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‘Cloud Forest Courtship between Male and Female Anolis proboscis’ 
By Shannon Bowley — Arylics on Masonite, 18 x 24 inches, 2015 

Shannon Bowley is a 28 year-old, self-taught artist and 
nature photographer living in Port Angeles, Washington. Fasci-
nated by wildlife and the sciences since she was a very young 
child, she has sought to accurately recreate her favorite forms 
of life in drawings, sculptures, and paintings.  While she used to 
focus her attention on mammals, her heart carries a particular 
fondness for so many of the “unloved” creatures on this planet, 
namely reptiles and arachnids. Working in clay, watercolor, 
acrylics, and also digital media, she has created commissioned 
pieces and has also volunteered her talents for conservation 
projects. Some of the work is to help with fundraisers for land 
conservation; others are for educational purposes, such as 
creating illustrations of snakes for scientific papers and a book 
by herpetologist Julie Ray.  After working on the plates for The 
Venomous Snakes and their Mimics of Panama and Costa Rica, 
she was able to spend a month in central Panama with Julie as 
an assistant and was treated to the diversity of life in the forests 
around El Copé. Before exploring reptilian subjects in depth, 
she had focused on arachnids and other arthropods. For a while 
she kept and bred her own spiders (mostly salticids) and in the 
meantime, did volunteer work with arachnologist Rod Craw-
ford, aiding him in his decades-long project of spider collecting 
in Washington State. For a year she was also lucky enough to 
work in Seattle at a popular insect and spider zoo as an educa-
tor and caretaker. 

The past five years have proved quite an adventure for Shan-
non, particularly after being introduced to the cloud forests 
of Mindo, Ecuador by her partner, James A. Christensen, a re-
spected professional wildlife photographer.  Shannon has spent 
many months in these magical habitats, allowing her to closely 
observe the behavior of various reptiles and amphibians.  She 
is extremely keen on the individual lives of these animals and 

she relishes the moments when she can watch a subject moving 
through its environment as it was meant to. One of the reptiles 
she has been lucky to spend a significant amount of time with is 
the endangered Horned Anole (Anolis proboscis). The painting 
above features aspects of the courtship ritual between the male 
and female of the species, the male displaying proudly for the 
curious female. It is the male that sports the unusual “nose,” a 
surprisingly flexible and soft extension of scaled tissue that he 
can lower and raise at will. Males and females are fairly easy to 
identify individually, as each sex sports unique patterning on 
their sides. These anoles are also rather chameleon-like, being 
able to change colors; for example, A. proboscis in shades of 
mostly green suggests a relaxed animal, while dull, dark browns 
or blacks signal a state of distress. These lizards are arboreal, 
spending much of their time high up in the canopy where they 
must keep on guard for potential predators, such as birds.  
Interestingly, the females also make use of a sizable dewlap of 
their own. It isn’t nearly as large as that of the males, but when 
paired with a gaping mouth full of tiny trident-shaped teeth, it 
can prove intimidating to birds and other threats.

Her latest projects are nature-themed ceramics and silver 
jewelry, which she hopes to have available for sale in the near 
future. Donating a portion of the proceeds is an exciting goal, as 
working to preserve vital habitat for endangered or threatened 
species is a major passion.

The painting was done on Masonite with acrylics and is the 
largest piece she has worked on recently.
 Shannon does take a limited number of commissions, and 
hopes to have expanded availability later in the year.  Those in-
terested in commissioning her or reading about her projects or 
experiences in the field can visit her website and blog at: www.
ShannonBowleyNature.com.  
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DoD PARC Strategic Plan Now Available

In February 2015, the Department 
of Defense (DoD) became the first 
federal agency in the United States 
to develop a strategic plan for am-
phibians and reptiles. The Assistant 
Secretary of Defense for Installations 
and Environment endorsed the final 
version of the Strategic Plan for Am-
phibian and Reptile Conservation 
and Management on Department of 
Defense Lands. Development of the 
Plan followed the establishment of 
an innovative new partnership called 
Department of Defense Partners in 

Amphibian and Reptile Conservation (DoD PARC). This part-
nership brought together professionals within the Department 
of Defense and its Military Services (Army, Navy, Air Force, and 
Marine Corps) to help conserve and manage amphibians and 
reptiles on DoD lands in support of the military mission. 

DoD’s 25 million acres of federal land includes the highest 
density of federally threatened and endangered species, includ-
ing herpetofauna, of any federal land management agency in the 
United States. Significant resources are allocated by DoD each 
year to herpetofauna-related conservation and management. 
The Army, Navy, Air Force, and Marine Corps now have an un-
precedented opportunity to implement this Strategic Plan and 
continue to work across services, species, and lands to better 
manage respective herpetofauna.

