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development in a relatively mesic Mediterranean climate almost 
certainly does not apply to this species in most of Arizona. In the 
Sonoran Desert, surveys have documented that L. californiae is a 
much less abundant member of snake communities on the urban 
fringe than in southern California (Sullivan et al. 2017).

Overall, I have many concerns with this book. It gives the im-
pression of a rushed production, lacking critical review by experts 
with local experience that might have allowed the author to im-
prove range maps and refine the natural history contributions. 
Diligent copy editing would have helped remove redundancy in 
accounts and, especially, improved consistency throughout the 
volume. If there were no other choices for field guides and detailed 
accounts of natural history of amphibians and reptiles of Arizona 
and the Southwest, I might be more forgiving. As it stands, I can-
not recommend this book over any of the available guides to the 
herpetofauna of the Southwest that include coverage for Arizona.
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Frogs and other Amphibians of Russia—Atlas 
and Field Guide
E. A. Dunaev. 2018. Fiton XXI Publishers, Moscow (available from 
Edition Chimaira, Frankfurt-am-Main, http://www.chimaira.de). 143 
pp., 147 color photos. Hardcover. € 19.90 (ca. US $22.50). ISBN: 978-5-
906811-51-6.

Frogs and other Amphibians of Russia—Atlas 
and Field Guide covers 32 amphibian species 
found within Russia. As with Dunaev’s previous 
guides to Russian herpetofauna (Amphibians 
and Reptiles—Atlas and Determination; 
Snakes—The Species of the Russian Fauna), 
each taxonomic group has a short introduction 
defining the taxa, whether by Class, Family, or 
Genus. The bulk of the book is composed of 1–2 
page species accounts with short bullet points 
of information on taxonomy, distribution, and 

life history. There are no maps. Accounts are accompanied by 
several good color photographs, usually dorsally and ventrally 
of the salamander or frog, often with frontal head shots. Several 
accounts have photos showing foot patterns and toe-webbing, 
and accounts frequently have photos of larvae, tadpoles, and 
eggs. Unlike previous guides, habitat photos are not included 
with each species account, but only for a few of the salamanders. 
Following the species accounts is a 25-page section covering 
general amphibian biology, including skeletal structure, other 
morphological aspects, calling, reproduction, larval biology, and 
behavior. The book ends with a six-page key, a glossary, and a 
Latin species index; additional references are not provided. The 
book is entirely in Russian and Latin names do not accompany 
the photographs. Frogs and other Amphibians of Russia—Atlas 

and Field Guide is intended for Russian-speaking naturalists and 
amateurs rather than for a more specialized audience.

Boelen’s Pythons: Serpents in the Clouds
Ari R. Flagle and Danny Gunalen. 2018. Forgotten Times/Russ Gurley, 
Ada, Oklahoma (russgurley@cableone.net). vii+157 pp. Softcover. US 
$50.00 (includes shipping within USA). ISBN: 978-1-938850-57-8.

Ari Flagle’s passion for Boelen’s Pythons 
(Simalia boeleni) has revealed itself in numerous 
(mostly popular) articles, a book, and multiple 
field trips to New Guinea to search for and study 
one of the least known—but most spectacular—
species of pythons. His most recent effort, in 
collaboration with Indonesian zoologist Danny 
Gunalen, is filled with numerous photos and 
interesting stories that are sure to stir the 
imaginations of readers. Boelen’s Pythons are 
endemic to New Guinea, and live in high-elevation cloud forests, 
mostly in places where inquisitive herpetologists have great 
difficulty in locating them. This book, however, is about much 
more than a rare python, as the authors devote many pages to 
descriptions, customs, and folklore of the Dani people of New 
Guinea’s Central Highlands. The book also includes contributed 
chapters by Mark O’Shea (taxonomic history) and Keith McPeek 
(captive husbandry). Readers with an interest in the people or 
pythons of New Guinea will want to add this book to their library.
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Welcome Letter from the New SSAR  
President Marty Crump

In recent years, incoming SSAR presidents have been given 
an opportunity in Herpetological Review to introduce themselves 
to the membership. I am delighted to take this opportunity to 
introduce myself as the 44th president of SSAR. 

As a child growing up in the Adirondack Mountains of 
upstate New York, I loved catching frogs. Even more, I loved dip-
netting tadpoles and watching them “magically” transform into 
frogs. After my family moved to western Pennsylvania, I kept red 
efts as pets. I begged to keep the garter snakes I caught, but my 
mother was deathly afraid of snakes. By 8th grade I had decided 
to become a biologist. I was the oldest of four siblings, and when 
it came time to apply to colleges, my parents declared that the 
farthest I could go from Pennsylvania was Kansas. My mother 
had worked in the geology department at the University of 
Kansas during WWII, so for her it wasn’t the edge of the world. 
Naturally, I decided to attend KU. 

In 1964 when I began my undergraduate studies, I intended 
to become a wildlife biologist. I was soon told that women did 
not go into that line of work. The first day of my sophomore year, 
I wandered into the KU Museum of Natural History hoping to 
get a part-time job. The curators of mammalogy, ornithology, 
and ichthyology were hiring students to type. That was not the 
reason I wanted to work in the museum. Bill Duellman, curator 
of herpetology, needed a student to catalogue and tie tags onto 
specimens. I got the job, my fascination with amphibians and 
reptiles was rekindled, and the rest is history. Bill, Linda Trueb, 
John Lynch, Sandy Echternacht, and others in the Division of 
Herpetology told endless stories of adventure, travel, and exotic 
herps in remote areas of Mexico and Panama. I wanted to be part 
of that world.

