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Student Mentorship Program

 Attention Student Members! Would you like to have help 
making the most of attending the Joint Meeting of Ichthyologists 
and Herpetologists (JMIH, Albuquerque, 10–15 July 2013)?
 SSAR will be continuing a mentorship program for under-
graduate and graduate students for whom Albuquerque will be 
their first national meeting. Mentors will be advanced graduate 
students who have attended JMIH in previous years and who 

can orient you to the meeting, help make introductions, and en-
hance your overall meeting experience.
 If this is your first meeting, we invite you to apply for a gradu-
ate student mentor. We are also accepting applications from 
graduate students who would be willing to serve as mentors. Ap-
plications for both will be accepted during meeting registration.
 For more information, please contact: kristinekaiser@gmail.
com.

Journal of North American Herpetology— 
Call for Papers

 The Center for North American Herpetology (CNAH) is 
proud to announce the launch of a new open access, online jour-
nal—the Journal of North American Herpetology (JNAH). With an 
impressive cadre of associate editors from all herpetological dis-
ciplines, we are now officially soliciting authors for manuscripts 
and expect to publish the premiere issue by June 2013. 
 The Journal of North American Herpetology provides an 
open access online venue with the use of all modern digital 

technologies for peer-reviewed contributions of all aspects of 
North American herpetology within the geographic boundar-
ies of the United States and Canada. Because of its digital nature 
JNAH should be able to incorporate relevant video and sound 
media as well as high-resolution images into articles. 
 A brief and simple set of instructions to authors as well as 
a list of topic headings and associate editors can be viewed on 
the JNAH web page (JNAH.CNAH.org). Questions can be ad-
dressed to JNAH.editor@cnah.org. We look forward to your 
submissions. 

—Walter Meshaka Jr. and Dan Fogell 

ABOUT OUR COVER: Lithobates areolatus
 The Crayfish Frog (Lithobates areo-
latus) is a large ranid native to the 
central United States. Along with the 
related gopher frogs (L. sevosus and 
L. capito), it is among the most fosso-
rial of all North American ranids.  This 
species is of conservation concern 
throughout most of its range. Howev-
er, until recently very little was known 
about its biology other than its breed-
ing season, some aspects of its life his-
tory, and that throughout most of its 

range it primarily uses burrows constructed by large crayfish as 
refugia outside of the breeding season.  Recent studies have shed 
considerable light on additional aspects of its biology. Perhaps 
most innovative were studies of Crayfish Frog spatial ecology, 
as well as the use of passive “trail cameras.” These studies doc-
umented that individual Crayfish Frogs return to specific bur-
rows or home areas after traveling long distances to and from 
their breeding ponds, and then once there, they remain nearly 
sedentary for the remainder of their active seasons (Hoffman et 
al. 2010. BioScience 60:829–834; Heemeyer et al. 2012. Journal 
of Wildlife Management 76:1081–1091; Heemeyer and Lannoo 
2012. Copeia 2012:440–450).  
 Our cover depicts a Crayfish Frog from Williamson County, 
Illinois, in a typical posture outside of a crayfish burrow. The 

image was taken in 2002 with a Canon EOS A2E film camera, 
Canon 20–35mm lens, mounted on a Bogen Tripod. Exposure 
was f/16 at 15 seconds, recorded on Fujichrome Provia 100F slide 
film. A hand-held Canon 540-EZ flash (using the front-curtain 
synchcronization function) was used to correctly expose the frog 
at the beginning of the exposure, while the long total exposure 
accurately captured the colors of the late dusk sky).  
 The photographer, Michael Redmer, is a biologist with the 
US Fish & Wildlife Service’s Chicago Illinois Field Office. Before 
joining the Fish & Wildlife Service, Mike worked on demography 
and reproductive ecology of several species of anurans in Illi-
nois, including L. areolatus. This resulted in several publications 
on those species, including the species account for L. areolatus 
(co-authored with Matthew Parris) in the 2005 book “Amphib-
ian Declines: The Conservation of United 
States Species,” edited by M. J. Lannoo 
(University of California Press). Experi-
ence working with a species associated 
with crayfish burrows has followed Red-
mer, who has since 2005 been the USFWS 
lead biologist for the Eastern Massasauga 
Rattlesnake (Sistrurus catenatus). Mike 
still dabbles in freelance natural history 
photography, specializing in portraiture 
of amphibians, reptiles, invertebrates, 
and plants.  
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Graduate and Professional Course
Species Monitoring and Conservation: Reptiles