The Strategic Plan is posted online at the following link and 
limisted hard copies are available: 

<http://www.dodnaturalresources.net/DoD_Amphibian_
and_Reptile_Strategic_Plan.pdf>

Additional information is available from Robert Lovich 
(robert.lovich@navy.mil) or Chris Petersen (chris.petersen@
navy.mil). Recommended citation for this new publication: 
Lovich, R. E., C. Petersen, and A. Dalsimer. 2015. Department of 
Defense Natural Resources Program Strategic Plan for Amphibian 
and Reptile Conservation and Management on Department of 
Defense Lands. 14 pp.

ABOUT OUR COVER: Notaden nichollsi
The study of arid-adapted frog species 

in Australia has only recently gained mo-
mentum. These unique and abundant spe-
cies have been largely unstudied with little 
known of their ecology. Living in some of 
the harshest and most unpredictable re-
gions of the country, gaining access to sites 
to study these species is challenging. 

Notaden nichollsi (Desert Spadefoot 
Toad) is a species of burrowing frog found 
throughout central Australia and across to 

the dry western regions of Western Austra-
lia. They are found in shrublands, grasslands, and desert coun-
try, where they breed in ephemeral water holes in dune swales or 
claypans. They are large, robust frogs growing to a size of 67 mm 
and can be found in good numbers after a region experiences 
heavy or sustained rain when they emerge to feed and breed 
(Cartledge et al. 2006. Journal of Experimental Biology 209:3309–
3321). The call is a very distinctive “whoop whoop” with calling 
males floating spread-eagled in the water. Tadpoles are able to 
complete their development in 16–30 days, with higher tempera-
tures resulting in a faster metamorphosis (Anstis 2013. Tadpoles 
and Frogs of Australia. New Holland, Sydney. 829 pp.). When 
the conditions dry, adults are able to burrow up to 2.4 m below 
ground where they aestivate; multiple frogs may even use the 
same burrow. Unlike some other burrowing frogs (e.g., Neoba-
trachus aquilonius), Notaden species do not form cocoons un-
derground, preferring sandy soils and burrowing deeper to ac-
cess moisture. It is unknown whether a frog will reuse the same 

burrow after they become active or dig a new burrow each time 
(Thompson et al. 2004. Journal of the Royal Society of Western 
Australia 88:17–23; Cartledge et al. 2006, op. cit.).
 When threatened Notaden are able to excrete a sticky orange 
substance from glands on their back. This substance quickly 
sets into a solid and elastic compound that is difficult to remove 
from moist surfaces. Further studies are being conducted on this 
adhesive with potential for its use in the medical field (Graham 
et al. 2006. In Smith and Callow [eds.], Biological Adhesives, pp. 
207–223. Springer-Verlag, Berlin).
 Our cover subject was recorded by Jasmine Vink in January 
2016 in Windorah, Queensland, Australia. The image is the result 
of two photos layered in camera using a Canon 5Dmkiii on a tri-
pod and a Canon 24-70mm 2.8L at 24mm. A hand-held Canon 
580EXii speedlite with a DIY soft 
box was used to light the subjects 
in the first photo, while no flash was 
used in the second of the Milky Way. 
Settings for the first photo were 
f/18, 1/125 sec, and ISO 1000, for 
the second f/2.8, 20 sec, and ISO 
2000. Jasmine is a young ecologist 
based in southeast Queensland, 
Australia. She is passionate about 
our environment and hopes her 
photography can educate and assist 
in furthering conservation efforts 
for our wildlife.  

NEWSNOTES
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Haskell Award 2016

The Alison Haskell Award for Excel-
lence in Herpetofaunal Conservation 
is presented annually by Partners in 
Amphibian and Reptile Conservation 
(PARC), in memory of Alison Haskell 
(1956–2006). This award is intended 
to recognize an individual from North 
America who exemplifies extraordinary 
commitment to herpetofaunal con-
servation, has thus far been an unsung 
hero, and has shown exemplary com-
mitment to building or strengthening 
partnerships. Alison was one such per-
son.

PARC is proud to announce that the 2016 recipient of the Ali-
son Haskell Award is Linda Weir. Linda is currently a Research 
Manager for the U.S. Geological Survey at Patuxent Wildlife Re-
search Center. Additionally, Linda has directly contributed to the 
conservation of reptiles and amphibians through her service as 
a USGS Coordinator for the North American Amphibian Moni-
toring Program and involvement within PARC. She previously 
served as a national co-chair for PARC, and continues to work 
with the committee as an ex-officio member. Her commitment 
and dedication to herpetofaunal conservation is widely recog-
nized among her peers. Additional information about Linda’s ef-
forts and achievements can be found on PARC’s Alison Haskell 
Award Winners page (www.parcplace.org/). SSAR congratulates 
Linda on this well-deserved recognition.

 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. 

