complexity (as expressed in the biphasic 
desmognathans) could be accomplished by simple heterochronic 
retardation of embryonic development starting with a direct-de-
veloping ancestor, given that in embryos of direct-developing 
plethodontids, including desmognathans, the requisites for a free-
living existence in aquatic environments have been lost or have 
been obscured by ontogenetic repatterning (Collazo and Marks 
1994; Marks and Collazo 1998; Wake and Hanken 1996). 

In contrast, the evolution of direct development from a biphasic 
ancestry represents simplification of the ancestral life cycle that 
can be achieved through accelerated development, involving loss 
of ancestral larval characters and simplification of metamorpho-
sis and its physiological controls. Thus, my response to the asser-
tion of Mueller et al. (2004) that "Discrimination among these 
scenarios [of life history evolution] will require weighting either 
the loss or reevolution of larvae ..." is that the probability of evolv-
ing direct development from a biphasic ancestry far outweighs 
that of the reverse. 

Chippindale et al. (2004) calculated probabilities that ancestral 
desmognathans were direct developing, over a range of hypotheti-
cal relative transition rates between alternative life-history modes. 
Their calculations generate probabilities below 50% only by as-
suming that the probability of the direct development to biphasic 
transition is several orders of magnitude lower than the reverse. 
However, this may not be an unreasonable assumption, given the 
morphogenetic constraints involved in re-evolving a larval stage. 

Conclusions.—Contrary to the molecular evidence, data from 
morphology, embryology, and life history, in comparison with other 
urodelan families, all suggest that a biphasic life cycle is ancestral 
in plethodontids generally and in desmognathans specifically. In 
desmognathans the retention of ancestral states for an array of 
unrelated characters is difficult to account for on the basis of ho-
moplasy. Moreover, the three direct-developing species of the sub-
family are all specialized in body size and other characters, and 
they occupy unique adaptive zones. Direct development would 
appear to represent an evolutionary correlate of these derived traits. 

The principal inconsistency in the Mueller et al. (2004) phylog-
eny is the putative sister-group relationship of desmognathans and 
Ensatina. This inconsistency is removed in Macey's (2005) re-
evaluation of the mitochondrial genomic dataset, wherein the po-
sition of Ensatina shifts to a Glade including Aneides–Ensatina-
Hydromantes, forming the sister group of Phaeognathus- 
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Desmognathus. The Macey phylogeny requires no transitions from 
direct development to a biphasic life cycle. Although Chippindale 
et al. (2004) argued for a reversal from direct development to lar-
val development in desmognathans, in their phylogeny retention 
of a biphasic life cycle in ancestral desmognathans, hemidactylines, 
and spelerpines would require the evolution of direct development 
in Plethodon, Aneides + Ensatina, and Bolitoglossini, as well as 
in three desmognathan lineages, but no reversals. Given the mul-
tiple derivations of direct development in anurans, caecilians, and 
tetrapods generally, this would appear to be a more likely scenario 
than the reinvention of biphasic life cycles by plethodontid sala-
manders. 

From my perspective, the most compelling questions stemming 
from these surprising new phylogenies concern the ecological as-
pects of life-history evolution. I still maintain that streamside spe-
cies with the brief larval periods and small metamorphic sizes rep-
resent valid models of the "ancestral" desmognathan (Bruce 1991). 
Nevertheless, it would be valuable to have more comprehensive, 
comparative data on embryogenesis and early life history in a va-
riety of desmognathans, including Phaeognathus hubrichti and 
Desmognathus wrighti, and in their putative plethodontine rela-
tives. Experimental studies on plasticity in ontogenetic niche shifts 
and its ecological and genetic basis in desmognathans should shed 
light on the evolutionary potential for transitions between life-
history modes in this Glade. Also needed are broader scale experi-
mental studies than have heretofore been conducted on ecological 
Interactions among spelerpines and desmognathans, in the aquatic 
phases especially, in species-rich communities in the Appalachians 
and elsewhere. 
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It is understandable that Bruce (2005) questions interpretation 
of our independent studies concerning plethodontid life-history 
evolution. Larval development is found in all ten families of sala-
manders, and only members of Plethodontidae exhibit direct de-
velopment from deposited eggs (Salthe 1969). Nevertheless, all 
analyses of mitochondrial DNA (Macey 2005; Mueller et al. 2004; 
Titus and Larson 1994), nuclear DNA (Chippindale et al. 2004), 
and even of the combined morphological and molecular data 
(Chippindale et al. 2004), indicate that desmognathine salamanders 
with larval development are deeply nested within direct-develop-
ing clades. Given the new and robust phylogenetic hypotheses, 
the most parsimonious interpretation of these results is that the 
free-living larval phase has re-evolved. We think that explorations 
such as those presented by Bruce (2005) are important contribu-
tions toward explaining these findings. However, invocation of 
generalizations such as Dollo's "Law" (which states that complex 
states cannot re-evolve once lost; Hall 1998) is not the most ap-
propriate approach to the analysis of real data sets. Empirical analy-
ses of Dollo's Law show that genes controlling developmental 
processes can indeed remain dormant for long time periods, up to 
10 million years, and then be reactivated to express traits previ-
ously "lost" within clades (e.g., Marshall et al. 1994). Within sala-
manders there have been demonstrable reversals of other life-his-
tory traits, notably a return of metamorphosis in taxa deeply nested 
within otherwise permanently larval forms (Bruce 1976; 
Chippindale et al. 2000; Shaffer 1984; Sweet 1982). Also, there is 
surprising plasticity in life-history traits associated with metamor-
phosis and even egg retention and oviductal development (Lanza 
and Piero 2001; Wake 1989; Wake and Hanken 1996). 

Perhaps, as Bruce (2005) argues, life history evolution has been 
highly non-parsimonious (i.e., direct development has indepen-
dently evolved many times within Plethodontidae), and what has 
been called "direct development" is, instead, a heterogeneous set 
of non-homologous states. Labeling his argument as a "point of 
view" is appropriate. We think that his arguments contain elements 
of speculation, whereas ours are based on direct interpretations of 
the phylogenetic data. Refuting the possibility of a reversal from 
direct development to a free-living aquatic larval stage in 
desmognathines would require the acceptance of at least four or 
five independent origins of direct development. This would also 
imply that "direct development" is not one but many states (e.g., 
Wake and Hanken 1996); if so, there has been far more diversity 
of life-history modes in plethodontids than has been recognized 
previously. Our new phylogenetic hypotheses are based largely 
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on new molecular datasets; because they are hypotheses, we are 
actively engaged in gathering additional data to test them. We need 
to develop other datasets and integrate our studies in such a man-
ner as to effectively test and reject alternative hypotheses of 
plethodontid relationships until such hypotheses can generally be 
viewed as robust, even if they conflict with more classical hy-
potheses for the evolution of morphology and life-history evolu-
tion in this group. The newly discovered Asian plethodontid sala-
mander, Karsenia koreana, also appears to be a direct developer. 
Given its placement in the phylogeny (Min et al. 2005), the case 
for a reversal in Desmognathus is even stronger; argument against 
reversal now requires the independent evolution of direct devel-
opment in at least six clades (Plethodon, Hydromantes + Ensatina, 
Karsenia, Aneides, Phaeognathus, and Desmognathus wrighti). 

What has become clear in this developing debate is the absence 
of relevant comparative ontogenetic and developmental morpho-
logical data for salamanders. Relatively few species have been 
studied, and even such common species as members of Amphiuma 
are imperfectly known. Direct development is best known from 
studies of a species that is only a marginal direct developer, 
Desmognathus aeneus (Marks 2000), and very little is known about 
the early ontogeny of the 328+ species of direct developing 
plethodontids, many of which may prove to be relevant to this 
controversy. 
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Bruce (2005) presents provocative arguments in favor of an 
ancestral biphasic life-history mode for plethodontid salamanders, 
in particular for the genera formerly assigned to subfamily 
Desmognathinae Wake 1966: Desmognathus + Phaeognathus, the 
supergenus Desmognathus (sensu Chippindale et al. 2004). Bruce 
disputes the inferences of Chippindale et al. (2004) that a reversal 
from direct development to an aquatic larval stage occurred in 
Desmognathus (see also Bonett et al. 2005; Mueller et al. 2004). 
For decades, Bruce has played a leading role in studies of 
plethodontid life-history evolution (e.g., Bruce et al. 2000), and 
his disagreement with our conclusions is a cause for concern that 
must thoroughly be addressed. 

The possibility that direct development is the ancestral state for 
supergenus Desmognathus (Desmognathus hereafter) has been 
discussed by several authors (e.g., Collazo and Marks 1994; Marks 
2000; Titus and Larson 1996). The new and largely concordant 
phylogenetic hypotheses of Chippindale et al. (2004), Mueller et 
al. (2004), and Macey (2005) provide an opportunity to trace life-
history evolution in plethodontids within a rigorous phylogenetic 
framework. Here, we address Bruce's arguments and show that 
the preponderance of evidence supports re-evolution of the aquatic 
larval stage in Desmognathus. 

Bruce offers six key arguments in favor of biphasic develop-
ment as the primitive condition for Desmognathus. We will ad-
dress these in the order in which they appear in his paper. We 
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think that the issues can be distilled to four questions: (1) Is the 
family-level placement of plethodontids correct? (2) Is the phylo-
genetic position of supergenus Desmognathus within 
Plethodontidae correct? (3) Is the ancestral reconstruction for the 
evolution of direct development correct? (4) How strong is the 
evidence that competition in terrestrial environments drove the 
re-evolution of the larval stage? 

1. THE SISTER FAMILY QUESTION: AMPHIUMIDAE OR 

RHYACOTRITONIDAE? 

Bruce raises concerns about the phylogenetic position of 
Plethodontidae and the possible implications of its placement for 
the ancestral reconstruction of direct development in the family. 
Larson and Dimmick (1993) and Larson et al. (2003) showed re-
lationships among amphiumids, plethodontids, and rhyacotritonids 
to be uncertain, and the analyses of Mueller et al. (2004) and Macey 
(2005) omitted amphiumids. However, the analysis of Chippindale 
et al. (2004) found strong support for the relationships 
(Rhyacotritonidae (Amphiumidae + Plethodontidae)). This result 
also has been strongly supported in a more recent analysis of higher-
level salamander relationships based on molecular and morpho-
logical data (Wiens et al. 2005). We think that the phylogenetic 
position of plethodontids has now been resolved, and that 
Chippindale et al. (2004) used the appropriate outgroup relation-
ships (based on inclusion of nearly all salamander families in their 
phylogenetic analyses) for their ancestral-state reconstructions. 

Bruce favors biphasic development as the ancestral condition 
for plethodontids, based in part on a presumed close relationship 
between Plethodontidae and Rhyacotritonidae. The latter family 
occurs in mountain stream habitats in western North America, has 
aquatic larvae, and exhibits some other features similar to those in 
plethodontids (e.g., lung reduction). However, new molecular 
analyses and combined molecular and morphological analyses 
overwhelmingly support amphiumids as the sister group of 
plethodontids (Chippindale et al. 2004; Wiens et al. 2005). 

In this section of his paper, Bruce also asserts that the ancestral 
state reconstructions of Chippindale et al. (2004) assume that 
Amphiumidae is biphasic. He states that "life-history modes in 
amphiumids approach direct development" (p. 108). This is a very 
reasonable view, especially given recent work by Gunzburger 
(2003). In fact, we presented and discussed ancestral state recon-
structions in which amphiumids were treated alternately as biphasic 
and as direct developers. Both approaches yielded nearly identi-
cal results, with overwhelming support for a direct-developing 
ancestral Desmognathus using both maximum likelihood- and 
parsimony-based methods. In addition, treatment of amphiumids 
as direct developers supports the intriguing possibility (also sug-
gested by analyses in which amphiumids were coded as biphasic) 
that direct development is the ancestral condition for 
Plethodontidae, and that there have been additional reversals to 
biphasic development in other lineages of plethodontids besides 
Desmognathus. 

2 AND 3. MORPHOLOGICAL HOMOPLASY AND PLETHODONTID 

PHYLOGENY: THE WHOLE IS GREATER THAN SOME OF THE PARTS 

Bruce's sections 2 and 3 relate (directly or indirectly) to his 
concerns about the phylogenetic position of Desmognathus based  

on the incongruence of new molecular results with certain mor-
phological characters. Bruce has informed us (pers. comm.) that 
he does not question our phylogenetic conclusions, and he does 
adopt our new taxonomy in his paper. However, his discussion of 
character evolution suggests that he questions our placement of 
Desmognathus within Plethodontidae, and we wish to clarify some 
of the issues that he raises. 

A critical point is that simply discussing the evolution of se-
lected morphological characters provides a very limited view of 
the implications of the morphological data for the phylogeny, at 
least relative to performing a full-scale phylogenetic analysis. Bruce 
fails to mention that Chippindale et al. (2004) performed a thor-
ough phylogenetic analysis of the available morphological data 
for plethodontid phylogeny. This analysis included 123 morpho-
logical characters (including both original observations as well as 
characters based on data in the literature), encompassing nearly 
all of those discussed by Bruce (i.e., toe number, tongue structure, 
tail autotomy, and number of larval epibranchials, but not the pres-
ence or absence of lateral line organs). Rigorous analysis of the 
morphological data fails to support the traditional basal position 
for Desmognathus within Plethodontidae. Indeed, a basal position 
for Desmognathus was supported by only a single character (three 
larval epibranchials) in the widely used phylogenetic hypothesis 
of Lombard and Wake (1986). Furthermore, although the mor-
phological analyses do not support the placement of Desmognathus 
within plethodontines as the molecular data do, they do not sup-
port monophyly of plethodontines either. 

