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FOREWORD

Rarely do we stop to consider how important amphibians are in our lives. For
many of us, our first contact with an amphibian was that frog or toad we encoun-
tered during our youth in the back yard or in the park, or we might have seen a red-
back salamander underneath a log. Our next encounter with amphibians was most
likely in high school or in undergraduate school where we dissected a frog in a bi-
ology or comparative anatomy class. In veterinary school we may have used the frog
muscle in the study of muscle physiology. The point is that amphibians were not
high profile animals, not charismatic megavertebrates such as many mammals, and
they certainly were not the primary subject in any veterinary text on animal health.
Indeed until now there has been no text fully devoted to the health and diseases of
these oftentimes colorful and always fascinating creatures.

Although our experience with amphibians has been limited, they have been used
as laboratory research animals for more than a century. In addition to their more
classic role in developmental biology, amphibians have also been used in the study
of comparative, developmental and transplantation immunology, susceptibility to
toxicants, teratogen screening, limb regeneration, osmoregulation, physiology and
endocrinology of metamorphosis, and embryology and hormone assays. Yet our
understanding of amphibian health and disease has been meager. Hence, our abil-
ity to provide proper veterinary care for amphibians under captive conditions has
been limited.

For more than 50 years, many amphibian species have markedly declined in num-
bers. Many of these declines have been attributed to adverse human influences act-
ing on local populations of amphibians. However, by the late 1980s herpetologists
from many parts of the world were seeing declines in amphibian populations in
what appeared to be pristine habitats. With these observations came the suggestion
that there may be one or more global factors that are adversely affecting amphib-
ians. By 1991 the concern became so great that the Declining Amphibian Popula-
tions Task Force was established by the Species Survival Commission of the World
Conservation Union. The Task Force, operating through a network of Working
Groups worldwide, collect geographical data on amphibian declines and their
causes, and distribute small grants to initiate research projects in key areas.

Recently amphibians have “enjoyed” more public attention. In the summer of
1995, a large number of frogs were discovered in Minnesota with misshapen, ex-
tra, or missing limbs. Since then and continuing on to the present time, scientists
have been seeking the causes for this phenomenon. Hypotheses abound with many
pointing to xenobiotic chemicals as at least one of the reasons for this apparent large
increase in amphibian malformations. What drives the interest in and research into
the causes of malformed frogs is not purely because of the amphibian itself but
rather because of the potential for effects on human health. It would appear that
the amphibian is becoming the “canary of the miner” in our modern time as the
amphibian is sensitive to numerous stressors in the aquatic environment and may
forecast serious threats to our own species.

As noted above, veterinarians have very few sources of information on the health
and disease of amphibians. What we have had in the past were single chapters in
texts on reptiles or laboratory animal medicine. This text fills a great void in our
knowledge of amphibians. Drs. Kevin Wright and Brent Whitaker, along with the
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individual chapter authors, are to be congratulated for their foresight and dedica-
tion to producing a text that provides us with the necessary information to care for
amphibians, whether they be private pets, laboratory animals, zoo and aquarium
exhibits, or found in the wild. Thanks for a job well done!

Wilbur B. Amand, VMD

Executive Director

American Association of Zoo Veterinarians and

Association of Reptilian and Amphibian Veterinarians

Adjunct Professor, University of Pennsylvania School of Veterinary Medicine



PREFACE

Amphibian Medicine and Captive Husbandry began back in the late 1980’s when
I suggested to my classmate, Brent, that we should write a book on amphibian med-
icine. I don’t remember his exact response at the time, but considering his tolerance
(and even enjoyment) of the non sequiturs I spout on a minute by minute basis, I
imagine that I received the answer, “Yes, we should do that.” Amphibians were a
class of animals that were sadly neglected by the professors who taught at my school.
This state of affairs was not restricted to the University of Florida (which indeed put
more effort into exotic animal medicine than any other school at the time except,
perhaps, the University of California at Davis). Somehow, despite being linked to a
rather eccentric and offbeat human being who, at times, sported half a beard and
wore boxer shorts below cut-off shorts way before it became hip, Brent managed to
become staff veterinarian at the National Aquarium in Baltimore, an institution that
houses a vast collection of neotropical frogs. With a few more stops, I ended up cu-
rator for a smaller but still respectable collection of amphibians that included frogs,
salamanders and caecilians. And, after all those years, I once again had the audacity
to suggest that we knew enough to put together a book on amphibian medicine.

Elaine Harland took the time to listen to me at the International Herpetological
Symposium in Miami, Florida. Several months later, Brent and I started living a life
of strange disquiet right after the ink dried on the contract with Krieger Publishing
Company.

This book focuses on the literature published in the English language, and is bi-
ased heavily toward American publications. It is intended as a good starting point
for the clinician interested in amphibians, as well as the most complete reference
currently available for those with a strong interest in amphibian medicine.

Undoubtedly this text contains information that will be obsolete or proven erro-
neous within a few years. Amphibian medicine is in its infancy and needs to develop
quickly to catch up with other fields in medicine. Take the time to document your ex-
perience, positive or negative, and get that information into print, preferably in a peer-
reviewed journal. The field is wide open, and with the appropriate effort anyone can
make a contribution. Some people may strongly disagree with the interpretation of the
material presented herein, and it is our hope that those with such material to refute our
presentation take the time to publish their experience through a peer-reviewed jour-
nal. Such information should be disseminated widely, not locked inside their heads.

The information contained within this text has few absolutes. The techniques and
drug dosages are ones that have proven effective in many species or, at worst, done no
harm. Extra-label use applies to the entire field of amphibian medicine, and the client
should be so advised with each and every treatment administered. The risk of treatment
failures and the possibility of adverse reactions should be explained carefully to the
client before initiating any treatment or procedure with an amphibian. Above all, don’t
forget the basic tenets of practicing medicine just because your patient is green, coated
with mucus and hops. The information contained herein is intended as a guide only,
and no responsibility for treatment success or failure is assumed or implied. New in-
formation is constantly becoming available, and the clinician must make the effort to
keep current with theories and practices involved in all aspects of veterinary medicine.

Enough said. Enjoy.

Kevin M. Wright, DVM
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CHAPTER 1
EVOLUTION OF THE AMPHIBIA

Kevin M. Wright, DVM

Amphibian fossils have been found in sedimentary
rock formations that date back 350 million years. It
seems probable that amphibians evolved from rhi-
pidistian crossopterygian fishes, the only known sur-
viving form of this group being the coelacanth, La-
timeria chalumnae. The rhipidistian ancestors of the
amphibians had functional lungs, which freed them
of the gilled fish dependence on water for respira-
tion. They also had bony lobed fins that supported
the body in a manner sufficient for directed terres-
trial locomotion. Amphibians were the first verte-
brates to disperse widely into terrestrial habitats.
They dominated the Mississippian, Pennsylvanian,
and Permian eras, a span of 100 million years. Am-
phibian fossils are known from the Triassic era,
about 200 million years ago, the time in which di-
nosaurs first came to dominance. Jurassic and Cre-
taceous era fossils are known, and the modern day
orders Anura (frogs) and Caudata (salamanders) are
well represented in the Tertiary era, 63 million years
ago. A single vertebra represents the earliest known
fossil of the Gymnophiona (caecilians) from the late
Cretaceous era, while the majority of caecilian fos-
sils are dated to the Pleistocene era, around 1 million
years ago. Despite the extensive number of amphib-
ian fossils that have been discovered and analyzed,
there are significant gaps in the fossil record, such
that the lineages of the three surviving amphibian or-
ders are obscure. Currently all modern amphibians
are classified within the subclass Lissamphibia
(Haeckel 1866), with the two remaining subclasses,
Lepospondylia and Labyrinthodontia, having no
known surviving members. Vertebral morphology
has been the basis of the division of amphibian sub-
classes, but this has been met with argument and
many taxonomists dispute a monophyletic origin for
the Lissamphibia. Barring the uncovering of sub-
stantial fossil evidence and concomitant genetic re-
search on modern species, there is little hope that the
origins of the Lissamphibia will be unequivocally re-
solved either way.

The origin of the Lissamphibia is of concern to the

veterinary clinician because it serves as a reminder
that the modern amphibians are a diverse group of
poorly known vertebrates with correspondingly dis-
tinct needs. Although extrapolations are made
throughout this text on assumed similarities among
amphibians with regard to diagnostics and treatment,
the very lack of knowledge about the relationships of
the three orders of amphibians emphasizes that fact
that there is no standard “modern amphibian,” there-
fore many of the assumptions made herein may be
proven erroneous by advances in the realms of am-
phibian biology and medicine.

In order to have the clinical acumen necessary to di-
agnose and treat the diseases of amphibians, the vet-
erinary clinician must fully appreciate the unique
characteristics and biology of modern amphibians
and understand the biology of the various species seen
in practice.
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CHAPTER 2

TAXONOMY OF AMPHIBIANS
KEPT IN CAPTIVITY

Kevin M. Wright, DVM

2.1 INTRODUCTION

Over 4000 extant species have been described
within the class Amphibia belonging to three orders—
Anura (Salientia), the frogs and toads; Caudata
(Urodela), the salamanders, newts, and sirens; and the
Gymnophiona (Apoda), the caecilians. Compara-
tively few species are represented in zoos or other liv-
ing collections. Less than one-tenth of the living
species are routinely held in captivity, and only within
the last decade has broad attention been focused on
the husbandry, propagation, and conservation of cap-
tive amphibians. The taxonomic scheme used within
this text may not account for changes in recent years
as it follows the scheme laid out in 1985 (Frost, 19835).
The distinguishing taxomonic characters for the fam-
ilies of modern amphibians are beyond the scope of
this text, but several texts provide excellent concise re-
views (e.g., Duellman & Trueb, 1986a, 1986b; Goin
et al., 1978a, 1978b; Mattison, 1987; Porter, 1972;
Zug, 1993a, 1993b). These works utilized the taxon-
omy that was current at the time they were written,
hence there are discrepancies between these refer-
ences. A recent work attempts to standardize the com-
mon names given to amphibian species worldwide
(Frank & Ramus, 1995). Although the widespread
acceptance of this work is yet to be seen, in general,
its proposed common names are used in this text. Al-
ternative common names for some species are listed in
Table 2.1. This taxonomic review will focus only on
those species listed in published inventories of am-
phibians held in captivity in North America (Interna-
tional Species Information System, 1995; Slavens &
Slavens, 1994). The captive amphibian collections in
other countries may be quite different from North
American collections as a result of various interna-
tional agreements that control the exportation and
importation of amphibian species (e.g., CITES, the
Convention on the International Trade in Endangered
Species). Many of the species that are common in Eu-
ropean collections are virtually unknown in the

United States of America. Additional species may be
held in North America but are not listed in readily
available inventories. Local amphibians that are not
part of the commercial trade may be captured and
held as pets, so the clinician is advised to become fa-
miliar with indigenous species. New species are de-
scribed and recorded every year, some finding their
way into the pet trade before being formally de-
scribed, which further complicates the picture.

A list of several texts that are available for assisting
in the identification of the species of the amphibian
patient may be found at the end of this chapter.

Husbandry guidelines are included for some species
following the taxonomic review. They include the
mode of reproduction, suggested vivarium design,
temperature range, and suggested diet.

The summary format is as follows:

Common name, Scientific name
Mode of reproduction
Vivarium design:

Temperature range:

Suggested diet:

Mode of reproduction is either oviparous (egg-lay-
ing) or viviparous (live-bearing). Further explanations
of vivarium design and amphibian husbandry may be
found in Chapter 5, while a more complete overview
of diets may be found in Chapter 6.

2.2 ORDER GYMNOPHIONA

Very few species of caecilians are reported in cap-
tive collections. The Caecilidae (common caecilians)
are found throughout the tropical regions of sub-Sa-
haran Africa, India, the Seychelle Islands, and Central
and South America. There are around 88 described
species of common caecilians, of which the two
species best known in captivity are the Mexican cae-
cilian, Dermophis mexicanus (Plate 2.1), and the
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Varagua caecilian, Gymnopis multi-
plicata. Although many adult caecili-
ids are between 10 cm (4 inches) and
100 cm (39 inches) in length, this
family also includes one of the longest
amphibians, Thompson’s caecilian,
Caecilia thompsoni, which reaches
lengths in excess of 150 ¢cm (60
inches). Oviparity and viviparity are
found in various species, with the ma-
jority of the known oviparous caecili-
ids occurring in the Old World.
Ichthyophiidae (fish caecilians) occur
throughout southern India, Sri
Lanka, Southeast Asia, Indonesia,
and the Philippines. There are around
35 species of fish caecilians, of which
only the Koh Tao Island caecilian,
Ichthyophis kobtaoensis, could be
considered a regular occurrence in
captive collections. Most adult
ichthyophiids are around 50 cm (20
inches) in length. Ichthyophiids are
oviparous and at least one species, the
Ceylon sticky caecilian, Ichthyophis
glutinosus, is known to guards its
eggs in a nest in the mud. Typhlonec-
tidae (aquatic caecilians) occur in the
river drainages of northern and
southeastern South America. There
are around 19 species of aquatic cae-
cilians, of which the Cayenne caecil-
ian, Typhlonectes compressicauda,
and the Rio Cauca caecilian, T.
natans (Plate 2.2), are common in
captive collections. Typhlonectiids
are viviparous. The other families of
caecilians are rarely if ever seen out-
side of museums and research facili-
ties. These families are Rhinatremati-
dae (beaked caecilians, northern
South America, 9 species), Scoleco-
morphidae (tropical caecilians, tropi-
cal sub-Saharan Africa, 7 species),
and Uraeotyphlidae (Indian caecil-
lans, southern India, 4 species). The
identification of caecilians is prob-
lematic in living specimens since
many of the species keys are geo-
graphically based and utilize skeletal
characters not discernible without
dissection. Unless the collecting local-
ity for an individual caecilian is
known, the task of identifying the
caecilian can be quite difficult for
anyone but a specialist.

Table 2.1. Common names of amphibians.

Common names

LIMBLESS AMPHIBIAN

Scientific names

Aquatic caecilian

Typhlonectes spp.

Flat-tailed caecilian

Typhlonectes compressicauda

Rubber eel

Typhlonectes spp. although some-
times used for Amphiuma spp.

Yellow-striped caecilian

Ichthyophis kohtaoensis

'SALAMANDERS & N

Arboreal salamander

Bolitoglossa spp.

Climbing salamander

Batrachoseps spp. or Bolitoglossa
spp.

European newt

Triturus spp. or Pleurodeles spp.

Halloween newt

Tylototriton (verrucosus) shanjing

Mandarin newt

Tylototriton (verrucosus) shanjing

Mushroom tongue salamander

Bolitoglossa spp.

Paddle tail newt

Pachytriton spp. or Paramesotriton
spp.

Palm salamander

Bolitoglossa spp.

Redbelly newt

Cynops pyrroghaster or Taricha
spp.

Tree salamander

Bolitoglossa spp.

Warty newt Taricha spp., Pleurodeles spp., or
Paramesotriton spp.

Waterdog In the pet trade this is usually the
larval form of Ambystoma tigrinum,
not a true Necturus spp.

FROGS AND TOADS

African mouse-eating bullfrog

Pyxicephalus adspersus

Argentine horned frog

Ceratophrys ornata

Asian horned frog

Megophrys montana

Australian green treefrog

Pelodryas caerulea

Bell’s horned frog

Ceratophrys ornata

Budgett's frog

Lepidobatrachus asper

Cane toad

Bufo marinus

Dumpy treefrog

Pelodryas caerulea

Dyeing poison frog

Dendrobates tinctorius

Foam-nest frog

Leptodactylus spp.

Foam-nest treefrog

Rhacophorus spp., Chiromantis
spp., other rhacophorids

Giant leaf frog

Phyllomedusa bicolor

Golden tomato frog

Dyscophus guineti
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Table 2.1. Common names of amphibians. (Continued)

Common names

Scientific names

Golden frog

Mantella aurantiaca

Horn frog

Ceratophrys spp., Ceratobatrachus
guentheri, or Megophrys spp.

Madagascan treefrog

Usually either a Mantidactylus spp.

or Boophis spp.

Marine toad

Bufo marinus

Monkey treefrog

Phyllomedusa spp.

Mouse-eating frog

Bufo marinus, Ceratophrys spp.,
Pyxicephalus adspersus, Rana
catesbeiana

Neotropical giant toad

Bufo marinus

Pac-man frog

Ceratophrys ornata

Painted frog

In the pet trade this is usually
Kaolula pulchra, not Discoglossus

spp.

Painted toad

Atelopus spp.

Paradox frog

Pseudis paradoxa

Phantasmal dart frog

Epipedobates spp.

Pixie frog

Pyxicephalus delalandii but also
used for P. adspersus

Puerto Rican crested toad

Peltophryne lemur

Smokey jungle frog

Leptodactylus pentadactylus

Smooth-sided toad

Bufo guttatus

Solomon lIsland eyelash frog

Ceratobatrachus guentheri

Solomon Island leaf frog

Ceratobatrachus guentheri

Waxy treefrog

Phyllomedusa sauvagii

White-lipped treefrog

Litoria infrafrenata

Mexican caecilian, Dermophis mexicanus,
Viviparous

Temperature range: tropical lowland
Suggested diet: earthworms

Cayenne caecilian,

Typhlonectes compressicauda,
Viviparous

Vivarium design: aquatic pond
Temperature range: tropical lowland
Suggested diet: earthworms

Rio Cauca caecilian, T. natans,
Viviparous

Vivarium design: aquatic pond
Temperature range: tropical lowland
Suggested diet: earthworms

2.3 ORDER CAUDATA

Caudata contains nine families
with a total of around 375 species.
Members of this order are referred to
as salamanders while certain aquatic
forms are also called newts. “Cau-
dates” is an acceptable term for any
salamander or newt although it is
rarely used. The term “newt” will be
restricted primarily to those forms of
the Salamandridae that possess a pre-
reproductive terrestrial stage and are
usually aquatic upon sexual matu-
rity. Salamanders are restricted to
the New World and parts of Europe
and Asia, with North America con-
taining the greatest diversity of living
species.

2.3.1 Sirenidae

Sirenidae (sirens) contains at least
four species restricted to southeastern

North America. The dwarf sirens, Pseudobranchus
axanthus and P. striatus (Moler & Kezer, 1993),

lesser siren, Siren intermedia, and the greater siren,

Siren lacertina, all lack hindlimbs and have external
gill plumes (Plate 2.3). Dwarf sirens Pseudobranchus
spp., are generally under 12 cm (6 inches) in length
while the greater siren, Siren lacertina, may attain
lengths of 100 cm (39 inches). They are occasionally
found in collections.

