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ABOUT OUR COVER: Porthidium nasutum
Porthidium nasutum (Bocourt, 1868)—

the Rainforest Hog-nosed Pitviper—is one 
of nine species of the neotropical genus 
Porthidium, whose collective range is 
from southwestern Mexico to northern 
South America. Porthidium nasutum is a 
small species, up to 65 cm in females, and 
48 cm in males (Solórzano 2004. Serpien-
tes de Costa Rica / Snakes of Costa Rica. 
Instituto Nacional de Bioversidad. Santo 
Domingo de Heredia. 791 pp.). The body is 
stout, especially in females, and sexual size 

dimorphism is highlighted in the cover image. The coloration 
is variable, from dark gray to pale brown or reddish brown, or-
ange to yellow or pale gray, with 13–23 irregular or somewhat 
rectangular markings and often a pale vertebral stripe. This 
species presents a typical Central American + Chocoan distri-
bution, from southern Mexico through the Caribbean versant 
of Guatemala, Honduras, Nicaragua, Costa Rica, and Panama, 
reaching the Chocoan rainforest in Colombia and northwest-
ern Ecuador. There is a gap in eastern Panama and northwest-
ern Colombia, between Central American and Chocoan popu-
lations (Campbell and Lamar 2004. The Venomous Reptiles of 
the Western Hemisphere, 2 vols. Comstock Publishing Associ-
ates, Cornell University Press, Ithaca, New York. 870 + 28 pp.); 
it’s unclear if this is an actual break in distribution or merely 
reflects a lack of field searches. 

Indeed, northwestern Ecuadorian specimens of P. nasu-
tum seem to have a shorter snout than their Central American 
counterparts (C. Barrio-Amorós, pers. obs.). Likewise, the dis-
tribution does not follow patterns seen in other species (Valen-
cia et al. 2016. Serpientes Venenosas del Ecuador. Fundación 
Herpetológica Gustavo Orcés-UTA-Fondo Ambiental Nacional, 
Quito. 652 pp.), and this might indicate taxonomic diversity not 
yet formally recognized. Hognosed vipers are dietary general-
ists, feeding on insects, worms, and small frogs when they are 
young, graduating to rodents, lizards, larger frogs, and even 
birds when they are full grown (Valencia et al. 2016, op. cit.). 
Young use caudal luring to attract prey (Savage 2002. The Am-
phibians and Reptiles of Costa Rica: A Herpetofauna between 
Two Continents, between Two Seas. The University of Chicago 
Press, Chicago, Illinois. 934 pp.). They inhabit the forest floor, 
remaining quiet for days usually among leaf litter close to big 
trees or fallen trunks. 

Our cover image was recorded by César Luis Barrio-Amorós, 

who recalled his encounter with these snakes. “While visiting 
the indigenous community of Bribri in southeastern Costa 
Rica, near the coastal town of Puerto Viejo, and having advised 
the locals of my interest in snakes, very early in the morning 
(around 0545 h), a young boy came to tell me that were two 
snakes in the middle of the village. I arose immediately and 
found a pair of mating Porthidium nasutum! I retrieved them 
before they could be killed and before the hens and chickens 
were released (potential killers), and took them deep into the 
forest. I was amazed at their pronounced sexual size dimor-
phism, as the female was at least four times larger than the 
male. Curiously, they never separated as I moved them into 
a bag. Once in the forest I noticed what seemed to be a suit-
able fallen trunk with an empty hole and left them. They didn’t 
move much. Only then did I realize that this was opportunity 
to obtain a nice photo. However, I only had my backup camera, 
a Sony HX400V, a versatile bridge camera. In any case I took 
the picture, reducing the aperture as much as possible (f8), and 
used a slow shutter speed (1/40 sec., without a tripod!), so as 
not to sacrifice ISO (100); the flash was in a low-power setting.”

Barrio-Amorós is an anthropologist from Barcelona, Cata-
lonia (Spain), who developed an interest in the Neotropics at 
a young age. He moved from Europe to Venezuela in 1994 to 
pursue his dream to become a taxonomist—hoping to discover 
and describe new species—and to study how different ethnic 
groups use reptiles and amphibians. He began a collaboration 
with many institutions and has discovered more than 85 new 
species of reptiles and amphibians, of which 50 have been de-
scribed thus far. He was part of the exploration team of Charles 
Brewer-Carías, a modern “Victorian-style” explorer, and with 
him was one of the few herpetologists to reach the top of many 
tepuis (table mountains) in southern Venezuela. Currently, 
he lives in Costa Rica, due 
to the grave political, eco-
nomic, and social difficul-
ties Venezuela is suffering. 
He continues to conduct 
taxonomic research on frogs 
and snakes, and is monitor-
ing one of the last known 
populations of Atelopus var-
ius. He offers herpetological 
tours of Costa Rica as Doc 
Frog Expeditions (find them 
on Facebook).
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Losos Elected to  
U.S. National Academy of Sciences

Election to the U.S. National 
Academy of Sciences is among the 
highest honors to which biologists 
can aspire, so it’s reason for celebra-
tion when our fellow ecological, evo-
lutionary, and organismal biologists 
receive such special recognition. This 
spring, Jonathan B. Losos became 
the fourth herpetologist among living 
members of the Academy, along with 
David M. Hillis, Thomas W. Schoener, 
and David B. Wake. Earlier herpetolo-
gists who were elected included John 
Edwards Holbrook and Edward D. 
Cope in the 19th century, and Leon-

hard Stejneger, Thomas Barbour, and Karl P. Schmidt in the early 
20th century.