On the other hand, phylogenetic analyses of mitochondrial ge-
nome sequences (Macey 2005; Mueller et al. 2004), combined 
and separate analyses of nuclear and mitochondrial data 
(Chippindale et al. 2004), and combined molecular and morpho-
logical data (Chippindale et al. 2004) show that Desmognathus is 
nested within Plethodontinae (Aneides + Ensatina + Plethodon + 
supergenus Desmognathus, sensu Chippindale et al. 2004; Macey 
2005 also included Hydromantes in this group). With the excep-
tion of the biphasic species of Desmognathus, all plethodontines 
are direct developers. At least two of the three direct-developing 
members of supergenus Desmognathus (Phaeognathus hubrichti 
and D. wrighti) appear to be basal to the remaining species; the 
third direct-developing species (D. aeneus) may be as well 
(Chippindale et al. 2004; Titus and Larson 1996; note that Mueller 
et al. 2004 and Macey 2005 did not include this species in their 
analyses). The data sets are not completely independent: 
Chippindale et al. (2004) included 1,473 mitochondrial characters 
in some of their analyses, overlapping with the 14,040 used by 
Mueller et al. (2004) and then reanalyzed by Macey (2005). How-
ever, it is noteworthy that none of the analyses support either a 
basal position for Desmognathus or monophyly of the former 
Plethodontini (Plethodon, Ensatina, and Aneides). Instead, the 
available data favor nesting of Desmognathus within an other-
wise exclusively direct-developing Glade of plethodontids. 

4. EVOLUTION OF DIRECT-DEVELOPING DESMOGNATHUS: 

THE PHYLOGENY MATTERS 

In this section, Bruce discusses scenarios that might account for 
the evolution of direct development in genera Phaeognathus and 
Desmognathus. However, Bruce misses a key point. Given the 
overwhelming phylogenetic evidence that Desmognathus and 
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Phaeognathus are nested inside of plethodontines, any explana-
tion for the evolution of direct development must also include 
Plethodon, Aneides, and Ensatina (and probably Hydromantes as 
well). Rather than making complex arguments to explain why di-
rect development evolved convergently in these ecologically and 
morphologically diverse lineages, a simpler solution may be that 
this trait evolved in the common ancestor of all of these genera, 
and that there have been subsequent changes in body size, micro-
habitat specialization, and other traits among species sharing this 
developmental mode. This is what appears to have happened in 
the morphologically and ecologically diverse bolitoglossines, all 
of which are direct developers (Wake 1966). Thus, Bruce's com-
parison of miniaturization in the bolitoglossine genus Thorius to 
that in Desmognathus aeneus and D. wrighti merely highlights 
the repeated, extreme changes in body size in plethodontid lin-
eages with direct development. 

5. THE ECOLOGICAL SCENARIO: OUT OF THE FRYING PAN, INTO THE 

COOL MOUNTAIN STREAM 

We speculated that competition with terrestrial plethodontids 
(likely Plethodon) drove the reinvasion of aquatic habitats and 
subsequent radiation of Desmognathus (note that in this section 
we refer only to members of the genus Desmognathus), whereas 
Bruce suggests that competition with aquatic salamanders may 
have led to repeated evolution of direct development. Our sce-
nario is consistent with our likelihood-based analysis of diver-
gence dates in plethodontids. Radiation of Plethodon in Appala-
chia appears to have predated or overlapped with the radiation of 
biphasic Desmognathus. Bruce counters with an "out of the fry-
ing pan, into the fire" argument, invoking possible competition 
with or predation by spelerpine (sensu Chippindale et al. 2004) 
plethodontids in Appalachian stream habitats. Spelerpinae is a 
subfamily corresponding to the tribe Hemidactyliini (Wake 1966), 
but excluding the phylogenetically distinct genus Hemidactylium. 

Given that our hypothesis of competitive interactions was highly 
speculative, we do not have compelling evidence that competition 
with spelerpines may be less important to species of Desmognathus 
than competition with other plethodontines. However, some lines 
of evidence are suggestive of this idea. First, both spelerpines and 
Desmognathus seem to reach their maximum local species rich-
ness in streamside habitats (Petranka 1998), which is not the ex-
pected pattern if competition between them was substantial. Sec-
ond, there is extensive microsympatry among many species of 
Desmognathus and spelerpines along streams in eastern North 
America (e.g., members of the Eurycea bislineata complex and 
Gyrinophilus porphyriticus), suggesting that these lineages can 
coexist without competitively excluding each other (Petranka 
1998). In contrast, there is considerable evidence for competitive 
interactions among terrestrial plethodontines (e.g., Hairston 1996), 
and Hairston (1981) suggested that some stream-associated Ap-
palachian plethodontids (including members of the genus 
Desmognathus) might escape competition for nesting sites with 
terrestrial Plethodon by breeding in or near aquatic habitats. Fur-
thermore, recent evidence (Baldwin 2002, unpubl. data; Baldwin 
and Chippindale, unpubl. data) indicates that Pseudotriton, one of 
the spelerpine genera that is sympatric with Desmognathus, colo-
nized the Appalachian highlands very recently, long after the ra-
diation of biphasic Desmognathus. 

6. EVOLUTIONARY REVERSALS AND BREAKING DOLLO'S LAW: 

CRIMES AND MISDEMEANORS 

Bruce rests much of his case on "Dollo's Law" (or "principle"), 
the assumption that complex characters, once lost, cannot re-evolve 
(or at least not in their original forms). However, there is abundant 
evidence that Dollo's Law has been broken repeatedly. One clear 
example is the re-evolution of teeth on the lower jaw of the 
hemiphractine treefrog Gastrotheca guentheri (Duellman and 
Trueb 1986). Other recent examples (while not without contro-
versy) also show the loss and re-evolution of complex features, 
such as hind limbs in snakes (Tchernov et al. 2000), wings in stick 
insects (Whiting et al. 2003), and shell coiling in gastropod mol-
luscs (Collin and Cipriani 2003). Given these challenges to the 
generality of Dollo's principle, we seriously question its applica-
bility to plethodontid salamanders. 

Recent advances in evolutionary developmental biology may 
explain why Dollo's Law may be broken so frequently. Numerous 
complex phenotypic traits appear to be controlled by regulatory 
or "master switch" genes (e.g., Carroll et al. 2001; Rogers et al. 
2002; Wilkins 2001). These genetic control systems provide a 
potential mechanism by which expression of complex features may 
be turned off and then on again during development and over evo-
lutionary time. Furthermore, based on analyses of mutation rates, 
Marshall et al. (1994) estimated that key genes controlling 
organismal structure and function can remain intact for millions 
of years, even if they are not expressed. It seems reasonable that 
gene reactivation or altered timing of regulatory gene expression 
could enable a return to a biphasic lifestyle in some plethodontids. 
We also question the extent to which invoking Dollo's Law is ap-
plicable in the case of Desmognathus, given that some larval traits 
may be expressed in the embryos of direct-developing 
plethodontids. For example, the embryonic hyobranchial appara-
tus of Plethodon cinereus retains key features associated with a 
larval lifestyle, albeit in a reduced form (Dent 1942). Thus, the re-
acquisition of the larval stage in Desmognathus may not require 
the re-evolution of all larval traits. 

We agree with Bruce that more detailed study of development 
in plethodontids (using both embryological and molecular genetic 
approaches) would be valuable, given that most inferences about 
the morphology and development of embryos have been based on 
data from only a tiny fraction of the extant species, in the absence 
of a rigorous phylogenetic framework. However, we caution that 
the morphology of embryos and larvae may be subject to just as 
much homoplasy as the adult morphology, and may not be perfect 
indicators of the evolutionary history of traits or taxa (e.g., Wiens 
et al. 2005). 

BRUCE'S CONCLUSIONS 

Bruce concludes, in part, by stating that reconstruction of an-
cestral states on Macey's (2005) "total evidence" mitochondrial 
genome tree is consistent with a biphasic ancestral state for 
Desmognathus. However, we believe that his interpretation is in 
error with respect to simple parsimony. According to our calcula-
tions (using MacClade v. 4.02; Maddison and Maddison 2000), 
an ancestral Desmognathus with aquatic larvae requires a mini-
mum of five steps on Macey's total-evidence tree (if all taxa are 
shown). If re-evolution of biphasic development within 
Desmognathus is allowed, then only three steps are required, mak- 
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ing this the more parsimonious hypothesis. We obtained an identi-
cal result using Macey's (2005) alternate, transversion-only parsi-
mony tree. Furthermore, Mueller et al. (2004) and Macey (2005) 
examined only two of the three direct-developing species of 
Desmognathus, and excluded D. aeneus. This omission potentially 
biases their results against finding direct development to be an-
cestral within Desmognathus. Addition of D. aeneus to their analy-
ses likely would require a sixth step for the ancestral Desmognathus 
to be biphasic, given the many other studies that indicate that this 
species is a basal member of the genus Desmognathus (e.g., 
Chippindale et al. 2004; Titus and Larson 1996). Thus, contrary to 
Bruce's conclusions, the most parsimonious explanation for the 
distribution of developmental modes in plethodontids requires a 
reversal to the aquatic larval stage in Desmognathus for all of the 
phylogenies discussed here. 

OUR CONCLUSIONS 

Bruce (2005) has challenged our conclusions regarding the loss 
of direct development and re-acquisition of the larval stage in 
plethodontid salamanders. Specifically, he has raised doubts about 
(1) the phylogenetic placement of plethodontids within sala-
manders, (2) placement of the supergenus Desmognathus within 
plethodontids, (3) reconstruction of direct development as the an-
cestral state in Desmognathus, and (4) our ecological scenario for 
why this reversal has occurred. We have argued that the place-
ments of plethodontids and the supergenus Desmognathus are very 
strongly supported by our analyses, and the contradictory mor-
phological evidence mentioned by Bruce had already been taken 
into consideration. Furthermore, his argument against our ances-
tral reconstruction is based largely on a principle (Dollo's Law) 
that has been challenged both by new empirical evidence (e.g., 
Tchernov et al. 2000; Whiting et al. 2003) and a new understand-
ing of the evolution and expression of regulatory genes (e.g., Carroll 
et al. 2001; Marshall et al. 1994). Our hypothesis that competitive 
interactions drove this evolutionary reversal is (admittedly) highly 
speculative, but no more so than the alternative hypothesis pro-
posed by Bruce. 

We conclude by posing the following question: what additional 
evidence would be required for Bruce to accept that there was re-
acquisition of the larval stage in Desmognathus? Initially, we found 
this result hard to believe ourselves, and we even agree (in prin-
ciple) that a few more independent origins of direct development 
might be more likely than a reversal. However, in the case of 
Desmognathus, the probability that repeated origins of direct de-
velopment explains the phylogenetic pattern is extremely low. 
Given our maximum likelihood reconstructions on the tree based 
on combined nuclear DNA, mitochondrial DNA, and morphologi-
cal data, multiple origins of direct development would have to be 
>77,000 times more likely than a single loss. We think that the 
available evidence points towards a loss of direct development 
and re-evolution of aquatic larvae as the more likely explanation. 
We invite Bruce (as one of the leading authorities on plethodontid 
life-history evolution) to identify what specific evidence could 
convince him of the veracity of our conclusion. 
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ARTICLES 

M. Brown et al., 2000, from Sulawesi, and brooksii Boulenger, 
1920, cumingii Gray, 1845, joloensis Taylor, 1918, macgregori 
Stejneger, 1907 and palawanensis W. C. Brown and Alcala, 1978, 
from the Philippines (Brown and Alcala 1978). 

Although the lack of citation of the nomen Lyperosaurus by 
Boulenger (1885:181), in the next monograph of the lizard collec-
tion of the British Museum (Natural History) can be interpreted 
that the name is a lapsus calami, argument against include its in-
clusion on p. 283 of the index of the work by Gray (1845), which 
notes its usage on p. 163 (where it is spelled Luperosaurus). The 
manuscript of the original work does not exist at The Natural His-
tory Museum, London, and Gray's annotated copy of the printed 
work (kindly examined by C. J. McCarthy at my request) has no 
corrections or remarks concerning these nomina. 

Article 24.2.3 of the International Code of Zoological Nomen-
clature (International Commission of Zoological Nomenclature, 
1999, hereafter, The Code) states that if more than a single origi-
nal spelling for the same taxon exists, the first author to cite them 
together can select one spelling as correct (the First Reviser Prin-
ciple), whereupon the other original spelling is incorrect and there-
fore unavailable. No such selection has ever been made. In accor-
dance with Article 24.2.3 and Recommendation 24a of The Code, 
which states that the selection should be the one that "best serves 
stability and universality of nomenclature," I here select, as First 
Reviser, the nomen Luperosaurus Gray, 1845 as valid for the taxon, 
instead of Lyperosaurus. The spelling Lyperosaurus, with this ac-
tion and in conformance with that article, has no nomenclatural 
status. 
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Gray (1845) occupied the nomen Lyperosaurus (p. 145, and later, 
on p. 283, in the index) and subsequently Luperosaurus (p. 163) 
for a genus of Southeast Asian gekkonid lizards. The root `Lyper,' 
Greek for 'difficult' or `vexing,' is presumably for sharing charac-
ters of Amydosaurus Gray, 1845 (synonymous with Lepidodactylus 
Fitzinger, 1843 and Ptychozoon Kuhl and van Hasselt, 1822). The 
type species of the genus is Luperosaurus cumingii Gray, 1845, 
by monotypy. The content of Luperosaurus has been reviewed by 
Boulenger (1885), W. C. Brown and Alcala (1978), Russell (1979), 
and R. M. Brown and Diesmos (2000), and the latter nomen ap-
pears in checklists compiled by Kluge (1991, 1993, 2001), Rosier 
(2000), Welch (1994), Welch et al. (1990), and Wermuth (1966), 
but none of these reviews or lists give reference to the other origi-
nal spelling (Lyperosaurus) of the generic nomen. In the most re-
cent checklist of constituent species of the genus, Kluge (2001) 
recognized eight species within the genus, including Luperosaurus 
browni Russell, 1979 and Luperosaurus yasumai Ota, Sengoku, 
and Hikida, 1996, from the Sundas, Luperosaurus iskandari R. 

