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Welcome Letter from the New SSAR President 
Kirsten Nicholson

In keeping with the tradition of incoming SSAR Presidents, 
it is with great pleasure that I introduce myself to you and 
remark on upcoming challenges and opportunities. I grew up 
in Mt. Juliet, Tennessee, just east of Nashville, and while solidly 
a nature-loving tomboy, I came to herps much later than many 
of my colleagues. Handling animals, much less bringing them 
into the house was strongly discouraged in favor of reading 
classic literature, playing musical instruments, and engaging in 
academic pursuits to broaden the mind (all of which I did just 
as enthusiastically). Nevertheless, I stayed outside and in the 
woods as much as possible. 

I stumbled into my love of biology quite by accident in the 
first semester of college at the University of Memphis (then 
Memphis State University), where I was a work-study student in 
the lab of a mammologist, Dr. Michael Kennedy. I was trained 
to prepare specimens for the collections, derived from Dr. Ken-

nedy’s research and that 
of his graduate students, 
and assisted most of his 
students in the field in 
their various lines of re-
search. During this time, 
I was introduced to Dr. 
Raymond Semlitsch, 
who would profoundly 
and indelibly impact 
my life forever as the 
first herpetologist in my 
life. He and Kennedy 
graduate student (now 
Dr.) Wayne Weckerly 
mentored me through 
my first research experi-
ences which led to my 
first publication (as an 

About Our Cover: Salamandra atra aurorae

Repeated glaciations have promoted diversification of salamanders of the genus Salamandra 
across Europe (Veith 1996. Amphibia-Reptilia 17:174–177; Steinfartz et al. 2000. Molecular Ecology 
9:397–410; Bonato and Steinfartz 2005. Italian Journal of Zoology 72:253–260). The Golden Alpine 
Salamander, S. atra aurorae (Trevisan 1982), is a rare endemic that inhabits a restricted area of 
the Venetian Prealps of Italy—the Altopiano dei Sette Comuni (Bonato and Grossenbacher 2000. 
Herpetozoa 13:171–180). Its range corresponds to a glacial refugium—an area  not covered by ice 
during the last glaciations. Low intraspecific genetic variability could be the result of a bottleneck 
event, suggesting isolation of this peculiar salamander population (Ribéron et al. 2004. Molecular 
Phylogenetics and Evolution 31:910–914). The most distinctive trait of this subspecies—especially 
compared to its relatives Salamandra a. atra and S. a. pasubiensis—is the dorsal pattern of largely 
coalescent yellow patches, as the other two subspecies are mostly melanistic (Pederzoli and Trevisan 
1990. Pigment Cell Research 3:80–89). 

The typical habitat is humid mixed forest of Fagus sylvatica, Abies alba, and Picea abies (Bonato 
and Fracasso 2015. Atti X Congresso Nazionale della Societas Herpetologica Italica. Pescara: Ianieri Edizioni, pp. 47–55). Unfortunately, 
the wooded areas where it lives are threatened by logging activities and forest clearings. Because of its extremely limited distribution 
and the concrete risk of habitat destruction in the near future, Salamandra atra aurorae is listed as Critically Endangered by the IUCN 
Red List and is included as a Priority Taxon in the European Union Habitat directive (Sindaco 2006. 
In R. Sindaco et al. [eds.], Atlante degli Anfibi e dei Rettili d’Italia / Atlas of Italian Amphibians and 
Reptiles, pp. 678-695. Societas Herpetologica Italica, Edizioni Polistampa, Firenze).

The cover image was recorded by Simone Giachello during a brief September herping 
trip through northeastern Italy with Valentina Cometti. Galileo Zecchin and Sara Lefosse are 
investigating the population status of this endangered salamander after its core distribution 
area was hit by the catastrophic storm “Vaia” that wiped away 14 million trees in only three 
days in October 2018. Galileo guided Simone and Valentina to one of his monitoring sites, 
where six individual salamanders were measured and photographed. Simone used a Tokina 10–
17mm fisheye lens mounted on a handheld Canon 7D II, with aperture set to f/18 and ISO 800. 
Illumination was provided by two lateral flashes set at minimum power.

Simone is a MSc naturalist recently graduated in Science of Nature at the University of Milan 
(Italy), with a thesis about the impact of an invasive alien species on amphibian populations. 
Previous work included serving as a nature guide in the Danube Delta (Romania). In his current 
position he is focused on the eradication of invasive species in northern Italy. He also offers 
guided nature excursions in Italy.
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undergrad!) involving Eastern Gray Squirrel foraging behavior. 
I found research enticing, but herps seemed far more interest-
ing and Ray introduced me to many, and his work fascinated me. 
Through him, I was able to join the field team of Drs. Art Dun-
ham and Karen Overall in Big Bend National Park, Texas. That 
summer was the most exciting one of my life to that point, see-
ing desert southwest herps of all kinds and interacting with out-
standing visiting researchers such as Ray Huey, Bob Newman, 
Warren Porter, and Steve Beaupre (who was a graduate student 
at that time). I came away obsessed and determined to find a ca-
reer working on herps, leaning heavily towards lizards but keep-
ing an open mind; it was the questions, the research direction 
that I wasn’t sure about. Back at Memphis State I took classes 
with another herpetologist, Bill Gutzke, and serendipitously be-
came entranced with sexual selection. So off to graduate school I 
went, first to Auburn University to work with Craig Guyer, and in 
the end not on sexual selection, but on anole systematics. Craig 
early on said “You know, most of my students work in the trop-
ics…” I’d never been outside the US, but I was tremendously ea-
ger to travel and was never so thrilled as I was when in Central 
America (the first time and every time thereafter). I had a lot of 
adventures in Central and South America, completed my M.S. 
with Craig, continued my anole systematics work with Jay Sav-
age at the University of Miami, and went on for still more as a 
post-doc with Jonathan Losos and Allan Larson at Washington 
University in St. Louis. 

I also began my long-standing relationship with SSAR, ASIH 
and HL while a Master’s student at Auburn, and really found my 
home among these like-minded folk. I was invited to sit in on 
SSAR Board meetings by Julian Lee (PhD committee member 
and President of SSAR at that time). I did and was solidly in-
trigued in learning about how the society and all aspects of its 
operation worked (although I’m still learning to this day). 

I have been employed at Central Michigan University since 
2006, and along the way I found that with great sadness I could 
not continue my tropical anole work. But I have had the great 
fortune of fantastic undergraduate and graduate students (and 
local colleagues!) who eased the pain of letting the tropics go and 
launched a new-found passion in working with myriad Michigan 
herps! I still can’t get enough and am decidedly happiest when in 
the field, finding herps, especially with students.

CHaLLengeS ConFronted WitH reSiLienCe and innovation

By publication time we should be well into the new year, a 
new presidential administration in the USA, a new semester 
for those at universities, and assuredly still combating the 
pandemic. No one was left unscathed last year as we were all 
forced to confront the impact of COVID-19 on our personal and 
professional lives. Yet as I reflected on the year, I was amazed at 
how herpetologists everywhere reacted to the pandemic with 
resiliency and innovation. I saw and heard countless reports of 
researchers navigating ways to continue their research efforts 
in compliance with safety protocols, or when not possible, 
developing new projects that could be safely conducted. In 
an effort to keep moving forward while socially distancing, 
numerous conferences were held in various virtual formats, and 
the platforms and venues for virtual conferencing have exploded! 
Similarly, for those engaged in teaching, what started in panic 
seems to be transitioning to a new normal as we continue to 
engage in various online teaching efforts (although to be sure, 
I’m not sure anyone sees this as an improvement over face-to-

face interactions). Many committees and groups began meeting 
via Zoom and other platforms to stay in touch, make progress on 
projects or initiatives, or just visit and support each other with 
laughter and even food or drink!

