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Where snakes came from has puzzled 
biologists for decades, but very few 
people devote their lives to figuring out 
the answer. Michael Caldwell has spent 
much of his career trying to find evidence 
to show that the answer he apparently 
arrived at decades ago is right. The book 

is a review of his efforts—and his responses to those who have 
questioned the results of some of his efforts. Most readers 
interested in the origin of snakes cannot have missed seeing 
some of Caldwell and colleague’s many papers on the issue. For 
those less interested in anatomy, paleontology, or the history 
and sociology of science, this book could be an eye-opening 
experience if they can get past the first 30 or 40 pages. 

Early in the book (p. 16) Caldwell states “My goal is to 
step past limiting concepts of ancestral states where long and 
skinny defined the snake progenitor (e.g., Pianka and Vitt 2003; 
Longrich et al. 2012) and conceive of an ancient snake lizard as 
a short-bodied, four-limbed, long-tailed lizard with a particular 
configuration of the head sharing characteristics still possessed 
by all modern snakes (Caldwell et al. 2015).” In other words, an 
animal with a head having the major characteristics of “modern 
snakes” evolved before its body acquired the properties of 
extant snakes, as partially suggested by the cover illustration 
by Julius Csotonyi. I say “partially,” because long and skinny 
is exactly what the cover illustration, finally explained in the 
last chapter on p. 262, actually shows. Stepping past limiting 
concepts characterizes much of this book, but for the most 
part, it is a review of ideas published over the past 20+ years 
with extensive comments on the errors of those supporting 
the conflicting hypothesis that the ancestors of snakes were 
fossorial and had tiny gapes. Almost the entire content relevant 
to snake origins has been extracted from the numerous papers 
published by Caldwell and colleagues. The rest of the book reads 
like a transcript of Caldwell’s side of the kinds of discussions 
I have had with colleagues over beer, discussions about 

philosophy, methodology, disagreements with colleagues, and 
the uncertainties raised by ambiguous data. 

The fossil record Caldwell explores requires an intimate 
knowledge of the skeletal anatomy of lepidosaurs, particularly 
squamates and some extinct lepidosaurs, like mosasaurs, 
aigialosaurs, and dolichosaurs. Fossils introduce problems 
not experienced in the study of living taxa—and provide 
opportunities for diverse interpretations. Caldwell’s book 
summarizes his personal exploration of those opportunities. 
Unfortunately, depending on fossil data requires finding the 
relevant fossils, and that, currently, is the limiting factor. 

After the title and copyright pages, the book has two 
dedications, the first to his family, the second to J.-C. Rage, who 
died in 2018 while the book was in production. Next is a detailed 
Table of Contents (pp. ix–xi), which I ended up using frequently 
to review various elements of Caldwell’s argument. Next is a 
page of institutional abbreviations, and then a preface. Although 
the title of the book suggests that it concerns a group of widely 
recognized animals, Caldwell quickly disabuses the reader before 
the formal text even begins. The animals the book is actually 
about are “snake lizards,” as introduced in the preface (xvii) but 
not mentioned in any of the scientific publications I have read 
that he has authored or co-authored. Given that the earliest 
amniotes evolved from anamniote tetrapods (e.g., Carroll 1988; 
Clack 2012; Sues 2019), it is logical to assume that snakes must 
have arisen from a tetrapod ancestor. Because snakes and lizards 
traditionally and consistently have been allied as squamates, 
Caldwell has some justification for supposing that the ancestor 
must have shared traits of both. Hence, the search for fossils of 
snake ancestors is the search for the thing that was like neither 
any living snake nor any living lizard, but still a squamate 
with the potential to be a snake. The book then digresses to 
acknowledge those who contributed to the development of 
the author’s thoughts on “snake lizards,” including me, and 
progresses to his first of many explanations of his approach to 
science (Introduction: Seeing and Knowing: pp. xxi–xxv), which 
is well-worth trying to understand before delving into the rest of 
the book. 

The book has a logical plan. Chapter 1 explains his use 
of the term “snake lizard,” a history of the use of ‘snake’ as a 
descriptor, the basic development and anatomy of the skull of 
“snake lizards,” and finishes with Caldwell’s characterization of 
four major types of skulls in living ”snake lizards,” which I will 
comment on below. The next chapter explores those Mesozoic 
fossils providing evidence of the origin of ‘snake lizards,’ which 
turn out to be surprisingly few because it is difficult to tell much 
from snake-like fossils without heads. This is followed by the 
book’s longest chapter, which covers the anatomical characters 
Caldwell feels are critical to understanding the origin of extant 
“snake lizards,” built around those features visible in the few 
Mesozoic fossils that include some skull elements. 
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The fourth chapter reviews interpretations of the 
environments of the Mesozoic fossils discussed in the second 
chapter, emphasizing the diverse but presumed non-fossorial 
nature of all, leading to the fifth chapter, which revisits the 
“myths” about “snake lizard” origins. The critical myth examined 
is the fossorial nature of the ancestor, stemming from Walls’ 
(1940, 1942) studies of eyes and their subsequent influence on 
ideas about the nature of the ancestor of snakes. Most of us have 
entertained these “myths” for decades without recognizing how 
far they fall from being rational hypotheses, given Caldwell’s 
interpretation of the nature of the fossil record. The chapter ends 
with a quick recast of the various misinterpretations suffered by 
Caldwell and colleague’s past publications. 

The sixth chapter explores the various attempts to analyze 
phylogenetic relationships among both extant and extinct 
lepidosaurs. It begins with a review of character problems, 
comparing molecular and morphological characters, and 
progresses to a history of formalized ideas about “snake 
lizard” phylogeny, particularly those expressed in something 
like a cladogram, which, before Hennig (1966), was limited 
to Nopcsa (1908, 1923) and Camp (1923). Nopcsa’s and 
Camp’s analyses suggested anguimorph affinities of snakes, 
supporting a hypothesis of Cope’s (1869) that morphological 
data have continued to support for a century and a half. For 
those interested in the historical development of ideas on 
snake origins and relationships, Caldwell provides an extensive 
personal commentary throughout the book. Chapter Six not only 
summarizes Caldwell’s views of past studies that have included 
fossils in phylogenetic analyses of snakes and potential relatives, 
but also presents his “imagination experiment” of snake 
phylogeny built on a fossil backbone. The seventh and final 
chapter summarizes Caldwell’s convictions about the nature of 
the ancestor of snakes and the appropriateness of his methods. 
As noted, it also, finally, includes a caption for the illustration 
gracing the cover of the book. The book ends with 20 pages of 
references, a reasonably useful index, and a very brief biography 
of the author.

Past treatments of snake origins based on fossils have been 
dominated by vertebrae. Most students of snakes are vaguely 
aware, some perhaps well aware, that there are a lot of fossil 
snake vertebrae from deposits aged between the early Cretaceous 
and the Pleistocene—but in this 100–120 MY range, remarkably 
few fossils are skulls or even parts of skulls. Fossils with the 
completeness of the Eocene booid skulls described from the 
Messel pit in Germany (Scanferla et al. 2016) are extraordinarily 
rare. This has not stopped Caldwell and colleagues from mining 
records of Mesozoic lepidosaur or squamate remains for signs 
that they might have some relationship to snakes, stimulated 
by his early conviction that Cope (1869) was right, mosasaurs, 
dolichosaurs, and aigialosaurs had some snake-like properties. 
The book is therefore an extraordinarily detailed treatment 
of the few Mesozoic snake-like fossils with cranial remains. It 
is a Caldwellian view of the lepidosaur skull without detailed 
character state descriptions or character matrices. For those, 
readers will have to access the supplementary files of recent 
publications. 

To return to Chapter 1, Caldwell introduces the basic 
anatomical elements of vertebrate skulls, progressing quickly 
to the construction of the skull in snakes, incorporating 
some revisions to past notions of homologies (e.g., jugal, 
extracolumella) that disagree with most past literature and will 
remain contentious until more data are available. In treating 

the hyobranchial skeleton and its relevance to feeding and 
ventilation functions in squamates, no references to the primary 
literature on function are given and the critical primary work on 
snake hyoids (Langebartel 1968) is not mentioned. Considerable 
detail is given to the development of the otic region of the skull, 
with speculations on homologies of the bony structure separating 
maxillary and mandibular branches of the trigeminal nerve and 
the attachments of the columella to the quadrate. The chapter 
ends with Caldwell’s ideas on “meaningful categories” of snake 
skulls intended to “represent generalities, not specifics” that 
will hopefully provide “potentially more empirically stringent 
observations and deductive hypotheses,” presumably about the 
origin of snakes. My abbreviation of a much longer paragraph 
introducing his four categories of skulls does not do justice to the 
tenor of Caldwell’s reappraisal of the skulls of “modern,” meaning 
extant, snakes—ones whose anatomy can actually be seen and, 
as I quickly learned, interpreted in a surprising diversity of ways.