About Our Cover: A Look Back 

Starting in 1995 and continuing to the last issue of 2018, a total of 
96 color images have graced the covers of Herpetological Review, each 
highlighting outstanding photography or illustration. To commemorate 
the 50th anniversary volume of HR, we are revisiting previously published 
covers. These will appear in four panels of 24 images each, corresponding 
to six-year intervals.

For the March 2019 cover, 24 images are presented that were first 
published during the period from 1995 to 2000. From top row, left to 
right, photographers or illustrators are: David Dennis, William Leonard, 
John Weigel, Jim Bridges, Lee Grismer, William Lamar. Second row: 
Marius Burger, Marcio Martins, Norio Maeda, David Barker, Steve Wilson, 
Alejandro Solórzano. Third row: Bill Love, William Lamar, William Lamar, 
Bill Branch, William Lamar, Bill Love. Fourth row: Henrik Bringsøe, Danté 
Fenolio, Phillip Sims, Kristiina Ovaska, David Roberts, Bill Love.

SSAR BUSINESS
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Early during my senior year, Bill invited me to join a summer 
expedition to survey amphibians and reptiles in the vicinity of 
Santa Cecilia, in the upper Amazon Basin of eastern Ecuador. 
I had come full circle from my childhood in upstate New York, 
as one of my jobs at Santa Cecilia was raising tadpoles to 
metamorphosis in hopes of identifying to species the myriad 
tadpoles we dip-netted. But I found even more fascinating “the 
many ways to beget a frog”—from foam-nesters (leptodactylids) 
and poison dart frogs (dendrobatids) to egg-brooding horned 
treefrogs (Hemiphractus) and Surinam toads (Pipa). I was hooked 
on tropical fieldwork, and who better to work with on amphibian 
reproduction than Bill Duellman. I worked in Belém, Brazil, for 

my masters thesis on the ecological distribution of amphibians 
and reptiles in three forest habitats. I returned to Santa Cecilia 
for my doctoral fieldwork and focused on the reproductive 
strategies of the 81 anuran species found there. 

After graduating, I did a two-year postdoc with Stan Salthe 
at Brooklyn College in New York City, and then was a faculty 
member (assistant through full professor) at the University of 
Florida. In 1992 I retired from UF and since then have focused 
on teaching amphibian biology and field methods to students 
in Latin America, studying Darwin’s frogs in Chile, and writing 
about biology for children and a general audience. I am Adjunct 
Professor at both Northern Arizona University and Utah State 
University. Fifty years as a field biologist studying reproductive 
ecology and behavior of frogs in Costa Rica, Brazil, Ecuador, 
Argentina, and Chile, has brought me great joy and personal 
satisfaction. I have never regretted my “inability” to become a 
wildlife biologist because of being a woman. 

SSAR Can Do More

SSAR is now the largest academic herpetological society in 
the world. We are known worldwide as a dynamic and innovative 
society that offers its members wide-ranging benefits above and 
beyond our high-quality quarterly journals. But we can do more.

SSAR has a strong international presence. Consider our 
officers. Acting Treasurer Ann Paterson is Canadian, Secretary 
Marion Preest is a New Zealander, and Immediate Past-President 
Rick Shine is Australian. Associate Editors for Herpetological 
Review include colleagues from Singapore, Argentina, Germany, 
Scotland, and Canada. Non-U.S. Associate Editors of Journal of 
Herpetology hail from Australia, New Zealand, France, Brazil, and 
Argentina. During the past decade, Journal of Herpetology has 
received manuscript submissions from 22 to 48 countries each 
year. But we can make SSAR even more international. Encourage 
your international colleagues to join SSAR and to publish in 
Journal of Herpetology and Herpetological Review. When you 
attend international conferences, spread the word about SSAR 
and the benefits of membership. The membership committee 
will happily provide you with flyers to distribute. 

SSAR was founded on the idea of inclusivity, open to 
anyone interested in the study of amphibians and reptiles, from 
amateurs to professionals. Our journals, programs, awards, 
and grants reflect this diversity of herpetological interests. Over 
the 50-plus years I have been a member of SSAR, I have seen a 
monumental increase in the number of women attending our 
annual meetings. Women increasingly participate in all levels 
of leadership, from committee chairs and Board of Directors to 
Secretary, Treasurer and President of SSAR. Since its founding 
in 1958 as The Ohio Herpetological Society and later renamed 
Society for the Study of Amphibians and Reptiles in 1967, the 
society has had 44 presidents (43 individuals). Of these, six have 
been women: Meg Stewart 1979—the first woman to head a 
major herpetological society; Linda Maxson 1991; Lynne Houck 
1994; Jan Caldwell 2003–2004; Robin Andrews 2005–2006; and 
Marty Crump 2019–2020. Kirsten Nicholson is our current 
President-Elect. Ladies, we are on a roll! But we need to focus on 
increasing all forms of diversity within our society. You can help 
by encouraging members of underrepresented groups interested 
in amphibians and reptiles to join SSAR and by welcoming 
everyone into our society and at our annual meetings.

Jessica Tingle (email address below), current chair of the 
Student Participation Committee, and her committee recently 
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surveyed students to learn their motivation for joining SSAR and 
for remaining in the society. Respondents also had an opportunity 
to offer suggestions that might improve their experience as 
student members. (The results are available in summary form 
on the SSAR website or in its entirely as a pdf from Jessica.) One 
suggestion offered by several survey participants was the need 
for more communication and real-time information sharing. 
In response, Jessica has initiated a regular newsletter, sent to 
members by email. We do listen and implement good ideas!