Vivarium design: terrestrial fossorial
Temperature range: tropical lowland
Suggested diet: earthworms

Varagua caecilian, Gymnopis multiplicata,
Viviparous

Vivarium design: terrestrial fossorial
Temperature range: tropical lowland
Suggested diet: earthworms

Dwarf siren, Pseudobranchus spp.,
Koh Tao island caecilian, Ichthyophis kobtaocensis, Oviparous

Oviparous Vivarium design: aquatic pond

Vivarium design: terrestrial fossorial Temperature range: Subtropical
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Suggested diet: small red worms, white worms, blood-
worms, glass shrimp, other small invertebrates

Lesser siren, Siren intermedia,
Oviparous

Vivarium design: aquatic pond
Temperature range: subtropical

Suggested diet: earthworms, other invertebrates,
small fish

Greater siren, Siren lacertina,

Qviparous

Vivarium design: aquatic pond

Temperature range: subtropical

Suggested diet: earthworms, crayfish, other inverte-
brates, small fish

2.3.2 Hynobiidae

Hynobiidae (Asian salamanders) contains around
35 species, all of which are uncommon in collections.
Hynobiids are generally under 10 cm (4 inches) in
length. Although most species are terrestrial, clawed
salamanders, Onychodactylus spp., are stream-
dwellers and are unique among hynobiids since they
are lungless.

2.3.3 Cryptobranchidae

Cryptobranchidae (giant salamanders) have a dis-
junct distribution with the hellbender, Crypto-
branchus alleganiensis, found in North America,
while the Japanese giant salamander, Andrias japoni-
cus, and the Chinese giant salamander, Andrias da-
vidianus occur in Asia (Plates 2.4, 2.5). Giant sala-
manders are popular zoo exhibits due to their ugly
countenance and large size. The Asian giant salaman-
ders may approach 1.6 meters (5 feet) in length and
weigh over 45 kg (100 pounds). All cryptobranchiids
are aquatic but lack gills, relying instead on skin folds
and lungs as their primary respiratory organs.

All cryptobranchiids

Oviparous

Vivarium design: Aquatic stream
Temperature range: temperate
Suggested diet: fish, crayfish

2.3.4 Proteidae

Proteidae (neotenic salamanders) includes five
North American and one European species. The mud-
puppy, Necturus maculosus, is a common laboratory
species (Plate 2.6). Waterdogs, Necturus spp., are
sometimes sold in pet stores, but most waterdogs in

the pet trade are actually larval ambystomids. The
cave-dwelling European olm, Proteus anguinis, is rare
in captive collections. All proteids are aquatic and
have external gill plumes.

Mudpuppy, Necturus maculosus,
Vivarium design: aquatic stream
Temperature range: temperate

Suggested diet: fish, crayfish, earthworms

2.3.5 Dicamptodontidae

Dicamptodontidae (American giant salamanders)
contains seven species found in the northwestern
United States. The Pacific giant salamander,
Dicamptodon ensatus, is the largest terrestrial sala-
mander, reaching lengths of 35 cm (14 inches). It is
found in a few collections. The Olympic salamanders,
Rhyacotriton spp., are small stream-dwelling sala-
manders sometimes classified in their own family,
Rhyacotritonidae. They are uncommon in captive col-
lections.

Pacific giant salamander, Dicamptodon ensatus,
Oviparous

Vivarium design: streamside

Temperature range: temperate

Suggested diet: earthworms

2.3.6 Amphiumidae

Amphiumidae (amphiumas) is restricted to south-
eastern North America. There are at least three
species within the genera Amphiuma. These large
salamanders may exceed 100 cm (39 inches) in length,
and although aquatic, they lack gills. Amphiumas are
occasionally found in captivity, and are often referred
to as “conger eels” due to their elongate body and tiny
limbs.

Amphiuma, Amphiuma spp.,
Oviparous

Vivarium design: aquatic pond

Temperature range: subtropical

Suggested diet: earthworms, crayfish, small fish

2.3.7 Salamandridae

Salamandridae (true salamanders) has disjunct dis-
tribution with species found in eastern and western
North America, Europe, and eastern Asia. There are



around 55 species of true salamanders, of which
around 40 are common in captive collections. The
commonly kept species include the Japanese firebelly
newt, Cynops pyrrhogaster (Plate 2.7), red-spotted
newt, Notophthalmus viridescens viridescens (Plate
2.8), Tsitou newt, Pachytriton brevipes, Spanish
ribbed newt, Pleurodeles waltl, European fire sala-
mander, Salamandra salamandra, roughskin newts,
Taricha spp. (Plate 2.9), alpine newts, Triturus spp.,
and the crocodile newt, Tylototriton shanjing (for-
merly T. verrucosus). Several species have toxins in
their mucous that can be irritating or dangerous to
humans, and the fire salamander, Salamandra sala-
mandra, can actually spray poison from glands along
its back.

Japanese firebelly newt, Cynops pyrrhogaster,
Oviparous

Vivarium design: aquatic pond

Temperature range: temperate

Suggested diet: small red worms, white worms, other
invertebrates

Red-spotted newt, Notophthalmus viridescens,
Oviparous

Vivarium design: aquatic pond as adults
Temperature range: subtropical to temperate
Suggested diet: small red worms, white worms, other
invertebrates

Tsitou newt, Pachytriton brevipes,

Oviparous

Vivarium design: aquatic pond

Temperature range: temperate

Suggested diet: small red worms, white worms, other
invertebrates

Spanish ribbed newt, Pleurodeles waltl,

Oviparous

Vivarium design: aquatic pond

Temperature range: temperate

Suggested diet: small red worms, white worms, other
invertebrates

European fire salamander, Salamandra salamandra,
Oviparous or viviparous depending on subspecies
Vivarium design: terrestrial forest floor or streamside
Temperature range: temperate

Suggested diet: small red worms, white worms, small
crickets, wax worms, other invertebrates

Roughskin newt, Taricha spp.,
Oviparous
Vivarium design: aquatic pond or streamside
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Temperature range: temperate
Suggested diet: small red worms, white worms, small
crickets, other invertebrates

Alpine newts, Triturus spp.,

Oviparous

Vivarium design: aquatic pond

Temperature range: temperate

Suggested diet: small red worms, white worms, other
invertebrates

Crocodile newt, Tylototriton shanjing, (formerly T.
verrucosus),

Oviparous

Vivarium design: terrestrial forest floor or streamside
Temperature range: temperate

Suggested diet: small red worms, white worms, small
crickets, wax worms, other invertebrates

2.3.8 Ambystomatidae

Ambystomatidae (mole salamanders) is a North
American family that contains around 30 species. The
axolotl, Ambystoma mexicanum, is by far the most
common aquatic neotenic species in captivity, and has
long been used in biomedical research. A number of
color phases exist and are commonly sold through the
tropical fish trade. Other neotenic species, such as the
Anderson’s axolotl, A. andersoni (Plate 2.10), may be
seen in zoological institutions. The majority of
neotenic Mexican salamanders are considered endan-
gered as a result of habitat loss, pollution, and intro-
duced game fish that prey upon larval axolotls. Com-
monly kept terrestrial ambystomids include the
spotted salamander, A. maculatum, marbled sala-
mander, A. opacum, and the tiger salamander, A.
tigrinum. (For representative ambystomids, see Plates

2.11,2.12,2.13, 2.14).

Axolotl, Ambystoma mexicanum,
Oviparous

Vivarium design: aquatic pond
Temperature range: tropical
Suggested diet: earthworms, fish

Tiger salamander, Ambystoma tigrinum,
Oviparous

Vivarium design: terrestrial forest floor
Temperature range: subtropical or temperate
Suggested diet: earthworms, wax worms, crickets

2.3.9 Plethodontidae

Plethodontidae (lungless salamanders) contains
around 230 species, of which approximately 25
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species are in captive collections. The tropical lungless
salamanders, Bolitoglossa spp. (Plates 2.15, 2.16),
dusky salamanders, Desmognathus spp. (Plate 2.17),
American brook salamanders, FEurycea spp., wood-
land salamanders, Plethodon spp. (Plate 2.18), and
red salamanders, Pseudotriton spp. (Plate 2.19) are
commonly kept in captivity. The Texas blind sala-
mander, Typhlomolge rathbuni, is a target species for
captive propagation in North American zoos.

Tropical lungless salamanders, Bolitoglossa spp.,
Oviparous

Vivarium design: arboreal

Temperature range: subtropical to tropical montane
Suggested diet: small crickets, wax worms, earth-
worms, fruit flies, other invertebrates

Dusky salamanders, Desmognathus spp.,

Oviparous

Vivarium design: streamside or terrestrial forest floor
Temperature range: temperate

Suggested diet: small crickets, small red worms, white
worms, fruit flies

American brook salamanders, Eurycea spp.,
Oviparous

Vivarium design: streamside

Temperature range: temperate

Suggested diet: small crickets, small red worms, white
worms, fruit flies

Woodland salamanders, Plethodon spp.,

Oviparous

Vivarium design: streamside or terrestrial forest floor
Temperature range: temperate

Suggested diet: small crickets, small red worms, white
worms, fruit flies

Red salamanders, Pseudotriton spp.,

Oviparous

Vivarium design: aquatic pond or streamside
Temperature range: temperate

Suggested diet: small crickets, small red worms, white
worms, fruit flies

2.4 ORDER ANURA

Anura is the most species rich order of amphibians,
with over 3500 living species belonging to at least 20
families. Properly termed anurans, members of this
order are also called frogs or toads. Although the term
“frog” tends to be used for those species found in and

around water whereas the term “toad” is used for
those terrestrial species, it is not that simple. Some
species, such as Xenopus laevis, may be called either
the African clawed frog or African clawed toad. Re-
gional differences abound, with members of the Hyl-
idae named treefrogs or treetoads in-different dialects.
In this text “toad” will be used primarily for those
anurans of the Bufonidae (true toads), whereas “frog”
will apply to all other anurans. Modern anurans are
found on every continent except Antarctica. Many of
the Australian and Asian frogs are virtually unknown
in captive collections outside of their native [ands.

2.4.1 Leiopelmatidae

The oldest surviving family is the Leiopelmatidae
(tailed frogs) which contains four living species. These
are the North American tailed frog, Ascaphis truei, and
the New Zealand tailed frogs, Leiopelma spp. These
are uncommon in captive collections. The tail is re-
stricted to male frogs and is actually an outpocketing
of the cloaca which serves as an intromittent organ.

North American tailed frog, Ascaphis truei,
Oviparous

Vivarium design: streamside

Temperature range: temperate

Suggested diet: crickets, other invertebrates

2.4.2 Discoglossidae

Discoglossidae (painted frogs) contains around 14
species. Three genera are common in captive collec-
tions: firebelly toads, Bombina spp., from Asia; mid-
wife toads, Alytes spp., from Europe and northwest-
ern Africa; and painted frogs, Discoglossus spp., also
from Europe and northwestern Africa. Firebelly
toads, Bombina spp., are entirely aquatic. Midwife
toads, Alytes spp., are interesting since mating occurs
on land. The male midwife toad wraps the eggs
around its legs and carries the eggs until hatching.

Firebelly toads, Bombina spp.,
Oviparous

Vivarium design: shallow aquatic pond with substan-
tial land area

Temperature range: temperate

Suggested diet: small crickets, wax worms, fruit flies

2.4.3 Rhinophrynidae

Rhinophrynidae contains a single species, the Mex-
ican burrowing toad, Rhinophrynus dorsalis, and few
specimens are reported in captive collections.
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Mexican burrowing toad, Rbinophrynus dorsalis,
Oviparous

Vivarium design: terrestrial fossorial
Temperature range: tropical lowland

Suggested diet: termites, ants

2.4.4 Pipidae

Pipidae (clawed frogs) has a disjunct distribution
with aquatic toads Pipa occurring in South America
and all other genera found in Africa. There are around
26 species of pipids, and all are aquatic. This family
includes the laboratory frog that is also a popular
aquarium pet, the African clawed frog, Xenopus lae-
vis. Other members of this genus are rarely kept in
captivity. The dwarf clawed frogs, Hymenochirus
spp., are frequently available through tropical fish
dealers (Plate 2.20), as is the Surinam toad, Pipa pipa.
All female clawed toads, Pipa spp., deposit their eggs
into their dorsal skin, but while tadpoles hatch from
other species, tiny froglets emerge from the eggs of the
Surinam toad, P. pipa.

African clawed frog, Xenopus laevis,

Oviparous

Vivarium design: aquatic pond

Temperature range: tropical lowland to subtropical
Suggested diet: earthworms, other invertebrates,
small fish

Dwarf clawed frogs, Hymenochirus spp.,

Oviparous

Vivarium design: aquatic pond

Temperature range: tropical lowland to subtropical
Suggested diet: white worms, black worms, blood-
worms, washed brine shrimp

Surinam toad, Pipa pipa,
Oviparous, no tadpole stage
Vivarium design: aquatic pond
Temperature range: tropical lowland
Suggested diet: earthworms

2.4.5 Pelobatidae

Pelobatidae (spadefoot toads) have a worldwide
distribution, throughout North America, Europe, and
southeastern Asia and Indonesia. There are around 83
species of spadefoot toads, but very few of these are
kept in captivity, perhaps because many are secretive
or fossorial and therefore are poor displays. The
Asian spadefoot toad, Megophrys montana, is a large
spectacular species that is sometimes available (Plates
2.21,2.22).

Asian spadefoot toad, Megophrys montana,
Oviparous

Vivarium design: terrestrial forest floor
Temperature range: temperate to subtropical
Suggested diet: crickets, earthworms

2.4.6 Pelodytidae

Pelodytidae contains two species commonly called
parsley frogs, Pelodytes spp. They are found in west-
ern Europe and southwestern Asia. Although similar
in external appearance to many pelobatids, the pars-
ley frogs are unique among anurans due to a fusion of
two “ankle” bones, the calcaneum and astragalus.

Parsley frogs, Pelodytes spp.,

Oviparous

Vivarium design: shallow aquatic pond with land area
or streamside

Temperature range: temperate

Suggested diet: crickets

2.4.7 Myobatrachidae

Myobatrachidae (Australian froglets) contains
around 100 species, but few of these have been re-
ported in captive collections (Plate 2.23). Although
the majority of the Australian froglets lead typical
anuran lives, the gastric-brooding frog, Rheobatra-
chus spp., is an unusual aquatic frog that incubates its
eggs in its stomach. The pathways involved in shut-
ting down the production of stomach acid during the
egg incubation promised advances in managing gas-
tric ulcers in humans. Unfortunately this species ap-
pears to have become extinct in less than 2 decades af-
ter being described and before many of its biochemical
mysteries were unraveled.

2.4.8 Heleophrynidae

Heleophrynidae (ghost frogs) contains five species,
all of which are uncommon in captivity. Ghost frogs
are stream-side dwellers restricted to the highlands of
South Africa. They are extremely difficult to locate
even when their calls are heard, hence the name
“ghost” frogs.

2.4.9 Sooglossidae

Sooglossidae (Seychelles frogs) contains three
species, all of which are uncommon in captivity.
These small frogs, under 4 cm (1.4 inches) in length,
are restricted to the Seychelle Islands. Eggs undergo
direct development to froglets in Gardiner’s Sey-
chelles frog, Sooglossus gardineri, while nonfeeding
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tadpoles hatch and are tended by the adults in the Sey-
chelles frog, S. seychellensis.

2.4.10 Leptodactylidae

Leptodactylidae (tropical frogs) is a New World
family that includes some of the more popular pet
anurans. There are over 700 species of tropical frogs,
but the most common pets belong to the subfamily
Ceratophrynae. The ornate horned frog, Ceratophrys
ornata (Plate 2.24), Cranwell’s horned frog, Cer-
atophrys cranwelli, and Paraguay horned frogs, Lep-
idobatrachus spp., are commonly bred in captive col-
lections and are popular pets, in part because of their
relatively large size and bizarre appearance. The Suri-
nam horned frog, Ceratophrys cornuta, is sporadi-
cally available as wild-caught adults, which tend to
be difficult to acclimate to captivity (Plates 2.25,
2.26). The genus Eleuthrodactylus (robber frogs)
contains over 400 species, of which several small
species are in captive collections. The genus Lepto-
dactylus includes the commonly available South
American bullfrog, Leptodactylus pentadactylus
(Plate 2.27). Some species, such as the Lake Titicaca
water frog, Telmatobius culeus, are rarely seen in
captivity (Plate 2.28).

Ornate horned frog, Ceratopbrys ornata,

Oviparous

Vivarium design: terrestrial forest floor

Temperature range: tropical lowland

Suggested diet: crickets, earthworms, fish, young mice
(sparingly with added vitamin D,)

Surinam horned frog, Ceratophrys cornuta,
Oviparous

Vivarium design: terrestrial forest floor

Temperature range: tropical lowland

Suggested diet: often fixated on other frogs, but may
also try crickets, earthworms, fish, young mice (spar-
ingly with added vitamin Dj)

Cranwell’s horned frog, Ceratophrys cranwelli,
Oviparous

Vivarium design: terrestrial forest floor

Temperature range: tropical lowland

Suggested diet: crickets, earthworms, fish, young mice
(sparingly, with added vitamin D;)

Paraguay horned frogs, Lepidobatrachus spp.,
Oviparous

Vivarium design: aquatic pond

Temperature range: subtropical

Suggested diet: earthworms, fish, crickets

South American bullfrog,

Leptodactylus pentadactylus

Oviparous

Vivarium design: terrestrial forest floor

or shallow aquatic pond with large land area
Temperature range: tropical lowland
Suggested diet: crickets, earthworms

2.4.11 Bufonidae

Bufonids are the true toads, and are distinguished
from all living anurans on the basis of the presence
of the Bidder’s organ in males, a rudimentary ovary
lying on the anterior edge of the testis. There are
around 350 species, of which one-tenth are in cap-
tive collections. One of the more spectacular species,
the golden Alajuela toad, Bufo periglenes, of Costa
Rica has not been sighted since the late 1980s and is
presumed extinct. Considerable effort has been ex-
pended to preserve several highly endangered species
(e.g., lowland Caribbean toad, Peltophryne lemur,
Houston toad, Bufo houstonensis, Wyoming toad,
Bufo hemiophrys baxteri; Plates 2.29, 2.30, 2.31)
while other bufonids (e.g., European green toad,
Bufo viridis, spotted toad, Bufo guttatus) are among
the more popular amphibian pets. The American
toad, Bufo americanus (Plates 2.32,2.33), and many
other North American bufonids are still quite plen-
tiful in many areas and are often captured and
brought home by children for short-term pets. This
practice should not be encouraged unless an effort is
made to provide appropriate housing and food for
the toad. Often the toad is released after being im-
properly treated for several weeks, thereafter suffer-
ing from malnutrition and infections. This ill toad
then poses a threat to the toads living at the site of
its release. The giant toad, Bufo marinus, is a pest
species in many parts of the world where it was in-
troduced in an ill-conceived plan to biologically con-
trol pests of sugar cane. Efforts in Australia are fo-
cused on extirpating this species, as it is responsible
for the decline of native wildlife. It is also a serious
pest in Florida, Hawaii, the Solomon Islands, and
several other tropical locations. Stubfoot toads,
Atelopus spp., are small, brilliantly colored toads.
They are highly valued among herpetoculturists, but
are relatively rare in collections and difficult to ac-
climate (Plate 2.34). Asian tree toads, Pedostibes
spp., are occasionally found in captive collections
(Plate 2.35), but can prove difficult to acclimate
since they feed primarily on ants in the wild. One
Asian tree toad that fared poorly on 14-day-old and
adult crickets began to thrive and gain weight when
offered a diet of pinhead crickets (personal commu-
nication, D. Harris, 1997).



