Ecnomiohyla rabborum. Rabb’s Fringe-limbed Treefrog is one of the most significantly threatened amphibians in Central America.
This species is one of the most unusual anurans in the region because of its highly specialized reproductive mode, in which the eggs
are laid in water-containing tree cavities and are attached to the interior of the cavity just above the water line. Females depart the
tree cavity after oviposition, leaving the males to brood the eggs and the developing tadpoles, and parental care apparently extends
to feeding the tadpoles flecks of skin from the male’s body (AmphibiaWeb site: accessed 24 July 2014). Mendelson et al. (2008)
described this tree canopy treefrog from “montane cloudforest in the immediate vicinity of the town of El Valle de Antén” (Am-
phibiaWeb site: accessed 24 July 2014) in central Panama, at elevations from 900 to 1,150 m. This mode of reproduction is typical
of the members of the genus Ecnomiohyla, which now comprises 14 species (Batista et al. 2014) with a collective distribution
extending from southern Mexico to northwestern South America (Colombia and Ecuador). This treefrog appears to be one of the
many casualties of a sweep-through of Panama by the fungal pathogen Batrachochytrium dendrobatidis in 2006. The arrival of this
pathogen was anticipated by a team of amphibian biologists, who observed the disastrous effects of B. dendrobatidis on the popula-
tions of anurans in the El Valle de Anton region. Individuals of E. rabbororum were taken into captivity and housed at Zoo Atlanta,
but only a single male remains alive. We determined its EVS as 20, placing it at the upper end of the high vulnerability category,
and its ITUCN status is Critically Endangered. Since the species is known to survive only in captivity, its [UCN status should be
considered as Extinct in the Wild. Additionally, since the animal now is known from a single male, its IUCN status should change
to Extinct once it dies. This individual is from the type locality. Photo by Brad Wilson.
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Bothriechis guifarroi. This green palm-pitviper is known only from the type locality in the Refugio de Vida Silvestre Texiguat in
north-central Honduras, where it occurs in Premontane Wet Forest at elevations of 1,015 to 1,450 m. We calculated its EVS as 19,
placing it in the upper portion of the high vulnerability category, but its [UCN status has not been determined. Its EVS is the highest
for any snake in Central America. Molecular analysis of this species indicates that it is part of a clade containing the Lower Central
American taxa B. lateralis and B. nigroviridis. Two pattern phases are seen in juveniles, of which one resembles the juveniles of its
apparent closest relative, B. lateralis, which is distributed in the chain of mountains in the central portions of Costa Rica and western
Panama. This snake was named in honor of the Honduran environmental leader Mario Guifarro, who was slain by unknown assail-
ants while heading grassroots attempts to stop illegal logging in the indigenous Tawahka territory in the Mosquitia of eastern Hon-
duras. Don Mario was the guide on several herpetological expeditions undertaken in the Mosquitia by Wilson and co-researchers
during the last decade. This individual is from the type locality. Photo by Josiah H. Townsend.
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DEDICATION

We are pleased to dedicate this contribution to our friend and colleague Louis W. Porras, for the many ways he has
supported our efforts to conserve the rich herpetodiversity of Mesoamerica. As editor, publisher, and contributor to
Conservation of Mesoamerican Amphibians and Reptiles (2010), he remained solidly behind this multi-year project. In
addition, his amazing skills as a copy-editor and knowledge of graphic design were extremely important in the produc-
tion of the Amphibian & Reptile Conservation Special Mexico Issue, published in 2013. Most recently, he has become
the force behind the journal Mesoamerican Herpetology in which a number of our contributions have appeared. In
general, we continually find it worthwhile to seek his counsel on a broad range of matters relating to herpetology and
conservation. Most importantly, however, we consider it an honor to call him friend.

Porthidium porrasi. The White-tailed Hog-
nosed Pitviper is endemic to the region of
the Osa Peninsula of southwestern Costa
Rica, where it occurs in Lowland Moist
Forest at elevations from near sea level to
200 m. We assessed its EVS as 18, placing
it in the upper portion of the high vulnera-
bility category, and its [UCN status is Least
Concern. This individual is from Rincon,
province of Puntarenas. Photo by Alejan-
dro Solorzano.