There are many challenges in front of us, but two issues are 
foremost in my mind that I also see a bright future in resolving: 
the continuation of the pandemic resulting in the embracement 
of virtual technologies, and diversity and inclusion movements 
and initiatives. The cancelation of SSAR’s 2020 Ann Arbor 
meeting (along with the JMIH’s Norfolk meeting and so many 
other professional conferences) was heartbreaking and part 
and parcel of the economic devastation experienced worldwide. 
The pivot to various virtual approaches has and is changing the 
landscape of everything we do, often in many positive ways and 
we’re going to see continued incorporation and development 
of these approaches into the future. For example, even post-
pandemic people can participate in annual meetings from 
around the world, synchronously or asynchronously, creating 
a far richer, dynamic, and synergistic exchange of ideas. With 
these platforms no one gets left out or left behind—language 
translators and closed captioning can be turned on and will 
operate in real time, physical limitations are a non-issue, hearing 
impairments overcome, screens and cameras can be adjusted 
to accommodate those more comfortable in less crowded and 
overstimulating environments. These possibilities are exciting 
and promising but will require dedicated effort and take time 
to come to fruition. Is it the same experience as in person 
and a permanent replacement? Certainly not, but can these 
technologies greatly enhance in-person meetings and create 
greater inclusion? Heartily I say yes!

A long overdue revolution that we and our sister professional 
societies have been confronting came into stark focus in 2020: 
the Black Lives Matter movement, the continuation of the 
Me Too movement, but really, all biases. It is infuriating and 
depressing to realize just how bad the situation is worldwide, 
and particularly in the US, on a daily basis for so many people. 
I knew it was far from utopia, but whatever bubble I was in was 
surely shattered last year as I engaged in trainings, dug into 
the literature, watched programs, and did “expose your biases” 
quizzes, only to find I was not as culturally aware as I thought. 
SSAR joined many other societies in establishing its own DEI 
(Diversity, Equity, and Inclusion) committee, and their work and 
initiatives are front and center of my agenda. While I feel our 
society members are filled with wonderful people, we still have 
plenty of work to do to make it fully inclusive, equitable, and 
inviting to all. The future does indeed look bright on these fronts 
and we have some creative and passionate people manning 
those seats and charging forward. 

We’ve got our work cut out for us, but we are a society of 
innovative and resilient members. Here’s to rolling up our 
sleeves, rallying the troops, and forging change!
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Helping Herpetofauna through Policy,  
Influence, and Inclusion

I am fortunate to have had a career that has been varied, 
from field herpetology to program coordination, management 
and policy, to direct leadership and decision-making. As I’ve 
advanced, questions regarding my path to the present have 
increased, and the non-academic path seems to be of growing 
interest. I always start by saying that I could have never predicted 
the job I am in today. 

Though I didn’t start out as a kid obsessed with amphibians 
or reptiles (I just loved all animals), and had some summer jobs 
and internships doing bird surveys and other general outdoor 
work, I fell in love with herpetofauna at the Iowa Lakeside 
Laboratory. I spent the summer between my junior and senior 
year of undergrad in immersive field courses, which led to my 
graduate work emphasizing amphibian conservation. 

Following my Master’s degree, I wasn’t ready for more school. 
Instead, I applied for field jobs, and received an offer to work 
with the US Geological Survey (USGS) at the Patuxent Wildlife 
Research Center in Maryland. There, I contributed to field 
research for the Amphibian Research and Monitoring Initiative 
in its early years, and also oversaw related projects. Being at 

Patuxent alongside renowned statisticians and biometricians 
who were pioneering new analyses, I loved learning about their 
work and analytic approaches. But I quickly realized that doing 
such work was also mind-numbing and frustrating for me. I only 
found enjoyment in the field work, and in interpreting results 
and contemplating real-life applications. These experiences 
helped me understand that a career in pure research would not 
serve my strengths. 

While at USGS, I became  involved with the Northeast 
region of Partners in Amphibian and Reptile Conservation 
(NE PARC). A spark ignited for me as I worked together with 
scientists and managers to make an impactful difference for 
amphibians and reptiles. Through PARC, I discovered a skill in 
identifying challenges and contextualizing outcomes, as well 
as in coordinating teams and working collaboratively. Others in 
PARC started requesting my help to coordinate and lead new and 
different efforts and initiatives. I thrived in these settings. 

Within a few years, my term-limited position with USGS 
was ending. I wasn’t sure what to do next. I applied to doctoral 
programs, without my heart in it. I accepted one offer, but had 
applied for jobs to maintain my options. I couldn’t believe my 
luck for the timing when a paid opportunity arose with PARC 
at the national level—a National State Agencies Coordinator. I 
was able to sell the soft skills I had obtained over the years in 
overseeing teams, coordinating projects and deadlines, and 
leading initiatives, and got the job. I deferred the PhD (ultimately 
deciding not to pursue it). 

On one of my first days, my new supervisor told me to simply 
focus on how I could work with states to “make good things 
happen for herps.” I decided the best approach was to ask state 
herpetologists and biologists what they needed; what were 
their major hurdles to conservation? Quickly, common threads 
emerged, and lent themselves to projects where we could 
collaborate to chip away at challenges.

It became clear that needs for herpetofauna at the state 
government level were connected to policy matters—agency 
rules or regulations that either did not exist or were not 
sufficiently robust for managing certain amphibians or reptiles. 
I began to develop projects where the outcomes would create a 
case for changes in policy. For example, I led the development 
of recommendations for regulating such practices as collection 
of wild herpetofauna and designed them around principles for 
game management. The project facilitated improved cross-
state collaboration and changes to rules and law enforcement 
practices. 

I realized I had found what I enjoyed: influencing policy 
change. There were hurdles, but to me, the fun was in figuring 
out how to surmount them and still make progress. I was using 
the best available science and working directly with researchers 
and managers to create strategies to inform decisions. I had no 
background in political science, no real understanding of how 
bills became laws (beyond the Schoolhouse Rock song). But I 
loved problem solving and working with people, and especially 
trying to find the common ground with those with outwardly 
opposing views. I learned as I went.

One misunderstood aspect about policy (laws, regulations, 
etc.) is why immediate action is not possible when a need is 
identified. Certain laws give agencies specific types of authority 
(at the federal, state, county, or municipal level), and in some 

HERPETOLOGY MUSINGS
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cases, those laws have to be modified to address a particular 
conservation need. Frequently, not just one policy must be 
modified, and the entire process can be painfully slow. These 
modifications may be made by agency decision-makers, but 
suggestions from outside individuals (i.e., stakeholders) often 
spearhead changes.

It was exciting to me to be one of the stakeholders developing 
ideas or language to accommodate the need (with help from 
many colleagues and partners). I liked determining what sorts 
of measures were on the books, where and how the changes 
could be proposed, and how to communicate all of this. It was 
like a puzzle. When there wasn’t a clear way to modify existing 
measures, I worked on ways to propose new laws or regulations. 
Some efforts included collaborative development of model legal 
or regulatory frameworks. Other examples involved guidance 
for habitat management, for prioritizing areas important for 
herpetofaunal conservation, and for responding to disease 
outbreaks. 

In recent years, it has occurred to me that these efforts 
were acts of inclusion—including amphibians and reptiles in 
existing wildlife management policies, and considerations for 
these species in management practices and decisions. It was 
important to find ways to connect agency leaders who were not 
familiar with these animals and their needs, and to demonstrate 
the benefits of new or updated policies. All of this was needed to 
effectuate a system where these poorly or mis-understood taxa 
could thrive. 

