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“Miss Royal” 
By Laura Palermo  — Acrylic on Canvas, 12” x 36” 

The Loggerhead Sea Turtle (Caretta caretta) is the largest 
hard-shelled marine turtle in the world. Listed as an endangered 
species, their population is declining due to shrimp-trawling, 
pollution, and development of their nesting beaches. Female sea 
turtles instinctively relocate to their natal beach to lay their eggs. 
Consequently, new development on beach property is a serious 
problem.

Loggerheads have an enormous range, and with the excep-
tion of the most frigid waters, occur all over the world. With their 
massive jaws they are primarily carnivorous, eating conchs, 
crabs, jellyfish, and occasionally seaweed and sargassum. Pollu-
tion and trash in the water can be especially hazardous to sea 
turtles, as debris in the water is commonly mistaken for food. 
Hatchling and juvenile turtles are more likely to feed on what 
they find in the floating patches of sargassum. Sometimes this 
includes small balls of tar and plastic bags, which distinctly re-
semble and are commonly mistaken for jellyfish. The world’s 
largest population of Loggerheads resides off the coast of Flori-
da. Recent studies have shown that 32% of juvenile loggerheads 
in Florida have plastic in their guts. Marine debris consumption 
has proven to depress the growth rate in young loggerheads, ex-
tending the time required to reach sexual maturity. This essen-
tially decreases the reproductive potential of the population.

“Miss Royal” was painted by wildlife conservation artist 
Laura Palermo. This painting portrays an adult Loggerhead Sea 
Turtle underwater, basking in the rays of sun. Palermo specializ-
es in creating colorful renditions of threatened and endangered 
species. Her passion is in capturing the beauty of our declining 
species and expressing it through her works of art to help raise 
awareness about conservation. Often she will title her sea turtle 
paintings after patients at the South Carolina Aquarium Sea Tur-
tle Hospital, sharing the turtle’s story with the painting to edu-
cate others about what can be done to help protect our marine 
animals.

Miss Royal was found just off the coast of Hilton Head Island 
by the South Carolina Department of Natural Resources. She 
was struck by a large propeller and suffered from wounds to the 
right side of her shell to her rear flipper. The propeller did not 
completely sever the rear limb, causing her to undergo surgery 

to remove the hanging portion of tissue. Under special care from 
the sea turtle hospital, Miss Royal had a thriving recovery and 
was released back into the ocean.

Laura Palermo has recently turned to art activism as a form of 
aesthetic resolution for wildlife conservation. It all started with a 
sea turtle. Palermo was fishing off the coast of Sullivan’s Island 
in Charleston, SC when she was greeted by a Green Sea Turtle. It 
was love at first sight and Palermo was immediately inspired to 
begin a collection of sea turtle paintings to promote conserva-
tion. A couple of months later the enthusiastic artist was SCUBA 
certified and eager to swim and study these magnificent crea-
tures in their natural environment. Thus far, she has travelled to 
the US Virgin Islands and around the Florida Keys in search of 
inspirational references for her paintings.

Palermo also spends time visiting the Sea Turtle Hospital at 
the SC Aquarium to learn about the patients’ stories, study their 
behaviors, and take photographs to reference in her paintings. 
With each sale from her sea turtle collection, Palermo donates 
10% of the proceeds to the SC Aquarium Sea Turtle Rescue Pro-
gram. In addition she has become an educational volunteer at 
the SC Aquarium to help teach our youth about the dangers of 
extinction. Laura Palermo is the featured artist at the SC Aquar-
ium from September 2015 through May 2016. Her current show 
“Paint for a Purpose” has a vast display of educational, original 
artwork and prints, with 15% of the proceeds being donated to 
the SC Aquarium. 

The artist’s growing curiosity of threatened species has led 
her in the direction of endangered birds as well. With 192 species 
classified as critically endangered, there is a lot to learn, and a 
lot to paint. Palermo is donating 10% of the profits of the endan-
gered bird collection to the National Aviary and BirdLife Inter-
national to provide sustainable solutions for conservation on a 
local and global level. 

Original paintings and prints are available and can be found 
on her website: PaintingsByPalermo.com. Laura also commis-
sions paintings of all types from animals to portraits and land-
scapes. She can be contacted at PaintingsByPalermo@gmail.com 
for more information. 
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ABOUT OUR COVER: Trimeresurus nebularis
Trimeresurus nebularis, the Clouded Pit 

Viper, was part of the T. popeiorum complex 
until described recently as a distinct species 
by Vogel et al. (2004. A review of morpho-
logical variation in Trimeresurus popeiorum 
[Serpentes: Viperidae: Crotalinae], with the 
description of two new species. Zootaxa 
727:1–63). References to this species may 
also be found under the name Popeia nebu-
laris (e.g., Wallach et al. 2014. Snakes of the 
World: A Catalogue of Living and Extinct 
Species. CRC Press, Boca Raton, Florida. 

1227 pp.; Chan-ard et al. 2015. A Field Guide to the Reptiles of 
Thailand. Oxford University Press, New York. 352 pp.).

 It is aptly named after the Latin adjective “nebularis” mean-
ing “from the clouds,” in reference to the cloudy, montane rain-
forest of the Cameron Highlands in Peninsular Malaysia, where it 
is endemic. It can be distinguished from other species of the po-
peiorum complex primarily by its relatively large size, absence of 
a postocular stripe in both sexes, lack of sexual dimorphism, and 
low ventral and subcaudal scale counts. Like most other South-
east Asian pit vipers, the Clouded Pit Viper is a nocturnal am-
bush predator. They are usually found on or close to the ground 
and have been observed to prey on frogs and small mammals. 

The Cameron Highlands are located on the Titiwangsa 
Mountain Range in Peninsular Malaysia, reaching an elevation 
of 2000 m. The region was first mapped by the British surveyor, 
Sir William Cameron, in 1885. The area was subsequently devel-
oped in the 1930s and has become a popular tourist destination 
known for its cool weather, tea plantations, and farmlands. It is 
for these same reasons that Cameron Highlands are now facing 
a conservation and biodiversity crisis through habitat loss due 
to land conversion, primarily for the purposes of tourism and 
vegetable farming. The Clouded Pit Viper is among many en-
demic plant and animal species that are under imminent threat. 