Caldwell’s Types I and II skulls fit basal alethinophidian 
clades. He refers to them as Anilioid (Type I, but uses Cylindrophis 
ruffus as the exemplar—not Anilius, and includes Loxocemus, 
Xenopeltis, Anomochilus, and all uropeltid genera) and Booid-
Pythonoid (Type II). Type II skulls include all genera currently 
assigned to Boidae, Pythonidae, and Ungaliophiidae (considered 
by Figueroa et al. [2016] as a subfamily of Charinidae). Caldwell 
then lists a number of genera he includes in this type, notably 
Tropidiophis (sic) (but not Trachyboa, the other genus assigned 
to the family Tropidophiidae), Casarea (but not Bolyeria, both 
currently in the family Bolyeriidae), Sanzinia (currently in 
the family Sanziniidae along with Acrantophis, which was not 
mentioned), Calabaria (currently in the monotypic family 
Calabariidae), Eryx (now in the monotypic family Erycidae), and 
Charina (assigned to the subfamily Charininae of Charinidae, 
along with Lichanura, which was not listed). Xenophidion, now 
assigned by some to the family Xenophidiidae and apparently the 
sister taxon of bolyeriids (Figueroa et al. 2016), is not mentioned. 

Type III skulls are those of most colubroids except vipers, 
atractaspidine lamprophiids, and elapids. Although not 
mentioned, it appears to include acrochordids. The diversity 
of species in this type ensure that many of the key features he 
ascribes to the type are not found in a significant number of 
included species. 

Type IV skulls will come as a surprise to most people 
having some familiarity with “traditional” concepts of snake 
phylogeny. Using Atractaspis aterimma as a representative 
viperid-elapid skull, Caldwell matches it with a typhlopid skull 
(Ramphotyphlops [now Indotyphlops] braminus), a supposed 
representative scolecophidian skull. I have tried wrapping my 
mind around the similarities Caldwell sees in the skulls of Type 
IV taxa and have concluded that the “blend of grades, overall 
similarity, thumb-scale morphometrics, and qualities that are 
intended to represent generalities, not specifics” approach he 
took ended up so far from the conclusions reached by every 
other morphologist who has studied squamate skulls seriously 
that he has left few grounds for discussion. 

In proposing his type IV skull group, Caldwell effectively 
removes scolecophidians from their traditional basal position in 
phylogenies of extant snakes, something supported by all previous 
analyses of both molecules and morphology. That includes a 
recent phylogenetic analysis of extant and extinct lepidosaurs 
following a reappraisal of Najash rionegrina (Garberoglio et 
al. 2019). At the same time, Caldwell removes the extant clade 
least like any currently known Mesozoic fossil snake from a 
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basal position among crown clade snakes. Caldwell supports the 
hypothesis that scolecophidians are “regressed,” highly derived 
macrostomatans. Rieppel (2012) discussed the problems with 
this hypothesis but molecular data (e.g., Harrington and Reeder 
2017) support the notion that the ancestral condition for snakes 
was not a fossorial animal like any of the scolecophidian families. 
Caldwell here lays the groundwork for his argument, repeated 
throughout the book, that small fossorial animals were NOT 
the ancestors of living snakes. As to his “key features” of type IV 
snakes, disturbingly few of the taxa he claims to belong there 
actually express those features. 

Had Caldwell illustrated an actual elapid or viperid skull, and 
a leptotyphlopid instead of a typhlopid in his Figure 1-9, and 
clarified how leptotyphlopid skulls share significant structural 
similarities with those of elapids or viperids, his later arguments 
would have been more compelling. By the end of Chapter 1, I 
was convinced that highly selective data had been, and would 
be throughout the book, manipulated and massaged to fit the 
author’s thesis. I had to revisit the book numerous times over 
months to see that Caldwell has some valid points despite the 
fact that I still disagree with many of his conclusions.

Chapter 2 describes some of the currently known fossils 
assigned to Mesozoic “snake lizards.” As Caldwell admits, 
vertebrae ascribed to snakes from Mesozoic sediments tell us 
little about the nature of the animal. After emphasizing that 
the origin of snakes depends entirely on fossil evidence, it is 
surprisingly short. It provides “anatomical portraits of fifteen 
moderate to extremely well-known Mesozoic snake lizards.” He 
adds comments on three other fossil taxa: Coniophis, Simoliophis, 
and Tetrapodophis. In essence, the chapter covers 18 fossil taxa 
representing the last 100 million years of the Mesozoic. The oldest 
remains are all fragments of skulls originally described by Evans 
(1994, 1996) as a platynotan lizard, Parviraptor estesi. Caldwell et 
al. (2015) redescribed a few incomplete skull elements (maxillae, 
dentaries, frontal) and some vertebrae from various locales in 
Europe and North America, assigning them to four different 
taxa. These very fragmentary remains apparently constitute the 
“moderately well-known” taxa. 

One more Early Cretaceous fossil posterior braincase from 
South African Valanginian deposits is described briefly but it 
has yet to be redescribed, rediagnosed, and formally named. 
Cretaceous fossils providing considerably more evidence of 
skeletal morphology form the bulk of the chapter, but all of 
them have been explored in numerous prior publications. They 
include Pachyrhachis problematicus, Haasiophis terrasanctus, 
Eupodophis descouensi, Najash rionegrina, and Dinilysia 
patagonica. All except Dinilysia are known to have reduced hind 
limbs. All are now considered to be outside crown clade snakes 
and suggested to have relatively immobile upper jaws, due partly 
to the retention of a postorbital bar. For detailed accounts of the 
skulls of these taxa, the reader will have to go to the primary 
literature because the figures in the book show views that only 
partially cover the complexities of the fossils. 

Two other Cenomanian age fossils of snake-like bodies, 
Pachyophis woodwardi and Mesophis nopcsai, are mentioned 
briefly, as are two Maastrichtian fossils, one from Madagascar 
(Menarana nosymena, for which Caldwell considers only the 
posterior braincase as a valid representative of the taxon), and 
one from India (Sanajeh indicus, described as having a Type 
I anilioid skull). The first two show no signs of hind limbs. 
Menarana is more fragmentary but the braincase shows clear 
affinities to madtsoiids, although fusion of elements in both 

the braincase and atlas suggested potential reinforcement of 
the skull, leading LaDuke et al. (2010) to note that although M. 
nosymena was estimated to be too large to burrow itself, these 
features could reflect a possible burrowing ancestry. Sanajeh 
is slightly revised from the original description by Wilson et al. 
(2010) but also assessed to be a large madtsoiid. 

The remaining Mesozoic fossil material ascribed to 
snakes is limited to vertebrae (Lunaophis aquaticus, Xiaophis 
myanmarensis, Simoliophis rochebrunei, and Coniophis 
precedens), except that numerous cranial elements have been 
assigned to Coniophis over the years, as have an extraordinary 
range of vertebrae, in terms of geography and age. The final entry 
in the chapter is a brief note on the recently described four-
legged snake Tetrapodophis amplectus (Martill et al. 2015) from 
presumed Mesozoic provenance that Caldwell and colleagues 
(2016) have reanalyzed and consider not to be a “snake lizard,” 
although a full re-description has yet to be published. 

The next chapter (pp. 67–164), by far the longest, explores 
in detail a variety of anatomical features that Caldwell and 
colleagues have reinterpreted, mostly to fit better with his idea 
that the ancestor had four appendages, a neck, a head largely 
like “modern” snakes, was macrostomate, and aquatic. He 
begins with a review of Palci and Caldwell’s (2013) analysis of 
circumorbital bones in squamates in which, by an argument 
supposedly based on ‘primary homology,’ they renamed a 
bone that arises on the posterodorsal region of the orbit and 
attaches to the parietal in all snakes, as the jugal, a bone that 
in all other tetrapods arises ventral to the orbit and attaches 
to the maxilla. The extraordinarily convoluted argument they 
present has supposedly been recently bolstered, and repeated, 
in a description of a fossil skull of Najash found years ago and 
recently published (Garberoglio et al. 2019). The jugal in Najash 
and other Mesozoic fossils ascribed to snakes appears to be 
attached to the maxilla ventrally, as it is in all other squamates 
in which it is present. There is a bone attached to the parietal 
and frontal identified as a postfrontal. It could as easily have 
been named a postorbital, and the essence of the problem is 
determining which. In both lizards and snakes, that region of the 
orbit can be occupied by two bones (postfrontal [or supraorbital 
in snakes], and postorbital); one bone, referred to in many 
lizards as a postorbitofrontal if there is no evidence “from either 
embryology, outgroup comparison, or the fossil record” (Evans 
2008); or no bones, as is the case in many snakes, dibamids, and 
most amphisbaenians (Gans and Montero 2008). Circumorbital 
bones in squamates have generated a surprisingly contentious 
literature (see also Daza and Bauer 2009) that is unlikely to cease 
until better understanding is reached on their developmental 
determinants. But based solely on topology, relationships, and 
available developmental data, the Palci and Caldwell (2013) 
argument makes little sense. 

