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Preface

South America has many wonderful wild animals that
are worthy of the special care given them by biologists
and veterinarians. Governments in South America are
beginning to recognize the importance of their wild
fauna. Zoos in South America and worldwide have
exhibited South American animals for decades, to the
delight of the public. Concern about the continued exis-
tence of certain species has prompted a surge in the num-
ber of scientists conducting studies to ascertain as much
as possible about the lives of wild animals in the free-
ranging state. Zoo biologists and veterinarians are par-
ticipating in cooperative captive propagation programs.

Wild animals are being managed in semi—free-ranging
situations, conditions for the production of meat and fiber
for human use. Endangered species of wild animals are
being given special consideration by private aviculturists,
zoos, rehabilitation centers, and government agencies.
Captive propagation is practiced for release back into the
wild (Andean condor). Some projects are international in
scope (golden lion tamarin).

The time is at hand to share the experiences of South
American biologists and veterinarians with the world.
Numerous scientists, clinicians, administrators, rehabil-
itators, and academicians have contributed to this book.
Except for a few North American participants, the
authors are South American. The coverage of specific
animal groups varies, either because little information is
available or there is a lack of authors who have experi-
ence with the taxa.

The editors and authors are pleased to present this
overview of the biology, medicine, and surgery of
South American wild animals. It is a labor of love and
dedication that wild animals may be better under-
stood. We hope that the health and well-being of ani-
mals, both in captivity and in the free-ranging state,
will be improved.

—MUurray E. FOWLER, D.V.M
—ZALMIR S. CuBas, D.V.M
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Class Amphibia (Amphibians):

Frogs, Toads

Sérgio Rangel Pinheiro

INTRODUCTION

The South American continent is rich in varied biotypes
and a complex and little known diversity of animal and
plant life. The amphibian class is large and diverse in
shape, size, spot pattern, and colors. There are extreme
examples among the frogs from Brazil, such as the
smallest terrestrial vertebrate of South America, the lit-
tle Ra-do-Foli¢o-da-mata (Psyllophyrne didactyla),
with cryptic colors that match the environment
(Atlantic forest in southeastern Brazil). The male is
about 1.5 cm long, and the females are even smaller—
about 1 cm. At the other extreme are the giant Brazil-
ian toads of the genus Bufo; giant females collected
from the caatinga of the state of Bahia (northeastern
Brazil) weighed as much as 0.8 kg and measured about
30 cm long (measured in the resting position—the back
legs were not expanded).

Other examples are the jewels from the rain forests,
the Dendrobatids of the genera Epipedobates, Phyllo-

bates, and Dendrobates, known for their small size, var-
ied brilliant colors, and high toxicity. In spite of their
beauty, these amphibians don’t seem to arouse much
interest in zoos and commercial breeders. Some com-
mercial breeders raise exotic amphibians, mainly for the
pet trade in Brazil, Argentina, and Uruguay. The genera
Xenopus and Hymenochyrus and the aquatic salaman-
ders of the genera Ambyostoma (Axolotl) and Cynops
are most commonly produced.

South American zoos successfully exhibit several
species of amphibians, because they easily adapt to cap-
tivity. Concentration is on the larger species or those
with exotic shapes. Generally, South American amphib-
ians are small and not attractive (with the exception of
Dendrobatids and Brachycephalins) and have no appeal
for zoo visitors, who want to see large or at least odd
animals with bizarre shapes and colors. Species of the
genera Bufo (common toad), Figure 1.1, Ceratophrys
(horned frogs), Figures 1.2 and 1.3, Prynoyas (milk
frogs), Figure 1.4, and Pipa (Surinam toad) are most
commonly raised in zoos. When the public is exposed to
such animals in herpetariums, it helps to change false
beliefs about frogs and similar animals.
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FIGURE 1.1. Common toad, female, Bufo paracnemis.

FIGURE 1.2. Horned frog, female, Ceratophrys cnwelli.

BIOLOGY

TAXONOMY

South American amphibian fauna is rich in anurans, but
relatively poor in Gymnophionas and Urodelas, and
only one species of the family Pletodontidae, Boli-
toglossa altamazonica, has been described. This small
South American amphibian has been little studied and is
rarely seen because it lives in bromeliads on the tops of
trees in the Amazon jungle, the Zona da Mata, Minas
Gerais, in southeastern Brazil, and Vale do Rio Dolce.
There are no records of Bolitoglossas in captivity.

Gymnophionas

DISTRIBUTION AND HABITAT Known in
Brazil as “blind snakes” or “two-headed snakes;” these
animals are unjustly feared by the rural population.

FIGURE 1.3. Horned frog, Ceratophrys varia.

il
FIGURE 1.4. Milk frog, female, Prynoyas venulosa.

Gymnophionas are divided into two groups; terrestrial
and aquatic.

Terrestrial Gymnophionas from the Caeciliidae fam-
ily are divided into two principal genera. The genus
Siphonops is composed of several species, all much alike
in size and color. They are amphibians with a worm
form and are fossorial, nocturnal, and completely ter-
restrial. They grow up to 40 cm long and live in the Cer-
rado and the Atlantic forests all over the continent. In
Brazil, most species are blue-gray with white rings
(Siphonops anullatus and S. paoloensis). The second
genus, Pseudosiphonops, is Amazonian, with a biology
identical to the genus described previously. These also
have a worm form and small size, about 26 cm, but are
brown with light rings.

HOUSING Terrariums for these animals should be
made of glass except for a plastic web cover (for aeration).
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The substrate should be composed of 30% damp humus,
40% damp sphagnum moss, and 30% dry leaves. It’s
advisable to spray water into the enclosure every day to
maintain the humidity around 70%.

FEEDING This group feeds on terrestrial worms,
Coleoptera larvae, flatworms, ant eggs, pupas, and ter-
mites. They have a protractile tentacle located between
the vestigial ocular region and the nasal area, which is
used for orientation, to search for food (through
smelling chemical substances), or to find a mate. In cap-
tivity these animals accept worms, insects, or even beef.

REPRODUCTION Gymnophiona species are easy
to breed in captivity. Eggs are transparent, joined by
connective tissue. Eggs hatch within 2 weeks and hatch-
lings are cared for by the mother, who acquires a
whitish color resulting from the secretion of a substance
that is attractive to the newborn, enticing them to
remain interlaced on the mother’s body for approxi-
mately 10 days. When the color of the adult female
returns to its original hue, the young, now evidently
larger, leave the mother and begin an independent life.

The aquatic group of Gymnophionas includes species
from the Typhlonectidae family, genera Typhlonectes,
Chthonerpeton, and Potomotyphlus. They have been
poorly studied and are little known. They, too, are of
worm form, but are exclusively aquatic. They show no
external branchias, but have internal ones. This species
develops totally in water. The members of this family in
South America are found in Brazil, Uruguay, Venezuela,
and Argentina. Reproduction 1is viviparous or
oviparous. Their natural diet is composed of small
aquatic invertebrates (crustaceans, insects, worms, and
mollusks).

Anurans

DISTRIBUTION AND HABITAT Anurans
exhibit the greatest diversity among South American
amphibians. The most important families and genera
will be discussed. The anurans live in diverse environ-
ments: underground, in the tops of trees, in water and
on the forest floor. In Brazil, anurans are found in all
ecosystems: restingas, caatingas, Atlantic forests, Ama-
zon forests, Cerrado, and cultivated fields. Most species
depend on water to survive.

TAXONOMY

e Family Hylidae (tree frogs),Genera: Hyla, Phrynoyas,
Trachycephalus, Osteocephalus, Sphaenorhyncus,
Gastrotheca, Phyllomedusa, among others—Tree
frogs are typical representatives of arboreal habitats.
The ventouses on the tips of their toes enable them to

cling to trunks and branches. Their preferred habitat
is forested regions, and their biology is totally related
to water. The great majority are nocturnal. They feed
on small arthropods. Larger species of Hyla,
Phrynoyas, Trachycephalus, and Osteocephalus gen-
era are able to feed on small vertebrates. A rare event
of fruit-eating behavior of Hyla truncata, a small
species living in a terrestrial bromeliad, was recorded
from the Maricd’s Restinga, in the state of Rio de
Janeiro.

Family Bufonidae (toads),Genera: Bufo, Melano-
phryniscus, Ranphophyrne, among others—Bufo
species are terrestrial animals with biology little
related to water (using it only for reproduction). This
family consists of animals ranging in size from the
small Melanophryniscus that live in cold and dry
highland regions to the giant Bufos from the hot and
humid regions of northern and northeastern Brazil.
They have glands all over their bodies that secrete
toxins, but the most important poison producers are
the parathyroids, located behind the eyes. Species of
this family are widespread throughout South Amer-
ica and frequently figure in regional folklore.

Seven species of Bufo occur in Brazil; Bufo are-
narum ssp (southeast, south and northeast), B. cru-
cifer (southeast), B. ictericus (south and southeast);
B. paracnemis (southeast, northeast and central
west), B. typhonius (north), B. pigmaeus (southeast),
and B. marinus (north).

Family Pipidae (Pipa toad),Genus: Pipa—Species of
this genus are exclusively aquatic and have no eyelids
or tongue. They have gustatory papilla on the tips of
the front toes. Two of the most important Brazilian
species are Pipa pipa (north) and Pipa carvalhoi
(northeast).

Family Microhylidae (wood toads),Genera: Elachis-
tocleis; Dermatonotus; Arcovomer; Zacaenus and
Stereocyclops, among others. These species are small
to medium anurans with a round body shape and
short legs. They live primarily in subterraneous habi-
tats, the great majority living under the substratum
of cerrado, fields and woods. They are inactive dur-
ing the day, and are awakened by rain at night to
feed and mate.

This is a numerous and interesting family. In
Brazil they are found in all ecosystems, including the
littoral where the substratum is sandy with a high
percentage of salt.

Family Dendrobatidae (poison frogs), Genera:
Dendrobates, Epipedobates, and Phylobates, among
others—These frogs occur in the Amazon tropical
forests. These graceful, small, brightly colored frogs
have adherent ventouses on the tips of their toes.
They live on rock formations or bushes in the forest.



Some species live near water or exclusively in
bromeliads. They usually feed on ants and termites
and seem not to have any predators. These species
do not tolerate low temperatures; the ideal diurnal
temperature is around 26°C, reduced to 22°C at
night.

Members of this family excrete extremely poison-
ous cutaneous toxins and should be handled care-
fully, preferably with disposable gloves.

e Family Leptodactylidae (common frogs and horned
frogs), Genera: Ceratophrys, Crossodactylus, Hylodes,
Toropa, Odontophrynus, Eleuterodactylus, among
others—Some species are diurnal, some nocturnal.
They are called “false frogs” because of the absence of
interdigital membranes. The biology of most species is
associated with water, nevertheless there are excep-
tions, such as members of the genus Eleuterodactylus,
which have terrestrial development. Females of this
genus dig a small cavity in the forest floor, where, after
amplexus with the male, they lay a small number of
transparent eggs that already contain embryos. Within
two weeks the embryos are totally developed and
emerge from the incubation chamber in the ground as
small but completely formed frogs.

e Family Pseudidae (water frogs), Genus: Pseudis—
Common in southern Brazil, Uruguay, and
Argentina, these little frogs are aquatic with well-
developed interdigital membranes in the back feet
that enable them to be excellent swimmers. Oddly, in
this genus, although adult frogs barely reach 6 cm in
length, the tadpole is the largest of all South Ameri-
can species. The most common species are Pseudis
minuta (Uruguay) and Pseudis paradoxa (southeast-
ern Brazil).

Currently, there are no known South American
scientific works reporting studies of the life of
amphibians in the wild or of amphibian conservation
projects by South American zoological institutions.
On the other hand, taxonomic studies and biogeo-
graphic studies have been conducted by the herpetol-
ogy sections of important South American museums.

MANAGEMENT IN CAPTIVITY

HOUSING Robust species such as Bufo ictericus,
Bufo paracnemis, and the large horned frogs Cer-
atophrys ornata, Ceratophrys cranwelli, and Cer-
atophrys varia, require wide, well-ventilated cages or
terrariums with lateral ventilation. Webbing walls or
covers must be kept from direct contact with the ani-
mals. In particular, recently captured individuals are
easily stressed and in their eagerness to escape may trau-
matize the nostrils or legs. Webbing should be placed
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only in the upper part of the side wall, and the lower
part should be of glass, which is not abrasive and more
suitable for animals while adapting.

The substrate should be nonabrasive. The ideal sub-
strate for Ceratophrys and Bufo spp. is a composition
of humus, not too damp (40% humidity), sphagnum
moss (25% humidity), and dried leaves. A substrate
made with equal parts of these items is excellent for
these large, heavy anurans. The substrate should be at
least 10 cm deep to allow the animals to bury them-
selves. The large amount of feces and urine produced
necessitate changing the substrate every 10 days.

Tree trunks and artificial plants may provide decora-
tive elements. All material used for captive amphibians
should be processed in an autoclave to eliminate conta-
mination.

A large, easily cleaned water container should be
provided and cleaned often. Frogs may spend several
days in the water during the molting process.

It is necessary to avoid cleaning products that leave
toxic residues. Such residues may be fatal to these ani-
mals, because they are highly susceptible to chemical
toxins. An ideal disinfectant is a light solution of povi-
done iodine (2%).