As I became involved in higher profile efforts I was approached 
more often for career advice, particularly by students of color. I 
was frequently asked how I navigated spaces that generally did not 
include nonwhite people, especially in upper echelons. Although 
I’ve been a consistent advocate for inclusivity, equity, diversity, 
and social justice for years, to be perfectly honest, it didn’t strike 
me until well into my career that I was one of very few nonwhite 
people at all (not most, but all) of the meetings I attended. I know 
this lack of recognition was in part due to my upbringing in a very 
white, Midwestern part of the world where I just wanted to be 
like “everyone else” and so I assimilated. But I fully embraced this 
work—and my differences—once I was in a leadership role where 
I could facilitate change. I finally felt I could speak more loudly 
about my identity as well as work more directly to make spaces 
more inclusive. In doing so, a metaphor emerged. 

Those of us working with amphibians and reptiles 
understand that these taxa are underrepresented in traditional 
conservation and management. Our efforts often involve 
working with people—some with fears and biases—to help them 
appreciate or at least respect the needs of these animals. We 
increase understanding and compassion for their contributions 
to the ecosystem. We help to ensure that habitat management 
practices and policies are more inclusive of, and equitable 
toward, herpetofauna for mutual benefit of all wildlife. We 
work to ensure a diversity of habitat types and structure, prey 
availability, cover. We know that when given a chance, and a 
boost sometimes, combined with ongoing efforts to maintain 
these benefits, these critters generally will thrive and flourish. 

Similar types of measures can be taken for people—our 
underrepresented colleagues in science and conservation. No, 
I am not likening any persons to particular animals or groups. I 
mean to say it is not that different, especially in herpetology, to 
recognize how the ways we advocate for healthier ecosystems 
for these taxa parallel the ways we could advocate for the human 
ecosystem and the benefits of inclusivity, equity, and diversity. We 

all have our spheres of influence, from a lab group or friend group 
to a large department or organization. We can make choices for 
the greater good. (See also the recent Musings piece by Jessica 
Tingle.)

I would be remiss if I did not mention that all of the work I 
have described (including advocating for inclusion and social 
justice) could not have been done without partners. Merriam 
Webster defines “partner” as one associated with another in some 
sort of action. In other words, to get things done you may need 
helpers. Indeed, more hands make light work. But, importantly, 
and particularly in conservation and policy advocacy, partners 
may not always be friends, or even close colleagues. We may have 
examples of professional relationships where we enjoy spending 
time together, we trust and lean on each other; we are friends 
beyond professional circles. Those are not necessarily the same 
hallmarks of partnerships. Partners may be at odds in their views, 
beliefs, and desires, but there is usually some area of mutual benefit 
or common ground. Working across these differences is not only 
the way to make progress, it is also inclusive and equitable. 

This thread of partnering across philosophy, expertise, and 
strengths has woven its way through my career and has been 
instrumental in opening doors for me. It has given me a broad 
network of colleagues in all sorts of sectors. In my prior role in 
nonprofit management, I had a more direct role in influencing 
and changing organizational policy—from our internal science 
and data policies to our policies for making our organization 
more inclusive and equitable. And now, I find myself in the role of 
decision-maker, where stakeholders are coming to me with their 
ideas for how to shape and influence policy, and I am one of the 
team determining how to take these ideas and create the rules and 
policies. 

In 2019, I was surprised and humbled to have been selected 
as the PARC Visionary Leader Award recipient. This is not an 
annual award, but one bestowed based on leadership merit. Most 
humbling was learning that multiple colleagues across different 
regions of the PARC network nominated me, separately. In 
receiving my award, my good friend and colleague, Dr. JJ Apodaca 
likened me to a Gopher Tortoise—creating spaces and structures 
that have allowed a multitude of other efforts and initiatives to 
thrive. I love this analogy so much, because all the work I did 
was not for me, it was for these amazing animals and ultimately 
helped create structures and functions that continue beyond me. 
The most important lesson I learned along the way is that when 
your work is not about you, people start to notice you and your 
work. 

I have immense gratitude for and am humbled by the 
opportunities and privilege to keep doing what I can to advance 
conservation and social equity. The dots of my path indeed 
connect in hindsight, but never how I might have predicted. The 
best advice I can offer is threefold: 1) recognize your strengths and 
avoid fighting your weaknesses—do stretch yourself and attempt 
to learn new things, but always play primarily to your strengths; 2) 
know that a planned path is not the only way forward—exploring 
forks and branches can lead to unexpected and rewarding 
discoveries, including outside your initial areas of expertise; 
3) remember that like amphibians and reptiles, people can be 
excluded, misunderstood, and unfairly judged. Do as Robert 
Ingersoll says: rise by lifting others. 

Editor’s note: Priya Nanjappa is a full-time Commissioner 
serving as a wildlife and environment expert for the Denver-
based Colorado Oil and Gas Conservation Commission, a 
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state government agency within the Department of Natural 
Resources. She is a herpetologist and wildlife ecologist with over 
20 years of experience in applied conservation and policy, and 
was previously Director of Operations for Conservation Science 

Partners in Fort Collins, Colorado. She serves on several non-
profit boards, including HerpMapper and the Amphibian and 
Reptile Conservancy, and recently became Co-Editor of SSAR's 
Herpetological Conservation book series.

The Reptile Database — 2020 Year in Review

While it has been a rough year for many of us, herpetologists 
have not been idle. The Reptile Database (http://www.reptile-
database.org) had a record-breaking year in many ways with 
numerous new species and other news.

New species and name changes.—Since our last release in 
August, we have added 99 species records to the Reptile Database 
which stands now at 11,440 species and 2,211 subspecies (excluding 
nominate subspecies). 86 species have been newly described and 
23 have been revalidated or elevated from subspecies during 
the past 4 months or so. Taken together, 2020 has already gained 
231 newly described species, again an all-time high (last year 
we added 221 newly described species). In addition to new and 
resurrected species, 27 names have changed, including 11 species 
that were moved to other genera, most notably the 7 species 
of Mesaspis (which was synonymized with Abronia by GUTIÉRREZ-
RODRÍGUEZ et al. 2020). We also gained a couple new genera 
this time, including Habrophallos (for what used to be Epictia 
collaris) and Nawaran for Morelia (or Simalia) oenpelliensis, 
following ESQUERRÉ et al. 2020 who produced a new phylogenomic 
analysis of pythons. Finally, MELO-SAMPAIO et al. 2020 resurrected 
3 genera from Philodryas, namely Chlorosoma, Pseudablabes, 
and Xenoxybelis. For a complete list of all species and all changes 
please download our updated checklist at http://www.reptile-
database.org/data/ (Excel spreadsheet).

Literature database.—Our literature database count stands 
now at 52,252 references, up from 51,314 in the last release (i.e. 
938 were added since August), and up from 49,782 in December 
2019 (+ 2,470 in the past year). Of the new publications, 1,357 
were published this year. 41,427 out of the 52,252 references 
(~79%) have links to online sources. This time we also updated 
more than 2,700 references with DOIs from Crossref (including 
many historical ones at BHL), which should make the links more 
reliable. However, that update was largely automated and is 
known to produce erroneous DOIs, so please let us know if you 
encounter any incorrect links.

1 million reptile photos.—No, admittedly, we don’t have 
1 million reptile photos in the database (per se), but we have 
identified all reptile photos in six major image repositories online 
a couple months ago. These repositories included iNaturalist 
(which had photos of 6,349 species), the Reptile Database (5,144 
species), Flickr (4,386), CalPhotos (3,071), Wikimedia (2,952), and 
Herpmapper (2,571). When combined, these sites had 1,193,764 
individual images of reptiles, representing 8,207 of 11,242 reptile 
species (73%). Notably, less than a 1000 species had photos on 
all 6 sites and more than 2000 were available in only one of the 
6 sites (with iNaturalist and the Reptile Database having 945 and 

749 species only on their sites, respectively, with all others having 
much fewer).