American toad, Bufo americanus,

Oviparous

Vivarium design: terrestrial forest floor

Temperature range: temperate to subtropical
Suggested diet: crickets, earthworms (NOTE—most
Bufo spp. can be accommodated in this manner, al-
though some may need tropical lowland tempera-
tures.)

Stubfoot toads, Atelopus spp.,

Oviparous

Vivarium design: streamside

Temperature range: subtropical to tropical montane
Suggested diet: small crickets, fruit flies, springtails

Asian tree toads, Pedostibes spp.,

Oviparous

Vivarium design: terrestrial forest floor with arboreal
furnishings

Temperature range: subtropical to tropical
Suggested diet: pinhead crickets, fruit flies, ants

2.4.12 Brachycephalidae

Brachycephalidae (saddleback toads) is a Brazilian
endemic family that contains at least two species that
are uncommon in captivity. Originally classified as
true toads, these small (1.6 cm or 0.5 inches in length)
anurans were removed from Bufonidae due to the lack
of a Bidder’s organ. Spix’s saddleback toad, Brachy-
cephalus ehippium, is bright orange to golden yellow
in appearance, suggesting a reliance on skin toxins as
an anti-predator mechanism.

2.4.13 Rhinodermatidae

Rhinodermatidae (Darwin’s frogs) contains two
species of mouth-brooding frogs restricted to the tem-
perate forests of southwestern South America. The
males of these species carry tadpoles in their mouth
and vocal sacs for a variable period of time. Both
species are uncommon in captive collections.

2.4.14 Pseudidae

Pseudidae (harlequin frogs) contains around four
species and is primarily found throughout eastern
South America. The swimming frog, Pseudis para-
doxa, also known as the paradox frog, is occasionally
seen in captivity (Plate 2.36). The tadpole of this frog
grows to a much larger size than the adult frog to
which it eventually transforms.

2.4.15 Hylidae

Hylidae (treefrogs) is a diverse group of over 650
species, but the relationships within this family are
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unclear. This may be an artificial grouping of only dis-
tantly related species. Treefrogs are found throughout
the New World, Europe, Australia, and Asia.
Treefrogs have an extremely limited distribution in
northwest Africa and are absent from India. Hylid
frogs are popular pets, and over 50 species are re-
ported in captive collections. The White’s treefrog,
Pelodryas (Litoria) caerulea, is a candidate for the
most popular pet anuran (Plates 2.37A, 2.37B). Other
members of this genus such as the New Guinea giant
treefrog, Litoria infrafrenata, are also held in large
numbers. Phyllomedusine frogs such as the red-eyed
treefrog, Agalychnis callidryas, and leaf or monkey
frogs, Phyllomedusa spp., (Plates 2.38, 2.39) are also
quite popular. The common treefrogs, Hyla spp., are
well represented in captive collection (Plates 2.40,
2.41) but some species such as the Pine Barrens
treefrog, Hyla andersoni, are endangered (Plate 2.42).
The Cuban treefrog, Osteopilus septentrionalis, is a
common item in the pet trade, perhaps in part because
of its ready availability in Florida. This frog is an in-
troduced species in southern Florida that has become
a problem by outcompeting native frogs. Marsupial
frogs, Gastrotheca spp., are occasionally kept, as are
horned treefrogs, Hemiphractys spp., chorus frogs,
Pseudacris spp., and cross-banded treefrogs, Smilisca

Spp.

Hus| ryi‘

Most hylid frogs
Oviparous
Vivarium design: arboreal

Temperature range: temperate to tropical lowland
Suggested diet: crickets, other insects

2.4.16 Centrolenidae

Centrolenids (glass frogs) are found from southern
Mexico to northern South America. There are around
70 species of centrolenids, which superficially resem-
ble hylid frogs. Many centrolenids have transparent
abdominal skin, hence the common name, “glass”
frogs. Giant glass frogs, Centrolene spp., and glass
frogs, Centrolenella (Cochranella) spp. (Plate 2.43),
are occasionally imported for the pet trade, but iden-
tification of these frogs is difficult without supporting
data such as the collecting locality.

Most glass frogs

Oviparous

Vivarium design: arboreal

Temperature range: temperate to tropical lowland
Suggested diet: crickets, other insects
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2.4.17 Dendrobatidae

Dendrobatidae (poison frogs) contains around 125
species, about 30 of which are held in captive collec-
tions. Commonly known as either poison, dart-poi-
son, poison-dart, or poison-arrow frogs, these Central
and South American frogs are very popular with the
non-herpetoculturist, due in part to their brilliant col-
orful patterns, small size, and diurnal habits. Den-
drobates (Plates 2.44,2.45,2.46,2.47), Epipedobates
(Plate 2.48), and Phyllobates (Plate 2.49), are the gen-
era that have been repeatedly bred in captivity over
several generations. Rocket frogs, Colestethus spp.
(Plate 2.50) are unprepossessing dendrobatids that
are uncommon in captivity.

— —

Green and black poison frog, Dendrobates auratus,
Oviparous

Vivarium design: terrestrial forest floor

Temperature range: tropical lowland

Suggested diet: pinhead crickets, fruit flies, springtails
(NOTE—most of the commonly available Dendro-
bates spp. can be accommodated in this manner.)

Phantasmal poison frog, Epipedobates tricolor,
Oviparous

Vivarium design: terrestrial forest floor
Temperature range: tropical montane
Suggested diet: fruit flies, springtails

2.4.18 Ranidae

Ranidae (true frogs) contains around 700 species,
but the relationships within the family are unclear.
The distribution is worldwide except for southern
South America and Australia. Six subfamilies are ac-
cepted in this text, only two of which are reported in
captive collections—Mantellinae and Raninae. Man-
tellinae includes a dozen or so mantellas (Madagascan
dart-poison frogs), Mantella spp. (Plate 2.51), as well
as around 20 species of Madagascan frogs, Manti-
dactylus. Around 30 species of Raninae are kept in
captive collections, including two common labora-
tory species, the northern leopard frog, Rana pipiens
(Plate 2.52), and the bullfrog, Rana catesbeiana
(Plates 2.53, 2.54). One of the more commonly
worked upon “species,” the European edible frog,
Rana esculenta, is not a true species but rather illus-
trates the klepton concept (Polls Pelaz, 1990). The ed-
ible frog is actually the fertile hybrid of the marsh frog
R. ridibunda and the pool frog R. lessonae (Berger,
1973), but the European edible frog is often still re-
ferred to as a species rather than as a klepton, e.g.,
Rana kl. esculenta. The wood frog, Rana sylvatica, is

a species that produces a cryoprotectant allowing ac-
climated specimens to be frozen for brief periods of
time without harm (Plate 2.55). Tschudi’s African
bullfrog, Pyxicephalus adspersus, is another popular
pet species that is commonly bred (Plate 2.56). Gun-
ther’s triangle frog, Ceratobatrachus guentberi, is in-
creasingly common in captive collections (Plate 2.57).
This family also includes the largest living anuran, the
goliath frog, Conraua goliath, which can weigh in ex-
cess of 7 kg (15 Ibs). This species is currently protected
by CITES and the United States Endangered Species
Act.

Golden mantella, Mantella aurantiaca,

Oviparous

Vivarium design: terrestrial forest floor

Temperature range: subtropical to tropical lowland
Suggested diet: pinhead crickets, fruit flies, springtails
(NOTE: Many Mantella spp. may require cooler tem-
peratures than this.)

Northern leopard frog, Rana pipiens,
Oviparous

Vivarium design: streamside
Temperature range: temperate
Suggested diet: crickets, earthworms

Bullfrog, Rana catesbeiana,

Oviparous

Vivarium design: streamside

Temperature range: temperate to subtropical
Suggested diet: crickets, earthworms, fish

Tschudi’s African bullfrog, Pyxicephalus adspersus,
Oviparous

Vivarium design: terrestrial forest floor or shallow
aquatic pond with large land area

Temperature range: tropical lowland

Suggested diet: crickets, earthworms, fish, small mice
(with added vitamin D;)

Gunther’s triangle frog, Ceratobatrachus guentberi,
Oviparous, direct development to froglet stage
Vivarium design: terrestrial forest floor
Temperature range: tropical lowland

Suggested diet: crickets

2.4.19 Hyperolidae

Hyperolidae (African reed frogs) contains around
210 species. Hyperolids are restricted to sub-Saharan
Africa, Madagascar, and the Seychelle Islands. A few
reed frogs, such as the common reed frog, Hyperolius
viridiflavus, are unique among higher vertebrates due
to their ability to change sexes (Grafe & Linsemair,




1989). A few species of African reed frogs, Hyperolius
spp. (Plate 2.58), and two species of running frogs,
Kassina spp., are represented in captive collections.
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as many of these were exported from Madagascar
without proper permits or were imported bearing the
erroneous identification of D. guineti.

Marbled reed frog, Hyperolius marmoratus,
Oviparous

Vivarium design: arboreal

Temperature range: tropical lowland
Suggested diet: small crickets, fruit flies

Running frogs, Kassina spp.,
Oviparous

Vivarium design: terrestrial forest floor
Temperature range: tropical lowland
Suggested diet: small crickets, fruit flies

2.4.20 Rhacophoridae

Rhacophorids (flying frogs) are found throughout
the tropical areas of the Old World. There are ap-
proximately 200 species of rhacophorids, but less
than 20 species are common in captive collections.
Madagascan bright-eyed frogs, Boophis spp., and
some flying frogs, Rhacophorus spp., are found in
captive collections. Despite the common name, few
species of the Rhacophoridae actually have adapta-
tions for gliding (e.g., Abah river flying frog, Rha-
cophorus nigropalmatus).

Most rhacophorids can be accommodated as follows
Oviparous

Vivarium design: arboreal

Temperature range: temperate to tropical lowland
Suggested diet: crickets, other insects

2.4.21 Microhylidae

Microhylidae  (narrowmouth toads) contains
around 290 species (Plate 2.59). Microhylids are
found throughout temperate and tropical North
America, South America, Africa, Madagascar, and
Southeast Asia. The Malaysian narrowmouth toad,
Kaloula pulchra, is an inexpensive species common in
captivity (Plate 2.60). The Sambava tomato frog,
Dyscophus guineti, is a popular pet and has been cap-
tive bred in commercial numbers in recent years.
Dyscophus guineti is generally yellow to orange in
color with a pattern of dark reticulation over its
smooth dorsal skin. In contrast, the endangered
tomato frog, D. antongilli, is generally bright red to
reddish-orange, lacks reticulation, and has granular
appearing skin on its dorsum. The origin of Dysco-
phus antongilli in the pet trade is legally questionable

Sambava tomato frog, Dyscophus guineti,
Oviparous

Vivarium design: terrestrial forest floor or shallow
aquatic pond with large land area

Temperature range: tropical lowland

Suggested diet: crickets, earthworms

2.5 HELPFUL GUIDES FOR IDENTIFICATION __

This should not be considered a comprehensive list
of identification guides for amphibians but rather a
starting point of texts available to assist in the identi-

fication of an amphibian patient.
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CHAPTER 3
ANATOMY FOR THE CLINICIAN

Kevin M. Wright, DVM

3.1 COMPREHENSIVE ANATOMIC TEXTS

The anatomy of the amphibians will be presented
with emphasis on clinically salient features. There are
several excellent texts that have been published on the
anatomy of amphibians, but their availability is lim-
ited. The interested clinician is advised to use book
search services and inquire with used book dealers
with an interest in herpetological texts. An excellent
comprehensive text of the anatomy of the European
fire salamander, Salamandra salamandra, has been
published, but it is rare and somewhat expensive
(Francis, 1934). There exists a similar comprehensive
text of the anatomy of two European ranid frogs, the
edible frog, Rana esculenta, and European common
frog, R. temporaria (Haslam, 1971). These two texts
are highly recommended and should be consulted for
anatomic details not found in this chapter or in the
chapters on pathology. The more easily obtainable
texts concern the anatomy of the mudpuppy, Nec-
turus maculosus (Gilbert, 1973) and the European
common frog, Rana temporaria (Wells, 1968). An ex-
haustive text concerning the amphibian ear exists
(Wever, 1985). Standard herpetological references
also contain anatomic information of use to the clini-
cian (Duellman & Trueb, 1986a, 1986b; Goin et al.,
1978; Porter, 1972; Stebbins & Cohen, 1995; Zug,
1993a, 1993b, 1993c), as do some of the popular
works on amphibians (e.g., Obst et al., 1988). The
clinician is advised to continually review herpetologi-
cal journals, including, but not limited to, Copeia,
Journal of Herpetology, Herpetological Review, and
Amphibia-Reptilia, to build a reprint library of rele-
vant anatomic and physiologic information.

3.2 LARVAL AMPHIBIANS

Reviews of amphibian larval anatomy and meta-
morphosis are available (Duellman & Trueb, 1986a;
White & Nicoll, 1981; Zug, 1993¢). Metamorphosis
is a complex and metabolically demanding process,
and the clinician with a particular interest in amphib-

1an propagation and pediatrics is encouraged to seek
out additional sources of information.

3.2.1 The Larval Caecilian

Late stage larval caecilians strongly resemble adult
caecilians except for the presence of gills for a few
hours after birth (Plate 3.1). The posthatching meta-
morphosis that is typical of salamanders and anurans
is relatively undocumented in caecilians, and all
neonates thus studied appear to resemble the adults.
Branchial respiration occurs in larval oviparous cae-
cilians within the egg and within the oviduct of vivip-
arous species. Prior to hatching or birth, or within a
few hours of birth, the gills are lost. Gill slits disap-
pear during these final stages, as does the larval fins of
the terrestrial forms.

The kidney of the larval caecilian functions to excrete
nitrogenous waste in the form of ammonia and main-
tain water balance by excreting excess body water.
Paired pronephric kidneys are present in the larva, and
the pronephric tubules occur in a metameric (segmen-
tal) fashion along the dorsal aspect of the coelom. De-
pending on the species, 8~12 tubules may be present,
which is more than the number of tubules found in
species in the other two orders of amphibians. The
pronephric kidney filters coelomic fluid via the nephros-
tome that accesses the coelomic cavity. Glomeruli in the
form of outpocketings of the dorsal aorta also serve as
an access to the pronephric kidney. The nephrostome
drains into a short tubule, which in turn is serviced by
the renal portal vein. The short tubule empties into the
common (pronephric) duct whereupon the wastes may
be excreted into the external environment. This system
only allows for filtration, not reabsorption (and thus
concentration of the solute level), so the osmolality of
the urine of a larval caecilian is equal to the osmolality
of its plasma.

During metamorphosis, the pronephros degener-
ates and is phagocytized while the mesonephros is be-
ginning to function. This transition is to a large degree
controlled by fluctuations in the circulating levels of
the thyroid hormones triiodothyronine (T;) and
tetraiodothyronine (T).
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3.2.2 The Larval Salamander

A staging system for the larval development of the
spotted salamander, Ambystoma maculatum, has
been described (Rugh, 1962). Immediately after
hatching the larva possesses no external processes ex-
cept for gills. The larva begins life with a large head
bearing three pairs of plumate gills and a streamlined
body and tail. Forelimbs erupt a variable length of
time later, followed by hind limbs. In species with a
terrestrial stage, and in some aquatic species, the gills
start to recede shortly before metamorphosis is com-
plete. Salamanders are carnivorous throughout life,
and the digestive system changes little with meta-
morphosis. There may be morphological differences
between larvae which suggest either habitat adapta-
tions (a small morph of the tiger salamander, Am-
bystoma tigrinum, adapted to ephemeral ponds and
a large morph adapted to permanent ponds) or can-
nibalism (a morph of the tiger salamander, A.
tigrinum, with an enlarged head and proportionately
larger gape) (Rose & Armentrout, 1976). Some sala-
mander species, such as the axolotl, Ambystoma
mexicanum, and the mudpuppy, Necturus maculo-
sus, continue to mature internally and become repro-
ductive despite the retention of the external appear-
ance of the larva, a process known as neoteny.

Not all salamanders undergo metamorphosis. Some
races of the European fire salamander (e.g., Salaman-
dra salamandra bernardezi, S. salamandra fastuosa)
and the alpine salamander, Salamandra atra, give
birth to fully metamorphosed young that resemble the
adults (Griffiths, 1996). Some plethodontids, such as
the green salamander, Aneides aeneus, develop di-
rectly into the adult form from the egg and thereby by-
pass the free-living larval stages.

The pronephric kidney of the larval salamander is
similar to that of the caecilian, however the number of
tubules is much reduced. In certain primitive salaman-
ders (e.g., Cryptobranchidae), there is a total of five
paired tubules. The number of tubules is reduced to
two pairs in more advanced families of salamanders.

3.2.3 The Larval Anuran

Anuran larvae are commonly referred to as tad-
poles. Tadpoles are distinctively shaped with a round
to oval body and a laterally compressed tail (Plate 3.2).
The structure of the tadpole changes dramatically
throughout its growth, and various staging systems
have been described in an effort to standardize the ap-
proach to anuran developmental anatomy. One of the
better known staging systems describes the develop-
ment of the Gulf Coast toad, Bufo valliceps (Limbaugh
& Volpe, 1957). The oral groove is variably shaped.
The shape and structure of the mouth are tailored to
the diet of the tadpole and may be taxonomically sig-

nificant. Anuran tadpoles have a varied diet, and there
is considerable variation in diet. The tadpoles within
some species may vary in morphology, as some indi-
viduals may be programmed for cannibalism. The di-
gestive tract is typically long and coiled in the filter
feeding and herbivorous tadpoles and much shorter in
carnivorous tadpoles. Paired external nares are pres-
ent. Gills are visible upon hatching, but eventually are
covered by an operculum until a pair of branchial spir-
acles are present. The cloaca may be located subjugu-
lar or more terminally located toward the tail base.
There are no known neotenic anurans.