It may be advisable to spray warm water (25-27°C)
over the animals once a day, making sure not to wet the
enclosure to the point of transforming it into a swamp.
Excess humidity may cause morbidity in big anurans.
These animals cannot tolerate low temperatures. It is
recommended that an even temperature of 24-26°C be
maintained in the terrarium. The temperature may be
reduced at night to 20-22°C.

Totally aquatic species such as Pipa carvalhoi and P.
pipa should be kept in a tropical aquarium with water
at a pH of 6.4 to 6.8 and a temperature of approxi-
mately 28°C. They prefer aquariums with many plants
and low to moderate illumination. The aquarium
should be covered with a plastic web for oxygenation
and to prevent escapes. In a dry environment, aquatic
anurans dehydrate rapidly and may die within a few
hours.

Arboreal species such as those in the family Hylidae
(genera Phyllomedusa, Hyla, Trachycephalus, Osteo-
cephalus, and Phrynoyas, among others) should receive
care in captivity that approximates conditions in their
natural habitat. They need large, tall cages built of
wood or metal, completely lined with plastic webbing
that is installed loosely to prevent abrasive accidents.
Bushy vegetation with large leaves should be placed in
the cage, along with a large water container made of
plastic, if possible, for hydration, copulation, and
oviposition.

The Dendrobatidae require a large, ventilated terrar-
ium planted with spineless bromeliads. In Sao Paulo, a
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layer of fern trunks is placed on the bottom of the ter-
rarium, into which bromeliads and small epiphytes are
fixed. A shallow water container (about 3 cm deep) is
sufficient for these small species (they barely reach 4
cm) to bathe. The substrate should be composed of one
part chopped flowers, two parts humus (25% mois-
ture), and one part sphagnum moss (25% humidity).
Tree trunks and rocks finish the decoration. The terrar-
ium must have artificial cold illumination during the
daily photoperiod (a minimum of 8 hours), since the
majority of these species are diurnal.

Ceratophrys tadpoles are voracious predators and
must be kept isolated, because they are cannibalistic.
They should be kept in small individual containers with
the water temperature never below 24°C. Recently
metamorphosed young frogs should continue to be kept
separated in small cages with the same structures as
those for adults.

FEEDING Bufo species and large horned frogs feed
on live prey. Zoos or other institutions that intend to
work with this group of animals should maintain breed-
ing colonies of mice, crickets, and cockroaches that may
be offered to the animals according to their size and age.
Ceratophrys and Bufos usually have great appetites and
should be fed once a week (twice a week at the most to
prevent obesity).

Bufo tadpoles are vegetarian, scraping algae from
stones and other submersed surfaces in lakes and ponds.
These tadpoles may be kept in large groups and fed
“green water” (algal water) rich in phytoplankton and
palatable microorganisms. They may be offered algae
and aquatic plants from an aquarium. Some species
accept a special ornamental fish ration. Spirulina algae
may also be offered. They grow rapidly, gaining weight
daily. Metamorphosis takes place within three months,
and the small toads may then be fed with crickets, cock-
roaches, and fruit flies. As they grow, larger prey may be
offered. Young Bufos may live in colonies, but should be
separated according to size to prevent cannibalism.

Ceratophrys tadpoles are voracious. They should be
fed daily with small fish or tadpoles of Rana cates-
biana. They also accept earthworms or tubifex worms.
Young horned frogs should be fed with crickets, cock-
roaches, and newborn mice, sprinkled with calcium and
powdered vitamin complex to ensure good growth.

Members of the Pipidae family have vestigial vision
and gustatory papilla on their front toes and taste food
by touch. They have no tongue, so food or prey is cap-
tured with the sensorial legs and carried to the mouth.
Adult amphibians may be fed small live fish, earth-
worms, tubifex worms, a commercial fish diet, and
even small pieces of fresh beef. They are hardy and
undemanding. Feeding of tadpoles is discussed in the

reproduction section, because there is species variation
in their requirements. Specimens of different sizes
should not be kept in the same aquarium because can-
nibalism is common among the Pipidae.

Arboreal species, such as members of the Hylidae
family, should be fed once a week with newborn mice
and mealworm larvae offered in pots in the middle of
the vegetation next to the animals’ shelter. Crickets and
cockroaches should be released into the terrarium
weekly, the amount depending on the number and
voracity of the frogs.

Tadpoles of the Dendrobatidae should be fed with
algal water and infusions. Newly metamorphosed frogs
may be kept in a colony, and be fed with small insects
(crickets, cockroaches, ants, termites, and fruit flies).

REPRODUCTION
e Leptodactylidae—Ceratophrys females are bigger
than the males. Breeding males vocalize a lot and
show great strength in the front legs, preparatory to
amplexus (clasping the females). Both in Bufos and
Ceratophrys, coitus takes place in the water. When
the male practices inguinal amplexus, the female
releases an enormous number of ovules that are
immediately fertilized by the active male. After cop-
ulation, the spawn should be transferred to a sepa-
rate tank of water with the same conditions as the
breeding tank. This water should be well aerated
using an aquarium compressor connected to an aer-
ator. Within six or seven days, the developed tad-
poles hatch.
¢ Pipidae—Pipidae reproduce well in captivity. Males
and females are similar to each other in appearance.
Sex may be determined by the following characteris-
tics: females are thinner than males and voiceless.
The robust males have well-developed front legs to
accomplish inguinal amplexus. In addition, males
have a strong and vibrating voice that may heard sev-
eral meters away from the aquarium during the
reproductive period (from September to March in
Brazil). After amplexus, each female (of both species)
deposits hundreds of fertilized eggs over its own
back. The female moves away from the male, and
gradually the eggs are absorbed by a special cuta-
neous tissue that encloses them completely. Incuba-
tion lasts approximately 60 days. At this point, the
two species differ greatly in the reproductive process.
Pipa carvalhoi are small frogs (812 cm, males
barely smaller than females). They live in northeast-
ern Brazil, in the states of Bahia and Pernambuco.
After 60 days in the chamber on the back of their
mother, tadpoles begin to emerge through the pores,
tail first. They complete metamorphosis in 4 months.
They can be raised in colonies because they are filter



feeders, and cannibalism is not a problem among the
newborn. However, tadpoles must be separated from
their mother as soon as they emerge, because adult
frogs are extremely voracious cannibals.

Initially, tadpoles should be fed with an infusion
of artemia, brine shrimp. As soon as they are large
enough, they will accept a flake ration used for orna-
mental fish. When metamorphosis is complete, they
may be fed tubifex worms, scrapings from beef, or a
commercial ration. Later they may be fed an adult
ration adapted to the size of the young Pipas.

Pipa pipa are larger than P. carvalhoi. They grow
as long as 30-40 cm in length with the legs fully
stretched. It is found in northern Brazil. After 60-90
days of incubation, completely metamorphosed frogs
emerge through the pores of the female’s back. It is
one of the most bizarre scenes ever seen in aquari-
ums; an enormous frog standing still on the bottom
of the tank as hundreds of tiny frogs emerge, which
must be removed immediately, because their vora-
cious parents will eat them. After they are separated,
the progeny will accept mosquito larvae, tubifex
worms, scrapings from beef, and a commercial
ration for ornamental fish. Because they are from the
Amazon region, the water temperature of their
aquarium should not drop below 24°C or they will
die. Pipas may live as long as 15 years in captivity.
Hylidae—Reproduction occurs from November to
April. Installation of an artificial rain system will
stimulate copulation. Ovipositing will take place
inside the water container of the cage. When
ovipositing is complete, the water container should
be removed and placed in a clean cage kept at about
22°C. The water should be oxygenated with an
aquarium compressor connected to an aerator. Tad-
poles of the Hylidae family have various eating
habits. Some are filter feeders (Phyllomedusa);
some are vegetarian (Hyla, Trachycephalus, and
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Osteocephalus); and others rasp algae (Phrynoyas
and Sphaenorhyncus). All species of this family are
tropical and cannot tolerate temperatures below
22°C.

Dendrobatidae—To facilitate ovipositing, small plas-
tic plates with a layer of water 3 cm deep are placed
on the bottom of the terrarium. Small ceramic vases
with side entrances for the small frogs are placed on
the plates. Amplexus is performed inside the ceramic
chamber, as is egg laying. The plates (with the vases)
should be removed to an oxygenated container.
Hatching occurs within 48 hours. Metamorphosis is
complete in 3 months.
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Class Reptilia, Order
Crocodilia (Crocodilians):
Caimans, Crocodiles

BIOLOGY AND CAPTIVE Alligatoridae (Alligator, Caiman, Paleosuchus, and

Melanosuchus), Crocodilidae (Crocodylus, Osteolae-
MANAGEMENT mus, and Tomistoma), and Gavialidae (Gavialis).
Flavio de Barros Molina There are 10 species/subspecies of crocodilians in

South America (Table 2.1) and according to the Inter-

national Union for the Conservation of Nature (IUCN)
INTRODUCTION three of these species are considered threatened (criti-

cally endangered, endangered, or vulnerable)!® (see
Living crocodilians, order Crocodilia, comprise 22 Table 2.1). Caiman latirostris is not on this list but is
species included in eight genera and three families: considered threatened in Brazil.?

TABLE 2.1. Distribution of South American crocodilians by country with IUCN status

Scientific Name Distribution TUCN
Caiman crocodilus apaporiensis CO

Caiman crocodilus crocodilus PE, EC, VE, CO, GU, FG, SU, BR, TR

Caiman crocodilus fuscus MX, CA, CO, EC, VE

Caiman crocodilus yacare BR, BO, AR, UR?, PA

Caiman latirostris AR, BO, BR, PA, UR

Melanosuchus niger BO, EC, PE, CO, BR, FG, GU EN
Paleosuchus palpebrosus BO, PE, EC, CO, VE, GU, SU, FG, BR, PA

Paleosuchus trigonatus BO, PE, CO, VE, GU, SU, BR

Crocodylus acutus US, MX, CA, EC, PE, VE, CO, TR VU
Crocodylus intermedius VE, CO CR

Source: See references 3, 14, 16, 31, and 33. AR, Argentine; BO, Bolivia; BR, Brazil; CA, Central America; CO, Colombia; EC, Ecuador; FG,
French Guyana; GU, Guyana; MX, Mexico; PA, Paraguay; PE, Peru; SU, Suriname; TR, Trinidad; UR, Uruguay; US, United States, VE,
Venezuela; ?, unconfirmed distribution; CR, critically endangered; EN, endangered; VU,vulnerable.
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The objective of this chapter is to discuss manage-
ment techniques developed for breeding South Ameri-
can species. Excellent reviews of these and other related
topics can be found in the references.!%30-%

BIOLOGY

Crocodilians may be found in various ecosystems, espe-
cially in the tropics. They live in close association with
aquatic habitats, such as rivers, ponds, swamps, and
estuaries, and usually spend part of the day in the water,
and part on land. Crocodylus porosus is adapted to salt-
water in northern Australia and southeast Asia.

As ectothermic vertebrates, they rely on an external
heat source to control body temperature. Basking
behavior is a key factor in the thermoregulation
process. Crocodilians spend most of the day basking on
land (atmospheric basking). To maintain their body
temperature within the appropriate range they fre-
quently move from land to water (and vice versa).
Water can be used as a heat source (as during aquatic
basking) or a heat sink. During atmospheric and
aquatic basking they change position many times
exposing different body parts to an environmental heat
source. According to Lang'® and Mazzotti** heat
exchange is greatly influenced by solar radiation and
conduction in the water. Thermal behavior and body
temperature are affected by internal (e.g., nutritional
status, age, size, infection, and reproductive state) and
external factors (e.g., climatic conditions and social
interactions).!® Thermal selection varies among the
species of crocodilians ¥, and little is known about it
for most of the species. Preferred body temperature
seems to be between 31.3 and 32.5°C for Crocodylus
jobnstoni,'” 30 and 33°C for Alligator mississippien-
sis,'8 28.5 and 36.2°C for Caiman crocodilus,” and 28
and 34.5°C for Caiman latirostris.*
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Crocodilians are opportunistic carnivores, eating a
variety of prey items, including insects, mollusks, fish,
frogs, reptiles, birds, and mammals. They have sharp
conical teeth well adapted to puncturing and tearing
prey. Most species are nocturnal hunters.?® Crocodilian
diets vary with habitat, size, and age. Hatchlings eat
insects, tadpoles, frogs, snails, crabs, shrimp, and small
fishes. Subadults and adults eat mainly fishes, crabs,
reptiles, birds, and mammals.?® They are ambush preda-
tors and, according to Pooley,?® may show an advanced
social feeding behavior. This can be seen in a group of
crocodiles cooperatively snapping at a school of fish or
feeding on a large mammal carcass.

Crocodilians differ from all other reptiles by showing
a complex social behavior. They communicate with
sounds, postures, motions, odors, and touch.” As
explained by Lang,"” communication starts in the egg
and continues throughout life. Embryos near hatching
time possibly may vocalize to synchronize the hatching
of the clutch. Hatchlings and young may vocalize to
maintain group cohesion or, in a dangerous situation, to
alert others and attract the attention of adults. Typi-
cally, adults react by attacking the possible predator.