As another means of increasing communication and 
exchange of ideas, I plan to begin a “Musings” column in 
Herpetological Review. The column will provide a platform to 
address issues central to herpetology (e.g., conservation, student 
mentoring, increasing diversity and inclusivity of SSAR, the 
future of wet collections, electronic media and databases, etc.). 
We will aim for one column per issue of HR. Please let me know 
if you would be interested in writing a musings column, or if you 
have an idea or concern you would like to see addressed (and a 
suggestion of who might write the column). Please address these 
to me at the email address below. 

What SSAR Does for You and What You Can Do for SSAR

To paraphrase U.S. President John F. Kennedy’s famous 
inaugural speech, society membership ought to work in both 
directions. In order to create a balanced budget, SSAR was forced 
to increase annual membership dues for 2019, the first time in 
seven years, because of increasing costs on many fronts. The 
only alternatives were to reduce the number of pages in our 
quarterly journals or decrease the benefits we offer our members. 
Neither alternative was acceptable. SSAR is justifiably proud 
of the considerable benefits we offer our members in addition 
to Journal of Herpetology and Herpetological Review. SSAR co-
sponsors/sponsors annual meetings where participants present 
their research and learn about current herpetological research 
conducted by others, network with other professionals, and 
catch up with old friends and colleagues. We offer numerous 
publications in addition to our quarterly journals: Herpetological 
Circulars, Catalogue of American Amphibians and Reptiles, 
Herpetological Conservation, Contributions to Herpetology, 
and Facsimile Reprints in Herpetology. Members receive a 10% 
discount on these publications. SSAR provides grants that 
support student research and travel. Student membership, 
heavily subsidized by regular membership dues, is now $65, 
which comes to $5.42 per month—the cost of one beer at the 
pub. An intrinsic benefit of SSAR membership is the camaraderie 
shared by being part of a group of people with shared interests 
and goals. Our membership benefits make SSAR unique as an 
international herpetological society. We depend on annual dues 
to provide those benefits, and we can all ensure the continuing 
success of our programs and professional opportunities by 
renewing our memberships and by bringing new members into 
the fold. 

But don’t just pay your dues and reap the benefits of our 
society. Become actively involved. A dynamic society needs 
new ideas and the diverse talents offered by new members. The 
more you participate, the more you will feel part of the society. 
Several student respondents of the survey sent by Jessica and 
her committee indicated the desire to engage more with the 
society. For anyone, student or otherwise, wanting to become 
more active in the society, please contact me (marty.crump@
nau.edu), Secretary Marion Preest (MPreest@kecksci.claremont.

edu), or Jessica Tingle (Jessica.tingle@email.ucr.edu). If you let 
us know the talents and expertise you would like to share, we will 
gratefully find an opportunity for which you can volunteer. 
 It is a privilege and an honor to serve the membership of 
SSAR. I am stepping into a pair of very large shoes vacated by 
Rick Shine. I will do my best to fill these very large shoes over 
the next two years as I help to navigate SSAR through the chal-
lenges that come with our changing times. (See Rick’s outgoing 
president’s letter in the December 2018 issue of Herpetological 
Review for a cogent discussion of some of our current challenges, 
most of which face all membership-based and -run societies.) I 
encourage you to contact me, other officers, or members of the 
Board to express concerns, offer suggestions, or volunteer. SSAR 
is your society. What it is today is the result of ideas and hard 
work by past members. What it will become depends on today’s 
members. Thank you for your membership in SSAR and for your 
support. I hope to see many of you at JMIH 2019 in Snowbird, 
Utah (24–28 July 2019), JMIH 2020 in Norfolk, Virginia, and the 
SSAR stand-alone meeting in 2021 in Ann Arbor, Michigan. 

The George B. Rabb 
Undergraduate Poster Award

SSAR is pleased to announce the George B. Rabb 
Undergraduate Poster Award, sponsored by Zoo Atlanta. The 
award honors our colleague George Rabb (1930-2017), former 
Director of the Brookfield Zoo in Chicago, Illinois, and highly 
respected advocate and spokesman for wildlife conservation. 
To be eligible to compete for this award, a student must be 
an undergraduate, or have graduated in the previous spring 
semester. The student must be the first author on the poster 
and must present the poster during the student poster 
competition at the annual JMIH or SSAR meeting. There can 
be additional authors on the poster. As is the case for the SSAR 
Victor Hutchison Student Poster Award, the competing student 
must be a current member of SSAR. Abstract submission 
is the same as for anyone else submitting to present at the 
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annual meetings. See the JMIH website for information. The 
first George B. Rabb award will be presented at the 2019 JMIH 
meeting in Snowbird, Utah. The prize includes a $250 check 
and an SSAR book. 