Illegal collection for the pet trade has also been cited as a grow-
ing threat (Grismer 2012. Popeia nebularis. The IUCN Red List 
of Threatened Species 2012. Available online at: http://www.iuc-
nredlist.org/).

Our cover subject was photographed in August 2015 by Chan 
Kin Onn, a Malaysian currently pursuing a Ph.D. in Ecology 
and Evolutionary Biology at the University of Kansas in the Rafe 
Brown lab. His research interests revolve around systematics, 
phylogenetics, and biogeography of Southeast Asian amphib-
ians. More recently, his research has focused on the influence of 
dendritic river networks on the evolution of riparian amphibians 
in Peninsular Malaysia. Chan is an avid herp and landscape pho-
tographer, rock climber, and has a profound love for dogs.

Chan recorded this image with a tripod-mounted Nikon 
D300 with a Tokina 11–16mm f/2.8 lens (focal length 16mm at 
f/22), shutter speed 0.8 sec, ISO 200. Fill flash was accomplished 
with a Nikon SB600.

Support SSAR through Amazon Smile

 If you use Amazon.com you can give back to the society with 
every purchase. Through the Amazon Smile program, you are 
able to designate an organization to receive a small contribu-
tion with each purchase. For instructions, go directly to <smile.

amazon.com> and type “Society for the Study of Amphibians 
and Reptiles” in the search bar at the top of the screen. Once 
SSAR is selected, that will remain your default organization for 
future purchases.

SSAR BUSINESS
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Highlights of the 18th World Congress of the International Society on Toxinology

The hallowed halls of a historic citadel of academia, Oxford 
University, were the venue for the 18th World Congress of the In-
ternational Society on Toxinology (IST). The meeting was inau-
gurated by Sir John I Bell, Oxford Professor of Medicine, with his 
pragmatic lecture, “Basic science and industry” (Fig. 1), and also 
included a lecture by Prof David Warrell (Fig. 1) who also was co-
organizer of the Congress, that highlighted the origins of Oxford 
and its historical growth into one of the World’s most prestigious 
academic centers. An opening keynote address, the Elsevier Lec-
ture, was given by Prof David Julius (Fig. 1), who outlined the use 
of venom toxins as tools for characterizing nociceptive and neu-
ropathic pain pathways. 

The Congress attracted a large, diverse group of toxinolo-
gists, assorted multi-disciplinary scientists, physicians and other 
health professionals interested in venomous and poisonous ani-
mals, as well as microorganisms. The weeklong program (24–30 
Oct 2015) consisted of several hundred presentations, some 
prestigious featured speakers, poster sessions, workshops, and 
special educational events that were open to the general pub-
lic. The latter included two Oxford debates that were held in the 
historic Sheldonian Theatre (built between 1664–1669), which 
weighed opinions about the potential of venomics to “com-
pletely characterize” squamate reptile venoms, and whether the 
evolution of squamate venoms had single or multiple origins. 
The registrants and attending general public also were treated to 
broadly encompassing lectures about toxinology and venomous 
snakes that were presented by several international authorities.

Some of the major themes and topics included: 
• A series of pre-Congress didactic courses/workshops were 

offered with the intent of introducing younger biomedical scien-
tists and physicians to the multi-disciplinary nature of research 
and clinical toxinology. These consisted of three themes: The 
basics of clinical envenoming and poisoning (organized by Profs. 
David Warrell and Julian White), ‘Omics,’ an Introduction (orga-
nized by Juan Calvete and Bruno Lomonte), and Realities and 
practicalities of drug discovery and development (organizers Alan 
Harvey and Glenn King).

• An important focus was on antivenom (AV) development 
for underserved, economically disadvantaged populations who, 
in a bitter twist, are those most commonly exposed to the most 
medically significant species of venomous snakes, but com-
monly lack the resources for producing safe and effective AV. Pre-
sentations and posters described some of the AV development 
projects that are underway such as in Sri Lanka (Animal Venom 
Research International), Myanmar (Burma Snakebite Project), 
and Papua New Guinea (Global Snakebite Initiative). Interest-
ingly, all of these projects are engaged in attempting to produce 
antivenoms for these diverse regions of the world in collabora-
tion, or consultation with, the same antivenom producer, Insti-
tuto Clodomiro Picado. 

• There was also extensive discussion about projected plan-
ning to address the catastrophic lack of adequate, safe antive-
nom for almost all of sub-Saharan Africa, aside from South Africa 
which still has a reasonably reliable supply from the South Afri-
can Vaccine Producers (SAVP). There was also spirited discussion 
about the World Health Organization’s (WHO) shifting classifica-
tion, and de-classification, of snakebite as a Neglected Tropical 
Disease, or Condition. Although, because of poor documenta-
tion in many of the most snakebite affected regions, the global 
mortality and morbidity burden of snakebite is only roughly 
approximated, some estimates have suggested anywhere from 
100,000–200,000 deaths/annum, and an untold morbidity bur-
den. The latter very likely not only produces lifelong suffer-
ing, and loss of livelihood in many who are afflicted, but also 
probably causes deaths that occur as delayed consequences of 
complications from envenomation. In 2013, WHO regrettably 
removed snakebite from its list of Neglected Tropical Diseases, 
then re-classified it as a “neglected condition,” but then dropped 
it altogether in 2015.

• Many presentations detailed venomic and transcriptomic 
studies of venoms from snakes, spiders, cnidarians, and scorpi-
ons, and the potential uses of the gleaned information in drug 
discovery and investigation of the evolution of venom compo-
nents. There were also multiple papers presented that described 
investigations of venom variability, possible ecological roles 
of venoms, and geographically-associated abundance of pre-
dominant venom components among some venomous snakes. 
Although there were relatively few contributed works on plant, 
fungal and bacterial toxins, there were some particularly inter-
esting presentations about the differential diagnosis and man-
agement of mushroom poisoning.

