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Abstract - Dermatemys mawii (Central American River Turtle) is one of the 25 most
endangered turtle species in the world and has been locally extirpated from much of its
historical range in southern Mexico, lowland Belize, and northern Guatemala. As the sole
living member of the primitive Dermatemydidae family, D. mawii, is unique and possesses
some uncommon life-history traits, many of which are not fully understood. The cultural
significance of this turtle, still important throughout its present-day range, dates back to
pre-Classic Maya as a key ethno-herpetological icon in the culture and diet of Maya people
in the Yucatan peninsula. Despite its protected status, the species continues to be exploited
and has a dire future if current harvest rates continue. Relativley little is known of the bi-
ology of the species, but research and conservation efforts have increased in recent years.
We provide a comprehensive summary of natural history findings on the species, including
updated research and ongoing conservation efforts.

Introduction

Dermatemys mawii (Gray) (Central American River Turtle or Hicatee) is the
only extant species of the Dermatemydidae family (Iverson and Mittermeier 1980)
and is one of the 25 most endangered turtle species in the world (Rhodin et al.
2011). It is listed as critically endangered by the International Union for Conserva-
tion of Nature (IUCN 2016), listed as endangered under the provisions of the US
Endangered Species Act (USFWS 1983), and listed on Appendix II of the Conven-
tion on International Trade in Endangered Species of Wild Fauna and Flora (CITES
2017). The historical range of D. mawii is from southern Mexico, throughout Be-
lize, and into northern Guatemala (Alvarez del Toro 1982, Iverson 1992, Vogt et al.
2011). Because of continued harvesting for meat and egg consumption (Moll 1986;
Polisar 1992, 1995), D. mawii has been virtually eliminated from wild populations
in Mexico and Guatemala, and Belize has dwindling local populations (Campbell
1998, Rainwater et al. 2012). At the current rate of harvest and considering the slow
generation time of ~10 years for this species, the IUCN (2016) has predicted that
D. mawii will have a drastic population decline of 81.5% within 30 years, and the
species may well be on the path to eventual extinction (Vogt et al. 2006).
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There has been a need for relevant scientific information on D. mawii, and
thus in an earlier contribution to this special issue, we gathered and provided a
comprehensive list of pertinent literature on the species in a working bibliogra-
phy (Briggs-Gonzalez et al. 2018). Our purpose here in the species bioprofile is
to summarize and update natural history findings, scientific research, and current
species conservation. Our goal continues to be increasing scientific research in the
region, encouraging regulatory law enforcement, promoting educational awareness
and increasing attention on this species, and contributing toward conservation of
D. mawii. This bioprofile is organized under a traditional template that provides
relevant information on species classification, distribution, and ecology.

Classification

Taxonomy

Class Reptilia (reptiles)

Order Testudines (turtles)
Suborder Cryptodira

Superfamily Kinosternoidea
Family Dermatemydidae
Genus Dermatemys
Species Dermatemys mawii

Dermatemys mawii, commonly called the Central American River Turtle but
also known colloquially as the Hicatee (Hickatee) or Tortuga Blanca, is a criti-
cally endangered species on the [IUCN Red List (IUCN 2016) that is also listed as
endangered by US Fish and Wildlife Service (USFWS 1983) and whose biology
is not understood in its entirety. The Dermatemydidae is one of the oldest extant
families of the Cryptodira suborder (Carr et al. 1981), and fossil remains date back
65 million years to the Cretaceous (Gaftney 1975). However, this family has been
reduced to a single extant species, Dermatemys mawii, which occurs in southern
Meéxico, throughout Belize, and eastern Guatemala (Iverson and Mittermeier 1980).
Dermatemys mawii is closely related to mud and musk turtles of the Kinosternidae
family (Carr et al. 1981, Frair 1964, Gaftney 1975, Zug 1966) and represents the
most basal clade of the kinosternids (Carr et al. 1981, Zug 1971).

Dermatemys mawii was originally described by J.E. Gray in 1847 based on
the holotype at the British Museum of Natural History that had been collected in
1833 by Lieutenant Maw of the British Royal Navy. However, the provenance of
this specimen was unknown, and the holotype was later assigned to a specimen
collected from Alvarado, Veracruz, México (Smith and Taylor 1950). The genus
Dermatemys is derived from the unique shell of the turtle and is based on the Greek
terms “Derma” for skin and “emys” for turtle. In the first description (Gray 1847),
the name “Mawe” was used, although more recent communications with the British
Museum of Natural History and Zoological Society of London suggest the spelling
was “Maw” (Legler and Vogt 2013). This confusion has led to a variety of species
epithets being used: mawii, mawi, mawei. Other, past synonyms have included
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Dermatemys abnormis (Cope 1868), Emys berardii (Dumeril and Dumeril 1851),
Dermatemys mavei (Cope 1865), and Dermatemys salvinii (Gray 1870). According
to the [IUCN and ITIS (Integrated Taxonomic Information System), Dermatemys
mawii is the accepted and valid name.

Species description

Dermatemys mawii is a large-bodied freshwater turtle, with a maximum cara-
pace length (CL) of 660 mm and maximum weight (mass) of 22 kg (Lee 1996).
Typical CL from adult turtles measured in the field varies from 330 to 450 mm for
males and 340 to 480 mm for females, and body mass for both sexes varies from
10 tol5 kg (V. Briggs-Gonzalez et al., unpubl. data; Polisar 1995; Rainwater et al.
2012; Rangel-Mendoza et al. 2009). Average CL and body mass of hatchlings vary
from 50 to 58 mm and of 18 to 35 g, respectively (Fig. 1; Platt et al. 2019).

o “

Figure 1. Hatchling Dermatemys mawii inside adult shell in Northern Belize. Photograph
© Sergio Gonzalez.
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The name Tortuga Blanca (“white turtle”) is derived from the strikingly white or
cream plastron that is connected to a smooth, broad carapace uniformly dark brown,
gray or olive in color. Overall skin and scute color vary depending on habitat
(Polisar 1992, Vogt et al. 2011). The tip of the snout of hatchlings and young turtles
is bright orange, fading to yellow by the time they are ~2 y old (Fig. 1). Similarly,
hatchlings exhibit a more distinct yellow orbital stripe (Vogt et al. 2011). Mature
males develop a typically yellow to yellow-orange head, depending on habitat, and
this color can vary among populations (Polisar 1992). Females are usually uniform
in color, but they may have a slight yellow tint to the dorsal surface of the head
(Vogt et al. 2011).

The hind lobe of the plastral margin is invaginated. A total of 11-12 plastral
scutes are separated from 24 marginals (12 on either side) by 3—6 inframarginals.
The gular scute(s) may or may not be divided (Vogt et al. 2011). Juveniles possess
a keeled carapace, and the plastrons of young turtles tend to be round and then
elongate as the turtle grows, presumably to maintain hydrodynamic shape (Morales
et al. 2009). Morphometric analysis of plastrons and plastron scutes of turtles in
Guatemala provide evidence for morphological differentiation among populations
in different river systems (Morales et al. 2009). Labial ridges are strongly serrated,
and tooth-like ridges are present on alveolar surfaces of the maxilla (Vogt et al.
2011). Specialized vascular tissue in the pharyngeal lining allows D. mawii to ex-
tract oxygen from the water and remain submerged for long periods of time (Rhodin
et al. 2011).

The toes are webbed with long claws, and the outer margin of each foot is
fringed with a series of enlarged scales (Lee 1996). Tails are sexually dimorphic.
Males have long, muscular tails that extend well past the hind margin of the cara-
pace and have some prehensile ability (Mendyk and Eisele 2016), whereas females
have much smaller tails with reduced musculature.

Genetics

The phylogenetic assignment of the Dermatemydidae family within the
Kinosternoidea superfamily is generally accepted (Iverson et al. 2007). Dermate-
mys mawii has a diploid chromosomal number of 56. This arrangement is primitive
among turtles, suggesting the species is of a lineage ancestral to most extant spe-
cies (Carr et al. 1981). There have been 16 distinct mtDNA haplotypes identified
across the range of D. mawii, falling into 3 major lineages, which appear to have
diverged during the Pliocene—Pleistocene (3.73-3.277 MYA). Low fine-scale phy-
logeographic resolution among these haplotypes suggests demographic fluctuations
both historically (since the Pleistocene) and in recent history. There is evidence for
recent mixing of genetic populations, likely because of harvest and transplantation
by humans (Gonzalez-Porter et al. 2011, 2013).