Jonathan Losos grew up in Saint Louis, was a Harvard Uni-
versity undergraduate, then conducted his dissertation research 
in the University of California, Berkeley’s Museum of Vertebrate 
Zoology, under the direction of Harry W. Greene. Following a 
postdoctoral fellowship at University of California, Davis, Losos 
held tenured appointments at Washington University and more 
recently Harvard, before this year returning to his home town as 
William H. Danforth Professor of Biology and Director of the Liv-
ing Earth Collaborative—a joint venture of Washington Universi-
ty, Saint Louis Zoo, and the Missouri Botanical Garden. Although 
Losos has studied animals as diverse as geckos and opossums, 
his true love since childhood has been anoles. Among his hun-
dreds of publications, Lizards in an Evolutionary Tree: Ecology 
and Adaptive Radiation of Anoles (2011, University of California 
Press) won the National Academy of Science’s Daniel Giraud El-
liot Medal, and Improbable Destinies: Fate, Chance, and the Fu-
ture of Evolution (2017, Riverhead Books) is fast achieving criti-
cal acclaim.

SSAR congratulates Jonathan, a long-time member of the so-
ciety, on the occasion of his election to the Academy.

SSAR Author Wins Natural History Society’s 
Medal for “History of Herpetology”

Kraig Adler, Professor of Biology Emeritus at Cornell Univer-
sity, has won the 2018 Founders’ Medal from the London-based 
Society for the History of Natural History in recognition for his 
work on the history of herpetology. The medal is presented an-
nually for “eminence in the fields of the history and/or bibliog-
raphy of natural history.” Previous winners include Sir David At-
tenborough, Professor Tim Birkhead FRS, and the late Professor 
Joseph Ewan. Adler’s three-volume series, Contributions to the 
History of Herpetology, was published by SSAR and include full 
biographies, with portraits and signatures, for 786 herpetologists 
world-wide plus mini-biographies for an additional 203 persons. 
These volumes also include John Applegarth’s “Index of Authors 

in Taxonomic Herpetology” and Ronald Altig’s “Academic Lin-
eages of Doctoral Degrees in Herpetology.” All three volumes are 
available for purchase individually or as a set from SSAR. Consult 
the Society’s website at www.ssarherps.org (click on “Publica-
tions” and Contributions to Herpetology).

Haskell Award Winner for 2018

The Alison Haskell Award 
for Excellence in Herpetofau-
nal Conservation is presented 
annually by Partners in Am-
phibian and Reptile Conser-
vation (PARC), in memory of 
Alison Haskell (1956–2006), 
PARC’s first National Fed-
eral Coordinator and an ac-
tive member of PARC and NE 
PARC. This award is intended 
to recognize an individual 
from North America who, like 
Alison, exemplifies extraordi-
nary commitment to herpeto-
faunal conservation, has thus 
far been an unsung hero, and 
has shown exemplary com-
mitment to building or strengthening partnerships. 

Don Becker has been selected as the 2018 recipient of the. 
Don donates countless hours of time and energy toward the 
development of numerous data collection and citizen science 
platforms, including, but not limited to HerpMapper.org, Io-
waHerps.com, INHerpAtlas.org; SDHerps.org, MIHerpAtlas.org, 
and PAHerpSurvey.org. They are all amazing accomplishments, 
and in particular, the utility of HerpMapper is unprecedented. 
This global herp atlas contains over 200,000 observations and is 
used by more than 50 entities, including federal and state agen-
cies, universities, museums, non-governmental organizations, 
and others. The commitment to protection of herpetofauna by 
only displaying county-level locations is critical, and greatly ap-
preciated by those who share Don’s passion to conserve these 
remarkable animals.

In addition to Don’s tireless investment in computer pro-
gramming, he also assists researchers on telemetry and mark-
recapture studies, and volunteers time to conduct inventories of 
herpetofauna. Further, he leads education programs at nature 
centers and in local schools to connect adults and children with 
and foster an appreciation of amphibians and reptiles

He invests his own time and equipment in restoring habitat 
for herpetofauna. For example, a county park near Don’s home 
was historically sandhill habitat, but had become overgrown 
with cedar and other vegetation. The county did not have the 
staff or resources to restore the habitat. After securing permis-
sion from the county, Don went out weekend after weekend, sys-
tematically clearing the vegetation and using his own chainsaw 
to fell trees. Other colleagues purchased chainsaws and joined 
him in his efforts. These weekend jaunts turned into a multi-year 
effort due to the large acreage and small work force. Eventually, 
the habitat was restored!