Louis W. Porras photographed on 19 April
2014 with a pair of Mormon Racers (Colu-
ber mormon) in the Lake Shore Mountains
in Utah County, Utah. Louis said the fol-
lowing: “I’ve been monitoring a den in
these mountains for about 25 years. In the
spring I often hike up there with my grand-
son and other family members. This was
an unusually productive day, because we
found 25 snakes of four species.” Photo by
Robbie Eagleston.
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Abstract.—Mesoamerica, the area composed of Mexico and Central America, is the third largest
of the world’s biodiversity hotspots. The Central American herpetofauna currently consists of 493
species of amphibians and 559 species of crocodylians, squamates, and turtles. In this paper, we
use a revised EVS measure to reexamine the conservation status of the native herpetofauna of this
region, utilize the General Lineage Concept of Species to recognize species-level taxa, and employ
phylogenetic concepts to determine evolutionary relationships among the taxa. Since the publication
of Conservation of Mesoamerican Amphibians and Reptiles, in 2010, 92 species of amphibians and
squamates have been described, resurrected, or elevated from subspecies to species level, and
one species of anuran has been synonymized. The herpetofaunal diversity of Central America is
comparable to that of Mexico, an especially significant finding because the land area of Mexico is
3.75 times larger. The number of amphibian species is 1.3 times greater in Central America, whereas
the number of species of turtles, crocodylians, and squamates is 1.5 times greater in MexXico.
Endemicity also is significant in Central America (65.6% among amphibians, 46.5% among turtles,
crocodylians, and squamates), with a combined average of 55.6%. We regard the IUCN system as
expensive, time-consuming, tending to fall behind systematic advances, and over-dependent on
the Data Deficient and Least Concern categories. Conversely, the EVS measure is economical, can
be applied when species are described, is predictive, simple to calculate, and does not “penalize”
poorly known species. Our EVS analysis of amphibians demonstrates that on average salamanders
are more susceptible to environmental deterioration, followed by caecilians, and anurans. Among
the remainder of the herpetofauna, crocodylians are the most susceptible and snakes the least, with
turtles and lizards in between. We compared the EVS results for the Central American herpetofauna
with those reported for Mexico; the results from those regions show an increase in humbers and
percentages from low through medium to high. Arguably, attempting to conserve biodiversity is one
of the most important and intransigent issues facing humanity, a situation partially due to humanity’s
lack of appreciation for its most serious concerns, and brought about by its anthropocentric focus.

Key words. EVS, anurans, salamanders, caecilians, crocodylians, turtles, lizards, snakes, [IUCN categorizations, sur-
vival prospects

Resumen.—Mesoameérica, el area comprendida por México y Centroamérica, es el centro de
biodiversidad mas grande del planeta. La herpetofauna de Centroamérica actualmente consiste de
493 especies de anfibios y 559 especies de crocodilidos, esquamados, y tortugas. En este articulo,
usamos la medida de EVS revisada para reexaminar el estado de conservacion de la herpetofauna
nativa de esta regiéon, usamos el Concepto del Linaje General de Especie para reconocer taxones al
nivel de especie, y empleamos conceptos filogenéticos para determinar relaciones evolutivas entre
taxones. Desde la publicacion del libro Conservation of Mesoamerican Amphibians and Reptiles,
en 2010, 92 especies de anfibios y esquamados han sido descritas, resucitadas, o elevadas
de subespecie al nivel de especie y una especie de anuro ha sido sinonimizada. La diversidad
herpetofaunistica en Centroamérica es comparable a la de México, un resultado especialmente
significativo dado que la superficie de México es 3.75 veces mas grande. El nimero de especies
de anfibios es 1.3 veces mayor en Centroamérica, mientras que el numero de especies de tortugas,
cocodrilidos y esquamados es 1.5 veces mayor en México. El endemismo es también significativo
en Centroamérica (65.6% entre anfibios, 46.5% entre tortugas, cocodrilidos y esquamados), con un
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promedio combinado de 55.6%. Consideramos el sistema de UICN como costoso, consume mucho
tiempo, con una tendencia a quedarse rebasado por los avances sistematicos, y sobre dependiente
de las categorias de Datos Deficientes y de Preocupacion Menor. Inversamente, la medida de EVS es
economica, puede ser aplicada cuando una especie es descrita, es predictiva, es facil de calcular y no
“penaliza” especies por ser pobremente conocidas. Nuestro analisis del EVS en anfibios demuestra
que en promedio las salamandras son las mas susceptibles al deterioro ambiental, seguidas por las
cecilias y los anuros. Entre el resto de la herpetofauna, los cocodrilidos son los mas susceptibles
y las serpientes las menos susceptibles, con las tortugas y las lagartijas en medio. Comparamos
los resultados del EVS de la herpetofauna de Centroamérica con la herpetofauna de México; los
resultados para ambas regiones muestran un incremento en los numeros y porcentajes de baja
a mediana, a alta vulnerabilidad. Posiblemente, intentar conservar la biodiversidad es uno de los
problemas mas importantes y arduos que enfrenta la humanidad, una situacion parcialmente debida
a la falta de apreciacion de las preocupaciones mas serias por parte de la humanidad, y exacerbada
por su enfoque antropoceéntrico.