Distribution

Native range
Dermatemys is found in lowland freshwater systems of the Yucatan peninsula,
spanning México, Guatemala, and Belize (Fig. 2; Lee 1996). In México, the species
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is found from Veracruz, eastward throughout Tabasco, northern and central Chi-
apas, southern and central Campeche and Quintana Roo (Calderén-Mandujano et
al. 2017, Vogt et al. 2011). Surveys (Moll 1986, Rainwater et al. 2010a) suggest
that Dermatemys is found throughout Belize, except for the Maya Mountains in
south-central Belize. This range includes the Rio Hondo, Belize’s northern border
with México, southward to the Macal River. To the south of the Macal River are
the Maya Mountains, and D. mawii occurs from Golden Stream to Sarstoon River,
Belize’s southern border with Guatemala (Méndez 2012). Coastally, there is a large
gap from Southern Lagoon to Golden Stream with the exception of the Sittee River.
An accurate assessment of its range in Guatemala requires more extensive surveys,
but D. mawii is found throughout the Petén and eastward in northern Huehuetenan-
go, Quiche, Alta Verapaz, and Izabal (Garcia-Anleu et al. 2007, 2010). There is still
an unconfirmed presence and no data on the species’ status in Honduras (Rhodin et
al. 2011, 2017). Within these countries, D. mawii is found in 3 main watersheds of
Mesoamerica, the Coatzaloalcos, Papaloapan, and the Grijalva-Usumacinta basins
(Gonzalez-Porter et al. 2011).
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Figure 2. Distribution of Dermatemys mawii in southern México, Belize, and Guatemala.
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Range expansion/contraction

Dermatemys mawii is the only extant species of a historically (pre-Pleistocene)
abundant family, Dermatemydidae. This remnant species originated from a North
American radiation into Central America and is now restricted to parts of the Yuca-
tan Peninsula (Carr et al. 1981). Genetic analysis indicates populations may have
diverged along major hydrological basins during the Pliocene—Pleistocene and
have undergone large demographic fluctuations since. Human activities related to
harvest and translocation appear to have increased population mixing since bottle-
necking (Gonzalez-Porter et al. 2011).

Humans have been consuming D. mawii meat for at least 7000 years, and it is
believed that the early Maya translocated turtles, contributing to the evidenced
population mixing (Vogt et al. 2011). However, the role of humans in historical
bottlenecks is unclear, beyond evidence of relatively recent overharvesting that has
resulted in the extirpation of D. mawii from much of its range. Early accounts from
the 20™ century suggest the species was abundant throughout its current range (Moll
1986), and recent surveys in Quintana Roo slightly expand the species’ distribu-
tion to the north (Calderén-Mandujano et al. 2017). Surveys in Belize indicate this
country remains a stronghold for D. mawii, but with ongoing harvesting, popula-
tions continue to decline (Rainwater et al. 2012). It is estimated that over 4000
turtles exist in the Maya Biosphere Reserve in Guatemala, believed to be home to
the country’s largest remaining population (Garcia-Anleu et al. 2007).

Relative abundance

Fair comparisons of abundance and densities between surveys must take into
account time of year (particularly wet or dry season). Individual D. mawii dis-
perse during periods of high water in the wet season when connectivity between
bodies of water is maximized. Conversely, during the dry season populations
are concentrated in deepwater refugia in large lagoons and major rivers. Recog-
nized as a critically endangered species, D. mawii is almost extirpated in México
(Vogt and Flores-Villela 1992a). Few data are available regarding the species’
abundance relative to other turtle species in the Yucatan. Anecdotal reports from
local fishermen and turtle harvesters in the state of Veracruz report that D. mawii
is exceedingly rare and difficult to capture compared to other species (Morales
and Suarez 2010). However, surveys in 2009 and 2010 in southern Quintana Roo
report an average of 1.74 turtles/net for areas sampled in the Rio Hondo (Calde-
ron-Mandujano et al. 2017).

El Peru Lagoon in La Selva Maya Reserve is identified as currently maintaining
the densest population of D. mawii in Guatemala. In 2008, the density of D. mawii
in El Peru was estimated at 8.42 turtles/ha (Garcia-Anleu et al. 2007). The San
Pedro and San Juan rivers, which connect to the lagoon in the wet season, are iden-
tified as important features supporting this population. Other densities reported for
D. mawii in the Selva Maya include 0.10 turtles/ha in Sacnab Lagoon, 0.26 turtles/
ha in the SalPetén Lagoon, and 0.02 turtles/ha in the San Pedro River (Garcia-Anleu
et al. 2007).
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In Belize, the densities of D. mawii populations appear to be greater in northern
parts of the country. The species occurs in very low abundance from Dangriga to
Punta Gorda in southern Belize, possibly because most rivers in this part of the
country are shallow and fast moving. Moll (1986) reported a mean density of 2
turtles/ha at 22 sites surveyed in Belize during the early 1980s, and the New River
Lagoon in northern Belize exhibited the highest density of Dermatemys (8.7 turtles/
ha). Records from the 1940s indicate the D. mawii population in Belize was much
larger at that time, including in areas where later surveys detected few or no turtles
(Moll 1986, Waight 1983). Population densities have also consistently been re-
ported as negatively correlated with proximity to human populations (Collins 1999,
Garel 1998, Moll 1986, Rainwater et al. 2012). A country-wide survey in 2010
suggested D. mawii populations have continued to decline since the 1980s despite
legislative protections (Rainwater et al. 2012). In some localities, small populations
of D. mawii are locally abundant, but these are in areas further removed from hu-
man activity (Rainwater et al. 2012).

Habitat

Dermatemys mawii is a completely aquatic, freshwater species that is known
to inhabit deep rivers, oxbows lakes, and lagoons throughout the year, expand-
ing into seasonal floodplains and forests when waters rise (Moll 1986, Vogt et
al. 2011). Most rivers and lagoons that D. mawii inhabit are very slow moving
and well oxygenated (Rhodin et al. 2011), although these turtles have been oc-
casionally observed in faster-moving rivers as well as in tidally influenced areas
(Moll 1986, Rainwater et al. 2012). Dermatemys mawii are capable of tolerating
brackish water and have been collected from Corozal Bay in Belize; some ani-
mals have been found with barnacles attached to their carapace (Neill and Allen
1959). Water in these habitats is typically dark brown, likely from tannins and
organic substrates, but the species is also known from a few clear-water locations
in México and Belize (Polisar 1992, Rainwater et al. 2012, Vogt and Flores-
Villela 1992a). Within the Maya Biosphere Reserve, D. mawii were found at
higher densities in lagoons than in main river channels (Garcia-Anleu et al. 2008).
Associated terrestrial habitats along waterways can include pine savannahs,
broadleaf forests, and mangrove swamps. Dermatemys mawii can be associated
with waterways that have surface vegetation, vegetation beds, or open water with
little to no vegetation. The species has been observed to use habitat dominated by
Terminalia buceras (L.) C. Wright (Gregorywood) and Pachira aquatica Aubl.
(Guiana-chestnut) (Garcia-Anleu et al. 2010) as well as overhanging Ficus spp.,
including F. glabrata Kunth (= F. insipida Willd.; Méndez 2012). In many studies,
Paspalum paniculatum L. (Arrocillo) is a large component of their diet, and many
individuals have been observed feeding on patches of Paspalum at night (Moll
1989). Within the New River Lagoon in northern Belize, D. mawii are often found
in areas with patches of Nymphaea ampla (Salisb.) DC. (White Water Lily or Dot-
leaf Waterlily), and visible bite marks from turtles are frequently observed in the
floating leaves (V. Briggs-Gonzalez, pers. observ.).
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Adult and sub-adult D. mawii spend much of their time during the day resting
on the bottom of water bodies, under fallen branches in the deeper portions of
these habitats, partially buried in the sand and leaf-littered substrate (Vogt et al.
2011). They occupy that habitat more commonly in the dry season, when turtles
may be confined to deeper pools until the water levels rise. As juveniles, D. mawii
commonly occur in water among vegetation along the banks of rivers and la-
goons, while adults are found in deeper water (>2.5 m and often >6 m) (Vogt et
al. 2011). In a study of D. mawii in 2 waterways in México, turtle body tempera-
tures were 23.5-32.0 °C, which correlated with corresponding water temperatures
(Legler and Vogt 2013). This finding illustrates adaptations by Dermatemys for
maintaining metabolism at cooler temperatures relative to other tropical species
(Vogt et al. 2011).