The “Public Engagement with Science” session was intro-
duced by the Lord Mayor of Oxford, Councillor Rae Humber-
stone (Fig. 1), and chaired by Dr Jeremy Farrar, the Director of 
the Wellcome Trust. The featured speaker, Prof. Harry Greene, 
presented an outstanding, eloquent analysis of the adaptive 
and ethologically shared bio-history of snakes and primates 
(“Snakes and primates: a deadly 80 million year-long-dialogue”) 
(Fig. 2). Several excellent presentations followed to stimulate 
the interactive symposia-styled discussion entitled, “Venoms: 
deadly, but fascinating and potentially life-saving!” These talks 
were designed for a broad audience and were articulately pre-
sented by: Prof. Dietrich Mebs (“What the hell is toxinology?”), 
Prof. David Warrell (“Deadly and damaging venoms”), Prof. Alan 

MEETINGS

SCOTT A WEINSTEIN
Department of Toxinology, Women’s and Children’s Hospital, 
72 King William St., North Adelaide, South Australia
e-mail: herptoxmed@msn.com

Fig. 1.  Left to right: Prof.  David A Warrell, Prof.  John Bell, Prof. David 
Julius, Lord Mayor of Oxford, Councillor Rae Humberstone.
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Harvey, Editor of Toxicon and outgoing President of IST (“Toxins 
as drugs”), and Prof. Chris Shaw (“The evolutionary magic of frog 
skin toxins”) (Fig. 3). 

In addition, Dr. José Maria Guitérrez (Instituto Clodomiro 
Picado, San José, Costa Rica; see previous comments about an-
tivenom projects) was named as the well-deserved nineteenth 
recipient of the Redi Award, the highest recognition awarded by 
IST for outstanding contributions to the field of toxinology (Fig. 
4). Dr. Guitérrez then presented an erudite lecture (“Understand-
ing and confronting snakebite envenoming: The harvest of coop-
eration”) that stressed the need for multiple levels of biomedical 
characterization, as well as the academic, social, and political 
cooperation required to effectively address the desperate defi-
ciency of effective, safe antivenom among the countries most 
impacted by snakebite envenoming and which paradoxically 
have the least resources. 

There were also two Oxford stylized debates, the first was 
semi-formal and posed,“This House believes that venomics will 
provide a complete understanding of venoms” (Proposers: Juan 
Calvete, Bruno Lomonte, and Kini Manjunatha, Opposed by: 
Gilberto Domont, Dietrich Mebs and Steve Mackessy) (Figs. 5 
and 6). The second was a more formal offering during the Public 

Fig. 2. Prof. Harry Greene.
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Fig. 3. Left to right: Prof. Dietrich Mebs, Prof. David A Warrell, Prof. 
Alan Harvey, Prof. Chris Shaw.
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Fig. 4. Left to right: The Examination Schools, Oxford University; Dr. 
José Maria Guitérrez, the 19th recipient of the IST Redi Award with the 
outgoing President of IST, Prof. Alan Harvey; the demarcation of the 
site at the Turf Tavern in which a certain Rhodes scholar and future 
President of the US reportedly “didn’t inhale.”
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Fig. 5. Proposers for debate on, “This House believes that venomics 
will provide a complete understanding of venoms.” Left to right: Prof. 
Juan Calvete, Prof. Bruno Lomonte, Prof. Kini Manjunatha.
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Fig. 6. Debating team opposing, “This House believes that venom-
ics will provide a complete understanding of venoms.” Left to right: 
Prof. Gilberto Domont, Prof. Dietrich Mebs, Assoc. Prof. Stephen P. 
Mackessy.

PH
O

TO
S 

BY
 J

U
LI

A
N

 W
H

IT
E

Fig. 7. Proposers for debate entitled, “This House believes that venom 
originated only once in the course of reptilian evolution.” Left to right: 
Assoc. Prof. Bryan Grieg Fry, Dr. Kartik Sunagar, Timothy N. Jackson 
(doctoral candidate).
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Fig. 8. Debating team opposing, “This House believes that venom orig-
inated only once in the course of reptilian evolution.” Left to right: Dr. 
John Mulley, Dr. Adam Hargreaves, Assoc. Prof. Scott A. Weinstein.
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Engagement and was chaired by Oxford Professor of Zoology, 
David MacDonald. It was based on the position, “This House 
believes that venom originated only once in the course of reptil-
ian evolution” (Proposers: Bryan Grieg Fry, Kartik Sunagar, and 
Timothy N. Jackson; Opposed by: John Mulley, Adam Harg-
reaves, and Scott A. Weinstein) (Figs. 7 and 8), which included 
proposed acceptance of the Toxicofera hypothesis, e.g., a “ven-
omous clade” of squamate reptiles that, to date, has little mor-
phological support, but has been supported via some molecular 
systematics investigations. The latter debate also addressed the 
definition of squamate “venom” via biological vs. evolutionary 
criteria, and “hypothesis” vs. established fact. Both debates in-
cluded passionate arguments on both sides, but the House posi-
tions were soundly defeated in almost unanimous votes against 
both respective proposals. 

It must be briefly mentioned that the historical venue pro-
vided some singular opportunities for memorable exploration. 
The city of Oxford was founded circa 900 CE, and was aptly nick 
named by the poet, Matthew Arnold (1822–1888), the “city of 
dreaming spires,” as the local architecture alone is a sight to be-
hold. This also applies to the various buildings that constitute 
Oxford University, widely considered the world’s first English 
speaking university (founded circa Twelfth Century). The halls of 
the Examination Schools and the Sheldonian Theater, the ven-
ues for most of the Congress, were impressive with the former 
featuring life-sized portraits of Oxford academicians from the 
University’s long history, and the latter’s ceiling boasting an intri-
cate fresco depicting Truth descending on the Arts and Sciences, 
while denying ignorance (Fig. 9). Robert Streater (1621–1679), 
the Court Artist for King Charles II (1630–1685), painted the 
original artwork (now archived) on which the fresco was based. 
The surrounding township of Oxford is also replete with English 

country charm, well-appointed stores, and historical landmarks. 
The latter include Magdalen College, attended by, among oth-
er notables, the renowned Irish poet-playwright, Oscar Wilde 
(1854–1900), who studied there (1874–1878) after graduating 
from Trinity College in Dublin. Amid the many other historical 
sights is the plaque on High Street which marks the site of the 
former house in which Robert Boyle (1627–1691, historically 
important chemist, advocate of “corpuscularism” and discover 
of the inverse relationship of the volume of a gas with pressure, 
Boyle’s Law) and Robert Hooke (1635–1703, historically impor-
tant biologist, architect, and philosopher who, among other 
things, first coined the term, “cell”) lived between 1655–1688, as 
well as the thoroughly concealed pub (the Turf Tavern, originally 
called the “Spotted Cow”) with a rich history in which a particu-
lar Rhodes scholar and future 42nd President of the US (Bill Clin-
ton), claimed that he “didn’t inhale” (Fig. 4). 