The chapter goes on to explore the crista circumfenestralis, 
the intramandibular joint, the intermandibular “joint,” or lack of 
one, columellar attachment to the quadrate, tooth attachment 
to tooth bearing bones, quadrate form and function, the nature 
and anatomical foundations of microstomy and macrostomy, 
necks and tails, and finally, limb loss and limb reduction. With 
respect to teeth, Caldwell notes that “There is no such thing as 
acrodonty or pleurodonty, nor even thecodonty, for that matter” 
after reviewing histological features of tooth attachment that 
show similarity in all three types. Some of my past work and that 
of my students on the form and function of the head in snakes 
is cited at length for some of these issues. I found no major 
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misinterpretations or disagreements with our findings or general 
conclusions, but I have generally avoided making statements 
about ancestry or homology, and it is those issues that Caldwell 
focuses on. 

Why would anyone interested in snakes want to buy this 
book? Anyone with reasonable knowledge of living snakes knows 
that the snakes that eat the eggs and larvae of social insects live a 
life very different from snakes that catch and eat antelopes—and 
the anatomy of those two types of snakes is very different. Most 
of us have some notion of available prey and habitat diversity 
on present day Earth—but most of us have only the vaguest 
notions of the prey and habitats available to snake-like animals 
during the Cretaceous or Jurassic. Most of us also do not think 
about time and potential changes in climate, physiography, and 
geography over tens of millions of years—or how major changes 
in atmospheric pCO2 or pO2 during the Mesozoic might have 
affected the nature and diversity of life on the planet. The book 
provides no answers to any of these questions—but it explores 
the nature of some of the data used to get at answers. It also 
shows clearly how much time and effort can be spent on trying to 
reach some consensus of opinion on even such trivial questions 
as the homology of the bone behind the eye in many snakes, 
or the nature of quite a few structural characters. Anatomy, 
for those who don’t practice it, seems like a simple descriptive 
“science” of naming things, but Caldwell makes clear that the 
simple process of naming things can result in generalizing 
what the name applies to in ways that make the name not only 
meaningless but fixed—preventing any original thoughts about 
what one is actually seeing. 

Dipping into Caldwell’s book almost anywhere will quickly 
lead to some disagreement he has with widely accepted notions 
about some aspect of snakes. Depending on one’s investment 
in whatever aspect it might be will determine one’s reactions—
and subsequent use of the book. A number of colleagues have 
confessed to being infuriated by some of Caldwell’s claims—
and his treatment of the literature. My initial reactions to some 
of his claims were similar, but continual reflection on many of 
the points Caldwell makes and rereading all of what he wrote 
over the last four months I have spent trying to review this book 
ultimately led to rethinking what I thought. 

Caldwell presents a highly personal view of characters 
extracted from a lot of fossils. The problem with the book is his 
aggressive dismantling of the writings of those many careful 
researchers who came to ideas about the nature of snake 
ancestors from the data available to them, that differ from his, 
and who largely ignored Cope’s suggestions of mosasauroid 
affinities and potential marine origins for snakes. But when 
Wallach, Rossman and I analyzed morphological characters 
of snakes (bone, muscle and visceral characters—no eye 
features: Cundall et al. 1993), rooting a cladogram on general 
anguid states for those characters, we came up with the same 
conclusion Walls and many others had reached. Scolecophidians 
fall at the base of the tree of extant snakes. Gauthier et al. (2012) 
amazingly reached about the same results for snakes with many 
more morphological characters and after including a number of 
fossils. A fossorial origin for snakes, on those grounds, did not 
seem unreasonable. 

While puzzling over points in the book, I pulled out Carroll’s 
(1988) text and discovered an account of snake evolution with 
many of the caveats that have been explored by Caldwell and 
company since the 1990s. Inasmuch as Carroll was Caldwell’s 
Ph.D. advisor, and had worked on a number of Mesozoic marine 

lepidosaurs, I would be surprised if Caldwell hadn’t been 
introduced to much of his current thesis while at McGill, but 
there is no acknowledgment of this anywhere in the book. Carroll 
is listed only once, in a long list of colleagues and “scholarly 
adversaries.”

The book has a lot of typos but given the density and 
complexity of the text, surprisingly few. The quality of some 
of the figures, particularly photos of fossils, is generally not as 
good as in the original publications. The quality of binding is 
questionable. Although I have so far refrained from periodically 
hurling the book against a wall, the back cover is nevertheless 
delaminating from repeated use. 

Snakes have attracted an extraordinary amount of attention 
in the last 30 years and we now learn more in a year than we did 
in a decade 50 years ago. Fossil data, however, while increasing 
in diversity and abundance for snakes, are still amazingly sparse. 
Caldwell really has fewer than a dozen fossils providing enough 
material to confidently evaluate cranial properties—and we 
have yet to establish what cranial properties would rank a fossil 
as a snake. Considering that we are happy to rank all living 
scolecophidians and alethinophidians as snakes, regardless of 
Caldwell’s claim that it is the head that evolved first, I think the 
evidence of living snakes suggests that the only things uniting 
them are the body and functional, not structural, similarities 
of the head. Hence, I think it is both the body and potential 
functions of the jaws that must define the degree of snakeness 
of fossils. 

For those who thought they knew all about snakes, Caldwell 
has provided an exhaustive supply of novel interpretations that 
will keep most readers exercised and, possibly, infuriated long 
enough to miss the point. I think he is right in concluding that all 
Cretaceous fossils that include cranial material and that might 
be snakes were not fossorial. How they relate to living snakes 
remains, in my view, unclear.

Acknowledgments.—I thank Harry Greene, Frances Irish, and 
Thomas LaDuke for their comments and corrections of my review. 
All remaining errors are my sole responsibility.
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Islands and Snakes is a 13-chapter 
volume with an inviting cover depicting a 
mountainous, forested island with white 
sand beaches and a shallow lagoon—ideal 
habitat for a variety of snake species! Each 
chapter is written by a different author or 
author team, totaling 19 snake biologists, 
and is accompanied by numerous color 
photos, maps, and the occasional table, but very few traditional 
journal-style figures. Each chapter has its own literature cited, 
and there is a global index. The idea for the book grew out of a 
seminar course co-taught by the editors and replaced an earlier 
version that would have been a review paper. Instead, this book 
is a series of vignettes that reminded me of the classic In the 
Light of Evolution: Essays from the Laboratory and Field (Losos 
2011), but with a narrower theme. Chapter 7 was particularly 
beautifully written, with a touching dedication. My impression 
is that the intended audience is largely herpetologists, but the 
book is written in such a way that non-specialists could also 
learn a lot from reading it, and it will likely reach more people 
in this format than it would have as a review. However, the list 
price is undoubtedly steep and, in my opinion, one would have 
to be quite interested in islands and snakes in order to be likely 
to purchase it at full price.

Islands are often fondly called “natural laboratories” and of 
course our most foundational and unifying biological theories 
originated on islands (Darwin 1859; MacArthur and Wilson 1967). 
Nevertheless, as with so much in snake biology, snakes have been 
neglected even in places as famous as the Galápagos, where new 
discoveries have recently enhanced our understanding of the 
origins, diversity, and basic ecology of snakes (Zaher et al. 2018; 
Ortiz-Catedral et al. 2019), with much left to discover. Snakes on 
islands often occur at higher densities than on continents, so 
studying snakes on islands may help snake biologists take steps 
toward overcoming “lizard envy” (Seigel 1993). Primary data on 
population density estimates are presented in five chapters, and 
ranges from 0.5 snakes/ha for Macrovipera schweizeri (p. 190) 
to 55–160 snakes/ha for Bothrops insularis (p. 146), with ca. 200 
snakes/ha being reported for Gloydius shedaoensis (which is not 
the subject of any chapter; Shine et al. 2002). The low detection 
probability of snakes and the variety of methods employed 
to estimate it makes direct comparison of snake population 
density estimates a formidable challenge (Novosolov et al. 2015; 
G. Rodda, pers. comm.).