Ecology

Reproduction

In México, female D. mawii mature at 395420 mm carapace length (CL) and
males at 365-385 mm CL (Vogt et al. 2011). In Belize, 70% of females mature at a
CL of 400 mm in rivers and at 410—420 mm in lagoons, while 70% of males mature
at a CL of 370 mm in rivers and at 380-390 mm in lagoons (Polisar 1992, Rhodin
et al. 2011, Vogt et al. 2011). The largest river female captured and measured was
<460 mm CL (406451 mm CL, n = 12) and the largest lagoon female captured
measured >480 mm CL (399-483 mm CL, n = 8) (Polisar 1992, Vogt et al. 2011).
Individuals that live in slow-moving creeks and lagoons attain sexual maturity at
larger sizes and exhibit larger maximum sizes than those in faster-moving rivers.
Factors influencing size differences in mature females between lagoon and river
habitats are unclear but may be related to nutrition, temperature, or energetic con-
straints of living in fast- or slow-flowing waters (Polisar 1995, Vogt et al. 2011).

The mating season of D. mawii begins in March and April and primarily occurs
from May to September (Polisar 1992, 1996), though very few observations of mat-
ing have been observed in the wild. It is likely that most mating occurs during the
dry season, when water levels are at their lowest and individuals are congregated.
At the Nacajuca facility in Mexico, mass copulation occurred on 7 July 2002, and
copulating pairs were found floating on the surface of the water the following morn-
ing (Vogt et al. 2011).

Most data on the reproductive cycle of D. mawii is based on examination of
harvested animals from markets in Belize (Polisar 1992, 1996). Nesting occurs
between September and December at the height of the rainy season (Polisar 1995,
Vogt et al. 2011), and during a secondary nesting period in the early dry season
(January through February; Vogt et al. 2011). In captivity at the Hicatee Conserva-
tion and Research Center (HCRC), Belize, nesting occurs from November through
February (BFREE 2018) and as late as April with a single clutch laid in September
likely from a female that double-clutched that year (J. Marlin, HCRC, Punta Gorda,
Belize, pers. comm.). There have also been accounts of nesting in the wild during
March and April (Lee 1969, Moll 1986).
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Female D. mawii deposit eggs in moist soil along the shoreline to within 3 m
of water in riparian forests and savannas, and nests are often inundated during the
rainy season (Vogt et al. 2011). Eggs are large, hard-shelled and laid in solitary
nests (Polisar 1995), though a nesting beach containing multiple clutches has
been located post-hatching (F.J. Mazzotti, pers. observ.). Eggs are resilient and
can withstand submersion in water for more than 30 days (Polisar 1996, Polisar
and Horwich 1994), suggesting a complex embryonic diapause (Vogt et al. 2011).
Development resumes after water levels recede and the nest is no longer saturated.
Hatching is stimulated as moisture in the nest increases, usually with the summer
rains in June and July (Polisar 1992, 1995), and hatching has occurred in the first
week of June in captivity in Belize (BFREE 2018).

Fecundity in D. mawii has been shown to vary by region. In Belize, clutch size
varied from 2 to 20 eggs with a mean clutch size of 10.98 eggs (Polisar 1995).
Average clutch frequency was 2.05 per year in Belize, but a single female laid 4
clutches in one year. Total reproductive output varied from 0 to 47 eggs per year
by females in Belize (Polisar 1995) and reproductive output increased with body
size in early breeding, and large, older females (Polisar 1992, 1996). Of 44 ovi-
ductal and freshly laid eggs in Belize, egg morphometrics were as follows: length
= 54-72 mm, width = 36-50 mm, and mass = 34-70 g (Polisar 1992, 1996). In
México, clutch size varied from 10 to 24 eggs (mean = 14.8), and females laid on
average 2.6 clutches per year (Vogt et al. 2011). R.C. Vogt (Universidad Nacional
Auténoma de México, Ciudad de México, México, unpubl. data) also found that
up to 4 clutches were laid per year in Chiapas, México. Of 121 eggs measured in
México, egg morphometrics were as follows: length = 56—-67 mm, width = 3241
mm, and mass = 37-72 g (Vogt et al. 2011).

Dermatemys mawii exhibits temperature-dependent sex-determination (Vogt
and Flores-Villela 1992b), and published accounts of incubation vary from 115
to 300 days (Polisar 1992, Rhodin et al. 2011, Vogt and Flores-Villela 1992b),
depending on temperature. In the laboratory, ambient incubation temperatures
above 28 °C produced females and temperatures 25-26 °C produced males; when
incubated at 28 °C, both sexes were produced (Vogt and Flores-Villela 1992b).
Over-wintering temperatures during November and December in Belize can drop
to 20-22 °C when most nests are underwater, but development is most favorable
during dry months of March and May at >25 °C (Polisar 1995, Vogt et al. 2011).

Mean hatchling size is 31 g and 54 mm carapace length (Polisar 1995), and in
captivity (at HCRC) mean hatchling mass was 29.1 g and a carapace length of 50.2
mm (Platt et al. 2019). Hatchlings have a bright orange snout tip, which fades to
yellow over the first 2 years of life (Fig. 1). Individuals less than 35 mm CL are
considered juveniles (Moll 1989). Growth is dependent on food availability and
habitat conditions; growth is most rapid during the wet season when food is abun-
dant, (Moll 1989, Vogt et al. 2011). Subadults can gain significant mass in 1 year
(BFREE 2015). Wild turtles in Guatemala showed a greater mass/length ratio and
also exhibited a gain in mass that was twice that of turtles reared in captivity per 2
cm growth in length (Alvarez et al. 2009). With growth, scutes are shed in the dry
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season (April to May). Scutes fuse in older animals, and sheds may resemble an
intact shell (Vogt et al. 2011).

Diet

Dermatemys mawii is almost completely herbivorous, with the aquatic grass
Paspalum paniculatum making up the majority of diets of both adults and juveniles
(Alvarez del Toro 1972, 1982; Alvarez del Toro et al. 1979; Lee 1969; Moll 1989).
Large numbers of adults and juveniles converge on mats of P. paniculatum to feed
at night and appear to be absent from these feeding sites during the day (Moll
1989). However, these feeding groups are seldom observed now in Belize (T.R.
Rainwater, pers. obervs.). In northern Belize, Nymphaea ampla mats are a staple
food item, and bite marks can be seen on the floating leaves on mornings after feed-
ing (V. Briggs-Gonzalez, pers. observ.). The remainder of the diet is composed of
various other leaves and twigs, flowers, and fruits, such as mangoes and figs that
fall into rivers; insects are also ingested incidentally when turtles feed on vegeta-
tion (Moll 1989). In estuarine environments, Dermatemys will eat mangrove leaves
and floating vegetation (Moll 1989, Polisar 1992).

Digestion of plant material is aided by naturally occurring foregut flora and
fauna. This gut microbiota is believed to contribute to the ability of D. mawii to
digest material at lower temperatures than other turtles, thus eliminating the need
for basking time (Vogt et al. 2011). Hatchlings inoculated by feeding on adult feces
for the first few days immediately after hatching grew 30% faster than clutch-mates
that were isolated from adults but fed the same diet (Vogt et al. 2011).