Approximately 480 registered participants, and a number 
of members of the public who were only present at the Public 
Engagement session, attended the Congress. The 18th IST World 
Congress was a rewarding gathering of many internationally rec-
ognized toxinologists and other biomedical scientists, as well as 
clinicians (Fig. 10). SSAR members and anyone else who is inter-
ested in venomous reptiles should consider attending future IST 
meetings, as they will very likely find many topics engrossing. 
The meeting organizers, Prof. David Warrell and Dr. Ed Rowan, 
as well as those at Oxford and from IST who offered valuable sup-
port, deserve hearty thanks for their arduous efforts that made 
the Congress a great success. 

Meetings Calendar

 Meeting announcement information should be sent directly to 
the Editor (herpreview@gmail.com) well in advance of the event. 
We also welcome brief reports of meetings; please consult the Edi-
tor for details. 

14–17 April 2016—63rd Annual Meeting of the Southwestern 
Association of Naturalists, Mexico City, Mexico. Information: 
http://www.biosurvey.ou.edu/swan/annualm.html

23–27 May 2016—1st National Congress of Mexican Pitvipers and 
Ophidism, Monterrey, Nuevo León, Mexico. Information: http://
www.fcb.uanl.com http://www.facebook.com/animalesvene-
nososmexicanos or congresoviperidos@gmail.com

22–25 June 2016—39th Annual International Herpetological 
Symposium (IHS), Saint Louis Zoo, St. Louis, Missouri, USA. In-
formation: http://www.internationalherpetologicalsymposium.
com/39th-annual-symposium/

6–10 July 2016—Joint Meeting of Ichthyologists and Herpe-
tologists, New Orleans, Louisiana, USA. Information: http://
conferences.k-state.edu/joint-meeting/

15–21 August 2016—8th World Congress of Herpetology, Hang-
zhou, China. Information: http://www.wch2016hangzhou.com/

28 September–2 October 2016—52nd Annual Meeting of the Ger-
man Society for Herpetology and Herpetoculture (DGHT), Old-
enburg, Germany. Information: www.dght.de

Fig. 9. Views of the Sheldonian Theatre, Oxford University. Left to 
Right: The front façade of the Theatre; a view of the inside; part of the 
ceiling fresco depicting the denial of ignorance (see text).
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Fig. 10. Group photo of some of the participants in the 18th World 
Congress of IST, Oxford, University, Sept 2015.
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 The purpose of Current Research is to present brief summa-
ries and citations for selected papers from journals other than 
those published by the American Society of Ichthyologists and 
Herpetologists, The Herpetologists’ League, and the Society for 
the Study of Amphibians and Reptiles. Limited space prohibits 
comprehensive coverage of the literature, but an effort will be 
made to cover a variety of taxa and topics. To ensure that the cov-
erage is as broad and current as possible, authors are invited to 
send reprints to the Current Research section editors, Ben Lowe 
or Chava Weitzman; e-mail addresses may be found on the in-
side front cover. 

Functional Traits Do Not Influence Snake  
Communities on Nearshore Islands

The basis of island biogeography is that island species rich-
ness can be reasonably predicted using a limited number of vari-
ables, such as island size and proximity to mainland, the age of 
the island, and climate. An additional expectation that relates to 
island biogeography has been included in models of community 
assembly: among mainland species, those that are more abun-
dant are most likely to appear on islands, particularly nearshore 
islands where overall migration is high. Alternatively, commu-
nities on islands may disproportionately include species with 
heightened dispersal abilities, and thus not reflect the abun-
dant mainland species. The authors of this paper tested which 
of these two hypotheses fit patterns of snake communities on 
nearshore islands of the eastern coast of the US. They amassed 
data for the presence of snake species on 54 nearshore islands, 
and both species presence and abundance at sites on the adja-
cent mainland. As traits functioning to increase dispersal ability 
should be phylogenetically correlated, the authors tested this hy-
pothesis by determining whether island communities are more 
closely related to each other than expected given the mainland 
species pool. To assess which factors have major influences on 
island species richness, abiotic data for the islands were collect-
ed, including temperature, precipitation, global position, area, 
distance from mainland, and habitat diversity. These data were 
analyzed using Bayesian model averaging methods to detect im-
portant variables. These analyses revealed that the best predictor 
of a snake species’ presence on a nearshore island is its abun-
dance on the adjacent mainland. No phylogenetic signal was 
detected in comparisons of mainland and island communities, 
suggesting islands are not filtering for dispersal-enabling traits, 
though the authors acknowledge the relatively low diversity of 
islands could be reducing the power to detect such correlations. 
That island species richness was not correlated with habitat di-
versity or distance from mainland (two central tenants of island 
biogeography) was a surprising find, though the authors con-
cede that this finding might change if more distant (i.e., oceanic) 
islands were included.

burbrink, F. T., a. d. MCkelvy, r. a. Pyron, and e. a. MyerS. 2015. Pre-
dicting community structure in snakes on Eastern Nearctic is-
lands using ecological neutral theory and phylogenetic methods. 
Proceedings of the Royal Society B 282: 20151700.

Correspondence to: FRANK BURBRINK, Department of Herpetology, 
The American Museum of Natural History, Central Park West at 79th Street, 
New York, New York 10024-5192, USA; e-mail: fburbrink@amnh.org

Mid-Cenozoic Salamander Species Described 
from Hispaniola Amber

The authors of this paper describe a salamander found pre-
served in amber dating to the mid-cenozoic (15–40 mya). The 
specimen was recently discovered in the Dominican Repub-
lic’s Cordillera Septentrional (the country’s northern mountain 
range) and deposited into Oregon State University’s Poinar 
amber collection. The discovery is exceptional, as it represents 
the first salamander found in amber, and the first unambigu-
ous salamander specimen from the Caribbean. The specimen is 
nearly complete, lacking only the salamander’s left forelimb and 
right hind foot. The authors consider the specimen to be a hatch-
ling based on small size and poor ossification of bones, and the 
species to be arboreal on account of a rounded tail and heavily 
webbed digits. Biogeography, ecology, and morphology all point 
to the family Plethodontidae, and the specimen is particularly 
consistent with the genus Bolitoglossa. Nevertheless, on account 
of its great antiquity, the authors assign it to a new plethodon-
tid genus and species: Palaeoplethodon hispaniolae. Further 
unique aspects of the specimen include a front foot lacking any 
external indication of toes (though phalanges are present), and 
a hind foot longer than wide. The authors discuss scenarios of 
vicariance and dispersal that could explain this biogeographic 
conundrum, and propose that one of several cooling/drying 
periods during the Cenozoic could have led to the extinction of 
Palaeoplethodon.