 Reptiles is an introduction for graduate students and profes-
sionals in wildlife management and conservation to the essen-
tial aspects of reptile conservation (both in-situ and ex-situ). It is 
sponsored by the Smithsonian-Mason School of Conservation, 
and is to be held at the Smithsonian Conservation Biology Insti-
tute, Front Royal, Virginia, USA. The course focuses on the use of 
field, laboratory, computational, and captive techniques to mea-
sure, monitor, and conserve reptile populations. Participants 
will gain first-hand experience by working with professionals in 
a variety of settings designed to address current and developing 
issues in the conservation of reptile diversity.
  During the 12-day intensive residential session, participants 
will learn the principles of study design, develop and carry out 
field assessments, and use the latest techniques to analyze their 
data. Practical training in hands-on field techniques, includ-
ing distance sampling, modern surveillance, trapping, handling 
and marking methods, sample collection for disease monitoring, 
and radio-telemetry will be provided by scientists who use these 
methods as part of their research programs. Participants will also 
be introduced to use of relevant analytic software, such as DIS-
TANCE, PRESENCE, and MARK, for the application of field-mon-
itoring data to population management and decision making. 

  Course instructors include experts from the Smithsonian’s 
National Zoological Park (Curator Jim Murphy and Biologist 
Matt Evans) and National Museum of Natural History, the Vir-
ginia Department of Game and Inland Fisheries, the University 
of Massachusetts, and national and international NGO’s. While 
most instruction takes place on the 3200-acre campus in Front 
Royal at the newly opened facilities of the Smithsonian-Mason 
School of Conservation, the course also includes trips to field 
sites around the region and visits to the National Zoo’s Reptile 
Discovery Center and the National Museum of Natural History’s 
Division of Amphibians and Reptiles, which houses the world’s 
largest curated reptile collection.
  The total course fee, which includes instruction and course 
materials, food, shared lodging, and transport to/from Wash-
ington-Dulles International Airport (IAD) is US $3,478. All other 
travel costs and incidental expenses are the participant’s re-
sponsibility. Partial scholarships are available on a competitive 
basis. Participants earn Continuing Education Units; graduate 
course credit (3) is available for qualified applicants through 
George Mason University at an additional fee. Participants 
should have previously completed a college-level basic ecology/
evolution course. For first consideration, apply before March 4, 
2013. Courses such as this have been full during previous offer-
ings, so you are encouraged to apply early.
 Visit http://SMconservation.gmu.edu or contact SCBItrain-
ing@si.edu for more information.

Meetings Calendar

Meeting announcement information should be sent directly to 
the Editor (HerpReview@gmail.com) well in advance of the event.

20–23 May 2013—World Crocodile Conference, 22nd Working 
Meeting of the Crocodile Specialist Group IUCN-SSC, Colombo, 
Sri Lanka. Information: www.csgsrilanka.com

10–15 July 2013—Joint Meeting of Ichthyologists and Herpetolo-
gists (SSAR, HL, ASIH), Albuquerque, New Mexico, USA. Infor-
mation: http://www.dce.k-state.edu/conf/jointmeeting/

21–25 July 2013—26th International Congress for Conservation 
Biology, Baltimore, Maryland, USA. Information: http://www.
conbio.org/mini-sites/iccb-2013

31 July–3 August 2013—36th International Herpetological Sym-
posium, New Orleans, Louisiana, USA. Information: http://in-
ternationalherpetologicalsymposium.com/index.html

22–27 August 2013—SEH 17th European Congress of Herpetol-
ogy, Veszprém, Hungary. Information: http://seh2013.org/

13–15 September 2013—6th Symposium on the Ecology, Status, 
and Conservation of Diamondback Terrapins, Seabrook Island, 
South Carolina, USA. Information: http://www.bio.davidson.
edu/terrapin2013/Welcome.html

25–29 September 2013—Annual Meeting of the German Society 
for Herpetology and Herpetoculture (DGHT), Bonn, Germany. 
Information: www.dght.de

3–6 October 2013—4th Biology of Vipers Conference, Struga, FYR 
Macedonia. Information: www.shdmr.org/vipers

MEETINGS
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 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 Herpe-
tologists, The Herpetologists’ League, and the Society for the Study 
of Amphibians and Reptiles. Limited space prohibits comprehen-
sive coverage of the literature, but an effort will be made to cover a 
variety of taxa and topics. To ensure that the coverage is as broad 
and current as possible, authors are invited to send reprints to 
the Current Research section editors, Beck Wehrle or Ben Lowe; 
e-mail addresses may be found on the inside front cover. 
 A listing of current contents of various herpetological journals 
and other publications is available online. Go to: http://www.her-
plit.com and click on “Current Herpetological Contents.”