Books, Journals, Reprints, and More  
Available at the Snowbird Meeting (JMIH)  
and from the Storage Unit in Salt Lake City

The remaining contents of the Roger Conant, Ernie Liner, 
and Victor Hutchison Libraries are being stored at a facility 
in Salt Lake City, compliments of our former Publications 
Secretary Breck Bartholomew.  It is time to find good homes 
for these books, journals, and reprints.  Several boxes of Ernie 

Liner’s books will be taken to the JMIH in Snowbird (24–28 July 
2019) for the silent and live auctions.  Anyone wishing to sort 
through the material in the storage facility in Salt Lake City is 
invited to do so.  The storage unit is 12 x 30 feet and is full.  It 
includes the Conant and Liner filing cabinets (also available), 
boxes of books, journals, and reprints, as well as various 
pieces of framed art, posters, and other items from the Liner 
collection.  Please note that to get to the storage unit in Salt 
Lake City from Snowbird, you will need a vehicle.  Breck will 
be available throughout the JMIH to meet at the storage unit.  
You can make prior arrangements with Breck by e-mail (Breck@
herplit.com) or phone (801-867-1042).  Materials at the storage 
unit will be priced as follows: paperback books US $2; hardback 
books US $5; other items will be on a donation basis. You will 
need to take the library materials with you and ship them home 
yourself. At the end of the JMIH, the remaining books, journals, 
and reprints will be given to a worthy institution. 

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 Editor for details. 

11–14 April 2019—66th Annual Meeting of the Southwestern 
Association of Naturalists (SWAN), Chihuahua, Mexico. 
Information: https://saon.wildapricot.org/event-2907942

30 April 2019—Houston Venom Conference, Baylor College 
of Medicine, Houston, Texas, USA. Information: https://
houstonvenomconference.com/

17–19 May 2019—Box Turtle Conservation Workshop, Haw 
River State Park, North Carolina, USA. Information: www.
boxturtleconservation.org

20–24 May 2019—2o Congreso Nacional de Vipéridos 
Mexicanos y Ofidismo, Aguascalientes, Mexico. Information: 
congresoviperidos@gmail.com

17–20 June 2019—9th Hellbender Symposium, Blacksburg, 
Virginia, USA.

19–22 June 2019—42nd International Herpetological Symposium, 
Belize. Information: http://www.internationalherpetologicalsy
mposium.com

11–14 July 2019—Biology of Pitvipers 3, Rodeo, New Mexico, 
USA. Information: https://www.biologyofthepitvipers.com/
home

24–28 July 2019—Joint Meeting of Ichthyologists and 
Herpetologists, Snowbird, Utah, USA. 

26–29 July 2019—Southwest Partners in Amphibian and Reptile 
Conservation (SW PARC), Rodeo, New Mexico, USA: Information: 
http://www.swparc.org/meetings/2019-meeting/

2–6 September 2019—14th Herpetological Association of Africa 
Conference, Hogsback, Eastern Cape, South Africa. Information: 
s.edwards@ru.ac.za

MEETINGS

Anolis Newsletter VII Now Available

Fans of anoles will be pleased to learn that 
a new edition of the Anolis Newsletter has been 
published, assembled by James T. Stroud, 
Anthony J. Geneva, and Jonathan B. Losos. The 

newsletter consists of 47 articles over 333 pages and represents 
an informal forum for the presentation and discussion of theory 
relevant to anoles. Available online at: https://sites.wustl.edu/
losos/home/anolis-newsletters-2/

NEWSNOTES
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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 
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 
coverage 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 inside 
front cover. 

Natural and Urban Anole Populations  
Experience Different Environments,  

Behave Differently

Anthropogenic environments differ from natural ones, and 
animals moving into anthropogenic habitats are expected to exhibit 
behavioral differences relative to their counterparts in natural 
environments. Species prone to human-mediated dispersal 
have a tendency to thrive in anthropogenic environments, and 
therefore understanding these behavioral shifts are important 
for predicting the impact invasive species will have on our urban 
ecosystems. The authors of this study investigated the behavior 
of Cuban Brown Anoles (Anolis sagrei) in both urban and natural 
habitats in South Florida, where the species was introduced in 
the 1940s. The campus of Florida International University (FIU) 
served as the urban habitat and the FIU Nature Preserve was 
selected for the natural habitat. Over the course of seven months, 
the authors opportunistically collected data on perch choice for 
both sexes. Over that time span, focal observations of males were 
also conducted, focusing on patterns of movement and display. 
Finally, the two habitats were evaluated for their structure, perch 
availability, and perch size distribution. The data were subjected 
to multivariate and univariate analyses in an effort to identify 
differences in behavior and perch selection between the two 
habitats. These analyses revealed stark differences between the 
two populations. Specifically, urban anoles displayed more, 
jumped less, and switched perches less than anoles occupying 
natural habitats. These findings make sense in light of the fact 
that habitat structure in urban environments was more open, 
increasing the effectiveness of visual displays. Further, urban 
habitats had fewer perches than natural habitats, thus anoles were 
disinclined to abandon perches and had fewer opportunities to 
jump to nearby perches. In line with previous studies, this study 
found no difference in perch height between the two habitats. The 
authors suggest the behavioral plasticity of this species may, in 
part, explain why it has been such a successful colonist.

stroud, j. t., M. ColoM, p. Ferrer, n. palerMo, v. vargas, M. Cavallini, 
j. lopeZ, and i. jones. 2019. Behavioral shifts with urbanization 
may facilitate biological invasion of a widespread lizard. Urban 
Ecosystems (in press) doi: 10.1007/s11252-019-0831-9

Correspondence to: JAMES STROUD, Department of Biology, 
Washington University in St. Louis, St. Louis, Missouri, USA; e-mail: jamesTs-
troud@gmail.com