Poinar, g., Jr., and d. b. wake. 2015. Palaeoplethodon hispaniolae gen. 
n., sp. n. (Amphibia: Caudata), a fossil salamander from the Carib-
bean. Paleodiversity 8:21–29.

Correspondence to: GEORGE POINAR, Jr., Department of Integrative 
Biology, Oregon State University, Corvallis, Oregon 97331, USA; e-mail: 
poinarg@science.oregonstate.edu

In-situ Antifungal Treatment  
Successfully Mitigates Bd

Though great strides have been made toward developing suc-
cessful ex situ conservation methods to help frog species threat-
ened by Bd, it has been estimated that current resources could 
reasonably protect only 50 species. Therefore, in situ methods 
are desperately needed if we hope to stave off a global amphib-
ian extinction event. The authors of this paper attempted an in 
situ conservation program for the critically endangered Moun-
tain Chicken (Leptodactylus fallax). This large frog is currently 
restricted to the Caribbean islands of Dominica and Montserrat, 
and is threatened with extinction by a number of factors includ-
ing Bd infection. The first chytridiomycosis-related deaths of 
Montserrat L. fallax were observed in 2009, and subsequently, 
die-offs consistent with a Bd epizootic were seen across the 
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island. The authors identify several reasons Montserrat L. fal-
lax are an ideal candidate for in situ conservation. The species 
is large, terrestrial, and territorial, making monitoring feasible. 
It also requires a large area, making ex situ conservation less 
practical. Finally, previous work has shown that application of 
an antifungal agent (itraconazole) successfully treats chytrid-
iomycosis in this species while leaving the frog unharmed. The 
authors surveyed an 800-m transect three times per week for 24 
weeks looking for both living and dead frogs. Live frogs were cap-
tured, PIT tagged, swabbed for Bd, and assigned to one of three 
treatments: itraconazole bath (IB), stream water bath, or no bath 
(the latter two being controls). The authors stopped applying 
itraconazole to frogs in the IB group after week 15, but contin-
ued to monitor and swab with the hopes of identifying residual 
effects post treatment. Skin swabs were tested for Bd presence 
and load using standard qPCR methods. Linear mixed effects 
(LME) modelling was performed to identify factors affecting 
Bd infection. Additionally, multistate capture-mark-recapture 
(CMR) modelling was performed to identify the rates of change 
between states (infected, uninfected, dead) among the various 
treatments. Importantly, the IB data were adjusted to reflect the 
cessation of antifungal application after week 15 so that residual 
effects could be detected. Finally, a population viability analysis 
(PVA) was performed to identify how itraconazole treatment (if 
extended to the entire population) would affect the population’s 
odds of extinction. The LME analyses revealed that application 
of itraconazole increased survivorship, improved the chance of 
clearing Bd, and lowered the rate at which infection intensity in-
creases. However, after application ceased, infection rates and 
intensity returned to levels observed in the control treatments. 
These findings were echoed in the results of the CMR modelling. 
The PVA showed that if antifungal treatment were extended to 
the entire population, time to extinction would be increased by 
60%. The authors conclude that these findings support the appli-
cability of in situ conservation efforts to combat Bd epizootics, 
but fail to find support for the development of immunity subse-
quent to repeated antifungal application and reinfection (which 
has been seen in studies of other species).

HudSon, M. a., and ColleagueS. 2016. In-situ itraconazole treatment 
improves survival rate during an amphibian chytridiomycosis epi-
demic. Biological Conservation 195:37–45.

Correspondence to: MICHAEL HUDSON, Institute of Zoology, Zoo-
logical Society of London, Regent’s Park, London NW1 4RY, UK; e-mail: Mi-
chael.Hudson@ioz.ac.uk

Fossil Scaphiopodid Discovered in Mongolia

North American spadefoots (Scaphiopodidae), as their name 
suggests, are currently restricted to North America. However, a 
recent fossil discovery suggests the family may have undergone 
an ancient dispersal into East Asia. The authors of a recent pa-
per describe a Late Paleocene frog unearthed from Mongolia’s 
southern Gobi Desert. This frog has adaptations for burrowing 
similar to modern spadefoots in the superfamily Pelobatoidea. 
In particular, the specimen possesses an enlarged, spade-like 
prehallux, the presence of which the authors based their assign-
ment of the specimen to Pelobatoidea. However, spadefoot mor-
phology likely has evolved twice within the superfamily: once in 
the ancestor of the aforementioned scaphiopodids and once in 

the ancestor of the western Eurasian Pelobatidae. To determine 
the phylogenetic position of the new species, and in particular to 
which branch of Pelobatoidea it belongs, the authors conducted 
a phylogenetic analysis using both multilocus molecular data 
(for extant species including 23 pelobatoids) and morphological 
data (for 49 species including this and other fossil pelobatoids). 
This analysis demonstrated that the new fossil taxon is nested 
within Scaphiopodidae and sister to the genus Spea. This new 
species, which the authors have named Prospea holoserisca, ap-
pears to have dispersed from North America to East Asia during a 
period of cooling in between the Cretaceous and the Paleocene/
Eocene Thermal Maximum when the Beringia land bridge al-
lowed passage between the continents. Despite no pelobatoids 
currently inhabiting temperate East Asia, P. holoserisca repre-
sents a third early Cenozoic pelobatoid species known from the 
region (the other two being pelobatids). This analysis offered an 
additional discovery: a North American fossil species that has 
been considered the earliest-diverging pelobatoid (Elkobatra-
chus brocki) was instead recovered as a stem pelobatid, suggest-
ing another intercontinental dispersal event. The geologic hori-
zon within which P. holoserisca was discovered indicates a mesic 
environment with a mild climate; this agrees with other recent 
studies that have shown evidence that though the spadefoot’s 
spade allows them to live in arid environments, it evolved prior 
to them inhabiting such environments. The absence of scaphio-
podids in Asia and pelobatoids in temperate East Asia indicates 
extinctions occurred, for which the authors suggest mid Ceno-
zoic climate fluctuations may have been responsible.