The study was led by Ben Marshall and was mostly done last 
summer, so all numbers are certainly higher now. In any case, you 
can find the details in an upcoming open access Zootaxa paper. 
Alas, at the time of publishing, the data in the paper will be already 
out of date (using data from the August release of the Reptile 
Database), and we can proudly say that we now have photos of 
5,568 species (49% of all species) in this release of the database. 
Since we also show photos (or thumbnails with links) from 
iNaturalist, Calphotos, Reptarium, and Flickr, you can find photos 
of about 7000 species (61%) in the Reptile Database now. 

Importantly, there are no photos of about 3000 species in 
any of the 6 sites, so if you happen to have any of these, please 
let us know. We have included a list of those missing photos in 
the supplement of the aforementioned Zootaxa paper (see Table 
S2).

Unfortunately, we weren’t able to include Facebook in our 
analysis, despite the countless reptile photos on its various groups. 
It turned out to be difficult if not impossible to programmatically 
or systematically access those posts. We shall revisit this issue, 
but we would also like to remind you that the best places to 
share photos to help with reptile science and conservation is via 
platforms that enable researchers to access data systematically 
and without delay (e.g., iNaturalist).

Why do we emphasize photos so much?—Photos are not 
just “nice to look at” — they provide critical information about 
morphology and variation, including sexual dimorphism and 
ontogenetic changes, on localities and thus distribution (ideally 
over time, hence we encourage you to submit your observation 
to iNaturalist). Photos also provide insights into ecology (habitat, 
diet) and behavior and other things.

New photos in this release of the Reptile Database.—If your 
head is not spinning yet, here are the updates specifically for 
this release. We received a record of 1,320 new photos this time, 
representing 788 species. As said above, these add up to a total of 
5,568 species = 49% of all species and 85% of all genera (1,032 of 
1,218 genera) with photos (last release: 5,144 species), an increase 
by 428 species. We will crack the 6000 species mark and 90% of all 
genera next year, not the least because we have the advantage over 
iNat that we also use preserved material from museums (currently 
only a few hundred species but bound to increase significantly in 
the future).

Overall, we received >3,100 photos representing 1,715 species 
in 2020, i.e. 8 or 9 photos per day, although the bulk this year 
came from just a few photographers. Photographers for this 
release include the following 96 individuals: Abhijit Das (1 photo), 
Alexander Pieh (9), Amit Sayyed (2), Arthur de Sena Santos (1), 
Arthur Diesel Abegg (10), Awal Riyanto (5), Barbod Safaei-Mahroo 

NEWSNOTES
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(3), Bill Branch (1), Brad Maryan (203), Brian Bush (80), Chinmay 
Kanchi (2), Chris Jones (16), Christian Supsup (11), Claudia Koch 
(1), Cuong Pham (2), Daniel Alarcón (1), Daniel Jablonski (34), 
David Thomas (4), Diego Quirola (11), Ed Galoyan (3), Ely David 
Gómez Fonseca (3), Eric Vanderduys (4), Frank Colacicco (10), 
Frank Glaw (6), Gernot Vogel (11), Guarino Colli (2), Guido Fabian 
Medina Rangel (24), Gustavo Pazmiño (8), Igor Joventino Roberto 
(1), Ishan Agarwal (3), Jairo Maldonado (4), Jakob Hallermann 
(304), James Reardon (1), Jiansheng Peng (1), Joaquin V. Gonzalez 
(1), John Lyakurwa (30), Juan Carlos Sánchez (3), Juan Pablo 
Hurtado Gómez (2), Kathrin Glaw (3), Ke Li (1), Larry D. Wilson 
(1), Laurie Vitt (213), Law Ing Sind & Law Ingg Thong (15), 
Leandro Malta Borges (1), Lucas Bustamante (3), Luciano Javier 
Avila (23), Luis Ceríaco (2), Luiz Carlos Turci (1), Maël Dewynter 
(7), Manuel Iturriaga Monsisbay (3), Marcelo Ribeiro Duarte (46), 
Marcos Di Bernardo (1), Mariana Marques (1), Maricela Rivera (4), 
Mark O’Shea (1), Martha L. Calderón Espinosa (4), Mauro Teixeira 
Junior (1), Maxim Ryzhov (5), Melt de Kock (1), Natalia Ananjeva 
(1), Nathalie Citeli (1), Nikita Pokhilyuk (16), Nikolay Tsapko (4), 
Omar M. Entiauspe-Neto (3), Omar Torres-Carvajal (9), Ortwin 
Bourquin (2), Patrick Campbell (1), Paul Freed (5), Paula Hanna 
Valdujo (1), Paulo Sérgio Bernarde (1), Pedro Bernardo (2), 
Peter Janzen (5), Peter Xiong (1), Pratyush Mohapatra (4), Rémi 
Bigonneau (2), Richard Sage (28), Robson Avila (1), S. R. Ganesh 
(1), S.R. Chandramouli (5), Santiago R. Ron (5), Santiago Ron (11), 
Shuo Qi (9), Silvia Aldás-Alarcón (4), SR Chandramouli (1), Stefaan 
Temperman (4), Stephen Spawls (2), Suranjan Karunarathna 
(1), Thore Koppetsch (11), Tim Colston (1), Truong Nguyen (1), 
Vicente Niclos (8), Vinh Luu (3), Werner Conradie (11), Wolfgang 
Wüster (1), Zeeshan A. Mirza (2). As always, a million thanks to all 
photographers for their outstanding contributions.

By the way, since we cannot pay you for your photo donations, 
we did acknowledge our top-14 photographers (who contributed 
photos of more than 100 species each to the database) as co-
authors on the aforementioned Zootaxa paper, namely Paul 
Freed, Laurie Vitt, Pedro Bernardo, Gernot Vogel, Sebastian 
Lotzkat, Michael Franzen, Jakob Hallermann, Dick Sage, Brian 
Bush, Marcelo Ribeiro-Duarte, Luciano Avila, David Jandzik, Boris 
Klusmeyer, and Brad Maryan. Outstanding job, thanks to all!

Special thanks go to Omar Entiauspe-Neto who went through 
more than 1400 photos of Brazilian snakes and helped to find 
more than 60 photos that were misidentified. With all the species 

splits going on, this will become an ever-increasing problem as 
there are many genera in which not even experts can identify a 
species from a (good) photo any more. This problem also applies 
to books and museum collections, DNA repositories, etc., which 
may need to re-label thousands of specimens, a problem that has 
barely been addressed.

Books received.—Tuniyev et al. 2019. Snakes of the Caucasus. 
Petersburg, Moscow. KMK Scientific Press. 2019. 276 pp. A 
comprehensive book on the snakes of the Caucasus, and apparently 
an update of the 2009 book in Russian by the same authors. The 
Caucasus comprises an area spanning ~1500 km from S Russia 
through Georgia, Armenia, Azerbaijan, NE Turkey to NW Iran. The 
authors describe a total of 44 snake species from this area in great 
detail, with excellent, large photos and maps (polygons, but not 
dot maps), including numerous habitat photos. The area is based 
on the caucasian eco-region, not on political borders. The Reptile 
Database currently recognizes only 37 of the 44 species with the 
discrepancy mostly stemming from controversies about the status 
of Pelias, for which we follow the phylogenetic analysis of Freitas 
et al. (2020) who synonymized some and relegated other species 
to subspecies status. The book provides a detailed history of the 
snake fauna as well as taxonomic information (types, limited 
synonymy, distribution, morphological description) but also 
detailed information on habitats and conservation. A separate 
chapter is dedicated to snake ecology with tables for habitats, 
elevational distribution, diet, reproduction patterns and pairwise 
sympatries. A comprehensive 25-page bibliography tracks the 
numerous sources that were used for the book.