Seasonal Endothermy. It’s Not Just for Pythons

 The origin of endothermy is of particular interest to many of 
us, especially considering that the most recent common ances-
tor of birds and mammals was not endothermic. One hypothesis 
for endothermy is that it is an exaptation stemming from repro-
ductive physiology. Thus, thermogenesis occurs in the organism 
due to gonadal growth and gamete production, and thermal 
inertia allows for a sustained body temperature different from 
the environment. The authors of this study conducted a series 
of experiments monitoring body temperature and estimating 
thermal conductance in the Black and White Tegu, Salvator me-
rianae. Based on the low metabolic rate of ectotherms and the 

Meetings Calendar

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

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

1–4 August 2016—14th Annual Symposium on the Conservation 
and Biology of Tortoises and Freshwater Turtles, New Orleans, 
Louisiana, USA. Information: http://www.turtlesurvival.org/

9–11 August 2016—Northeast Partners in Amphibian and Reptile 
Conservation (NEPARC) annual meeting, Poultney, Vermont, 
USA. Information: http://northeastparc.org/next-meeting-info/

11–14 August 2016—Southwest Partners in Amphibian and Rep-
tile Conservation (SWPARC) annual meeting, Alpine, Texas, USA. 
Information: www.parcplace.org (check News & Events page)

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

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

4–6 November 2016—43rd Annual Meeting of the Kansas Herpe-
tological Society, Kansas, USA. Information: http://www.cnah.
org/khs/meetings.aspx

MEETINGS

CURRENT RESEARCH
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speed of heat dissipation, models predict that tegus should only 
be capable of increasing their body temperature 0.2°C above am-
bient temperature. However, the authors observed temperature 
differentials during the reproductive season between body and 
ambient temperature much greater than would be expected, 
purportedly allowed by an increase in metabolic rate and de-
crease in thermal conductance. This increase in body tempera-
ture was not due to activity or feeding. Interestingly, they found a 
decrease in body temperature in the morning with the initiation 
of daily activity, possibly associated with vasodilation in prepa-
ration for onset of basking that would be available in a natural 
environment. The authors further support their hypotheses of 
seasonal endothermy in tegus with models of thermogenesis 
and heart rate data. Estimates of metabolic rates reached lev-
els close to similarly-sized endotherms, and approximately five 
times higher than a tegu during dormancy. Prior to this study, 
predictions of endothermic homeothermy from thermal inertia 
required the organism to have a large body size. Here, the au-
thors have detected temperature increases and maintenance in 
a ca. 2-kg lizard through a combination of increased metabolism 
and adjustment in thermal conductance. The paper further dis-
cussed the support for the parental care model of endothermy 
with examples in mammals that are also small-bodied, but ca-
pable of changing levels of endothermy and homeothermy in 
the reproductive season (e.g., echidnas). This is the first report 
on seasonal endothermy in a lizard, supplementing the evidence 
for reproductive endothermy displayed by brooding pythons.

tattersaLL, g. J., C. a. C. Leite, C. e. sanders, v. Cadena, d. v. andrade, a. 
s. aBe, and w. k. miLsom. 2016. Seasonal reproductive endothermy 
in tegu lizards. Science Advances 2:e1500951.

Correspondence to: GLENN TATTERSALL, Department of Biological 
Sciences, Brock University, St. Catharines, Ontario L2S 3A1, Canada; e-mail: 
gtatters@brocku.ca

The Skink, the Snake, and the Sea Turtle:  
One Species’ Story of Parental Care

 The leading hypothesis for the evolution of parental care 
is to protect against predators. The ideal situation in which to 
test this hypothesis would consist of multiple populations of 
a species with differential levels of parental care, including 
populations with no parental care. In most species that exhibit 
parental care, however, all known populations display this trait, 
though some variation may be present. In the Long-tailed Sun 
Skink, Eutropis longicaudata, only one population (Orchid 
Island, Taiwan) exhibits parental care, while others do not. On 
Orchid Island, skinks protect their eggs from egg-eating snakes. 
These snakes primarily consume Green Sea Turtle eggs, but 
some avoid the competition over turtle eggs and settle for the 
lower value but lower cost skink eggs. In this study, the authors 
conducted a common garden experiment to detect the genetic 
basis for parental care in the skinks. They additionally measured 
sources of egg mortality in naturally and artificially guarded 
nests in the wild, as well as annual and seasonal effects based 
on sea turtle nesting. Field experiments were conducted from 
1997 until 2008, and common garden experiments from 2011–
2014. Experiments used three skink populations. In the common 
garden experiment, lizards from two sites with minimal snake 

predation exhibited no signs of parental care, while lizards from 
Orchid Island all egg-guarded by violently attacking the snakes. 
When parental care was experimentally removed from nests in 
the wild, hatching success on Orchid Island was significantly 
lower than at the other two sites. On Orchid Island, snakes are 
the leading cause of lizard egg mortality, while fungus and ants 
cause most egg deaths at the other sites. Additionally, when 
predators were artificially excluded from nests, only nests on 
Orchid Island experienced an increased hatching success. From 
these experiments, the authors infer that the effects of snake 
predation most likely led to the evolution of maternal care on 
Orchid Island. Through monitoring snake and sea turtle surveys, 
they detected that abundance of sea turtles and their nests were 
a major driver of snake density, both by year and by month, with 
sea turtle nesting season correlating with a higher snake density. 
Furthermore, these egg-eating snakes can easily move between 
the beach and inland sites, and skink egg predation rates 
were higher when there were more snakes inland, coinciding 
with fewer sea turtle eggs available. Through these lines of 
evidence, the authors conclude that, on Orchid Island, a strong 
evolutionary pressure was put upon the skinks with the presence 
of sea turtle nests, and they have shown that parental care has 
become fixed in the population as a result.