CHen, J., g. S. bever, H.-y. yi, and M. a. norell. 2016. A burrowing frog 
from the late Paleocene of Mongolia uncovers a deep history of 
spadefoot toads (Pelobatoidea) in East Asia. Scientific Reports 
6:19209.

Correspondence to: JIANYE CHEN, Division of Paleontology, Ameri-
can Museum of Natural History, New York, New York 10024, USA; e-mail: 
jchen@amnh.org

Experiments Suggest Lacertid Lizards Modify 
Innate Behavior through Learning

Antipredator behaviors benefit prey species by affording 
them survival; however, these antipredator behaviors themselves 
have some cost. Therefore, antipredator behavior exhibited by a 
given prey species represents a balance between the costs of ex-
pending too much and two little in these behaviors. Under this 
paradigm, species could maximize the benefit of antipredator 
behavior by applying different levels to different situations. In-
deed, studies of antipredator behavior in lizards have shown that 
some species have predator-specific behaviors. Such studies that 
include naïve lizards (e.g., hatchlings) have found predator rec-
ognition to be innate, but whether these species have the capac-
ity to tailor antipredator behavior to specific predators through 
experience is unknown. To address this question, the authors of 
this paper evaluated how adult (and presumably experienced) 
and naïve Iberian Wall Lizards (Lacertidae: Podarcis hispanicus) 
from two populations responded to cues from two Coronella 
(Colubridae) species. Importantly, the two L. hispanicus popu-
lations are each sympatric with a different Coronella species, 
setting up a reciprocal sympatric/allopatric comparison. Also, a 
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previous genetic study showed there is ample gene flow between 
the two L. hispanicus populations, and could be considered two 
sampling sites within the same population. Lizards of both sexes 
from both sites were collected and brought into the lab. Gravid 
females were monitored for egg laying, at which point the eggs 
were collected and incubated. The adults were exposed to three 
different stimuli: cotton swabs possessing cloacal fluids from the 
two Coronella species and water (control). Specifically, the swab 
was placed immediately in front of the lizard, which was then 
monitored for tongue-flicking activity and escape behaviors. 
Roughly 15 days after hatching, hatchlings were subjected to the 
same experiment. All lizards were subjected to all three tests and 
general linear models were used to analyze the data. Across all 
categories, lizards were quicker to tongue flick, performed more 
tongue flicks, and more likely to attempt escape when the swab 
had snake odors (relative to control), indicating snake recogni-
tion is an innate behavior. But only adults produced more tongue 
flicks to sympatric relative to allopatric Coronella, matching the 
pattern predicted if learning affords modulation of this innate 
behavior. The authors suggest this theory could be further tested 
by repeating these experiments with naïve lizards that have been 
raised in captivity while being exposed to allopatric Coronella 
species.

MarTín, J., J. orTega, and P. lóPez. 2015. Experience may allow increas-
ing accuracy of the innate chemosensory recognition of snake 
predators by Iberian wall lizards. Behavioral Ecology and Sociobi-
ology 69:1565–1572.

Correspondence to: JOSÉ MARTÍN, Departamento de Ecología Evolu-
tiva, Museo Nacional de Ciencias Naturales, C.S.I.C., José Gutiérrez Abascal 
2, 28006 Madrid, Spain; e-mail: Jose.Martin@mncn.csic.es

Study Reveals Deep Genetic Structure  
within a Ubiquitous Toad

Duttaphrynus melanostictus (Bufonidae) is the ubiquitous 
toad of Southeast Asia and the Indian Subcontinent. Though be-
ing good natural dispersers (by toad standards), their proclivity 
to associate with humans has further aided their dispersal, re-
cently allowing them to reach islands such as Borneo, Sulawesi, 
Seram, Bali, and Madagascar. However, this widespread species 
has not been investigated for cryptic diversity, and the origin 
of Sumatra and Java D. melanostictus populations remains un-
known. To address these questions, the authors of this study 
amassed genetic samples for 152 D. melanostictus from across 
mainland Southeast Asia, as well as the islands of Borneo, Su-
matra, Java, Sulawesi, and Seram. One mitochondrial and two 
nuclear genes were sequenced, a phylogeny was generated using 
a concatenated data set, and population genetic analyses were 
performed with the aim of identifying populations and inferring 
demographic patterns. These analyses reveal genetic structure 
within D. melanostictus, including a deep split separating is-
land populations from the rest of the distribution (with the sole 
exception of Borneo). As Java and Sumatra are the only islands 
with potentially native populations, these findings suggest one 
or both of these islands were the source for Sulawesi and Seram 
populations. As Sulawesi and Seram were colonized by toads 
from the island clade (Sumatra and/or Java) despite ample op-
portunity for accidental transport from the mainland, the au-
thors suggest this may reflect ecological adaptations for thriving 

on islands not present in mainland toads. These analyses also 
identify a distinct genetic cluster corresponding to samples from 
tidal mud flats in coastal Myanmar; the authors propose that 
the presence of a genetically divergent and ecologically distinct 
clade that is parapatric with respect to other mainland clades 
is further evidence for cryptic diversification within this taxon. 
Demographic tests indicate the coastal and island populations 
have undergone recent population expansion while the remain-
ing mainland clades have remained stable, and niche modeling 
analyses suggest that the three main population clusters occu-
py different environmental envelopes. Together, these findings 
reveal cryptic lineages within D. melanostictus that likely have 
undergone ecological diversification. The authors conclude that 
these lineages may be distinct at the species level, and that other 
“ubiquitous” species in the region should be investigated for 
cryptic diversification.

wogan, g. o. u., b. l. STuarT, d. T. iSkandar, and J. a. MCguire. 2016. 
Deep genetic structure and ecological divergence in a widespread 
human commensal toad. Biology Letters 12:20150807.