Insights into the Integumentary  
Sensory Organs of Crocodylians

 Herpetologists have long recognized that crocodilians possess 
integumentary sensory organs (ISOs), rounded dermal protru-
sions on their scales. While there is general agreement that they 
have a sensory function, the exact function of ISOs has been a 
topic of debate. The distribution of ISOs differs between the two 
major lineages of crocodylians: in Alligatoridae (alligators and cai-
man) they are restricted to the head and are densest on the ante-
rior labial regions, while in Crocodylidae (crocodiles and gharials) 
they are distributed uniformly across the body. The authors of this 
paper examined the anatomy and physiology of crocodylian ISOs 
and the feeding behavior of crocodylians with the hopes of illu-
minating the specific function of these structures. Cross sections 
through ISOs of both Alligator mississippiensis and Crocodylus 
niloticus revealed that they were densely packed with receptors 
and axons, including receptors within the epidermis, Merkel cell 
columns directly beneath the epidermis of the ISOs (and absent 
elsewhere), and lamellated corpuscles (akin to mammalian Pacin-
ian corpuscles) deeper within the dermis. Numerous melanocytes 
were found immediately beneath the Merkel cells, giving the ISOs 
their distinctive dark hue. The stratum corneum of the ISOs was 
60% thinner than was observed in adjacent skin, which would 
allow for efficient transdermal perception. In many ways, croco-
dylian ISOs structurally resembled receptor organs found on the 
snouts of ducks, monotremes, and moles. For rostral and mandib-
ular ISOs, the afferent neurons lead to the trigeminal nerve. While 
monitoring extracellular activity near the trigeminal ganglion, the 
authors stimulated facial ISOs to determine sensitivity and iden-
tify “receptive fields” (total area of skin from which a given region 
of the ganglion receives afferents). This revealed numerous, some-
times overlapping receptive fields, which were smaller anteriorly. 
Indeed, some of the anterior-most receptive fields comprised 
a single ISO. The measured threshold of ISO sensitivity ranged 
from 14 to 0.078 millinewtons (the smallest force that could be ex-
perimentally applied). Electrical fields and hypersaline solutions 
applied to these receptive fields failed to elicit ganglion activity. 
The authors investigated the ability of these species to locate food 
without auditory or visual cues, videotaping both species reacting 
to food dropped into their aquaria under infrared light and white 
noise. With their ISO-dense labial regions beneath the water, the 
animals oriented toward water disturbances, but then failed to lo-
cate the food until it made physical contact. Upon apprehension, 

the crocodylians were able to discriminate between edible and 
non-edible items. Prey-generated water movement did not reli-
ably elicit a response under these conditions. Altogether, these 
experiments strongly suggest a highly effective mechanoreceptive 
function for crocodylian ISOs.

Leitch, D. B., anD K. c. catania. 2012. Structure, innervation and re-
sponse properties of integumentary sensory organs in crocodil-
ians. Journal of Experimental Biology 215:4217–4230.

Correspondence to: KENNETH CATANIA, Department of Biological Sci-
ences, Vanderbilt University, Nashville, Tennessee 37235, USA; e-mail: ken-
neth.catania@vanderbilt.edu

Interesting Patterns of Anuran  
Life History Evolution

 Frogs exhibit a wide range of early developmental strategies. 
Many begin as larvae hatched from unattended, underwater eggs 
and procure their own food (exotrophy). At the opposite end 
of the parental investment spectrum, some species hatch into 
miniature versions of adults (direct development) in nutrient-
provisioned terrestrial eggs tended by parents. And a great many 
species display intermediate strategies. The authors of this study 
aimed to reveal evolutionary patterns of development and paren-
tal investment among frogs, and specifically whether certain in-
termediate strategies are precursors to direct development. They 
collected life history, climate, and DNA sequence data for 720 an-
uran species, including representatives from 48 of the 53 families. 
For indirect developing species, they determined whether the 
eggs are laid terrestrially or aquatically, if the eggs and/or larvae 
occur in protected microhabitats (e.g., underside of leaf, bromeli-
ad, isolated pool of water), have parental protection, and whether 
the larvae are exotrophic or are sustained by maternally supplied 
nutrients such as a yolk sack (endotrophy). For a subset of these 
taxa (470), adult female size, egg size, and clutch size were also 
recorded and tested for correlations with life history characteris-
tics. Using the concatenated molecular dataset, a time-calibrated 
phylogeny replete with estimates of clade support was construct-
ed using likelihood methods. Upon this tree, ancestral character 
states for the life history characters were estimated under a likeli-
hood framework and tests were performed to determine if ter-
restrial ovopositioning, endotrophy, and/or larval development 
in a protected microhabitat are evolutionary precursors to direct 
development. This research revealed that terrestrial egg-laying 
evolved 48 times, with those lineages subsequently evolving di-
rect development eleven times. Interestingly, direct development 
evolved in aquatic egg lineages almost as many times (eight). 
There was also evidence for reversals back to aquatic egg lay-
ing from terrestrial laying. Neither developing young located in 
protected places nor endotrophic larvae were supported as pre-
cursors to direct development. Generally, egg size was negatively 
correlated with clutch size, larger females laid larger clutches, 
and species exhibiting terrestrial ovopositioning or direct devel-
opment disproportionately practiced parental care. Relative to 
terrestrially ovopositioning species, aquatic-laying species were 
found to have significantly larger females, smaller eggs, and larg-
er clutch sizes, and live in cooler, drier places. This last finding is 