Captive adult D. mawii are reported to occasionally accept fish, and small cap-
tive turtles are reported to readily eat raw meat and fish (Alvarez del Toro 1972, Al-
varez del Toro et al. 1979, Lee 1969, Murphy and Collins 1983). Captive facilities
in Chiapas, Mexico, feed D. mawii on Nasturtium officinale W.T. Aiton (Berro or
Watercress), Curcubita spp. (calabacita or pumpkin), Psidium guajava L. (Guay-
aba or guava), Malus spp. (manzana or apple), and wild plants such as Brosimum
alicastrum Sw. (Breadfruit), Guazuma ulmifolia Lam. (Bay Cedar), and Moringa
oleifera Lam. (Moringa) (L. Sigler, The Dallas World Aquarium, Dallas, TX, USA,
pers. comm.; M. Alvarez del Toro, Miguel Alvarez del Toro Zoo, Chiapas, Mexico,
pers. comm.). More recently, zoological facilities in the United States have fed
D. mawii diets including Morus spp. (mulberry leaves), Solanum lycopersicum L.
(Tomato) fruits, Lactuca sativa L. (Lettuce), fish (Mallotus villosus (Miiller) [Cap-
elin] and smelt [Osmeridae]),and turtle brittle pellets (Nasco, Fort Arkinson, WI),
and turtles have been observed feeding on algae within exhibits (J. Bell, Philadel-
phia Zoo, Philadelphia, PA, USA, pers comm.; R. Mendyk, (Jacksonville Zoo and
Gardens, Jacksonville, FL, USA, pers comm.).

Seasonal activity pattern
As the rainy season begins, D. mawii disperses into larger rivers and water bod-
ies, as well as flooded forests (Garcia-Anleu et al. 2010, Legler and Vogt 2013),
most of which are dry or inaccessible during the dry season. Little is known about
long-term movements of D. mawii because of this long-distance dispersal. During
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the dry season, turtles congregate in the deepest portions of the remaining water
bodies. This movement and subsequent congregation during the dry season con-
tribute to the success of D. mawii harvest by humans. Hunters comment that large
numbers of D. mawii are harvested each year, but that the turtles recolonize the
same areas during the wet season (Rainwater et al. 2012). This observation ap-
pears consistent with wet-season dispersal patterns and the notion that continued
harvests each year would not be possible without high levels of immigration from
less-exploited waters during the wet season (Rainwater et al. 2012).

Behavior and habits

Daily activity is based largely upon seasonal water levels and food availability.
Dermatemys mawii is nocturnal and infrequently observed at the water’s surface
during the day, primarily because the species takes refuge during this time and does
not bask. Adults spend most of the day resting on the bottom of ponds, lagoons,
rivers, and other waterways, partially buried in sand, leaf litter, or under fallen
logs, whereas.jJuveniles have been observed seeking refuge under vegetation at the
water’s edge (Vogt et al. 2011). Higher activity at night was corroborated by sonar
surveys (Davy and Fenton 2013) and through visual surveys along with net surveys
(T.R. Rainwater, pers. observ.; V. Briggs-Gonzalez et al., unpubl. data).

Dermatemys mawii have various adaptations to being almost completely aquatic,
including the use of buccopharyngeal mucosa to extract oxygen from the water (Wi-
nokur 1988). Turtles at the Jacksonville Zoo (USA) have been observed using their
tails in a prehensile manner (Mendyk and Eisele 2016). This ability may be used for
grasping onto limbs or other structures in bodies of water, in addition to reproductive
purposes (Mendyk and Eisele 2016). The terrestrial movements of D. mawii are quite
arduous, and it is unlikely that turtles can traverse long distances on land (Holman
1964). Dermatemys mawii likely leaves the water only for oviposition.

Few studies have been conducted on the daily movement patterns of D. mawii,
especially throughout the dry and rainy seasons. In Guatemala, one study showed
minimal movement during the dry season; turtles remained in the deepest areas of
the drying pools, and many turtles were concentrated in the same areas (Garcia-
Anleu et al. 2010). When the rainy season begins, movements increase drastically,
likely in response to food availability. There have been some documented move-
ments based on tidal changes; in estuarine environments, D. mawii will feed on
floating vegetation carried in at high tide, regardless of the time of day (Moll
1989). The presence of both Paspalum and mangrove leaves in the gut contents of
coastal specimens suggests a potential daily migration of up to 4 km (Moll 1989). In
México, most turtles that were tracked for 8 months moved a maximum of 1-2 km
and preferred areas with higher food availability; turtles with less food availability
moved >2 km and were lost from the study (Legler and Vogt 2013).

Predators, parasites, and disease
Dermatemys mawii have predators at all life stages, but predation occurs primar-
ily early in life. Eggs are consumed by Nasua nasua (L.) (Coatimundi), Procyon
lotor (L.) (Raccoon), Aramides cajanea (Statius Muller) (Gray-necked Wood Rail),
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Rallus longirostris Boddaert (Clapper Rail), Aramus guarauna (L.) (Limpkin), Bu-
torides virescens (L.) (Green Heron), Nycticorax nycticorax (L.) (Black-crowned
Night Heron), and Nyctanassa. violacea (L.) (Yellow-crowned Night Heron) (Moll
1986). Dermatemys mawii are highly vulnerable after hatching, and young and
intermediate-sized individuals are preyed upon by Crocodylus moreletii Duméril
and Bibron (Morelet’s Crocodile) and C. acutus Cuvier (American Crocodile)
(Moll 1986, Smith and Smith 1980) and Solenopsis invicta Buren (Red Imported
Fire Ant; F.J. Mazzotti, pers. observ.). Juveniles and subadults have been observed
being consumed by Lontra longicauda (Olfers) (Neotropical Otter; Garcia-Anleu
etal. 2010, Platt and Rainwater 2011). Humans are the largest sources of predation
of adult D. mawii, often harvesting gravid females in the spring months in large
numbers (Moll 1986; Polisar 1990; Rainwater et al. 2010a, 2010b; Vogt et al. 2011).

Dermatemys is frequently parasitized by leeches (Hirudinea), sometimes
in high numbers, without apparent significant health effects (Rangel-Mendoza
et al. 2009). All wild turtles sampled in the Tabasquillo River, México, were
parasitized by intracellular hemoparasites (Haemogregarina sp.), and parasite
loads were higher in turtles sampled during the wet season than the dry season
(Rangel-Mendoza et al. 2009). These are common hemoparasites in reptiles and
are generally considered non-pathogenic, barring other concomitant infection.
Rangel-Mendoza et al. (2009) found wild populations in better health than the
captive population they examined, despite finding hemoparasites in 100% of wild
samples and none in samples from captivity.

Threats

Dermatemys mawii continues to hold cultural significance throughout its range
and played an iconic role in the ethno-herpetological depictions and diet of pre-Clas-
sic Maya populations in the Yucatan peninsula. Intact turtle shells and pottery with
smooth-shelled turtle carvings thought to be representing Hicatee have been recov-
ered from burial sites at Lamanai and Altun Ha Archaeological Reserves, Belize (M.
Aguilar, Lamanai Archaeological Reserve, Indian Church, Belize, pers. comm).

Dermatemys mawii has been harvested for meat and eggs for human consump-
tion throughout its range and has been over-hunted in México and Guatemala
(Campbell 1998, Moll 1986, Polisar 1994; 1995, Rainwater et al. 2012). Addition-
ally, older generations of fisherfolk and villagers in Belize speak of eating Hicatee
much more often in the early 1900s (T. Garel, Belize Vivarium, Belmopan, Belize,
pers. comm.). Harvest of D. mawii occurs primarily during the spring months coin-
ciding with Lent and Easter, when the turtle is a prized dish and is served along the
Belize River Valley during the La Ruta Maya canoe race, though recent enforce-
ment in the past 3 years has prohibited the sale of live Hicatee or Hicatee meat
(R. Quintanilla, Belize Fisheries Department, Belize City, Belize, pers. comm.).
Harvest for sale in local and city markets, though now illegal, has been historically
very high and lucrative (Holman 1964, Moll 1986, Polisar 1995).

Egg-laying females are targeted by hunters because eggs yield an additional
high price as an added delicacy. In declining populations, gravid females are the
greatest demographic loss. At a very conservative generation time of 10 years and
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a below-average estimated annual harvest of 5%, Dermatemys mawii populations
would decline by 81.5% in 30 years (IUCN 2016), but with continued high levels
of exploitation, populations are expected to become extinct (Vogt et al. 2006). Even
the earliest researchers on wild D. mawii appeared to recognize the need for protec-
tion from commercial harvest (Holman 1964). Three methods of take—harpooning,
the use of nets, and free-diving—are common throughout the turtle’s range. Har-
pooning is the primary method used for personal consumption, while free-diving is
the most thorough and effective when visibility is good, usually in the dry season
(Polisar 1995). Nets have become more widespread in use, particularly for com-
mercial hunting when more than 30 individuals can be illegally harvested in 1 night
at a given site (R. Quintana, Belize Forestry Department, Belize city, Belize, pers.
comm.). Legislation is now in place in the tri-country region to address overhunting
and conservation of D. mawii (see Conservation and Management section below).