Acknowledgments.— I thank A. M. Bauer, P. David, C. J. McCarthy, R. 
Pethiyagoda, and H. M. Smith for comments. 
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The Cuban snake Tropidophis fuscus Hedges and Garrido, 1992 
was described from two specimens from Minas Amores (Baracoa 
municipality) and Cruzata (Yateras municipality), both in 
Guantanamo Province, eastern Cuba (Hedges and Garrido 1992). 
Until now, this species has been included only in checklists (Powell 
et al. 1996; Estrada and Ruibal 1999; Fong and Navarro 2001) 
and in range extension notes (Fong 2000, 2002). Because of the 
rarity of this species, herein I report new data on the seven speci-
mens included in those range extensions, all of which have been 
deposited in the herpetological collection of BIOECO in Santiago 
de Cuba (BSC.H) and "Carlos de la Torre" Natural History Mu-
seum in Holguin (MHNH). Data on localities, dates of collection, 
and collectors of these specimens have been published elsewhere 
(Fong 2000, 2002). 

Specimens from El Toldo plateau, northeastern Cuba (Fong 
2000), were collected by day, coiled under stones, where they were 
apparently inactive; one male (BSC.H 2026) was partially under-
ground. This locality is a mixture of pine forest (Pinus cubensis) 
and broadleaf woods growing in a red lateritic soil, similar to the 
type locality (Hedges and Garrido 1992). The specimen from 

Sabana, Guantanamo Province (Fong 2002) was collected under a 
fallen tree trunk along the edge of a coffee plantation in a 
semideciduous woodland. 

Two captive specimens underwent color changes similar to those 
observed in other species of the genus (Hedges et al. 1989; Rehak 
1987). This was not observed in the type specimens, perhaps due 
to their brief time in captivity (Hedges and Garrido 1992). At night 
and with lights off, the two snakes were very light, almost gray, 
with very dark dorsal blotches. During the day or with lights on, 
the snakes had the dark coloration described for the type speci-
mens (Hedges and Garrido 1992). When first captured, all indi-
viduals showed this dark pattern. 

The new material of T fuscus conforms well with the meristic 
and morphometric characteristics of the type specimens (Table 1), 
except that they expand the range of postocular scale numbers 
(from 3 to 2-4), subcaudal scale numbers (from 32 to 30-36), and 
dorsal rows of blotches (from 8 to 6-8, although only one speci-
men had six rows). 

As in other species of Tropidophis (Schwartz and Marsh 1960), 
males of T fuscus have one spur on each side of the vent. Females 
lack these spurs and tend to be larger than males. Except for MHNH 
w/n (original number AFG 369), the other two males have shorter 
snout-vent lengths than the two females (Table 1). The female 
holotype remains the largest known specimen. Males tend to have 
longer tails (14.5-17.8% of SVL) than females (11.2-11.6% of 
SVL), in contrast with the difference in SVL. 

The female I collected was maintained in captivity and gave 
birth on 12 October 1996 to three neonates (BSC.H 750-752). 
The female weighed 7 g immediately after parturition, whereas 
the neonates weighed 0.75 g each. Measurements and counts of 
the young are given in Table 1. The only data about reproduction 
are those given by Hedges and Garrido (1992), who noted that the 
holotype (MNHNCU 2705) contained four or five well-developed 
young (they could not determine the exact number). 

The neonates have a similar coloration pattern to that of the 
adults, except that the dorsal body blotches are surrounded by a 
few faint whitish scales (not present in adults), tail tips are bright 
yellow (no differently colored than body in adults), tops of the 
heads are brownish yellow (uniformly dark brown or black in 

TABLE 1. Measurements (in mm), counts, and proportions of Tropidophis fuscus. Data for the holotype and paratype are from Hedges and 
Garrido (1992). All specimens with dorsal scales weakly keeled and parietal scales not in contact. F = female, M = male, J = juvenile, 
SVL = snout-vent length, TL = tail length, V = ventrals, S = subcaudals, SL = supralabials, IL = infralabials, P = preoculars, 0 = 
postoculars, DS = dorsal scales, DB = dorsal body blotches, LR = longitudinal rows at midbody, ED = eye diameter, HW = head width, 
NW = neck width. 

SVL TL V S SL IL P 0 DS DB LR ED/HW HW/NW 

BSC.H 753 (F) 258 30 177 31 9 11 1:1 3:2 21-23-15 46 8 0.30 2.11 

BSC.H 2026 (M) 223 36 169 36 10 11 1:1 3:3 24-23-17 48 6 0.26 1.80 

MHNH w/n (M) 287 42 170 30 9 10 1:I 3:3 23-23-16 52 8 — — 

BSC.H 1730 (M) 247 44 181 34 10 11 1:1 3:4 23-23-18 52 8 0.32 1.99 

BSC.H 751 (J) 110 11 175 30 10 10 1:I 2:3 22-23-15 — — — 

BSC.H 752 (J) 113 8 178 32 10 10 1:1 3:3 23-23-17 — — — — 

MNHNCu 2705 (F)* 304 34 185 32 10 11 2:2 3:3 23-23-16 46 8 0.33 1.83 

USNM 309777 (M)** 220 32 160 32 10 11 1:2 3:3 23-23-19 43 8 0.30 1.99 

* Holotype, ** Paratype 
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adults), and two large white occipital spots fuse to form white 
collars, which are much more prominent and visible than those of 
adults. This pattern is similar to that seen in adult T pilsbryi, sug-
gesting affinities with that species. Schwartz and March (1960) 
recorded a radical ontogenetic change in the pattern of Bahamian 
Tropidophis (canus, curtus, androsi, and barbouri), from heavily 
spotted with dark blotches on a lighter ground color in juveniles 
to less prominent and faintly spotted in darker adults. A similar 
pattern apparently applies to T fuscus. 

Acknowledgments.- I thank my colleagues in the biodiversity monitor-
ing program in El Toldo plateau for field assistance, especially Gabriel 
Garcds, Leopoldo Villa, and Angel Luis Machin. I also thank S.B. Hedges 
for sending useful literature, as well as R.W. Henderson, R. Powell, and 
an anonymous reviewer for comments on an earlier draft of this manu-
script. 
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Eleutherodactylus laticeps (UIMNH 11301), 71.4 mm SVL. Mexico: 
Chiapas: Palenque. Illustration by Julian C. Lee. 
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Most species of the frog genus Leptodactylus lack common 
names. Common names are those names used by different human 
cultures and societies for the species of animals and plants where 
humans and biota reside together. Often times common names are 
lacking for Neotropical frogs or are broad in scope. For example, 
indigenous people may have a single name for frogs that occur on 
the ground and another name for frogs that occur in shrubs and 
trees, even though there are many species of ground frogs called 
by the same name as well as for the tree frogs. Sometimes colonists 
have used the same names as indigenous peoples, but often 
colonists use different names (usually imported from their own 
geographic origin), as they did not understand the indigenous word 
or words involved. Therefore, there may be different names used 
by humans for the same frogs at the same places—this is 
particularly true when more than one language or dialect is spoken 
in a given geographic area. 

WHY USE COMMON NAMES? 

The simplest solution for what names to use for frogs would be 
for everyone to only use scientific names. In fact, this is the 
approach we have espoused and still recommend. However, it is 
clear that outside the systematic scientific community certain 
organizations only use or require common names for animals and 
plants; furthermore, they will continue to do so. For example, 
evaluation of the United States form 3-177 for importation of 
specimens into the US is based on common names, not scientific 
names, even though there is space for both kinds of names on the 
forms. Several ecotourism guidebooks only use common names. 
Many scientific journals only include common names in the titles 
of the articles. Common names are in use and will continue to be 
used. 

Our purpose is to develop a standard set of common names (and 
their geographic synonyms) for the frog genus Leptodactylus for 
individuals who wish to use common names for Leptodactylus 
species. 

CRITERIA FOR EVALUATING COMMON NAMES 

We find the literature on common names for Leptodactylus 
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species to be fragmentary, obscure, and/or inappropriate. For 
example, most of the names proposed by Frank and Ramus (1995) 
are inappropriate, inane, or both. As one example, they proposed 
Tropical Bullfrogs as the common name for the genus Adenomera 
and used Tropical Bullfrog in each of the common names for the 
recognized species in the genus. Members of the genus Adenomera 
are primarily tropical in distribution. However, none of the species 
is either large or has calls that sound like bulls (cattle). All but one 
species are less than 30 mm in snout—vent length; Adenomera lutzi, 
the largest species, only reaches 34 mm SVL. All species for which 
calls are known have different kinds of very short, high-pitched 
whistles. 

The criteria we use for choosing the name to become the standard 
common name for each of the species of Leptodactylus are in 
priority order and are exclusive (that is if the first criterion can be 
used, it will be applied without consideration of the remaining 
criteria). 

1. Any name that is in use and has been well established (i.e., 
most frequently used and appropriate) in publications. At 
times, the name that follows this criterion could be different 
than the name used locally. 

2. The intent of the person who described the frog should be 
used, either explicitly or implicitly through use or translation 
of the scientific name. 

3. Use of some distinctive aspect of the species including its 
distribution. 

There are additional considerations for choosing among alternate 
names within the above criteria. These criteria are much more 
subjective and serve only as guidelines and can not be applied 
consistently. 

• If a species occurs exclusively or primarily in Brazil, the 
Portuguese name is the name used to translate into English 
and Spanish. If the species occurs exclusively or primarily in 
Spanish-speaking countries, the Spanish name is the name 
used to translate into English and Portuguese. 

• Common names should be distinguishable from all other 
common names at least in the Western Hemisphere and 
preferably worldwide. The proposed common name Chaco 
Frog for Leptodactylus chaquensis rather than Chaco Thin-
toed Frog is preferred because the species involved has been 
called Rana Chaquefia in Argentina and will not be confused 
with any of the other species of frogs that occur in the Gran 
Chaco. On the other hand, the proposed name for the 
taxonomically unstable Leptodactylus ocellatus is Common 
Thin-toed Frog, rather than Common Frog, as the latter means 
the European Rana temporaria to many individuals. 

How THE LIST OF COMMON NAMES WORKS 

The list of common names is maintained on the web site http:// 
learning.richmond.edu/Leptodactylus . Individuals are encouraged 
to participate in the process of determining the standard common 
names through sending comments and additions to us via the web 
site. We will use this information to update the site on a regular 
basis and acknowledge all individuals whose contributions are 
incorporated. 

Each entry is headed by the scientific name. Only names 
currently recognized as valid are included. English, Portuguese, 
and Spanish names are listed for each species. If there is not a  

currently standardized common name in use, the title "Proposed 
(English, Portuguese, Spanish) name" is used. Once a consensus 
emerges, the word "proposed" will be dropped from the title. 

As we have exercised our judgment on what common names 
should be considered as standard names for the first list, we also 
invite and welcome initial discussion on whether other names are 
more appropriate than those we have selected. 

Each entry also has a list of other names that have been used in 
the literature or are used regionally for the species involved. We 
solicit additions to these entries as we have made no effort to 
extensively survey the literature for common names for 
Leptodactylus and are not aware of all names in local use. 

When called for, comments are included for an entry. 
The bibliographic citations are maintained in a separate file on 

the web site. 

THE GENUS LEPTODACTYLUS AS AN EXAMPLE 

We find no published common name for Leptodactylus to be 
appropriate. Frank and Ramus (1995) used White-lipped Frogs as 
the common name for the genus. However, most species of 
Leptodactylus do not have white lips, making this name non-
inclusive and misleading. Whistling Frogs is another name that 
has been used for the genus, but again, not all species of 
Leptodactylus have calls that sound like whistling. Fitzinger's name 
Leptodactylus is derived from the Greek words leptos (thin) and 
daktylos (finger or toe). This condition strictly applies to all but a 
few species of Leptodactylus. The few exceptions have small 
expanded disks at the tips of the toes, which are narrow or thin in 
comparison to most tree frog toes (e.g., Centrolenidae, Hylidae) 
or the expanded overall triangular disks found in most species of 
Eleutherodactylus. Therefore, we propose that the standard 
common name for the genus Leptodactylus should follow the 
second criterion and be known as Thin-toed Frogs. 
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Cyclura cornuta stejnegeri (Mona Island Iguana). Adult female, wild 
but with radio collar, ca. 15 yrs old. Illustration by John Bendon 
(Lizardwizard@btintemet.com ). 
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The family Gekkonidae is well known for having a number of 
highly effective colonizing species that have broadly expanded 
their distribution, invaded geographically distant places and have 
become human commensals, with or without deliberate human 
help (Lever 2003; Meshaka et al. 2004). Among the most accom-
plished invasive species are certain members of the genus 
Hemidactylus. This genus comprises around 80 recognized spe-
cies (Bauer and Pauwels 2002), which are distributed throughout 
Africa, southern Europe, southern Asia, Polynesia, Oceania, and 
the Americas (Avila-Pires 1995; Lever 2003; Savage 2002). Al-
though some of the nine New World taxa appear to be native to 
South America and the Caribbean (H. agrius, H. haitianus, H. 
leightoni, and H. palaichthus), the remainder (H. brooki, H. 
frenatus, H. garnotii, H. turcicus, and H. mabouia) are certainly 
present in the Americas due to accidental introductions from their 
native ranges in the Old World. Of these, the Tropical House Gecko, 
H. mabouia (Fig. 1-2) is the most broadly distributed, occurring 
in southeastern Florida, the West Indies, Trinidad and Tobago, the 
Gulf Coast of Mexico (Veracruz), Honduras, and Panama (Kohler 
2003; Powell et al. 1998). In South America, it ranges from Ven-
ezuela and the Guianas through coastal Brazil and into the Ama-
zon basin in the latter country, Colombia, Ecuador, and Peru. It 
has also been recently reported in Argentina (Avila-Pires 1995; 
Federico and Cacivio 2000; Malhorta and Thorpe 1999; Powell et 
al. 1998; Rivas et al. 2001). 