Pike, d. a., r. w. CLark, a. maniCa, H.-y. tseng, J.-y. Hsu, and w.-s. 
Huang. 2016. Surf and turf: predation by egg-eating snakes has led 
to the evolution of parental care in a terrestrial lizard. Scientific 
Reports 6, 22207.

Correspondence to: WEN-SAN HUANG, Department of Biology, 
National Museum of Natural Science, Taiwan; e-mail: wshuang@mail.nmns.
edu.tw

Coral Snake Mimicry Revisited

 For naturalists, few subjects generate as much interest—and 
spirited discussion—as mimicry of venomous snakes. Despite 
the ground-breaking work of Greene and McDiarmid in 1981—
demonstrating that color patterns of venomous coral snakes and 
their non-venomous putative mimics showed concordant geo-
graphic variation—as well as the important experimental studies 
of Susan Smith (1975) and E. D. Brodie III (1993) showing that 
coral snake color patterns resulted in fewer predation attempts, 
mimicry has remained controversial. Chief among the objec-
tions is that mimicry of coral snakes violates key predictions of 
mimicry theory: 1) venomous models should outnumber their 
harmless mimics; and 2) harmless mimics should not occur be-
yond the geographic ranges of venomous models. Clearly, snakes 
do not conform to these predictions. 
 Davis Rabosky et al. note that current theoretical models 
do not take into account large-scale biogeographic patterns 
of species diversity and the evolutionary-geographic history 
of mimetic phenotypes. To test mimicry theory in snakes, 
the authors analyzed a massive biogeographic dataset in a 
modern phylogenetic framework and examined the origins 
and distribution of mimetic phenotypes. Although they find 
overwhelming support for Batesian mimicry, they also discovered 
1) an excess of mimetic richness and abundance in both allopatry 
and sympatry with model species; and 2) rapid rates of transition 
among phenotypic states, with many reversals back to a cryptic 
color pattern, even in sympatry with coral snakes. Most notable, 
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and unlike better-studied mimicry systems in insects, was their 
finding of widespread evolutionary losses of mimetic coloration, 
observable across broad phylogenetic scales.

davis raBosky, a. r., C. L. CoX, d. L. raBosky, P. o. titLe, i. a. HoLmes, a. 
FeLdman, and J. a. mCguire. 2016. Coral snakes predict the evolution 
of mimicry across New World snakes. Nature Communications 
7:11484.

Correspondence to: ALISON R. DAVIS RABOSKY, Department of 
Ecology and Evolutionary Biology and Museum of Zoology, University of 
Michigan, Ann Arbor, Michigan 48109, USA; e-mail: ardr@umich.edu

Constructed Wetlands Affect Predator and Prey

 The availability of natural wetland habitats is decreasing at an 
alarming rate, drastically reducing habitat for many amphibian 
species. To offset the effects of disappearing habitat, many 
artificial wetlands have been constructed, usually providing 
permanent water sources. Hydroperiod is a variable that greatly 
impacts wetland habitat communities.  Longer hydroperiods 
support organisms with aquatic adult stages and those that 
require larval or egg overwintering. These species are frequently 
predatory on other amphibian eggs and larvae, resulting in 
top-down community structuring. In Kentucky, USA, short-
hydroperiod habitats associated with ridge-top ecosystems are 
being supplemented with permanent-water habitats. Predatory 
amphibians, including Eastern Newts, American Bullfrogs, and 
Green Frogs, are native to the region but were historically found 
only in the lowland basins, where permanent water was available. 
Stemming from observations of an aquatic amphibian predator, 
the Eastern Newt (Notophthalmus viridescens), consuming 
Wood Frog (Lithobates sylvaticus) eggs in artificial wetlands, 
the authors of this paper set out to study how this interaction 
is affected by the presence of long-hydroperiod ponds. They 
monitored six natural and six constructed wetlands, in close 
spatial proximity to each other, to test whether Wood Frogs can 
succeed in constructed habitat, and to determine if the presence 
of Wood Frogs as a food source is beneficial to the newts. Half of 
the constructed wetlands contained Wood Frogs, allowing for a 
comparison of newt condition. During 2013–2014, the authors 
surveyed for Wood Frog egg masses and trapped and dip-netted 
for tadpoles and newts. Egg masses were inspected for causes 
of mortality. Newts were measured, massed, and implanted 
with Visual Implant Elastomer for mark-recapture. Scaled mass 
index (SMI), a measure of body condition, was calculated for the 
captured newts to detect effects from the presence of Wood Frogs. 
Statistics incorporated model selection and model averaging, 
accounting for multicollinearity. Freezing and drying primarily 
caused egg mortality in natural wetlands, while mortality in 
constructed wetlands was caused by freezing or predation. No 
tadpoles were caught in the constructed wetlands post-hatching. 
Newts in constructed wetlands with Wood Frogs had higher SMI 
than those without Wood Frogs, and SMI varied with season. 
SMI was best explained by number of Wood Frog clutches, 
wetland size, and newt sex. Newts were only found in two of the 
six natural wetlands, at relatively very low abundances, and all 
natural wetlands dried during the summer months. The evidence 
provided strongly suggest that these constructed habitats can 
act as a population sink by supporting predators not naturally 
found in the area, and can also artificially boost body condition 