Social media.—After our social media activities have slowed 
down a bit recently, we are happy to welcome Rocío Aguilar as 
our new social media editor. Ro is a Research Associate in David 
Chapple’s Lab and the Museums Victoria in Melbourne, Australia. 
Please keep an eye on her posts on Facebook and other media.

By the way, have we mentioned that The Reptile Database 
just turned 25? Not bad for a project that has received next to no 
funding for most of its lifetime (except for two small grants from 
the EU via the Catalogue of Life project in its early days). More on 
this anniversary in the next newsletter.

—Contributed by Peter Uetz, Paul Freed, and Jirí Hošek

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. In light of the COVID-19 pandemic, we recommend 
contacting meeting organizers regarding the potential for adjustments to this calendar.

26–27 March 2021—International Scientific Conference 
[online] “Amphibians and Reptiles of Kazakhstan and Adjacent 
Territories,” Almaty, Kazakhstan. Information: https://www.zin.
ru/societies/nhs/activity.html

21–24 July 2021—International Herpetological Symposium, 
Chiricahua Desert Museum, Rodeo, New Mexico, USA. 
Combination remote (via Zoom) and limited in-person gathering 

(following COVID-19 safety protocols), including a mix of talks 
and field activities. Information: www.InternationalHerpetologic
alSymposium.com (see ad elsewhere in this issue).

8–11 June 2022—International Herpetological Symposium, 
Atlanta, Georgia, USA [rescheduled 2021 meeting]. Information 
available at a later date.

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 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. 

Island Dwarfism in Real Time: Invasive Species 
Provide Island Biogeography Experiments

When animals colonize islands, adaptation and plasticity 
can interact to reach optimal phenotypes for the new habitats, 
and certain island syndromes are now commonly known. 
For instance, after many generations inhabiting an island, 
populations of large species may experience dwarfism, and 
populations released from their native predators may exhibit a 
reduction in anti-predator behaviors. In Mauritius and Réunion, 
Gutteral Toads (Sclerophrys gutturalis) were introduced nearly 
100 years ago, originating from a population near Durban, 
South Africa, providing an opportunity to assess phenotypic 
changes in the toads after nearly 50 generations since the insular 
populations split from their source. To an extent, Mauritius and 
Réunion are like replicates in an experiment, because both are 
tropical biodiversity hotspots of similar size (Réunion is 25% 
larger than Mauritius), where the toads experience similar 
prey and predators. In 2019–2020, the authors of this study 
collected many morphological measurements of over 150 toads 
from each of the three populations (n = 495 total). They found 
that females from both non-native locations had significantly 
smaller snout-vent lengths (SVL) than female toads from South 
Africa (Mauritius 34% and Réunion 26% shorter than South 
Africa), with additional dwarfed features after controlling for 
SVL. Males from Mauritius were also significantly smaller than 
males from South Africa (22% smaller SVL), though male toads 
from Réunion were not dwarfed in SVL. Additional features on 
male toads from both islands were smaller than those of male 
toads from South Africa, with some features smaller in Mauritius 
versus Réunion males (foot length, hindlimb length). Though 
both islands’ Gutteral Toads exhibited dwarfism, there were 
sex-specific differences in the extent of phenotypic change. In 
contrast, some amphibians experience gigantism on islands as 
opposed to the dwarfism found in this study, and latitude and 
climate seem to be important in predicting the direction of body 
size changes found in island amphibians. The 22–34% reduction 
in body length over less than a century is dramatic, and the 
speed at which populations can change is an important topic in 
the face of invasive species inhabiting biodiversity hotspots.

Baxter-giLBert, J. J. L. riLey, C. Wagener1, n. P. MoHanty, and J. MeaSey. 
2020. Shrinking before our isles: the rapid expression of insular 
dwarfism in two invasive populations of guttural toad (Sclerophrys 
gutturalis). Biology Letters 16: 20200651.

Correspondence to: JAMES BAXTER-GILBERT, Centre for Invasion 
Biology, Stellenbosch University, Stellenbosch, Western Cape, 7600, South 
Africa; e-mail: jx_baxtergilbert@laurentian.ca

 
Effects of Snake Fungal Disease on  

Behavior of Infected Snakes

Snake fungal disease (SFD) is an emerging disease caused 
by the fungus Ophidiomyces ophiodiicola. Snakes suffering from 
this disease experience dramatic skin lesions. Researchers have 
focused extensively on the geographic extent of the disease 
and its pathology, however less work has aimed to understand 
the effect of SFD on the behavior of free-living snakes. The 
authors of this study used passive integrated transponder (PIT 
tag) telemetry in conjunction with capture-mark-recapture 
modeling to understand survivorship, movement, and behavior 
of wild snakes of two species (Colubridae: Nerodia sipedon and 
Regina septemvittata) occurring in six eastern Kentucky streams. 
Presumably these populations were known to be afflicted by SFD. 
Snakes were caught, measured, inspected visually for SFD, and 
implanted with a PIT tag. Genetic samples were taken from the 
skin using swabs—either on a lesion or along the dorsal midline 
if lesions absent. PCR was performed on these genetic samples to 
test for the presence of O. ophiodiicola. The authors conducted 
sixteen PIT telemetry surveys on each stream spanning June to 
October 2016. When snakes were detected, the authors attempted 
to determine whether the snake was dead or alive, and whether 
or not they were surface-active. Recaptured snakes were also 
subjected to another round of data and sample collection. 
During these surveys, snakes found to be new to the study were 
processed as the initial snakes were. The authors used these 
data to model the effect of SFD on survivorship, emigration, and 
surface activity. They found 38% of R. septemvittata and 20.5% 
of N. sipedon suffered from SFD, and that all snakes exhibiting 
lesions also tested positive for the pathogen in the PCR tests. No 
effect of SFD on survivorship was detected, though the authors 
point out a longer study that spanned the overwintering period 
was necessary to fully evaluate survivorship. They did find SFD-
positive R. septemvittata exhibited reduced rates of emigration 
and immigration. Further, they found that SFD-positive snakes of 
both species more likely to be surface active. The authors point out 
that not taking into account SFD’s effect on surface activity could 
lead to an inflated estimate of SFD prevalence. They conclude by 
discussing the advantages of the methods used in this study and 
how these methods could be employed more broadly.