NEWSNOTES
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Don expresses his outstanding passion for, and dedication 
to, conservation of amphibians and reptiles through quality 
programming, education, and partnerships. Despite not being 
trained in herpetology, or even computer programming, he 
has an undying commitment to herpetofauna. Don exempli-
fies PARC’s Core Value of Inclusivity and Collaboration, and is 
an unsung hero in herpetofaunal conservation. Don is a selfless 

person, and his work is inspiring. We are thankful for his signifi-
cant contributions to the field of amphibian and reptile conser-
vation; he is a very worthy recipient of this award.

SSAR congratulations Don for this well-deserved recognition.

Meetings Calendar

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

11–15 July 2018—Joint Meeting of Ichthyologists and Her-
petologists, Rochester, New York, USA. Information: http://
conferences.k-state.edu//joint-meeting/

20–23 July 2018—41st Annual International Herpetological Sym-
posium, Houston, Texas, USA. Information: www.international-
herpetologicalsymposium.com

5–8 September 2018—XV Luso-Spanish Congress of Herpetol-
ogy, organized by the Spanish Herpetological Association (AHE) 
and the Portuguese Herpetology Association (APH), under the 
theme of Biology and Conservation of Herpetofauna in the An-
thropocene. Salamanca, Spain. Information: https://herpiberi-
ca2018.usal.es/

26–30 September 2018—54th Annual Meeting of the German So-
ciety for Herpetology and Herpetoculture (DGHT), Magdeburg, 
Germany. Information: www.dght.de

5–8 November 2018—XV Reunión Nacional de Herpetología and 
30th Anniversary Meeting of Sociedad Herpetológica Mexicana, 
Xalapa, Veracruz, Mexico. Information: http://sociedadherpeto-
logicamexicana.org.mx/

10–11 January 2019—California-Nevada Amphibian Popula-
tions Task Force Meeting, Arcata, California, USA

Kraig Adler Twice Shortchanged

 In the December 2017 issue of HR, Zoo View’s Section Editor 
James B. Murphy resourcefully used his stage to write an admi-
rable Appreciation of an admirable person, Kraig Adler (Mur-
phy 2017). I fully concur with Murphy’s attitude that it is nicer 
to praise the praiseworthy while they live, contrary, by the way, 
to the Jewish dictum “One does not [should not] praise a per-
son to his face.” And I wholeheartedly agree with all that Murphy 
said. But Murphy focused on relatively palpable endeavors and 
achievements, mostly leaving it to the reader to learn from the 
deed about its spirit.
 Particularly I missed mention of two aspects of Kraig’s leader-
ship. First, Kraig, like the late Beni Charan Mahendra of India but 
more successfully, holds that science is not a matter for national 

rivalry but for global cooperation. During my first sojourn in 
the USA, 1967/68, I experienced that in my first SSAR meeting 
(in Virginia) all sign-posting, from “1/2 mile to meeting place” 
to “Rest-rooms” was in English, Hebrew, and Japanese. This was 
Kraig’s doing because of one participant-speaker from eastern 
Asia, Hajim Fukada, and another from western Asia, yours truly. 
Actually our very participation had been Kraig’s doing. Decades 
later when Kraig initiated the First World Congress of Herpetol-
ogy, Canterbury 1989, years ahead he globally sought opinions 
and recruited a council. In this spirit, in the SSAR’s books the 
place of publication, a vital bibliographic datum, is unobtru-
sive—the publisher is the universal SSAR. Indeed, as I remember 
the last census, over 20% of SSAR members were not Americans. 
Nevertheless, from the front and back inside covers of this HR 
issue, fewer than 10% of the SSAR’s functionaries are not Ameri-
cans. Also, this issue carries information about meetings and po-
tential awards, but reached Israel and presumably many other 
places too late for benefitting from that information. 
 Second, Kraig has long been advocating that the study 
of amphibians and reptiles should proceed minimizing any 

MEETINGS
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YEHUDAH L. WERNER
Department of Ecology, Evolution and Behavior 
The Hebrew University of Jerusalem 
91904 Jerusalem, Israel 
e-mail yehudah_w@yahoo.com
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interference with their lives and populations. He introduced and 
imposed a total ban on collecting specimens on the educational 
herping outings of the SSAR. If you consider it ironical that the 
photograph in the Appreciation shows “Kraig Adler, collecting 
salamanders in an Appalachian forest,” I draw your attention to 
his humanely having used a box rather than a bag.
 Very fittingly Kraig’s family name (also fittingly, Adler, Ger-
man, means eagle) placed him to open Fabrizio Li Vigni’s (2013) 
alphabetically arranged collection of 55 interviews with herpe-
tologists. Kraig answered Fabrizio’s probing questions politely, 
patiently, very matter-of-factly. And he refrained from trumpet-
ing the two aforementioned credos.  
 Concluding, let me say: Kraig Adler, well done. Keep going!

literature Cited

li vigni, F. 2013. A Life for Reptiles and Amphibians, vol. 1, A Collec-
tion of 55 Interviews on “How to become a Herpetologist.” Chim-
aira, Frankfurt. 495 pp.

murphy, J. b. 2017. An appreciation of Kraig Adler. Herpetol. Rev. 
48:885–886.