of predators by exposing them to new food sources. The authors 
advise that mimicking natural conditions in constructed wetlands 
as best as possible, including natural hydroperiod, is necessary 
for supporting natural, historic communities. 

kross, C. s., and s. C. riCHter. 2016. Species interactions in constructed 
wetlands result in population sinks for wood frogs (Lithobates 
sylvaticus) while benefitting eastern newts (Notophthalmus 
viridescens). Wetlands 36:385–393.
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Neutral and Selective Processes Affect 
Salamander Skin Microbiomes 

 For amphibians, there is a growing body of literature on eco-
logical interactions among microbes found on the skin. These 
interactions are especially important, knowing that some bac-
teria can produce anti-fungal properties, negatively affecting the 
fungus that causes the deadly chytridiomycosis. In some sys-
tems, the skin microbiome has been shown to influence whether 
or not infection occurs. For Red-backed Salamanders, Plethodon 
cinereus, it is also clear that the skin bacteria require a reservoir, 
such as the soil,  to maintain diversity. In this paper, the authors 
tease apart the roles of selection and neutral processes (ran-
dom birth, death, and colonization from the environment) on 
salamander skin microbiomes, using a neutral null model. By 
comparing skin microbes with those in the soil at different time 
steps, they estimated the rates of over-, under-, and neutrally-
dispersed bacteria. Additionally, they hypothesized that the bac-
terial types with anti-fungal properties would be selected for on 
the skin, and would persist without a bacterial reservoir of soil. 
The authors collected Red-backed Salamanders and soil from 
the field to house in the laboratory for four weeks. Salamanders 
were housed with (N = 10) and without (N = 10) soil as a bacterial 
reservoir. Skin microbiomes were analyzed at the time of collec-
tion and every week for bacterial persistence experiments. Soil 
microbiomes were collected at time points 0, day 14, and day 
28, for selection analyses. Sequences were grouped into opera-
tional taxonomic units (OTUs) of >97% similarity. In testing the 
neutral model, 58% of sequences across the three time points 
aligned with OTUs that were over-represented (i.e., selected for) 
on salamander skin. Twelve of these OTUs were consistently 
over-represented, nine of which were similar to those previously 
determined to have anti-fungal properties. Less than 1% of the 
consistently neutrally distributed OTUs were aligned with anti-
fungal types, and none of the anti-fungal-associated OTUs were 
consistently under-represented. Skin microbiome richness did 
not predict the immigration of new OTUs across time points. The 
presence of both neutral and selective forces on these commu-
nities, and the patterns detected in this study, support the rel-
evance of island biogeography theory to microbiomes. From 
these experiments, the authors hypothesize that though soil 
bacterial types present in the environment may determine what 
bacteria are found on salamander skin, the bacteria with com-
petitive advantage will persist, and this group includes those 
with anti-fungal activity. They discuss potential experiments for 
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addressing the role of competition among bacteria in structur-
ing community composition. Understanding the relative persis-
tence of bacterial types on an organism is especially important 
in developing effective probiotic strategies to reduce organism 
susceptibility to chytridiomycosis. 