Laudable aspects include the global coverage (islands 
associated with Asia, Australia, the Caribbean, Europe, North 
America, and South America are included), the relatively wide 
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taxonomic coverage (four chapters focused on elapids, four on 
viperids, two on colubrids, and one on a boid), and the increased 
insight into the process behind the science that would not be 
apparent to someone reading the literature. The book opens with 
an introductory chapter that contains sections on the geography 
and features of islands inhabited by snakes, patterns of diversity 
and endemism, origins, extinction, and diversification, 
energetics and evolution of body size, and conservation of island 
snakes. The authors present data that at least 400 species of 
snakes are endemic to islands, and many populations of island 
snakes exemplify the problem of how to recognize lineages that 
exhibit unique behavioral and morphological adaptations but 
little genetic divergence from widespread putative conspecifics 
(e.g. rattleless Crotalus, p. 27 and chapter 10). Many claims made 
in Chapter 1 are based on an “island snakes database” seeded by 
Pyron and Burbrink (2014) and further developed by the authors. 
It would be ideal to make this database public so that others 
could contribute to it and use it to ask their own questions. The 
final chapter addresses an assemblage of snakes on a “sky island” 
system instead of a conventional island, and in fact one could 
probably put together an entire second volume around this 
theme.

I was surprised to find barely any mention of snakes as 
introduced species on islands, given the many well-known 
and intensively-studied such systems (e.g., Boiga irregularis on 
Guam, which may be the snake-island system about which the 
most is known globally, but also such examples as Lampropeltis 
californiae in the Canary Islands, Lycodon aulicus on Mauritius, 
Lycodon capucinus on Christmas Island, Boa constrictor on St. 
Croix, Boa imperator on Cozumel, Pantherophis guttatus in 
the Bahamas and Cayman Islands, Telescopus fallax on Malta, 
Elaphe taeniura and Protobothrops elegans in the Ryukyu 
Islands, Rhinechis scalaris, Macroprotodon mauritanicus, and 
Natrix maura in the Balearic Islands, Indotyphlops braminus 
on many islands around the world, and numerous others; 
see Kraus 2009). Again, an entire volume (or several) could be 
written on this topic, although the closest such book in existence 
is probably Rodda et al. (1999)’s Problem Snake Management, 
which is equally applicable to snake invasions on continents.

Overall, I was impressed by the production value, attention to 
detail, beauty of the images, and wide range of content in Islands 
and Snakes. Of particular interest to me were the numerous 
amusing anecdotes in Chapter 2, including one about a sea 
krait sustainable harvest and conservation program (pp. 53–54), 
photos of mating balls of Laticauda saintgironsi (Fig. 3-6) and L. 
semifasciata (Fig. 4-6), the history of Tao cultural preservation on 
Orchid Island (pp. 96–97), the high rate of infertility in Bothrops 
insularis (p. 124) and related challenges in ex situ conservation of 
species with naturally low fecundity due to strong founder effects 
(pp. 132–133), the empirical data establishing a relationship 
between age of isolation and the evolution of insular dwarfism/
gigantism (Table 6-1), the convergent pattern of island snakes 
that feed on ephemeral resources of allochthonous origin 
(such as migratory birds or their dropped food, or sea turtle 
nestlings; pp. 210 and 301–302) and the intense competition and 
associated territorial or pair-bonding behaviors that can arise 
as a result (chapters 9 and 12 and Huang et al. 2011), especially 
the exaptation of male-male combat rituals for defense of food 
(pp. 303–304). Finally, the level of detail to which population 
dynamics of some island snakes have been described (chapters 
8 and 11) sets a high standard for snake biologists working on 
continents.

Drawbacks of this book include its high price, a negligible 
number of misspelled or omitted words, and a few intriguing 
aspects that are left unexplored, such as the relationship among 
island endemism, island elevation, and sea level rise (p. 29). 
Choices I found strange included illustrating Indotyphlops 
braminus in figure 1.1D with an aberrantly colored individual 
(the species is normally black), referring to it using the common 
name “Oriental Blind Snake,” used by only one or two other 
sources (Loveridge 1944), instead of “Brahminy Blindsnake” or 
“Flowerpot Snake,” and the use of the genus Dinodon, which has 
been synonymized with Lycodon (Siler et al. 2013), in Chapter 12.
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This book is a banquet of marvelous 
photographs and inspired information 
assembled by a person with extensive 
experience and great passion for 
Heloderma suspectum. Hans-Joachim 
(“Jochen”) Schwandt has rich knowledge 

and practice with husbandry and propagation of Gila Monsters 
and, in addition to summarizing his own important work, did an 
amazing job assembling contributions from many colleagues 
who donated excellent photographs, chapters, and information. 
The photos and illustrations, nearly 400 in all, are a feast for the 
eyes and they alone make this book worth purchasing. 

The author states that the “book is meant to provide both 
instructions for the H. suspectum lovers and breeders as well 
as more specialized information for the scientifically interested 
reader.” Another goal stated in the introduction is to dispel 
“falsehoods and outdated information” about Gila Monsters 
(including the untrue nature of the name itself; in no way are 
these remarkable lizards “monsters”). Many of the spectacular 
photos in the book can also be viewed on the author’s website 
(https://www.heloderma.net/en/new.html).

The book begins with a foreword by Karl Switak, who gives 
a nod to Schwandt’s credentials—and to their friendship. The 
rest of the foreword focuses on herpetological adventures with 
Jochen in Baja California, including 12 photos of fine herps from 
the region (which, sadly, harbors no Gila Monsters). This part 
seemed a bit out of place given the focus of Mr. Schwandt’s book 
on Heloderma suspectum.

Aaron Bauer’s chapter “Knowledge and iconography of living 
members of the genus Heloderma to 1900” presents some amazing 
historical illustrations, along with insightful descriptions and 
interpretations of their role in the history of our understanding 
of this iconic genus. Many of these illustrations were published 
in sources that are not easily available and, because  all are  >100 
years old, will have been seen by few people. Bauer’s assemblage 
of so many reproductions of early historical images of Heloderma 
contributes significantly to the value of Jochen’s book. Krister T. 
Smith’s Chapter 5 (Taxonomy) gives an update on our current 
knowledge of the evolution of Heloderma. 

With several pages of habitat photographs, Chapter 6 sets the 
stage for hundreds of beautiful photographs to follow. Chapter 7 
(survival strategies) presents photos from the ground-breaking 
work of Roger Repp, Dale DeNardo, and colleagues, including 
several rare photos of Gila Monsters at shelters in nature, some 
even together in the same shelter. Chapter 11, on color variations, 
presents sequences of ontogenetic dorsal and ventral color/

pattern changes; other photos show the astounding color and 
pattern diversity among Heloderma suspectum individuals. The 
hypomelanistic Gila Monster (with a pink tongue) photo from J. 
Servoss was amazing, as is a longitudinally striped Gila Monster 
from north of Sonora (by P. Co), along with several black beauties 
from Cochise County, Arizona, contributed by W. R. Radke. Later 
chapters on anatomy, egg laying, embryonic development, and 
captive reproduction (including hatching twins!) contain equally 
impressive images. Schwandt’s book will dazzle even the most 
indifferent reader with its spectacular photographs, and the 
secrets they reveal about Gila Monsters.

Because this review was requested from a scientific journal, 
and the book presents itself as a scientific treatise, it is important 
to note that a fair amount of the book’s material is not presented 
in a consistently rigorous, scientific manner. For example, in 
Chapter 16 on “rearing,” the author summarizes feeding trials 
he conducted on hatchlings, concluding that “This experiment 
seems to prove that feeding only baby mice created a deficit, which 
could be corrected impressively by feeding quail eggs” (p. 251). 
This conclusion is not scientifically valid. No data were presented 
on the quantity of food or estimated caloric content given in 
each meal to the lizards—leaving no way to determine whether 
the type of food (eggs vs. mice), or the quantity and subsequent 
energy content provided with each meal, was responsible for 
differences in growth rates of hatchling Gila Monsters.  Scientific 
experiments make discoveries through proper experimental 
design, through applying the laws of probability to hypothesis-
testing, and by rejecting false hypotheses. A peer-review of this 
feeding “experiment” from a scientist would have revealed that 
it was not rigorous science, nor do scientists “prove” their results 
through their experiments. Scientific rigor and standards are 
maintained by peer review and this book was not thoroughly or 
critically peer reviewed. Only two colleagues, close to the author 
(one of whom wrote the book’s foreword), are mentioned in the 
acknowledgments as people who critically reviewed the entire 
book.   