 The purpose of Current Research is to present brief summa-
ries and citations for selected papers from journals other than 
those published by the American Society of Ichthyologists and 
Herpetologists, The Herpetologists’ League, and the Society for 
the Study of Amphibians and Reptiles. Limited space prohibits 
comprehensive coverage of the literature, but an effort will be 
made to cover a variety of taxa and topics. To ensure that the cov-
erage is as broad and current as possible, authors are invited to 
send reprints to the Current Research section editors, Ben Lowe 
or Chava Weitzman; e-mail addresses may be found on the in-
side front cover. 

Knobs on Chameleon Crests Fluoresce  
under UV Light

Ultraviolet fluorescence is common in nature, and instances 
of fluorescence being employed for visual signaling are well-doc-
umented in plants, invertebrates, and aquatic vertebrates. The 
authors of this paper report the presence of tubercles of cha-
meleon crests that fluoresce under UV light. Given chameleon 
crests are conspicuous, sexually dimorphic, and species-specif-
ic, there is strong support for the theory that such crests func-
tion in species recognition and intraspecific communication. 
The authors examined representatives of 11 of 12 recognized 
chameleon genera for UV fluorescence. To determine the extent 
variation in UV fluorescence among closely related species and 
between sexes, the authors collected data for 24 species in the 
genus Calumma, all of which possess UV-fluorescing tubercles. 
The authors identified 12 tubercle categories based on cranial 
location, and the number of each tubercle category was assessed 
for each species. (Intraspecific sample sizes were low due to the 
requirement of fresh material.) These analyses revealed at least 
eight of the 11 sampled chameleon genera possess UV fluoresc-
ing crests. Further, the Calumma investigations showed male-
skewed sexual dimorphism of UV-fluorescing tubercles in all but 
one of the investigated species. A principal component analysis 
was performed on the Calumma dataset, which found the four 
recognized Calumma species groups show different patterns 
of tubercle distribution. Results for closely-related species var-
ied, with some showing marked differences and others overlap-
ping greatly in tubercle distribution. Histological exploration of 
the UV-fluorescing tubercles also revealed fascinating insights. 

The tubercles are the centers of raised scales on the crests. They 
appear to be formed by outgrowths of the underlying bone, 
which is the fluorescing agent. Further, the top of the tubercle 
is overlaid by merely a thin layer of epidermis, which functions 
as a ‘window,’ permitting the light of the fluorescing bone to 
escape. Surrounding tissue has a dense dermis, prohibiting UV 
fluorescence. Taken together, and along with our knowledge of 
extensive visual communication in chameleons, these findings 
support a communicative roll for UV fluorescing cranial tuber-
cles. And while the UV fluorescing ability of bone has long been 
known, this marks the first described instance of this ability hav-
ing been co-opted for communication.

prötzel, d., m. heSS, m. d. SCherz, m. SChwager, a. van’t padJe, and F. 
glaw. 2018. Widespread bone-based fluorescence in chameleons. 
Scientific Reports 8:698.

Correspondence to: FRANK GLAW, Department of Herpetology, Zo-
ologische Staatssammlung München (ZSM-SNSB), Münchhausenstr. 21, 
81247, München, Germany; e-mail: frank.glaw@zsm.mwn.de

Anole Reproductive Strategy Changes  
Across Reproductive Season

As resource availability and environment change over the 
course of the year (particularly outside of the tropics), theory 
suggests that maternal reproductive strategy should change as 
well. The authors of this paper performed an experiment aimed 
at detecting season-correlated changes in female reproductive 
biology in Anolis sagrei from an invasive population in south 
Florida (USA). A. sagrei produces single egg clutches throughout 
an extended reproductive season. Previous work has shown that 
captive A. sagrei produce larger eggs as the season progresses. 
The authors collected three cohorts of A. sagrei corresponding 
to early, mid, and late reproductive season. Lizards were brought 
into captivity and housed separately. Males were cycled through 
the female cages to ensure mating. Importantly, conditions were 
kept the same for all three cohorts, such that any differences 
can be interpreted as reproductive life-history strategies rather 
than short-term environmental effects. Cages were checked bi-
weekly for eggs; eggs were weighed, as were the resulting hatch-
lings. Other data collected included mother’s latency to first egg, 
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inter-clutch interval, mother’s SVL, mass, and fecundity and re-
productive effort (total egg number and total egg mass, respec-
tively). Analysis of these data revealed that, concordant with 
theory, first-cohort females exhibited elevated fecundity and 
reproductive effort and lower inter-clutch interval relative to co-
horts two and three. Inter-clutch interval also increased through 
time within cohorts two and three. Hatchling mass consistently 
increased through the reproductive season. This pattern per-
sisted even when egg size was controlled for, suggesting the late-
season eggs were of higher quality. Females in the first cohort 
were smaller than those of the second and third cohorts, result-
ing in roughly equal egg size from the first and third cohorts once 
adjusted for body size. The authors suggest this is explained in 
part by a threshold minimum size for egg viability, and there-
fore first-cohort females are producing the maximum number 
of viable eggs. This study provides new insights into the trade-off 
between offspring number and size; the authors discuss ways fu-
ture studies could build upon these findings. 