Loudon, a. H., a. venkataraman, w. van treuren, d. C. woodHams, 
L.wegener ParFrey, v. J. mCkenZie, r. knigHt, t. m. sCHmidt, and r. 
n. Harris. 2016. Vertebrate hosts as islands: dynamics of selection, 
immigration, loss, persistence, and potential function of bacteria 
on salamander skin. Frontiers in Microbiology 7: article 333.
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Long Exposure Time Required for Pathogen 
Transmission in Tortoises

 An important variable in disease ecology is that of 
transmission: how does a pathogen get from one organism to 
another? One aspect frequently ignored, however, is the risk of 
transmission per contact. This paper uses experimental data to 
model the transmission in a host-pathogen system and contact 
rates in the wild to estimate natural transmission rates. An 
upper respiratory tract disease (URTD), caused by Mycoplasma 
agassizii, is found in North American tortoises. In this system, 
direct contact is presumed to be required for transmission, and 
previous experiments with Mojave Desert Tortoises (Gopherus 
agassizii) have detected an extremely long latent period in this 
system before disease. To estimate transmission risk of contact 
events, the authors introduced individual tortoises (G. agassizii) 
with no evidence of infection to small enclosures with individual 
infected male tortoises. Male tortoises were used because they 
are more likely to interact with both males and females. They 
used proximity loggers to measure direct contact time, and 
repeated the experiment for multiple lengths of time, from 10 
minutes to 25 h. Secondarily, they placed one male and one 
female naïve tortoise together with an infected male tortoise, 
in eight replicates, for 75 days. For both groups, tortoises were 
quarantined post-exposure, and health assessments were 
conducted multiple times over a period of at least three months. 
The authors used health assessment results to model infection 
probability with increasing exposure time. Data on wild tortoise 
interactions were collected from 25 tortoises, outfitted with 
proximity loggers, across 900 hectares over a five-month period 
from summer into fall. Models were based on either cumulative 
direct contact time or contact period (days of multiple contact 
events). From the first round of exposure experiments, two 
tortoises, exposed for 4.1 and 12.2 h, consistently tested positive 
for M. agassizii by quantitative PCR (qPCR). After extended 
exposure, of 16 naïve tortoises, 14 tested qPCR positive, all but 
two of which developed nasal discharge, a clinical sign of URTD. 
Models predicted that from experimental trials, over 19 days of 
tortoise interaction, or 45.9 cumulative hours of contact, were 
required to reach a 50% probability of exposure. Contact time 
necessary for exposure decreased with increasing pathogen 
load, calculated from qPCR results. In the wild, few prolonged 
contact events (multiple days) were recorded, and modeling 

predicted contact events to have a very low probability of 
transmission. This paper detects a low risk of infection from the 
average length of interaction between two tortoises. With this 
better understanding of transmission risk, the authors state that 
the next piece of this disease puzzle requires finding areas of the 
host distribution with high transmission risk, allowing for a more 
strategic use of management to prevent outbreaks. 

aieLLo, C. m., k. e. nussear, t. C. esque, P. g. emBLidge, P. saH, s. BansaL, 
and P. J. Hudson. 2016. Host contact and shedding patterns clarify 
variation in pathogen exposure and transmission in threatened 
tortoise Gopherus agassizii: implications for disease modelling 
and management. Journal of Animal Ecology 85:829–842.
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Citizen Scientists:  
The Future of Long-Term Research?

 Climate change may have drastic effects on our world, yet 
the scale necessary to study these effects is on the order of many 
years to decades. Acquiring funding to allow for such long-term 
research can be extremely difficult, and citizen science can act 
as a helpful tool to counter a lack of resources. The authors of 
this paper have begun a long-term study using citizen scientists 
to quantify effects of climate change on an ecosystem gradient, 
from the Sonoran to the Mojave Desert. The study includes data 
on climate, birds, small mammals, perennial plants, and diurnal 
reptiles in Joshua Tree National Park (JTNP). One concern with 
citizen scientists is the quality of data collected. This paper 
contains analyses of two years of visual encounter surveys of 
diurnal reptiles at JTNP to address the quality and reproducibility 
of data from citizen scientists. Surveys were conducted on 27 
plots, 9 hectares each. Low elevation (Sonoran Desert), transition 
zone, and high elevation (Mojave Desert) were each represented 
with nine plots. To calculate the difference in quality of data 
between citizen scientists and biologists, duplicate surveys 
were used to detect differences between the two survey groups. 
Another concern with citizen scientists is whether different 
groups collect similar quality of data. To address this, the 
authors compared survey data from two plots (one Sonoran, 
one Mojave) of relatively high diversity across two years. If 
groups collect data of similar quality, then survey results should 
be more similar within a site versus between sites. All surveys 
were conducted under similar ambient temperatures on sunny 
days, when reptile encounters were likely to be high. Though 
citizen scientists conducted the surveys, all identifications 
were confirmed by a lead biologist. Teams of citizen scientists 
consistently detected more species and total individuals than 
two-person biologist teams. Data from the two re-sampled 
plots over two years additionally detected repeatability of the 
results of citizen scientists. The authors suggest that the higher 
detection ability could be due to more eyes on the ground 
conducting the surveys. The paper also presents preliminary 
findings on some common lizard species across sites and years. 
Though not explored in detail in this paper, the authors note 
that the use of citizen scientists had mixed value for surveys of 
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birds and trapping small mammals and reptiles, though they 
were demonstrably beneficial in vegetation surveys. The long-
term scale of this research on the effects of climate change at a 
transition between two ecosystems requires sustained research 
effort, and the value of citizen scientists in reptile surveys could 
allow for a scientifically rigorous, yet sustainable, component 
of this project, with the extremely important added benefit of 
increasing ecological literacy of the public.