3.3 ADULT AMPHIBIANS

See Figures 3.1A, B and 3.2A, B within this chapter
for generalized anatomic drawings of the skeleton of
salamanders and anurans. See Figures 3.3, 3.4, 3.5, 3.6,
and 3.7 for generalized anatomic drawings of adult
specimens of the three orders of amphibians. See Plates
3.3, 3.4, 3.5, and 3.6 within the color section for pho-
tographs of the visceral anatomy of a caecilian, sala-
mander, and frog.

3.3.1 External Anatomy

The Adult Caecilian. The body form of caecilians
strongly resembles that of annelid worms (e.g., earth-
worm, Lumbricus terrestris) due to the presence of cu-
taneous folds (primary and secondary annuli) in the
skin, suggestive of a segmented body plan, and the ab-
sence of limbs. Coloration is variable, from slate grey
to bright blue to yellow depending on the species. The
eyes are small and covered with skin in many species.
The tentacle, a small olfactory and tactile sensory
structure, is found in the nasolabial groove immedi-
ately ventral or rostral to either eye (Plate 3.7). Small
external nares are present. Primary and secondary an-
nuli create the ribbed appearance of the caecilian.
Some aquatic species may have a dorsal fin along the
caudal third of the body. The cloaca is found at the
terminus of the body, and there is usually little if any
tail caudal to the cloaca. It has been reported that the
sexes of some typhlonectiids and perhaps other cae-
cilians may be externally distinguished by the shape of
the cloacal opening, which has been modified in the
male so as to enhance its grasping ability during mat-
ing. At this point in time, external sexing of caecilians
by cloacal morphology is not reliable, for while it was
reported that in the Rio Cauca caecilian, Ty-
phlonectes natans, the male’s cloaca is round and the
female’s is a longitudinal slit (O’Reilly et al., 1995),
this dimorphism has not held true in individuals
necropsied at the Philadelphia Zoo.

The Adult Salamander. The adult newt and sala-
mander generally have four limbs, although the sirens
only have forelimbs. Many species exhibit the derived




trait of less than five toes per limb, and the one-toed
amphiuma, Amphiuma pholeter, bears only a single
digit per limb. Some salamanders, such as the hell-
bender, Cryptobranchus alleganiensis, have light col-
ored soles that should not be mistaken for scar tissue
or other lesions (Plate 3.8). Paired external nares and
eyes are usually present, although cave-dwelling
forms may lack eyes. Tympanic membranes are lack-
ing in salamanders. Aquatic specimens may or may
not bear external plumate gills. Axolotls, Ambystoma
spp., sirens, Siren spp., dwarf sirens, Pseudobranchus
spp., mudpuppies and waterdogs, Necturus spp., the
olm, Proteus anguinis, and blind salamanders, Ty-
phlomolge spp., are aquatic species that possess ex-
ternal gills, while hellbenders, Cryptobranchus spp.,
Asian giant salamanders, Andrias spp., amphiumas,
Amphiuma spp., and newts (family Salamandridae)
lack these external structures. A tail is present, and in
some forms the tail has cleavage planes to allow au-
totomy as an antipredator defense. In some plethod-
ontid salamanders an obvious constriction ring is
present at the tail base immediately caudal to the cloa-
cal slit, and this serves as the site of tail breakage.
Many male salamanders may have swollen cloacal
lips during times of reproductive activity, whereas fe-
male salamanders will show little or no increase in size
of the cloacal lips at any time of the year (Plate 3.9).
During the breeding season nuptial pads may be pres-
ent on the forelimbs of some salamanders, such as the
Spanish ribbed newt, Pleurodeles waltl, and the
hindlimbs of others, such as the Eastern red-spotted
newt, Notophthalmus viridescens. Dorsal crests de-
velop in males of Triturus spp. during breeding sea-
son. (See also Section 22.3, Sexual Dimorphism.)
Costal grooves lend a ribbed appearance to many
species and are an important trait needed to identify
many species. In some species (e.g., crocodile newrt,
Tylototriton shanjing) sharp points of the actual ribs
may break through the skin as a defensive reaction to
handling. Large toxin-containing parotid glands are
visible caudal to the eye in some species. (These are
not to be confused with the parotid gland of mam-
mals, which is a salivary gland. Parotid refers to a lo-
cation “near the ear.” To avoid confusion, the am-
phibian gland is sometimes called the “parotoid”
gland.) Mental glands may be visible underneath the
chin of males in some species during the reproductive
season.

The Adult Anuran. The adult anuran has four
limbs. In anurans that depend on saltatory locomo-
tion, such as ranid frogs, the hindlimbs are much
longer and more obviously muscled than the fore-
limbs, whereas in anurans that tend to walk rather
than jump, such as dendrobatids, the leg proportions
are more equal. Five digits are present on the hind
limbs and four or five are present on the forelimbs.
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Male anurans may develop nuptial pads on the fore-
limbs during breeding season. (See Table 3.1 and also
see Section 22.3, Sexual Dimorphism.) Paired exter-
nal nares and eyes are present. Tympanic membranes
are present except in a few species. Gills are not pres-
ent, but modifications of the skin, such as the fila-
ments of the hairy frog, Trichobatrachus robustus,
and the loose folds of skin of the Titicaca water frog,
Telmatobius culeus, are functional equivalents. A
postmetamorphic tail, actually an outpocketing of the
cloacal tissue rather than a true tail, is present only in
a few species of Leiopelmatidae and serves as an in-
tromittent organ. The cloaca is found at the tip of the
urostyle and may be somewhat dorsally oriented. The
cloaca is easier to see when the anuran is in ventral
rather than dorsal recumbency. Large parotid glands
are visible caudomedial to the eye in some species and
are particularly prominent in bufonids. Vocal slits
containing the vocal sacs may be visible in the vicin-
ity of the maxillary hinge.

Some of the external characters that may be dimor-
phic in anurans include skin color (e.g., golden Alajuela
toad, Bufo periglenes), tympanic membrane size (e.g.,
bullfrog, Rana catesbeiana), presence/absence of nup-
tial pads (e.g., White’s treefrog, Pelodryas caerulea),
toe shape (e.g., dyeing poison frog, Dendrobates tinc-
torius), adult body size (red-eyed treefrog, Agalychnis
callidryas), size of certain anatomic structures (e.g., the
cranium of the lowland Caribbean toad, Peltophryne
lernur), presence/absence of modified skin structures
(e.g., papillae of the male hairy frog, Trichobatrachus
robustus, marsupium of the female marsupial treefrog,
Gastrotheca spp., heavily granulated skin of the male
warty toad, Bufo spinulosus), presence/absence of vo-
cal sacs (e.g., oak toad, Bufo quercicus), presence/ab-
sence of “spines” on the forelimbs (e.g., Rosenberg’s
treefrog, Hyla rosenbergi) or lips (e.g., Taosze spiny
toad, Vibrissaphora boringii), presence/absence of
tusks or mandibular odontids (e.g., tusked frog, Ade-
lotus brevis), and the presence/absence of a tail (e.g.,
tailed frog, Ascaphis truei).

3.3.2 Musculoskeletal System

The musculoskeletal system of the amphibian has
received the most attention of any organ system prob-
ably because it is the most common organ system to
survive in fossil form. All other organ systems are
fairly similar in appearance within an order, but the
musculoskeletal system may vary dramatically be-
tween members of the same order, and it is often the
characteristic used to define relationships among
modern amphibians. The elucidation of the particu-
lars of the musculoskeletal anatomy is beyond the
scope of this text. Rather, the approach is to familiar-
ize the clinician with basic elements of the amphib-
ian’s musculoskeletal system.
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Table 3.1. Examples of sexually dimorphic characters in some representative anuran species.

, ﬁepiésentaﬁyést’kedes .

Skin color

Golden Alajuela toad (Bufo periglenes); males are golden, females are brown

Modified skin structures

smooth forelimbs

Hairy frog (Trichobatrachus robustus); males develop long papillae on the side during
breeding season, females lack these

Warty toad (Bufo spinulosus); males develop extremely granular skin during breeding
season, females remain unchanged

Rosenberg’s treefrog (Hyla rosenbergi); males have “spines” on forelimbs, females have

Marsupial frogs (Gastrotheca spp.); females develop a dorsal marsupium, males have
no such opening on their back
Taosze spiny toad (Vibrissaphora boringii); males have “spines” on lips, females lack these

Tympanic membrane size

Bullfrog (Rana catesbeiana); males larger than females

Nuptial pads White's treefrog (Pelodryas caerulea); males have them on forearms during breeding
season, females lack them at all times
Toe shape Dyeing poison frog (Dendrobates tinctorius); males have large triangular toe tips,

females have smaller more rounded toe tips

Adult body size

Red-eyed treefrog (Agalychnis callidryas); mature males are smaller than females

Size of other anatomic
structures

Lowland Caribbean toad structures (Peltophryne lemur); cranium shape

Vocal sacs

Oak toad (Bufo quericus); males have distinct grey pigmented vocal sacs, females sacs are
reduced in size and unpigmented

Tusks or mandibular
odontids

Tusked frog (Adelotus brevis); males have tusks but females lack them

Tail Tailed frog {Ascaphis truei); males have a tail, females lack them

The Adult Caecilian. The majority of the cranial
components of a caecilian are fused. Caecilians lack
pectoral and pelvic girdles as well as a sacrum. Except
for the atlas and terminal vertebrae, the ribs of caecil-
ians are double-headed.

The Adult Salamander. The cranium of the sala-
mander is intermediate between the solid structure of
a caecilian and the markedly reduced bone structure
of an anuran. The hyoid may be modified to allow for
suction feeding or the ejection of the tongue to cap-
ture prey items, as in tropical salamanders, Boli-
toglossa spp. The vertebral column is poorly differen-
tiated into cervical, trunk, sacral, caudal sacral, and
caudal regions. Cleavage planes may be present in the
caudal region. Pelvic girdles are lacking in sirens,
Siren spp., and the dwarf siren, Pseudobranchus spp.
Digits may be lacking in some species.

The Adult Anuran. The musculoskeletal system of
the anuran is highly modified from that of other am-
phibians. Most of the modifications allow for salta-
tory locomotion, while features for other lifestyles

may be secondarily derived from these original modi-
fications. The nomenclature of some of the bones of
the anuran skeleton is different from many other ver-
tebrates and should be used appropriately. The cra-
nium bears two large orbits with no bony separation
between the ocular globe and the oropharynx. The
cranial elements are reduced when compared to the
other amphibian orders. The vertebrae are fused, and
three regions of the vertebral column are described:
the presacral, sacral, and postsacral. A sacrum is lack-
ing, and the pelvic girdle is highly modified. The limbs
are highly modified. The distal long bones consist of
a fused radioulna in the forelimbs and a fused
tibiofibula in the hind limb. The pectoral girdle varies
in shape among different genera of anurans, as does
the amount of cartilaginous and bony elements mak-
ing up the pectoral girdle. The pelvic girdle is fused
and intimate with the last presacral vertebra. The coc-
cyx or urostyle is a single fused element in most anu-
rans, and forms a point above the dorsocaudal aspect
of the pelvic girdle. In many genera the hyoid bones
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Figure 3.1A. The skeleton of a typical salamander. Not all salamanders have all the skeletal elements depicted here, and the shape and
arrangements of some skeletal elements may vary considerably. (John Gibb, Johns Hopkins University Department of Art as Applied to

Medicine)

are adapted for ejecting the tongue to capture prey
items.

3.3.3 Nervous System

The anatomy of the brain of a caecilian (Kuhlen-
beck, 1973), a salamander (Herrick, 1948), and an
anuran (Haslam, 1971) have been studied in great de-
tail and compared (Noble, 1931). There is some de-
bate as to the number of cranial nerves. One textbook
(Duellman & Trueb, 1986Db) lists the cranial nerves as
follows: CN I Olfactory (also innervates the tentacle
of caecilians); CN II Optic (absent or reduced in many
caecilians and cave salamanders); CN III Oculomotor
(does not connect with CN V in caecilians); CN IV
Trochlear (also innervates an eye muscle); CN V
Trigeminal (also innervates the tentacular sheath of
caecilians); CN VI Abducens (innervates the retractor
of the caecilian tentacle); CN VII Facial; CN VIII Au-
ditory; CN IX Glossopharyngeal; CN X Vagus; CN
XI Accessory; CN XII Hypoglossal, which may be
considered a spinal nerve and not a true cranial nerve;
Lateral-line nerves are innervated by branches of the
cranial nerves. As is expected for limbless animals, the
brachial and inguinal neural plexi are absent in cae-
cilians, and reduced in salamanders with vestigial
limbs (e.g., amphiumas, Amphiuma spp., dwarf siren,
Pseudobranchus striatus, and sirens, Siren spp).
3.3.4 Integumentary System

A review of the amphibian integument was recently
published (Heatwole & Barthalmus, 1994).

The Adult Caecilian. Caecilians demonstrate the
tvpical amphibian integument that consists of very
few cell layers. As a rule the stratum corneum consists

of a single layer of keratinized cells. The basal epider-
mal cell layer is often less than eight cells thick and is
underlayed by a basement membrane. The dermis lies
immediately beneath this and contains capillaries,
nerves, and smooth muscle throughout its two layers.
The dermis consists of an outer spongy layer and in-
ner compact layer. Chromatophores and glands are
present within the spongy layer, while the compact
layer possesses collagen fibers that intimately adhere
it to the underlying muscles and bones. Unlike anu-
rans and salamanders, some caecilians possess tiny
dermal scales.

Many of the glandular secretions of caecilians can
prove irritating if introduced into a human’s ocular
membranes (O’Reilly et al., 1995). Annuli serve to in-
crease the surface area of the caecilian and may facil-
itate gas and water exchange.

Shedding of the stratum corneum occurs on a regu-
lar basis. Many caecilians eat their shed skin (Weldon
et al., 1993).

The Adult Salamander. Salamanders have the typ-
ical amphibian integument, but the stratum corneum
of some aquatic species is not keratinized. The dermis
is firmly attached to the underlying muscles and
bones.

The glandular secretions of some salamanders pos-
sess toxic compounds. Modifications such as costal
grooves, granular skin, and skin folds increase the sur-
face area of the integument and may facilitate gas and
water exchange.

Shedding of the stratum corneum occurs on a regu-
lar basis. Many salamanders eat their shed skin (Wel-
don et al., 1993).
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Figure 3.1B. Skeletal nomenclature of a typical salamander. (Bradley Duncan Powell, Johns Hopkins University Department of Art as Ap-

plied to Medicine)
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Figure 3.2A. The skeleton of a typical anuran. Not all anurans have all the skeletal elements depicted here, and the shape and arrangements
of some skeletal elements may vary considerably. (John Gibb, Johns Hopkins University Department of Art as Applied to Medicine)

The Adult Anuran. Most anurans have the typical
amphibian integument, but modifications of the
typical plan are numerous. The skin is not as tightly
adhered to the underlying structures as it is in
caecilians and salamanders, and this potential sub-
cutaneous space can fill with fluid. Thus anurans
may appear edematous, a condition not described
for caecilians or salamanders. Subcutaneous fluid
accumulation in the anuran can be normal, func-
tioning as a reserve of water, or it may be the result
of a pathologic process. Anurans generally have a
greater range of color changing ability than other
amphibians.

The skin over the skull of certain anurans (e.g., bu-
fonids) is co-ossified with the underlying dermal
bones, while other frogs (e.g., giant monkey frog,
Phyllomedusa bicolor) have small bones within the
dermis.

Similar to other amphibians, shedding of the stra-
tum corneum occurs on a regular basis and many anu-
rans are keratophagous (Weldon et al., 1993).

3.3.5 Alimentary System

All adult amphibians are primarily carnivorous and
have a relatively short and simple gastrointestinal
tract. Comprehensive descriptions and reviews of the
digestive tract have been published (Olsen, 1977;
Reeder, 1964).

Some mastication occurs in the oral cavity, but prey
is usually swallowed whole. The oral cavity is sepa-
rated from the esophagus by a strong sphincter, and the
esophagus is separated from the stomach by a sphinc-
ter. Cilia lines the esophagus to transport ingesta and
secreted material to the stomach. Mucous and some di-
gestive enzymes (e.g., pepsinogen) are secreted by glan-
dular cells lining the esophagus. The stomach is sepa-
rated from the intestine by a pyloric sphincter, and
generally lies to the left of midline within the coelom.
The sections of the intestine are not as grossly obvious
as in other vertebrates. Gastric emptying is controlled
by the duodenum. The liver and gall bladder are inti-
mately connected, and a pancreas is present. The liver
has a minimal role in processing nitrogen for excretion
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in aquatic amphibians, as ammonia is freely diffused
into the surrounding environment through the skin and
via excretion via the kidneys. In terrestrial amphibians,
the liver converts ammonia to the less toxic water-sol-
uble nitrogenous compound urea, and in a few species
urea is converted to uric acid as a further method of wa-
ter conservation. (See Section 4.2, Water Homeostasis.)
The pancreas is found in the hepato-gastric ligament
between the stomach and anterior intestine. Bile and
pancreatic enzymes enter the intestine through ducts
that empty into the anterior part of the small intestine
(duodenum). The small intestine is the site of enzymatic
digestion and carbohydrate, fat, and protein absorp-
tion. The large intestine is the site of water and salt ab-
sorption and mucous secretion to aid in the passage of
fecal boluses. Fecal matter is voided through the cloaca.
Amphibian feces will contain undigested parts of the
ingesta, including chitin, keratin, cellulose, and the
bones that were not decalcified by the acid secretions of
the stomach.

The Adult Caecilian. The arrangement and distri-
bution of teeth are diagnostic characters in the identi-
fication of many caecilians (Taylor, 1968). Multiple
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Figure 3.3. General anatomy of a caecilian. Inset view of cloaca
and internal anatomy. (Tim Phelps)
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rows of teeth are a common feature of many caecil-
ians. Multiple pancreatic ducts are present, while
there is no valve separating the small intestine from
the large intestine.

The Adult Salamander. Certain oral glands are
lacking in some species of aquatic salamanders (e.g.,
amphiumas, Amphiuma spp., sirens, Siren spp.).
Pepsinogen secreting cells are absent in some sala-
mandrids (Salamandra spp.). Pancreatic ducts range
in number from 2-47 depending on the species. There
is no valve separating the small intestine from the
large intestine.