In science, an important way to avoid spreading 
misconceptions, or creating new ones, is to carefully identify the 
sources of information one presents as truth, and to accurately 
summarize the work of others. With the notable exception of 
the amazing photographs, the book falls flat on this standard 
in several places. For example, the author mentions in the 
introduction that the “The name Gila refers to the place: Gila 
Bend in Arizona, where the first Gila Monster was documented.” 
In fact, the type specimen (originally documented scientific 
specimen) of H. suspectum (reported by Baird 1859) came from 
Sierra de Moreno near Monument no. 146, one of the markers on 
the International Boundary between Sonora, Mexico and Pima 
County, Arizona, southwest of Tucson (Bogert and Martin del 
Campo 1956). Moreover, there is no evidence that the name “Gila” 
came from “Gila Bend” (a town in southwestern Arizona). Rather, 
the name Gila likely derives from the Gila River, which passes 
through southwestern New Mexico and Arizona (including Gila 
Bend), where many H. suspectum populations reside (Beck 2005).  
Table 9.1 states that the enzyme hyaluronidase, a component 
of Heloderma venom, “makes cell walls permeable,” yet animal 
cells do not have cell “walls,” but rather cell membranes, and 
hyaluronidase actually breaks down bonds within connective 
tissue (collagen), which facilitates venom diffusion through 
tissues.  Some of these relatively minor errors may be a result 
of translation from German to English. Unfortunately, the book 
presents its share of erroneous information in this way, despite 
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its stated goal to dispel such “falsehoods.” The book contains a 
number of general statements without citations, some of which 
are erroneous. For example, the statement that “Animals from 
the extreme southern and northern range are naturally smaller 
and therefore lighter,” on p. 248) is given without acknowledging 
a citation or any data (and is not true; see Beck 2005). The author 
states (on p. 203) that “Observations in the wild found that egg 
laying occurs only every 2–4 years” and attributes the citation 
to Beck (2005), yet I actually state that the norm is every other 
year (Beck 2005, p. 136).  Many references (e.g., Beck 2010) are 
cited as sources of results that originated from other studies and 
publications.  Some references cited in the text may not show 
up in the Literature Cited (e.g., Douglas 2003) or are incorrect 
(e.g., Douglas et al. 2010 shows Schafer, rather than Schuett, 
as a coauthor), or are duplicated in the Literature Cited.  It is 
unfortunate that the great effort that went into assembling 
such a wealth of valuable images and information was not 
matched with careful citation of original sources, consistent 
fact-checking, scientific accuracy, and peer review. These are 
important elements of any scientific work. Perhaps a future 
edition of this book (or through Jochen’s website) can solicit 
stronger peer review and correct erroneous statements.  

Despite these shortcomings, this is a wonderful book and I 
highly recommend it. Hans-Joachim Schwandt draws from his 
passion and extensive experience with husbandry and captive 
breeding to bring to light a wealth of valuable information and 
amazing photographs. Jochen’s labor of love that went into this 
book comes out strongly in the way he was able to assemble 
such a wealth of images and contributions from some highly re-
spected “Helodermatologists.” The layout and binding are high 
quality, and the book is priced economically, especially given 
the many excellent color photographs, which I am still enjoying. 
Hans-Joachim Schwandt should be congratulated for, and very 
proud of, this beautiful new book on Gila Monsters. 
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In Secrets of Snakes: The Science 
Behind the Myths, author David A. Steen 
delves into common questions regarding 
snakes, ranging from how to tell if a 
snake is venomous to questions about 
snake “giants” found on the internet. 
I imagine almost every herpetologist, 
myself included, has been asked these 
exact questions before and, although they are common to us, 
Steen has taken the time to really explore the background and 
intricacies surrounding these questions for his audience. He 
writes in an approachable, conversational manner that allows 
accessibility for a range of experiences, but with enough detail, 
including scientific names and where they came from, to make it 
truly useful for a broad audience. 

Steen began his work as a herpetologist as an undergraduate 
student working with watersnakes and continued through 
masters and doctoral work. Steen additionally has professional 
herpetological experience as a postdoctoral scholar at Virginia 
Tech, an assistant research professor at Auburn University, an 
ecologist at the Georgia Sea Turtle Center, and currently Reptile 
and Amphibian Research Leader of the Fish and Wildlife Research 
Institute (Florida Fish and Wildlife Conservation Commission). 
As Steen describes in the preface to the book, however, he is 
likely most known for his work in public science communication 
which he began with “Living Alongside Wildlife,” originally a 
newspaper column in 2007 that was then moved to a blog, to a 
website in 2009, and as a twitter feed in 2012. His public scientific 
communication efforts gained particular attention from a blog 
post about giant snake hoaxes, which has been adapted for a 
chapter in this current book. 

Steen refers to Secrets of Snakes as a “culmination of my 
science communication efforts” and in it he has brought 
together his knowledge from his vast experience interacting with 
the public, primarily through social media platforms, regarding 
misconceptions about snakes. The book is organized into three 
primary themes covering snake identification, myths and 
misconceptions, and other questions about snake biology and 
ecology. Within each section, the book is conveniently arranged 
by individual question and grouped together by general theme, 
making it inviting for the reader to approach the book at any 
point rather than necessitate a full read-through. Interspersed 
with these questions are three “Species Profiles” on Ratsnakes, 
Gophersnake, and Dekay’s Brownsnake. Although written 
primarily for the non-herpetologist, I found myself picking 
up interesting points along the way despite working with and 
researching snakes from my master’s research through my 
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doctoral and postdoctoral endeavors. I also, primarily through 
my role as a professor, educate scientists and non-scientists 
alike about snake biology and ecology and was able to pick up 
multiple new angles on several common questions I receive. 

In the introduction to Part I on identifying snakes, Steen 
encourages his audience to learn to recognize snakes using 
their entire appearance instead of just a few traits that can 
vary geographically and even individually. Although this skill is 
important for those interested in snakes, it is also difficult and 
Steen does a commendable job introducing this likely novel 
concept to his audience. Steen focuses this first section of his 
book on identifying snakes, primarily to distinguish between 
venomous and non-venomous species, and does an admirable 
job addressing the “poisonous” versus ‘venomous” confusion 
and expands on it in an informative way. The first chapter is 
devoted to perhaps the most misunderstood “fact” about snake 
identification involving a triangle head shape as a definitive 
identifying feature of venomous snakes. As with Steen, in my own 
experiences, I also find this misunderstanding nearly ubiquitous 
in my interactions with the general public, university students, 
and even with a majority other non-wildlife researchers. 

Throughout the chapters, Steen uses his research experiences 
in the field to make the explanations more relatable and 
approachable while sharing glimpses of biological field work for 
those who have not experienced it. While answering questions in 
a refreshing and straight-forward manner, Steen intersperses his 
answers with relevant biological and ecological information on 
specific species and snakes in general. For example, when talking 
about breeding balls, Steen takes time to talk about sexual size 
dimorphism and environmental and behavioral evolutionary 
pressures influencing this phenomenon. 

In part III, Steen devotes a chapter to the question that has 
gained him the most visibility, giant rattlesnakes. In the preface 
to the book, Steen notes that when published on his blog, this 
topic reached over a million views. Steen accurately notes in this 
chapter that those of us who study snakes went through a period 
where we regularly received these hoaxes from friends and 
family wanting to know if they needed to pack up and move out 
of wherever the most recent “giant” had been found. Although 
missing photos illustrating the concept of forced perspective 
and its results, Steen wonderfully uses his extensive experience 
and takes the reader through this widely believed hoax. 

The book concludes with a chapter about how to keep 
snakes away from your home, yet another common question 
encountered by herpetologists from the public. Steen is careful 
to distinguish between transient snakes just traveling through 
and those residing in an area, and then focuses his answer on the 
latter. He provides useful and practical suggestions for making a 
yard less inviting for snake visitors such as details about hedge 
design and trimming and limiting the availability of cover 
objects, as well as cautioning about using snake “repellants” that 
show little utility and can cause environmental harm in many 
cases. 