The known Hemidactylus fauna of Venezuela includes H. 
palaichthus, H. leightoni, and H. mabouia (Kluge 1969; La Marca 
1997; Rivas et al. 2001; Rivas 2002; see Powell et al. 1996 and 
Rivas 2002 for remarks regarding the status of the taxa formerly  

regarded as subspecies of H. brookii). At present, the Tropical 
House Gecko (H. mabouia) is not only the sole introduced gecko 
recorded from Venezuela, but also the most common nocturnal 
lizard in many of the towns and cities in the northern portion of 
the country. The documentation of the expansion of H. mabouia is 
particularly important as this lizard has been shown to be an ag-
gressive species (Zamprogno and Teixeira 1998) capable of dis-
placing other geckos (Meshaka et al. 2004), and could very well 
cause the decline or even the disappearance of some native liz-
ards, particularly other geckos. Until now, the distribution of H. 
mabouia in Venezuela has been limited to perianthropic situations, 
where it occurs with a wide variety of native species of lizards, 
including the geckos Gonatodes albogularis, G. ceciliae, G. 
falconensis, G. vittatus, two undescribed species of Gonatodes, 
Hemidactylus palaichthus, Phyllodactylus rutteni, P. ventralis, and 
Thecadactylus rapicauda. These taxa could be greatly affected by 
competition from the highly adaptable H. mabouia. We herein re-
port a series of new localities for H. mabouia in northern Venezu-
ela, documenting the expanding range of the taxon, and provide 
some data on the reproduction and habits of this gecko in the coun-
try, as well as some comments on the apparent impact this species 
has had on the populations of two other, native gecko species. We 
also document for the first time the occurrence in Venezuela of 
another introduced gecko, Hemidactylus frenatus. 

In documenting the occurrence of introduced Hemidactylus in 
Venezuela, we have generally relied on voucher specimens (or 
occasionally voucher photographs) deposited in museums. Mu-
seum abbreviations used are as follows: EBRG — Museo de la 
Estacion Biologica de Rancho Grande, Maracay, MBUCV —Museo 
de Biologia de la Universidad Central de Venezuela, Caracas, 
MCNC — Museo de Ciencias Naturales de Caracas, Caracas, 
MHNLS — Museo de Historia Natural La Salle, Caracas, and 
MBLUZ — Museo de Biologia de la Universidad del Zulia, 
Maracaibo. However, in certain cases, we have also accepted reli-
able sightings that have been verified by more than one source 
(Kaiser et al. 2002). Such records may be of particular impor-
tance, as common species, like H. mabouia, often are overlooked 
by scientists and, paradoxically, may not be collected because of 
their ubiquity and abundance. Therefore, such a species can be 

FIG. 1. Hemidactylus mabouia, adult female, MHNLS 15125. Speci-
men collected in a urban area of Porlamar, Margarita Island (photograph 
by Oswaldo Fuentes). 
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Table 1. Records of introduced Hemidactylus species in Venezuela. 

Locality 	 Voucher 	 Reference 

Hemidactylus mabouia 
Distrito Capital 

Caracas, 900 m 
Urb. Vista Alegre, 900 m 

Urb. Montalban, 900 
Anzoategui 

El Morro, Puerto La Cruz 
Aragua 

Urb. Los Rauseos, El LimOn, 520 m 
Maracay, Facultad de Agronomia, UCV 
Ocumare de La Costa 

Carabobo 
Bahia de Patanemo, sector Los Caneyes 

Cojedes 
San Carlos, 148 m 

Falcon 
Sanare, Municipio Silva, 40 m 

La Vela de Coro 
Lara 
Parque Zoologico Bararida, Barquisimeto 
Miranda 

UrbanizaciOn El Placer, Baruta 
Los Naranjos-Guarenas 

Nueva Esparta 
Porlamar, 10 m 

Sucre 
La Villa, Carupano 
Tunapuy 

Trujillo 
Urb. El Prado, municipio Pampanito 

Vargas 
Tanaguarenas, 10 m 

Yaracuy 
Mann, 120 m 

Zulia 
Maracaibo 

MBUCV 2156 
	

Rivas 2001 
MHNLS 14188 
	

Rivas 2001 
MHNLS 11825 
	

This paper 

Observed 
	

This paper 

EBRG 3722 
	

This paper 
EBRG 3889 
	

This paper 
Observed 
	

This paper 

MHNLS 16678 
	

This paper 

Observed 
	

This paper 

EBRG 4209 
	

This paper 
none 	 Mijares-Urrutia and Arends 2000 

MHNLS 16318 
	

This paper 

Observed 	 This paper 
EBRG 3674 	 This paper 

MHNLS 15125 
	

Rivas et al. 2001 

MHNLS 13325, 28 	 This paper 
EBRG 960 
	

Rivas and Oliveros 1997 

MHNLS 16682 	 This paper 

MHNLS 1972 	 Rivas 2001 

EBRG 3200, 3214 	 This paper 

MBLUZ R-767 	 This paper 

Hemidactylus frenatus 
Zulia 

La Universidad del Zulia, Maracaibo 	 MHNLS 16384-88 
	

This paper 
Sinamaica 	 MHNLS 15574, EBRG 3786 

	
Rivas 2002 

quite common in a locality for a long period without ever being 
reported, leaving considerable gaps in our knowledge of the ex-
pansion and total distribution of an exotic taxon. 

Expansion in Venezuela—The known distribution of H. mabouia 
in Venezuela includes 13 states plus the Distrito Capital of Caracas 
and extends across almost all of the northern part of the country 
(Table 1). Despite this, only very recently has the extent of the 
species' distribution in the country been clarified and documented 
(Rivas et al. 2001). It was first reported from Venezuela by Burt 
and Burt (1931) and Parker (1936) from La Esmeralda and the 
upper Orinoco, respectively. These records (and Vanzolini's cita-
tion of them in 1968) actually represent H. palaichthus, a native 
species, which was not described until later (Vanzolini 1978). 
Hemidactlyus mabouia was next reported in northern Venezuela 
by Lancini (1962) from Isla de Patos, Sucre on the basis of a single, 
young individual. However this specimen (cited as MCNC 2330)  

is not present in the MCNC collection and the voucher number 
belongs to another species (L. F. Navarrete, pers. comm.). Years 
later, Donoso-Barros (1968) also reported this species for Ven-
ezuela, indicating localities in the state of Sucre, including one 
from Isla de Patos (based on Lancini's report). His records from 
Yacua, Puerto de Hierro, and Macuro were subsequently consid-
ered referable to H. palaichthus by Vanzolini (1978). We did not 
locate Donoso-Barros' vouchers, at least in any Venezuelan col-
lections examined. Vanzolini (1978) mentioned some additional 
Venezuelan Hemidactylus records of undetermined specific iden-
tity, including one from the Andean slopes in Barinas. This record 
is almost certainly referable to H. palaichthus, which was subse-
quently verified for that region by Markezich (2002). However, 
another of his records, from the central coastal range (La Guaira, 
Vargas State), could very well be H. mabouia, whereas geckos 
from the eastern coastal range in the state of Sucre (Cumand and 
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Flo. 2. Hemidactylus mabouia, MHNLS 15125. A, B: dorsal and ven-
tral views of the head; C: tubercles on the back, approximately at mid-
body; D: ventral view of the left foot (only fourth toe drawn in detail); E: 
ventral view of the left hand. Scale bars = 5 mm. 

Cumanacoa) could be either H. mabouia or H. palaichthus, both 
of which are found in that state. 

Rivas and Oliveros (1997) indicated the presence of H. mabouia 
for areas neighboring the city of Cumana, Sucre (Cerro Colorado 
and Cerro La Malaguefla). However, their vouchers are actually 
misidentified individuals of H. palaichthus, as we suspect were 
those mentioned by Donoso-Barros (1968) and Oliveros et al. 
(2000). However, Rivas and Oliveros (1997) did correctly iden-
tify a specimen from Tunapuy, Sucre to H. mabouia, thereby pro-
viding the first reliable documentation of the species in Venezu-
ela. Subsequently, Mijares-Urrutia and Arends (2000) reported the 
species from the northwestern portion of the country in Falcon 
State, and Rivas (2001) and Rivas et al. (2001) reported a few 

more verified localities. A record of this species exists for 
Guayacan, Peninsula de Araya, Sucre State (Cornejo and Prieto 
2001), but we were unable to examine the single individual and 
therefore consider this record unverified. 

Hemidactylus mabouia in Venezuela appears to have expanded 
from Caracas, where it has been present for at least ten years (Rivas 
2001), both toward the east and the west. It has expanded through-
out major cities and maritime ports in the country. So far, this 
gecko has only been found in perianthropic areas and does not 
appear to penetrate non-disturbed locations. Reasons for the fail-
ure of H. mabouia to proliferate away from edificarian situations 
in Venezuela are unknown, but the species appears to have the 
same problem expanding to undisturbed habitats throughout its 
range. To the present, H. mabouia has been recorded in Venezuela 
widely distributed among coastal cities and towns from Sucre to 
Zulia states (including Margarita Island). It is found on the central 
slopes of the Cordillera de La Costa, in the Cordillera del Interior, 
and in the mountainous system of the states of Lara and Falcon in 
the Andean foothills, but always in human habitations and below 
1000 m asl (Fig. 3) (Rivas 2001; Rivas et al. 2001; this paper). 

Natural History—In Venezuela, Hemidactylus mabouia is 
commonly found in buildings and houses at heights up to 10 m. At 
night, it is active on either external or internal walls, whereas dur-
ing the day, it hides in wall crevices, holes, wall hangings, under 
roof tiles, or under other objects leaning against walls. Occasion-
ally, it can also be observed at the base of palms or other trees, but 
always in or near to perianthropic areas. It is predominantly noc-
turnal; however, in El Placer, near Caracas, the second author ob-
served several adults active during the morning hours on overcast 
days. Limited diurnal activity has also been observed in the intro-
duced populations in Florida (Meshaka et al. 2004) and the Lesser 
Antiles (Malhotra and Thorpe 1999). Individuals are frequently 
observed in search of insects around artificial lighting. In Ocumare 
de la Costa, Aragua, as many as four individuals were seen by the 
second author around a single light engaging in strong antagonis-
tic behavior. Opponents first slowly waved their tails and then 
quickly approached each other, biting each other on the neck or 

Flo. 3. Distribution of the introduced species of Hemidactylus (H. 
frenatus = asterisks, H. mabouia = solid dots) in Venezuela based on this 
study. Localities: 1) Sinamaica; 2) Maracaibo; 3) Urb. El Prado; 4) 
Barquisimeto; 5) La Vela de Coro; 6) Sanare; 7) Marin; 8) San Carlos; 9) 
Bahia de Patanemo; 10) Ocumare de la Costa; 11) El Limon-Maracay; 
12) Tanaguarenas; 13) Distrito Capital records; 14) Urb. El Placer; 15) 
Los Naranjos-Guarenas; 16) El Morro, Puerto La Cruz; 17) Porlamar; 
18) Tunapuy; 19) Carupano. 
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limbs, at times maintaining their grasp for more than a minute. 
Sometimes, a low, chirping sound was emitted by the bitten indi-
vidual. When handled, some specimens produce a series of low, 
chirping sounds. 

Hatchling and juvenile H. mabouia are strongly terrestrial when 
compared with adults. They are commonly found under rocks, 
rotten or fallen logs, piles of garbage, building materials, planks, 
and beneath the loose bark at the base of trees. Such sites con-
serve and radiate heat absorbed during the day (Howard et al. 2001) 
and may be thermally beneficial to young H. mabouia. Terrestrial 
retreats may also help juveniles to minimize the risk of predation 
by avoiding the climbing adults, which are known to be 
cannibalistic (Zamprogno and Texeira 1998), as well as other preda-
tory lizards (Howard et al. 2001). 

On 10 March 2001, the first and the fifth authors found five 
semi-spherical, calcareous eggs of H. mabouia inside tunnels dug 
by beetles in a rotten log in the areas surrounding the Instituto de 
Zoologia Agricola, Facultad de Agronomia de la Universidad Cen-
tral de Venezuela, Maracay, estado Aragua (10°16'19"N, 67°36'34" 
W). The eggs, which measured 8.8-9.5 mm x 8.2-8.6 mm (N = 
4), were incubated on parts of the log inside a clay vase. Two 
geckos hatched after 18 days at air temparatures of 27-32°C and 
were measured four days after eclosion (snout-vent length/tail 
length): 20.15 mm/19.02 mm (EBRG 3889); 19.52 mm/18.44 mm 
(released). These measurements are slightly smaller than those re-
ported for African populations (Loveridge 1947), but similar to 
those from Colombia (Bock 1996), the West Indies (Malhotra and 
Thorpe 1999; Schwartz and Henderson 1991), and Florida 
(Meshaka et al. 2004). Communal egg sites have also been identi-
fied in buildings. On 15 October 2003, in the home of the first 
author (city of Caracas), 11 eggs and 30 empty shells of H. mabouia 
were found behind the cover of an electrical outlet. At least two 
females had been seen in that same area over the last four years. 

Interspecific Interactions—The Tropical House Gecko has been 
introduced in areas with many species of native gekkonids in 
Venezuela. In the town of Ocumare de la Costa, Aragua, it is 
sympatric with Gonatodes vittatus and Thecadactylus rapicauda. 
The latter is a much larger, robust gecko, whereas the former is a 
smaller, diurnal sphaerodactyline gecko. The three species seem 
to be common in the area (at least when observed five years ago); 
however, all three taxa seemed to have well demarcated ecologi-
cal niches. Adult H. mabouia were seen only on walls and other 
man-made structures, whereas T rapicauda was mostly found in 
trees and on high roofs. In Ocumare de la Costa, Aragua, T 
rapicauda appeared to be less common than H. mabouia, and com-
petitive exclusion between these two species may occur. Compe-
tition between these two taxa was also suggested by Howard et al. 
(2001) on the West Indian island of Anguilla. 

Many perianthropic situations in which H. mabouia is found in 
northern Venezuela are also occupied by Gonatodes vittatus. 
Although no quantitative data are available, the first two authors 
believe that G. vittatus has declined considerably in some areas of 
Caracas where it was very common several years ago, whereas 
the H. mabouia population has grown noticeably, indicating the 
possibility of predation of G. vittatus by H. mabouia or competi-
tion between the two species. The Tropical House Gecko is known 
to be cannibalistic (Zamprogno and Teixeira 1998), which could 
make it possible for this species to prey not only on their own  

young but on young or even adult individuals of the much smaller 
G. vittatus. 