The Adult Anuran. Teeth are absent in some anu-
rans. Pipid frogs lack tongues and certain oral glands,
features that are unnecessary for their mode of
aquatic suction feeding. Pepsinogen secreting cells are
absent in some pipids. The liver is bilobate. Some anu-
rans can evert their stomach and use their hands to
wipe ingesta from the mucosal surface, an apparent
adaptation allowing removal of indigestible or toxic
substances. There is a single pancreatic duct, but the
pancreatic and bile ducts may merge prior to entrance
in the intestine in ranids. There is no valve separating
the small intestine from the large intestine in many
species of primitive anurans.

3.3.6 Urinary System

The Adult Caecilian. The adult caecilian may have
different excretory needs than the larva. In aquatic
caecilians the role of the kidney is essentially un-
changed (i.e., excretion of ammonia and water),
whereas in the terrestrial caecilians the kidney may
undertake the physiologically more demanding
process of urea or uric acid excretion and water reab-
sorption. (See Section 4.2, Water Homeostasis.)

The excretory system of the caecilian has been de-
scribed (Wake, 1970a, b, 1972). The mesonephric kid-
ney extends the length of the caecilian’s coelomic cav-
ity and retains the metameric arrangement of the larval
pronephros (Plate 3.10). Caecilians lack the secondary
tubules that arise in anurans and caudates. The
mesonephros forms caudal to the pronephros but also
functions by filtering both the coelomic and vascular
fluids. The excretory route is similar to that described
for the larval pronephros, however there are several
changes. The nephrostome still connects with the
coelomic cavity, but empties into a convoluted tubule.
Vascular filtration is achieved by a Malpighian body,
consisting of an internal glomerulus and Bowman’s
capsule, and this structure also empties into the con-
voluted tubule, which in turn empties into the meso-
nephric (common) duct. Many species of caecilians are
known to have bladders that are bilobate. As with all
amphibians, the mesonephric kidney cannot concen-
trate urine above the solute concentration of the
plasma.



24 ——AMPHIBIAN MEDICINE AND CAPTIVE HUSBANDRY

The dual filtration of coelomic and vascular fluid by

the amphibian’s mesonephric kidney may affect the I);///” TR
distribution and clearance of intracoelomically admin- / \\
istered drugs. Without specific studies documenting / Heart 'y \ )

the pharmacokinetics of a given drug on a particular

species, the clinician must rely on personal clinical

judgment when administering intracoelomic drugs.
The Adult Salamander. The mesonephric kidney of

the adult salamander arises posterior to the pronephros. Lung
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wastes. However, as mentioned with caecilians, the role
of the kidney is dependent on the Salamander’s mode of
life—most terrestrial salamanders will conserve water
through the excretion of urea and reabsorption of wa-
ter. The bladder is bilobate, bicornate or cylindrical in
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Figure 3.5. Visceral anatomy of a female salamander. Liver and gall
R bladder rf:moved and right lung reflected. Inset view of retroperitoneal
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pending on its environment. Aquatic anurans excrete
the majority of their nitrogenous waste as ammonia,
since water conservation is not an issue. Many terres-
trial species, such as bufonids, are not in constant con-
tact with a water-rich environment and excrete a large
portion of their nitrogenous waste as urea. Some anu-
rans (e.g., African gray treefrog, Chiromantis xeram-

Lung

Central vei . . .. .
enirarvein X Stomach pelina, waxy treefrog, Phyllomedusa sauvagii) exploit

3 . relatively dry conditions by converting nitrogen

Lung Liver wastes to uric acid. (See Section 4.2, Water Homeo-
Intestine stasis.) Many of these uricotelic species possess cilia in

Gall bladder the urinary bladder (Bolton & Beuchat, 1991).
y Body fat .
Body fat 3.3.7 Respiratory System

Ovary The Adult Caecilian. There are three modes of

Ovary Colon adult respiration within the order Gymnophiona—

pulmonic, buccopharyngeal, and cutaneous. The im-
portance of each method undoubtedly varies based on
the activity of the caecilian and the dissolved oxygen
content of the water in which it lives. Little is known
about the respiratory physiology of caecilians, and
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generalizations are impossible given the disparities in

Tl oxygen consumption under differing environme.ntal
g : conditions that have been documented for various
Figure 3.4. Visceral anatomy of a salamander. (Tim Phelps) species of salamanders and frogs.




The lung of the caecilian is the most important res-
piratory structure (Bennet & Wake, 1974). Most cae-
cilians have paired elongate lung lobes, with the left
lobe reduced in size or absent. In some species (e.g., ty-
phlonectid caecilians), the right and left lobe are of ap-
proximately equal size. The alveoli of the caecilian lung
is comprised of a mix of smooth muscle, cartilage and
other connective tissue, blood vessels, and respiratory
epithelium. In the aquatic typhlonectids, it is hypothe-
sized that the lungs serve an additional role as an organ
to maintain buoyancy as is noted for some aquatic sala-
manders (e.g., amphiumas, Amphiuma spp.).

Based on a study of a terrestrial caeciliid, the buc-
copharyngeal structures are the primary mechanical
source for the inspiratory and expiratory effort
(Mendes, 1945).

The diameter of the external nares and the choana
of a caecilian are controlled by smooth muscle. This
musculature thereby limits the passage of air through
the nasal duct into the buccopharyngeal cavity, and to
some extent mediates olfaction by controlling access
to the olfactory system. The glottis is at the base of the
tongue on the ventral aspect of the buccopharyngeal
cavity, and in aquatic amphibians the glottis may be
much smaller than expected for a similar sized terres-
trial amphibian’s glottis. The larynx leads immedi-
ately to the trachea. The trachea is well supported
through its length with cartilaginous rings. The elon-
gated trachea is lined with ciliated epithelium, and bi-
furcates into pulmonary bronchi. A tracheal lung has
been described in some ichthyophiids and typhlonec-
tids, and this structure actually serves as a structure
for gaseous exchange, complete with respiratory ep-
ithelium.

The Adult Salamander. There are four modes of
adult respiration within the order Urodela: branchial,
cutaneous, buccopharyngeal, and pulmonic. The rel-
ative importance of any of these is dependent on the
species in question.

Neotenic species (e.g., sirens, Siren sp., mudpuppies,
Necturus spp., axolotls, Ambystoma mexicanum,
olm, Proteus anguinis, Texas blind salamanders, Ty-
phlomolge rathbuni, etc.), as well as the aquatic larvae
of many species, possess external gills and rely heavily
on branchial respiration. Some aquatic species (e.g.,
sirens, Siren spp.) possess lungs in addition to their
gills. The structure of the gill is dependent on the en-
vironment of the species, and the shape and resultant
surface area is, to a degree, mutable within a species,
dependent on physical parameters. Aquatic environ-
ments with a high dissolved oxygen content allow sala-
manders to have short gills, whereas in areas of low
dissolved oxygen content the gills tend to become long
and elaborate. Stream-dwelling species tend to have
small gills to reduce the drag of the current. The con-
comitantly high dissolved oxygen content of this envi-
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ronment permits this necessarily small surface area of
the gill structure.

Cutaneous respiration is present to a variable de-
gree in all species. This mode of respiration is feasible
in salamanders as a result of several anatomic factors:
high surface area to volume ratio resultant from the
small body size and cylindrical shape, a thin epider-
mis, and a highly vascularized dermis. All of these fea-
tures promote the exchange of gases across the skin.
Coupled with a salamander’s low metabolic rate and
its ability to incur an oxygen debt through anaerobic
glycolysis, these anatomic features permit cutaneous
respiration. In fact, this mode of respiration is so suc-
cessful that the plethodontids, one of the most species-
rich families of salamanders, are lungless. The surface
area to volume ratio is enhanced by the presence of
lateral folds of skin in the aquatic cryptobranchid
salamanders (e.g., hellbender, Cryptobranchus alle-
ganiensis, Asian giant salamanders, Andrias spp.),
and a rocking motion helps increase the diffusion rate
across the skin by keeping a current of low dissolved
carbon dioxide content water running across the skin.
Costal grooves also serve to enhance the surface area
of a salamander. The same characteristics that allow
cutaneous respiration also play a role in the distribu-
tion of topically applied drugs.

The buccal cavity and pharynx serve as a site of
gasecous exchange in many species of salamanders.
This gaseous exchange is to some extent an extension
of the cutaneous respiration, but the muscular pump-
ing action to ventilate this region, as well as peculiar-
ities of the vascular supply of these regions, support
buccopharyngeal respiration as a distinct entity. The
pumping action is the main source of both buccopha-
ryngeal and pulmonic ventilation for the salamander,
both inspiratory and expiratory.

Some salamanders are able to make noises using
different anatomic features. The Pacific giant sala-
mander, Dicamptodon ensatus, has vocal folds
(Maslin, 1950), but the voice of salamanders is de-
rived by forcing air through gill slits or nares or form-
ing a vacuum during inspiration and then opening the
mouth.

The lungs of salamanders vary in size and degree of
partitioning among species. As a rule, the right and
left lung are of approximately equal size, although the
right side is slightly smaller than the left. The lungs are
generally simple structures with no partitioning or in-
folding in some aquatic salamanders (e.g., mudpup-
pies and waterdogs, Necturus spp.), while terrestrial
salamanders tend to have sacculations and even alve-
oli in the anterior portion of each lung. Many pond-
dwelling species have alveoli too. Although plethod-
ontid salamanders lack lungs, in other families such as
the hynobiid clawed salamanders, Onychodactylus
spp., lungs are reduced in size, or even absent.
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The trachea leads to a short bifurcation into the
lungs. Cartilaginous rings are present in the trachea,
and in some species, the bronchi. The trachea is rela-
tively short in most salamanders, a fact which must be
borne in mind when intubating for tracheal washes or
intratracheal administration of drugs, and during
gaseous anesthesia, or else the intubating device could
be inserted too far and damage the pulmonic epithe-
lium. Surprisingly the trachea of many aquatic sala-
manders, notably the amphiumas, Amphiuma spp., is
greatly elongated as a result of the position of the
lungs, due to the dual functions of gaseous exchange
and hydrostasis.
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Figure 3.6. Visceral anatomy of a frog. (Tim Phelps)

The Adult Anuran. There are three modes of adult
respiration within the order Anura—cutaneous, buc-
copharyngeal, and pulmonic. The relative importance
of any of these is dependent on the species in question.

The aquatic Titicaca water frog, Telmatobius
culeus, has prominent folds of skin to increase its sur-
face area, and relies heavily on cutaneous respiration,
whereas the African clawed frog, Xenopus laevis,
lacks folds and is primarily a lung breather. This is
probably reflective of the dissolved oxygen content of
the water in which these species evolved, with the cold
well-oxygenated water of the mountain lake allowing
the Titicaca water frog, Telmatobius culeus, to obtain
adequate oxygen saturation of the blood through cu-

taneous respiration. This option is not available in the
warmer waters in which the clawed frog, Xenopus
laevis, is found.

The buccal cavity and pharynx serve as a site of
gaseous exchange in many species of anurans. As in
salamanders, buccopharyngeal respiration is a dis-
tinct mode of respiration in anurans. The pumping ac-
tion is the main source of both buccopharyngeal and
pulmonic ventilation for the anuran, both inspiratory
and expiratory.

Anurans are the most vocal amphibians, with al-
most every species having a voice. The voice of anu-
rans is derived by forcing air from the lungs across the
vocal slits and into the vocal sacs by a combination of
buccopharyngeal pumping and pulmonic pumping.

The trachea is extremely short and bifurcates in the
lungs. Cartilaginous rings are present in the trachea.
The shortness of the trachea must be considered when
the clinician is intubating for tracheal washes or intra-
tracheal administration of drugs, and during gaseous
anesthesia, or else the intubating device could be in-
serted too far and damage the pulmonic epithelium.

The lungs of anurans vary in size and degree of par-
titioning among species. As a rule, the right and left
lung are of approximately equal size. The lungs are
generally simple structures with no partitioning or in-
folding.
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Figure 3.7. Visceral anatomy of a female frog. Liver and gall bladder re-
moved and stomach reflected to reveal urogenital system. (Tim Phelps)




3.3.8 Cardiovascular System

The cardiovascular system includes the arterial, ve-
nous, and lymphatic systems. The lymphatic system
has unique structures, variously termed lymph sacs,
lymph hearts, or lymph vesicles, which serve to re-
strict flow of lymph unidirectionally so that it returns
to the heart. The lymph hearts beat in synchrony at
50-60 beats per minute, independent of the cardiac
rate (Conklin, 1930). Given the rapidity of the lymph
heart rate, it is sometimes difficult to obtain lymph
from these sites. Illness should be expected whenever
large volumes of lymph accumulate in any lymph sac.
The volume of lymph moved by this system is as-
tounding. One study determined that fluid leakage
from the plasma was over 50 times the total plasma
volume in a 24-hour period, and this leakage was re-
covered and circulated by these lymphatics (Isayama,
1924 as cited in Boutilier et al., 1992; Churchill et al.,
1927). Well hydrated terrestrial amphibians may be
able to route fluid absorbed through the skin directly
into the lymphatics (Boutilier et al., 1992), bypassing
the arterial blood. Since this fluid is then eliminated by
the kidneys, this could have a profound effect on the
absorption and distribution of pharmacological
agents administered cutaneously. The lymph consists
of the components of blood, except for erythrocytes.
Variation between the components of plasma versus
lymph appears to be poorly documented.

The Adult Caecilian. Caecilians possess the typical
amphibian heart, consisting of the right and left atria
and one ventricle. The left atrium is usually smaller
than the right, and the atrial septum is fenestrated.
Due to the lack of limbs, the circulatory system of the
caecilian lacks many of the major peripheral arteries
and veins found in other amphibians. The routing of
blood through the caecilian is largely undocumented,
but extrapolating from the patterns established in
salamanders and anurans, it is reasonable to assume
that the renal and hepatic portal vein systems receive
blood from the caudal half of the caecilian (Simons,
1959). Until pharmacokinetics studies document oth-
erwise, it is best to avoid administering drugs that are
metabolized or excreted either renally or hepatically
in the caudal half of a caecilian.

Caecilians may have over 200 lymph hearts subcu-
taneously which deliver lymph into the intersegmen-
tal veins.

The Adult Salamander. The three-chambered heart
is generally found beneath the confluence of the pec-
toral girdle and sternum. A ventricular septum is pres-
ent in the lesser siren, Siren intermedia, and mud-
puppy, Necturus maculosus (Putnam, 1975; Putnam
& Dunn, 1978). The left atrium is usually smaller
than the right. The interatrial septum is fenestrated
except in sirens, Siren spp., and the hellbender, Cryp-
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tobranchus alleganiensis (Putnam, 1977; Putnam &
Parkerson, 1985). Lungless salamanders (Plethodon-
tidae) have a modified interatrial septum that allows
both atria to receive blood from the sinoatrial aper-
ture and prevent stagnation of the flow through the
left atria (Putnam & Kelly, 1978). If gills are present,
the branchial vasculature is prominent. In darkly pig-
mented salamanders the superficial vasculature is dif-
ficult to discern unless there is obvious hyperemia.
However, many salamanders possess white-colored
or translucent abdominal skin which may allow direct
visualization of the midline abdominal vein. The cau-
dal tail vein runs immediately ventral to the caudal
vertebrae, and again may be visible if the skin is
translucent.

Both renal and hepatic portal vein systems are pres-
ent in the caudal half of the salamander. Blood pass-
ing through the renal portal vein system passes
through the kidneys before entering the postcaval
vein, whereas blood passing through the hepatic por-
tal vein system passes through the liver prior to enter-
ing the vena cava. It appears that the renal portal sys-
tem receives a major portion of the blood drainage
from the tail, but the factors that determine the rout-
ing of blood in the caudal half of the body are largely
undocumented. Until pharmacokinetic studies docu-
ment otherwise, it is best to avoid administering drugs
that are metabolized or excreted either renally or he-
patically in the hind limbs or tail of salamanders.

The lymphatic system of the European fire sala-
mander, Salamandra salamandra, has been exten-
sively described (Francis, 1934). Intestinal lymphatics
empty into the subclavian veins, whereas the other
lymphatics may empty into the cutaneous, cardinal,
subvertebral, or lingual veins. The number of lymph
hearts varies with species, but in this medium-sized
salamander there are around 11 lymph hearts located
in the head and coelom, and four lymph hearts that
occur caudal to the sacrum.

The Adult Anuran. The heart of the anuran has
been extensively studied (Kumar, 1975). The three-
chambered heart is generally found beneath the con-
fluence of the pectoral girdle and sternum. The left
atrium is usually smaller than the right, and the inter-
atrial septum is complete, unlike that of the other two
orders of amphibians. In some anurans, the ventricu-
lar trabeculae are numerous and thick (Plate 3.11). In
darkly pigmented anurans the superficial vasculature
is difficult to discern unless there is obvious hyper-
emia. However, many anurans possess white-colored
or translucent abdominal skin which may allow direct
visualization of the midline abdominal vein. The vas-
culature of the hindlimb webs and hind limbs are
readily identified upon a cursory examination. An ex-
tensive lingual venous plexus is present on the under-
side of the tongue in most species of anurans.
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Both renal and hepatic portal vein systems are pres-
ent in the caudal half of the anuran. Blood passing
through the renal portal vein system passes through
the kidneys before entering the postcaval vein,
whereas blood passing through the hepatic portal vein
system passes through the liver prior to entering the
vena cava. The factors that determine the routing of
blood in the caudal half of the anuran body are largely
undocumented. Until pharmacokinetic studies docu-
ment otherwise, it is best to avoid administering drugs
that are metabolized or excreted either renally or he-
patically in the hind limbs of anurans.

The lymphatic system of two European ranids has
been extensively described (Haslam, 1971), and the
structure and function of the lymph hearts of anurans
has been reviewed (Carter, 1979). Anurans have few
lymph hearts when compared to other amphibians.
There may be from 1-5 or more lymph hearts located
along the coccyx, and one pair located subscapularly.
Enlarged subcutaneous lymphatic spaces occur in
varying places on anurans. A prominent pair may be
found dorsally on either side of the urostyle in many
terrestrial anurans, and this is a convenient site to ob-
tain samples of lymph fluid. Collection of lymph is en-
hanced in frogs paralyzed with curare (Conklin,

1930).
3.3.9 Hematolymphopoietic System

The hematolymphopoietic system of amphibians has
been reviewed (Plyzycz et al., 1995). All amphibians
possess a thymus, which is one source of T-lymphocytes
in amphibians. The thymus is present throughout life in
amphibians, although malnutrition and stress may elicit
involution and atrophy of the thymus in captive am-
phibians (Plyzycz et al., 1995). Hibernation may also
cause a reduction in the size of the thymus. The spleen
has both red and white pulps in amphibians, which act
as the respective centers of erythropoiesis and
myelopoiesis. Seasonal variation has been noted in the
size of the spleen (Plyzycz et al., 1995). Gut-associated
lymphoid tissue (GALT) is present in amphibians. In
general, aquatic amphibians lack functional bone mar-
row, but sites that serve as functional equivalents are
found in the liver and kidneys.