Overall, this is an excellent book and worth stocking in every 
library. I found, however, that I wanted to know the general 
location for many of the photos when location was not noted. It 
might also be helpful for the readers to have a key for where the 
snakes are in the few photos that show how cryptic snakes can 
be even when right in front of you. Although there is a “selected 
bibliography” and a “further reading” page, it would be useful to 
expand this latter section with more specific recommendations 
based on some of the book’s main themes, with notes about 

those written more for a general audience. Lastly, although not 
indicated in the title, readers should note that the majority of 
examples and photos are from eastern North American species, 
which is understandable given the author’s location. 

Steen’s Secrets of Snakes is an important addition to the 
literature available for a broad general audience regarding 
snakes and I would recommend it to anyone curious about 
these amazing and vital inhabitants of our world. Steen is 
careful to never be dismissive or belittling of questions, which 
is a real strength of this work. In his words, he seeks to promote 
“acceptance through understanding,” and his approachable 
written style helps to accomplish this. 

Herpetological Review, 2020, 51(2), 372–374.
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The Murray-Darling Basin (MDB) is the 
largest river system in Australia, making up 
14% of the total land area of the country. 
This very diverse region spans over one 
million km2, and is not only critical for 
the economy and livelihood of millions of 
people, but is also home to a stunningly 
rich biodiversity, comprising hundreds of native species (Murray-
Darling Basin Authority 2018 a,b). Many of these species have 
declined drastically and are headed towards extinction due to 
factors including major habitat and climatic changes, as well as 
hydrology disruptions, due to the extensive damming of the river 
system and water extraction (McGinness et al. 2010; Chessman 
2011; Koehn and Lintermans 2012). Among the many species 
native to the MDB are the 310 amphibians and reptiles featured 
in the first comprehensive guide to the herpetofauna of this 
region, Michael Swan’s Frogs and Reptiles of the Murray-Darling 
Basin: A Guide to Their Identification, Ecology, and Conservation. 
This book is the most recent addition to the field guides 
compiled by Michael Swan, a senior herpetofauna keeper with 
Zoos Victoria, and the current coordinator of the largest school 
collection of herpetofauna in Australia. With Frogs and Reptiles of 
the Murray-Darling Basin, the author aims to facilitate a reader’s 
identification of frogs, turtles, lizards and snakes in the MDB, in 
order to improve their understanding and appreciation of these 
animals, ultimately leading to greater conservation efforts.

Frogs and Reptiles of the Murray-Darling Basin is a relatively 
small book, with 352 pages 215 × 148 × 20 mm in size, and 
weighing only ~700 g, which is a handy size to take to the 
field. The book is well organized, with an introductory chapter 
describing the MDB and each catchment individually, followed 
by species accounts of all frogs, freshwater turtles, lizards and 
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snakes occurring within the MDB. The book concludes with a 
species by catchment checklist, a glossary, and finally with a list 
of references and two indices of common and scientific species 
names. The font size and page layout, with the text organized 
in two columns, are consistent throughout the book, with only 
rare instances of half- or three-quarter page sized maps or 
photographs altering the otherwise fixed page structure.

The comprehensive introductory chapter that opens the 
book gives an overview of the geological and human history 
of the MDB, current landscape and climate, and conservation 
issues that threaten the herpetofauna of the region. Large 
maps help the reader place geographically the MDB and its 
major rivers and towns, as well as the boundary of each of the 
22 catchments located within the basin. The author further 
illustrates and characterizes each of the catchments separately, 
including several photographs of local species and places 
of interest, such as major lakes or wetland complexes. Each 
catchment description includes features such as the length and 
flow rate of the eponymous river, local climate, main towns, land 
uses, vegetation types, and how many frog and reptile species 
occur in the area, naming the most notable ones. I found this 
introduction to the MDB interesting and thorough, particularly 
with its reporting of the most important herpetofauna habitats, 
useful for anyone interested in finding and observing these 
animals in the wild. I also appreciated the beautiful photos 
that help the reader picture some of the landscapes which 
characterize each catchment.

Four chapters follow the introduction on the MDB, each 
presenting the 66 frog, 4 freshwater turtle, 180 lizard, and 60 
snake species that occur within the basin. All of these chapters 
start with an introduction preceding the species accounts, 
where the author briefly presents the group’s ecology and 
morphological features through descriptions and drawings 
(e.g., frog pupil shapes, head shapes and patterns in turtles, 
head/body scalations in lizards and snakes). In each of these 
introductory parts, the author also illustrates a few threatened 
species and their decline, and discusses ongoing threatening 
processes and conservation efforts. The introduction to snakes 
also includes a box on first aid methods for snakebites. 

Following the introduction to each chapter, all species 
accounts are listed, grouped by family, genus, and then species. 
Genera and species are presented in alphabetical order. 
Some genera, such as Litoria and Lymnodynastes in frogs and 
Diplodactylus in lizards, are subdivided in “species groups” 
similarly to Michael Swan and Simon Clulow’s A Complete Guide 
to Frogs of Australia (e.g., bleating tree frogs, laughing tree frogs, 
and whistling tree frogs, all in the genus Litoria). These groupings 
are based on common features and overall convenience. Each 
family and genus are introduced by a short section of usually 3–4 
paragraphs that include general information, such as where they 
are found in the world and/or Australia, common morphological 
characteristics, and some notes on their physiology and ecology. 
Each species account includes, in the same order, common and 
scientific name, size, a range map within the MDB, a photo, a 
morphological description, habitat and notes (which include 
reproductive, call and/or behavioral characteristics). All accounts 
also include an identification paragraph reporting diagnostic 
features that can be used to distinguish the focus species from 
similar-looking species, its conservation rating, and a list of 
the MDB catchments where the species occurs. I found the 
species accounts organized and exhaustive, and I appreciated 
all features being reported in the same order throughout the 

book, which allows species to be compared readily. I thought 
that the “identification” section was particularly useful. While 
this section can be briefer in other guides, e.g., in Steve Wilson 
and Gerry Swan’s A Complete Guide To Reptiles Of Australia, 
here Michael Swan not only warns the reader about which other 
species look very similar to the focus species, but also describes 
in detail the features that tell them apart.

There were a few characteristics of this book that I would 
have done differently, the main being the layout. As this is a book 
intended to bring the rich herpetofauna diversity to a greater 
appreciation, as stated in the prologue, I think Frogs and Reptiles 
of the Murray-Darling Basin does not showcase the species as 
well as it could have, such as by choosing a layout that would 
have allowed for larger photographs. From being in awe at Jules 
Farquhar’s stunning photo of an inland carpet python (Morelia 
spilota metcalfei) on the cover of the book, I found myself 
squinting at the 5.8 × 3.9 cm version within the book, from 
which the beautiful details are mostly lost. The small size is really 
limiting particularly for the few photos which are a bit dark (e.g., 
Limnodynastes dumerilii fryi, Cacophis harriettae, or Karma 
murrayi), as this makes it hard to observe the diagnostic features 
described in the text. Overall, the photos are chosen wisely, and 
they are good examples of the species they represent. However, I 
think that particularly for nocturnal use in the field, or for the use 
by a non-professional who is interested in learning more about 
these animals, a larger photograph size such as the one chosen 
in A Complete Guide To Frogs of Australia could have worked 
better. Furthermore, the fixed layout throughout the book 
resulted in quite a few cases where the species account is split, 
e.g., with the name and description of a species on one page, and 
its photograph on the following page. Therefore, in my opinion 
some flexibility and adjustments of page formatting could have 
been allowed to keep all of a species account on the same page. 
Finally, I think the addition of a “how to use this guide” section, 
with information on Australian herpetofauna taxonomy and how 
the book is organized, would have been very useful in making 
this guide more accessible and easier to navigate, particularly by 
first-time readers.