MCKenzie, J. M., S. J. PriCe, g. M. Connette, S. J. Bonne, and J. M. LorCH. 
2021. Effects of snake fungal disease on short-term survival, 
behavior, and movement in free-ranging snakes. Ecological 
Applications (in press) doi: 10.1002/eap.2251

Correspondence to: STEVEN PRICE, Department of Forestry and 
Natural Resources, University of Kentucky, Lexington, Kentucky, USA; 
e-mail: steven.price@uky.edu
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Development Rate-Athletic Performance  
Trade-Off in Wood Frogs

Studies have shown that populations can evolve to compensate 
for phenotypic effects caused by local environmental conditions. 
This phenomenon, known as countergradient variation, has 
been demonstrated in amphibians. For instance, a study on 
North American Wood Frogs, Lithobates sylvaticus (Ranidae), 
demonstrated countergradient variation in development rate: eggs 
from colder populations developed faster in a common garden 
than those from warmer populations. Considering temperature 
has a positive effect on development rate, this variation among 
L. sylvaticus populations can be seen as populations adapting to 
compensate for cold climates. This pattern also suggests a trade-
off; otherwise, all populations would be expected to have evolved 
faster rates of development. Other work has found evidence 
for a trade-off in this species, with shorter development times 
being correlated with lower athletic performance. The authors 
of this study conducted a common-garden experiment aimed 
at determining if L. sylvaticus also exhibited countergradient 
variation in athletic performance. The authors collected eggs from 
ten ponds in northeastern Connecticut, USA. These ponds were 
chosen because long-term water temperature data were available, 
and showing that temperature varied among the ponds. In the 
laboratory, each clutch was divided between two temperature 
treatments (high and low, relative to range of temperatures 
measured in the ponds) and allowed to develop. At a later stage of 
development, tadpoles were evaluated in swimming performance 
trials wherein burst swimming speed was measured. At this time, 
development rate was calculated by dividing development stage 
by time since oviposition. In a third treatment, tadpoles that were 
allowed to develop in the ponds were also entered into performance 
trials. The data from laboratory-raised tadpoles provided evidence 
of a trade-off: swimming performance declined with increasing 
development rate. The effect of development rate on performance 
was consistent across all ten ponds, indicating that there is no 
countergradient variation with respect to performance among 
L. sylvaticus populations. The wild-developed tadpoles showed 
trends in the same direction, though weaker. The authors discuss 
the implications of countergradient variation for species affected 
by climate change.

gaHM, K., a. z. andiS arietta, and d. K. SKeLLy. 2021. Temperature‐
mediated trade‐off between development and performance 
in larval wood frogs (Rana sylvatica). Journal of Experimental 
Zoology A (in press) doi: 10.1002/jez.2434

Correspondence to: KAIJA GAHM, 370 Prospect Street, New Haven, 
CT 06511, USA; e-mail: Kaija.gahm@aya.yale.edu

Discovery of Novel Venom-Resistance 
Mechanism Shared by Mammals and 

Squamates

Some prey and predators of venomous snakes have evolved 
to tolerate venom. Recent molecular techniques and methods of 
analysis have opened doors to understanding these evolutionary 
arms races. For instance, recent work has revealed how nicotinic 
acetylcholine receptors (nAChR), polypeptides that respond 

to acetylcholine released by neurons, have changed in species 
susceptible to bites from venomous snakes, in particular, 
elapids. nAChR-targeting venom molecules—‐-neurotoxins—
bind to a small stretch of the nAChR polypeptide, and by 
substituting amino acids with different properties species can 
acquire resistance. Though this polypeptide is generally highly 
conserved, a variety of amino acid substitutions have been 
documented among predators and prey of venomous snakes. 
For example, analysis of the nAChR sequence from Honey 
Badgers (Mustelidae: Mellivora capensis), known to be resistant 
to elapid venom, has revealed the replacement of a negatively-
charged amino acid with a positive one. This change would 
theoretically repel positively-charged a-neurotoxins. Using Bio-
layer interferometry, the authors of this paper confirmed that 
this substitution causes a change in the amino acid that repels 
venom from three cobra species (Naja spp.) as well as an Asian 
viper (Tropidolaemus wagleri), while those venoms binded 
strongly to the ancestral mammalian sequence.

Having demonstrated that reversing charge through amino 
acid substitution is one way to acquire resistance to ‐-neurotoxins, 
the authors of this paper investigated the possibility that Burmese 
Pythons (Python bivittatus) have evolved venom resistance in 
this manner. Amino-acid substitutions that potentially reverse 
charge have been observed in P. bivittatus, which as juveniles are 
terrestrial and suitable prey for elapids. The authors used Bio-
layer interferometry to determine whether ‐-neurotoxins bind to 
wild-type P. bivittatus nAChR, as well as versions of P. bivittatus 
nAChR where derived amino acids were switched out for 
ancestral amino acids. These experiments were also conducted 
using nAChR sequences from four other python species less 
likely to be on the elapid menu. These python sequences were 
evaluated using venom from five elapid species and one viper. 
These experiments found the wild-type P. bivittatus nAChR 
sequence repelled all venoms, while those venoms binded to 
the other python sequences. More revealing, these experiments 
found two positions in the P. bivittatus nAChR sequence with 
derived amino acids, that when substituted for the ancestral 
(negatively charged) amino acids, caused the venoms to bind to 
the polypeptide. These findings represent a novel evolutionary 
pathway to venom resistance, which the authors suggest may 
have evolved independently in snakes at least ten times.

HarriS, r. J., and B. g. Fry. 2021. Electrostatic resistance to alpha-
neurotoxins conferred by charge reversal mutations in nicotinic 
acetylcholine receptors. Proceedings of the Royal Society B 288: 
20202703

Correspondence to: BRYAN FRY, Toxin Evolution Lab, School of Bio-
logical Sciences, University of Queensland, St Lucia, QLD 4072, Australia; 
e-mail: bgfry@uq.ed.au

High Heterozygosity, Not Shorter Movements, 
Increases Tortoise Translocation Success

Mojave Desert Tortoises (Gopherus agassizii) in the U.S. 
southwest are in decline throughout their range, with some 
causes of decline linked to habitat destruction, climate change, 
and disease. Due to the species’ federally threatened status, over 
9,000 tortoises in need of movement during construction or other 
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activities were translocated to the Large-Scale Translocation Site 
(LSTS), a site approx. 30 km southwest of Las Vegas, Nevada, 
between 1997 to 2014. Recommendations for moving vertebrates 
to a new location generally assume that individuals kept within a 
region with genetically similar conspecifics, and individuals that 
have been moved shorter distances, will be more successful. For 
Mojave Desert Tortoises, the species contains two large genetic 
units, the northern unit comprising most of the distribution in 
Nevada, Utah, and Arizona, with a small portion of California; 
and the southern unit comprising most of the distribution in 
California and a small portion of Nevada. The LSTS is in the 
northern unit. Over the years, tortoise biologists have amassed 
a large dataset from incidental encounters and regular surveys 
on translocated tortoises at LSTS that have been confirmed dead 
and found alive, and the authors use a subset of these tortoise 
data from LSTS to assess the validity of the general translocation 
recommendations described above. Although the tortoises at the 
time of release were of unknown provenance, a database of DNA 
sequence data from across the distribution helped the authors 
predict tortoise origins using genomic data from confirmed dead 
and alive LSTS individuals. In addition to assessing whether 
distance moved or genetic unit of origin predicted tortoise 
survival, this study also tested whether heterozygosity, which 
is often linked to survival and fitness, affected translocated 
tortoise success. The authors mapped RADseq data onto 270 
low-coverage tortoise genomes representing most of the tortoise 
distribution to detect SNPs, predict tortoise origin, and calculate 
heterozygosity, employing multiple methods to minimize 
estimated error for 166 confirmed alive and dead tortoises. 
Surprisingly, these data indicate that the distance between origin 
and LSTS did not predict tortoise survival after translocation 
and neither did genetic unit of origin, though the majority of 
tortoises sampled came from the northern unit. The average 
individual heterozygosity was 23% higher in survivors than 
those confirmed dead, indicating that heterozygosity should be 
added to the list of factors determining a tortoise’s suitability for 
translocation, which also include disease status, condition, and 
local ecological factors.

SCott, P. a., L. J. aLLiSon, K. J. FieLd, r. C. averiLL-Murray, and H. B. SHaF-
Fer. 2020. Individual heterozygosity predicts translocation success 
in threatened desert tortoises. Science 370:1086–1089.