The Adult Caecilian. Caecilians lack functional
bone marrow, but lymphopoiesis occurs in various
sites such as the liver, kidneys, thymus, and spleen.

The Adult Salamander. The bone marrow of ter-
restrial salamanders has sites of lymphomyelocy-
topoiesis which are lacking in aquatic salamanders.
The ventral meninges of some species of primitive
aquatic salamanders also act as hematolymphopoietic
tissue. Lymphomyeloid organs are lacking in all cau-
dates.

The Adult Anuran. Terrestrial anurans possess
functional bone marrow, but it does not serve as a site

for erythropoiesis, only lymphocytopoiesis and
myelothrombocytopoiesis. Lymphomyeloid organs
are sentinels that process antigens to produce a strong
humoral response. The lymphomyeloid organs are
not connected with the lymphatic system, rather the
afferents of lymphomyeloid organs are either arteries
or veins or both.

3.3.10 Endocrine System

The endocrine system of the amphibian is similar to
that of other vertebrates, and the function of the vari-
ous organs is similar, although the actual secretions
produced may have significant structural differences
from their analogues in other vertebrates (e.g., calci-
tonin). A review of the endocrine system has been pub-
lished (Gorbman, 1964). Due to the long use of am-
phibians as models for study in the fields of embryology
and endocrinology, detailed information concerning
the amphibian endocrine system may be found in many
endocrinology texts. The endocrine glands (and associ-
ated secretions) include the following: adrenals (epi-
nephrine, norepinephrine, corticosteroids), gonads
(testosterone, estrogen, progesterone), pancreatic islets
(insulin), parathyroids (calcitonin, parathyroid hor-
mone), pineal body (melatonin), pituitary (adrenocor-
ticotropin or ACTH, antidiuretic hormone or ADH,
arginine vasotocin, follicle-stimulating hormone or
FSH, luteinizing hormone or LH, melanophore-stimu-
lating hormone or MSH, oxytocin, prolactin), thymus
(thymosin), thyroid (tri-iodothyronine or T;, tetra-
iodothyronine or T,), and ultimobranchial bodies (cal-
citonin). The locations of the endocrine glands in am-
phibians are similar to the locations in reptiles, with a
few exceptions as noted below.

The Adult Caecilian. The adrenal glands of the cae-
cilian are located on the ventrimesal surface of the
kidneys.

The Adult Salamander. The adrenal glands of the
salamander are located on the ventrimesal surface of
the kidneys. Parathyroid glands are lacking in mud-
puppies, Necturus spp. The ultimobranchial gland is
singular in most species of salamanders but is paired
in amphiumas, Amphiuma spp., and mudpuppies,
Necturus spp.

The Adult Anuran. The adrenal glands vary in lo-
cation depending on the species of anuran, but remain
in close association to the kidneys. The adrenals lie
lateral to the kidneys in advanced anurans, but are
ventrimesal or medial in primitive anurans. It has
been documented that the corpora lutea secrete pro-
gesterone in some viviparous species (e.g., African tree
toads, Nectophrynoides spp.). Parathyroid glands
regress during the winter in some species and may not
be detectable. The ultimobranchial glands are found
adjacent to the larynx in most anurans but are lack-
ing in clawed frogs, Xenopus spp.




3.3.11 Reproductive System

The reproductive system of the amphibian is fairly
standardized considering the diversity of reproductive
modes utilized by this class of vertebrates. The gonads
are paired, and gametes travel to the cloaca through
ducts. The cloaca also receives waste from the diges-
tive tract and the bladder.

The Adult Caecilian. The paired testes of the cae-
cilian are intimately connected to the kidneys by the
mesorchium. Seasonal fluctuation in testicular size oc-
curs. The testes are elongated and lobed. Depending
on the species, either the anterior lobes or the poste-
rior lobes may be larger, or all lobes may be approx-
imately equal in size (Wake, 1968). Spermatogenesis
occurs within locules of the lobe of the testis, and
sperm is transported from the testis through vas ef-
ferentia to nephric collecting tubules which empty
into the Wolffian duct. The Wolffian duct empties
sperm into the cloaca. An intromittent organ, the
phallodeum, is present, which allows for internal fer-
tilization. Mullerian ducts are present in caecilians.
The paired ovaries are intimately connected to the
kidneys by the mesovarium. The follicles are sur-
rounded by a thin membranous ovisac. The ovisac
must rupture for ovulation to occur, and the ova are
released into the coelom. Cilia within the coelom di-
rect the ova to the infundibulum, which lies near the
lungs. The oviducts are straight and elongate. In vi-
viparous caecilians the oviductal lining may be con-
sumed by the embryos as a food source (Plate 3.12).
Fat bodies are associated with the gonads and proba-
bly serve as a nutrient source for the gonads as their
size changes in relation to gonadal activity.

The Adult Salamander. The testes of the salaman-
der are lobed, and additional lobes may be added with
each breeding season. Sperm transport to the cloaca is
similar to that described for caecilians, but in some
species of salamanders the nephric collecting tubules
empty sperm or ova directly into the cloaca. In female
salamanders the dorsal aspect of the cloaca is modi-
fied into a spermatheca. Glandular material lines the
walls of the cloaca in male salamanders, which en-
gorge during the breeding season. No intromittent or-
gan is present, but internal fertilization is achieved by
transfer of a spermatophore. The spermatophore is a
gelatinous structure produced by the male that en-
capsulates the sperm to protect it from the environ-
ment before it is taken up by the female’s cloaca. Ex-
ternal fertilization occurs in two families, Hynobiidae
and Cryptobranchidae. The oviducts are minimally
convoluted. Ovulation is as described for caecilians.
Fat bodies are associated with the gonads.

The Adult Anuran. The testes of the anuran are not
lobed, and in some species of anurans the testes are
pigmented. Sperm transport to the cloaca is similar to
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that described for caecilians. A seminal vesicle may be
present. The Bidder’s organ is a remnant of ovarian
tissue that is found on the testes of adult bufonids.
Members of the Leiopelmatidae possess an intromit-
tent organ, but this structure is not described for any
other frogs. Fertilization is external for most species,
but internal fertilization is known or suspected for
some species (e.g., the viviparous toads, Necto-
phrynoides spp. and some species of robber frogs,
Eleuthrodactylus spp.). Mullerian ducts are present in
some species of anurans. The oviducts are convoluted.
Ovulation is as described for caecilians. Corpora lutea
develop in some viviparous species. Fat bodies are as-
sociated with the gonads.
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CHAPTER 4
APPLIED PHYSIOLOGY

Kevin M. Wright, DVM

Feder and Burggren’s (1992) text Environmental
Physiology of the Amphibians is essential reading for
the veterinary clinician, as it provides unparalleled in-
depth coverage of the physiology of amphibians. Brief
reviews of amphibian physiology may be found in
other texts (Duellman & Trueb, 1986; Goin et al.,
1978; Porter, 1972a, 1972b; Stebbins & Cohen,
1995; Zug, 1993). The focus of this chapter will be
those aspects of amphibian physiology with immedi-
ate clinical relevance.

4.1 THERMAL HOMEOSTASIS

The thermal requirements of amphibians vary
tremendously between species and even between geo-
graphic variants of the same species. An understand-
ing of a species’s thermal preferences and tolerances is
essential for guiding vivarium design and husbandry
efforts, for many of an amphibian’s metabolic
processes are impacted by the temperature at which
they occur (Hutchison & Dupré, 1992; Rome et al.,
1992). (See Chapter 5, Amphibian Husbandry and
Housing.) If an amphibian cannot maintain its body
temperature appropriately it will fail to thrive in cap-
tivity. If an amphibian is maintained at temperatures
below its preferred body temperature, it may show
signs such as inappetence, lethargy, abdominal bloat-
ing from decomposition of ingesta, poor growth rate,
and immunosuppression. When maintained at tem-
peratures above its preferred body temperature, an
amphibian may show signs such as agitation, exces-
sive movement, changes in skin color, inappetence,
weight loss despite good appetite, and immunosup-
pression. An appropriately constructed vivarium
should provide a mosaic of temperatures above and
below the preferred body temperature for the species
housed so that the inhabitants can thermoregulate.

Some species, such as the White’s treefrog, Pelodryas
caerulea, show a tremendous ability to withstand ele-
vated body temperatures, an adaptation which may
serve to conserve water. Individual White’s treefrogs,
Pelodryas caerulea, may bask to achieve a body tem-

perature in excess of 38°C (100°F). Metamorphosing
amphibians may seek out temperatures different from
the larvae or adults, as may ill amphibians. Behavioral
fever in amphibians has been demonstrated (Stebbins
& Cohen, 1995), but the fever’s potential impact on
successful treatment of disease in amphibians has been
ignored. Given the limitations of current understanding
of the thermal requirements of amphibians, it is im-
portant for the enclosures used to provide a mosaic of
thermal environments above, below, and including the
known or presumed preferred body temperature for
the species in question.

4.2 WATER HOMEOSTASIS

Amphibians have developed a wide variety of be-
havioral and physiological adaptations to cope with
the challenges of existing in either an aquatic
(Boutilier et al., 1992) or terrestrial (Shoemaker et al.
1992) environment.

The skin of most amphibians, with the exception of
a few species of treefrog (e.g., leaf frogs, Phyllome-
dusa spp., reedfrogs, Hyperolius spp., foam-nest
treefrogs, Chiromantis spp.), is a negligible barrier to
water loss. The rates of water loss by evaporation are
much higher for amphibians than other terrestrial ver-
tebrates, a fact that serves as a limiting factor to the
range and activity pattern of amphibian species.
Many terrestrial amphibians, especially those lungless
forms (e.g., plethodontid salamanders), must remain
moist in order for gas exchange to be effective. Thus
many amphibians limit their activity patterns to ex-
ploit periods of elevated humidity (e.g., during or im-
mediately following rain, during fog, or at night).

Several treefrog species possess a skin that is ex-
tremely resistant to evaporative water loss. The un-
derlying etiology of this phenomenon is only well doc-
umented in the genera Phyllomedusa (Blaylock et al.,
1976). Members of this genus have lipid glands in
their skin that secrete a waterproof substance com-
posed of waxy esters and other fatty acid compounds
(McClanahan et al., 1978). The secretions of these
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glands are smeared over the surface of the frog with
stereotyped movements of its feet. This lipid coating
imparts a surface resistant to cutaneous water loss
that is comparable to that of many reptiles.

The lipid glands possessed by phyllomedusine frogs
are lacking in other species of hylid frogs thus far
studied. In other amphibians a combination of several
features of the dermis and epidermis may contribute
to the waterproofing of the skin. Structures that have
been described that may reduce evaporative water loss
through the skin include stacked iridophores, a band
of undetermined material immediately beneath the
stratum corneum, or dried mucus on the surface of the
skin. Doubtless other water reduction mechanisms
await elucidation.

It is notable that the above described anatomic and
physiologic adaptations to reduce evaporative water
loss are lacking on the ventral surface of many am-
phibians. The ventral surface is an important route for
the uptake of water from the environment, and in
anurans a modified area of the pelvic ventrum is some-
times known as a “drinking patch” (Parsons, 1994).
The more adapted an amphibian is to a xeric envi-
ronment, the more effective it is at extracting moisture
from the soil. The drinking patch accounts for up to
80% of the water uptake of an anuran. Little water
uptake occurs through the gastrointestinal tract ex-
cept in some species such as the waxy treefrog, Phyl-
lomedusa sauvagii (McClanahan & Shoemaker,
1987). Most amphibians cannot be said to drink in
the manner of other terrestrial vertebrates, thus oral
fluids are of little help in combatting dehydration in
the amphibian. Soaking the dehydrated amphibian in
shallow water and, on occasion, subcutaneous or in-
tracoelomic administration of appropriately dilute
dextrose/electrolyte solutions are the suggested meth-
ods of combatting dehydration.

Certain behaviors minimize water loss to the envi-
ronment. Hylid treefrogs have a water conserving
posture which reduces the surface area exposed to
evaporative effects of the environment. The limbs are
adducted and the head is pressed against the surface.
The ventrum is well protected by the rest of the anu-
ran’s body. If a treefrog is consistently in this posture,
it suggests that the humidity of the enclosure is too
low, and appropriate corrective measures should be
undertaken.

The osmolality of a well hydrated amphibian is over
200 mOsm (Bentley, 1971). To increase the water ab-
sorbability, some amphibians may selectively retain
additional solutes so that it can extract water from
much drier soils. Since the amphibian kidney cannot
concentrate urine above the osmolality of plasma, one
of the main methods of water conservation is the abil-
ity to tolerate a wide fluctuation in the osmolality and
composition of its plasma. This physiological adapta-

tion can confound the interpretation of a single
plasma biochemistry in the amphibian, thus multiple
biochemistries, sufficient to assess plasma osmolality,
are recommended as part of the amphibian diagnostic
evaluation.

Aquatic amphibians are under a different water flux
than terrestrial species, as they are immersed in a hy-
posmotic environment. Aquatic amphibians are
adapted to excreting excess water while conserving
plasma solutes. Water is continually being absorbed
through the skin and gills, if present. If the excretory
function of the kidneys fail, or the cutaneous ex-
change functions fail, the plasma will rapidly dilute
with absorbed water while ions and other solutes are
lost. This is problematic, for it is difficult to initiate
any corrective action (i.e., reestablishing “normal”
plasma osmolality via parenteral dextrose/electrolyte
solutions or colloid solutions) that does not exacer-
bate the problem. (See Section 24.9, Maintaining the
Electrolyte Balance of the Ill Amphibian.) Volume
overload through expansion of the blood (plasma)
volume eventually places undue stress on the heart
and quickly incapacitates the amphibian.

Aquatic amphibians generally excrete ammonia as
their main nitrogenous waste, and this is excreted not
only through the kidney but also by the skin and gills,
if present. Since ammonia is so toxic, this is not an op-
tion for amphibians that aren’t surrounded by water
at all times. Terrestrial amphibians convert a large
portion of their nitrogenous wastes to urea via or-
nithine cycle enzymes located within hepatocytes.
Urea is less cytotoxic than ammonia and can be stored
inside the bladder without consequence. When the am-
phibian has access to water, it will void its urea-laden
urine. Some species can actually switch back and forth
between ammonia as the main nitrogenous waste and
the production of urea, depending on the availability
of water (Balinsky et al., 1961). A few species of anu-
rans (e.g., phyllomedusine frogs, rhacophorid foam-
nest frogs) are known to produce uric acid as a further
water conservation method (Loveridge, 1970, Shoe-
maker et al., 1972). A common pet anuran, waxy
treefrog, Phyllomedusa sauvagii, is uricotelic. Am-
phibians appear to have a different localization of their
purine cycle enzymes within the hepatocyte than oc-
curs in other uricotelic vertebrates (i.e., nonavian and
avian reptiles), and the level of activity appears slightly
lower in amphibians (Smith & Campbell, 1988). A fi-
nal alternative to nitrogen storage prior to elimination
is the incorporation of nitrogen into purines within
iridiophores, which occurs in some reed frogs, Hyper-
olius spp., when experiencing dehydration (Geise &
Linsenmair, 1986).

Some terrestrial amphibians can tolerate a loss of
body water up to 40% of their body weight, and can
maintain constant plasma solute concentration until




the reservoir of water in the bladder is expended (Shoe-
maker et al., 1992). Under conditions of restricted wa-
ter, amphibians cease to produce urine as conservation
of body water takes precedence over excretion of ni-
trogenous wastes. Thus, dehydrated amphibians are
often suffering from varying levels of ammonia or even
urea intoxication following rehydration. Systemic gout
as a result of dehydration is possible although undocu-
mented. Urate bladder stones are a more common se-
quelae to dehydration and have been discovered in sev-
eral waxy treefrogs, Phyllomedusa sauvagii.

Given the permeability of amphibian skin, many
exogenous compounds are freely absorbed. This ab-
sorption is useful since it allows many beneficial sub-
stances such as antibiotics and anthelmintics to be ad-
ministered topically. Toxic substances, such as chlorine
from chlorinated water, may also readily be absorbed
by an amphibian, making them potentially more sen-
sitive to many environmental contaminants.

4.3 ENERGY METABOLISM

Under normal activity levels, energy production in
the amphibian is produced primarily by aerobic meta-
bolic pathways, while outbursts of unusual activity
are sustained by anaerobic metabolic pathways (Gat-
ten et al., 1992; Pough et al., 1992). Amphibians that
make explosive escape attempts, such as ranids, uti-
lize anaerobiosis for this activity and quickly fatigue
with the buildup of lactate (any salt derived from lac-
tic acid) in the muscle tissues. Thus those amphibians
with a low aerobic scope may suddenly collapse dur-
ing physical restraint or during capture attempts. The
sustainability of this anaerobic activity is brief, often
lasting less than 2 minutes. Other amphibians, such as
bufonids, have a high aerobic scope and can put up a
continuing struggle with minimal signs of fatigue.
There is a strong correlation between an amphibian’s
hunting techniques and its aerobic scope. Sit and wait
predators (e.g., ranids, ceratophryne leptodactylids)
have a low aerobic scope while active foragers (e.g.,
bufonids) have a high aerobic scope. There may be
marked differences in the aerobic scope between age
classes of a given species, with young specimens hav-
ing a lower aerobic scope (Taigen & Pough, 1981).

Recovery from fatigue varies among species, but the
rate of oxygen consumption appears to be one of the
main limiting factors (Gatten et al., 1992). The clini-
cian should avoid exhausting the critically ill amphib-
ian patient through excessive handling. Slightly ele-
vated levels of atmospheric oxygen for several
minutes prior to and immediately following handling
is recommended for the critical patient. Bubbling oxy-
gen through water used to moisten the amphibian pa-
tient may help speed recovery. Typically, amphibians
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return to resting values of oxygen consumption
within an hour of exercise-induced exhaustion (Gat-
ten et al., 1992).

The majority of the energy for nonsustainable exer-
cise in amphibians occurs via glycolysis. As glycogen
is metabolized, the concentration of lactate in the
muscles rises whereas succinate, pyruvate, and other
metabolites are relatively unaffected. Total-body lac-
tate can take several hours to clear from an amphib-
ian’s system. The metabolism of lactate has been
poorly studied in amphibians, but what little is known
indicates that it is very different from lactate metabo-
lism in mammals. In one experiment to determine the
fate of lactate, specimens of the American toad, Bufo
americanus, were exercised and treated with radioac-
tively labeled lactate and glucose (Withers et al.
1988). Whereas mammals subjected to similar exper-
iments oxidized the majority of the lactate (up to
95%), the toads oxidized less than 10% of the labeled
lactate. Excretion of lactate is limited in amphibians.
The lactate level in the urine of amphibians is ex-
tremely low, if present at all, and the gills or skin play
seemingly insignificant roles in eliminating lactate
from the aquatic amphibians studied.