mitChell, t. S., J. m. hall, and d. a. warner. 2018. Female investment 
in offspring size and number shifts seasonally in a lizard with 
single-egg clutches. Evolutionary Ecology (in press) doi: 10.1007/
s10682-018-9936-5

Correspondence to: TIMOTHY S. MITCHELL, Department of Bio-
logical Sciences, Auburn University, Auburn, Alabama 36849, USA; e-mail: 
tsmitchell09@gmail.com

Snakes Serving as Secondary Seed Dispersers

Animal-mediated seed dispersal is a ubiquitous phenom-
enon and has been of interest to scientists ever since Darwin. 
Seed dispersal is often a trade-off for plants, which suffer high 
levels of seed predation but benefit from the few seeds that avoid 
predation. Such is the case with desert-dwelling kangaroo rats 
and pocket mice (Rodenta: Heteromyidae). These rodents of 
the American West store seeds in cheek pockets as they forage, 
returning to a burrow where the seeds are stored. This method 
of seed gathering is highly efficient, and under normal circum-
stances seeds have little chance of surviving to germinate. High 
predation rates of heteromyids, however, provide orphaned seed 
larders the opportunity to escape ingestion. A related opportu-
nity exists when seeds in the pouches of predated heteromyids 
survive passage through the predator’s gut. Such secondary dis-
persal (diplochory) by way of seed rescue has been studied in 
birds and mammals, but the contributions of snakes to seed dis-
persal have received scant attention. The authors of this study 
inspected the gut contents of fluid-preserved desert rattlesnakes 
from Arizona and California for evidence of viable seeds. Both 
prey and seeds were counted and identified to the lowest pos-
sible taxonomic level. Further, seeds were inspected for signs of 
germination. Fifty snakes were examined and remains of numer-
ous rodents (almost all heteromyid) and lizards were found in 
the digestive tracts. Additionally, 971 seeds were recovered. More 
than half of the seeds were identified as Redstem Stork’s Bill (Ge-
raniaceae: Erodium cicutarium), none of which had germinated. 
However, 19 seeds did show signs of germination, six of which 
were identified (Poaceae: 5; Cryptantha pterocarya: 1). Accord-
ing to the authors, snakes lack enzymes capable of digesting cel-
lulose, hemicellulose, lignin, and pectin, which protect the seeds 
in the snake’s gut. They also point out that the long gut-passage 

time of snakes (particularly stout snakes such as vipers) provides 
the potential for long-distance seed dispersal. The authors hope 
this study serves as an impetus for more research into the contri-
butions of snakes in seed rescue/secondary seed dispersal.

reiSerer, r. S., g. w. SChuett and h. w. greene. 2018. Seed inges-
tion and germination in rattlesnakes: overlooked agents of res-
cue and secondary dispersal. Proceedings of the Royal Society B 
285:20172755.

Correspondence to: RANDALL REISERER, Museum of Vertebrate Zo-
ology, University of California at Berkeley, Berkeley, California, USA; e-mail: 
rreiserer@gmail.com