Tiny Salamanders Use Scent Information to 
Evaluate Threats and Inform Actions

Animals are frequently forced to balance the benefits of 
resource acquisition with increased chance of being preyed upon 
while foraging. Theory suggests that animals can minimize risk 
by monitoring for evidence relating to risk and making decisions 
based on risk level (threat assessment). The authors of this study 
investigated how Southern Pygmy Salamanders (Plethodontidae: 
Desmognathus wrighti) react to encounters with various odors 
from potentially risky sources. This diminutive terrestrial 
salamander lives at high elevations in the Southern Appalachian 
Mountains of the southeastern United States and is palatable to 
predators of small vertebrates. Salamanders were brought into the 
lab and subjected to a series of two-choice trials. In each trial, the 
salamander was allowed to travel in two directions, one containing 
the treatment scent. Thus, both aversion and attraction could 
be detected. The animals providing scents varied in presumed 
threat level to the D. wrighti and likelihood of encounter for these 
salamanders. The scent of the Ring-necked Snake (Colubridae: 
Diadophis punctatus) served as an example of a genuine threat, 
as this species preferentially feeds on salamanders, though they 
are relatively uncommon in D. wrighti habitats. To determine 
whether the diet of Ring-necked Snakes affected the response 
of the D. wrighti, half the snakes were fed Northern Dusky 
Salamanders (Desmognathus fuscus). Also used were the scents 
ground beetles (Carabidae) and Jordan’s Salamander (Plethodon 
jordani). These are both generalist predators that are common 
in D. wrighti habitat and pose an intermediate risk to D. wrighti. 
The scents of two species that the D. wrighti would be unfamiliar 
with, the Mojave Desert Tortoise (Gopherus agassizii) and the 
Red Cornsnake (Colubridae: Pantherophis guttatus), were used 
as examples of unfamiliar odors (prior to scent acquisition, half 
the cornsnakes were fed mice and half fasted). Finally, a sample 
of homogenized D. fuscus was used to determine if passage 
of alarm pheromones through a snake’s gut affected how they 
affected the behavior of D. wrighti. A hierarchical Bayesian beta 
regression with a repeated measures design was used to identify 
statistically significant responses and to account for salamanders 
participating in multiple trials. These experiments revealed 
that D. wrighti react differently when presented with different 
scents. The different reactions matched the predictions of the 
threat assessment hypothesis. The strongest aversion shown by 
D. wrighti was to the scent of the Ring-necked Snake that had 
recently eaten salamanders. In contrast, fasted Ring-necked 
Snakes elicited a much weaker negative response. D. wrighti was 
weakly attracted to scents from the two generalist predators. The 
authors suggest the weak attraction to P. jordani scents could be 
explained by their abundance in the habitat and an association 
with high-quality refuges. Finally, the unfamiliar odors and the 
salamander extract elicited weak negative responses from D. 
wrighti. The authors suggest this behavioral pattern reflects a 
form of bet-hedging, where modest risk from common predators 
is tolerated while high risk from uncommon predators is avoided.

Forester, j. d., d. C. Forester, and j. M. MatKowsKi. 2019. Making the best 
of a bad situation: differential predator avoidance in a diminutive 
woodland salamander. Animal Behaviour 148:169–181.

CURRENT RESEARCH
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Correspondence to: JAMES FORESTER, University of Minnesota, 
Department of Fisheries, Wildlife, and Conservation Biology, 2003 Upper 
Buford Cir., Suite 135, Saint Paul, Minnesota 55108, USA; e-mail: jdforest@
umn.edu

Species Limits and Evolutionary  
Relationships of Texas Eurycea

The Edwards Plateau of central Texas is home to approximately 
14 salamander species of the genus Eurycea (Plethodontidae). 
These aquatic salamanders utilize surface streams, springs, and 
underground caves, which are abundant due to the limestone 
geology of the plateau. These species are divided among three 
aquifers: Trinity, Edwards-Trinity, and Edwards. Because of 
the presence of 13 federally listed groundwater-dependent 
species, including several Eurycea, groundwater withdrawals are 
regulated in the Edwards aquifer. The evolutionary relationships 
and species limits of the populations are poorly known, as several 
described species have yet to be included in molecular analyses. 
The authors of this paper used single-nucleotide polymorphism 
(SNP) data and the most comprehensive sampling effort to 
date to assess species diversity and evolutionary relationships 
within Edwards Plateau Eurycea. Salamanders from 99 sites were 
sampled, and data on nearly 75,000 SNPs were used to construct 
a phylogeny, shedding light on evolutionary relationships and 
patterns of diversification. Data were also subjected to species-
delimitation analyses. The results of these analyses contradicted 
previous conceptions of species limits in this group. Several 
putative or currently recognized species were found to be 
conspecific with others. Additionally, the results identified three 
previously unrecognized lineages occurring in the Trinity and 
Edwards-Trinity aquifers that should be considered distinct at 
the species level. The evolutionary relationships fit a two-tier 
model of diversification, with species being clustered first by 
watershed, then by basin. This suggests allopatric, non-adaptive 
diversification being the primary driver of species diversity in 
this group of salamanders. The authors discuss the conservation 
implications of their findings. They note that reassignment of 
populations results in smaller distributions for some species, 
and that diversity in the unprotected Trinity and Edwards-Trinity 
aquifers is underestimated.

devitt, t. j., a. M. wright, d. C. Cannatella, and d. M. hillis. 2019. 
Species delimitation in endangered groundwater salamanders: 
Implications for aquifer management and biodiversity 
conservation. Proceedings of the National Academy of 
Sciences of the United States of America (in press) doi: 10.1073/
pnas.1815014116
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Nocturnal Pitviper Uses Eyes,  
Not Pit Organs for Navigation