Illegal logging and slash and burn practices are responsible for much of the
habitat loss of D. mawii throughout Guatemala (Garcia-Anleu et al. 2007, 2010),
particularly in the loss of terrestrial habitat for nesting. In Belize, primary threats
are related to sand excavation/mining in rivers, which when coupled with run-off
from deforested areas result in siltation and sedimentation of river bottoms. In
the Sibun River, Belize, Rainwater et al. (2010a; 2012) noted sand-covered river
bottoms (which were previously productive areas for D. mawii with abundant leaf-
litter and detritus circa 1998; T. Garel, pers. comm.), yielded no turtles during the
survey. Since these turtles are almost completely aquatic, it is important to maintain
connectivity among aquatic systems to ensure genetic diversity throughout the spe-
cies range.

Pollution of waterways from agricultural run-off is a threat to the health of
D. mawii. Harmful algal blooms and mass fish-die-offs have occurred in the
northern Belize watershed and have the potential to negatively affect Dermatemys
survival (R. Quintana, pers. comm.) as has been observed in Chrysemys picta
(Schneider) (Painted Turtle) in freshwater habitats of the southeastern US (Mercu-
rio et al. 2014), in Pelodiscus sinensis (Wiegmann) (Chinese Softshell Turtle) and
other aquatic wildlife within Lake Taihu in China (Chen et al. 2009), and in both
marine and freshwater environments affecting herbivorous Chelonia mydas (L.)
(Green Sea Turtle) and Trichechus manatus latirostris (Harlan) (Florida Manatee)
in Florida (Capper et al. 2013).

Conservation and Management

Dermatemys mawii is a high priority species in the IUCN Species Survival
Commission Action Plan for the Conservation of Tortoises and Turtles (IUCN
2016) and garners interest based on its relatively low population numbers in the
wild and continued overharvesting rates. In México, D. mawii has been legally
protected since 1927 and was included in the Mexican Red Data List (NOM-059-
ECOL 1994) as endangered, making all forms of harvest and exploitation illegal.
However, enforcement is not strict, and few adhere to regulations (Vogt et al.
2006). The Rio Hondo area has recently been considered a priority site for the
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conservation of D. mawii (Calderon-Mandujano 2008, Calderén-Mandujano et al.
2017). In Guatemala, D. mawii is on the Endangered Species List and has protected
status (Campbell 1998), but similar to Mexico, law enforcement is difficult to non-
existent and turtles continue to be harvested.

In Belize, protection of D. mawii was instituted in 1993 following recom-
mendations of Polisar (1992). Legislation included year-round possession limits,
a brief non-hunting season (1-31 May), protected zones in northern Belize, and
a prohibition on buying and selling D. mawii (Vogt et al. 2006). In 2011, upon the
recommendations of the National Hicatee Conservation and Monitoring Network
(formed in 2010; Briggs-Gonzalez et al. 2018), legislation was revised and includ-
ed a closed season from May 1st to 31* as well as a reduced harvest limit of 3 turtles
per person or 5 per vehicle, catch size limits of females no greater than 43 cm and
no less than 38 c¢cm, and the prohibition to sell or purchase D. mawii (Government
of Belize, Regulation 14:02, Fisheries Amendment No. 2, Chapter 210, July 2011).
Nets were also prohibited for use in hunting, and D. mawii captures have been pro-
hibited in a list of specified areas that include parts of the Belize River, New River,
Sibun River, Rio Bravo, Cox and Mucklehany Lagoons, headwaters of Mussel
Creek, and Northern and Southern Lagoons and tributaries (Government of Belize,
Fifth Schedule Regulation 12:02[e]). Poaching and commercial exploitation are
still major threats in Belize, but with increased enforcement and greater local in-
volvement, conservation efforts have improved in the country relative to Mexico
and Guatemala. However, despite these efforts, D. mawii harvest rates may remain
unaffected (Rainwater et al. 2012).

Conservation efforts geared toward captive breeding have been ongoing since
the 1980s in Nacajuca, Tabasco, México, and are supported by state and national
wildlife resource funds. The facility houses a large breeding colony of D. mawii (up
to 880 individuals; Vogt et al. 2006, 2011), but turtles appeared to be in poor physical
condition compared to wild specimens, likely due to overcrowding, inadequate nutri-
tion, and poor water quality (Rangel-Mendoza and Weber 2015, Rangel-Mendoza
et al. 2014). Another breeding facility in La Florida, Veracruz, México, contains 45
individuals (Vogt et al. 2006). Across facilities in Mexico, colony size varies widely
(10 females and 1 male in Las Lagunas; 450 females and 120 males in Nacajuca [re-
duced from 880], with 30 females, 8 males, 25 juveniles in Tabasquillo; 15 females,
7 males, 90 juveniles in Cicea; 67 females, 15 males in La Encantada; 14 females,
6 males, 95 juveniles in Guayacanes; 103 females, 50 males in Arca de Noe; and 20
females, 5 males, 35 juveniles in Hidalgo y Tamarindo) for a total of 1166 D. mawii
housed across Mexico (2018 pers. comm. to R.C. Vogt from C. Zenteno Ruiz, Uni-
versidad Juarez Autonoma de Tabasco, Tabasco, Mexico).

In southern Belize, the Hicatee Conservation and Research Center houses 45
individuals (28 females and 17 males; BFREE 2016, 2018) and has had successful
breeding in the last 2 years with 258 neonates hatched between June 2015 and July
2018 (BFREE 2018, Platt et al. 2019). Within zoological facilities in the United
States, there are only 5 individual D. mawii, of which 3 are at Jacksonville Zoo
and 2 at Oklahoma City Zoo. None of these turtles have produced offspring (Smith
2015, Mendyk and Smith 2016).
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Over the past decade, D. mawii research has been underway throughout the tri-
country region examining population structure (in Petén, Guatemala; Barahona
and Lopez 2015) as well as population status and spatial ecology in Guatemala
(Garcia-Anleu et al. 2007, 2010; Juarez et al. 2009; Morales 2009) México
(Calderén-Mandujano 2008; Calderén-Mandujano et al. 2017; Guichard Romero
2006; Ruiz et al. 2010; Solis et al. 2010; Zenteno 2007, 2011; Zenteno et al.
2010) and Belize (V. Briggs-Gonzalez et al., unpubl. data; Requeiia et al. 2015;
Rainwater et al. 2010a, 2012). Studies on population genetics have also provided
information on the genetic diversity of D. mawii and illustrate patterns of move-
ment or translocation via trade in the region (Gonzalez-Porter et al. 2011, 2013;
Syed et al. 2007).

Increased conservation efforts through action plans and management strategies
for D. mawii in the tri-country region are at various stages of development and
implementation in specific locales (CONABIO 2009, CONAP 2006, Government
of Belize 2011). Public awareness campaigns in Belize, including billboards, radio
and television advertisements, pamphlets, and school programs emphasizing the
threatened status of D. mawii have met with some success (McLoughlin 2013).
Current monitoring and population surveys in northern Belize (Lamanai Field
Research Center), southern Belize (Toledo Institute for Development and the Envi-
ronment), and in Chiapas, México (R.C. Vogt., unpubl. data) continue to provide
estimates of wild populations. However, thorough and comprehensive population
assessments across the range of D. mawii are still needed (Rainwater et al. 2012),
as are basic demographic and reproductive data. Dermatemys mawii is the most
critically endangered freshwater turtle in Central America and will likely become
extinct if human consumption continues to deplete wild populations. A combination
of legislation, enforcement, research, captive breeding, and public awareness are
necessary for the survival of this unique species.