Overall, I found this book comprehensive, informative, 
and I think it will be effective at bringing the herpetofauna of 
the MDB under the spotlight, hopefully increasing interest 
and appreciation of these animals. Indeed, this is a very timely 
publication considering the great challenges that the MDB is 
currently facing, including drought, devastating fish kills, land 
clearing, and much-debated water management (Normile 2019). 
I particularly appreciated this book’s focus on conservation and 
how badly the herpetofauna of this region has been impacted 
by human action. Frogs and Reptiles of the Murray-Darling 
Basin regularly brings the reader’s attention to the urgency of 
addressing conservation issues to safeguard the unique and 
important herpetofauna diversity that inhabits the MDB. Finally, 
by including species only found in the MDB, it will a be useful 
reference for any professional herpetologist working in this 
region.
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It seems not that long ago that those 
interested in Costa Rica’s herpetofauna 
had only Savage and Villa’s (1986) key to 
aid in identifying the incredible diversity 
of amphibian and reptile species found in 
the country. Jump forward a few decades 
and the situation looks very different. 
We now have multiple volumes covering 
Costa Rica’s herpetofauna to one degree or 

another. The question now is, which one do we take into the field? 
Savage’s 2002 seminal tome still stands as the gold standard but, 
due to its size and weight, it has never functioned particularly 
well in the field. Recent publications have provided new options, 
but they have either been non-comprehensive or purposely brief 
(Leenders 2001; Muñoz Chacón and Johnston 2013), regional in 
scope (Guyer and Donnelly 2004), or taxon specific (Solórzano 
2004). There remains a need for an in-depth, yet portable field 
guide that travels well while still providing enough information 
to facilitate the identification of species in the field.  Partnered 
with its companion, Amphibians of Costa Rica (Leenders 2016), 
Twan Leenders’ 640-page Reptiles of Costa Rica (2019) may 
finally fit the bill, providing biologists, students, and interested 
laypersons with a comprehensive field guide that travels well.

The author’s stated goals for this guide are to help readers 
identify the country’s two crocodilian, 14 turtle, 88 lizard, and 
141 snake species, provide natural history information for each, 
and ideally increase the reader’s appreciation for this group. To 
this end, Leenders utilizes more than 1,000 color photographs, 
around 40 black and white line drawings, over 50 illustrations, 
and 245 range maps in a compact (12.7 × 19.7 cm) but dense (860 
g) travel-ready volume that won’t fit in your pocket, but will fit 
easily in a backpack.

Reptiles of Costa Rica consists of three parts: introductory 
material, species accounts, and supplementary material. After 
the forward and acknowledgments, the prefatory material 
introduces the book, lays out the author’s goals, then familiarizes 

the reader with both the country and the taxa. It contains sections 
on Costa Rica’s geography, climate and weather, and introduces 
the six ecoregions that are utilized in the species accounts. These 
are followed by sections on reptile classification, observation 
and identification, and snakebite prevention and treatment. 

Following the introductory section, the 245 species accounts 
make up the bulk of the guide. The species accounts are grouped 
by families and these in turn are grouped by infraorder (in the 
case of lizards and snakes), suborder, and order. Each larger 
taxon section begins with a short introduction describing the 
group and its diversity, and includes a summary of the characters 
defining the taxa contained within. Within these larger groupings, 
member families are delimited by a colored page. These pages 
serve as de facto section tabs and, after getting accustomed to 
them, allow for quick navigation across the larger groups. Within 
each family, the species accounts are presented alphabetically. 

Species accounts begin with their scientific and common 
names in English and Spanish, their conservation status and a 
short written physical description, followed by a range map, a 
distribution summary, and a figure showing which ecoregions 
a species inhabits within the country. This is followed by a 
natural history section that summarizes habitat preferences, 
diet, and reproductive data along other interesting information. 
Lastly, are the two sections most likely to be utilized for species’ 
identification, namely, Description and Similar Species. The 
description section is where several (up to six) annotated, high-
quality photographs of the species in question are presented. 
Annotations describe characters and field marks that describe 
and define the species. Lastly, the similar species section not only 
lists visually similar species, but also explains which characters 
separate them from the species in question. After the species 
accounts, the book wraps up with a glossary, a bibliography, and 
a combined index of common and scientific names. 

In my estimation, the author effectively meets the goals he 
sets out for the book, and this success is driven by the strength 
of the species accounts. First, the quality, quantity, and variety 
of photographs alone will allow for the identification of many 
species even by persons unfamiliar with the reptile fauna of Costa 
Rica. Incredibly, only two very rare species have no photographs 
provided. Furthermore, the author makes sure to include not 
only general images of the species, but also images that contain 
important diagnostic characters (e.g., the presence or absence of 
a loreal scale in Leptophis species), as well as photos of both sexes 
in dimorphic species, such as Anadia ocellata, and of different 
age classes (e.g., Clelia clelia). These photographs are further 
supported by a judicious use of line drawings and illustrations, 
the most conspicuous of which are the illustrations of each of 
the anole dewlaps that are critical to the identification of this 
species rich and difficult group. Other examples include snake 
head drawings illustrating major group differences, and a set of 
gecko toe drawings designed to help tell species apart.  

In cases where the photos and illustrations alone are not 
enough to determine an identification, then the remaining 
information will get you there. Utilizing the range maps and the 
similar species section allows for the identification of the reptile 
in question.  By applying this method, I was able to correctly 
identify a highland species (Rhadinaea calligaster) that I had 
never come across before. 

One of the toughest groups to properly identify are the anoles. 
As mentioned above, dewlap illustrations are paired with the 
annotated photographs. Additionally for this group, Leenders 
added a “Costa Rican Anoles at a Glance” section where anoles 
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are grouped by one of several factors, in essence creating a filter 
and creating a subset of species that can then be compared. 
This will prove helpful to all users, but especially to those still 
familiarizing themselves with the group.

Other highlights from the guide include Leenders’ attention 
to detail when developing the range maps for each species. I 
find it incredibly helpful that the range maps were not based on 
large elevation bands or ecoregions but rather created in a more 
nuanced manner, which in essence created a unique map for 
each species. Another nice touch includes the use of traditional 
Costa Rican common names such as garrobo, perro zompopo, 
and béquer. These names are commonly used and can help herp 
enthusiasts connect with locals as they travel throughout the 
country.

As with any endeavor of this scope, there are some issues and 
tweaks that could probably be made. First, the natural history 
section of each species account provides much interesting 
information; however, none of this information is cited in the text 
making it far more difficult to track down for anyone interested. 
I suspect this choice was made to save space. Second, almost all 
species were given common names in both English and Spanish, 
but for some reason certain species, including all of the anoles 
and Bachia blairi, were left without a Spanish common name.  
Additionally, Leenders states that an attempt was made to create 
common names in hopes that they would be standardized. While 
many of the Spanish common names match those in Solórzano 
(2004), there were several discrepancies between some of the 
English common names in these two works. Matching the 
common names in these two volumes could have helped to 
solidify a standard common name for Costa Rican snakes moving 
forward. I can’t help but think that this might have been a missed 
opportunity. Also, due to the historic use of anole clade names 
(e.g., Norops, Dactyloa) in Costa Rica, it would have been useful 
to include the clade names at least parenthetically in the species 
accounts. Lastly, some of the maps could be more complete. For 
instance, both Imantodes inornatus and Anolis capito are found 
at Parque Nacional Carara on the central Pacific Coast, but their 

range maps stop south of there and do not reflect this locality.
The issues above, however, are minor and do not detract 

from the overall success of the book. In the end, you must ask 
“Is this field guide worth carrying around during your next 
Costa Rica foray?” The answer is a resounding “yes.” This book 
will be a must have for anyone with a serious interest in Costa 
Rican herpetology. Both enthusiasts and professionals alike 
will benefit from carrying a copy with them on their next trip. 
The cost and size of the book will aid in making that a reality. 
Going forward, this book and its amphibian companion will be 
my go-to volumes to take into the field. I highly recommend this 
book for anyone with more than a passing interest in identifying 
reptiles in the field. 
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Katarina Koller Šarić, Dušan Jelić, Petra Kovač Konrad, and Branko 
Jalžić (eds.). 2019. Association Hyla, Zagreb, Croatia (contact Katarina 
Koller Šarić at katarina.koller@hhdhyla.hr). 249 pp. Hardcover. €35.00 
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The Olm (Proteus anguinus) is 
certainly one of the most intriguing and 
mysterious amphibians in the world. It is 
found only in central and southeastern 
Europe, specifically in southern Slovenia, 
the basin of the Soa River near Trieste, 
Italy, southwestern Croatia, Bosnia and 
Herzegovina, and Montenegro. The species 
is entirely subterranean, often living in 

very deep, nearly inaccessible caves in rugged karst topography. 
It apparently rarely moves very far within a small home range 
and has life history characteristics suggesting great longevity. To 
study this species is a challenge to say the least, one undertaken 
by a small group of extremely dedicated Croatian researchers who 
brave the cold, wet deep caverns of the Dinaric Karst. Proteus is 
as much of a tribute to these cave-diving researchers as it is to 
the little-known olm. The book is composed of two parts and 
an appendix. The first part (53 pp.) has chapters focusing on the 
geologic and biotic characteristics of the Dinaric Karst, including 
information on karst topography and chemistry, speleological 
research in Croatia, cave-diving, cave biota in Croatia, and 
background literature on these topics. The second part’s chapters 
(pp. 56–157) are all about P. anguinus—systematics, habitat, 
distribution, anatomy, physiology, reproduction, behavior, 
and status and conservation; there is also a review of historical 
research on P. anguinus in Croatia. The literature on Proteus in 
part two is extensive (pp. 158–175). An appendix (pp. 176–246) 
of current research projects follows, covering details of cave 
exploration, capture-mark-recapture studies, eDNA research, 
health examination, and the use of ultrasound in monitoring 
health and reproduction. Each chapter in the appendix has its 
own literature cited, and each has numerous color illustrations. 
The color photographs and illustrations throughout the book, 
numbering in the hundreds, are spectacular. They cover 
all aspects of research: historical photos, publications and 
documents, above-ground karst, maps, charts, cohabiting biota, 
many photos of P. anguinus in situ in deep caves, cave diving, 
researchers in very tight passages hauling gear, anatomical 
illustrations of Proteus, ultrasonograms, and histology slides. 
Entirely in English, the book offers a window into the Croatian 
literature on olms and the dedication of researchers trying to 
understand its biology in a most inhospitable environment. 
Amphibian researchers (especially salamander enthusiasts), 
naturalists, speleologists, and bibliophiles interested in this 
most unique animal will want a copy. The book is well worth the 
modest price. 