Species-specific social signals and displays help to
define and maintain dominance hierarchy in the group."
Dominant individuals have large body size and are aggres-
sive.'”?> They control access to mates, nest sites, food, and
living space."” Subadult males and small females have low-
ranking positions in hierarchies. Dominance hierarchies in
females are usually related to nest-site access.”” Crocodil-
ians are territorial. Dominant males exclude other males
from their territories.'” Females may defend their own ter-
ritories or just their nest sites. Territorial behaviors may be
seen year round or only during the reproductive season,
depending on the species and locality.

Sexual dimorphism in South American caimans and
crocodiles is related to size, with males attaining a larger
size than females (see Table 2.2). Mating behavior of

TABLE 2.2. Maximum adult size and reproductive parameters of South American crocodilians!?1431.33

Scientific Name

Maximum Adult Size (m)

Nest Characteristic Eggs per Clutch

Caiman crocodilus apaporiensis 2.09?
Caiman crocodilus crocodilus 2.5
Caiman crocodilus fuscus 2.0°
Caiman crocodilus yacare 3.0
Caiman latirostris 3.5
Melanosuchus niger 6.0
Paleosuchus palpebrosus 1.5
Paleosuchus trigonatus 1.7
Crocodylus acutus 6.0
Crocodylus intermedius 6.0

Mound nest 20-50 eggs
Mound nest 14-40 eggs
Mound nest 15-30 eggs
Mound nest 20-40 eggs
Mound nest 20-60 eggs
Mound nest 18-75 eggs
Mound nest 12-25 eggs
Mound nest 10-17 eggs
Hole or mound nest 19-81 eggs
Hole nest 15-70 eggs

Source: See references 10, 14, 31, 33. 2, largest specimen reported.’ *Average size.
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Caiman crocodilus crocodilus (in the Ilanos of
Venezuela) and Caiman crocodilus yacare (in the pan-
tanal of Brazil) occurs at the end of the dry season.?? In
both localities the species nest during the flooding sea-
son; the breeding season seems to be related to rainfall
cycles and river levels.”? Melanosuchus niger, Paleo-
suchus palpebrosus, and Paleosuchus trigonatus seem to
nest at the end of the dry season and the beginning of the
rainy season; Caiman latirostris nests in the Southern
Hemisphere spring.?? Crocodylus acutus nests during the
northern spring, and Crocodylus intermedius during the
northern winter.33

All members of the Alligatoridae family make mound
nests; many members of the Crocodilidae family make
hole nests?> (see Table 2.2). Paleosuchus trigonatus
often nests beside termite mounds.?! Clutch size is
related to the size of the female, usually varying from 14
to 60 eggs per clutch in Caiman species and subspecies,
from 10 to 25 eggs per clutch in Paleosuchus species,
from 18 to 75 eggs per clutch in Melanosuchus niger,
from 19 to 81 eggs per clutch in Crocodylus acutus, and
from 15 to 70 eggs per clutch in Crocodylus inter-
medius'*'*31:33 (see Table 2.2).

The eggs of Caiman crocodilus, Paleosuchus palpe-
brosus, and Paleosuchus trigonatus generally develop
and hatch when incubated between 28 and 32°C.>?
Incubation time is variable, usually between 42 and
100 days.'*?!3 Sex determination in crocodilians is
temperature dependent.?’ Only females are produced at
low temperatures, mostly females (or only females) are
produced at high temperatures, and varying propor-
tions of males and females are produced at intermedi-
ate temperatures.?

Many species of crocodilians show maternal care.
Females may defend their nest against predators, they
may open the nests and carry the hatchlings to water,
and they may protect the young for weeks or
months.’? At least in captivity, males of some species
also show these behaviors.?

MANAGEMENT IN CAPTIVITY

Crocodilians show no external sexual dimorphism. Sex-
ing is possible by cloacal probing.* They may be marked
by making a hole in the scales of the single caudal crest
following a predetermined code. The use of natural
marks, especially those at the jaws and tail, is another
option for identification. Measuring should be done
according to Medem’s recommendations.?’

The capture and restraint of crocodilians may be
dangerous for both human and reptile. It must be done
carefully and only if really necessary. Such a stressful sit-
uation can cause the death of a crocodilian, as a result

of lactic acid production. Wise®” presented techniques
for the physical restraint of crocodilians.

The minimum area of the exhibit and other specifi-
cations may be determined by national law, as in
Brazil." Crocodilians usually may be kept in groups,
depending on the area available and the number, size,
and sex of individuals to be enclosed. As hierarchic and
territorial reptiles, they may exhibit aggressive behavior,
especially if both adult males and females are main-
tained in the group. The introduction of a new adult
specimen into an already formed group is always a
problem, because the newly introduced animal will
challenge its new companions or will be challenged by
them. Usually there is no problem when young caimans
are introduced, even into a group of adults, but the best
choice, whenever possible, is to form a group of young
crocodilians and allow them to grow up together. This
option seems to minimize antagonistic interactions.

It is important to understand the hierarchy of a cap-
tive group. Much can be learned by observing crocodil-
ian behavior. Individuals basking in an unusual place
may be individuals that have been excluded by domi-
nant specimens. Interspecific aggressions have been
observed at Sdo Paulo Zoo, Brazil (Paleosuchus palpe-
brosus with Caiman sp. and Caiman latirostris with
Caiman crocodilus yacare), and a few incidents led to
the death of some caimans.

The exhibit must have a diversity of environments to
improve behavioral performance of caimans and croco-
diles, and simulating a natural environment will con-
tribute to public education. A sandy area exposed to the
sun is important for basking, and an area planted with
trees and bushes offers options for heat sinking. A
sandy area is also important for the nesting behavior of
crocodile females (hole nesters); a soil area covered by
dead leaves and branches is important for the nesting
behavior of caiman females (mound nesters) (see Table
2.2). The exhibit must have a pond. The pond depth
should depend on the species and size of the individuals
involved, but must be deep enough to allow the male to
place himself over the female during copulation. The
substrate used in the pond must be smooth to avoid
damage of the crocodilians’ belly and the borders must
form soft acclivities that will not make it difficult for
them to leave the water. Such aquatic plants as Eich-
hornia and Pistia may be placed in the pond.

Air and water temperature depends on the species
and the season. Air temperature for Caiman spp. main-
tained in outdoor exhibits at Sdo Paulo Zoo usually
varies between 15 and 30°C, especially important for
atmospheric basking. Extremes of 5 to 35°C may be
registered. Water temperature usually varies between 18
and 25°C, especially important for aquatic basking.
Extremes of 13-28°C may be registered. Crocodilians
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must always have access to adequate microenviron-
ments to thermoregulate. Indoor exhibits should be
equipped with heaters to create a thermal gradient.®
Crocodilians maintained in indoor exhibits, including
aquariums, must be periodically exposed to natural
unfiltered sunlight or artificial ultraviolet light of appro-
priate wavelength (ultraviolet B; UVB) for the endoge-
nous synthesis of vitamin D,."'>"> Gehrmann"? discusses
the light requirements of captive reptiles (including the
detrimental effects of prolonged exposure to UVB from
sunlamps).

Caimans (Caiman spp.; Paleosuchus spp.) can be
kept together with turtles but problems may occur,
probably as a result of overpopulation. At Sio Paulo
Z00, on a few occasions a caiman (especially Caiman
crocodilus crocodilus) has attacked a turtle (Phrynops
bilarii and Trachemys scripta elegans). The following
procedures are suggested when maintaining a mixed
exhibit: (a) avoid overpopulation of any of the species
involved, (b) keep all the reptiles well fed, and (c) know
and monitor the caimans’ hierarchy.

Food usually offered in captivity consists of chicks,
mice, fish, and invertebrates. Muscle meat (e.g., beef) is
not nutritionally balanced and should be avoided.
Chicks and mice are good options. Fresh whole fish
(including head, viscera, scales, and bones) are not cal-
cium deficient. An enzyme, thiaminase, is found in
some species of fish and becomes active after death.
Thiaminase destroys vitamin B, and may cause a defi-
ciency."!? Thawed frozen fish should be supplemented
with thiamin.!

Hatchlings and young caimans readily accept meal-
worm larvae and adults, crickets, and cockroaches.
Mealworms, crickets, and cockroaches must be sup-
plemented with a calcium source,"'? (e.g., powdered
calcium carbonate,'?), and mealworm larvae should be
offered only sporadically because of its high level of
fat' (see Table 3-1 in Frye'?). Frequency of feeding
should be determined by the temperature at which
crocodilians are kept. During warm months they may
be fed twice a week; during cold months they should
be fed once a week. Young animals must be fed more
frequently.

REPRODUCTION, ARTIFICIAL INCUBATION
To achieve the best results with artificial incubation, the
eggs must be removed from the nests within 24 hours of
laying.!® It is advisable to keep the eggs in the same posi-
tion as they were found in the nest.!%?”35 After being
measured, the eggs must be placed in incubators held at
the appropriate temperature and humidity. The average
temperature of the egg cavity in crocodilian nests varies
from 28 to 32°C; the average humidity varies from 70
to 100%.1°
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The incubation substrate should include nesting
material'®?* or vermiculite.®*?” The origin of the nesting
material must be checked to avoid a possible contami-
nation of the eggs. A 1:1 ratio of vermiculite and tap
water, by mass, is suggested for use with reptile eggs in
general.”” Closed egg containers must be periodically
opened for ventilation.?” The eggs must be regularly
inspected and the development of the opaque banding
pattern must be monitored.'™ Rotten eggs should be
removed. Sometimes hatchlings must be assisted during
the hatching process.?

Proper methods for incubating reptile eggs are dis-
cussed by Packard and Phillips.?” A simple incubator can
be made of a Styrofoam box supplied with common
lamps and a thermostat as used at Escola Superior de
Agronomia “Luiz de Queiroz”/Universidade de Sdo Paulo
(ESALQ/USP) (for Caiman latirostris eggs)** and Sio
Paulo Zoo (for Caiman crocodilus crocodilus eggs).®’

Hatchlings may be identified by photographs or line
drawings of the head, particularly the jaws and the tail.
They should be measured by Medem’s method.*® Nor-
mal hatchlings are usually fed for the first time during
their second or third week. They can be kept in small
outdoor enclosures or in 1000-L tanks (also maintained
outside). At Sao Paulo Zoo, these tanks were in use for
turtles before 1985. They are not expensive and are
adapted from the types commonly used for water reser-
voirs in houses. The internal space may be divided into
areas, one-fourth sand and three-fourths water at a
depth of 15 cm. Young that are longer than 40 cm total
length are best maintained in outdoor enclosures.
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Class Reptilia, Order Chelonia
(Testudinata) (Chelonians):
Turtles, Tortoises
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INTRODUCTION

Turtles are easily distinguishable from all other reptiles
by their characteristic morphology: a body encased by a
bony shell covered with horny scutes of epidermic ori-
gin. The shell consists of the dorsal carapace and the
ventral plastron, firmly fused together in most species.
Neural and costal bony plates of the carapace are fused
to the neural arches of some vertebrae and to the ribs,
respectively. Shell morphology reflects turtle ecology,
with tortoises usually having a domed carapace.
Detailed discussions of turtle anatomy and physiology
may be found in the references.’!''*

About 250 living species of turtles are known world-
wide.* In South America there are 40 species of freshwa-
ter turtles, 4 species of tortoises (Table 3.1), and 7 species
of marine turtles.”?® According to the International Union
for the Conservation of Nature (IUCN), 22 of these
species are considered to be threatened (critically endan-
gered, endangered, or vulnerable).?” Natural populations
of Amazonian species in the Podocnemis genus are being

protected by the efforts of local conservation projects
being developed in Brazil® and neighboring countries®'*
and apparently are recovering. Conservation projects are
also important in the protection of marine turtle nesting
beaches in Brazil** and other South American countries.”!

BIOLOGY, MANAGEMENT,
AND FREE-LIVING
POPULATIONS

Flavio de Barros Molina

Feeding Habits and Behavior

Chelidae species are predominantly carnivorous, eating
a variety of prey items, including crustaceans, insects,
and fish.!216:35:43,30.52.56.57 Chelys fimbriatus is completely
carnivorous, and some species may be highly omnivo-
rous, e.g., Phrynops rufipes and a northern population
of Phrynops geoffroanus.'®3

Species in the family Pelomedusidae are primarily
herbivorous, eating mostly aquatic plants and fallen
fruit,»121648:52 but they also consume some mollusks,
crustaceans, insects, and fish.*? In captivity, some
species will take meat and fish.!?°?
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TABLE 3.1. Distribution of South American freshwater turtles and tortoises. IUCN status
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of threatened and near threatened species

Scientific Name Distribution IUCN
Acanthochelys chacoensis AR AY%0)
Acanthochelys macrocephala BR/PA/BO NT
Acanthochelys pallidipectoris AR/PA/BO? VU
Acanthochelys radiolata BR NT
Acanthochelys spixii BR/UR/AR/PA? NT
Chelus fimbriatus BR/GU/FG/SU?/VE/CO/EC/PE/BO/TR

Hydromedusa maximiliani BR VU
Hydromedusa tectifera BR/UR/AR/PA?

Phrynops dahli CO CR
Phrynops geoffroanus BR/GU/VE/CO/EC/PE/BO/PA/AR?