Acknowledgments

We thank members of the National Hicatee Conservation Monitoring Network of
Belize, and our tri-regional partners in Mexico and Guatemala for continued work to-
ward conserving D. mawii. To Rigoberto Quintana of the Belize Fisheries Department,
for staunch support of hicatees and working toward revising the Belize Regulations for
D. mawii in the future. Thank you to all who provided unpublished work and observa-
tions: Dr. Luis Sigler, Dr. Alvarez del Toro, Milena Mendez, Tony Garel, Elmer Requena,
and Jacob Marlin. The staff and crew of the Lamanai Field Research Center, Mark How-
ells and Blanca Manzanilla, have been invaluable for their work on Hicatee. We especially
thank Abdul Ramirez and Manuel Corado for being our Hicatee experts. We appreciate
their time, effort, and enthusiasm. We dedicate this work to Richard Foster, for his elo-
quent depiction of Hicatee for generations to come in “Hope for Belize’s Hicatee”—he
shall be missed. This paper represents Technical Contribution Number 6681 of the Clem-
son University Experiment Station.

170



2019 Caribbean Naturalist Special Issue No. 2
V. Briggs-Gonzalez, S. C. Gonzalez, D. Smith, T.R. Rainwater, and F.J. Mazzotti

Literature Cited

Alvarez, .R. M., A.D.A. Juarez Sanchez, Y.O.N. Quintana Morales. 2009. Estimacion de
diferencias morfometricas de la Tortuga Blanca (Dermatemys mawii) a lo largo de su
distribucion. Organizacion Nacional para la Conservacion y el Ambiente (ONCA).
Proyecto Foedcyt No. 053-2006. Informe Final. Guatemala, 2 Febrero 2009.

Alvarez Del Toro, M. 1972. Los Reptiles de Chiapas. Tuxtla Gutierrez, Chiapas, México.
204 pp.

Alvarez del Toro, M. 1982. Los Reptiles de Chiapas, 3rd Edition. Instituto de Historia Natu-
ral del Estado de Chiapas. Tuxtla Gutierrez, Chiapas, México. 248 pp.

Alvarez Del Toro, M., R.A. Mittermeier, and J.B. Iverson. 1979. River turtle in danger.
Oryx 15:170-173.

Barahona, R., and J. Lopez. 2015. Estructura poblacional de la Tortuga Blanca, Dermatemys
mawii Gray (Testudines, Dermatemydidae), en la Laguna El Pert, Petén, Guatemala.
Revista Cientifica de la Facultad de Ciencias Quimicas y Farmacia 25:75-86.

Belize Foundation for Research and Environmental Education (BFREE). 2015. The Hicatee
Conservation and Research Center (HSRC): A BFREE/TSA Collaboration. Annual re-
port submitted to The Belize Fisheries Department, Punta Gorda, Toledo, Belize. 10 pp.

BFREE. 2016. Latest Hicatee turtle hatchlings for the HCRC. June 2016 BFREE eNews.
Punta Gorda, Belize. Website: www.bfreebz.org.

BFREE. 2018. The turtles are hatching, the turtles are hatching! June 2018 BFREE eNews.
Punta Gorda, Belize. Website: www.bfreebz.org.

Briggs-Gonzalez, V., S.C. Gonzalez, D. Smith, K. Allen, T.R. Rainwater, and F.J. Mazzotti.
2018. Dermatemys mawii (The Hicatee, Tortuga Blanca, or Central American River
Turtle): A Working Bibliography. Caribbean Naturalist Special Issue 2:1-22.

Calderon-Mandujano, R.R. 2008. Conocimiento y uso de la Tortuga Blanca (Dermatemys-
mawii Gray, 1847) en diez ejidos en el sur de Quintana Roo, México. Ethnobiologia
6:42-55.

Calderon-Mandujano, R.R., H.A. Hernandez-Arana, and O.A. Flores-Villela. 2017. Dis-
tribution and abundance of the Central American River Turtle, Dermatemys mawii,
in Southern Quintana Roo, México: Implications for a regional conservation strategy.
Journal of Biodiversity and Endangered Species 5:198.

Campbell, J. 1998. Amphibians and Reptiles of Northern Guatemala, the Yucatan, and Be-
lize. University of Oklahoma Press, Norman, OK, USA. 436 pp.

Capper, A., L.J. Flewelling, and K. Arthur. 2013. Dietary exposure to harmful algal bloom
(HAB) toxins in the endangered Manatee (Trichechus manatus latirostris) and Green
Sea Turtle (Chelonia mydas) in Florida, USA. Harmful Algae 28:1-9.

Carr, J.L., J.W. Bickham, and R.H. Dean. 1981. The karyotype and chromosomal band-
ing patterns of the Central American River Turtle, Dermatemys mawii. Herpetologica
37:92-95.

Chen, J., D. Zhang, P. Xie, Q. Wang, and Z. Ma. 2009. Simultancous determination of mi-
crocystin contaminations in various vertebrates (fish, turtle, duck, and water bird) from
a large eutrophic Chinese lake, Lake Taihu, with toxic Microcystis blooms. Science of
the Total Environment 407(10):3317-3322.

Collins, D. 1999. Belize trip report. Report to the Philadelphia Zoological Garden, Phila-
delphia, PA, USA. 8 pp.

Comision Nacional para el Conocimiento y Uso de la Biodiversidad (CONABIO). 2009.
Estrategia nacional para la conservacion y el manejo sostenible de la Tortuga Blanca
(Dermatemys mawii) en México. México, DF, México. 38 pp.

171



2019 Caribbean Naturalist Special Issue No. 2
V. Briggs-Gonzalez, S. C. Gonzalez, D. Smith, T.R. Rainwater, and F.J. Mazzotti

Consejo Nacional de Areas Protegidas (CONAP). 2006. Plan Maestro 2007-2011 Parque
Nacional Laguna del Tigre y Biotopo Laguna del Tigre-Rio Escondido. Reserva de la
Biosfera Maya, Petén, Guatemala. 169 pp.

Convention on International Trade in Endangered Species of Wild Fauna and Flora
(CITES). 2017. Convention text. Available online at https://www.cites.org/eng/disc/text.
php. Accessed 11 July 2017.

Cope, E.D. 1865. Third contribution to the herpetology of tropical America. Proceedings of
the Academy of Natural Sciences of Philadelphia 17:185-198.

Cope, E.D. 1868. Additional descriptions of neotropical Reptilia and Batrachia not previ-
ously known. Proceedings of the Academy of Natural Sciences of Philadelphia:129.
Davy, C.M., and M.B. Fenton. 2013. Technical note: Side-scan sonar enables rapid detec-
tion of aquatic reptiles in turbid lotic systems. European Journal of Wildlife Research

59:123-127.

Frair, W. 1964. Turtle family relationships as determined by serological tests. Pp. 535-544,
In C.A. Leone (Ed.) Taxonomic Biochemistry and Serology. Ronald Press, New York,
NY, USA. 728 pp.

Gaffney, E.S. 1975. A phylogeny and classification of the higher categories of turtles. Bul-
letin of the American Natural History Museum 155:389-436.

Garcia-Anleu, R., R.B. McNab, J.S. Shoender, V. Espejel, J. Moreira, G. Ponce, V.H. Ra-
mos, F. Oliva, et al. 2007. Distribution and ecology of the Central America River Turtle
(Dermatemys mawii: Dermatemydidae) in the lowland Maya Forest, Guatemala. Wild-
life Conservation Society-Guatemala Program, Guatemala. 28 pp.

Garcia-Anleu, R., R. Vogt, R.B. McNab , J. Moreira, G. Ponce Santizo, M. M¢érida, G. Ru-
ano, E. Gonzalez, E. Muiioz, M. Cordova, and B. Bosarreyes. 2010. Where do they go?
Determining the spatial and habitat requirements of the Central American River Turtle
(Dermatemys mawii: Dermatemydidae) in El Perti Lagoon, Selva Maya of Guatemala.
Final Report to the Turtle Conservation Fund, Guatemala. 21 pp.

Garel, T. 1998. Central American River Turtle (Dermatemys mawii). Report to the Zoologi-
cal Society of Philadelphia, Philadelphia, PA, USA. 12 pp.

Gonzalez-Porter, G.P., F. Hailer, O. Flores-Villela, R. Garcia-Anleu, and J.E. Maldonado.
2011. Patterns of genetic diversity in the critically endangered Central American River
Turtle: Human influence since the Mayan age? Conservation Genetics 12:1229-1242.