CURRENT RESEARCH
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interesting, suggesting that while terrestrial egg laying frees spe-
cies from large bodies of water, as this is a wet-climate phenom-
enon, it is unlikely to lead to arid-adapted species. 

Gomez-mestre, i., r. a. Pyron, anD J. J. Wiens. 2012. Phylogenetic anal-
yses reveal unexpected patterns in the evolution of reproductive 
modes in frogs. Evolution 66:3687–3700.

Correspondence to: IVAN GOMEZ-MESTRE, Estación Biológica de Doña-
na, Consejo Superior de Investigaciones Científicas, Avda. Americo Vespu-
cio s/n, Sevilla 41092, Spain; e-mail: igmestre@ebd.csic.es.

Española Island Giant Tortoise Recovery  
Program a Success

 The Galápagos tortoises native to the island of Española (Che-
lonoidis hoodensis) have been in decline since European contact, 
initially due to human persecution and later to competition with 
feral goats. By the 1960s the wild population had diminished to 
two males and twelve females, which were captured for a breed-
ing program at the Charles Darwin Research Station (along with a 
third male from the San Diego Zoo). Despite a lack of recruitment 
on the island, these tortoises successfully reproduced in captivity. 
In unison with goat eradication efforts, regular offspring repatria-
tion efforts were initiated on the Isla Española during the 1970s. 
A previous microsatellite study of repatriated tortoises failed to 
find evidence of successful island breeding and found the allelic 
frequencies to be very different from those of the breeder pop-
ulation. The authors of this paper aimed to determine whether 
repatriated tortoises have reproduced on the island, the relative 
parental contributions of the breeder tortoises in the program, 
and whether there has been differential post-release survivorship 
based on genotype. They collected tissue samples from the breed-
ing animals, offspring prior to release (2003, 2007), and tortoises 
encountered on the island (1994, 2003, 2007). These samples were 
then genotyped for fifteen microsatellite loci. Using these data, 
the authors assigned parentage to the offspring and calculated 
indices of genetic diversity. Failure to identify one or both par-
ents was interpreted as island reproduction if all microsatellite al-
leles occurred within the breeder population (and breeding pool 
contamination if not). Island tortoise carapace lengths were also 
measured. While no reproduction between repatriated tortoises 
was detected in the 1994 sample, the 2003 and 2007 samples con-
tained nine and 50 island-born tortoises, respectively. Indeed, a 
quarter of the tortoises sampled in 2007 were born on the island. 
No significant differences between the genotype frequencies of 
the pre-release and island samples were recovered, indicating 
that there has not been strong selection against particular genetic 
backgrounds and that uneven parentage among the breeder tor-
toises explains the previously reported skewed genetic makeup 
of island tortoises. Using available release data, a 5% annual mor-
tality rate, a 20 cm. release size, and a 4 cm. annual growth rate, 
the authors modeled an expected size frequency of island turtles 
and found it to be highly correlated with the observed size distri-
bution. This lends support to their hypothesis that the observed 
heterogeneity in size of island turtles is a solely consequence of 
variable release effort over the years. This study demonstrates 
that reintroduction efforts can be successful even with a minimal 
breeding population; the authors suggest the repatriated animals 
being a single generation removed from wild ancestors was a rea-
son for this success.

miLinKovitch, m. c., r. Kanitz, r. tieDemann, W. taPia, F. LLerena, a. cac-
cone, J. P. GiBBs, anD J. r. PoWeLL. 2012. Recovery of a nearly extinct 
Galápagos tortoise despite minimal genetic variation. Evolution-
ary Applications (in press) doi:10.1111/eva.12014.