Although increased levels of blood lactate do not ap-
pear to directly correlate with muscle fatigue in am-
phibians, it is known that lactate plays a role in the de-
velopment of fatigue in amphibians, probably due to its
contribution to the level of free hydrogen ions in the
muscle. The hydrogen ions contribute to the develop-
ment of acidified inorganic phosphorus ions, such as
H,PO,, and appear to be the proximate cause of fatigue
in amphibians and mammals (Gatten et al., 1992).

The scarce amount of information on lactate and
acid-base metabolism in amphibians has been scarcely
addressed compared to the volume of material de-
voted to mammals. The pH of amphibian blood can
vary widely in normal specimens, and although com-
pensatory mechanisms appear similar in amphibians
and mammals, the exact nature and contribution of
the different mechanisms are not well understood in
amphibians (Boutilier et. al, 1992; Shoemaker et. al,
1992). Given that the fate of endogenous lactates is
poorly understood in amphibians, as are the compen-
satory mechanisms for dealing with metabolic acido-
sis or alkalosis, the clinical use of sodium lactate
(found in lactated Ringer’s solution) is not advisable
in amphibians.

4.4 CALCIUM METABOLISM

Calcium homeostasis is regulated through the in-
terplay of four hormones. The activity of calcitonin
and parathormone has been documented in anurans
and salamanders, yet vitamin D activity has only been
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documented in anurans and prolactin activity has
only been documented in salamanders. Calcitonin is
the hypocalcemic hormone that increases bone cal-
cium deposition. Amphibian calcitonin appears to be
significantly  different from bovine calcitonin
(Boschwitz & Bern, 1971) and salmon calcitonin
(Bentley, 1983), and calcitonin may even vary be-
tween species, since the black-spotted frog, Rana ni-
gromaculata, did not respond to one source of frog-
derived calcitonin (Oguro & Sasayama, 1985).
Parathormone elevates blood calcium by mobilizing
calcium from the bones. Vitamin D elevates plasma
calcium levels in adult anurans and increases calcium
uptake in larval anurans, while prolactin promotes
hypercalcemia in adult salamanders. Calcium is an
important regulatory ion, for it is involved in many
metabolic pathways throughout the body including
activity of muscles and nerves.

Calcium 1s absorbed from the environment either
across the skin or through the gastrointestinal tract,
while it is lost to the environment through urine, fe-
ces, and the skin. In addition to bone and the en-
dolymphatic sacs, the skin can be a significant storage
site of calcium, with up to 30% of the total body cal-
cium stored in the skin of some anurans (Baldwin &
Bentley, 1980).

Hypocalcemia is a serious metabolic derangement
and can affect the striated and smooth musculature of
the amphibian. Tetany may develop in hypocalcemic
striated muscle while smooth muscle dysfunction may
result in lack of peristalsis and associate gastrointesti-
nal bloating. The permeability of the skin to calcium
allows treatment of hypocalcemia via baths of cal-
cium ion solutions such as calcium gluconate. Effects
of hypercalcemia are not clinically defined at present.
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CHAPTER 5
AMPHIBIAN HUSBANDRY AND HOUSING

Sandra L. Barnett, MA, John F. Cover, Jr., BS, and Kevin M. Wright, DVM

5.1 INTRODUCTION

Much of the morbidity and mortality in captive am-
phibians is the result of poor husbandry practices. By
developing and utilizing good husbandry skills, keep-
ers of amphibians can minimize or avoid many of the
medical problems described in this book, as well as
their potentially expensive and time-consuming treat-
ments.

Most amphibians will thrive in captivity, given
proper care, correct environment, and a balanced diet.
Some species, such as the ornate horned frog, Cer-
atophrys ornata, the African clawed frog, Xenopus lae-
vis, and the tiger salamander, Ambystoma tigrinum,
are remarkably adaptable and can be maintained un-
der a variety of conditions, ranging from spartan to
complex. Other species, such as the stubfoot toads
Atelopus spp. and Darwin’s frog, Rhinoderma dar-
winii, remain problematic to maintain for the long term
and to breed.

Success in keeping amphibians comes from paying
attention to the dozens of small details discussed in
this chapter concerning handling, housing, and nutri-
tion. Adherence to these guidelines can make the dif-
ference between a captive amphibian that does poorly
and dies prematurely, and one that positively thrives.

5.2 PLANNING FOR AN ACQUISITION

The first step toward responsible amphibian own-
ership is to review the available literature on the de-
sired species, prior to acquiring the animal. Some
comprehensive descriptions on the captive care of am-
phibians have been published (Coburn, 1992; Matti-
son, 1993a, b; Murphy et al., 1994; National Re-
search Council, 1974; Schulte, 1980; Staniszewski,
1995; Stettler, 1981; Zimmerman, 1986). Advanced
Vivarium Systems publishes an open-ended series of
booklets (The Herpetocultural Library) on the hus-
bandry of commonly kept species of reptiles and am-
phibians (e.g., de Vosjoli et al., 1996). These inex-

pensive booklets are available in pet and aquarium
stores.

Another source of natural history and husbandry in-
formation on amphibians are hobbyist magazines,
available in pet and aquarium centers, as well as some
book stores and news centers. A wide variety of book
sellers advertise in the hobbyist magazines, and are a
good starting point for many of the newer books as
well as the obscure or out of print texts.

The animal care staff at zoos and aquaria, or mem-
bers of one’s local herpetological society can often pro-
vide detailed advice on the husbandry of a particular
species. Slavens and Slavens (1998) publishes an an-
nually updated inventory of reptiles and amphibians in
zoos and private collections. The Internet offers access
to numerous Web sites with information on amphib-
ian husbandry and housing. Not all information is
edited and reviewed by experts; use caution.

Sound husbandry practices are based on a thorough
understanding of a species’s natural history. Valuable
information relating to habitat requirements, tempera-
ture preferences, behavior, breeding, diet in the wild
and the like may be found in scientific journals (Table
5.1) available at the local public or university library,
or through direct subscription.

There are several excellent reference books (Duell-
man & Trueb, 1986; Stebbins & Cohen, 1995; Zug,
1993) that cover the biology and natural history of the
amphibians. Mattison (1987) provides an excellent
popular account on the natural history of the anurans.

If one is planning to collect amphibians directly
from the wild (assuming there are no laws prohibiting
it), one has an invaluable opportunity to make first-
hand observations on the species’s behavior and habi-
tat. These may vary on a daily or seasonal basis, so
long-term observations are best.

If a wild-caught amphibian is obtained from some-
one else, every effort should be made to find out as
much as possible about the animal’s place of origin,
since the natural habitat of the species may vary geo-
graphically. It also is useful to find out how long a
new purchase has been in captivity, how it has been
housed and fed, and what, if any, medications have
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Table 5.1. Addresses and publications of scientific herpetological organizations.

Organization

Society For the Study of Amphibians and Reptiles
Dept. of Zoology

Ohio University

Athens, OH 45701

Journal of Herpetology

Herpetological Review

Contributions to Herpetology

Catalogue of American Amphibians and Reptiles

Herpetologists’ League, Inc.
Dept. of Biological Sciences
East Tennessee State University
Johnson City, TN 37614

Herpetologica
Herpetological Monographs

American Society of Icthyologists and Herpetologists
Florida State Museum

University of Florida
Gainesville, FL 32611

Copeia

been administered. This information is useful in eval-
uating the amphibian’s current physical condition,
and may help in determining its food preferences.

It is important to realize that the hardiness of a
specimen and suitability for capture may vary season-
ally. Thus the northern leopard frog, Rana pipiens,
that has just completed spring spawning may not be
as robust and tolerant of environmental change as an
animal collected in the fall following a summer of
heavy feeding (National Research Council, 1974).

5.3 HANDLING AND TRANSPORTING A
NEW ACQUISITION

After gathering information on the natural history
and captive husbandry of the desired species, it is time
to make physical preparations for the soon-to-be-ac-
quired amphibian. This includes preparing an appro-
priate quarantine enclosure as well as permanent
housing for the amphibian (see Section 5.5, Housing),
making arrangements for a steady food supply (avail-
able from the first day the animal arrives), and prepar-
ing for the animal’s transport to its new home. Only
after these steps have been completed should the ac-
tual acquisition of the amphibian be undertaken.

In the case of a wild-caught amphibian, captive care
begins the moment the animal is collected. The animal
should be handled with clean disposable plastic or la-
tex gloves or hands wetted with water to minimize
damage to the amphibian’s delicate skin and protec-
tive mucus coating.

It is convenient to use a pump spray bottle filled with
fresh water for wetting one’s hands. The sprayer can
also be used to gently wash debris off the amphibian.
In general, it is advisable not to wipe amphibian skin,

and it should only be attempted with a swab or soft
cloth premoistened with fresh water. It is very easy to
compromise the mucus coating and irritate the skin.

Ideally, the collector should change gloves or wash
hands thoroughly between handling different am-
phibians. This is important not only for hygienic rea-
sons, but to avoid the unintentional transfer of any
noxious secretions or pheromone-containing sub-
stances from one animal to another. The skin and
glandular secretions of one species may be deleterious
to another.

Ampbhibians have a well developed olfactory sense,
and pheromones are an important mode of communi-
cation in many species (for a review, see Stebbins &
Cohen, 1995). Territorial salamanders, for example,
communicate their dominance partly via chemical
cues. It is possible to transfer these pheromones from
one individual to another during handling, thus spread-
ing stressful pheromonal cues among the animals.

Another consideration in the handling of amphib-
ians concerns heat transfer from the collector’s hands
to the animal. This can be significant with extended
handling of small amphibians, and can thermally
stress them. Also, amphibians may struggle hard
against their captor, leading to skin damage and other
injuries, such as dislocated joints.

The newly captured amphibian should be put in a
plastic transport container or water-tight plastic bag
as soon as possible (see Chapter 8, Clinical Tech-
niques). Each container or bag should hold only a sin-
gle species, since the defensive skin and glandular se-
cretions of some species are toxic to other species.
Sensitive amphibians may not only be poisoned by di-
rect contact with a noxious specimen, but indirectly,
by contact with a container contaminated from an
earlier use.




Whenever possible, amphibians should be placed in
individual containers or bags, to prevent animals
from inadvertently or intentionally injuring one an-
other. If a transport container is overcrowded with
amphibians, there is a greater risk of dangerous levels
of ammonia or urea levels arising from their urina-
tion. At a minimum, only same-size specimens should
be housed together during transport, and each am-
phibian should have enough space so that it is not
forced to sit on {or under) another animal.

Plastic bags are especially good for transporting
large or hyperactive specimens that may injure them-
selves in hard containers. It is best to use the sturdy
plastic bags used in the pet fish trade, as the plastic
bags sold for food storage in the supermarket are not
reliably watertight. A tiny amount of water should
be added to bags holding terrestrial or semiaquatic
amphibians. Bags can be one-third filled with water
for holding totally aquatic species and larvae. It is
preferable to transport an amphibian in the same
water in which it has been living, to minimize phys-
iological stress on it. No plant material should be
added to the bag, for some plants produce noxious
substances, and decaying plant material may foul the
water. The bag can be inflated with fresh air and
closed with a knot or tightly wound rubber band (a
wayward specimen may become injured working its
way up under a loose rubber band). The water in the
bag must be changed at least once daily to remove
dangerous wastes. Amphibians are especially vulner-
able to unsanitary conditions because their thin, per-
meable skin readily absorbs toxins from organic
waste.

Plastic food containers with snap-on lids work well
for transporting terrestrial amphibians. Some manu-
facturers treat food containers with antifungal agents
which may be toxic to some amphibians, therefore
new containers should be soaked and rinsed thor-
oughly before use.

A few small ventilation holes can be drilled in the up-
per wall or lid of the plastic containers. The holes
should be carefully sanded smooth on the inside sur-
face. Several layers of paper toweling, foam rubber, all-
natural sponge, or moss should be added to the con-
tainer after moistening with fresh water, and then
wrung out so it is not heavy enough to injure the am-
phibian if the material shifts during transport. Also,
transport containers should be shielded from direct
sunlight at all times to prevent its interior from attain-
ing temperatures lethal to amphibians.

Amphibians should be kept at their preferred tem-
perature during transport. Fossorial species, in particu-
lar, are not adapted to dealing with rapid temperature
changes and may tolerate only a very narrow thermal
range. High altitude species can be kept cool in styro-
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foam coolers with ice packs, or in climate-controlled
food coolers that operate off a battery pack or the cig-
arette lighter outlet in automobiles. Heat packs can be
used in styrofoam boxes to keep warm-adapted species
at optimal temperatures when transporting them
through cooler climates. Thermal packs should never
come in direct contact with an animal or its container.
The packs can be secured to the floor of the cooler with
duct tape and separated from the animal’s container by
at least 13 cm (5 in) of crumpled or shredded newspa-
per. The transport container should be well cushioned
and immobilized in the cooler by newspaper. “Pop-
corn” or styrofoam “peanut” packing material is not
recommended for shipping animals, because objects can
shift too much in the box during transit. Holes should
not be drilled into the cooler. The goal is to isolate the
contents of the cooler from outside thermal conditions.
Even with a closed lid, most containers allow sufficient
gas exchange with the outside to provide ample oxygen
in the “closed” environment for an amphibian. How-
ever, a transport container crowded with animals may
require better ventilation, as may a container subjected
to prolonged transport times.

When transporting an amphibian to its new home,
do it as quickly as possible to minimize stress. Soon
after an animal settles into its quarantine housing, the
amphibian should be offered a small meal. This is es-
pecially true for very young amphibians and species
with a high metabolism, such as mantellas, Mantella
spp., and poison frogs (family Dendrobatidae).

If a newly acquired amphibian is thin, beware of
feeding it heavily at any one meal. It is possible that
the animal has not eaten for some time, and conse-
quently the villous lining of its intestinal tract may
have atrophied. Without the absorptive surface of the
intestine operating, ingested food cannot not be uti-
lized by the animal, and may result in serious diges-
tive distress, even death. Frequent feedings of small
amounts is recommended to slowly condition the gas-
trointestinal tract.

If a newly acquired amphibian is not underweight,
it is still advisable to feed small meals. This will safe-
guard against possible gastrointestinal distress from
any abrupt change between its former and current
diet.

5.4 QUARANTINE

Newly acquired amphibians should be quarantined
away from the established collection to lessen the
chance of introducing disease or parasites to the res-
ident animals. The new arrivals may appear healthy
and robust, but they could be harboring pathogens to
which others animals may be sensitive. Also, the new
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animals may themselves become ill after arrival, due
to the stress experienced in transit and during adjust-
ment to a new environment and diet. Detailed aspects
of housing appropriate for quarantine are discussed
elsewhere (Chapter 23, Quarantine), as are medical
protocols for processing amphibians through quar-
antine.

It is stressful for an animal to move into a new and
unfamiliar environment. Depending on the source, the
amphibian may have been subjected to a variety of ad-
ditional stressors before reaching its final destination.
Among these stressors are inadequate hydration, inap-
propriate temperature and rapid temperature fluctua-
tions, food deprivation, physical jostling and mishan-
dling, unsanitary conditions, crowding, and housing
with inappropriate cagemates. Furthermore, the am-
phibian may have abraded or cut its delicate skin in
transport, creating avenues for pathogens to enter the
body. The situation is compounded by the effect of
stress, which depresses the animal’s immune function,
thereby making it more vulnerable to infection.

At the National Aquarium in Baltimore (NAIB),
stress on newly acquired amphibians is minimized by
housing the animals in well enriched enclosures that in-
clude the essential elements of the species’s natural habi-
tat. At NAIB, small nonaquatic amphibians are moved
temporarily into plastic containers (e.g., Small Pal
Pens®, Rolf C. Hagen USA Corporation, Mansfield,
MA; Smallworld®, Penn Plax, Garden City, NY) just
long enough to collect uncontaminated fecal samples
for laboratory analysis. Large frogs are put in grey plas-
tic trash cans with a fiberglass screened lid. A moist pa-
per towel substrate and a plastic hut (retreat) are put in
the temporary quarters to reduce the amphibian’s stress
level. Upright strands of plastic leaves may be added for
treefrogs to perch on.

The containers and trash cans used for fecal collec-
tion are rinsed with fresh water and the paper towel-
ing is changed daily. Usually, however, amphibians
are kept in these containers no longer than a couple of
hours for a diurnal species, or overnight for a noctur-
nal one. Comparable spartan caging has been suc-
cessfully used at the Philadelphia Zoo for the full
quarantine period and even for long-term mainte-
nance of some adaptable species of amphibians. How-
ever, the more conservative route of using an enriched
enclosure is advisable when there is doubt about the
hardiness of a specimen.

During quarantine, handling of animals and human
activity in the area should be kept to a minimum. Ros-
tral abrasions can occur when amphibians spook and
jump at the transparent walls of their enclosure. These
abrasions provide avenues for pathogens to enter the
body, and they can take months to heal. Even when
the lesions have healed, there can be unattractive, per-
manent loss of pigmentation and scarring.

One aid in preventing wild jumping at the tank
walls is to tape multicolored paper to the outside
walls to provide a visual barrier. Solid color barriers
may not be as easily perceived by some amphibians.
Black barriers can actually make a clean glass or plas-
tic surface act like a mirror. The mirror images of the
animal, its live food, and the cage interior may actu-
ally encourage striking behavior.

One option for minimizing striking trauma is to
tape, glue, or use plastic suction cups to adhere plastic
bubble wrap to the inside wall of the enclosure as a
cushion. The translucent bubble wrap may also make
the wall more obvious to the amphibian and prevent
striking behavior in the first place. Another alternative
is to place plants near the wall, to discourage jumping
and to cushion against any strikes.

In the case of aquatic enclosures with a barren,
transparent floor, it is best to place the tank on an
opaque surface to discourage the amphibian from try-
ing to swim through the bottom of the tank. This be-
havior can also result in rostral abrasions.

Provision of adequate refugia prevents or reduces
restless behavior. If an amphibian appears ill at ease
with its surroundings, the enclosure should be reex-
amined to eliminate stressful conditions.

5.5 HOUSING

5.5.1 Overview

Enclosures for captive amphibians can range from
spartan to highly complex systems. The initial cost of
spartan enclosures is quite low and the setup time is
minimal when compared to naturalistic enclosures.
However, spartan enclosures lack the natural biolog-
ical filtration of the complex systems, and thus require
more manual cleaning and servicing. This interven-
tion disrupts the amphibians’ daily life and, for some
species, may be quite stressful.