Restinga. Herpetofauna do Litoral Norte da 
Bahia
Moacir Santos Tinôco (editor). 2019. Barro de Chão, Salvador, Bahia, 
Brazil. 571 pp. Hardcover. No price. ISBN: 978-85-67301-04-4.

The restinga is one of the most 
important ecosystems in Brazil. Located 
on the north coast of Bahia, the restinga 
brings together dunes, ponds, wetlands, 
marshes, savannas, arid regions, lagoons, 
and dry and humid forests in a virtual 
wilderness of biological diversity. It is a 
region where four major global biomes 
(the Atlantic Forest, caatinga, cerrado, 
and marine) and two major ecological 
hotspots come together. In order to better understand this 
region’s herpetofauna, the North Coast of Bahia Herpetological 
Project (HLNB) was established in 2007. Under its auspices, 
7000 hours of field work by >200 researchers resulted in 70,000 
records, 4000 acoustic recordings, thousands of photographs, 
and a vast database to direct future studies. As a result, the 
number of known amphibian (59) and reptile (105) species in 
this region has expanded considerably. The project continues 
to monitor four localities constantly. Restinga. Herpetofauna do 
Litoral Norte da Bahia is one result of this extensive research, 
a tribute to the dedication of Brazilian researchers and their 
international collaborators who have spent so much time and 
energy in documenting the biodiversity of the region.

The book introduces the reader to the restinga and its 
topography and habitats, regional biodiversity, the expansion 
of herpetological research in Brazil, the HLNB, systematics, 
research techniques, and the management of amphibians 
and reptiles in a short (53 pp.) multi-authored overview. As 
with the rest of the book, the text is in Portuguese and English, 
and is profusely illustrated by beautiful, often full page, color 
photographs. Most of the remainder of the book consists of 
species accounts of the amphibians (pp. 56–207) and reptiles 
(pp. 208–503) found in the restinga. Each account has a full-
page color photo of the species, followed by a full-page account 
covering distribution (with regional map), characteristics, habits 
and habitat, and additional notes on natural history. Small 
illustrations in black at the bottom of the page show habitat (e.g., 
trees), microhabitat (e.g., an animal in a burrow), prey, and for 
large lizards, snakes, and crocodilians, a human figure with the 
animal juxtaposed beside it for size comparison; small species 
are compared with a human hand. At the end of the book, there 
are sections on exotic species, multiple photos of municipalities, 
rivers, littoral regions, and reserves, ethnoherpetology, a 
systematic index showing conservation status with Portuguese 
and English common names, and miscellaneous supplementary 
information. An extensive bibliography (pp. 566–571, in small 
print) ends the book.

Restinga. Herpetofauna do Litoral Norte da Bahia is a large 
(30 × 30 cm) book printed on high quality heavy paper, with 
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hundreds of beautiful color photographs. It weighs ca. 4.55 kg. 
Inasmuch as HLNB received funding from a public incentive 
law from the Ministry of Culture, copies can only be donated 
to libraries, universities, research centers, conservation 
organizations, schools, and non-governmental organizations. 
Any institutional representative can apply for a copy, but they 
will have to pay postage. Further information can be obtained 
from Dr. Moacir Tinôco (moacir.tinoco@ucsal.br). Information 
on the extensive HLNB can be found at: https://sites.google.
com/view/herpetofaunalnb/. The Project’s email address is: 
herpetofaunalnb@gmail.com.

Fire and Fauna: Tales of a Life Untamed
Joan E. Berish. 2019. Texas A&M University Press, College Station, 
Texas (www.tamupress.com). 235 pp. Hardcover.  US $29.95. ISBN: 
978-1-623498-31-3 (cloth), 978-1-623498-32-0 (ebook).

Fire and Fauna: Tales of a Life Untamed 
is the autobiography of Joan Berish, Go-
pher Tortoise biologist for the Florida Fish 
and Wildlife Conservation Commission 
from 1980 until her retirement in 2014. The 
book recounts her early experiences with 
wildlife while growing up in the suburbs of 
Washington, D.C., as a helitack (helicop-
ter-delivered fire resources) crewmem-
ber in the southwestern United States for 
the U.S. Forest Service, through graduate 
school at Auburn University, to Gaines-
ville, Florida, primarily as a researcher on 
Gopherus polyphemus, and finally to her 

current home in New Mexico. Most of Joan’s career was spent 
working on two imperiled species, the Eastern Indigo Snake 
and the Gopher Tortoise. Although primarily involved in basic 
research, Joan had to quickly learn to navigate and deal with the 
rampant sexism associated with the wildlife profession in federal 
agencies, graduate school, and in a state wildlife agency where 
men traditionally did not think of females as their equals, much 
less those working on “non-game” species. Beyond her scientific 
training, Joan learned to listen to rural people distrustful of gov-
ernment agencies, and to placate administrators concerned with 
the political consequences of wildlife management policies. She 
learned the art of interviewing and developing questionnaires 
necessary to document the presence of rare species, and to find 
out which practices (e.g., gopher pulling, rattlesnake round-
ups) impacted imperiled species. Some anecdotes she recounts 

are humorous, but others could have turned much more seri-
ous very quickly. At the same time, Joan conducted research in 
Florida’s extreme heat and humidity, often seven days a week, in 
remote areas with little assistance. She published ground-break-
ing research on her beloved gophers and came to be recognized 
throughout the state and nation as the premier authority on the 
biology of Gopher Tortoises. Fire and Fauna, Tales of a Life Un-
tamed recounts her experiences in a straightforward and unas-
suming tone. Having known Joan since the mid-1980s, I (CKD) 
can hear her voice in the words on the page. Readers will enjoy 
the book for its honesty and dedication to conservation by a 
most extraordinary colleague.

Atti II Congresso Nazionale Testuggini e 
Tartarughe (Albenga, 11–13 aprile 2019)
Dario Ottonello, Fabrizio Oneto, Pino Piccardo, and Sebastiano 
Salvidio (Eds). 2020. Associazione Emys Liguria Regione Isolabella, 
- 16123 Albenga (SV), Italy (emysliguria.wordpress.com). 220 pp. 
Available for free download at: https://emysliguria.wordpress.com/
materiale-congresso-2019/. ISBN 979-12-200-6157-5.

This book (Proceedings of the Second 
National Congress on Tortoises and 
Turtles) includes 34 papers presented 
at the Congress in April 2019. Papers 
cover a variety of European and invasive 
species, including the European Pond 
Turtle (Emys orbicularis), sea turtles 
(Caretta, Dermochelys), Hermann’s 
Tortoise (Testudo hermanni), and the 
invasive Trachemys scripta and Graptemys 
kohni. Papers cover many aspects of 
the biology of these species, including 
distribution, effects of exotic species, 
population monitoring, reproduction, parasites, reintroduction, 
thermal ecology, epibionts, and conservation biology. As might 
be expected, most papers focus on turtle populations in Italy, 
but there are papers on the freshwater exotic turtle diversity in 
Poland and the ecology of E. orbicularis in Ukraine and Latvia. Six 
of the 34 papers are in English, and the rest are in Italian. English 
abstracts are not available. Papers include abstracts, materials 
and methods, results and discussion, and full reference sections. 
This book will be of primary interest to European chelonologists 
and to those researchers interested in the distribution and effects 
of invasive species on native populations.