Hemidactylus frenatus—Rivas (2002) reported the first Venezu-
elan record of Hemidactylus leightoni based on material from 
Sinamaica, Zulia State (MHNLS 15574, EBRG 3786). A reevalu-
ation of this material revealed that these specimens represent the 
Indo-Pacific House Gecko, Hemidactylus frenatus. Since its ini-
tial collection in 2000, this species has been found and observed 
to be common in urban areas throughout the northern half of the 
state of Zulia (Municipios Maracaibo, Mara, Paez, Almirante 
Padilla, among others; see Table 1). According to inhabitants of 
Maracaibo, this gecko has been present for at least 10 years, and 
local densities have increased dramatically during that time. 

Venezuelan populations of Hemidactylus frenatus and their 
effects on native geckos are now being studied. Populations of 
native gekkonids, like Gonatodes albogularis albogularis and 
Phyllodactylus ventralis, apparently are declining in the presence 
of the invasive species. Hemidactylus frenatus also appears to be 
responsible for a decrease in cooccuring H. mabouia. Interestingly, 
in the Florida Keys, where both species occur, H. mabouia has 
proved to be the more successful, and populations of H. frenatus 
have diminished notably in the course of four years (Meshaka et 
al. 1994, 2004). The nature of the interactions between these two 
Hemidactylus are unknown, but H. frenatus has been known to 
competitively exclude a variety of other gecko species, chiefly 
parthenogenetic forms, in areas where it has been introduced (Bauer 
and Sadlier 2000; Petren and Case 1996; Petren et al. 1993), and 
in Veracruz, Mexico it has been implicated in the displacement of 
H. mabouia (Powell et al. 1998). 
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Adult frogs are common prey for a great variety of predators, 
including mammals, birds, reptiles, fishes, insects, and spiders, 
because they are abundant at breeding sites, small in size, and 
have soft skin (Duellman and Trueb 1994). Freshwater crabs also 
seem to be important predators on small frogs (Duellman and Trueb 
1994) because they often coexist in riparian environments. How-
ever, reports of the predation on frogs by crabs are scarce (Duellman 
and Trueb 1994; Murphy 1997), and there is little quantitative in-
formation on the interaction between frogs and predatory crabs. 

Limonectes (Rana) kuhlii, one of the fanged frogs which are 
characterized by a suite of unusual sexually dimorphic traits (males 
have larger body, head, and fang sizes than females), is a common 
ranid small-sized frog, occurring widely throughout Southeast Asia 
(Emerson 2001; Inger 1966; Pope 1931). Limonectes kuhlii from 
Taiwan is found throughout the year in shallow, slowly flowing 
waters of small streams or creeks with overgrowing grass in moun-
tain regions (Yang 1998). Although the frogs are capable of repro-
duction throughout most of the year (Yang 1998), breeding activ-
ity peaks in summer in subtropical northern Taiwan (unpubl. data). 
Both adult males and females of L. kuhlii frequently appear at 
breeding sites along creeks (Tsuji 2004; Tsuji and Lue 2000); there-
fore the frogs may be attractive prey for predators. However, there 
is no available information concerning predation on L. kuhlii. I 
here report predation by a freshwater crab (Candidiopotamon 
rathbuni) on L. kuhlii from Taiwan, based on field observations 
during a three-month period. 

Study site.-This study was conducted at Hsingsien near Wulai 
(24°52'N, 121°33'E; 150 m elev.), ca. 25 km S of Taipei in north-
ern Taiwan, Republic of China. The study site is a small creek 
below a forested cliff. This creek flows permanently, despite be-
ing only 30-50 cm wide and 0.5-2.0 cm deep. The creek bed con-
sists of gravel and mud covered with fallen leaves, and it is mostly 
shaded by ferns. An 81-m long transect, marked every 1-m sec-
tion, was laid out along this creek. 

Methods.-Field observations were conducted along a study 
transect from 1900 h until 2400-0300 h each night, on 50 nights 
from 12 June to 31 August. Censuses, for identifying the position 
of individual frogs, were carried out along the study transect sev- 
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TABLE 1. Data on encounters between frogs (Limnonectes kuhlii) and predatory crab (Candidiopotamon rathbuni). All frogs were adults, except for 
F15. Parenthesis in "Status of frog" indicate the sex (F = female, M = male). SVL = snout—vent length. *Transect section with oviposition sites. See the 
text for the definition of "Behavior of crab." 

Obs. 
no. Date Time 

Section 
no. 

Status 
of frog 

ID no. of frogs 
(SVL, mm) 

Behavior 
of crab 

Remarks 

1 6/28 01:25 13* Pair F3 (52.9), M?a Approach The crab approached the pair 
again at 01:40. 

2 6/28 01:58 13* Single (F)F3 Capture The crab seized the frog's 
leg. 

3 7/1 22:34 33* Pair F8 (51.1), M2 (59.0 Approach I moved the crab away from 
the pair. 

4 7/2 00:55 7* Pair Fl (49.8), M12 (59.6) Approach 
5 7/15 19:15 73* Single (M)M24 (57.4) Attack The crab attacked the frog 

twice in succession. 
6 7/23 20:36 8* Pair F3, M25 (40.0) Approach 
7 7/24 23:07 33* Pair F6 (57.9), M13 (59.6) Approach I moved the crab away from 

the pair. 
8 7/25 22:39 3* Single (M)M2 Capture The crab seized the frog's 

toe. 
9 7/31 20:23 49 Single (M)M8 (51.5) Attack 
10 7/31 23:24 7* Pair F9 (50.0), M 13 Approach The crab approached the pair 

twice in succession. 
11 8/14 20:50 75 Single (F)F15b (48.0) Capture The crab was eating the 

frog's leg (see Fig. 1). 

a  ID no. of the male was unknown (apparently smaller than the amplectant female). 
b  The maturity of this female was unknown, because she never showed breeding behavior during the study period, 

although her SVL (48.0 mm) exceeded the minimum SVL (41.2 mm) of breeding females in this population (Tsuji and 
Lue 2000). 

eral times each night. Observations were made using a 4.5 -volt 
battery headlamp that did not seem to disturb the behavior of frogs 
and crabs. 

In each encounter between frog(s) and crab, the time, the status 
of frog (single or amplectant pair), the identification number of 
the frog, its position along the transect (represented as section 
number), and the behaviors of frog and crab were recorded. The 
behaviors of crab were classified into three grades: "approach" 
(slowly walking toward a frog[s] at a distance of less than about 
10 cm), "attack" (rushing at a frog[s] at a distance of less than 
about 5 cm), and "capture" (nipping a frog with a claw[s]). For 
several encounters in which an amplectant pair was targeted, I 
moved the crab away from the pair, in order to avoid disturbing 
the pair. When I found a frog captured by a crab, I released the 
frog from the crab after brief observation. 

The body size (snout—vent length, SVL) of each frog was mea-
sured to the nearest 0.1 mm using slide calipers. The marking tech-
nique for permanent and temporary identifications and methods 
for checking the sex and sexual maturity of frogs are described 
elsewhere (Tsuji and Matsui 2002). Although I failed to measure 
the carapace width of C. rathbuni observed, it was about 4-5 cm. 

Results.—A total of 11 encounters between L. kuhlii and C. 
rathbuni were observed during the 50 nights surveyed (Table 1). 
Frog-crab encounters occurred intensively in July (8 of 11 encoun-
ters; 72.7%). The number of encounters per survey night were 
0.22 in June, 0.38 in July, and 0.05 in August (total = 0.22). Frog-
crab encounters occurred in a wide range of the study transect 
(Table 1), but mostly in the sections with oviposition sites (81.8% 
of 11 encounters). 

In 6 encounters (54.5% of 11), amplectant pairs were involved; 
in 4 pairs (66.7% of 6), the male was larger than the female (Table 
1). Single males and females were involved three and two times, 
respectively. All targeted frogs were adult, except for female F15 
(observation #11). 

In the behavior of C. rathbuni, the frequencies of "approach," 
"attack," and "capture" were 6 times, 2 times, and 3 times, respec-
tively (Table 1). When the frog(s) were approached or attacked by 
a crab, they jumped off, and the crab usually did not pursue them. 
In three encounters, however, the same frog(s) were targeted twice 

Fla 1. Candidiopotamon rathbuni eating the leg of a female Limonectes 
kuhlii (obs. no. 11 of Table 1). 
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during the same night (observations #1, #5, and #10). 
I observed a crab capturing L. kuhlii 3 times (27.3% of 11 en-

counters), including 2 females and 1 male (Table 1). A female 
(F3) in observation #2 encountered a crab as amplectant pair (ob-
servation #1) at 0125 h and 0140 h, and she was observed being 
captured by her leg by a crab at 0158 h. A male (M2) in observa-
tion #8 was observed being captured his toe by a crab, emitting a 
distress call. A female (F15) in observation #11 was observed in 
the process of having her leg eaten by a crab (Fig. 1). 

Snakes were observed 15 times at the study transect; they may 
have been predators of L. kuhlii. Fourteen of these observations 
involved the Red Banded Snake (Dinodon rufozonatum), and one 
snake could not be identified. However, I never observed a snake 
capturing a frog, or any type of frog-snake interactions. 

Discussion.—These results suggest that crabs might be more 
important predators than snakes for L. kuhlii, because I observed 
crabs, but not snakes, attacking frogs. At present it is unknown 
whether the crabs kill the frogs in order to eat them, because I 
intervened and released the frogs captured by crabs in this study. 

Predation by crabs on adult frogs may be common for small-
sized frogs inhabiting the water's edge along small streams. A crab 
has been observed to be grasping the foreleg of Colostethus 
ingunalis in Panama, and many frogs of this genus that live along 
streams inhabited by crabs are missing limbs (Duellman and Trueb 
1986). In Borneo, the frequency of the missing digits and limbs is 
significantly higher in L. kuhlii sitting closest to the water's edge 
than in any other species of frogs living along forest streams, pre-
sumably due to the predation by crabs (R. E Inger, pers. comm.). 
Also in my study population, 4 (7.7%) of 52 adult frogs marked 
were missing a foot (unpubl. data). 

The predation on adult L. kuhlii by C. rathbuni may be associ-
ated with the unique morphological features of this frog species. 
It may not be easy for a crab to capture an adult frog with its 
claw(s) because adult frogs usually exhibit good jumping perfor-
mance. However, L. kuhlii, with its short hind legs, is not a strong 
jumper, even in adults. In addition, because the amplectant pairs 
(especially with the male being larger than the female) of L. kuhlii 
are more inactive (Tsuji and Lue 1998), they may be at greater 
risk of being attacked by crabs. Actually, in 6 (54.5%) of 11 frog-
crab encounters, the amplectant pairs were targeted (Table 1); the 
pairs attacked by crabs accounted for 17.6% of the 34 pairs ob-
served during the study period. Predation on amplectant pairs by 
crabs has been observed in Physalaemus pustulosus in Trinidad 
and Tobago (Murphy 1997). 

The results of this study suggest several questions for the preda-
tor-prey interaction system of L. kuhlii and C. rathbuni: 1) what 
cues (visual, auditory, olfactory, or tactile) do C. rathbuni use for 
hunting L. kuhlii?; 2) what antipredatory mechanisms against the 
predatory crabs L. kuhlii have evolved?; and 3) how has the preda-
tory behavior of C. rathbuni affected the life history and mating 
system of L. kuhlii? Because interactions between frogs and crabs 
are relatively easy to observe in the field, and because it should be 
possible to investigate experimentally crab-frog interactions in the 
laboratory, frogs and crabs might be ideal subjects for the study of 
predator-prey interaction. 
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The Diamondback Terrapin (Malaclemys terrapin) is the only 
turtle in North America to spend its entire life in salt marshes. 
Diamondback Terrapins are found along the East Coast from Mas-
sachusetts to Florida and along the Gulf Coast of Florida to Texas. 
Seven subspecies of M. terrapin have been described: M. t. terra-
pin from Massachusetts to North Carolina; M. t. centrata from 
North Carolina to Florida; M. t. tequestra on the east coast of 
Florida; M. t. rhizophorarum in the Florida Keys; M. t. macrospilota 
from southern and western Florida; M. t. pileata in Mississippi; 
and M. t. littoralis in Louisiana and Texas (Ernst et al. 1994). In 
the early 1900s, M. terrapin was nearly hunted to extinction for 
food. Although it is still harvested today in some areas, the U. S. 
Fish and Wildlife Service has placed the Diamondback Terrapin 
on its Candidate Species List (Burger and Garber 1995). This des-
ignation calls for studies to determine whether or not M. terrapin 
is endangered or threatened. In recent years, a resurgence of turtle 
consumption (Garber 1990a; Orenstein 2001) combined with 
mortality due to crab traps (Garber 1990b), oil spills (Burger 1994), 
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TABLE 1. Distribution of sample populations, subspecies of Malaclemys terrapin, and samples. 

Location subspecies Physical Fecal Cloaca! Blood Necropsy 
Exam Flotation Flush Smear 

Massachusetts 
(ca. 41.90°N, 70.03W) terrapin 45 2 45 45 

New Jersey 
(ca. 39.05°N, 74.80W) terrapin 21 13 14 2 

North Carolina 
(ca. 34.71°N, 76.66W) centrata 16 6 13 14 

Florida 
(ca. 25.17°N, 81.10W) macrospilota 6 

Florida Keys 
(ca. 24.36°N, 81.28W) rhizophorarum 1 I I 

Totals 83 27 59 74 2 

automobiles (Wood and Herlands 1993; Orenstein 2001), preda-
tion (Feinberg and Burke 2003), and heavy metals (Burger 2002) 
have decimated various Diamondback Terrapin populations. Their 
future in some regions may be in jeopardy. 