Correspondence to: MICHEL MILINKOVITCH, Laboratory of Artificial & 
Natural Evolution (LANE), Department of Genetics & Evolution, University 
of Geneva, Sciences III, 30, Quai Ernest-Ansermet, 1211 Genève 4, Switzer-
land; e-mail: Michel.Milinkovitch@unige.ch

Physiological Dynamics of Wood Frog  
Freeze Tolerance

 Among vertebrates, the ability to survive being frozen solid 
has been most extensively studied in the Wood Frog (Rana syl-
vatica or Lithobates sylvaticus) of North America. This species 
uses glucose to protect cells from freeze damage and while fro-
zen, blood circulation and respiration cease, and metabolism is 
reduced to modest anaerobic fermentation. Furthermore, it has 
been shown that frozen frogs catabolize carbohydrates through 
the winter while sympatric frogs that overwinter underwater pri-
marily burn lipids. The authors of this paper use respirometry 
methods to determine the metabolic activity of Wood Frogs over 
a freeze-thaw cycle and in conjunction with field-collected tem-
perature data, model the cost of winter freezing for this species. 
To calculate metabolic activity, individual frogs were placed in a 
small, flow-through chamber fitted with a thermometer and the 
CO

2
 content of the air was determined as it exited. CO

2
 was moni-

tored while the frogs were slowly cooled from 4°C to -2.4°C, held 
there for twelve hours, and slowly returned to 4°C. Freeze-thaw 
cycle parameters and temperature data from data loggers placed 
in R. sylvatica overwintering microhabitats near Ottawa, Canada 
were used to generate a model to predict nutrient consumption, 
the freeze-thaw cycle number, and cumulative time frozen expe-
rienced by wild frogs. The change in metabolic activity between 
3.5 and 1.8°C was calculated, and as this temperature-metabolic 
rate relationship (“Q

10
”) was high relative to other vertebrate es-

timates, the authors used a second, lower Q
10

 above a threshold 
of 4°C. They also conducted analyses to determine how sensitive 
their model was to particular parameters; these included allow-
ing a third rate of metabolic change once the frog is frozen, and 
using a single Q

10
, different rate change thresholds, and differ-

ent freezing and thawing temperatures. A general relationship of 
temperature-metabolism was determined and three consistent 
metabolic rate spikes were observed: during cooling but prior to 
freezing, immediately after freezing, and during thawing. These 
periods coincide with increased O

2
 consumption but not in-

creased physical activity, indicating that these increases were due 
to metabolic activity. The authors estimated that Ottawa Wood 
Frogs undergo roughly 20 freeze-thaw cycles over winter and 
spend about 7% of the winter frozen; the insulating properties of 
the leaf litter and snow lead to dramatic departures from ambient 
temperatures. The sensitivity analyses demonstrated that neither 
increasing the amount of time frozen nor the number of freeze-
thaw cycles had much effect on lipid consumption while the lat-
ter greatly increased carbohydrate consumption. The authors 
conclude that any lipid savings accrued while frozen are offset by 
the nutrient costs of freezing and thawing, indicating there must 
be other selective pressures that led Wood Frogs to freeze toler-
ance. Furthermore, changes in winter snow cover are predicted 
to drastically alter the overwintering conditions in this species.
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sincLair, B. J, J. r. stinziano, c. m. WiLLiams, h. a. macmiLLan, K. e. mar-
shaLL, anD K. B. storey. 2013. Real-time measurement of metabolic 
rate during freezing and thawing of the wood frog, Rana sylvatica: 
implications for overwinter energy use. Journal of Experimental 
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Amphibian Species Found to have  
Ability to Shrink

 Though it seems strange, some vertebrate species have the 
ability to decrease their length when times are tough. This phe-
nomenon has been demonstrated in a few phylogenetically dis-
parate species, including some fish, a couple tortoises, Marine 
Iguanas, and a shrew. The authors of this paper find evidence for 
the first shrinking amphibian, the Jollyville Plateau Salamander 
(Plethodontidae: Eurycea tonkawae). This neotenic species in-
habits limestone caves and their associated springs and spring 
runs in a tiny section of the Edwards Plateau of central Texas, 
where human demands for water and space are leaving little left 
for its unique fauna. The authors were conducting a mark-recap-
ture study of this species when a severe drought occurred. Dur-
ing this episode the springs ceased flowing for ten months and 
the salamanders were forced into subterranean retreats, where 
food availability was more limited. During multiple sampling 
efforts before, during, and after the drought, measurements of 
body length and tail-base width (a proxy for condition) were 
taken. Within-effort recaptures were used to estimate measure-
ment error. The between-capture growth rate data revealed that 
almost all individuals shrank in both measurements (tail-base 
width and body length) during the drought and grew after the 
drought, even when measurement error is taken into account. 
These data were then subjected to a series of statistical analy-
ses. Analyses of growth rate covariances with period (drought vs. 
post-drought) and initial size as explanatory variables revealed 
significant covariance between all comparisons as well as a sig-
nificant interaction between period and initial size with regard 
to body length (but not tail-base width). T-tests revealed that the 
negative growth rates were statistically significant during the 
drought. Finally, during the drought, the two growth rates were 
significantly correlated with each other, while neither were cor-
related with size at first capture. Attempting to narrow down the 
possible mechanisms responsible for body shrinkage, the au-
thors examined several cleared and stained specimens, reveal-
ing that in these salamanders the vertebrae abut one another, 
leaving little opportunity for cartilage constriction and pointing 
to bone loss as the source of shrinkage. The authors emphasize 
that this strange phenomenon is not necessarily adaptive and 
may simply be a result of energetic stress.