Phrynops gibbus BR/GU/FG/SU/VE/CO/EC/PE/TR

Phrynops bilarii BR/UR/AR/PA?/BO?

Phrynops hogei BR EN
Phrynops nasutus FG/SU/BR?

Phrynops raniceps BR/VE/CO/PE/BO

Phrynops rufipes BR/CO/PE? NT
Phrynops tuberculatus BR

Phrynops vanderhaegei BR/PA/AR/UR?/BO? NT
Phrynops williamsi BR/UR/AR/PA

Phrynops zuliae VE VU
Platemys platycephala BR/GU/FG/SU/VE/CO/EC/PE/BO

Peltocephalus dumerilianus BR/FG/VE/CO/EC/PE AY%0)
Podocnemis erythrocephala BR/VE/CO VU
Podocnemis expansa BR/GU/VE/CO/EC/PE/BO/TR CD
Podocnemis lewiana CO EN
Podocnemis sextuberculata BR/CO/PE VU
Podocnemis unifilis BR/GU/FG/SU/VE/CO/EC/PE/BO VU
Podocnemis vogli VE/CO

Rbinoclemmys annulata CA/CO/EC NT
Rhinoclemmys diademata VE

Rhinoclemmys melanosterna CA/CO/EC

Rhinoclemmys nasuta CO/EC NT
Rhinoclemmys punctularia BR/GU/FG/SU/VE/TR

Trachemys adiuthrix BR EN
Trachemys dorbignyi BR/UR/AR

Trachemys scripta callirostris CO/VE NT
Trachemys scripta chichiriviche VE NT
Trachemys scripta venusta MX/CA/CO NT
Chelydra serpentina acutirostris CA/CO/EC

Kinosternon dunni CO AY%0)
Kinosternon leucostomum MX/CA/CO/EC/PE?

Kinosternon scorpioides MX/CA/TR/BR/GU/FG/SU/VE/CO/EC/PE/BO/AR

Geochelone carbonaria CA/BR/GU/FG/SU/CO/VE/BO/PA/AR

Geochelone chilensis AR/PA VU
Geochelone denticulata BR/GU/FG/SU/CO/VE/EC/PE/BO/TR VU
Geochelone nigra GI AY%0)

Source: Information from references 27 and 28. AR, Argentina; BO, Bolivia; BR, Brazil; CA, Central America; CO, Colombia; EC, Ecuador;
FG, French Guyana; GI, Galapagos Islands (Ecuador); GU, Guyana; MX, Mexico; PA, Paraguay; PE, Peru; SU, Suriname; TR, Trinidad; UR,
Uruguay; VE, Venezuela. ?, unconfirmed distribution. CR, critically endangered; CD, conservation dependent; EN, endangered; NT, near

threatened; VU, vulnerable.

Most species in the family Emydidae are opportunis-
tic omnivores, eating plant material and animals (like
leaves, fruit, aquatic plants, mollusks, and
insects).!»134452 Exceptions include the herbivorous
Rhinoclemmys annulata,’* and the predominantly car-

nivorous young of Trachemys scripta,'>3 and Trache-
mys dorbignyi (personal observation).

In the Testudinidae family, Geochelone carbonaria
and Geochelone denticulata are opportunistic omni-
vores, eating plant and animal material (like fruit,
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leaves, flowers, snails, insects, and carrion).'24552
Geochelone chilensis is apparently omnivorous; its diet
includes fruit, shrubs, cacti, grasses, and probably car-
rion.®® In captivity, all three of these species will take
meat and fish.’>% Geochelone nigra is herbivorous, eat-
ing leaves, berries, cacti, and grasses.'>"’

Kinosternidae species and Chelydra serpentina are
omnivorous, eating algae, aquatic plants, worms, mol-
lusks, insects, carrion, and diverse vertebrates, including
fish, frogs, turtles, and aquatic birds.>!3#52 Molina* ana-
lyzed the feeding behavior of 14 species of South Ameri-
can turtles and found that most of them located their prey
by olfaction. An exception is the matamata turtle, Chelus
fimbriatus, which is an ambush predator.?*°*2 QOther
unique feeding behaviors include spear fishing?*3%* and
consuming surface particulate matter by neustophagia.>

Thermoregulation and Thermal
Preferences

Chelonians are ectotherms. Basking behaviors are key
factors affecting thermoregulation. The most important
behaviors performed by freshwater turtles and tortoises
during basking activities are moving from water to land
(and vice versa) and exposing different body parts to
environmental heat. Tortoises move from sunny areas to
shady ones (and vice versa), but they may also enter
water. Environmental factors affecting basking behav-
iors include water and air temperatures, light intensity,
and wind.>*

Basking may be divided into atmospheric and
aquatic basking. Atmospheric basking is important for
thermoregulation, elimination of ectoparasites, assisting
in the shedding of shell scutes, and for the synthesis of
vitamin D48 Aquatic basking is important for
thermoregulation.” The preferred body temperature of
Trachemys scripta is 28-29°C, and the species is most
active at 25-30°C.°® Thermal preferences for most
species of freshwater turtles and tortoises seem to fall
between 23 and 33°C, and the critical thermal maxi-
mum is around 39 to 41°C for freshwater species and
43°C for tortoises."'>® Thermoregulation mechanisms,
thermal preferences, and basking behaviors of most
South American species are poorly known.

Reproductive Biology and Behavior

Breeding is usually seasonal in reptiles and young hatch
during a period of favorable environmental conditions.
Photoperiod, temperature, rainfall, and food availabil-
ity are important environmental factors. Tropical rep-
tiles breed more frequently than temperate ones, their
breeding season is usually longer, and in some species
reproductive activity is seen throughout the year.!®!

Little is known of the mating season and mating
behavior of most South American turtles. The mating
season varies according to the species.’®3404152 For
Podocnemis expansa mating depends on the water level
fluctuation in each geographic locality.”> Mating behav-
ior may be divided into four phases, i.e., search for
female, pursuit of female, precopulation, and copula-
tion. The pattern may be simple, as in Phrynops geof-
froanus,’® 3 or elaborate, as in Phrynops hilarii* and
Trachemys dorbignyi.®®

Nesting behavior is more stereotyped than courtship
and usually may be divided into five phases: nest site
selection, nest excavation, egg laying, nest covering, and
return to water.’”*%404! Clutch size varies from 1 large
egg in Platemys platycephala to more than 100 eggs in
Podocnemis expansa. Some species may lay more than
one clutch per season.'>*? Eggs may be brittle shelled, as
in Podocnemis unifilis, Phrynops geoffroanus, and
Rhinoclemmys punctularia, parchment shelled, as in
Trachemys scripta and Trachemys dorbignyi, or leath-
ery shelled, as in Podocnemis expansa.*® Incubation
time is variable, depending on the species involved, tem-
perature, and other environmental conditions, such as
the water level in local rivers. It may be short, ranging
from 45-60 days in Podocnemis expansa,®'>°* or lasting
for more than 330 days, as in Phrynops geoffroanus.>®

Management

SEXING, MARKING, AND MEASURING Sex-
ual dimorphism is usually evident only in adults. Useful
characteristics include tail length and plastron shape. In
all species of turtles and tortoises, males have longer
and thicker tails with cloacal openings more distally sit-
uated, when compared with those of females. The dif-
ferences are extreme in Kinosternon scorpioides and
Podocnemis expansa. Males of chelid, kinosternid, and,
especially, testudinid species usually have a concave (or
slightly concave) plastron. Color dimorphism may be
seen in Trachemys scripta and Trachemys dorbignyi,
with males showing an ontogenetic melanism.

Chelonians over 2 years of age and adults may be
easily marked according to Cagle’s method, which con-
sists of making a notch in the marginal scutes of the
carapace following a predetermined code.” Newborn
and young less than 2 years of age have a less-resistant
carapace, so hand drawings and black and white pho-
tographs of the pattern of shell markings are preferable
for identifying each specimen. Photocopies of the plas-
tron may also be useful for identification.?* These tech-
niques should be repeated yearly as the chelonian
grows.

It is important to record the growth rate of young
and adults. Carapace length and width, plastron length
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and width, and shell height should be measured accord-
ing to Medem.** Weight should also be recorded.

HOUSING, ENVIRONMENTAL ENRICHMENT,
AND DIET The minimum area of an exhibit and
other specifications may be defined by national law, as
in Brazil.?¢ Chelonians may be kept in mixed groups,
and, if so, the exhibit must include diverse environ-
ments. Diversity is important to improve the behavioral
performance of turtles and tortoises. A simulating nat-
ural environment contributes to public education. An
area exposed to the sun is important for basking, and an
area planted with dense arboreal vegetation offers addi-
tional options for thermoregulation. Both types of area
are important for the nest site selection activities of
females of different species.

A substrate of soil covered with dead leaves is a good
choice in the area planted with trees and/or shrubs.
Bromeliads, philodendrons, and epiphytic plants may
be used to aid in the natural environment simulation.
Trachemys dorbignyi and Phrynops geoffroanus
females will never nest in areas planted with dense arbo-
real vegetation. Trachemys dorbignyi females prefer to
nest in sandy areas without vegetation, and Phrynops
geoffroanus females prefer to nest in soil with sparse
herbaceous vegetation. Geochelone carbonaria females
are generalists and prefer soil without vegetation in
shaded areas, soil with sparse herbaceous vegetation in
open areas, and sandy beaches.

An artificial pond is a fundamental requirement for
freshwater species, and even tortoises enjoy entering the
water. Pond depth should depend on the species
involved, but must be deep enough to allow the male to
place himself over the female during copulation. The
substrate must be smooth to avoid damaging the plas-
tron, and the banks must allow egress from the water.
Aquatic plants, such as Eichhornia and Pistia, may be
placed in the pond. Partially submerged stones or logs
offer atmospheric basking.

Air and water temperatures depend on the species
and the season. Air temperature may be kept between
20 and 30°C. Higher temperatures (e.g., 35°C) should
be avoided, and turtles must always have access to ade-
quate microenvironments to thermoregulate, such as a
pond of water or a shaded refuge. Lower temperatures
(e.g., 18°C) may be tolerated by some southern species
(Trachemys dorbignyi and Phrynops bilarii), but may be
critical for northern species (Podocnemis spp., Rhin-
oclemmys spp., Kinosternon spp., Geochelone car-
bonaria, and G. denticulata). Northern species will do
better if kept between approximately 24 and 30°C;
southern species will do better if kept between approx-
imately 20 and 26°C. Water temperature may usually be
kept between 22 and 28°C. Pelomedusids (but less
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markedly, Podocnemis unifilis) are particularly sensitive
to cold water. Some southern species, e.g., Trachemys
dorbignyi and Phrynops hilarii, may tolerate lower tem-
peratures (e.g., 15-18°C). Northern species will do bet-
ter if water temperature is kept between approximately
24 and 28°C; southern species will do better if water
temperature is kept between approximately 22 and
26°C. Obviously, water temperature is more important
to freshwater species than to terrestrial ones, the oppo-
site being true for air temperature.

Turtles and tortoises may be maintained in indoor
exhibits, including aquariums and terrariums, but must
be periodically exposed to natural unfiltered sunlight or
artificial ultraviolet light (UV) of appropriate wave-
length (UVB) to allow the endogenous synthesis of vita-
mln D3'2,18,23

Naturally designed exhibits are best to provide envi-
ronmental enrichment for turtles and tortoises. Edible
vegetation planted inside the exhibit may stimulate for-
aging behavior. It is important to determine that plants
are not toxic.'” Geochelone carbonaria and G. dentic-
ulata may spend a great deal of time grazing and are
particularly fond of Paspalum notatum grass.

Mixed exhibits are an interesting option for environ-
mental education and enrichment. Many species of
freshwater turtles may be kept together. At Sao Paulo
Zoo (Brazil), the following species have been housed
together: Trachemys dorbignyi and Phrynops geof-
froanus; Podocnemis expansa and P. unifilis; Trachemys
scripta elegans, Phrynops bhilarii, and P. expansa.
Because of the risk of hybridization, housing closely
related species should be avoided (e.g., Trachemys dor-
bignyi and T. scripta, Phrynops geoffroanus and P.
hilarii, Geochelone carbonaria and G. denticulata).
Aggressive species such as Chelydra serpentina should
not be housed with vulnerable species. At Belem Zoo
(Para/Brazil) Kinosternon scorpioides, a somewhat
aggressive species, is kept together with Rhinoclemmys
punctularia.

Turtles may be kept in enclosures containing caimans
(Caiman spp.), but problems may develop if the exhibit
becomes overpopulated.

The following procedures are suggested when main-
taining mixed exhibits: avoid overpopulation of any of
the species involved, keep all the reptiles well fed, know
and monitor the caimans’ hierarchy.

Chelonians may be kept with mammals, as well. At
Sao Paulo Zoo mixing the following species was suc-
cessful: Trachemys dorbignyi, Phrynops geoffroanus,
and Myocastor coypus (nutria); Geochelone denticu-
lata, G. gigantea, and Hystrix africaeustralis (porcu-
pine); Geochelone denticulata, Tupinambis merianae
(Tegu lizard), and Myrmecophaga tridactyla (giant
anteater).
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Animal matter usually offered in captivity consists of
meat (e.g., beef), fish, and invertebrates. Meat must be
supplemented with a powdered calcium source, such as
steamed bone meal or calcium carbonate, and cannot be
the base of the diet. A prolonged deficiency of calcium in
the diet, as well as an unbalanced calcium/phosphorus
ratio, may lead to metabolic bone disease, a syndrome
that is extensively reviewed by Fowler.!”