A thorough knowledge of the biology of a species is necessary 
if conservation efforts are to be successful. An important part of 
this knowledge is determining rates of parasitism. In one study to 
assess the health of captive raised and wild Diamondback Terra-
pins, parasitism was not obvious in over 300 individuals (Werner 
et al. 2002). An extensive review of the literature on parasitism in 
the Diamondback Terrapin uncovered only four species of en-
doparasites, the latest published in 1960 (Werner 2003). The para-
sites identified were: a monogene, Neopolystoma orbiculare 
(MacCallum 1918); two trematodes, Telorchis corti (Wharton 
1940) and Pleurogonius malaclemys (Hunter 1961); and a nema-
tode, Camallanus microcephalus (Leidy 1888). Ectoparasites, such 
as barnacles (Balanus ebumeus, Balanus improvisus, Chelonibia 
manati, and Chelonibia testudinaria) and oysters (Crassostrea 
virginica) have been reported but their status as true parasites re-
mains controversial (Werner 2003). As a result of these findings, 
the present study was conducted to further elucidate the parasitic 
status of the Diamondback Terrapin. 

MATERIALS AND METHODS 

From May 2002 to August 2002, Diamondback Terrapins were 
examined for evidence of parasites from the following areas: Beau-
fort, North Carolina; Big Sable Creek, Florida; Stone Harbor, New 
Jersey; Wellfleet (Cape Cod), Massachusetts. In addition, in Janu-
ary 2003, a single Diamondback Terrapin from Lois Key, Florida 
was examined. The methods utilized were: 

Physical examination.—Each turtle was visually inspected for 
the presence of any external parasites. Oral cavities were exam-
ined for polystomes (such as those described by Leidy in his 1888 
paper) with a speculum and binocular loupe or an otoscope. Cot-
ton-tipped applicators were then used to swab the oral cavities. 
Swabs were placed in containers of Ringer's solution and later 
examined with a dissecting microscope at 15-20x. 

Fecal examination.—A zinc sulfate solution (specific gravity 
1.020) was used as a flotation medium. Fecal samples were sus-
pended in this solution and centrifuged at 1000 RPM for 10 min-
utes. A drop of fluid from the surface was examined microscopi-
cally at 100x for a minimum of two minutes for protozoa and ova 
from trematodes, nematodes, and acanthocephalins. 

Cloacalflush.—Cloacae were irrigated with 1.0 ml of Ringer's 
solution. The aspirate was centrifuged at 1000 RPM for 10 min-
utes. The sediment was drawn into a pipette, placed on a micro-
scope slide, stained with a drop of Lugol's stain and examined at 
100x (similar to the fecal examination). 

Blood.—Blood was collected from the dorsal coccygeal vein 
and two blood smears were made immediately. Later, smears were 
stained with a commercial thiazine and eosin preparation and ex-
amined at 400x. At least 10 fields containing a minimum of 10 
cells were searched on one of the two slides for hemogregarines 
or microfilaria. 

Necropsy.—A thorough necropsy of all tissues was done on two 
turtles injured by vehicles. The two individuals were euthanized 
with an intraperitoneal injection of Beuthanasia-D, a pentobar-
bital sodium solution (Schering-Plough, Kenilworth, New Jersey). 
Since populations may be on the decline in many areas, it was 
deemed unjustifiable to sacrifice any healthy individuals for 
necropsy. Tissues were examined grossly, then with a dissecting 
microscope. The liver, lungs, and kidneys were macerated in a 
saline solution for examination while the digestive tract was sec-
tioned, opened, and flushed. Both the lining and the flushed mate-
rial were checked stereoscopically. The trachea and bladder were 
examined using a "squash" preparation between two microscope 
slides. The heart was flushed with saline and the resulting fluid 
was examined stereoscopically. 

RESULTS 

Physical examinations were performed on 83 Diamondback 
Terrapins (Table 1). There was no evidence of parasites in any of 
the 83 oral cavities. The only sign of possible external parasitism 
was the observation of some small oyster shells (genus and spe- 
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cies not determined) on the carapace of one Cape Cod turtle. Blood 
smears collected from 74 terrapins were all negative for intracel-
lular parasites and microfilaria (Table 1). None of 59 cloacal flushes 
were positive for parasitic ova. Four of the 27 fecal flotations were 
positive for parasitic ova but only one egg was found in each of 
the four positive samples. The eggs were tentatively identified by 
Thomas Nolan (School of Veterinary Medicine, University of Penn-
sylvania) as typical for an ascarid or a trematode. Two of the 
samples were from Stone Harbor, NJ, one was from Beaufort, NC, 
and one was from Big Sable Creek, FL. Several samples contained 
centric diatoms, which might be confused with parasite eggs. 

The two necropsies did not reveal any parasites in the oral cav-
ity, respiratory tract, heart, liver, gastrointestinal tract, or urinary 
tract. 

DISCUSSION 

If the results of this study are combined with those of Werner 
(2002), it would appear that parasitism is rare or non-existent in 
the Diamondback Terrapin. No hemoparasites or filaria were iden-
tified in any of the blood smears from either study. Fecal samples 
and cloacal flushes from the present study yielded only a few pos-
sible parasitic ova. There was never more than one egg found in 
any of the positive samples. One would expect to find several eggs 
in a fecal sample from a parasitized animal. Because the Diamond-
back Terrapin is known to be a non-selective carnivore with a diet 
that can include crabs, periwinkles, mussels, snails, annelids, fish, 
and carrion (Ernst et al. 1994) it is possible that the few ova seen 
may have come from the terrapin's food sources rather than from 
the terrapin. The results for all of the geographic areas sampled 
were almost identical. Even though the sample sizes from any one 
area were not very large, it seems unlikely that every tested terra-
pin would be negative for parasites unless parasites were uncom-
mon. Some authors suggest that virtually all wild reptiles have 
parasites (Lane and Mader 1996). 

As with any negative data on rates of parasitism, there are a 
number of methodological reasons why parasites might have been 
missed, including: (1) parasites present but not shedding ova; (2) 
insufficient necropsies; and (3) sample collection at the wrong 
time of year. In addition, there are several biological reasons why 
M. terrapin may actually be parasite free, including: (4) natural 
resistance of the host; (5) lack of intermediate hosts to complete 
parasite life cycles; (6) ingestion of natural vermifuges. Further 
examination of other populations may eventually uncover para-
sites for Malaclemys terrapin but at the present time this turtle 
seems to be practically devoid of parasites. 
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A common practice in some of the Canadian provinces and many 
US states is the sale of live frogs and fish such as minnows, as 
well as leeches, earthworms and other organisms, for the recre-
ational fishing industry. One such industry, the frog baitshop in-
dustry in Ontario, has recently come under scrutiny (Brousseau 
et al. 2003). Two main perceived risks of this industry include 
local overharvesting of frogs, and potential transmission of para-
sitic or pathogenic organisms to other populations (Brousseau et al. 
2003). Given these risks, it is paramount to ensure both that ben-
efits of the industry are large and that measures have ensured the 
sale of healthy frogs. 

In this paper, our main objective is to determine whether Ontario 
baitshops are involved in the sale of healthy frogs, given the risks 
of this industry and small revenue generated. While the revenue 
generated by Ontario baitshops is estimated at $40-60 M yearly 
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by the Ontario Ministry of Natural Resources (OMNR), revenue 
from the sale of frogs is small: ca. $46,000 in 2002 (Brousseau 
et al. 2003). The main problem with stressful transport and hous-
ing of frogs is that this practice can result in die-offs of frogs in 
baitshops, making the net profit of the industry even smaller or 
putting further pressure on harvesting. Unhealthy frogs may also 
transmit bacterial infections to end users, and even results in the 
potential spread of disease to wild populations (a risk we entertain 
but do not address explicitly in this paper). 

The risks perceived for the Ontario baitshop industry may be 
real. Commercial harvest has led to local population declines for 
other frog species elsewhere (reviewed by Blaustein et al. 1994). 
In 2001, the OMNR restricted capture and sale to only northern 
leopard frogs (Rana pipiens). There are, however, concerns about 
harvest of R. pipiens. This species is endangered in British Co-
lumbia, of special concern in the Prairie Provinces (Sebum and 
Sebum 1998) and potentially declining in southwestern Ontario 
(Hecnar 1997), and northern Ontario (Sebum and Sebum 2002). 
New regulations restrict the commercial harvest of frogs to east-
ern Ontario (Brousseau et al. 2003). Licensed dealers living out-
side the approved area can sell frogs, but the frogs must be har-
vested from inside the approved area. Abundance of R. pipiens at 
monitoring sites has suggested to some that the current restricted 
area can sustain a viable commercial R. pipiens harvest, whereas a 
region west of the harvest area cannot (Brousseau et al. 2003). 
Such population surveys may be of limited utility given that there 
is little information about normal population fluctuations for this 
species and other amphibians show marked short-term population 
fluctuations (Pechmann et al. 1991). There is also a question about 
the accuracy of records, e.g., annual returns from 2002 indicate 
that 27,000 more frogs were sold than were harvested (Brousseau 
et al. 2003). Such errors in assessing harvests can have strong 
implications for monitoring the impact of harvests on populations. 

The risk of spread of parasites and pathogens from domestic or 
farmed animals back to natural populations of conspecifics or 
heterospecifics has been increasingly documented over the past 
decade (reviewed by Frolich et al. 2002; Mazzoni et al. 2003). 
Additionally, there has been a fear that such transmission back to 
the wild can occur from other practices. For example, increased 
susceptibility resulting from inbreeding, nutritional status, stress, 
or immunosuppression (all of which are often associated with high-
density situations) may increase the efficiency of transmission to 
new hosts (Scott 1988). Thus, the risk of disease spread from 
baitshops may also be real, especially given the recent studies in-
dicating ranaviral diseases in local areas in Ontario and current 
regulations about harvest areas, which encourage translocation of 
frogs (Brousseau et al. 2003). 

Our main objective was to compare indices of health of juve-
nile R. pipiens captured and sold in baitshops to local frogs of the 
same age and size. If baitshops are typically not engaged in the 
sale of healthy frogs then revenues may not be increased much 
above current levels and may even be substantially reduced in 
some seasons due to die-offs in baitshops. Importantly, the loss of 
unhealthy frogs also could place more pressure on continued har-
vesting. It is likely that die-offs in baitshops, which have been 
observed (M.R. Forbes, pers. observ.), are episodic and thus not 
reported consistently. Further, frogs may be sold before they show 
outright symptoms of disease but can be assessed for general health  

(before being sold) using other metrics. As such, we were not ad-
dressing potential for disease spread to wild populations (although 
we believe this to be a risk) because such assessments would re-
quire more sophisticated approaches. Rather, we measured body 
mass, snout-to-vent lengths, leukocyte differentials (lymphocyte 
and neutrophile) and organ mass (spleen and liver) of juvenile R. 
pipiens as interrelated indices for assessing frog health. 

We evaluated nutritional status using both body mass and liver 
mass, relative to body size. One of the primary roles of the liver is 
to store and process fats and proteins (Martini 1998). Individuals 
that are stressed, in ill health, or responding to an infectious dis-
ease also may have elevated leukocyte numbers (Bubenik and 
Brownlee 1987). Thus, we assessed amphibian leukocytes which 
consist mainly of neutrophils and lymphocytes, with eosinophils, 
basophils, and monocytes comprising the remainder of leukocyte 
cells. Neutrophils are phagocytic and mainly function in innate 
immune response, whereas lymphocytes function exclusively in 
acquired immune responses (Horton and Ratcliffe 1998). In most 
cases the increase in leukocyte numbers is caused by a rising num-
ber of neutrophils and lymphocytes in the peripheral blood (Rose 
et al. 1979). Conversely, individuals with lower lymphocyte num-
bers can be more susceptible to viral infections (Fitzgerald 1988; 
Siegel 1985). Examination of the spleen will help elucidate the 
frog's immune status. In amphibians, the spleen is a major periph-
eral lymphoid organ (Horton and Ratcliffe 1998), and splenom-
egaly has been shown in response to a naturally occurring infec-
tion in a frog species (Haynes et al. 1992). 

Materials and Methods.—Eleven baitshops were chosen based 
on their close proximity to the Queens University Biological Sta-
tion, Ontario, Canada (QUBS; 4534'N, 7613'W) where the wild-
caught frogs were captured. Collection dates ranged between 30 
July and 16 August 2000. In each baitshop, six juvenile frogs were 
selected by the baitshop owners for a total of 66 frogs from the 11 
baitshops. Frogs were placed in a plastic bait bucket and then 
brought immediately back to QUBS. The maximum time any frog 
spent in transit was two hours, including frogs collected directly 
from the wild. Juvenile wild-caught frogs were collected in two 
fields that were situated next to ponds approximately ten kilome-
ters west of QUBS. Collections were timed with baitshop visits to 
control for possible seasonal effects (two collection dates: 22 July 
and 13 August 2000). 

Blood smears were made for baitshop and wild-caught frogs. In 
this procedure, 0.03 mL of blood was aseptically extracted via 
cardiac puncture, and spread on a new microscope slide using an-
other new slide. The blood smear was air dried and placed into a 
slide storage container. Blood slides were sent to Vita-tech (Vet-
erinary Laboratory Services in Markham, Ontario, Canada) for 
differential leukocyte analysis. For standard differential counts, 
100 leukocytes were evaluated per smear and classified as neutro-
phils, lymphocytes, eosinophils, basophils, and monocytes. We 
excluded counts of eosinophils, basophils, and monocytes because 
counts of these cell types have been shown to have low repeat-
ability (e.g., Pap 2002). 

After withdrawing blood, frogs were placed separately in plas-
tic containers and set in an ice bath for approximately one hour (or 
until their body temperature was lowered to ). Frogs were removed 
from the ice bath, measured for snout-vent length (SVL), and 
double pithed. Each frog was dissected to determine its sex and its 
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liver, and spleen was removed. Wet mass for each organ was as-
sessed with a Mettler AE 100 electronic balance scale accurate to 
0.1 mg. Sex was determined by dissection. 