Pit vipers (Viperidae: Crotalinae) have pits between their 
eyes and nostril (loreal pits) that function in detection of infrared 
radiation. Previous studies have revealed the importance of 
loreal pits in the feeding ecology of pit vipers, and a widely 
accepted hypothesis is that loreal pits principally evolved to aid 

in food acquisition. However, researchers have noted that these 
snakes may use loreal pits for additional purposes, such as the 
location of sites for thermoregulation and for navigation on 
moonless nights. The authors of this paper addressed whether 
pit vipers use loreal pits for navigation through experiments with 
nocturnal Sidewinder Rattlesnakes (Crotalus cerastes), which 
occur in the Sonoran and Mojave deserts. Previous studies have 
revealed that sidewinders spend the night in ambush position 
beneath shrubs, and movements predominantly are from shrub 
to shrub. The authors collected active snakes and assigned 
them to four treatments: blindfolded, loreal pits occluded, 
both blindfolded and loreal pits occluded, and control. Snakes 
were placed in the center of an arena after nightfall and their 
movements were recorded in the morning. Importantly, the arena 
had three shrubs in the perimeter. In addition to being visible, 
shrubs maintain a slightly higher than ambient temperature, 
and therefore the possibility for them to be detected using loreal 
pits exists. Movement data were analyzed for straightness and 
for bush-reaching success. These experiments revealed that 
snakes with occluded loreal pits moved as straight as control 
snakes, and they reached a bush with the same success rate as 
control snakes. Blindfolded snakes moved the same regardless 
of whether loreal pits were occluded, moving less-straight and 
reaching a bush with less success than control and loreal pit 
occluded snakes. The results of this experiment do not support 
the hypothesis that loreal pits have a secondary function in 
navigation. The authors suggest that other potential uses of 
loreal pits still need to be investigated in the field.

sChraFt, h. a., and r. w. ClarK. 2019. Sensory basis of navigation in 
snakes: the relative importance of eyes and pit organs. Animal Be-
haviour 147:77–82.
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Novel Epithelial Gland Described in  
Gymnodactylus Geckos

Many squamates possess glands responsible for the 
production of pheromones used in intraspecific communication 
(“scent glands”). Frequently, these take the form of well-
developed pre-cloacal or femoral glands (collectively, 
“follicular glands”). Less conspicuous scent glands have also 
evolved in several squamate lineages, collectively referred to 
as “generation glands,” and these have received less attention 
from herpetologists. The authors of this paper investigated the 
generation glands of Gymnodactylus geckos (Phyllodactylidae). 
The five species in this Brazilian genus possess relatively 
inconspicuous, sexually dimorphic glands on the posterior 
cloacal lip that have not been described previously. The authors 
identified the gland as being a synapomorphy of Gymnodactylus 
through examination of representatives of closely related 
lineages. The glands of male Gymnodactylus consist of pale lobes 
roughly spanning the central third of the cloacal opening. These 
are readily seen when the tail is reflexed slightly. In females, the 
gland is discernable histologically though not macroscopically. 
In reference to the gland’s location, the authors name it the 
postero-proctodeal gland (PPG). The position of the PPG could 
allow for efficient release of secretions during defecation. 
Analysis of the chemical make-up of the secretions found them 
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to be rich in lipids. The authors argue that the morphology, 
secretion chemistry, and gland location are consistent with an 
intraspecific communication function for the PPG. Though 
PPGs are less developed and less conspicuous than follicular 
glands, histological analysis reveals they are derived from the 
same epithelial layer (germinativum of the inner epidermal 
generation layer). In contrast, studies of the generation glands of 
other squamates including Gonatodes and Lygodactylus geckos 
found them to be derived from the outer epidermal generation 
layer. Despite being derived from the same tissue layer as 
the squamate follicular glands, the authors used histological 
techniques to reveal what might be a rudimentary PPG in a 
member of the sister genus (Phyllopezus pollicaris). They suggest 
this is evidence of an independent origin for PPG, rather than 
being homologous with other squamate follicular glands.

de-liMa, a. K. s., F. M. C. b. doMingos, s. b. Chaves, a. piC-taylor, a. 
sebben, and j. KlaCZKo. 2018. A new scent organ for Gymnodactylus 
lizards (Squamata: Phyllodactylidae) and an updated evolutionary 
scenario for the origin of squamate epidermal glands. Biological 
Journal of the Linnean Society 125:561–575.

Correspondence to: JULIA KLACZKO, Laboratory of Comparative 
Vertebrate Anatomy, Department of Physiological Sciences, Institute of 
Biological Sciences, University of Brasília, Brasília, DF, 70910-900, Brazil; 
e-mail: jklaczko@gmail.com