Fresh whole fish (including head, viscera, scales,
and bones) are not calcium deficient. However, it is
important to be sure that the spines and scales will not
injury the turtle’s digestive tract. An enzyme called thi-
aminase is found in some species of fish and becomes
active after the death of the fish, causing hypovita-
minosis B,. Thawed frozen fish should be supple-
mented with thiamin.>!%%

Freshwater turtles readily accept earthworms, meal-
worm larvae, and crickets. Mealworm larvae and crick-
ets must be supplemented with calcium,>'®! and meal-
worm larvae should be offered only sporadically
because of its high level of fat? (see Table 3-1 in Frye'®).
Allen and Oftedal® discuss the nutrition of carnivorous
reptiles, and Frye describes the rearing of some inverte-
brate prey species.'®!"”

Plant matter usually offered in captivity consists of
fruit, leaves, flowers, and other vegetables. Fruit, read-
ily taken by turtles and tortoises, includes banana,
papaya, apple, mulberry, pumpkin, and tomatoes.
Leaves include chicory, kale, cabbage, mulberry, hibis-
cus, Elodea, and lettuce. Geochelone carbonaria and G.
denticulata are fond of the flowers of hibiscus and Mal-
vaviscus; G. nigra readily accepts prickly pear (Opun-
tia). Carrots are also readily eaten by chelonians. Diets
containing an imbalance in the calcium/phosphorus
ratio, with an excess of phosphorus, must be supple-
mented with powdered calcium carbonate, bone meal,
or a similar calcium-rich material (see examples in Table
7-6, in Fowler'”). Turtles and tortoises usually accept
pelleted commercial dog or cat chows, but these should
not be offered in excess.'®!"” Baer discusses many aspects
of the nutrition of herbivorous reptiles.® Tortoises must
have access to fresh drinking water.

Visual and olfactory stimuli are important to stimu-
late normal foraging behavior. Geochelone carbonaria
and G. denticulata are attracted by red, orange, and yel-
low colors. Frequency of feeding should depend on the
temperature at which the chelonian is kept. During
warm months they may be fed five times a week; during
cold months they can be fed three times a week.

Special attention must be paid to the diets of the
young of such species as Trachemys scripta and Trache-
mys dorbignyi that prefer animal matter. To ensure that
they also eat plant matter, it is necessary to vary their
daily diets, routinely feeding only vegetables on selected

days. Another problem that needs special attention is
the influence of group hierarchy on food access. Moni-
toring is necessary to ensure that every turtle in a par-
ticular group is feeding well. Hierarchy interference was
observed in a group of young Trachemys dorbignyi
maintained at Sao Paulo Zoo (Moraes and Molina, per-
sonal observation).

EGG COLLECTION, INCUBATION TECH-
NIQUES, AND HATCHLING CARE After selecting
a proper nest site females of all chelonian species lay eggs,
usually in cavities dug into the substrate. To achieve the
best results, the eggs should be removed from the nests as
soon as possible, measured, and artificially incubated. It is
advisable to keep the eggs in the same position as they are
found in the nest;"'*'® parchment-shelled and leathery-
shelled eggs may be easily damaged when not handled
with proper care. Records should be kept of the nesting
process; such facts as female identification, female nesting
behavior, nest site selected, nest measurements,>* and
weather conditions, are important to improve knowledge
about South American chelonians.***' The eggs should be
placed in a plastic container and covered with 1 or 2 cm
of moist vermiculite. A 1:1 ratio of vermiculite and tap
water, by mass, has been suggested.'** A closed container
must be opened periodically to allow aeration; the vermi-
culite in an open container must be moistened periodically
to compensate for evaporation. Egg containers should be
placed inside a Styrofoam box supplied with ordinary
lamps and thermostats.

At S3o Paulo Zoo chelonian eggs were incubated at
temperatures between 25 to 30°C. Phrynops geof-
froanus, P. vanderhaegei, Podocnemis unifilis, Trache-
mys dorbignyi, Trachemys scripta, Kinosternon scorpi-
oides, Geochelone carbonaria, and G. denticulata have
been successfully hatched. Temperature affects length of
incubation,"'** and in many species determines the sex
of the hatchlings.'#1%2%4 The eggs must be regularly
inspected and the increase in the chalky white band
must be monitored."* Decomposing eggs should be
immediately removed.

Newborns should be cleaned with tap water to wash
away small flecks of vermiculite that may obstruct the
eyes and nares. Sometimes newborns hatch prematurely
with a persistent yolk sac. This seems more likely to hap-
pen with species that lay parchment-shelled eggs, such as
Trachemys dorbignyi. Premature hatchlings should be
maintained for 24-48 hours between two layers of
highly moistened cotton, close to a heat source (at about
30°C). After this period the greater part of the yolk sac
will have absorbed and the young are no longer at risk.

Young turtles and tortoises should be kept in individ-
ual plastic containers in a heated room (at about 26°C)
for 1 or 2 months, during which time they should be



20

measured and identified (by photographs, line drawings,
or photocopies). Usually, normal hatchlings are fed for
the first time at the end of the first week. They should be
allowed to bask outdoors almost every day.

After 1 or 2 months, they may be transferred to small
outdoor enclosures or to 1000-L tanks, where they will
live in groups. Internal space may be divided into one-
fourth sand and three-fourths water at a depth of 15 cm.
Tanks of this size can house about 30 newborns of
medium-sized species (e.g., Trachemys dorbignyi and
Phrynops geoffroanus).

At 2 years of age, the tanks can house 10 to 20
young. Individuals older than 2 years of age should be
transferred to larger tanks or exhibits. Group density
affects growth and survival rates. In studying groups of
5, 10, and 30 young of Trachemys dorbignyi main-
tained in the same kinds of tanks, an inverse relation-
ship between turtle densities and growth and survival
rates was observed.
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CHELONIAN INFECTIOUS
DISEASES AND GENERAL
MEDICINE

Eliana Reiko Matushima

RESPIRATORY TRACT DISEASE

Inadequate temperature and humidity, suboptimal
hygiene conditions over inadequate substrate, and vita-
min A—deficient diet have been associated with respira-
tory tract disease.

The absence of a diaphragm in chelonians has func-
tional significance, resulting in an inability to cough and
expel secretions and exudate from the lungs. This
anatomical restriction undoubtedly contributes to the
progress of a respiratory tract infection to pyogranulo-
matous pneumonia.?

Numerous etiologic agents have been associated with
respiratory disease in chelonians. Bacterial pathogens
such as Pasteurella sp., Streptococcus spp., Staphylo-
coccus negative coagulase; fungal agents such as
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Sporotrichium sp., Cladosporium, Parcilomyces sp.,
Candida sp., Penicilium sp., and Aspergillus sp.; viral
agents such as herpesvirus and iridovirus; and
Mycoplasma have been isolated, as well as metazoic
parasites.

Clinical signs of respiratory disease include nasal and
ocular discharges, dyspnea and open-mouth breathing,
anorexia and weight loss, and lethargy. Aquatic and
semiaquatic turtles often show inability to swim or float
in proper position due to consolidation or collapse of
pulmonary parenchyma.?

Diagnostic methods include radiographic examina-
tion and tracheal wash using sterile saline. Fluid should
be submitted for culture and sensitivity, as well as cytol-
ogy. Viral isolation may be done if indicated.>”

Therapy for respiratory infections is identical to that
employed in higher vertebrates. Based on culture and
sensitivity results, a broad-spectrum bactericidal antibi-
otic should be administrated. Nebulization with antibi-
otic and mucolytic agents may aid in treatment.

GASTROINTESTINAL TRACT
DISEASE

Turtles and tortoises commonly present with chronic
hypophagia or anorexia. This clinical sign may result
from numerous causes, including infectious or meta-
bolic diseases, parasitism, or gastrointestinal obstruc-
tion. Conditions of improper husbandry, including low
temperature, stress, inappropriate diet, and failure of
the animal to adapt to captivity, all may result in
anorexia.” Bacterial enteritis, including salmonellosis,
may be a chronic condition associated with pneumonia
and septicemia or may present acutely resulting in sys-
temic shock and death.

Clinical signs include dehydration, anorexia,
lethargy, and decreased body weight. It is common to
find bacterial enteritis, amoebic enterohepatitis, chronic
parasitism, foreign body ingestion, and obstruction or
impaction.

Antibiotic treatment may be recommended based on
culture results as well as systemic fluid and electrolyte
replacement.

Amoebic enterohepatitis is characterized by clinical
signs similar to those of gastroenteritis. The presence of
Entamoeba invadens is confirmed by the presence of
elongated uninuclear trophozoites or rounded quadri-
nucleated cysts in fecal samples. Treatment with metron-
idazole at recommended dosages is usually effective, but
the patient may succumb to associated hepatitis.?

Impaction caused by sand or foreign body ingestion
is commonly seen in captive chelonians. Diagnosis is
made through radiograph examination and endoscopy,
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followed by surgical removal of foreign bodies.
Impactions caused by sand ingestion may require surgi-
cal procedures, fiber ingestion, or rehydration therapy.

REPRODUCTIVE DISORDERS

Dystocia is the most common reproductive disorder
encountered in chelonians. Causes of dystocia include
poor environmental conditions leading to chronic debil-
itation, metabolic disorders, anatomic anomalies of the
reproductive tract or eggs, and repeated copulation
resulting in broken eggs.?

Common clinical signs include anorexia, lethargy,
history of straining to pass eggs, and hemorrhagic dis-
charge from the cloaca. Diagnosis is usually based on
radiographic evidence of retained eggs.

Treatment should be based on radiological evaluation.
If no evidence of obstructive dystocia is present, adminis-
tration of calcium gluconate and 5% dextrose may stim-
ulate oviposition. Oxytocin should be used with extreme
caution and only in animals that do not respond to initial
treatment. If radiographs reveal fractured eggs or
anatomic abnormalities preventing oviposition, surgical
intervention is recommended. Eggshell fracture, oviduct
laceration, and contamination of the ceolomic cavity
with yolk commonly result in yolk seroceolomitis. Surgi-
cal repair may include copious lavage of the ceolomic
cavity with warm physiologic saline. Antibiotic therapy
should be instituted. In chronic cases, prognosis for
recovery is poor once fibrinous ceolomitis occurs.?

Male chelonians occasionally demonstrate penile
prolapse as a result of trauma, infection, neurologic
deficiency in the retractor apparatus or cloacal sphinc-
ter, or impaction of urate material in the cloaca. Simple
cases of prolapse may be treated by cleansing, lubricat-
ing, and replacing the penis. A temporary cloacal purse-
string closure may be indicated for retention. If the pro-
lapse is accompanied by swelling of the penis,
application of a hygroscopic fluid may reduce swelling
and permit replacement. If the penis is traumatized or
desiccated, amputation may be indicated.

METABOLIC AND
NUTRITIONAL DISEASE

Dietary imbalances commonly cause disease in captive
chelonians. Usually it results from improper mineral
balance, vitamin deficiencies, and excessive protein lev-
els in the diet.

Metabolic bone disease is one of most common nutri-
tional disorders in captive chelonians. For a discussion
of this disease, see Specific Nutritional Disorders.

Excessive dietary calcium and vitamin D, may be
problematic when chelonians are fed commercial pet
foods. Mineralization of smooth muscle and renal tissue
is often a secondary necropsy finding in animals that
have been maintained on dog, cat, or monkey food.

Vitamin A deficiency is most commonly observed in
captive turtles maintained on a high-protein, vitamin
A-deficient diet. Clinical signs include conjunctivitis,
blepharitis, and swelling of the adnexae. In vitamin A
deficiency, mucin production decreases, and the glandu-
lar structure of the eyes and respiratory passages
undergo squamous metaplasia. Hyperkeratosis and
squamous metaplasia of ocular, nasal, and pharyngeal
mucosal epithelia result in secondary invasion of these
surfaces by opportunistic pathogenic microorganisms.
Administration of parenteral or oral vitamin A and cor-
rection of dietary deficiencies are recommended.
Chronic cases of vitamin A deficiency usually require
antibiotic therapy for pathogenic microorganisms that
have secondarily invaded damaged mucous membranes.?

Hyperuricemia or gout occurs frequently. Diets con-
taining excessive levels of animal protein, reduction of
renal perfusion caused by dehydration or nephrosis, and
renal tubular insult from nephrotoxic drugs may all
result in visceral, articular or periarticular gout. Terres-
trial chelonians fed concentrated sources of animal pro-
tein will develop a high serum concentration of uric acid.
Iatrogenic hyperuricemia may result from the adminis-
tration of aminoglycosides or sulfonamides at elevated
dosages or in the presence of clinical dehydration.

Clinical signs of hyperuricemia include lameness,
joint swelling, and elevated serum uric acid concen-
trations. Radiographs of affected areas may reveal
radio-opaque lesions associated with urate crystal
deposition. Therapy must include correction of the
primary cause of hyperuricemia. Urate depositions
can be removed aseptically from affected joints. Sub-
sequent anti-inflammatory therapy has proven benefi-
cial. Systemic therapy should be monitored by sequen-
tial measurements of serum uric acid concentrations.?