An Unusual Case of Lizard-Plant Mutualism

The Dead Horse Arum (Araceae: Helicodiceros muscivorus) is 
a plant species occurring naturally on several Mediterranean is-
lands. This species is pollinated by blowflies, which are attracted 
by an aroma produced by the flower which resembles rotten ver-
tebrate flesh. In addition to odor production, the flowers are ca-
pable of generating heat that mimics the heat released by rotting 
carcasses. Indeed, the flowers can be 10°C higher than ambient 
temperatures. Heat and odors draw flies into a floral chamber, 
where pollen transfer occurs. Previous publications and work 
in preparation have revealed that Balearic Lizards (Podarcis lil-
fordi) take advantage of dead horse arum flowers for both the 
attracted flies as well as the thermoregulatory opportunities. The 
flowers bloom in the early spring, a time that is thermally chal-
lenging for the lizards. Though the lizards may have initially been 
parasitic with respect to the plants, the lizards have developed 
a taste for the plant’s fruits, resulting in a mutualistic relation-
ship (lizard predation on pollinators appears to have negligible 
effect on plant reproductive success). Given the obvious benefits 
of this plant to the lizards, the authors of this paper set out to 
test the response of Balearic Lizards towards the olfactory cues 
of Dead Horse Arum and authentic rotting vertebrate flesh. Two 
laboratory experiments were carried out. The first evaluated the 
response of lizards to two scents: vertebrate flesh vs. mealworm 
flesh. The second similarly evaluated the response of lizards to 
mealworm flesh and the spikes of blooming Dead Horse Arum. 
Scents were presented to lizards on swabs, and the level of tongue 
flicking was recorded. For both, water and cologne were used as 
negative controls, the latter because of its odiferous but biologi-
cally irrelevant odor. The authors also carried out field experi-
ments, wherein lizards were presented two upside-down cups. 
The first was either the spadix of Dead Horse Arum or vertebrate 
carrion and the other was empty. These experiments revealed 
that Balearic Lizards respond to carrion and the odor of the spa-
dix of blooming dead horse arum similarly. Further, the lizards 
were able to detect both carcasses and spadix hidden beneath 
cups, and preferentially investigated them relative to negative 
controls. The results of these experiments reveal that the mu-
tualistic relationship between Balearic Lizards and Dead Horse 
Arum has become sufficiently complex such that the lizards are 
able to locate the flowers using olfactory cues.

pérez-CembranoS, a., v. pérez-mellado, and w. e. Cooper. 2018. Balearic 
lizards use chemical cues from a complex deceptive mimicry to 
capture attracted pollinators. Ethology 124:260–268.
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Correspondence to: ANA PÉREZ-CEMBRANOS, Department of Ani-
mal Biology, Universidad de Salamanca, Salamanca, Spain; e-mail: anaper-
cem@usal.es

Out-Dated Red List Affects Our Understanding 
of Amphibian Conservation Needs

The IUCN Red List is the world’s authority on species status, 
but multiple factors cause the Red List to become out-dated and 
unreliable. Furthermore, we discover new species at high rates 
for some taxa such as amphibians. In this study, the authors ana-
lyzed rates of species description, assessment for the Red List, 
and reassessment for amphibians since 2004, the year the Global 
Amphibian Assessment was initiated. While an average of 144 
new amphibian species have been described annually between 
2004 and 2015, only ~45% of those have been assessed for the 
Red List. As species assessments are considered out-of-date after 
ten years, approximately 10% of all assessments should be re-
done annually. However, after a species has been assessed, there 
is low funding allocated for reassessment. The result is that of the 
approximately 7600 known amphibian species, >60% have not 
been assessed or have out-dated assessments. New-species rich-
ness overlaps with areas of the world with the most out-of-date 
assessments. For example, Brazil has 1009 known amphibian 
species, 262 of which were described since 2004, but only 26% of 
those thousand species have up-to-date assessments. While the 
African countries of Madagascar and Tanzania do not fall into 
this trend, with >95% species assessed, species assessments are 
falling behind elsewhere in Latin America and Southeast Asia. 
Funding for Red List activities is largely through philanthropy, 
and the authors estimate the total cost of updating the amphibi-
an Red List between US $885,000 and $1,660,000, with additional 
annual investment of US $170,000–$319,000. Importantly, of the 
assessed species, over 40% of assessed amphibians are consid-
ered to be threatened. These estimates, to account for those that 
are “data deficient,” are based off the average for the class. How-
ever, compared to species described and first-assessed in the be-
ginning of the program, species being described today are more 
likely to be threatened, with smaller ranges or found in areas with 
threats such as deforestation. The authors thoroughly discuss 
some factors that may accelerate the assessment/reassessment 
process. In-country experts, particularly where country-level as-
sessments are occurring, could also collect data suitable for Red 
List assessments. Finding people to take the lead in-country is 
key to assessment completion. Authors of species descriptions 
should include the type of data required for Red List assessments 
in their papers. Where threats from the wildlife trade are present, 
locality data could be sent directly to the Red List Authority. The 
Red List steers conservation work, and its outdatedness on am-
phibian taxa affects our ability to effectively focus efforts where 
they are needed most.

tapley, b., C. J. miChaelS, r. gumbS, m. böhm, J. leudtke, p. pearCe-kelly, 
and J. J. l. rowley. 2018. The disparity between species description 
and conservation assessment: A case study in taxa with high rates 
of species discovery. Biological Conservation 220:209–214.
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Polytypic Poison Frogs Similarly Likely to be 
Eaten by Visually-Cued Predators