Frogs with significantly higher SVL, microfilarial and proto-
zoan parasites, and poor quality blood smears were excluded from 
subsequent analyses. The final dataset used in all analyses included 
36 juvenile baitshop frogs (14 males and 22 females), and 36 ju-
venile wild-caught frogs (26 males and 10 females). All statistical 
analyses were performed using R (Ihaka and Gentleman 1996). 
Morphometric variables were natural-log transformed to meet the 
assumption of normality, and significance was assessed at P equals 
0.05. 

Results.—We did an analysis of co-variance (ANCOVA) to de-
tect whether the relationships between SVL and body mass co-
varied with treatment or sex nested within treatment. The interac-
tions between SVL and treatment, and SVL and sex (nested within 
treatment) were non-significant and were dropped from the model. 
Body mass increased with SVL (F = 739.82, P < 0.001; Fig. 1A). 
Wild-caught frogs were heavier for their SVL than baitshop frogs 
(F= 15.37, P < 0.001; Fig. 1A). There was no significant differ-
ence between juvenile males and juvenile females in body mass 
(F = 0.11, P = 0.89). 

We did an ANCOVA to detect whether the relationships between 
SVL and organ masses co-varied with treatment or sex (nested 
within treatment). Separate ANCOVAs were used for the spleen 
and liver. The interactions between SVL and treatment, and SVL 
and sex (nested within treatment), did not explain significant varia-
tion in organ masses. Both interaction terms were dropped from 
the models. Organ mass increased with SVL for the spleen (F = 
16.39, P < 0.001; Fig. 1B), and liver (F = 134.84, P < 0.001; Fig. 
1C). 

Spleens from baitshop frogs were significantly larger than 
spleens from wild-caught frogs (F = 6.09, P = 0.016; Fig. 1B). In 
contrast, livers were significantly smaller in baitshop frogs com-
pared to wild-caught frogs (F = 18.53, P < 0.001; Fig. 1C). There 
were no significant differences between juvenile males and juve-
nile females in mass of either of the organs (spleen: F = 0.43, P = 
0.65; liver: F = 0.062, P = 0.94). 

We tested whether the proportion of leukocytes that were lym-
phocytes or neutrophils was related to SVL, treatment, or sex 
(nested within treatment) using a logistic regression. We used 
quasibinomial errors because the data were overdispersed 
(McCullagh and Nelder 1989). Significance of the terms in the 
model was assessed with an F-test. Wild-caught frogs had a higher 
proportion of lymphocytes (F = 11.52, P = 0.001; Fig. 2). There 
was no relationship between SVL and lymphocyte proportion (F 
= 0.13, P = 0.72), and there was no difference between the sexes 
(F = 1.18, P = 0.31). Baitshop frogs had higher proportion of neu-
trophils (F = 4.82, P = 0.03; Fig. 2). There was no relationship 
between SVL and neutrophile proportion (F= 0.32, P = 0.57), and 
there was no difference between the sexes (F = 0.81, P = 0.45). 

Discussion. —Our results suggest that juvenile baitshop R. 
pipiens frogs are not as healthy as juvenile wild-caught frogs. 
Baitshop frogs weighed less, and had lighter livers as compared to 
wild-caught frogs after correcting for body size. One of the pri-
mary roles of the liver is to store and process fats and proteins 
(Martini 1998). Because frogs are not fed in baitshops and can be 
housed for long periods (McRuer 2001), the natural metabolism 

FIG. 1. Snout–vent length (mm) versus A) body mass (g), B) spleen 
mass (g), and C) liver mass (g) of juvenile Rana pipiens as found in 
baitshop (closed circles and solid line) versus wild-caught frogs (open 
circles and dashed line). All variables are natural-log transformed. 

of the liver's stores of fat may account for its weight loss in baitshop 
frogs. Therefore, the relatively smaller livers and reduced body 
mass may be an indication of poor nutritional status in the baitshop 
frogs compared to their wild-caught counterparts. 

In addition, relative spleen mass and leukocyte profiles were 
clearly different between the two groups of frogs. Baitshop frogs 
had heavier spleens (relative to body size) than wild-caught frogs. 
Splenomegaly has been shown in response to a naturally occur-
ring infection in a frog species (Haynes et al. 1992). Baitshop frogs 
had a lower proportion of lymphocytes and a higher proportion of 
neutrophils compared to wild-caught frogs. The elevated neutro-
phil levels and diminished lymphocyte levels in the baitshop frogs 
are indicative of animals that are stressed, in ill health, or respond-
ing to an infectious disease (Bubenik and Brownlee 1987; Rose 
et al. 1979). For example, this same response has been shown in 
the newt Notophthalmus viridscens in response to a variety of stres-
sors: hydrocortisone injection (Bennett et al. 1972), corticotrophin 
injection and osmotic stress (Bennett and Johnson 1973), continu-
ous light (Bennett and Reap 1978), and constant high or low tem-
peratures (Bennett and Daigle 1983). 

The magnitude of the blood cell component changes we saw 
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FIG. 2. Mean proportion (± SE) of leukocytes that are lymphocytes and 
neutrophils in juvenile Rana pipiens as found in baitshop (black) and 
wild-caught frogs (white). Proportions and SE are predicted values from 
a logistic regression with quasibinomial errors. 

were consistent with amphibians given hydrocortisone injections 
(Bennett et al. 1972). The long-term consequences on the condi-
tion and viability of amphibians to changes of this magnitude are 
not known. Also, it is not known how long it would take to restore 
liver and spleen masses, and blood components back to 'normal' 
levels. 

There are two main implications of baitshops housing and sell-
ing unhealthy frogs: local overharvesting of frogs, and potential 
transmission of parasitic or pathogenic organisms to other popu-
lations. Our data cannot identify if overharvesting of R. pipiens is 
occurring. Nonetheless, unhealthy baitshop frogs are likely to in-
crease the number of episodic die-offs, which may lead to addi-
tional frog harvesting to replace these animals. Detailed data on 
the frequency of these die-offs and the number of 'replacement' 
frogs harvested would be required to identify if this is a real con-
cern. 

Our results also provide preliminary information about the po-
tential for disease spread among baitshop frogs and from baitshop 
frogs to natural populations of conspecifics or heterospecifics. 
Baitshop frogs have lower lymphocyte proportions making them 
more susceptible to viral infections (Fitzgerald 1988; Siegel 1985). 
In addition, baitshop frogs have reduced nutritional status. A num-
ber of studies have shown that prolonged nutrient limitation can 
reduce immunocompetence (Apanius 1998). Our data do not iden-
tify the frequency and severity of disease transmission directly 
resulting from the use of frogs in the baitshop industry. We are 
able to show that baitshop frogs are not healthy and the risk of 
disease transmission is a valid concern that needs to be addressed. 
This is especially important given that current regulations encour-
age translocation of frogs (Brousseau et al. 2003). 

It is evident that further research is needed to identify whether 
this (or any other) frog baitshop industry is sustainable. Certainly 
the risks need to be balanced against the benefits. Current data 
indicates that the frog baitshop industry in Ontario is not thriving 
and is engaged in the sale of unhealthy frogs. This increases the 
risk of die-offs and loss of profit to baitshop owners, and likely 
does not ameliorate the risk of disease transfers. 
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The increased availability of air transport around the world has 
greatly expanded the variety and numbers of wild species traded 
for use as pets (Roe et al. 2002). The European Union represents, 
along with the United States, one of the largest markets for the 
international pet trade. Reptiles especially have become very 
popular and wild populations have to sustain important off-takes 
to supply this market. According to Lawson (2002), nearly 210,000 
live CITES-listed reptiles (excluding crocodilians and turtles/ 
tortoises) and amphibians were legally imported into the EU in 
1999, 30% of which were taken from the wild. 

France is an important market for exotic reptile pets in Europe. 
For lizards and snakes (Squamata), the major European importers 
are Spain, Germany, the Netherlands, UK, Belgium, and France, 
respectively (Auliya and Berkhoudt, in prep.). The diversification 
in professional distribution channels for exotic pets in France 
(garden centers, do-it-yourself stores, franchise pet shops, 
agricultural self-service shops, etc.) illustrates the booming of this 
market and shows the confidence of French investors in this trade. 

Furthermore, it appears that local, regional and national commercial 
pet exhibitions have a great success and attract more and more 
people. 

Recognizing the growing popularity of reptiles as pets in France, 
and the lack of data relative to French imports, TRAFFIC Europe-
France sought to examine the imports in live CITES-listed reptiles 
—volumes, variety, dynamics, trends, and origins over a 10-year 
period, 1990-1999. This paper presents the main results for lizards. 

Material and methods.—The main sources of data for the 
international wildlife trade estimations are the annual reports 
compiled by the Parties to the Convention on International Trade 
in Endangered Species of Wild Fauna and Flora (CITES). The 
data source consulted for this study was the annual CITES reports 
that are held in databases by the United Nations Environment 
Programme - World Conservation Monitoring Centre (UNEP -
WCMC). The trade data presented in this study represent a 
compilation and analysis of the comparative tabulation UNEP-
WCMC database. The analysis provides a detailed look at the data, 
and enables the comparison of reported exports with reported 
imports, by species, item (i.e., number of live animals), country of 
export/import, reported sources (e.g., wild, captive-bred, artificially 
propagated, etc.) and by purpose of trade (e.g., commercial, 
scientific, personal, etc.) (UNEP - WCMC 2003). 

Often there are discrepancies between export and import figures 
in the comparative tabulation. On many occasions this was due to 
the item, the source, and/or the purpose of trade being reported 
differently by the importing and exporting countries. 

• Item: if trade was reported differently by the importer and 
exporter the report used whichever figure was the greater, and if 
trade was reported only by one country the report kept the 
information to avoid underestimating the trade. 

• Source and purpose: if trade was reported differently by the 
importer and by the exporter, the report used the exporter data, 
only using importer data if exporter data were unavailable. 

Despite these limitations, these data still present a valuable and 
important source of information and provide a good indication on 
general trends in the trade. 

Figures in this paper included just a part of the trade with the 
French dependent territories to which the Convention applies. This 
is because France usually does not specifically mention the name 
of its overseas departments, overseas territories, territorial 
communities or various islands in its annual reports (all transactions 
with dependent territories are usually mentioned as taking place 
with France instead of with French Guyana, Guadeloupe, 
Martinique, etc.). However, some information on trade in CITES-
listed animals with French dependent territories is stored in the 
UNEP-WCMC CITES database, emanating only from the annual 
reports of the countries that were partners in the transactions. 
Furthermore, transactions with New Caledonia are specified as 
such since New Caledonia produces its own annual report 
independently from the annual report for France. These pieces of 
information with the French dependent territories are excluded 
from the analysis. 

Overview of CITES-listed reptile trade.—According to the 
reported CITES trade data, 197,983 (96%) of the 206,563 live 
reptiles traded by France between 1990 and 1999 were imports. 
Furthermore, 90% of CITES-listed reptiles were imported into 
France for commercial purposes. Therefore, France can really be 
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considered as a consumer country of live CITES-listed reptiles, 
supplying a pet market. 

Figure 1 shows that during the first half of the nineties, the 
number of CITES-listed reptiles imported was nearly constant 
(11,209 ± 1,925 specimens), whereas it shows a regular and drastic 
increase from 1994 to 1999 (+ 273%). The majority of imports 
concerned lizards (52%), which accounted for most of the increase 
in the total number of live reptiles, then snakes (27%), turtles and 
tortoises (20%), and crocodilians (1%). 

Species of particular concern.— Iguanas, chameleons, geckos, 
agamids, and varanids were by far the most important CITES-
listed lizard families imported and traded in French pet shops in 
the nineties, accounting for almost 99% of all recorded CITES-
listed lizard trade from 1990 to 1999 (Table 1). The top five CITES-
listed lizard species imported over this period were Green Iguana 
Iguana iguana (42,683 specimens, i.e. 41.1% of the total number 
of lizards imported between 1990 and 1999), Madagascar Day 
Gecko Phelsuma madagascariensis (5,921 specimens, 5.7%), 
Bell's Dabb Lizard Uromastyx acanthinura (5,202 specimens, 
5.0%), Senegal Chameleon Chamaeleo senegalensis (5,123 
specimens, 4.9%), and African Savanna Monitor Varanus 
exanthematicus (3,915 specimens, 3.7%). 

Trends during the 1990s.— Evolution of imports: Table 2 shows 
the evolution of imports for the main CITES-listed lizard families 
in trade. The total number of specimens imported during the first 
half (1990-94) of the nineties was nearly constant (5,061 ± 860 
specimens), whereas it shows a regular and drastic increase from 
1994 to 1999 (+ 253%). Green iguanas accounted for a significant 
part of the increase in the total number of live lizards imported in 
the second half of the 1990s (apart from the decrease in 1996). 
Imports of chameleons, geckos, agamids and varanids also 
accounted for this increase but to a smaller extent. 

Characteristics of the French market.— Figure 2 shows that the 
number of CITES-listed lizard species imported per year into 
France was quite stable (37,8 ± 4,6) and the number of new species 
appearing in trade was regular (5,1 ± 2,1). Furthermore, during 
the nineties, 62% of species were imported over a five year period 
or less, whereas only 16% were imported during a period of seven 
years or more. There are therefore some species that are imported 

Years 

FIG. 1. Total number of live CITES-listed reptiles imported into France 
during the 1990s. Source: TRAFFIC analysis of UNEP-WCMC data, 2002. 

TABLE 1. Taxonomic composition and quantity of CITES-listed lizard 
families imported into France (1990-1999). Source: TRAFFIC analysis 
of UNEP-WCMC data, 2002. 