DISEASES OF THE SHELL AND
SHELL REPAIR

Abnormalities of the shell are usually the result of
trauma or improper environmental conditions, although
several organisms have been isolated in association with
shell disease. There are reports of shell lesions in captive
chelonians caused by Mucor sp., Proteus sp., Escherichia
coli, Pseudomonas sp., and Baneckea chitinovora, and
even viral agents such as poxvirus."” Additionally, the
detachment and loss of keratin scutes has been associ-
ated with elevated serum uric acid concentrations during
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renal failure. Treatment of shell disease typically
involves debridement and topical antimicrobial therapy.
After associated infection has been resolved, the defect
can be repaired with epoxy resin.

A specific disease syndrome, septicemic cutaneous
ulcerative disease, has been identified in aquatic turtles.
It is characterized by cutaneous ulceration, anorexia,
lethargy, and septicemia progressing to death as the
ulcers deepen. Soft-shelled turtles of the family Triony-
chidae are most frequently affected, and the associated
etiologic agent has been identified as a gram-negative
bacteria. This disease has been treated with bactericidal
antibiotics and supportive care.®

Traumatic shell injury is one of the most common
clinical presentations of all types of chelonians. Whole-
body radiographs should be assessed to determine the
extent of injury to the bony shell and appendicular
skeleton. If limb paralysis or paresis is present, progno-
sis for recovery is poor.

Areas of shell trauma should be debrided and devas-
cularized fragments of bone removed. Lavage with ster-
ile saline will greatly reduce associated infection, and
antibiotic therapy should be initiated. In grossly conta-
minated fractures or old injuries, final shell repair is
done after a healthy bed of granulation tissue has been
established. Repair of the shell may require placement
of wires to hold pieces in apposition, or layers of sterile
fiberglass cloth impregnated with rapid polymerizing
epoxy resin may be used to bridge defects. The periph-
ery of the defect should be cleaned with ether or ace-
tone, and the epoxy resin mixed and applied to the
periphery of the defect, avoiding contact with the edge
of the shell or soft tissues.?

Alternatively, shell defects may be repaired with hoof
repair acrylic or dental acrylic. Dental acrylic is useful if
the shell repair contacts soft tissue, because this mater-
ial is nontoxic and does not generate heat in association
with polymerization. Hoof acrylic is more difficult to
manipulate than resin but is extremely strong and
durable for shell repair of giant tortoises.

NEOPLASIC DISEASE

The most frequent neoplasic disease observed nowadays
is fibropapilloma in sea turtles. It is a neoplasia that
originates in the epithelium and is benign. It may be a
papilloma or a fibropapilloma, depending on stromal
and/or epithelial proliferation.

Papillomatous formations may be variable, with
solid tissue projections varying in consistency from soft
to firm and diameters from 0.5 to 10 cm. These forma-
tions may have vegetative and verrucous forms, with
papillar aspects or a more regular surface. The color
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may vary from whitish to grayish or be several tones of
pink. Some papillomatous formations, as a result of
their high stroma vascularization and traumas suffered
by the animals, present ulcers with discrete hemorrhage
and may or may not be parasitized by small trematode
larva. The papillomatous formations may be in pelvic or
thoracic limbs, head, dorsal cervical area, eyelid, oral
region, inguinal or pericloacal area. It is possible to find
papilloma in all of the areas mentioned in a single ani-
mal. The number of papilloma found in a single sea tur-
tle may vary from 2 to 100.

Through the use of polymerase chain reaction (PCR)
amplification, an alphaherpesvirus, a retrovirus, and a
papillomavirus have been identified in fibropapilloma-
tous lesions of sea turtles.
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CHELONIAN
NONINFECTIOUS DISEASES

Margarita Mas

SPECIFIC NUTRITIONAL
DISORDERS

Most nutritional problems arise during active growth.
Malnutrition may be the major cause of mortality in
juveniles and young adults. Deficiencies and over feeding
generally appear in combination, for example a tortoise
with a softened shell caused by an inadequate calcium/
phosphorus ratio in the diet may also suffer generalized
edema in its limbs as a result of renal failure caused by
too-high ingestion of protein.

METABOLIC BONE DISEASE

By far, metabolic bone disease is the most common of
nutritional disorders of chelonians, usually resulting from
ignorance of the requirements for an adequate diet.
Instead, animals may be fed a diet with an inadequate cal-
cium level, a too-high level of phosphorus, an unsuitable
level of vitamin D,, and too much protein. Turtles that in
freedom eat a great variety of prey receive only minced

meat in captivity, and tortoises that usually eat many dif-
ferent plants are fed lettuce as the major food item.

These management errors lead to progressive distor-
tion in the shape, size, and consistency of the shell.
These distortions are first evidenced by the softening of
the plastron and motor function difficulties. When
decalcification becomes severe, there is smoothing and
lordosis in the region above the pelvis, and often dysp-
nea also occurs as a consequence of the decrease of the
pulmonary space and pain when touched (Fig. 3.1 and
Fig. 3.2). Radiographically, a loss of bone density and
spontaneous fractures may be seen.

Management is diet correction, improvement of the
environment and administration of calcium and vita-
min D,.

VITAMIN A DEFICIENCY

Although vitamin A deficiency is found in both tortoises
and turtles, it is more common in turtles. Vitamin A is
fat soluble, and a deficiency leads to squamous meta-
plasia of glands around the eye and in the oral cavity,
kidneys, and respiratory and digestive systems.

Clinical signs observed are palpebral edema and con-
junctivitis, dyspnea or a respiratory illness, stomatitis,
skin hyperkeratosis, and, in severe cases, renal failure,
hepatic failure, and death.

FIGURE 3.1. High levels of protein stimulate excessive growth of the carapace.
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FIGURE 3.2. Nonreversible pyramidal shape of the carapace as a result of high-protein diet during growth.

Management

Management is vitamin and mineral supplementation,
correction of the diet by adding natural sources of vita-
min A, such as fruits and vegetables containing carotene,
and treatment of the secondary infections. Excessive lev-
els of vitamin A may cause toxicity, resulting in lesions
similar to those caused by deficiency, such as skin thick-
ening and sloughing with serious secondary effects.

Protein Excess

The main problem of protein excess occurs in herbivo-
rous testudines when fed a high protein diet of animal
origin. High levels of uric acid and urea accumulate in
the blood, causing a precipitation of these elements into
the tissues and joints, a process known as gout (visceral
or articular). Also, formed crystals may precipitate in
the renal tubules, blocking them (renal constipation),
leading to renal failure. Affected tortoises show
anorexia, edema and, finally, death.

High levels of protein in the diet of growing cheloni-
ans cause an abnormal development of the shell, with
pyramidal distortion of the shields (Figures 3.1 and 3.2),
melanistic coloration resulting from hyperplasia of the
keratin coat and softening of the shell because of nutri-
tional osteodystrophia and, as a consequence of renal
complications, edema and death caused by renal failure.

Other diseases related to nutritional imbalances are
steatitis, common in aquatic turtles that ingest high lev-
els of fatty acids. This condition is characterized by obe-
sity, accumulation and degeneration of fat deposits, and
icterus because of hepatic lipidosis.

INTOXICATIONS

Most intoxications occur accidentally when certain poi-
sons are incorporated into the environment or captive
surroundings, either directly or indirectly. The use of
disinfectants, such as alcohol or phenol derivates, or
aerosol or liquid insecticides is a common cause of
iatrogenic intoxication when they are used improperly
as external antiparasitic agents.

Intoxications in private homes are frequent when
owners paint the shells of pet turtles. Garden plants
may also be hazardous (potato leaves, lobelia, lily of the
valley, lupine, foxglove, rhododendron, delphinium,
cyclamen, and certain mushrooms).

CONSTIPATION

Another frequent problem, especially in tortoises, is con-
stipation, which may be caused primarily by the accu-
mulation of dry matter, e.g., cage litter, small stones, or
other materials in the intestine. In turtles, it is common
to find stones or gravel ingested, because the animals are
often fed in an area where these materials are available.

Secondary constipation is caused by dehydration,
tumorous masses, a retained egg, or cystic calculi that
compress the intestine by occupying the celomic space.
Traumatisms and metabolic bone disease may lead to a
paresis of the hind and fore limbs, with fecal retention
as a result.

Management depends on the cause of the constipa-
tion. With primary constipation, animals should be
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hydrated and bathed with warm water (30°C) once or
twice a day to stimulate defecation. Mild laxatives
such as vaseline or milk of magnesia may be adminis-
tered orally or by enema. In serious cases a celiotomy
is necessary.

ANOREXIA

Anorexia is a common ailment of chelonians. If turtles
fast for 3—4 weeks or fail to drink for 10 days, it is a
sign of illness. Posthibernation anorexia is common,
especially in malnourished animals or those subject to
low temperatures during the winter. Anorexia also
occurs in females with egg retention and animals
infected with parasites or that suffer from metabolic ill-
nesses. Anorexia may also be induced by factors related
to the environment, such as below-optimal tempera-
tures, inadequate habitats or terrariums, and the use of
diets that do not encourage an interest in food.
Although not related to pathologic causes, male
anorexia is common during the breeding season.

Management should begin with correction of envi-
ronmental factors, hydration, reestablishment of glu-
cose levels, and decrease of uremia. Forced feeding
using a gastric tube may be necessary.

ENDOPARASITES

Flagellate Protozoans

Many factors may be involved in fostering the presence
of flagellates in turtles and tortoises, including inade-
quate management of the diet (low in fiber or extremely
rich in sugar), high population density, incorporation of
new individuals into a mixed group, poor sanitation,
and high temperature and humidity. Some protozoans
such as Trichomona, Giardia, or Leptomonas are con-
sidered to be nonpathogenic in the majority of reptiles,
but a large number of one or more of these parasites
combined with other infectious or parasitic agents may
contribute to illnesses, including diarrhea, dehydration,
anorexia, and emaciation.

Diagnosis is accomplished by observing the parasite
or parasites in fresh fecal samples. The recommended
treatment is administration of metronidazole and imme-
diate correction of the predisposing factors.

Hexamita parva is a highly pathogenic flagellate of
the urinary system, capable of producing acute or
chronic nephritis that may lead to renal failure in
either tortoises or turtles. Some tortoises, such as
Geochelone spp., are particularly sensitive. Signs
include anorexia, weight loss, polydipsia, and green-

colored urine containing mucous filaments, excessive
sediment, and blood remnants, and with a strong, pen-
etrating odor.

Diagnosis may be accomplished by microscopic
examination of fresh or manually removed urine. Treat-
ment and improvement of environmental conditions
should be immediate.

Other Ciliate Protozoans

Nyctotheurus kyphodes, N. teleacus, and Balantidium
spp. have been found in species of the genus Geoche-
lone, but they have not been proven to be agents of ill-
ness. It is possible that they are normal microflora and
participants of the digestive process.

Coccidia

Although coccidial organisms are commonly found,
signs must be present to diagnose disease.

MANAGEMENT Numerous drugs have been used
in treatment. Trimethoprim sulfadiazine, in doses of
15-30 mg/kg every 48 hours for 10-14 days, works
well.

Helminths

Nematodes are the most common parasites found in
chelonians. The best known are roundworms, of which
the ascarids (8-10 cm long, yellowish and white) and
oxyurids (1.5-8 mm long, thin and whitish) are by far
the most common.

Signs depend on the number of parasites present, but
include anorexia, vomiting, diarrhea, or, in some cases,
constipation caused by obstruction of the intestine.

THERAPY Fenbendazole in a dose of 50 mg/kg,
repeated after 14 days, or oxfendazole, at 60 mg/kg in
a single dose, is recommended. The largest expulsion
will occur during the first 7-10 days, decreasing
remarkably after the second dose of fenbendazole. It is
advisable to conduct routine fecal examinations every
6 months.

EXTERNAL PARASITES

Fly strike and myiasis are common following lacera-
tions or trauma. Ticks may also be found.

A pyrethrin solution can be used topically around the
wound, but not in it. The most important action is thor-
ough cleansing of the wound, eliminating larvae, and
careful disinfection with povidone iodine or a dilute
hydrogen peroxide solution, along with administration
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of local and systemic antibiotics. Amitraz (2 mL/L
water) is used for tick control. Ivermectin is toxic for
chelonians and should not be used.

HANDLING

Small tortoises may be managed easily by applying mild
pressure to the head or tail area to cause the opposite
end to be exposed. The head may be grasped immedi-
ately behind the occipital crest. A brief struggle may
ensue, but relaxation will occur. In larger tortoises, the
operator should sit, put the animal between his or her
knees, and softly tap on the caudal shield with the fin-
gers until the head appears. The head should then be
grasped firmly with one hand, using the other to manip-
ulate, probe, and examine the mouth.

When handling box turtles, which have kinetic plas-
tral hinges, it is necessary to use scissors (Mayo) or
another instrument as a lever to open the shell. The
opening may be blocked with a sponge or one of the
limbs may be held outside the shell to avoid closure of
the trap door on the handlers fingers.

Terrapins and soft-shelled turtles (Trionix spp.,
Phrynops spp.) may bite or claw severely, especially
those with long necks that can be extended backward or
laterally and that have long sharp nails. Small individu-
als may be handled from the back by placing a finger in
the inguinal fosse. For larger animals it is necessary to
use gloves or to allow them to bite on an object to
extend the head.