Barrows, C. w., J. Hoines, m. s. vamstad, m. murPHy-marisCaL, k. 
LaLumiere, and J. HeintZ. 2016. Using citizen scientists to assess 
climate change shifts in desert reptile communities. Biological 
Conservation 195:82–88.
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Body Size Does Not Affect Diversification  
Rate in Most Lepidosaurs

 Body size has been shown to shape evolutionary trajectories, 
and the diversity of intermediate sizes of groups of species 
was observed and discussed as early as Hutchinson and 
MacArthur in 1959. There are many hypotheses regarding 
why and how medium size classes thrive, but it is important 
to note that this pattern is not universal. Some groups have 
bimodal size distributions, while others, such as the dinosaurs, 
have left-skewed distributions. The relationships between 
diversification rates and body size, though widely studied, 
are thus still unresolved. Phylogenetic signal is a factor only 
recently accounted for in such studies, and body size itself has 
the confounding variable of shape. In this paper, the authors use 
data on 9805 extant or recently extinct Lepidosauria species to 
examine the shape of this reptilian clade’s body size distribution 
and to detect correlations between size and diversification 
rates. Body mass was used as a measure of body size, calculated 
from maximum body length with 65 clade-specific allometric 
equations for squamates. To investigate diversification rates, 
a time-calibrated phylogeny of 4134 species was used, and the 
authors tested for relationships between body size and rates of 
speciation, extinction, and net diversification. Analyses were 
performed for Squamata as a whole, as well as for snakes, lizards, 
and amphisbaenians separately, and accounted for missing 
data in the tree. The authors used simulation methods to assess 
whether the correlation between mass and diversification rate 
was significant. Body mass in Lepidosauria spans six orders of 
magnitude with an average of 18.7 g, though the largest extinct 
snakes and lizards not in this dataset would add an order of 
magnitude to this range. The body mass-frequency distributions 
of lizards, snakes, and Lepidosauria as a whole (the three speciose 
groupings) were all unimodal, right-skewed, and leptokurtic. 
The only significant model of diversification and size was that for 
snakes, suggesting that body size has no effect on diversification 
in most lepidosaurs. One reason for this pattern could be that 
larger-bodied species may be relatively evolutionarily young, 
and could actually have the same diversification rates as smaller 
species. The addition of fossil lineages to these analyses would 
allow for a broader look at patterns in evolutionary history, 

especially the detection of changes of the rates of diversification 
and extinction across time. 

FeLdman, a., n. saBatH, r. a. Pyron, i. mayrose, and s. meiri. 2016. Body 
sizes and diversification rates of lizards, snakes, amphisbaenians, 
and the tuatara. Global Ecology and Biogeography 25:187–197.
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Phylogenetic Analysis Finds a Divergent 
Colubrid Lineage in India

 Over the last decade, numerous phylogenetic studies 
of snakes have revealed unanticipated relationships and 
evolutionary distinctiveness, such as Central America’s 
Scaphiodontophis having diverged from Asian Sibynophis in 
the early Oligocene.  Western India is home to several enigmatic 
snake species, including the species Coronella brachyura.  The 
genus Coronella is a close relative of the New World ratsnakes 
(Lampropeltini).  Coronella additionally contains two species 
in Europe and North Africa, and molecular analyses suggest 
an East Asian species (Oocatochus rufodorsata) also should be 
moved into the genus.  Unfortunately, the hypothesis that C. 
brachyura belongs in the genus has not been evaluated with 
molecular data.  C. brachyura lacks stripes and preocular scales, 
however, snakes attributed to this species but possessing both 
of those characters have been reported from the Indian state of 
Gujarat.  When a couple such specimens were brought to the 
attention of the authors of this paper, they initiated a study of 
morphological and molecular data to determine the identity of 
the snake.  Mitochondrial and nuclear (c-mos) DNA sequence 
data were generated for the two specimens and analyzed in a 
phylogenetic framework along with published sequence data 
for potential relatives.  These analyses revealed the snakes being 
unrelated to other Coronella and instead belonging to a colubrid 
clade consisting of snake genera informally referred to as racers 
and whip snakes (e.g., Hierophis).  The Gujarat snakes are most 
closely related to Lytorhynchus, a genus of snakes distributed 
from Northern Africa through India.  However, analyses suggest 
they most recently shared an ancestor about 17 million years 
ago; citing this great age, the authors describe these snakes as 
a new genus as well as species: Wallaceophis gujaratensis.  Both 
specimens were collected in water, suggesting W. gujaratensis is 
at least semi-aquatic.  Based on the specimens and photographic 
evidence, the species appears to occur throughout southwestern 
and central Gujarat.  Future studies should include stripeless C. 
brachyura to evaluate their phylogenetic position.