Palabras claves. EVS, anuros, salamandras, cecilias, cocodrilidos, tortugas, lagartijas, culebras, categorias de UICN,
perspectivas de supervivencia
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Currently, the global extinction rate far exceeds the rate
of speciation, and consequently, loss of species is the pri-
mary driver of changes in global biodiversity...Since the
advent of the Anthropocene, humans have increased the
rate of species extinction by 100-1,000 times the back-
ground rates that were typical over Earth’s history ...
Until recently, most extinctions (since 1500) occurred on
oceanic islands. In the last 20 years, however, about half
of the recorded extinctions have occurred on continents,
primarily due to land-use change, species introductions,
and increasingly climate change, indicating that biodi-
versity is now broadly at risk throughout the planet.

Rockstrom et al. 2009: 14

Introduction

The most significant problem facing humanity is biodi-
versity decline. Our attempts to estimate the total number
of species and our knowledge and appreciation of envi-
ronmental relationships within and among the large plan-
etary spheres are woefully inadequate. Strangely enough,
given the immense diversity of life on our planet and the
endless intellectual fulfillment its study can foster, hu-
mans have become increasingly focused on their own
activities and become increasingly removed from the rest
of the living world. In spite of this loss of perspective,
we are beginning to learn that our existence as a species
depends on our understanding of how life on this planet
operates, and the role we play in this process.

Amphib. Reptile Conserv.

In a Special Mexico Issue of the journal Amphibian
& Reptile Conservation, we conducted a conservation
reassessment of the reptiles (Wilson et al. 2013a) and
amphibians (Wilson et al. 2013b) of Mexico based on
the use of the Environmental Vulnerability Score (EVS).
These works allowed us to examine the results obtained
by the International Union for Conservation of Nature
(IUCN) and published in the Red List website (www.
iucnredlist.org), and compare them to our EVS results.
In total, we assayed 1,227 species (378 amphibians, 849
reptiles) of the Mexican herpetofauna. Our conclusions
from those studies were that, “both groups are highly im-
periled, especially the salamanders, lizards, and turtles”
(Wilson et al. 2013b: 98). Because the term “reptile” has
been demonstrated increasingly to have a paraphyletic
standing in phylogenetic systematics (www.iflscience.
com/plants-and-animals/there-s-no-such-thing-reptiles-
any-more-and-here-s-why), instead we use the names
“crocodylians, squamates, and turtles” when referring to
these groups.

The purpose of this paper is to reexamine the con-
servation status of the herpetofauna of Central America,
updating and broadening the treatments that appeared in
Conservation of Mesoamerican Amphibians and Rep-
tiles (CMAR; Wilson et al. 2010). A substantial amount
of systematic work has been published since the cutoff
point of 31 December 2008 used by Wilson and Johnson
(2010); our cutoff date for the present paper was 1 March
2015. In the interim, 92 species-level taxa have been
described, resurrected, or elevated, and one species was
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synonymized. In addition, 30 species have undergone
status changes (usually placement in another genus). In
this study, therefore, we treat 1,052 species (493 am-
phibians; 559 crocodylians, squamates and turtles) and
use a revised EVS designed to encompass all of Central
America.

Our Taxonomic Positions

Transitions in systematics. — For herpetologists work-
ing in Mesoamerica, these are interesting times. We live
in a period of transition, from conditions characterizing
the past to those we envision will come in the future. The
element of transition is evident in much of what we pres-
ent in this paper and in our taxonomic positions, which
we deliberate below.

In trying to understand the biological aspects of the
Mesoamerican herpetofauna, we must be interested in
systematics, the study of the pattern of relationships
among living taxa (www.ucmp.berkeley.edu/clad/clad4.
html). Most systematists today practice phylogenetic
systematics, defined as “the way that biologists recon-
struct the pattern of events that has led to the distribu-
tion and diversity of life” (www.ucmp.berkeley.edu/clad/
clad4 .html). The word “phylogenetic” refers to a system
based on evolutionary relationships, in this case among
members of biotic groups that commonly are depicted
as segments on a phylogeny (an evolutionary tree). As
with any reasoned system that has developed over time,
today’s phylogenetic systematics represents our current
understanding of the way life has diversified and changed
over time (www.ucmp.berkeley.edu/clad/clad4.html).
The degree that phylogenetic systematics has influenced
our present understanding of Mesoamerican herpetofau-
nal diversity has depended on the group of amphibians,
crocodylians, squamates, or turtles studied, and by the
level of acceptance of modern philosophical ideas and
techniques by taxonomists. Thus, our understanding of
phylogenetic systematics is in a state of transition, as we
keep moving from the ideas and techniques of the past
into those of the present and future.