BenDiK, n. F., anD a. G. GLuesenKamP. 2013. Body length shrinkage in 
an endangered amphibian is associated with drought. Journal of 
Zoology (in press). doi:10.1111/jzo.12009.

Correspondence to: NATHAN BENDIK, City of Austin, Watershed Protec-
tion Department, Suite 1100, 505 Barton Springs Rd, Austin, Texas 78704, 
USA; e-mail: nathan.bendik@austintexas.gov

New Insights into Venom Function in a  
Neotropical Pitviper

 The Terciopelo (Viperidae: Bothrops asper) of the Neotropics 
is responsible for a plurality of the venomous snakebites across its 
distribution. Like that of other venomous snakes, B. asper venom 
is complex. Recent in vitro experiments investigating the myo-
toxic (muscle-damaging) component of the venom revealed that 
rather than destroying muscle cells outright, B. asper myotoxins 
alters the permeability of the cells, allowing Ca2+ to enter while K+ 
and ATP flow out. In this paper, the authors extended this inves-
tigation with in vivo experiments. Two previously identified myo-
toxins were isolated from B. asper venom. Anesthetized lab mice 
were then injected with one of the myotoxins and a solution that 
releases florescent light as it reacts with ATP and subsequently, 
emitted light was monitored and quantified. As expected, a large 
signature of ATP presence was detected in the experimental 
treatments relative to controls. But strangely, delivery of whole B. 
asper venom indicated a much weaker ATP presence. The authors 
then assayed the venom for enzymes capable of breaking down 
ATP, as these have previously been identified in other members 
of the Terciopelo’s subfamily (Crotalinae). Indeed, they found 
nucleotidases capable of rendering ATP into adenosine, a mol-
ecule important in homeostasis, signal transduction, and other 
vital functions when regulated, but capable of inducing hypoten-
sion, paralysis, and anticoagulation when not. This discovery is 
interesting, as adenosine or a similar molecule is present in most 
snake venoms but not usually those of the subfamily Crotalinae. 
The obvious benefits of adenosine in the venom cocktail have 
been noted by previous researchers, and the authors argue that 
rather than lacking adenosine in their arsenal, B. asper utilizes a 
by-product of the myotoxin’s attack on muscle cells (ATP) as the 
adenosine source. These discoveries could have great benefits for 
public health and biomedical research.
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Population Genetics of an Imperiled  
Salamander at its Distributional Limit

 Salamandra infraimmaculata is a large fire salamander of the 
Middle East, reaching its southern distributional limit in northern 
Israel. It is considered threatened throughout its range, with habi-
tat destruction and invasive species thought to be driving forces 
of imperilment. To elucidate patterns of genetic diversity and 
connectivity in S. infraimmaculata of northern Israel, the authors 
of this paper collected 475 genetic samples from 20 populations. 
These populations were divided between two biogeographic 
provinces: the Galilee region (11), comprising salamander popu-
lations considered contiguous with populations to the north of 
Israel, and Mt. Carmel (9), where salamander populations are 
presumed to be isolated from those of the Galilee region to the 
north (separated by naturally or anthropogenically inhospitable 
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lowlands) and are the species’ southernmost populations. They 
genotyped the samples for ten microsatellite loci and with those 
data, generated summary statistics, identified genetic structure 
using the software package structure and analysis of molecular 
variance (AMOVA), and assessed isolation by distance via mantel 
tests of F