Bright coloration to warn predators of toxins and other dan-
gers, or aposematism, is an antipredation strategy found among 
many herpetofauna, particularly frogs of the family Dendroba-
tidae. Theory predicts that aposematic coloration should have 
minimal variation for the most effective predator learning. 
Where variation occurs, it could be a result of Müllerian mimicry 
with overlapping species, local adaptation in a variable environ-
ment, or variable mating preferences. The experiment present-
ed in this paper addresses the presence of variable aposematic 
coloration in a species with polytypism, i.e., non-overlapping 
color morphs segregated by population. Specifically, the authors 
aimed to detect predation behaviors that allowed for either the 
maintenance of a local color morph (indicating local adaptation) 
or the increase in frequency of a new morph (by extending the 
learned behavior of avoidance to a new color morph). The den-
drobatid frog Andinobates bombetes of Colombia has two color 
morphs, one with a red stripe and one with a yellow stripe, found 
in distinct geographic locations. Paraffin models with similar vis-
ible coloration to the two morphs and a third, sympatric, brown 
frog were positioned in groups of three (one of each type) at two 
sites with different natural A. bombetes morphs. After six days, 
indications of attack attempts were scored. At both sites, brown 
models tended to receive the highest predation pressure, while 
predation attempt frequency on the red and yellow morphs 
were similar. The effectiveness of both color morphs to cue lo-
cal predators indicates that the aposematic visual cues given by 
A. bombetes are not locally adaptive to predation pressures. This 
result could be due to a limited ability to differentiate between 
the color morphs for some predators, or the ability for preda-
tors to generalize bright warnings of different types to allow for a 
new, brightly-colored morph to also be avoided. It is further pos-
sible that a very slight selective pressure on color differences has 
evolutionarily affected the species but cannot be detected with 
the data collected here. Assuming the visual cues from A. bom-
betes morphs do not affect their likelihood of predation, some 
other variable has enabled polytypism in this species. Impor-
tantly, predators that use non-visual cues could be affecting the 
maintenance of different morphs. As previous studies indicate 
the yellow morph evolving from the red morph, some other local 
or overall advantage could have allowed for the quick fixation of 
this morph as it expanded the species’ distribution. The authors 
further discuss the possible effects of assortative mating and ge-
netic drift on the current patterns found in the species. 

Casas-CarDOna, s, r. MÁrquez, anD F. vargas-salinas. 2018. Different co-
lour morphs of the poison frog Andinobates bombetes (Dendroba-
tidae) are similarly effective visual predator deterrents. Ethology 
124:245–255.
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Frog Populations Rebound Despite the  
Presence of Pathogenic Fungus

Emerging infectious diseases frequently follow a trajec-
tory from disease outbreak (epidemic/epizootic) to mainte-
nance and coexistence (endemic/enzootic). Two decades after 
the initial discovery of the fungal pathogen Batrachochytrium 
dendrobatidis (Bd) and its associated disease of chytridiomy-
cosis in frogs worldwide, some host species are finally making 
a comeback. In this article, the authors describe the observed 
shift from epizootic to enzootic through long-term data from 
three sites in Panama. They found that of 12 species reaching 
critically low population sizes, some possibly extirpated locally, 
nine have rebounded, with community composition similar to 
that before the outbreak occurred. These populations had lower 
Bd prevalences than those found while the disease was still in 
its epizootic state. This transition could have been caused by a 
change in pathogenicity of the fungus and/or changes in resis-
tance in the hosts. The authors collected Bd isolates from mul-
tiple timepoints in the epizootic and through the transition to 
enzootic levels, and conducted a series on experiments on these 
isolates to detect a shift in pathogenicity. Results indicated simi-
lar growth and reproduction among isolates, as well as similar 
growth in the presence of anti-Bd bacteria and skin secretions, 
and similar ability to affect susceptible frogs. They also found no 
major genetic shifts in the Bd genome that could have affected 
pathogenicity. While similarly extensive experiments could not 
be conducted on the frog hosts, the authors performed experi-
ments on one species with pre-epizootic captive (i.e., Bd-naïve) 
and wild individuals in enzootic populations, and on skin secre-
tions on frogs from pre-epizootic and enzootic disease levels. 
Amazingly, results suggested that host resistance has changed 
over time and allowed for the recovery of some frog popula-
tions. In this disease system, with a fungal pathogen that has not 
shifted in pathogenicity, evolution in host defenses seems to be 
driving the shift to an enzootic state. While these experiments 
are limited in scope to a few affected species in Panama, the role 
of host defense evolution in the recovery of species threatened 
due to chytridiomycosis or other emerging infectious diseases 
should be further considered and studied in affected taxa.

voyleS, J., d. C. woodhamS, v. Saenz, a. Q. byrne, r. perez, g. rioS-So-
telo, m. J. ryan, m. C. bletz, F. a. Sobell, S. mCletChie, et al. 2018. 
Shifts in disease dynamics in a tropical amphibian assemblage are 
not due to pathogen attenuation. Science 359:1517–1519.
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Limb Measurements Suggest Ancient Split  
in Locomotion in Crocodilians