Our predecessors attempted to catalogue all life, and
from Carolus Linnaeus we received a system of binomial
nomenclature that provided a means for biologists to com-
municate. Under the Linnacan system of nomenclature,
first and second names (generic and specific epithets) are
provided for living organisms. A system for the place-
ment of organisms into a set of hierarchically positioned
taxonomic categories followed. Another idea that near-
ly all biologists embrace is that life changes over time.
Charles Darwin delivered his theories of biotic evolution,
of which some still constitute fundamental themes of
modern-day biology. Presently, we combine the ideas of
Linnaeus and Darwin and recognize the species category
as the fundamental starting point of taxonomic inquiry.
Anything systematically linked to populations, below the
species level, 1s consigned to the ecologically regulated
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expression of individual and geographic variation within
a species’ genotypic and related phenotypic characters;
geographic variation is how individual variation within
a species fluctuates in space. Genera and all other higher
taxonomic categories are not applicable until species are
recognized. Once recognized, species are named, and in
doing so must be placed within an existing genus or a
new one erected to incorporate the newly named spe-
cies. According to the rules of zoological nomenclature,
named taxa also are placed into a specified set of higher
taxonomic categories; major ones are genera, families,
orders, classes, phyla, kingdoms, and domains.

Species concepts and their evolution. — Biologists
also have inherited the part of systematics that deals with
understanding how species come to exist and how they
can be defined, and throughout history have provided
a suite of species concepts. Within the context of these
conceptions, the Biological Species Concept (BSC) pro-
posed 1deas of definitive reproductive isolation and the
use of subspecies as a formal taxonomic category. The
BSC gained primacy as a means of objectively defining
and recognizing a species during the early to mid 20th
century. In those days, the modern synthesis of evolu-
tionary thought established genetic background as the
source for evolutionary processes, through the early
works of groundbreaking geneticists like Thomas H.
Morgan and Wilhelm Johannsen, and later by the sys-
tematists Theodosius Dobzhansky and especially Ernst
Mayr, whose book Systematics and the Origin of Spe-
cies from the Viewpoint of a Zoologist (1942) served as a
turning point for views about what constitutes a species.
Together with like-minded biologists, such as the herpe-
tologist and anatomist Hobart M. Smith, Mayr viewed a
species as a group of populations of organisms that are
capable of reproducing with each other and are reproduc-
tively isolated from other species. This species concept
enjoyed great popularity among biologists who worked
with sexually reproducing organisms, such as Mayr, who
was an ornithologist. Nonetheless, the BSC never ap-
pealed much to biologists who focused on asexually re-
producing organisms, because these creatures do not en-
joy sexual reproductive compatibility. Although the BSC
still holds sway in some corners of the biological world,
it has gradually been replaced by species concepts that
purport to work for all organisms, irrespective of their
means of reproduction, and which are part of an over-
arching view of how life has changed over time.

These efforts gained remarkable focus and became
part of the modern theory and practice of phylogenetic
systematics, which rests on a foundation of cladistic the-
ory pioneered by Willi Hennig in the 1930’s. Cladistic
analysis provided a means of erecting testable hypoth-
eses about evolutionary initiated connections among or-
ganisms, and currently is considered by many as the best
means for phylogenetic analysis (www.ucmp.berkeley.
edu/clad/clad1.html), which now we recognize predomi-
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Abronia vasconcelosii. This arb

oreal alligator lizard is endemic to the Guatemalan Plateau in the south-central portion of the coun-
try, where occurs in Lower Montane Wet Forest at elevations from 2,000 to 2,100 m. We assessed its EVS as 16, placing it in the

middle portion of the high vulnerability category, and its [IUCN status is Vulnerable. This individual is from Cerro Alux, department
of Sacatepéquez, Guatemala. Photo by Gunther Kéhler.

Andinobates claudiae. This poison dart frog is endemic to islands on the Atlantic side of Panama, where occurs in Lowland Moist
Forest at elevations from 5 to 140 m. We gauged its EVS as 18, placing it in the upper portion of the high vulnerability category,
and its IUCN status is Data Deficient. This individual is from Isla Colén, province of Bocas del Toro. Photo by Brian Freiermuth.
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