ST
 statistics. They found the Galilee region to be much 

more genetically diverse, possessing 40 alleles not found in the 
Mt. Carmel region. Despite the Mt. Carmel populations lacking 
any unique alleles (indicating recent divergence from the Galilee 
populations), the structure analysis found strong support for two 
genetic clusters corresponding to the two regions. This is likely 
due to strong differences in allele frequencies and indicates the 
regions are separated by a formidable barrier to gene flow. Fur-
thermore, the AMOVA found that in addition to strong regional 
differentiation, there is also significant genetic structuring be-
tween populations within regions and across the sampled distri-
bution (irrespective of regional membership). They also found a 
significant signal of isolation by distance within the two regions 
as well as across the sampled distribution, indicating that gene 
flow is limited at all levels, which is not surprising given the well-
documented limited dispersal ability and breeding site fidelity 
of this species. The authors argue that because of their genetic 
distinctiveness, the Mt. Carmel populations need to be managed 
separately from the Galilee populations.
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Two Native New Zealand Frogs Evaluated for 
Susceptibility to Bd

 New Zealand’s native frogs, the four species of Leiopelma, 
together encompass a large swath of anuran phylogenetic di-
versity, as they likely split from the nearest relatives during the 
breakup of Pangaea. They are also threatened with extinction 
due to a number of factors, with all four species occupying a 
small fraction of their historical distribution and two of the spe-
cies restricted to near-shore islands and heavily managed sanc-
tuaries. Furthermore, this threat may be understated, as there is 
evidence that there may be cryptic diversity within this group. 
Fortunately, recent work demonstrated that one species, Leio-
pelma archeri, seems to be resistant to Bd. The authors of this 
paper set out to determine whether two additional Leiopelma 
species, Le. pakeka and Le. hochstetteri, also show a resistance to 
Bd. Importantly, they used a strain of Bd cultured from New Zea-
land frogs, the virulence of which has not previously been evalu-
ated. Individuals of both species were either inoculated using a 
solution containing a known concentration Bd zoospores or not 
(control), as were several Litoria ewingii (Hylidae), an Austra-
lian species introduced to New Zealand and known to be sus-
ceptible to Bd infection. Frogs were inspected daily for patho-
logical symptoms and evaluated weekly for their weight, ability 
to right themselves, and infection status (determined through 

standardized swabbing and qPCR). Weight and infection status 
were also determined prior to inoculation and at termination. 
Finally, the effects of species membership, initial weight, and 
mean Bd load on number of weeks Bd -positive were investigat-
ed using generalized linear model (GLM) methods. While all Li. 
ewingii in the experimental treatment succumbed to Bd, none 
of the inoculated Leiopelma did. Average Bd load and species 
membership were the greatest predictors of weeks Bd -positive. 
Though all Leiopelma were Bd -free by the end of the experi-
ment, all Le. hochstetteri were cleared of Bd by week eight while 
the Le. pakeka experimental group took until week 13 to do so. 
Neither species exhibited symptoms specific chytridiomycosis, 
though the Le. pakeka experimental group did lose a significant 
amount of weight over the experiment relative to controls and 
sustained that weight loss long after the terminus of the ex-
periment. The authors stress that while these experiments are 
important and informative, their findings may not translate to 
natural systems.
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Snout Ornamentation Evolution in a  
Sri Lankan Lizard Genus

 The lizard genus Ceratophora (Agamidae) is endemic to Sri 
Lanka and consists of five species. Three of these species pos-
sess distinct projections on their snout which the other two spe-
cies lack. A published molecular phylogeny suggests that rostral 
appendages have been lost or gained three times in this group. 
This is surprising, as the acquisition of these structures has been 
infrequent across Squamata. Three equally parsimonious hy-
potheses of Ceratophora rostral appendage evolution have been 
identified, however DNA sequence data alone is insufficient for 
evaluating the relative merits of these scenarios. The authors of 
this paper collected and analyzed morphological data with the 
goal of shedding light on Ceratophora rostral evolution. Available 
specimens were assigned to a demographic group (male, female, 
juvenile) and measured for several characters including snout-
vent length, jaw length, and rostral appendage length. Some 
characters might scale differently with total size. Identifying to 
what degree and within which age classes this allometric growth 
is occurring allows comparisons between species, where similar 
patterns of growth would be evidence for homology. Reduced 
major axis regression (RMA) was performed to identify and 
quantify allometric growth in these characters. The standardized 
allometric coefficients generated by the RMA were then included 
in an analysis of covariance (ANCOVA) with post hoc tests to test 
for differences in allometry between the demographic groups. 
These analyses revealed that the patterns of rostral appendage 
growth vary among the three species. Adult males of one spe-
cies (C. tennentii) exhibit positively allometric rostral growth, 
but unique to this species, the fleshy, fan-shaped rostrum is also 
present in juveniles. Taken together with the slow movements of 
this species, crypsis is a more likely explanation for the rostrum 
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than sexual selection. Males of the earliest-diverging species (C. 
aspera) have a rough, lanceolate appendage longer than that of 
the females (despite having a smaller body size), suggesting that 
sexual selection may be at play. Males of the third species (C. 
stoddartii) showed positively allometric jaw length growth while 
the females exhibited the opposite; this might indicate opposing 
selection between the sexes. An increased jaw length increases 
the length of the lip, which is white and visually extends the 
white lanceolate rostral appendage (automimicry). This would 
benefit males if there is intrasexual competition but would be a 
disadvantage for females, as it would make them more conspic-
uous. Supporting this hypothesis, individual C. stoddartii have 
been observed twitching their appendages while performing an 
open-mouth display. The authors conclude, based on the dif-
ferences in rostral appendage development, form, and function 
that they likely evolved independently in these three species.
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Auditory Communication in a  
South American Turtle