Special care should be taken with the snapping turtle
(Chelydra sepentina) because the jaws are hooked and
prominent, and they may bite suddenly, inflicting severe
lacerations or crushing injuries. If the operator suspects
a serious personal risk, especially with large or aggres-
sive individuals, chemical immobilization is recom-
mended to produce restraint sufficient for a thorough
examination and/or therapy.

ANESTHESIA

Preanesthetic requirements are the same for all species
of reptiles and needn’t be reiterated here. It is important
to obtain an accurate weight for calculating anesthetic
agent dosage and fluid loss after surgery.

Preanesthetic Drugs

The use of atropine sulfate (0.01-0.04 mg/kg) is recom-
mended for small turtles to avoid excessive secretions.
Acepromazine maleate (0.1-0.5 mg/kg) may be used to
reduce the amount of the induction agent required.
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Administration of the combination of zolazepam with
tiletamine (4-6 mg/kg) helps diminish muscle rigidity
produced by tiletamine and aids in induction for intuba-
tion, but it is not advisible as the only anesthetic drug.

Injectable Anesthetics

Injectable anesthetics are used, but inhalant agents are
much preferred. When ketamine hydrogen chloride is
used as the sole anesthetic, total analgesia is not
achieved. It should not be used in patients with renal or
hepatic pathologies or in dehydrated animals because of
the slow metabolic and detoxification mechanisms of
chelonians. In healthy tortoises, doses are 60-80 mg/kg.
A dose for producing relaxation before endotracheal
intubation is 20-40 mg/kg.

Inhalant Anesthetics

Although halothane is frequently used, the recom-
mended agent is isoflurane. With the latter, induction
and recovery are rapid. Both agents require the use of
a precision vaporizer. The anesthetic level should be
checked with a pulse oximeter, with the sensor
attached to a flap of skin on the hind limb. The heart
should be monitored with an ECG and reflexes should
be tested (palpebral, corneal), as well as the pain
response, Figure 3.3.

SURGERY

Common chelonian surgeries include limb amputation
(Figure 3.4), penis amputation, and celiotomy (egg
retention, stones, ingested foreign bodies). General sur-
gical principles should be followed.

Cystotomy

Urolith formation is not uncommon in tortoises. It is
generally related to nutritional disorders or long periods
without water. Signs vary according to the size and
number uroliths, but include depression, lethargy, con-
stipation, and hind limb paresis. The majority are urates
and they may be as large as 10 to 12 c¢cm in diameter.
They may be palpated during a physical examination
and are easily diagnosed through radiography.

When uroliths are small, a lateral celiotomy may be
performed by placing the tortoise on its right side with
the hind leg withdrawn caudally. The celomic cavity is
entered through an incision and division of the muscles
until the bladder and its stones are detected. Special care
should be taken with the bladder wall, which is generally
thin. The incision in the bladder should be closed with
absorbable sutures 4-0, in a two-layer inverting pattern.
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FIGURE 3.3. Anesthetic control with a sensor and an oximeter pulse connected with MPD, and three ECG leads to
monitor heart rate. Body temperature is maintained through a heating pad.

FIGURE 3.4. Amputated rear leg. In
chelonians it is advisable to amputate
the entire leg to diminish skin
abrasion.
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The muscles should be closed with continuous sutures
and the skin with everted sutures. Larger uroliths require
a window to be opened through the plastron. The tech-
nique is described in many reptile medicine texts.
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Class Reptilia, Order Squamata,
Lizards): Iguanas, Tegus

Flavio de Barros Molina
Teresa L. Lightfoot

INTRODUCTION

The suborder Sauria, order Squamata, also includes the
suborders Serpentes and Amphisbaenia. The Sauria first
appeared during the Triassic Period.'®!? Living lizards
comprise about 3000 species'®!? included in 25 fami-
lies."”? Ten families are represented in South America.
According to the International Union for the Conserva-
tion of Nature (IUCN), six species of South American
lizards are considered to be threatened (critically endan-
gered and vulnerable).’

The objective of this chapter is to present informa-
tion on how to manage and breed lizards in captivity,
especially South American species. Excellent reviews on
the anatomy, biology and ecology of lizards can be
found in the references.>*1%12.15

BIOLOGY AND CAPTIVE
MANAGEMENT

Flavio de Barros Molina

BIOLOGY

Lizards vary in body size from a few centimeters (small
geckos such as Coleodactylus spp.) to about 3 m

(Varanus komodoensis). They may be found on all con-
tinents, except Antarctica, from sea level to high eleva-
tions in mountains, and in habitats that vary from trop-
ical rain forests to savannas and deserts. Most species
are arboreal or terrestrial, but a few are fossorial.
Species such as Dracaena spp. and Crocodilurus lacert-
inus are well adapted to swimming in rivers and lakes.
Amblyrbynchus cristatus, from the Galapagos Islands,
swims and dives in the ocean. There are diurnal and
nocturnal species.

Lizards are ectotherms. Many species maintain body
temperatures of 32-38°C during periods of activity, and
some may reach 40°C.'%"> During these periods they
alternate basking behavior with foraging and other
behaviors.>'? Climatic conditions obviously affect ther-
mal behavior and body temperature, which are also
affected by such internal factors as nutritional status,
size, infection, and reproductive state.'” Thermal behav-
iors may vary in a continuum gradient from thermal
conformers to thermal regulators.”

Lizards may be herbivorous, insectivorous (80%),"
carnivorous (Crocodilurus lacertinus, Neusticurus spp.,
and Dracaena spp.), or omnivorous (Tupinambis spp. and
Ameiva ameiva).> Some lizards are primarily herbivorous
(Iguana iguana), but may also take insects, bird eggs, and
carrion.’ Amblyrbynchus cristatus feeds only on marine
algae.'™? Lizards may be classified as sit-and-wait preda-
tors, cruising foragers, or widely foraging predators."
Foraging modes are related to anatomical, physiological,
ecological, and reproductive characteristics.'?
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Reproductive modes vary from oviparity to vivipar-
ity.'®12 Clutch size is positively related to female size.'®!2
Temperature-dependent sex determination is known to
occur.' Parthenogenesis has been reported for species in
six families (Teiidae, Lacertidae, Gekkonidae,
Chamaeleonidae, Agamidae, and Xantusiidae), but is
probably even more widespread.'? Parental care is dis-
cussed by Shine.'3

CAPTIVE MANAGEMENT

Many species show sexual dimorphism related to size,
form, and/or color. Males of Tupinambis merianae are
bigger than females and have prominent, strong jaw
muscles. Only males of Basiliscus plumifrons have
prominent cranial, dorsal, and caudal crests. Males of
Tropidurus hispidus have a black spot on the preanal
plate and ventral portion of the thighs. Males of Hoplo-
cercus spinosus have a black spot on the belly. Other
methods for sexing lizards consist of looking for the
presence of enlarged femoral or preanal pores and
hemipenile bulges, all characteristics of males; manual
eversion of hemipenes (a difficult technique); and sex
probing (another difficult technique).’

Terrariums are satisfactory for housing small- to
medium-sized lizards (e.g., Mabuya spp., Tropidurus
spp.; and Ameiva ameiva) or young of larger species
(e.g., Tupinambis merianae and Iguana iguana). Fiber-
glass terrariums with glass fronts are attractive to the
public. Other types may be used outside the public area.
Terrariums with wooden floors and sides, glass fronts,
and screened covers are satisfactory. Those with
wooden floors and screened sides, fronts, and tops have
the advantage of being light, a useful characteristic
when it is necessary to transfer the terrarium to an out-
side sunny area every morning. Aquariums with screen
tops only may also be used when transfer to a sunny
area is unnecessary.

Dimensions of the terrarium will depend on the num-
ber and size of specimens to be housed. De Vosjoli® sug-
gests that the terrarium must have a length of at least
four times the total length of the largest lizard and a
width of at least one-and-one-half times that measure-
ment. In many circumstances he recommends larger ter-
rariums. He also recommends that the sum of the total
lengths of all specimens to be housed must be less than
three-fourths of the length of the terrarium. Many
lizards may show territorial aggression and should be
kept in large terrariums and at low densities. Adults of
larger species are best housed in large outdoor (or
indoor) enclosures.
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Substrate should be selected according to the ecolog-
ical characteristics of the species. Sand, gravel, soil, or a
sand/soil mix are good options. A leaf litter may be sim-
ulated with dead leaves. Terrariums/enclosures must
have rocks, logs, branches, plants, and shelters. Envi-
ronmental diversification is important for lizards.?
Semiaquatic species, such as Crocodilurus lacertinus
and Dracaena paraguayensis, need a large water con-
tainer or a small pond.

Dominant lizards may prevent others from having
access to a basking site, so basking areas must be
designed according to the number of lizards involved.
Rocks or branches especially positioned under the sun
are excellent basking sites. Indoor enclosures/terrariums
must be supplied with heaters in order to create a ther-
mal gradient. Again, rocks or branches specially posi-
tioned under the heat source are excellent basking sites.
Most diurnal lizards must always have access to ade-
quate microenvironments to thermoregulate. At Sdo
Paulo Zoo (Brazil) many species of South American
lizards are maintained in indoor terrariums kept at a
room temperature that varies from about 24 to 28°C
during the daytime and from 22 to 26°C during the
night. Relative humidity varies between approximately
60 to 80%. Early in the morning these terrariums are
placed outside (on an almost daily basis), to allow the
lizards to bask in the sun.

Lizards maintained in indoor enclosures/terrariums
must be periodically exposed to natural unfiltered sun-
light or artificial ultraviolet light of appropriate wave-
length (UVB) to allow the endogenous synthesis of vita-
min D,.""¥ Gehrmann® presents an interesting
discussion about the light requirements of captive rep-
tiles (including the detrimental effects of prolonged
exposure to UVB from sunlamps).

Most lizard species are insectivorous and will read-
ily accept mealworm larvae, crickets, and cockroaches.
Insects have a deficient calcium/phosphorus ratio, and
lizard diets must be supplemented with a calcium
source'” such as powdered calcium carbonate.” The
proper calcium/phosphorus ratio in the diets of verte-
brates (including reptiles) falls between ratios of 1:1 to
2:1.% Prolonged deficiency of calcium in the diet or an
imbalance in the calcium/phosphorus ratio can lead to
metabolic bone disease, a syndrome extensively
reviewed by Fowler.® Mealworm larvae must be
offered only sporadically because of its high fat con-
tent.! Frye” describes how to rear some invertebrate
prey species.

A pinky mouse is a balanced item, which is accepted
by many medium to large species. Some lizards, such as
Tupinambis merianae, Ameiva ameiva, and Crocodilu-
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rus lacertinus, will accept beef, which must be supple-
mented with a powdered calcium product, such as
steamed bone meal or calcium carbonate. Fresh whole
fish (including head, viscera, scales, and bones) are not
calcium deficient; however, it is important ensure that
the spines and scales will not injure the lizard’s digestive
tract. An enzyme called thiaminase is found in some
species of fish and is activated after death. It may cause
a vitamin B, deficiency " Thiaminase may also be found
in thawed, frozen fish."” It is wise to supplement fish
with thiamin.!

Plant matter, such as fruits and leaves, is part of the
diet of several species (Iguana iguana, Tupinambis meri-
anae, and Ameiva ameiva). Fruits readily taken include
banana, papaya, and tomatoes. Leaves include chicory,
kale, and cabbage. Iguana iguana is especially fond of
bean sprouts. Diets containing an imbalance in the cal-
cium/phosphorus ratio, with an excess of phosphorus,
must be supplemented with powdered calcium carbon-
ate, bone meal, or a similar calcium-rich material (see
examples in Table 7-6 in reference 6).

Lizards are usually fed twice a week. This frequency
may be changed according the temperature at which the
lizards are maintained and the diet they are fed. A prob-
lem that needs special attention is the possible influence
of group hierarchy on food access. It is important to
ensure that every lizard in a particular group has access
to food and is eating a sufficient quantity. Constant
access to fresh water is essential.

Eggs to be artificially incubated must be removed
from the terrarium/enclosure as soon as possible. After
being measured, the eggs should be placed in a plastic
container and covered with 1-2 ¢m of moist vermi-
culite. A 1:1 ratio of vermiculite and tap water, by mass,
is suggested by different authors.''* A closed container
must be opened periodically for ventilation. The vermi-
culite in an open container must be moistened periodi-
cally to maintain humidity. The containers should be
placed inside an incubator. A Styrofoam box supplied
with common lamps and a thermostat works well. At
Sdao Paulo Zoo lizard eggs are incubated between
approximately 26 to 30°C. Eggs of Tropidurus
hispidus, Tropidurus oreadicus, Polychrus acutirostris,
Basiliscus  plumifrons, Kentropyx calcarata, and
Tupinambis merianae have been successfully hatched.
Viets'* incubated eggs of many species between 21.5
and 35°C (most from 24 to 32°C). Proper methods for
incubating reptile eggs are discussed by Packard and
Phillips." The eggs must be regularly inspected and rot-
ten eggs removed.