Gonzalez-Porter, G.P., J.E. Maldonado, O. Flores-Villela, R.C. Vogt, A. Janke, R.C.
Fleischer, and F. Hailer. 2013. Cryptic population structuring and the role of the Isthmus
of Tehuantepec as a gene flow barrier in the critically endangered Central American
River Turtle. Plos One 8:1-12.

Government of Belize. 2011. Statutory Instrument No. 78 of 2011. Fisheries (Amendment
No. 2) Regulations, Belmopan, Belize.

Gray, J.E. 1847. Description of a new genus of Emydidae. Proceedings of the Zoological
Society of London 1847:55-56.

Gray, J.E. 1870. On the family Dermatemydae, and a description of a living species in the
gardens of the Society. Proceedings of the Zoological Society of London 1870:711-716.

Guichard Romero, C.A. 2006. Situacion actual de las poblaciones de Tortuga Blanca (Der-
matemys mawii) en el sureste de México. Instituto de Historia Natural y Ecologia. Inf.
final SNIBCONABIO (AS003). México DF, México. 30 pp.

Holman, A.J. 1964. Observations on Dermatemydid and Staurotypine turtles from Vera-
cruz, México. Herpetologica 19:277-279.

International Union for the Conservation of Nature (IUCN). 2016. IUCN red list of threat-
ened species. Most current version available online at http://www.iucnredlist.org.

172



2019 Caribbean Naturalist Special Issue No. 2
V. Briggs-Gonzalez, S. C. Gonzalez, D. Smith, T.R. Rainwater, and F.J. Mazzotti

Iverson, J.B. 1992. A revised checklist with distribution maps of the turtles of the world. JB
Iverson Pub, Richmond, IN, USA.

Iverson, J.B., and R.A. Mittermeier. 1980. Dermatemydidae, Dermatemys Gray. Catalogue
of American publications of the Society for the Study of Amphibians and Reptiles
237:1-4.

Iverson, J.B., R.M. Brown, T.S. Akre, T.J. Near, M. Le, R.C. Thomson, and D.E. Starkey.
2007. In search of the tree of life for turtles. Pp. 85-106, /n H.B. Shafer, N.N. FitzSim-
mons, A. Georges, and A.G.H. Rhodin (Eds.). Defining turtle diversity: Proceedings of
a workshop on genetics, ethics, and taxonomy of freshwater turtles and tortoises. Che-
lonian Research Monographs No. 4. 200 pp.

Juarez, D., Y. Quintana, and J. Morales. 2009. Estimacion de diferencias morfométricas
de la Tortuga Blanca (Dermatemys mawii Gray) a lo largo de su distribucion. (Fodecyt
053-2006). Consejo Nacional de Ciencia y Tecnologia, Universidad de San Carlos,
Guatemala City, Guatemala.

Lee, J.C. 1996. The Amphibians and Reptiles of the Yucatan Peninsula. Cornell University
Press, Ithaca, NY, USA. 500 pp.

Lee, R.C. 1969. Observing the Tortuga Blanca. International Turtle and Tortoise Society
Journal 3:32-34.

Legler, J.M., and R.C. Vogt. 2013. The Turtles of México: Land and Freshwater Forms.
University of California Press, Berkeley, CA, USA. 416 pp.

McLoughlin, L. 2013. Nationwide outreach campaign to prevent extinction of Dermatemys
mawii (Hicatee Turtle) in Belize. Turtle Survival Alliance August 2012:47.

Méndez, M.O. 2012. Distribucion, caracterizacion de habitat, ¢ historia natural para la tor-
tuga blanca (Dermatemys mawii) en el Area de Usos Multiples de Rio Sarsttin, Izabal.
Tesis de Licenciatura en Biologia. Universidad del Valle de Guatemala, Guatemala City,
Guatemala. 94 pp.

Mendyk, R.W., and B. Eisele. 2016. Preliminary notes on caudal prehensility in the Hi-
catee, Dermatemys mawii (Testudines: Dermatemydidae). Mesoamerican Herpetology
3:1026-1029.

Mendyk, R.W. and D. C. Smith. 2016. Dermatemys mawii Gray, 1847. Longevity. 2016.
Mesoamerican Herpetology 3:477-478.

Mercurio, A.D., S.M. Hernandez, J.C. Maerz, M.J. Yabsley, A.E. Ellis, A.L. Coleman, L.M.
Shelnutt, J.R. Fischer, and S.B. Wilde. 2014. Experimental feeding of Hydrilla verti-
cillata colonized by Stigonematales cyanobacteria induces vacuolar myelinopathy in
Painted Turtles (Chrysemys picta). PloS one 9(4):¢93295.

Moll, D. 1986. The distribution, status, and level of exploitation of the freshwater turtle
Dermatemys mawei in Belize, Central America. Biological Conservation 35:87-96.
Moll, D. 1989. Food and feeding behavior of the turtle Dermatemys mawii in Belize. Jour-

nal of Herpetology 23:445-447.

Morales, J.E., and S.J. Suarez. 2010. Capitulo 7: Conocimiento y uso de tortugas de agua
dulce por pescadores y lancheros de Sontecomapan, Veracruz, México. Pp. 193-221, In
M.M. Guerra, S. Calme, S.G. Tessaro, and E.J. Naranjo (Eds.). Uso y Manejo de Fauna
Silvestre en el Norte de Mesoamerica. Secretaria de Educacion del Gobierno del Estado
de Veracruz. Xalapa, Veracruz, México. 459 pp.

Morales, J., D.A. Juarez, and Y. Quintana. 2009. Estimacion de diferencias morfométri-
cas de la Tortuga Blanca (Dermatemys mawii) a lo largo de su distribucion. Proyecto
Informe Final — CONCYT, Secretaria Nacional De Ciencia y Tecnologia, FONACYT,
Ciudad de Guatemala, Guatemala. 86 pp.

173



2019 Caribbean Naturalist Special Issue No. 2
V. Briggs-Gonzalez, S. C. Gonzalez, D. Smith, T.R. Rainwater, and F.J. Mazzotti

Murphy, J.B., and J.T. Collins. 1983. A Review of the Diseases and Treatments of Captive
Turtles. AMS Publishing, Lawrence, KS, USA. 56 pp.

Neill, W.T., and R. Allen. 1959. Studies on the amphibians and reptiles of British Honduras.
Publications of the Research Division, Ross Allen’s Reptile Institute 2:1-76.

Platt, S.G., and T.R. Rainwater. 2011. Predation by Neotropical Otters (Lontra longicaudis)
on turtles in Belize. IUCN Otter Specialist Group Bulletin 28:4-10.

Platt, S.G., H.A. Barrett, J.A. Marlin, T. Pop, J. Serano, and T.R. Rainwater. 2019. Derma-
temys mawii (Central American River Turtle): Description of Neonates. Herpetological
Review 50 (1):85-86.

Polisar, J. 1990. An inventory of the turtle fauna of the Rio Bravo Conservation and Man-
agement Area: A preliminary report. Programme for Belize, Belize City, Belize. 12 pp.

Polisar, J. 1992. Reproductive biology and exploitation of the Central American River
Turtle, Dermatemys mawii, in Belize. M.Sc. Thesis. University of Florida, Gainesville,
FL, USA.178 pp.

Polisar, J. 1995. River turtle reproductive demography and exploitation patterns in Belize:
Implications for management. Vida Silvestre Neotropical 4:10-19.

Polisar, J. 1996. Reproductive biology of a flood-season nesting freshwater turtle of the
northern neotropics: Dermatemys mawii in Belize. Chelonian Conservation and Biology
2:13-25.

Polisar, J., and R.H. Horwich. 1994. Conservation of the large, economically important
river turtle Dermatemys mawii in Belize. Conservation Biology 8:338-340.

Rainwater, T.R., T. Pop, O. Cal, S. Platt, and R. Hudson. 2010a. A recent survey of the criti-
cally endangered Central American River Turtle (Dermatemys mawii) in Belize. Final
report to the Belize Fisheries Department, Belize City, Belize. 76 pp.