 Although turtles have historically been regarded as silent 
animals, one familiar instance of chelonian vocalization is that 
of mating tortoises. Other cryptodiran turtles have also been 
documented vocalizing, including adolescent big-headed turtles 
(Platysternon) and ovopositioning Leatherback Sea Turtles. Re-
cently, an extensive study of the vocal behaviors of an Australian 
snake-necked turtle (Chelodina) identified 17 distinct vocaliza-
tion types, indicating that pleurodirans are also capable of vo-
calizing. As part of a larger project exploring the ecology of the 
species, the authors of this paper investigated the vocal behavior 
of the Giant Amazon River Turtle (Pleurodira: Podocnemis ex-
pansa) both in nature and in captivity. Initially, they made au-
dio recordings of groups of turtles (hatchlings, adults, or both) 
in water-filled aquaria. Then, they performed similar assays in 
nature, expanding them to include recordings of eggs prior to 
hatching, and of adult females released on land. Some of these 
turtles were fitted with radio transmitters prior to release. The 
authors then used software to measure various acoustic proper-
ties of the vocalizations, allowing for them to be categorized. P. 
expansa of all age classes were recorded making low amplitude 
vocalizations. They were able to identify eleven different vocal-
ization categories, some effectively age-class specific, and some 
relatively complex. The embryos begin vocalizing hours before 
hatching, possibly serving to coordinate hatching, allowing for 
efficient nest escape and predation dilution. In experiments 
where groups of hatchling and adult P. expansa were released 
near each other, both vocalized (evidenced by the presence of 
both juvenile- and adult-specific sounds), and the adults ap-
proached the hatchlings. Three separate times, transmitter-fit-
ted hatchlings and adults were found swimming together, once 
almost four kilometers from the release site. The authors sug-
gest these observations are the first evidence for parental care of 
hatchlings in turtles. Given the low amplitude of the calls, they 

suggest that for some species, noise pollution should be added 
to the list of turtle conservation concerns.
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New Insights into the  
Salamander Transcriptome

 The ability of salamanders to readily regenerate anatomical 
structures has been of great interest to researchers investigating 
the phenomenon of regeneration generally. Particularly, the mo-
lecular processes associated with salamander regeneration have 
garnered much attention. The authors of this study assembled 
a transcriptome of various tissues undergoing regeneration in 
Eastern Newts (Notophthalmus viridescens). “Transcriptomes” 
are the RNA molecules collectively occurring at a particular time 
and place within an organism, and reflect the particular type of 
activity that is occurring. As genomic resources are lacking for 
salamanders (their gigantic genomes are mostly to blame), this 
transcriptome was assembled without a scaffold (“de novo”). To 
accomplish this, the researchers employed cutting-edge methods 
of nucleic acid characterization (454 and Illumina paired-end se-
quencing) as well as Sanger sequencing (after reverse transcrip-
tion, cloning, and PCR amplification). After combining the re-
sults from their various methods, the authors identified 120,922 
unique transcripts, of which 38,384 were found to be sufficiently 
similar to known transcripts of other organisms to be considered 
homologous. Some of these homologs of previously known tran-
scripts were only recovered in tissues undergoing regeneration. 
Furthermore, roughly 15,000 transcripts were identified as likely 
coding for proteins, of which 826 did not match known proteins 
and therefore have the potential to be unique to Caudata. Many 
of these contain previously unknown protein motifs, indicating 
they represent undescribed protein families. As they included 
transcripts isolated from various regions undergoing regenera-
tion, the authors suggest that it is likely some of these novel pro-
teins are involved with the regeneration process. The discovery 
of these heretofore unknown proteins will undoubtedly motivate 
further research into their function. Furthermore, the assembly 
of the transcriptome of N. viridescens lays the groundwork for in-
vestigating transcript diversity among salamanders.
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