The ancestors of alligators and crocodiles diverged in the 
Late Cretaceous, and the two superfamilies, Alligatoroidea and 
Crocodyloidea, have several morphological differences. For in-
stance, there is less skull variation among alligators. There are 
differences in limb morphology. Additionally, salt glands are 

present on the tongues of most Crocodyloidea, indicating a 
possible marine expansion. Here, the authors aimed to address 
the lack of inference on ecological divergence by investigating 
anatomical differences that indicate change in function. They 
used data on extinct and extant crocodilians to detect fore- and 
hindlimb morphological divergence, and tested for correlation 
between limb and feeding morphology. Data represented all 
extant subfamilies, basal lineages, and outgroups of both Alli-
gatoroidea and Crocodyloidea. Six limb segment measurements 
were collected, and a ratio of rostral measurements was used as 
an indicator of trophic function. Using regressions on principal 
components, the authors detected significant differences in limb 
morphology between the two superfamilies and also among 
subfamilies. Extinct and extant alligatoroids tended to have rela-
tively short stylopodia (humerus and femur) lengths within each 
limb compared with crocodyloids. Extinct crocodyloids, how-
ever, had relatively long stylopodia, while those of extinct alliga-
toroids typically fell within the values of extant taxa. The authors 
also detected a trend of forelimb reduction with greater humerus 
lengths. These results suggest different locomotor abilities be-
tween the superfamilies, with proportionately longer stylopodia 
and shorter limb lengths decreasing crocodyloid’s capacity for 
terrestrial locomotion, especially as the limbs play a negligible 
role in swim speed. The authors further found an association be-
tween cranial shape and limb morphology, with a narrowing of 
the rostrum as limbs decreased in relative length and stylopodia 
increased in length within the limbs. Other studies have found 
that narrower snouts allow for greater ability to catch fish prey. 
Basal and derived alligatoroids feature extremely broad snouts, 
with proportions not found in crocodyloids, whereas derived 
crocodyloids include taxa with slender snouts, further signify-
ing divergent trophic constraints. While alligators and crocodiles 
seem to have similar ecologies involving both land and water, 
the results of this study suggest deeply rooted ecological con-
straints affecting their relative capacities for terrestrial locomo-
tion and type of prey capture.

iiJima, m., t. kubo and y. kobayaShi. 2018. Comparative limb propor-
tions reveal differential locomotor morphofunctions of alligato-
roids and crocodyloids. Royal Society Open Science 5:171774.
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Little Change in Herpetofaunal Activity  
After Prescribed Fires

Prescribed fire is a common management tool to maintain 
disturbance in forests. Usually, these fires are carried out during 
the dormant season, when trees are not growing, as the wood 
is drier and the fire is more predictable. Dormant season fires 
have negligible impacts on forest herps, which tend also to be 
dormant for the winter. However, as the popularity of prescribed 
burns increases, an increasing number of burns occur during 
the growing season, overlapping with animal activity. At an ex-
perimental forest in North Carolina, the authors of this study 
investigated changes in habitat and herpetofaunal surface ac-
tivity (with drift fence arrays) in growing-season burn (GSB), 
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dormant-season burn, and in unburned control plots. From 2–3 
years post-burn of data collection, the authors captured ten rep-
tile species (192 individuals) and 12 amphibian species (489 in-
dividuals) from the > 7000 array-nights of sampling. While total 
species richness differed by treatment, richness of amphibians 
or reptiles separately did not, but rather experienced changes 
among sampling years. Amphibians captured were dominated 
by American Toads (Anaxyrus boreas), Southern Appalachian 
Salamanders (Plethodon teyahalee), and Red Salamanders (Pseu-
dotriton ruber). Reptiles were dominated by Five-Lined Skinks 
(Plestiodon fasciatus) and Eastern Fence Lizards (Sceloporus 
undulatus). Capture rates of amphibians and reptiles did not 
differ by treatment, though a treatment-by-year effect was de-
tected for reptiles, with high surface activity immediately follow-
ing the growing-season burn. Lizards increased surface activity 
in the GSB plots, and Five-Lined Skinks, in particular, increased 
in abundance in this treatment both immediately after the burn 
and years later. The authors suggest that the decreased leaf litter 
post-fire and a decline in canopy cover in GSB plots three years 
after the burn likely increased temperatures at or near the ground 
and changed the thermoregulatory conditions to favor activity in 
lizards. Decreased leaf litter in the sampling period immediately 
post-fire was also associated with a spike in salamander surface 

activity. Though not searching for direct effects of the fire on 
herpetofauna, the authors did find one dead box turtle immedi-
ately after the growing-season burns, suggesting that some of the 
slower species, or species with fewer places to hide during the 
active season, may be directly affected by the fires. While burn 
season does not greatly affect activity of common amphibians 
and reptiles in this Southern Appalachian forest, the authors ac-
knowledge that effects of growing-season burns on less common 
species and behavioral differences due to microhabitat changes 
would not be detected in this experiment. Additionally, as burns 
are likely to occur not just once but recurrently, long-term effects 
of disturbance during the active season should be investigated.

greenberg, C. h., t. Seiboldt, t. l. keySer, w. h. mCnab, p. SCott, J. buSh, 
and C. e. moorman. 2018. Reptile and amphibian response to sea-
son of burn in an upland hardwood forest. Forest Ecology and 
Management 409:808–816.
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