Correspondence to: GUINEVERE WOGAN, Museum of Vertebrate 
Zoology, University of California, Berkeley, California 94720, USA; e-mail: 
gwogan@berkeley.edu

Photoreceptors in Snake Eyes have  
Undergone Previously Unappreciated  

Evolutionary Transitions
In jawed vertebrates, photoreceptors (the light-sensitive cells 

in eyes) are placed in two categories based on morphology and 
function: rods and cones. Rods are very sensitive to light and aid 
in crepuscular and nocturnal vision. Cones allow color discern-
ment and are the primary photoreceptor of diurnal animals. 
Further, each type has specific light-sensitive pigment proteins 
(opsins) associated with it. However, based on studies of geckos 
and snakes, research conducted in the early 20th century indi-
cated there are instances where cones have evolved to function 
as rods and vice versa coincident with changes in ecology. This 
conclusion was based on similarities between photoreceptors 
of ostensibly all-rod and all-cone retinas, and the observation 
of photoreceptors of intermediate morphology. Since then, a 
few studies of individual snake species have found rod opsins 
(or expression of the protein’s underlying gene) in cones or vice 
versa, though this remains to be studied comparatively across 
snakes with diverse ecologies. The authors of this paper exam-
ined opsin gene expression in the eyes of nine colubroid snake 
species (two Elapidae, two Natricinae, one Dipsadinae, and four 
Colubrinae). Of these species, five are thought to have all-cone 
retinas, two to have all rod retinas, one to have a combination 
of rods and cones, and one possessing photoreceptors of inter-
mediate morphology. Importantly, convergently derived retinal 
conditions are represented: elapids and natricine colubrids with 
all-cone retinas, and dipsadine and colubrine colubrids with 
all-rod retinas. Messenger RNA was extracted from eye material, 
synthesized into complementary DNA, and sequenced for genes 
corresponding to one rod opsin and two cone opsins. All but one 
of the snakes investigated exhibited expression of all three opsin 
genes, indicating that despite varying morphology, all possess 
photoreceptors derived from both rods and cones. This research 
also confirmed the suspicion that species appearing to have all 



Herpetological Review 47(1), 2016

173

cones actually have cones and cone-like rods (and vice versa), 
and that both rod-like cones and cone-like rods have evolved 
twice within Colubroidea. One species, Phyllorhynchus decurta-
tus, lacked expression of the rod opsin gene; this indicates the 
nocturnal species’ “rods” are modified cones. As P. decurtatus 
is nested within Colubrinae, we can safely assume the lineage 
ancestrally had rods and at some point the underlying genes 
became non-functional. The authors conclude that at least 
in snakes, photoreceptors are more labile than previously as-
sumed. They also suggest future research should expand sam-
pling to determine the number of shifts between photoreceptor 
types; quantify the function of rod-like cones, cone-like rods, 
and photoreceptors of intermediate morphology; and attempt 
to identify how gene sequence relates to function.

SiMõeS, b. F., F. l. SaMPaio, e. r. loew, k. l. SanderS, r. n. FiSHer, n. S. 
HarT, d. M. HunT, J. C. ParTridge, and d. J. gower. 2016. Multiple 
rod–cone and cone–rod photoreceptor transmutations in snakes: 
evidence from visual opsin gene expression. Proceedings of the 
Royal Society B 283:20152624.

Correspondence to: BRUNO SIMÕES, Department of Life Sciences, 
The Natural History Museum, London SW7 5BD, UK; e-mail: bruno.simoes@
me.com

Habitat Management Strategy Influences 
Snake Occupancy Patterns in Suburban Park

Patterns of habitat occupancy by squamate species in tem-
perate climates are often influenced by thermoregulatory limi-
tations. In particular, many species are absent or at low densi-
ties within closed-canopy habitats where shade reduces basking 
opportunities. Where habitat modification to increase thermo-
regulation opportunity has been performed, species known to 
be sensitive to such limitations can change patterns of occu-
pancy accordingly. However, such habitat modifications might 
be considered undesirable by the public for aesthetic reasons 
or because the targeted species are perceived as dangerous. To 
see if such modifications would predictably affect snake species 
occupancy patterns in a suburban park in temperate Europe, 
the authors of this paper applied four treatments to parcels of 
mature-canopy forest in western France. In these parcels, they 
conducted seven years of snake surveys using artificial cover 
objects, which included marking individuals and identify-
ing recaptures. To increase opportunity for thermoregulation, 
the authors removed trees from closed canopy forest to create 
bramble habitats dominated by spiny shrubs of no more than 
2 m. In 2006, four study areas were designated, each each with 
four transects. Along half of these transects, trees were cleared, 
the habitat was managed for brambles, artificial cover objects 
were laid out, and snake surveys were initiated. Starting in 2008, 
management ceased on half of the managed transects (allow-
ing for succession), and half of the untampered forests were 
subjected to active bramble management (“forest to bramble”); 
this resulted in four (replicated) treatments, and allowed for the 
authors to observe how management transition affects snake 
occupancy. Surveys continued through 2012. The authors also 
qualitatively assessed public opinion of the activities, as the park 
is heavily used by the public who might have a distaste for bram-
bles or harbor fears regarding the most common snake species 
on the site: the venomous Asp (Vipera aspis). Site-occupancy 

analyses were performed on the Asp occupancy data using the 
MARK software (which can detect differences between treat-
ments while accounting for variation in search effort). Patterns 
of occupancy matched expectations: the transects that initially 
underwent bramble management had more Asps, the transects 
that underwent management in 2008 saw an increase in Asp oc-
cupancy that peaked in 2010, the transects for which manage-
ment ceased in 2008 saw a gradual decline in occupancy starting 
that year, and the untreated transects had the lowest occupancy 
rates throughout the study. The occupancy analyses validated 
the raw occupancy data: Asps were more abundant in bramble 
habitat, and the “forest to bramble” treatment saw significant 
immigration subsequent to management. Further, even though 
these activities were being conducted with full transparency and 
received ample media attention, no complaints were filed and 
vandalism was minimal (a previously published paper featur-
ing some of the authors of this study quantified responses from 
schoolchildren). This study demonstrates that with proper out-
reach, projects benefitting even injurious wildlife can be suc-
cessful and well received by the public.