Rainwater, T.R., T. Pop, O. Cal, S. Platt, and R. Hudson. 2010b. Catalyzing conservation
action in Belize for Central America’s imperiled river turtle. Turtle Survival Alliance
August 2010:79-82.

Rainwater, T.R., T. Pop, O. Cal, A. Garel, S. Platt, and R. Hudson. 2012. A recent country-
wide status survey of the critically endangered Central American River Turtle (Derma-
temys mawii) in Belize. Chelonian Conservation and Biology 11:97-107.

Rangel-Mendoza, J.A., and M. Weber. 2015. Physical examination of Central Ameri-
can River Turtle, Dermatemys mawii, in captivity in Tabasco, México. Agrociencia
49:499-511.

Rangel-Mendoza, J.A., M. Weber, C.E. Zenteno-Ruiz, M.A. Lopez-Luna, and E. Barba-
Macias. 2009. Hematology and serum biochemistry comparison in wild and captive
Central American River Turtles (Dermatemys mawii) in Tabasco, México. Research of
Veterinary Science 8§7:313-318.

Rangel-Mendoza, J.A., I.A. Sanchez-Gonzélez, M.A. Lopez-Luna, and M. Weber. 2014.
Health and aquatic environment assessment of captive Central American River Turtles,
Dermatemys mawii, at two farms in Tabasco, México. Chelonian Conservation and Biol-
ogy 13:96-1009.

Requena, E., M. Alvarez, C. Requefa, S. Balona, R. Pennell, R. Coy, P. Ayala, M. Tut, and
L. Ishim. 2015. Ecological and distribution assessment of Hicatee in Southern Belize
project report (02151213). Report submitted to Conservation Leadership Program, Be-
lize. 11 pp.

Rhodin, A.G.J., A.D. Walde, B.D. Horne, P.P. van Dijk, T. Blanck, and R. Hudson (Eds.).
2011. Turtles in trouble: The world’s 25+ most rndangered tortoises and freshwater tur-
tles—2011. Turtle Conservation Coalition (IUCN/SSC Tortoise and Freshwater Turtle
Specialist Group, Turtle Conservation Fund, Turtle Survival Alliance, Turtle Conservan-
cy, Chelonian Research Foundation, Conservation International, Wildlife Conservation
Society, and San Diego Zoo Global). Lunenburg, MA, USA. 32 pp.

174



2019 Caribbean Naturalist Special Issue No. 2
V. Briggs-Gonzalez, S. C. Gonzalez, D. Smith, T.R. Rainwater, and F.J. Mazzotti

Rhodin, A.G.H., J.B. Iverson, R. Bour, U. Fritz, A. Georges, h.B. Shaffer, and P.P. Van Dijk,
(Eds.). 2017. Turtles of the World: Annotated Checklist and Atlas of Taxonomy, Syn-
onymy, Distribution, and Conservation Status (8" Edition). Turtle Taxonomy working
Group. Specialist Group. Chelonian Research Monograph 7. 292 pp.

Ruiz, C.E.Z., E.B. Macias, J. Bello-Gutiérrez, and S. Ochoa-Gaona. 2010. Caracterizacion
espacio-temporal del habitat y presencia de Dermatemys mawii (Testudines: Derma-
temydidae) en la cuenca del Grijalva-Usumacinta, Tabasco, México. Revista Biologia
Tropical 58:1247-1260.

Smith, D. 2015. Central American River Turtle, Dermatemys mawii. North American re-
gional studbook 2015. North Carolina Zoo, Asheboro, NC, USA. 16 pp.

Smith, H.M., and R.B. Smith. 1980. Synopsis of the Herpetofauna of México. Volume VI.
Guide to Mexican Turtles. Bibliographic Addendum III. John Johnson, North Benning-
ton, VT, USA. 1044 pp.

Smith, H.M., and E.H. Taylor. 1950. Type localities of Mexican reptiles and amphibians.
University of Kansas Science Bulletin 33:313-380.

Solis, G.B., C.E.Z. Ruiz, R.A. Torres, and E.G. Juarez. 2010. Las tortugas de agua dulce:
Patrimonio zoolodgico y cultural de Tabasco. Kuxulkab’ Revista de Divulgacion 17:5-19.

Syed, G.P., H. Ota, K.A. Buhlmann, and M.R.J. Forstner. 2007. Genetic considerations for
captive breeding and translocation of freshwater turtles and tortoises for conservation.
Pp. 157-167, In H.B. Shaffer, N.N. FitzSimmons, A. Georges, and A.G.J. Rhodin (Eds.).
Defining turtle diversity: Proceedings of a workshop on genetics, ethics, and taxonomy
of freshwater turtles and tortoises. Chelonian Research Monographs No. 4. 200 pp.

US Fish and Wildlife Service (USFWS). 1983. Endangered species program. Available on-
line at http://www.fws.gov/Endangered/wildlife.html. Accessed 23 July 2018.

Vogt R.C., and O. Flores-Villela. 1992a. Aspectos de la ecologia de la Tortuga Blanca
(Dermatemys mawii) en la Reserva de la Bidsfera Montes Azules. Pp. 221-231, In M. A.
Vasquez-Sanchez and M.A. Ramos (Eds.). Reserva de la Biosfera Montes Azules, Selva
Lacandona: Investigacion para su conservacion. Ecosfera. San Cristobal de las Casa,
Chiapas, México. 436 pp.

Vogt, R.C., and O. Flores-Villela. 1992b. Effects of incubation temperature on sex deter-
mination in a community of neotropical freshwater turtles in southern México. Herpe-
tologica 48:265-270.

Vogt, R.C., G.P. Gonzalez-Porter, and P.P. van Dijk. 2006. Dermatemys mawii. (errata ver-
sion published in 2016) IUCN red list of threatened species 2006:¢.T6493A97409830.

Vogt, R.C., J.R. Polisar, D. Moll, and G. Gonzalez-Porter. 2011. Dermatemys mawii Gray
1847—~Central American River Turtle, Tortuga Blanca, Hicatee. Pp. 058.1-058.12, In
A.G.J. Rhodin, P.C.H. Pritchard, P.P. van Dijk, R.A. Saumure, K.A. Buhlman, J.B. Iver-
son, and R.A. Mittermeier (Eds.). Conservation biology of freshwater turtles and tor-
toises: A compilation project of the IUCN/SSC Tortoise and Freshwater Turtle Specialist
Group. Chelonian Research Monographs No. 5. 376 pp.

Waight, L. 1983. The Hicatee. Belize Audubon Society Bulletin 15:3—4.

Winokur, R.M. 1988. The buccopharyngeal mucosa of the turtles (Testudines). Journal of
Morphology 196:33-52.

Zenteno, R.C.E. 2007. Evaluacion del estado del habitat de la Tortuga Blanca (Dermatemys
mawii) en la reserva de la Biosfera Pantanos de Centla. Reporte técnico CONACYT.
México DF, México. 38 pp.

Zenteno, R.C.E. 2011. Analisis espacio-temporal del habitat y presencia de Dermatemys
mawii (Gray, 1847) en la Reserva de la Bidsfera Pantanos de Centla. Tesis de Doctorado
en Ciencias en Ecologia y Desarrollo Sustentable. El Colegio de la Frontera Sur, Vil-
lahermosa, Tabasco, México. 99 pp.

175



2019 Caribbean Naturalist Special Issue No. 2
V. Briggs-Gonzalez, S. C. Gonzalez, D. Smith, T.R. Rainwater, and F.J. Mazzotti

Zenteno, R.C.E., E. Barba-Macias, J. Bello-Gutierrez, and S. Ochoa-Gaona. 2010.
Caracterizacion espacio-temporal del habitat y presencida de Dermatemys mawii
(Testudines:Dermatemydidae) en la cuenca del Grijalva-Usumacinta, Tabasco, México.
Revista Biologia Tropical 58:1247-1260.

Zug, G.R. 1966. The penial morphology and the relationships of cryptodiran turtles. Oc-
casional Papers of the Museum of Zoology,University of Michigan 647:1-24.

Zug, G.R. 1971. Buoyancy, locomotion, morphology of the pelvic girdle and hindlimb,
and systematics of cryptodiran turtle. Miscellaneous Publications, Museum of Zoology,
University of Michigan 142:1-98.

176