Taxon 	 No. Species 	 Quantity 
Involved* 
	

Imported 

Agamidae 
Uromastyx spp. 	 5 

	
9,699 

Chamaeleonidae 
Bradypodion spp. 	 2 

	
631 

Calumma spp. 	 7 
	

1,168 
Chamaeleo spp. 	 18 

	
13,808 

Fur fifer spp. 	 11 
	

7,514 
Cordylidae 

Cordylus spp. 	 5 
	

570 
Pseudocordylus sp. 	 5 

Gekkonidae 
Phelsuma spp. 	 15 

	
17,814 

Iguanidae 
Iguana sp. 	 1 

	
42,683 

Scincidae 
Corucia sp. 	 1 

	
52 

Teiidae 
Dracaena sp. 	 1 

	
6 

Tupinambis spp. 	 3 
	

176 
Varanidae 

Varanus spp. 	 16 
	

9,610 
Xenosauridae 

Shinisaurus sp. 	 1 
	

2 

TOTAL 
	

87 
	

103,741 

(*) Name of species when it is the sole representative of a genus: Iguana 
iguana, Corucia zebrata, Dracaena guianensis, Pseudocordylus 
melanotus, and Shinisaurus crocodilurus. 

on a regular basis to meet constant demand (e.g. Iguana iguana, 
Phelsuma madagascariensis, Chamaeleo senegalensis, Varanus 
exanthematicus), whilst other species are only in demand during a 
limited time period and appear only sporadically in the data 
depending on changing trends in purchaser demand (e.g., 
Chamaeleo eisentrauti, Phelsuma cepediana, Phelsuma dubia, 
Bradypodion fischeri). 

Origin of CITES-listed lizard species imported into France.—
This trade targets only a few countries. A total of 40 countries 
have exported live CITES-listed lizards to France in the nineties, 
but twelve of them supplied nearly 90% of this trade. Figure 3 
shows the main routes for this trade, according to the families 
concerned. 

Green iguanas.— France has imported approximately 80% of 
specimens from the United States, 15% from Colombia and the 
remainder from Central and South American countries, appearing 
in the second half of the nineties: Nicaragua, Costa Rica, Bolivia 
and Chile. However, the United States is exclusively a re-exporting 
country because their specimens came from Colombia (52%), El 
Salvador (38%) or Suriname (10%). The vast majority of live 
CITES-listed Green iguanas imported for the French pet market 
were bred in captivity (86%), whilst other specimens were taken 
from the wild. For example 1,300 and 2,100 wild specimens were 
imported from Suriname respectively in 1998 and 1999. 
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Fic. 3. Main routes for French CITES-listed lizard imports (1990-99). Source: TRAFFIC analysis of UNEP-
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Fin. 2. Number of CITES-listed lizard species imported into France 
per year (line) and cumulative number of species imported (bars). Source: 
TRAFFIC analysis of UNEP-WCMC data, 2002. 

Chameleons.– The status of chameleons within CITES has 
changed with the 12th meeting (Chile, 3-15 November 2002) of 
the Conference of the Parties to CITES. Indeed, all Brookesia 
species were included in Appendix II, except for B. perarmata, 
which was included in Appendix I (amendments to Appendices I 
and II of the Convention entered into force on 13 February 2003). 
The analysis for the present study covers the years 1990-1999, 
and therefore does not take Brookesia species into account. 
However, according to the Species Survival Network (2002), these 
species are in international trade, as Madagascar exported nearly 
2,300 Brookesia specimens (excluding B. perarmata) in 2000 and 
2001, mainly destined for pet markets in the United States and 
Europe. CITES-listed chameleons are principally imported from 
Madagascar (37%), Togo (20%), Burundi (14%), Tanzania (8%) 
and Benin (6%). Imports from Madagascar involved only 
specimens taken from the wild and concerned both the genera 
Calumma and Furcifer. 
Calumma exports from 
Madagascar stopped in 1995, 
whereas Furcifer exports 
(principally Carpet Chameleon 
Furcifer lateralis and Panther 
Chameleon Furcifer pardalis) 
increased in the second half of 
the nineties. Togo exported 
only two species: Senegal 
Chameleon Chamaeleo 
senegalensis (3,975 specimens) 
and Graceful Chameleon 
Chamaeleo gracilis (725). 
Specimens of Senegal 
Chameleon were exclusively 
taken from the wild and exports 
show an increase in exports 
during the second half of the 
nineties. Import of Graceful 
Chameleon began in 1996 and 
increased until 1999, with 
nearly 60% of specimens taken 
from the wild and 40% coming 
from ranching operations. In 

Togo, four farms raise reptiles for the export trade and are located 
in Lome (Toganim, Pajar, Fexas, and Mare). They share 
approximately 95% of the export quota between them while the 
other eight registered establishments share the remaining 5% of 
the quota (Harris 2002). Eighty percent of Burundi's exports (1990-
1999) were realized in 1990, 1991, and 1992 and concerned only 
wild chameleons. From 1993 to 1999, Tanzania exported nine 
different species, exclusively taken from the wild, of which seven 
were from the genus Chamaeleo (C. bitaeniatus, C. dilepis, C. 
fuelleborni, C. gracilis, C. jacksoni, C. melleri, and C. rudis) and 
two from the genus Bradypodion (B. fischeri and B. tavetanum). 
Chameleon imports from Benin involved exclusively two species—
Graceful Chameleon and Senegal Chameleon. From 1993 to 1995 
Senegal Chameleons imported from Benin were taken from the 
wild, but since 1996 they have been derived from ranching 
operations. Graceful Chameleon imports began in 1996 and 
involved exclusively specimens from ranching operations. 

Geckos.—During the 1990s, CITES-listed geckos were 
exclusively imported from Madagascar and taken from the wild. 
Figure 4 shows that in the first half of the nineties, France imported 
15 gecko species whereas in the second half, imports focused on 
four species with a significant increase in their imports: the Gold-
dust Day Gecko Phelsuma laticauda (+ 95%), the Madagascar 
Day Gecko P. madagascariensis (+ 82%), the Peacock Day Gecko 
P. quadriocellata (+ 83%), and the Lined Day Gecko P. lineata (+ 
74%). 

Agamids.—Ninety per cent of the CITES-listed agamids 
(Uromastyx spp.) were imported from Mali and involved only two 
species taken from the wild: Bell's Dabb Lizard U. acanthinura 
and U. dispar. Imports began in 1995 (1,000 specimens), increased 
in 1996 (4,866) then decreased until 1999 (no imports). Other 
agamids (10%) were occasionally imported from Egypt and Sudan: 
the Egyptian Dabb Lizard U. aegyptia and the Eyed Dabb Lizard 
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TABLE 2. Evolution of the French imports for the main CITES-listed lizard families (1990-1999). Source: TRAFFIC analysis of 
UNEP-WCMC data, 2002. 

Family 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Total 

Iguanidae 1,012 50 1,095 2,100 1,801 5,351 2,754 6,163 8,353 14,004 42,683 

Chamaeleonidae 1,939 1,630 1,946 1,595 1,441 1,003 1,576 3,272 4,272 4,447 23,121 

Gekkonidae 1,538 1,376 1,274 1,590 1,647 1,348 2,215 4,050 2,280 496 17,814 

Agamidae 15 100 0 0 150 1,276 5,316 1,875 967 0 9,699 

Varanidae 980 515 478 311 721 947 1,342 1,247 1,663 1,406 9,610 

TOTAL 5,484 3,671 4,793 5,596 5,760 9,925 13,203 16,607 17,535 20,353 102,927 

U. ocellata. 
Varanids.-Although 14 countries supplied the trade in varanids 

between 1990 and 1999, the majority of varanids were imported 
from Togo (47%), Ghana (16%), Benin (13%) and Indonesia 
(13%). Togo, Ghana, and Benin have exported both species present 
in their country: the Savannah Monitor Varanus exanthematicus 
and the Nile Monitor V niloticus [note that V niloticus is in fact 
composed of two species, one restricted to open savannas, the true 
V niloticus, and another restricted to more closed forested areas, 
V ornatus (Bohme and Ziegler 1997); both species are generally 
referred to as V niloticus in CITES permits]. Table 3 shows that 
total imports of Savannah Monitor and Nile Monitor from these 
countries decreased between 1990 and 1992 then increased 
regularly until 1998/99. Imports from Togo, the main supplier, 
showed a sharp increase in the second half of the nineties, whereas 
imports from Ghana were more uneven (only six years of imports 
during the nineties) and imports from Benin showed a significant 
decrease in 1998 and 1999. From 1990 to 1994, specimens of both 
taxa were exclusively taken from the wild in those countries but 
since 1995 Togo and Benin have developed ranching operations. 
Therefore, since 1995, 41% and 88% of specimens imported from 
Togo and Benin respectively, issued from ranching operations. 
Varanid specimens imported from Indonesia were nearly four times 
more numerous from 1995 to 1999 (1,007 specimens) than from 
1990 to 1994 (249). There are two reasons for this increase: five 
species (V dumerilii, V indicus, V rudicollis, V salvadorii, and V 

FIG. 4. Number and composition of CITES-listed geckos imported from 
Madagascar to France (1990-1999). Source: TRAFFIC analysis of UNEP-
WCMC data, 2002.  

salvator) which were occasionally imported from 1990 to 1994, 
were imported regularly and in larger numbers from 1995 to 1999. 
Furthermore, six additional Australasian species appeared in trade 
between 1995 and 1999 (V bogerti, doreanus, jobiensis, panoptes, 
prasinus, and timorensis). 

Conclusions and discussion.-Hoover (1998) has shown that 
the international trade in live reptiles has grown dramatically in 
the last decade. Our data show that France followed this trend, but 
with a time delay, as French imports have only grown dramatically 
in the second half of the nineties. Our focus in the French trade 
CITES-listed lizards shows that: 

Green iguanas, chameleons, geckos, agamids, and varanids were 
by far the most important CITES-listed lizard families imported 
and traded in French pet shops in the nineties, accounting for almost 
99% of all recorded CITES-listed lizard trade between 1990 and 
1999. 

Green Iguanas Iguana iguana made up more than 40% of total 
French imports of CITES-listed lizards in the nineties. However, 
there are other species found in trade in substantial numbers, 
including Madagascar Day Gecko (Phelsuma madagascariensis), 
Bell's Dabb Lizard (Uromastyx acanthinura), Senegal Chameleon 
(Chamaeleo senegalensis), and African Savanna Monitor (Varanus 
exanthematicus). 

Imports of iguanas first, then imports of chameleons, geckos, 
agamids, and varanids accounted for the dramatic increase in the 
total number of lizards imported between 1994 and 1999. Some 
species were imported on a regular basis to meet a constant demand 
(see previous section), while other species were in demand for a 
limited period and appeared only sporadically in the data depending 
on changing trends in purchaser demand (e.g., Chamaeleo 
eisentrauti, Phelsuma cepediana, Phelsuma dubia, Bradypodion 
fischeri). 

West Africa, Madagascar, Central, and South America were the 
main regions supplying the CITES-listed lizard trade in France. 
Agamids, varanids, and a fraction of the chameleons were 
principally imported from West African French-speaking countries 
(Togo, Benin, Mali) and from Ghana, a West African English-
speaking country. Another part of the chameleons (genera 
Calumma and Furcifer) and all CITES-geckos were imported from 
Madagascar. Iguanas originated from Central and South America 
(Colombia, Nicaragua, El Salvador), even if the United States 
played a significant role as a re-exporter. A reason why the United 
States plays a significant role in this trade is because of its 
relationship. For example, the single largest iguana producer in El 
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TABLE 3. The most important suppliers of the two main varanid species imported into France (1990-1999). Source: TRAFFIC analysis 
of UNEP-WCMC data, 2002. 

Country of Origin/Species 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Total 

Togo 
V exanthematicus 25 0 0 0 105 350 400 250 360 390 1,880 
V niloticus 292 280 45 0 180 330 255 215 440 560 2,597 
Subtotal 317 280 45 0 285 680 655 465 800 950 4,477 

Ghana 
V exanthematicus 445 210 85 0 0 0 0 30 550 200 1,520 
V niloticus 0 0 0 0 0 0 0 0 0 0 0 
Subtotal 445 210 85 0 0 0 0 30 550 200 1,520 

Benin 
V exanthematicus 0 0 90 0 50 50 0 100 0 20 310 
V niloticus 0 0 20 210 105 50 150 400 20 20 975 
Subtotal 0 0 110 210 155 100 150 500 20 40 1,285 

TOTAL 762 490 240 210 440 780 805 995 1,370 1,190 7,282 

Salvador (and probably in the world) is an American-owned and 
operated business. The owner sends most of his iguanas to the 
United States, at least in part because he has a similar business in 
the U.S. and because he has long-standing relationships with 
several other reptile dealers in the United States (Hoover, pers. 
comm. 2002). 

This paper shows that, since 1995, most CITES-listed lizards 
imported into France were bred in captivity or issued from so-
called "ranching operations." The main reason is that the great 
majority of Green Iguanas (which account for nearly 40% of the 
total CITES-listed lizard imports to France) were bred in captivity. 
Captive breeding and ranching of reptiles may reduce 
overexploitation of some species in the wild. However, many of 
the captive breeding, farming and ranching operations that supply 
the global reptile market need wild-harvested animals to maintain 
their breeding stocks. Furthermore, the percentage of specimens 
taken from the wild is significantly higher for other groups of 
lizards imported for the French pet market: agamids (100%), 
geckos (91%), chameleons (77%), and varanids (64%). 

Therefore, with the growing demand for CITES-listed live lizards 
as pets and the significant proportion of wild-caught specimens, it 
seems necessary to increase the monitoring of international trade 
and to encourage taxonomic studies. According to a Nomenclature 
Committee report prepared for the twelfth meeting of the 
Conference of the Parties, no standard references have been adopted 
yet for the frequently traded lizards of the genera Phelsuma and 
Uromastyx and several new species have recently been described 
in both genera. Therefore, the Nomenclature Committee proposed 
a budget of USD 18,000 for the period Cop 12 and Cop 13 to cover 
expenditures related to its activities concerning the nomenclature 
of the genera Phelsuma and Uromastyx. 

Our data only concern CITES-listed lizards, but most of the 
imported lizard species are not listed on CITES appendices. Our 
lack of data concerning those species is a great problem because 
most of them are taken in the wild and we have no idea of pressure 
levels on their populations. There is (we hope only for the moment) 
no way to obtain such data! Some species of particular concern  

include several geckos (Geckonia chazaliae, Hemitheconyx 
caudicinctus, Teratolepis spp.), agamids (Acanthosaura spp., 
Leiolepis spp., Physignathus spp.), and iguanids (Basiliscus spp.). 
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