bonneT, x., S. leCQ, J. l. laSSay, J. M. ballouard, C. barbraud, J. SouCHeT, 
S. J. Mullin, and g. ProvoST. 2016. Forest management bolsters na-
tive snake populations in urban parks. Biological Conservation 
193:1–8.
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Bd is the Most Threatening Invasive Species of 
Non-Fish Vertebrates

Invasive alien species (IAS) come in all shapes and sizes, from 
microscopic pathogens to large mammals, potentially contrib-
uting to species extinction and altering landscapes. Worldwide, 
it is important to determine which IAS are the most threatening 
to native species, and which geographic areas are most at risk, 
in order to focus resources most effectively. The authors of this 
study address the following questions: which vertebrate taxa are 
threatened by IAS, and which IAS are the biggest threats to ver-
tebrates? They used databases from the International Union for 
the Conservation of Nature Red List and Global Invasive Species 
Database to collate “threatened” (vulnerable, endangered, and 
critically endangered) and “non-threatened” (near threatened 
and least concern) species, and factors driving the threatened 
status of non-fish vertebrates. Of the four groups, the two with the 
highest number and percentage of IAS-affected threatened spe-
cies were amphibians (565 spp., 23%) and birds (443 spp., 26%). 
Threats from IAS are concentrated on islands and in particular 
regions (Americas, Oceania, Indonesia, and India) compared 
with threats from other factors. Though amphibians are the most 
in danger from IAS, amphibians and reptiles are affected by the 
fewest number of species; birds and amphibians are threatened 
by 184 and 53 different IAS, respectively. Some of these IAS have 
disproportionately high effects. Batrachochytrium dendrobatidis 
(Bd), the fungus that causes chytridiomycosis, threatens nearly 
400 amphibian species. The next two impactful taxa, Rattus spp. 
and Felis catus, each affect over 300 Red List species, but these 
include a mixture of birds, mammals, reptiles, and amphibians. 
For reptiles, Felis catus threatens nearly 70 species. Although a 
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pathogen threatens the most vertebrates, the remaining 6 of the 
top 7 IAS are mammals, mostly with direct benefits to humans, 
making their management especially difficult. The authors note 
that IAS hotspots tend to be more spatially constricted than 
hotspots of IAS-threatened species. They state that this discrep-
ancy could be due to biased data in the field on recent species 
introductions, a time lag from introduction to effect, a bias in 
vulnerability to IAS threats, or multiple species being affected 
by one IAS. IAS generally interact with other factors to threaten 
species, and thus it is difficult to disentangle the direct impacts 
from IAS. The authors conclude with three recommendations: 1) 
Broaden the scope of eradication programs. Instead of focusing 
on single IAS from single islands, target multiple IAS simultane-
ously. 2) To best protect biodiversity, focus mainland eradication 
programs on IAS threatening multiple species. 3) Governments 
highly vulnerable to IAS should improve their IAS policies. 

bellard, C., P. genoveSi, and J. M. JeSCHke. 2016. Global patterns in 
threats to vertebrates by biological invasions. Proceedings of the 
Royal Society B 283:20152454.
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A Fish-Scaled Gecko is Resurrected and Its  
Intriguing Biogeography is Revealed

The genus Geckolepis (fish-scaled geckos) includes three rec-
ognized species distributed across Madagascar and the Comoros 
Islands. One 2013 study found remarkable genetic structure 
within the species (particularly the widespread G. maculata), 
but did not include samples from the Comoros. The Comoros 
Geckolepis are of particular interest, as they were described as 
a distinct species in the late 19th century (G. humbloti) and sub-
sequently rendered a junior synonym of the Malagasy G. macu-
lata. Further, a second 2013 paper looking at patterns of genetics 
across Comoros reptiles uncovered genetic structure among Co-
moros island populations of Geckolepis and a deep genetic split 
relative to mainland G. maculata (albeit with limited sampling). 
Given the cryptic diversity within the genus, the phylogenetic 
position of Comoros Geckolepis deserves investigation. To ad-
dress this, the authors of this paper collected genetic samples of 
Geckolepis from the four major Comoros islands. These samples, 
along with a sample from a Geckolepis of uncertain identity from 
Madagascar’s Tsingy de Bemaraha (TB), were sequenced for two 
mitochondrial genes. These and published Geckolepis sequenc-
es were subjected to a phylogenetic analysis to infer relation-
ships. All specimens were measured for a suite of morphological 
traits, and select representatives underwent micro-CT scanning. 
The molecular and morphological data were included in an inte-
grated approach to determine whether the Comoran Geckolepis 
should be recognized as a distinct species. These analyses cor-
roborated previous research in finding genetic structure among 
the Comoros islands, and between the islands and mainland 
Madagascar. Intriguingly, the TB specimen was sister to the Co-
moros Geckolepis, and together they represent a clade (hereafter, 
G. humbloti) deeply divergent from other sampled Geckolepis. As 
the TB specimen was outside and moderately divergent from the 
Comoros clade, this likely represents a natural dispersal event 

rather than a human-mediated one. While morphological char-
acters of G. humbloti overlap with those of one or more other 
Geckolepis species, they can be readily diagnosed by using a 
combination of characters. Taken together, the authors present 
a strong case for recognizing G. humbloti as a distinct species 
and an interesting case of oceanic dispersal. The authors suggest 
future studies should include denser sampling of individuals 
and genes to shed light of the interrelationships of the Geckol-
epis clades and to determine the distribution of G. humbloti on 
Madagascar.

HawliTSCHek, o., M. d. SCHerz, n. STraube, and F. glaw. 2016. Resurrec-
tion of the Comoran fish scale gecko Geckolepis humbloti Vaillant, 
1887 reveals a disjunct distribution caused by natural overseas 
dispersal. Organisms Diversity & Evolution (in press) doi: 10.1007/
s13127-015-0255-1.
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FIELD HERPETOLOGY OF THE SOUTHWEST

Southwestern Research Station 

22–31 July, 2016

This 9-day course will introduce participants to an outstanding diversity of amphibians and 
reptiles of Arizona’s Chiricahua Mountains and surrounding deserts.

Labs and lectures will focus on identification and ecology of herps. The majority of time will 
be spent in the field, hiking through low and high elevation habitat.

For  more information about the course, contact Geoffrey Bender. Ph: 520-558-2396; email: 
gbender@amnh.org; http://www.amnh.org/our-research/southwestern-research-station/
education/field-herpetology-of-the-southwest
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