Invasive Parasite Retains High Variation to  
Infect Native Floridian Snakes

The success of invasive species is often partially attributed to 
an escape from enemies. Although this is likely true with regards 
to predators, parasites, particularly those inside the organism, 
can travel with the invading population. Sometimes, those 
parasites then jump between species and invade native hosts, 
further strengthening the invasive species’ influence. Such is 
the case for invasive Burmese Pythons (Python bivittatus) in 
Florida, which introduced along with them a lung pentastome 
parasite (Raillietiella orientalis) that now infects many native 
Floridian snake species. Though this parasite has a complex 
life cycle, it survives off the similar range of intermediate and 
definitive hosts available in its new distribution. Unfortunately, 
R. orientalis is more successful in the new, naïve hosts, growing 
to larger sizes and resulting in higher prevalence. In this study, 
the authors used geometric morphometrics to identify the 
range of morphological variation in adult female pentastomes 
(N = 39) infecting pythons and four native snake species in 
southern Florida. Ten morphological landmarks were used in 
the analyses, all from the parasite’s oral cadre and hooks to 
focus the study on the mechanism used to attach the parasite to 
the host lung. Ordinations separated pentastomes in terrestrial 
North American Racers (Coluber constrictor) from those in the 
four aquatic snake species. Such differences may be attributed 
to lung morphology required for an aquatic lifestyle not 
found in terrestrial snakes. Pentastomes in Saltmarsh Snakes 
(Nerodia clarkii) and Common Gartersnakes (Thamnophis 
sirtalis) did not differ in shape. The authors provide specific 
pentastome shape differences infecting these species, 
Northern Cottonmouths (Agkistrodon piscivorus), and pythons. 
The extent of morphological variation found in some parasites 
allowing them to infect a diverse array of hosts has commonly 
resulted in incorrect assumptions that multiple parasite 

species are being represented. The parasites in this study were 
all of the same pentastome species, which has further been 
found to infect some lizards and frogs. Thus, it appears that the 
structures allowing for host attachment in these pentastomes 
do not co-evolve with the host morphology, but rather the 
capacity for phenotypic variability is maintained and thereby 
enables parasitism of many hosts. As an invader, this parasite 
could harm many native herp species if it continues to succeed 
in its new North American environment.

westFall, a. K., M. a. Miller, C. M. Murray, b. g. FalK, C. guyer, and 
C. M. roMagosa. 2019. Host-specific phenotypic variation of a 
parasite co-introduced with invasive Burmese pythons. PLoS 
ONE 14(1):e0209252.
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A Peak into the Juvenile “Lost Years”  
of Green Sea Turtles

Sea turtles are elusive, occupying different habitats between 
juvenile and adult years and generally spending most of their 
lives in the open ocean. Although their locations are better 
known during reproductive years, a portion of their early life 
is referred to as the “lost years.” It was previously thought that 
young turtles passively drifted with the oceanic currents, though 
recent studies support a more “active theory” regarding juveniles’ 
swimming behavior. As such, their locations are less predictable 
solely from data on the abiotic environment. In the present study, 
the authors used data on juvenile Green Sea Turtles (Chelonia 
mydas) captured in feeding grounds near Martinique Island in 
the Eastern Caribbean between 2013 and 2017 to determine the 
natal origin of the local juveniles and discover where they travel 
during developmental years. These data tested the hypothesis 
that local turtles largely originated from the nearby Suriname 
and French Guiana nesting sites. Analysis of DNA sequences of 
the mitochondrial D-loop region determined that approximately 
25% of the juveniles off Martinique came from the predicted 
nesting beaches, with 62% originating from the Caribbean as 
a whole. The remainder were from elsewhere in the Atlantic, 
including 25% from the southeast Atlantic, toward the coast of 
West Africa and the Gulf of Guinea. Thirty-one juvenile turtles 
were also fixed with GPS tags, which detected travel of 1370–7821 
km in 51 to 291 tracking days. Interestingly, both the shortest and 
longest traveled animals were tracked for at least 200 days. Of the 
31 tracked individuals, 21 stayed in Martinique waters. Those 
“residents” had significantly smaller carapace lengths than the 
10 that performed longer migrations. The migratory animals 
headed in different directions; one provided the first documented 
transatlantic migration of a juvenile Green Sea Turtle, last located 
in this study off the coast of West Africa. Many of the migratory 
turtles in this study had to swim through and against strong 
currents to reach their destinations. Though the migrating turtles 
were smaller than those usually found nesting, it is possible that 
they were nonetheless close to sexual maturity and beginning 
their move toward adult habitats. The lack of migration of smaller 
individuals supports this theory. Migratory habits of green and 
other sea turtles support the need for international cooperation 
in turtle conservation, and tracking data can help designate areas 
that should be protected to ensure the survival of future breeders.
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Prey Communities Differentially Impacted  
by Sex-biased Newt Populations

In some systems, intraspecific variation can play as great a 
role in community assemblage as differences among species. 
Variation in taxa considered to be “keystone species” may 
especially drive differences in communities across space. 
Besides variation associated with ontogeny, some species 
have large variation within age classes that could greatly affect 
their communities. For example, sexual dimorphism in Red-
spotted Newts (Notophthalmus viridescens) is associated 
with divergent microhabitat use between the sexes and thus 
differing prey consumption. Males of the species tend to inhabit 
more pelagic areas, while females spend more time in benthic 
areas. The authors of this paper used mesocosms to quantify 
differences in benthic and pelagic prey types resulting from 
male- or female-biased newt populations. They assigned ten 
2650-liter mesocosms set up in Ontario, Canada to sex-biased 
newt populations of 9 males and 16 females, or vice versa. 
After approximately one month of predation by newts, prey 
were collected, coarsely identified, and assigned as inhabiting 
predominantly benthic or pelagic areas. From generalized linear 
models, the authors found that sex ratio affected many prey 
taxa as well as overall organism abundance from pelagic and 
benthic environments. When more male newts were present, 
pelagic prey were 25% less common, while benthic organisms 
were nearly 50% more common, with some taxa more affected 
than others. Multivariate analyses detected approximately one-
third of the variation in community composition attributed to 
the sex-biased newt treatment. The authors found similar results 
when excluding taxa they predicted could be poorly represented 
by the sampling technique. This experiment supports previous 
findings of differing microhabitat preferences of male and 
female Red-spotted Newts, while also demonstrating the large 
impact that intraspecific variation of a predator in the form 
of sexual dimorphism can have on community composition. 
Consequently, shifts in sex ratios, not just predator abundance, 
may have large effects on community structure of lower trophic 
levels. The Eastern Newt subspecies used in this experiment is 
less aquatic and has less dimorphism than other subspecies, 
which, subsequently, may have even greater effects on aquatic 
communities.