mirZa, Z. a., r. vyas, H. PateL, J. maHeta, and r. v. sanaP. 2016. A new 
Miocene-divergent lineage of Old World racer snake from India. 
PLoS ONE 11: e0148380.
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Roads as Ecological Traps for Snakes 

 Thermally suitable microhabitats are extremely important 
for the survival of temperate reptiles. Black-topped road 
surfaces could provide added thermal opportunities, especially 
now that roads cover >1% of the area of the continental United 
States. It has been assumed that snake mortality on roads is 
high due in part to their use of the surface for heat uptake, 
though such studies are not empirically supported with snakes 
using roads as thermal resources. This paper used a long-term 
quantitative herpetofaunal monitoring road survey to address 
whether temperature affects snake presence on road surfaces 
and road-associated mortality. Importantly, the authors wanted 
to determine whether roads are ecological traps for snakes. An 
ecological trap occurs when individuals are drawn to a resource 
that would normally provide a fitness benefit, but is instead 
harmful. The heat from a road could increase a snake’s ability to 
maintain its preferred body temperature even when natural heat 
sources are not available, but in the process, individuals could 
be run over. In this study, snakes on a 37-km road segment in 
Louisiana were measured and sexed during 657 weekly survey 
trips from 2003–2014. The majority (71%) of the 1925 snakes 
found during these surveys were dead on road (DOR). Nine 
species of snakes were found, representing natricine (6 spp.), 
colubrine (1 sp.), xenodontine (1 sp.), and viperid (1 sp.) taxa. 
Road temperature strongly predicted detection of five species, 
while detection of six species had a strong positive relationship 

with the difference between ambient and road temperatures 
(TD). In three species (Nerodia fasciata, N. cyclopion, and 
Thamnophis proximus), females were present on the road at 
higher temperatures than males, with road temperature and 
TD having greater effects than ambient temperature. Gravid 
females were additionally detected at higher temperatures 
than non-gravid females and males. In two species (N. fasciata 
and Pantherophis obsoletus), males had higher road mortality 
than females. The authors argue that the importance of 
road temperature and TD on snake detection supports their 
hypothesis that black-topped roads could act as thermally-
driven ecological traps. The gap between temperatures preferred 
by males and females could suggest a survival strategy for males 
at the cost of reaching a higher body temperature. Though this 
is not supported by the mortality data in this study, it is possible 
that populations are male-biased due to other factors, resulting 
in more males DOR. Where conservation concerns exist, the 
impact of road mortality and methods of abating these impacts 
should be considered.

mCCardLe, L. d., and C. L. Fontenot. 2016. The influence of thermal 
biology on road mortality in snakes. Journal of Thermal Biology 
56:39–49.
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Édouard-Raoul Brygoo (1920–2016): Specialist on the Reptiles of Madagascar

 Édouard-Raoul Robert Brygoo, born 
in Lille (Nord Department), France on 22 
April 1920; died in Paris on 8 February 
2016, was a French military physician who 
was also a biologist, naturalist, and histo-
rian. He is best known to readers of this 
journal as a herpetologist specializing on 
the chameleons, skinks, and other reptiles 
of Madagascar and as the professor-in-
charge of the herpetological department 
at the National Museum of Natural His-
tory in Paris. The Brygoo (pronounced 
bree-go, not bry-goo) family originated 
from villages (Esquelbecq and surround-
ings) in the countryside south of Dunkirk 
(Nord department), French Flanders, 
where several ancestors were shoemak-
ers. Brygoo’s father, Colonel then finally 
four-star General Robert Jules Auguste 

Brygoo (1896–1983), was an authority in 
the signal corps and as such he took a ma-
jor role during the WWII (Palestine, Alge-
ria, Italy, Germany), then in former French 
Indochina. Édouard Raoul Robert Brygoo 
(he adopted Édouard-Raoul as first name) 
had a nomadic childhood as he followed 
the military assignments of his father in 
France and abroad (Brazil, Lebanon). Bra-
zil, precisely Rio de Janeiro, was the cradle 
of his childhood and, throughout his life, 
his favorite country; he spoke perfectly 
and enjoyed speaking Portuguese, which 
he learned on the street. After that idyl-
lic life he spent seven years at a board-
ing school in Boulogne-sur-Mer (Pas-de-
Calais), which was quite the opposite and 
was his worst experience. He passed his 
BA (Latin, Greek, Mathematics) in 1937 
at Lycée Buffon, Paris, and the SPCN cer-

tificate (Sciences Physiques, Chimiques et Naturelles) in 1938 in 
Beirut, Lebanon. After preparation in Rochefort (Charente-Mar-
itime), he then undertook medical studies at the École de Santé 
Navale of Bordeaux (Gironde) because his parents had an estate 
in Bergerac (Dordogne). Bordeaux being then under German 
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