Newborns should be cleaned with tap water to
remove small flecks of vermiculite that may obstruct the

eyes and nares. Hatchlings should be placed in terrari-
ums and cared for in the same manner as adults.
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IGUANA MEDICINE AND
SURGERY

Teresa L. Lightfoot

The green iguana (Iguana iguana) has a natural range
from Mexico through Central and South America. It is
arboreal, diurnal, mainly folivorous, and solitary except
during breeding season.!'** These characteristics consti-
tute many of the problems encountered in proper captive
management of the green iguana and will be addressed
briefly prior to discussion of the medical and surgical
aspects of iguana care. These same characteristics make
iguanas, though one of the most popular pet reptiles, one
of the more difficult to properly maintain in captivity.

Iguanas are most comfortable in trees or shrubs.
Keeping iguanas in aquariums or cages at low heights,
especially if they are not adapted to human contact,
may be stressful. Constructing an enclosure that allows
the iguana to ascend branches vertically and rest at a
height of over 6 feet is preferred. The rostral abrasion
from constant attempts to escape from wire cages will
often be prevented once the iguana is supplied with a
means to attain a safe and secure height. This may be a
difficult requirement for the average pet iguana owner
to accept and accomplish.

Iguanas spend most of the day basking in full or par-
tial sun. When they eat, they tend to eat rapidly and
return to basking.” They are hind-gut fermenters, and
require that their body temperatures be high, probably
between 36 to 37°C (about 97-98°F) for effective fer-
mentation.'? Exposure to sunlight also allows sufficient
vitamin D, production for proper calcium balance. In cap-
tivity, maintaining this temperature at a location in the
enclosure that is psychologically comfortable for iguanas
to occupy is important to their ability to digest food. In
other words, it does no good for the temperature to be at
36°C (98°F) in a place in the cage where the iguana
refuses to sit. Creating a temperature gradient throughout
the cage so the iguana may regulate its body temperature
is optimal. If it prefers a location where the temperature
never exceeds 25.5°C (78°F), digestion will suffer.

When iguanas were first kept as pets it became appar-
ent that an iceberg lettuce diet was insufficient for health
and growth. It was then suggested that young iguanas
consume large amounts of animal protein in the form of
insects and possibly carrion. This “fact” has been carried
through the literature, and many books found in pet
stores still recommend that a young iguana’s diet consist
of a large portion of insects, dog or cat food, and live
prey, such as pinky mice. When young iguanas are fed
this diet, no apparent adverse effects are immediately
noted. In fact, these iguanas often grow extremely
rapidly and have a healthy appearance, leading owners,
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herpetoculturists, and veterinarians to assume that this
diet is suitable. It is not until these animals reach the age
of 3 to 6 years that the renal failure so often noted
becomes rapidly apparent. No controlled studies have
been done to definitely link an early high-protein diet
with later renal failure, but the clinical incidence is
extremely incriminating. The history of many adult igua-
nas with fatal renal failure includes moderate to high lev-
els of animal protein either still being fed or having been
fed for a considerable period during the animal’s first
years of life. More recent studies of the diets of young
iguanas in the wild have shown that little if any animal
protein is ingested by neonatal or juvenile green igua-
nas.'* An occasional insect is devoured, but these may
simply be inadvertent occupants of the foliage or fruit
that the animal is actually consuming. Even fruits and
vegetables with a high calorie content are consumed in
small amounts—hence the term folivorous rather than
herbivorous.!-»12$

The solitary nature of iguanas is also a problem. As
juveniles they are often tolerant of one another, and the
fact that they “stack” on top of each other in their
enclosure is often interpreted by the owner as a sign that
they enjoy each other’s company. Actually, they gener-
ally tolerate and are indifferent to one another until one
of them becomes sexually mature.” Even during this
period of tolerance, their sharp claws may puncture the
skin and cause abscesses in their cage mates. Owners
are often shocked to find iguanas that have peacefully
cohabited for years are suddenly fighting when one
becomes sexually mature. They may inflict serious
wounds within a matter of minutes. It is preferable to
house multiple iguanas separately once they have
reached the age of 2 or 3 years or reach a length of more
than 28 cm.®

DISEASE SYNDROMES

Metabolic Bone Disease

Most practitioners who see even a few iguanas are
familiar with metabolic bone disease (MBD). Lack of
natural sunlight doesn’t allow the production of vitamin
D, necessary for calcium absorption. The provision of
ultraviolet (UV) spectrum light (especially UVB) with
artificial lights may be sufficient for some iguanas and
is definitely recommended if an iguana must be housed
indoors.!"" Several factors may contribute to the devel-
opment of MBD, even when the owner is providing
“proper” artificial lighting:

a) Several studies have shown that artificial lights
cannot provide the amount and/or width of spec-
trum present in natural sunlight."
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b) Artificial lights may lose their UV spectrum while
still emitting visible light. Artificial UV lights should
be replaced at frequent intervals (6-9 months).

¢) Iguanas in large enclosures, or those that roam
free in the house for long periods of time, may not
have enough contact with the light source to
absorb sufficient UV rays. It is generally recom-
mended that iguanas be within 18-24 inches of
the light for effective absorption of the rays.®

d) The UV light provided by owners is often filtered
through plastic or glass, which removes most of
the useful spectrum.

e) The diet may be deficient in calcium or incorrect
in the calcium-phosphorous balance.

A young iguana presenting with MBD will generally
have one or more of the following clinical signs:
(1) pathologic fractures of one or more long bones, with
the accompanying soft tissue swelling that is classic of
these fractures; (2) softening of the mandible and max-
illa (“rubber jaw?”); (3) paresis or paralysis of the rear
legs; (4) inability to urinate and/or defecate (both 3 and
4 above being caused by pathologic spinal or pelvic
fractures); (5) muscle fasciculations (especially toe
twitching); (6) anorexia; and (7) eventual death.

Treatment begins with keeper, curator, or client edu-
cation concerning husbandry and diet. Hospital treat-
ment generally consists of calcium injections (Calphosan
Solution; calcium glycerophosphate 5 mg/mL and cal-
cium lactate 5 mg/mL, Glenwood, Inc., Tenafly, New
Jersey, USA) at 1.0 mL/kg intramuscularly or calcium
gluconate 10% solution, also dosed at 1 mL/kg intra-
muscularly, once daily until the patient is stable; then,
oral supplementation may be implemented. Intravenous
injections of calcium gluconate may be given to effect,
generally at 1.0 mL/kg slowly. An immediate response is
often seen in moribund animals and in those with
seizures or severe fasciculations caused by calcium defi-
ciency. Injectable vitamin D, may be administered at
200-1000 IU/kg once, along with supportive care,
including subcutaneous fluids and tube feeding if
anorexia has developed. Rarely do pathologic fractures
need coaptation, because the body rapidly produces a
fibrous callus that gives the bones great stability (and
often gives the owners a false sense of security, thinking
that these large appendages must indicate a well-fed and
healthy iguana).

Once the acute calcium deficiency has been corrected
with injectable calcium, a more rapid return of mineral
density to the bones can be obtained with the use of cal-
citonin (Calcimar; Rhone-Poulene Rorer, Ft. Washing-
ton, Pennsylvania, USA) at 50 IU/kg once weekly for
two injections.!" Continued calcium supplementation is
especially critical when calcitonin is administered to

maintain serum calcium levels. Most iguanas like the
sweet taste of calcium glubionate (Neo-Calglucon; San-
doz Pharmaceuticals, East Hanover, New York, USA) at
1.0 mL/kg twice a day, which the owners can give orally
at home. The constant use of vitamin D, in the oral
form, as is found in many commercial reptile mineral
supplements, is controversial. The absorption and phys-
iologic utilization of this vitamin given orally has not
been well documented, and there may be a danger of
vitamin D toxicity with subsequent renal damage.

Most young iguanas with MBD that are still eating
respond well to therapy. Those that have become
severely anorexic, emaciated, or depressed have a more
guarded prognosis. The owners should be warned that
during treatment, even when the husbandry has been
corrected, more pathological fractures may occur before
mineralization of the bone has been reestablished. The
long bones tend to remodel well, but mandibular and
maxillary deformities may persist for long periods and
even worsen with time, because one jaw, usually the
maxilla, may grow longer than the other (mandible).
MBD may also cause progressive scoliosis of the spine
and tail that may worsen with time, despite restoration
of the calcium balance.

Abscesses

Abscesses in iguanas differ significantly in potential
severity and required duration of treatment from the
comparable syndrome in cats. Lacking proteolytic
enzymes, the exudate in reptile abscesses is inspissated,
and aggressive debridement of what is often a tenacious
and vascular capsule must be performed. A single
abscess, especially one with a known cause (i.e., cage-
mate trauma, rostral abrasion, bite wounds from being
fed live prey), has a much better long-term prognosis
than do multiple abscesses. When an iguana presents
with abscesses on several digits, and typically in several
other locations such as the rostrum, the knee or elbow
joint, and along the tail, it is likely that the animal is sep-
tic. The literature states that there may be either a single
coelomic cavity abscess or multiple granulomas of the
viscera that are “seeding” these abscesses.? These inter-
nal lesions may not be obvious on gross examination,
either during an exploratory procedure or at necropsy.
In any case, multiple abscesses require a more guarded
prognosis and a longer course of antibiotics than a sin-
gle abscess. A culture and sensitivity (C&S) of the
abscess lining prior to flushing is important, because
these animals are septic and will often require a long-
term (6-12 weeks) course of antibiotics. Besides the
commonly encountered Pseudomonas, Proteus, Kleb-
siella, and assorted other species of gram-negative bacte-
ria, and Staphylococcus spp., other potential pathogens
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include yeasts, fungi, acid-fast bacteria (both typical and
atypical mycobacteria), and anaerobic bacteria.

Parenteral antibiotics should be selected by the C&S
results. Though often enrofloxacin (Baytril) is efficacious
as indicated by C&S, the volume required for adminis-
tration is quite large (5-10 mg/kg every 24-48 hours). If
long-term administration is needed, amikacin (5 mg/kg
initial injection, then 2.5 mg/kg every 72 hours), along
with a synergistic broad spectrum B-lactam antibiotic,
such as piperacillin (100-200 mg/kg every 24-48 hours),
Naxcell (ceftiofur; 4 mg/kg every 24 hours) or Fortaz
(ceftazidime; 20 mg/kg every 72 hrs), may be more
effective.

Most reptile antimicrobial dosages are empirical.
Though the volume of the B-lactam may be quite high,
there is a much lower incidence of tissue irritation than
with Baytril. Also, preserving the quinolones for use
when other antibiotics are ineffective is an effort that
everyone should promote. Daily flushing of the abscess
with a dilute chlorhexidine solution will both cleanse
the area and prevent the typical premature closure of
the skin that inevitably leads to recurrence of the
abscess. Some work has been done with methyl-
methacrolate beads impregnated with antibiotics. The
use of umbilical tape, saturated with an antibiotic and
placed as a Penrose drain, may also help to prevent pre-
mature closure of the skin and also provide a steady
release of antibiotic. The addition of Wydase
(hyaluronidase) to the flushing fluid in reptile abscesses,
as in rabbit abscesses and nasal flushes for sinusitis in
birds, shows considerable promise.

Thermal Burns

Most thermal burns are caused by hot rocks with
focal “hot spots”, heating pads in the cage, or lights
with which the dorsum of the animal can come in con-
tact. Generally, the more severe burns are seen in one
of two situations: (1) Iguanas kept in a cool (outdoor)
environment that the owner osr keeper attempts to
ameliorate by adding lights or heaters. The iguana
then comes too close to the heat source as its body
temperature becomes extremely low. The iguana’s
receptors and reaction times to heat are greatly
slowed by suboptimal core body temperature.
(2) Debilitated animals, whose illness prevents them
from moving away from the heat—either because of
decreased perception of heat or decreased ability to
react to that perception.

Treatment will vary according to the severity and
extent of the burns. Minor superficial burns may
require only application of a cream, such as Silvadene
or Bactoderm and maintaining the animal on clean
paper towels or newspaper (if the ventrum is the area
affected). Severe burns may necessitate extensive
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debridement (often in stages), bandaging, supportive
care by tube feeding, fluids if needed, and parenteral
antibiotics when the burns are deep and/or multiple.'¢

Parasitism

Iguanas will often present with one or more parasites of
the gastrointestinal tract.

NEMATODES Nematodes are the most commonly
encountered parasites on direct fecal or flotation exam-
ination. Ascarids, hookworms, strongyloids, and pin-
worms are the most frequently detected, all of which
respond to fenbendazole (Panacur). Dosage varies, but
generally is 25-50 mg/kg, repeated in 2-3 weeks. Doses
of 100 mg/kg have often been recommended in publica-
tions, and it appears that the high safety factor enjoyed
with this drug in mammals also applies to iguanas.
Some species of snakes, however, may be adversely
affected by these higher dosages.” All of these parasites
have a direct life cycle, so reinfection is likely.

FLAGELLATES Much debate still occurs as to the
pathogenicity of protozoal parasites in reptiles. Many
clinicians consider low numbers of flagellated proto-
zoans to be normal flora in an asymptomatic iguana.'
Likewise, pinworms occur in iguanas with few if any
clinical signs. For excellent coverage of reptile parasites,
refer to Roger Klingenberg’s Understanding Reptile
Parasites.’ Flagellated protozoans can be difficult to
speciate. Often the determination o