start, d., and s. de lisle. 2018. Sexual dimorphism in a top predator 
(Notophthalmus viridescens) drives aquatic prey community 
assembly. Proceedings of the Royal Society B 285:20181717.
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Evolution of Anole Morphotypes Similarly  
Outstanding on Mainland as Islands

Species inhabiting similar ecosystems may convergently 
evolve morphologies that allow them to succeed, giving rise 
to the concept of ecomorphs. Anolis lizards are widely studied 
with regard to convergent morphological types among similar 
microhabitat use on Caribbean islands, with an understanding 
that numerous morphotypes were able to evolve through 
opportunities for adaptive radiation into unoccupied niches. 
Alongside the discussion of patterns found on islands comes 
the assumption that mainland forms of closely related species 
are less morphologically diverse because their communities are 
older and more complex. Here, Poe and Anderson investigated 
the support for these assumptions. They compared island and 
mainland Anolis lizards’ extent of morphotype restriction, 
morphotype diversity, and assemblage richness, in addition 
to examining the presence of morphotype convergence on the 
mainland and frequency of convergence within and between the 
two land structures. The data set used in analyses included nine 
body measurements from 336 species, which in total represented 
91 mainland and 76 island species assemblages. Contrary to 
predictions, island and mainland environments were found to 
harbor similar amounts of morphotypes, with relatively high 
restriction of morphotypes to either environment. They did, 
however, find more morphotypes per assemblage on islands 
than mainland, likely impacted by additional taxa constraining 
niche space on the mainland. These data suggest that adaptive 
radiation of morphotypes and convergent evolution of 
ecomorphs are not island phenomena for Anolis. Nevertheless, 
Anolis as it stands is an extremely diverse group. Historically, 
remarkable patterns of Anolis evolution in the Greater Antilles 
were touted as textbook examples, though future discussions 
may focus on exceptional patterns of Anolis in general.

poe, s., and C. g. anderson. 2019. The existence and evolution of 
morphotypes in Anolis lizards: coexistence patterns, not adaptive 
radiations, distinguish mainland and island faunas. PeerJ 6:e6040.
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Water Loss Explains Large-scale Body-size  
Patterns in Some Frogs

Bergmann’s Rule, predicting larger animals to be found 
in colder climates to conserve body heat, has gained a large 
amount of support to explain patterns of size and distribution in 
endotherms. In ectotherms, however, the utility of Bergmann’s 
Rule as a descriptor is not as supported. Alternate to a heat 
conservation hypothesis, water conservation could drive 
body size patterns in amphibians. In this article, Gouveia and 
colleagues studied the variables important to the reduction 
of evaporative water loss (EWL) to predict adaptive changes 
across large-scale water gradients and explain intraspecific 
variation. In the face of increased EWL, increasing resistance in 
the skin, as well as increasing body size (decrease the animal’s 
surface area to volume ratio) would increase water retention. 
At higher starting values, however, changes in either of these 
variables would be less effective at EWL reduction. Models 
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predict that a growth in body size is more beneficial for smaller 
organisms. In larger organisms, increasing resistance from low 
values is more effective. Thus, depending on present species 
characteristics, differing adaptations are required to survive in 
an area with increased evaporation. Importantly, EWL is more 
relevant in dry than wet environments, and impacts arboreal 
frogs more than more aquatic frogs. From these models, the 
authors predicted that small, resistant anurans have positive 
intraspecific relationships between potential evapotranspiration 
(PET) and body size, but that this pattern would not be present 
for large or low-resistance species. These hypotheses were tested 
with data on four species: small and large species of Hylidae 
(Dendropsophus minutus and Boana faber, respectively), a 
semiaquatic species of Leptodactylidae (Physalaemus cuvieri), 
and a large species of Bufonidae (Rhinella icterica). EWL and 
body size measurements were collected on frogs sampled from 
two mountain ranges in Brazil. Body size data were bolstered 
by biological and zoological collections to increase locality 
representation. Using size and resistance data in the biophysical 
model, only the small D. minutus would be sensitive to a change 
in body size, with the other three species sensitive to changes 

in resistance. D. minutus displayed a positive relationship 
between body size and PET, as predicted. Contrary to the 
predictions, the large-bodied B. faber had a significant negative 
relationship between body size and PET, which could be driven 
by other ecological variables not measured. A deviation from 
the patterns predicted by these models may indicate instances 
where behavioral and microhabitat use changes allow for 
decreased water loss or increased water uptake in place of 
more physiological adaptations. The sensitivity of small-sized 
amphibians to EWL described here, paired with an inability 
to adapt in pace with climate change, likely contribute to the 
changes in body size distributions previously discovered in 
response to increased aridity in some areas.

gouveia, s. F., r. p. bovo, j. g. rubalCaba, F. r. da silva, n. M. MaCiel, d. 
v. andrade, and p. a. MartineZ. 2019. Biophysical modeling of water 
economy can explain geographic gradient of body size in anurans. 
American Naturalist 193:51–58.
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