Correspondence to: PETER SCOTT, Department of Life, Earth, and 
Environmental Sciences, West Texas A&M University, Canyon, Texas 79016, 
USA; e-mail: pete.a.scott@gmail.com

Home Range Scaling in Snakes Doesn’t Need 
the Same Wiggle Room as in Endotherms

Animal home ranges have long been of interest in ecology, 
particularly how home ranges scale with body size. Much of the 
research in this field focuses on endotherms, with predictions 
that most mammals’ home range sizes allometrically scale with 
body mass at a slope of 1, greater than the slope between body 
mass and energetic requirements (slope ~0.75). This difference 
between energetic needs and home range should be accounted 
for by intrinsic and extrinsic factors such as competition, habitat 
quality, and ease or cost of movement. However, endotherms have 

greater energetic requirements than similarly sized ectotherms, 
and reptilian metabolic rates have steeper slopes with body mass 
than endotherms. In contrast to the slope of 1 in endotherms, a 
study on turtles found a slope of 0.57 between home range and 
body mass. In response to the range of data already available, 
this study further questions home range scaling and its 
generality by addressing the problem in additional non-model 
organisms, namely snakes. Home range size data were collected 
from the literature where wild snakes were radio-telemetered 
during the active season, and the authors collected additional 
data where possible on body mass, foraging mode, and habitat 
characteristics and climate to complete the dataset. The final 
dataset analyzed included 96 studies on 49 species worldwide, 
though no studies were found from snakes in South America. 
This dataset resulted in an estimated allometric slope between 
body mass and home range size of 0.72. The authors used these 
data to assess four predictions with linear mixed effects models 
and model selection, alongside Bayesian phylogenetic linear 
mixed effects models to account for phylogenetic signal. First, 
they predicted that males would have greater mass-specific 
home range sizes due to mate-searching, and found this to be 
the case based on the analyses, with further increases based 
on temperature, likely due to the ease of reaching optimal 
body temperatures with higher environmental temperatures. 
They next predicted that snakes in aquatic habitats would have 
greater home ranges due to a reduced cost of movement, but 
found no evidence for this, likely affected by the limited data 
on fully aquatic species. Active foragers were also predicted to 
have larger mass-specific home ranges than ambush predators, 
which was found to be the case when comparing active foraging 
colubrids with ambush predator viperids. They lastly predicted 
that species in less productive habitats would have greater 
mass-specific home range sizes, though the only environmental 
variable with a signal was that of temperature, previously 
mentioned. Though sex-specific ecological factors and foraging 
mode may be important determinants of space requirements, 
reptiles’ ability to withstand loss of resources and prolonged 
reduced activity result in lower spatial requirements relative to 
endotherms.

todd, B. d., and a. J. noWaKoWSKi. 2021. Ectothermy and the macro-
ecology of home range scaling in snakes. Global Ecology and Bio-
geography 30:262–276.

Correspondence to: BRIAN D. TODD, Department of Wildlife, Fish, and 
Conservation Biology, University of California, Davis, One Shields Ave, Da-
vis, California 95616, USA; e-mail: btodd@ucdavis.edu

Frogs Prepare for Seasonal Chytrid  
Fluctuations

Infection and disease, like most ecological interactions, often 
have seasonal variations dependent on abiotic and biotic factors 
affecting both the host and pathogen. For example, reproductive 
seasons bring individuals together, increasing spread of directly 
transmitted pathogens. Seasonal shifts in climate can affect 
hosts’ ability to fight pathogens, and can also affect pathogens’ 
ability to grow and spread in the host or environment. Host 
immunocompetence can be seasonally affected by intrinsic 
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shifts in metabolism or body condition, but also influenced by 
shifts in microbiome communities acting as and interacting with 
host immune systems. Chytridiomycosis, caused by the fungal 
pathogen Batrachochytrium dendrobatidis (Bd), generally has 
worse incidence in cooler months and cooler locations, often 
attributed to the pathogen’s temperature-dependent growth. 
Here, the authors studied seasonal shifts in immune and 
microbiome variables in Southern Leopard Frogs (Lithobates 
sphenocephalus) to determine their influence on seasonal Bd 
infection at five nearby sites in Tennessee, USA across the four 
seasons of 2017. A total of 168 frogs were swabbed across the year, 
with eight frogs re-captured. Swab samples verified an inverse 
relationship between temperature and Bd load and prevalence, 
as predicted from previous data. As a measure of immune 
function, the authors collected peptides secreted from granular 
glands to quantify antimicrobial peptide (AMP) storage, types, 
and growth inhibition of Bd. Stored AMPs varied seasonally, 
increasing in colder times of year, with some indication that 
higher AMP concentrations corresponded with higher Bd 
loads. Despite these seasonal differences, AMP composition 
did not affect infection status, and inhibitory ability did not 
differ by season. The authors also collected data on the skin 
bacterial communities to detect bacteria with predicted anti-
Bd function. Some microbiome variables varied with season, 
including predicted anti-Bd function, but community diversity 
and predicted anti-Bd bacteria and their richness did not predict 
Bd load or infection. The authors hypothesize that the shifts in 
stored AMPs and anti-Bd bacteria late in the year prepare the 
frogs for fighting the pathogen in cold seasons when bacterial 
growth and peptide synthesis are slower. While defenses work 
in the Southern Leopard Frog’s favor in colder months, species 
more susceptible to Bd may have different seasonal patterns of 
immune defenses. Even among some closely related species, 
seasonal AMP patterns vary, and more data are needed to 
determine the generalizability of seasonal patterns of immunity 
and disease.

Le Sage, e. H., B. C. LaBuMBard, L. K. reinert, B. t. MiLLer, C. L. riCH-
ardS-zaWaCKi, d. C. WoodHaMS, and LouiSe a. roLLinS-SMitH. 2021. 
Preparatory immunity: Seasonality of mucosal skin defences and 
Batrachochytrium infections in Southern leopard frogs. Journal of 
Animal Ecology (in press) doi: 10.1111/1365-2656.13386

Correspondence to: EMILY H. LE SAGE, Department of Pathology, 
Microbiology, and Immunology, Vanderbilt University School of Medicine, 
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Growing Big and Old: Vipers Show  
Negligible Senescence with Shifts Over  

Very Small Spatial Scales

Senescence, the increase in mortality (actuarial senescence) 
and decrease in reproduction (reproductive senescence) with 
age was long thought to be a universal phenomenon, though 
data suggest stark diversity in senescence patterns across taxa. 
In some taxa, senescence can be negligible, or even negative 
(decreasing mortality or increasing reproductive rate with age), 
and this may especially occur in species with indeterminate 
growth. The authors of this study analyzed 37 years of data 

on Meadow Vipers (Vipera ursinii ursinii) from an isolated 
population in southeastern France at a study site containing 
two habitat types of differing quality. For most years, pregnant 
females were brought into the lab to collect data on and mark the 
offspring, and alongside wild-caught adults, over 1,000 snakes 
were marked. These mark-recapture data, including measured 
or estimated age, were used to assess three predictions about 
senescence in the species. First, because males perform more 
active and costlier behaviors, the authors predicted that males 
and females would have different paces of mortality. They found 
that males had higher mortality rates than females in both 
habitat types. Second, the data were used to address whether 
these vipers, with indeterminate growth, have negligible or 
negative senescence. Indeed, they found that both sexes had 
negligible actuarial senescence, particularly in the high-quality 
habitat, and negative reproductive senescence for the females 
in the species, with reproduction increasing with age. Lastly, 
the authors predicted that snakes in the lower quality habitat 
would have different senescence patterns than those in the 
higher quality habitat, since previous data found slower growth 
rates in the low-quality site. The low-quality habitat snakes had 
greater actuarial senescence than the high-quality habitat, with 
females especially affected. The higher-quality habitat produced 
snakes with longer lifespans, including the oldest snake in this 
study, a 16-year-old female. With these differences in lifespan, 
the data also indicate faster reproduction rates in the low-
quality habitat, based on differing average generation times (8 
years vs. 5 years in high- and low-quality habitat, respectively). 
Other reproductive traits regarding offspring number, size, and 
success were quite similar between the habitats, suggesting 
a prioritization of reproduction over survival in the face of 
low-quality surroundings. The micro-geographic variation in 
senescence patterns (this entire study occurred in a 4-hectare 
plot of land) indicates possible plasticity in senescence based on 
environmental constraints. 

tuLLy, t., J.-F. Le gaLLiard, and J.-P. Baron. 2020. Micro-geographic shift 
between negligible and actuarial senescence in a wild snake. Jour-
nal of Animal Ecology 89:2704–2716.
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Big Introns May Enable Big Regeneration  
Abilities in Salamanders

Salamanders have remarkable regeneration abilities, 
including not only limb regeneration, but in some salamanders, 
internal organs including the brain can regrow when portions 
are removed. Regeneration, regardless of where in the body, 
requires stem cells to be activated and mobilized, and the 
authors of this study think that cells throughout salamanders’ 
bodies have the ability to dedifferentiate and respond to injury. 
In addition to regeneration, salamanders also have remarkable 
genome sizes, ranging over 10-fold variation. Interestingly, even 
within a subfamily, Bolitoglossinae (Plethodontidae), which 
contains 9-fold variation in genome sizes, they all have the same 
number of chromosomes, and it’s the chromosomes themselves 
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that vary in size, mostly due to differences in non-coding, 
often repetitive DNA. Other subfamilies also have restricted 
chromosome numbers with widely varied genome sizes. These 
enlarged genomes, and their variation among taxa, are caused by 
transposable elements (TEs) spread everywhere in the genome, 
including introns. In this perspective piece, the authors propose 
that it’s in these huge introns where the secrets to regeneration 
lie. Larger introns cause “intron delay”, where the transcription 
rate is slowed due to intron size, affecting gene expression. This 
delay can affect development of eukaryotic embryos, but the 
genome-wide intron delay in salamanders also likely slows down 
the entire cell cycle. Consequently, this mechanism could play an 
important part not just in development, but also regeneration. 
However, even though salamander genomes are huge, they do 
span a large range in sizes, as previously mentioned. If the cell 
cycle is slowed enough, tissues may contain embryonic-like 
stem cells or cells that are weakly differentiated. The variation 
in genome size could cause the variation in the amount of 
dedifferentiation required for regeneration, where species with 
the largest genomes and slowest gene expression can initiate 
regeneration more easily than those with smaller genomes 
requiring dedifferentiation of mature cells. If large introns, 
causing large genomes, are likely important in regeneration, why 
is there such variation in genome sizes in the first place? TEs tend 
to proliferate rapidly, and the variation we see in salamander 
genome sizes requires not just mechanisms that favor TE 
proliferation, but tolerance for the consequences associated 
with extremely large genomes. Salamanders tolerate genomic 
perturbations that would be lethal to developing mammals, and 
many questions are left unanswered regarding the consequences 
of this amazing regeneration pipeline.
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Even Brief Coexistence with Introduced Toxic 
Prey Drives Aversion in Monitor Lizards 

Ever since Cane Toads (Rhinella marina) were intentionally 
released in northeastern Australia in 1935, they have wreaked 
havoc on native communities as they expanded their range to 
the south and west. The brunt of their impact has been felt on 
species adapted to prey on anurans, including anuran specialists 
and those that feed on them opportunistically. Monitor lizards 
(Varanus) are generalist predators for whom toad consumption 
is fatal, and Varanus population declines in toad-infested areas 
have been documented in Australia. However, two previous 
studies have found evidence that some Varanus populations 
within the toad invasion refuse toads, while conspecific 
populations outside the invasion still readily consume toads, 
suggesting that behavioral changes in Varanus populations 
may be allowing populations to increase despite the presence 
of toads. To test this hypothesis at a continental scale, the 
authors of this study conducted field food-choice experiments 
across the distribution of two Varanus species. Lace Monitors (V. 

varius) are distributed along the east coast of Australia. As toads 
were initially introduced in the north and subsequently spread 
south, the time Lace Monitors have been sympatric with toads is 
negatively correlated with latitude, and toads have yet to arrive 
at the southernmost populations. This history is mirrored in 
Yellow-spotted Monitors (V. panoptes) which occur across the 
top of Australia and have experienced a toad invasion from the 
east. Lace Monitors predictably ascend trees when confronted, 
allowing the authors to set out a choice of a toad leg or a chicken 
neck at the base of the tree along with a remote sensing camera, 
allowing remote recording of the lizard’s choice. Conversely, V. 
panoptes rarely climb trees, so the authors deployed bait stations 
in V. panoptes habitat to lure them to the trials. These stations 
included sardines in oil contained within a PVC pipe attached 
to a stake, adjacent to which the authors placed a chicken egg. 
The two choices, sardine and toad leg, were individually placed 
beneath plastic lids (to exclude smaller predators) 30cm from 
the bait, along with a remote sensing camera. Generalized linear 
models revealed a strong aversion to toad by lizards belonging to 
populations within the toad invasion distribution, irrespective of 
species. No monitors of either species from sites with toads ate 
the toad legs. Meanwhile, lizards of both species from toad-naïve 
populations ate toad legs 60% of the time. These findings suggest 
behavioral aversion to toxic prey can develop extremely fast in 
some instances. The authors suggest the refusal of 40% of lizards 
from toad-naïve populations to eat toad leg reflects an inherent 
wariness of novel food items.
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Climate Change Linked to Increased Body, 
Clutch Size in Hynobius Salamanders

Numerous studies have documented phenotypic and 
ecological changes in populations that might be attributable to 
climate change. In particular, body size, reproductive biology, 
and geographic distribution have been linked to increasing 
global temperatures. The general consensus is that the body size 
of endotherms is predicted to decrease with rising temperatures. 
There is no such consensus with regard to ectotherms, however, 
arguments for rising temperatures having a negative effect on 
ectotherm body size are more frequent. These arguments contend 
that rising temperatures lead to increased energy expenditure, 
and a reduction in prey availability and conditions suitable for 
activity. Further, for species that undergo larval development, 
rising temperatures are predicted to decrease development 
time, leading to smaller adults. The authors of this study aimed 
to test whether the body size or clutch size of Tokyo Salamanders 
(Hynobius tokyoensis) has changed in the past 40 years, during 
which time the salamander’s habitats have increased 0.025 °C 
annually. In this species, terrestrial adults lay eggs in aquatic 
habitats in the spring and larvae typically metamorphose in fall 
of the same year. The authors have continually gathered data on 
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body size and clutch size of these salamanders from populations 
across their distribution since 1976. In order to identify factors 
affecting body and clutch size, the authors assembled current 
and historical climate data and generated total effective 
temperature estimates for H. tokyoensis, using generalized linear 
models to identify changes in phenotypic characters and climate 
conditions between decades and latitudes. These analyses 
revealed several significant trends. Both body and clutch size 
increased since 1976. The authors posit that this is the first study 
of an amphibian to find a change in clutch size apparently due 
to climate change. These populations saw an increase in growing 
season length, which may explain the increase in body size 
despite rising temperatures. Sex, decade, and latitude were found 
to have an effect on body size, as did the interaction between 
decade and latitude. This significant interaction indicates 
that the effect of temperature on body size was dependent on 
latitude; specifically, higher latitude populations showed a 

greater increase in body size. While latitude and temperature 
had an effect on clutch size, the interaction between the two 
was not significant (increases in clutch size were uniform across 
latitudes). The authors suggest that these findings highlight 
the importance of considering geography when evaluating the 
effects of climate change for ectotherms.
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