Spartan enclosures are not aesthetically pleasing,
and in some cases they may not accommodate the full
range of behavior for a species. In order to achieve
breeding success with many amphibians, and to sim-
ply keep many of the more delicate species alive, a
more naturalistic enclosure may be needed.

Ampbhibians are ectotherms. They have little meta-
bolic control of their body temperature and derive
their temperature from the ambient environment—
air, water, substrate, and, in some species, through
basking in the sun. Like all other animals, amphibians
prefer temperatures at which their body functions op-
timally for a given activity. Temperatures above and
below the preferred temperature may be stressful and
impair the animal’s ability to function normally.
Thermal stress may lead to illness or even death.



Given a thermal gradient, amphibians are able to
exercise some thermal control, often within rather
broad limits, by behavioral and physiological adjust-
ments. A thermal gradient allows an amphibian to de-
velop a behavioral fever when combatting infection.

Amphibians have glandular skin through which
they passively absorb and lose water, as well as respire
(marginally so in caecilians); they do not drink water.
Amphibians are subject to desiccation if put in a totally
dry environment, and most species require frequent
contact with a moist substrate and relatively humid air
to maintain a positive water balance. However, some
ampbhibians have difficulty with excessive water reten-
tion if put in an environment that is too wet. Given a
moisture gradient, amphibians are able to osmoregu-
late by moving in and out of different moisture
regimes, and by making postural adjustments.

Most amphibians have small body size, or at least
“stand short.” Their microhabitat is the interface of
the leaf litter, the surface of a leaf, the top layer of the
soil or stream bottom, or the subsurface environment
of rocks and burrows. Care must be taken to look be-
yond the larger, macroenvironment where tempera-
ture, humidity, and light levels may be strikingly dif-
ferent than they are in the world occupied by these
small animals.

Most amphibians are secretive. In their natural
habitat, they are often preyed upon by other animals.
Cryptic behavior, often augmented by camouflage, is
an integral part of their life. Even bold species with
bright aposematic (warning) coloration usually flee or
hide if sufficiently threatened.

The olfactory sense is well developed in most am-
phibians, especially in burrowing toads, newts, sala-
manders, and in caecilians (see Duellman & Trueb,
1986 for a review). Pheromones are important ele-
ments in the behavior of many species. The spatial
pattern of pheromonal signals can strongly define an
amphibian’s world.

When selecting housing for an amphibian, it is im-
portant to consider not only the lifestyle of the desired
species, but how the enclosure will be maintained over
the long term. Ideally, an enclosure and its life support
system should require little servicing, and can be
tended with a minimum of disturbance to the cage in-
habitants. A stable environment, with minimal inter-
ference by human hands, can be critical to success
with delicate species of amphibians.

It is wise to plan ahead and have an emergency
setup available, should a sick or injured amphibian
suddenly need to be separated from the group. When
possible, compromised animals should be treated in
their home enclosure. This is the familiar environment
in which they will feel the least stressed, and presum-
ably, their immune systems will function at their best.
If the problem is social in origin, it may be necessary
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to temporarily or permanently remove cagemates. In
any event, it may be less stressful for the sick or in-
jured animal to be isolated in its normal vivarium and
allowed to recover without interference or possible
stress from cagemates. If there is an adequate second
enclosure, it may be best to remove the healthy ani-
mals from the home cage, since they are in better con-
dition to cope with the stress of a move than their sick
or injured cagemate. However, residual pheromone
contamination from the former cagemates may con-
tinue to be a source of stress to an ill amphibian left
in its original housing. If pheromone contamination
or any other chemical contamination is suspected, the
ill amphibian should be moved into a previously un-
occupied vivarium.

5.5.2 The Basic Amphibian Enclosure

The most commonly used materials for amphibian
enclosures are glass and plastic. Plastic has the advan-
tage that it can be easily cut and drilled, such as is done
to install plumbing and create ventilation holes. A ma-
jor disadvantage of plastic is that it scratches easily. In
time, this may obscure viewing into the tank. Scratch-
ing also roughens the wall surfaces, making it easier for
small climbing food insects to escape. Plastics also are
more absorbent than glass, and may pick up and later
leach out disinfectants or other contaminants deleteri-
ous to the cage inhabitants. Many plastics become yel-
low and brittle after prolonged exposure to UV light
yet such light is commonly used over amphibian cages
for its possible health benefits to the animals (see Sec-
tion 5.6.4, Lighting).

Glass is not as easily drilled as plastic, but glass
companies and some aquarium stores will drill holes
in the walls and floor of untempered glass tanks for a
small fee.

At NAIB, plumbed glass aquariums and plumbed
plastic containers (e.g., Small Pal Pens®, Rolf C. Ha-
gen USA Corp., Mansfield, MA) are used to house
most of the amphibian collection (approximately 50
species of anurans, 1800 specimens). The tank di-
mensions and enrichment vary with the particular
habitat requirements of the housed specimens, but the
same basic tank design is used throughout the collec-
tion (Figure 5.1). It is applicable to a wide range of
amphibians, as described below.

NAIB uses custom-made hinged lids fashioned from
vinyl window screen framing over all amphibian
cages (see Figure 5.1), except for the plastic “Pal
Pens,” which come with snap-on plastic lids. The
vinyl framing is relatively weather-resistant and
nonabrasive. The frames are inset with removable
panels of fiberglass window screening. The panels al-
low fresh air to enter the cage and allow the trans-
mission of potentially beneficial ultraviolet (UV) radi-
ation from overhead sources. By using hinged lids,
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Figure 5.1. Lateral view of the unfurnished basic amphibian enclosure used at the National Aquarium in Baltimore. A. cross section of nom-
inal 2.5 X 5 c¢m (1” X 2”) board supporting the rim of the tank, tipping it toward the drain. B. plastic biofilter rings 2.5 cm outer diame-
ter (17 OD) used as pilings for the false floor, sections of PVC pipe can be substituted as pilings. C. false floor made from a sheet of plas-
tic “egg-crate” or light-diffusing panels. D. single layer of fiberglass window screening with 2.5 cm (1”) border turned up and pressed against
the tank wall by overlying gravel, or sealed to the tank wall with silicone rubber. E. two-panel lid made from 2.5 c¢m (1”) wide vinyl win-
dow screen framing. F. removeable fiberglass window screen panel. G. nylon nut and bolt lid handle; other plastic or stainless steel hard-
ware can be substituted. H. all plastic piano hinge attached with nylon nuts and bolts; stainless steel hardware may be substituted. L. aquar-
ium filter floss used as a stopper in the siphon well, to keep animals and debris out. J. clear plastic siphon well permanently sealed in place
with silicone rubber; the well extends below the false floor, to allow debris and dirty water to be siphoned out of the subfloor zone using a
removeable soft plastic hose fed down the well. N. layer of pea gravel. O. moist cover of rehydrated dried sheet moss or sphagnum moss.
(Inset) As an alternative to using a siphon well, the bottom of the tank may be plumbed using a bulkhead system (K, L, M). A hole must
be drilled in the bottom glass of the aquarium to use this system. K. A removable bulkhead system can be installed and connected to a drain
hose. Alternatively, a nylon or polyethylene male connector/reducer tube fitting with a 2.5 cm (1.0”) outer diameter threaded end can be
epoxied into the drain hole and cut flush with the inside floor of the tank; the tapered end press-fits into the flexible drain hose; a plastic
garden hose connector can be substituted for the male connector/reducer tube fitting. L. flexible vinyl tubing 1.7 ¢cm (11/16”) outer diam-
eter; 1.3 cm (0.5”) inner diameter). M. plastic stopcock. (Sandy Barnett) -

rather than one-piece construction, only part of the
cage needs to be uncovered during servicing which
helps to minimize the chances of escape by amphib-
ians and food insects.

All-aluminum window screen framing may be substi-
tuted for vinyl framing, which is not readily available in
stores, but any metal should be used with caution in an
amphibian enclosure due to the risks of metal toxicoses.
Standard fiberglass window screening will pass small in-

sects (e.g., fruit flies), but screening that is fine enough
to hold back very tiny insects is prohibitively expensive.
Galvanized hardware cloth lids and lids made with alu-
minum window screening are not recommended since
they can easily abrade the delicate skin of amphibians.
There is also the possibility that galvanized metal
screens will leach harmful levels of zinc.

Custom-cut sheets of clear thermoplastic (e.g., Plexi-
glas® Lexsan®) can also serve as lids. Numerous



small holes should be drilled in the plastic for ventila-
tion. Care should be taken that the holes are perfectly
smooth on the inside surface of the lid for the animals’
safety. The major disadvantages of solid plastic or
glass lids is that they significantly reduce ventilation
(see Section 5.6.2, Humidity), and they screen out po-
tentially beneficial UV light (see Section 5.6.4, Light-
ing). Also, some plastics tend to warp over time,
which may create gaps of sufficient size to allow the
inhabitants to escape.

There are some commercially available plastic vi-
varium tops that are designed to tightly fit onto the
top of all glass aquariums (e.g., “Pal Pen Tank Lids,”
distributed by Hagen). These lids fit well and, in gen-
eral, provide good ventilation and illumination. How-
ever fruit flies and small insects may be able to crawl
through the ventilation slits.

5.5.3 General Guidelines for Enclosure Setup and
Maintenance

Glues and Sealants. Only glues approved for
aquarium applications should be used in amphibian
enclosures. New constructions should be thoroughly
cured, and then soaked for several days in repeated
baths of clean water to reduce harmful levels of con-
taminants. Whitaker (1993) describes hyperactivity in
a large number of poison frogs (family Dendrobati-
dae) exposed to PVC pipes that had been freshly glued
with PVC cement.

At NAIB, the two-part epoxy paste “PC-7” (Pro-
tective Coating Co., Allentown, PA) is used to repair
crack lines in plastic aquariums, to attach bulkheads
to glass and plastic tanks, and to glue various porous
and nonporous amphibian cage furnishings together.
This epoxy is easy to work with, has a long setup
period, and bonds well even when rather imprecisely
measured and mixed. A similar product by the same
company, “PC-11,” can be used on wet surfaces.
Aquastick™ (Two Little Fishies, Inc., Coconut
Grove, FL) is another safe epoxy paste that comes pre-
measured for use. It has the advantage of attaching to
damp surfaces and curing underwater. Any time an
epoxy is used it should be allowed to completely cure
for at least 24 hours, and the cured epoxy should be
flushed with clean water several times before placing
the item in contact with a living amphibian.

Water Quality. The water used in an amphibian en-
closure should be free of harmful substances such as
chlorine, chloramine, ammonia, and heavy metals.

Although most adult amphibians are tolerant of
fairly high levels of chlorine, eggs and larvae may be
extremely sensitive. It is recommended that tap water
intended for use with amphibians be run through an
activated charcoal filter or aged for at least 24 hours
in an open container to outgas the chlorine. The ad-
dition of an air stone will greatly speed up the aging
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process. Caution should be used following the addi-
tion of a water filtration system, as the mineral con-
tent of the water may be altered in addition to re-
moving chlorine. As an example, tadpoles of the
dyeing poison frog, Dendrobates tinctorius, were
raised successfully in aged tapwater at the Philadel-
phia Zoo, but tadpoles from the same parents who
were offered the same food developed spindly leg
when raised in carbon-filtered water. Switching back
to aged tapwater eliminated the spindly leg problem
in subsequent batches of tadpoles. Although spindly
leg has been noted in various dendrobatids at the Na-
tional Aquarium in Baltimore, a clear link to the use
of carbon-filtered water has not been demonstrated.

It is recommended that water conditioners sold for
use with tropical fish not be used for preparing water
for amphibians. O’Reilly et al. (1995) report that tap
water treated with conventional chemicals used for
tropical fish is often fatal to the Rio Cauca caecilian,
Typhlonectes natans, the most commonly sold caecil-
ian in the United States. Also, some water conditioners
reduce or remove medication dyes such as malachite
green, methylene blue, and potassium permanganate,
and thus could interfere with a medical treatment.

Completely deionized water is harmful to aquatic
amphibians, as the effort needed to maintain the os-
motic balance of their body tissues cannot be sus-
tained long against such a gradient. Artificial pond
water consisting of distilled or reverse osmosis water
and mineral additives has been used with much suc-
cess with aquatic amphibians (see Table 24.1.). Bot-
tled spring water is also commonly used with am-
phibians. Any new water added to an amphibian
enclosure should be the same temperature as that in
the home tank to avoid thermal shock to the animals.
(See Chapter 12, Water Quality.)

If water is offered in a bowl to amphibians, it is im-
perative that the water be clean. Bacteria can colonize
water bowls quickly, and at an even faster rate when
the water is contaminated with feces, food, or shed
skin. This mandates that the bowl be cleaned daily
and disinfected several times weekly to reduce the
chance that the bowl will be a source of pathogenic
organisms (see Wright, 1993, for information on dis-
infectants). Keeping an emergent rock in the water
bowl will allow any food insects that fall in to escape.
Drowned insects quickly pollute the water.

Substrate. A medium-grade gravel substrate can
serve as an excellent biological filter in an amphibian
enclosure. The gravel should either be too large for
the amphibian to ingest or so small and smooth that
it can be passed through the digestive tract. Other-
wise, the amphibian may suffer complications arising
from a gastrointestinal foreign body impaction. It is
wise to use smooth gravel to minimize the possibility
of damage to the amphibian’s delicate skin, especially




42 —AMPHIBIAN MEDICINE AND CAPTIVE HUSBANDRY

if the animal tends to dig. Smooth gravel will also
minimize internal damage and facilitate passage,
should the amphibian ingest some of it. The gravel
should be of a color typical of the animal’s natural
habitat. For many ground- and rock-dwelling am-
phibians, this means that the animal will blend in with
the substrate. This camouflage is not only interesting
to observe, but presumably helps to make the am-
phibian feel less vulnerable and less stressed.

If sand is to be used to overlay the gravel, it is bet-
ter to use horticultural silver sand rather than
builder’s sand. The latter tends to form a crust after it
has been dampened and dries.

It is recommended that soil or potting mixes be used
sparingly, unless essential to the lifestyle of the am-
phibians being kept (e.g., fossorial or woodland
species). A soil substrate is more work to service and
drains less well than a simple gravel substrate covered
with moss or leaf litter. With proper planning, it is
possible to create a lush planted enclosure using soil
just around plant roots, or using epiphytic plants
(which require no soil) and rehydrated dried mosses
and leaf litter (Plate 5.1).

If soil is used over gravel, a layer of fiberglass win-
dow screening can be sandwiched in between to pre-
vent the soil from clogging up the gravel layer. Weed
guard fabric, available in hardware and garden stores,
can also be used for this purpose, but tends to clog up
with tiny soil particles over a period of months.

Many commercially sold topsoil and potting mixes
are unsuitable for amphibian enclosures because they
contain potentially dangerous chemical additives.
These include surfactants for moistening the soil, an-
tifungal agents, fertilizers, and aerating agents that are
potentially dangerous if ingested (e.g., perlite, styro-
foam). Manure-containing compost should be
avoided altogether, because it is too acidic and there
are often undesirable chemicals present. Peat moss
and potting mixes containing peat moss should be
avoided. They are too acidic for many amphibians
and will irritate their skin. Caecilians, in particular,
are very sensitive to contact with peat (O’Reilly et al.,
1995).

When soil is used, the composition should match
that of the amphibian’s natural habitat. For example,
the spadefoot toads, Scaphiopus spp. and Spea spp.,
do best in sandy, loamy soil, whereas lungless sala-
manders (family Plethodontidae) prefer rich, organic
soil that is pH neutral.

Soil of appropriate composition can be collected in
the field, so long as it is free of contaminants (e.g., mo-
tor oil, gasoline, pavement salt, paint). Generally,
there are few negative health implications of using
clean but not sterile soil. Some of the organisms pre-
sent in the soil, in fact, may help to keep the vivarium
healthy, breaking down waste products from the am-

phibians and dead plant material. However, if one
wants to be absolutely safe against possibly exposing
a captive amphibian to undesirable organisms, such
as trombiculid mites, the soil should be heat- or cold-
treated. Heat treatment is often effective in killing
arthropod parasites, and may also destroy the ova of
helminth parasites. The soil being treated should be
arranged in a layer no more than 2.5 cm (1 in) deep,
and baked at a temperature of at least 95°C (200°F)
for 30 minutes or more. Alternatively, exposing the
soil to temperatures well below the freezing point of
water (0°C, 32°F) for several weeks may kill soil
arthropods. Another option is to place the soil in a
dark plastic bag and place it in strong direct sunlight
for several hours.

Wood rot (crumbled wood from decaying logs) is
an excellent substrate for many woodland amphib-
ians. Fresh material may even contain invertebrate
species that are nutritious food for the captive am-
phibian. Again, however, one must weigh the benefits
of using a living substrate against the possibility of in-
troducing undesirable invertebrates and disease into
the captive environment. If wood rot is desired to be
pest free it can be treated by freezing or by placing it
in a dark plastic bag in direct sunlight. Oven treating
may cause the wood to char or otherwise alter its
composition.

The soil in a vivarium should drain readily, so that
pools of water do not form in it. Also, the soil should
have a moisture gradient, so that the amphibian can
carry out normal osmoregulatory functions (see Sec-
tion 5.6.2, Humidity). The range of the moisture gra-
dient that should be provided will depend on the par-
ticular requirements of the species being housed.

If an amphibian appears to avoid the soil in its en-
closure (e.g., if a fossorial species stays on the surface),
or shows signs of contact irritation (i.e., erythema of
the ventral surface, inappetence), the moisture con-
tent or soil composition may be inappropriate and the
soil should be replaced.

Ground Cover. Common ground covers include
live moss, rehydrated sheet and sphagnum moss,
hardwood mulch and nuggets, and leaf litter. All of
these materials, except for the leaf litter, can be pur-
chased at garden centers.

Properly maintained, these substrates will develop
a complex community of beneficial microorganisms
that will help to keep the substrate “healthy,” break-
ing down waste products from the amphibians and
dead plant material. Of course, this living system will
fail if the vivarium is overcrowded and the bio-load is
too high. A balance must be found. Prompt removal
of large droppings by hand is recommended, with
spot replacement of heavily soiled or decomposed
substrate at least every few months.

Living mosses often do poorly in vivariums because
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the light levels tend to be inadequate and moisture
levels too high or too low. Some amphibians (e.g.,
some specimens of terrestrial caecilians) appear to be
irritated by prolonged contact with sphagnum moss
or sheet moss (O’Reilly et al., 1995).

Sphagnum moss is considerably less expensive than
sheet moss. Moist sphagnum is an affordable solution
when a substrate is needed for temporarily housing a
terrestrial or fossorial anuran or salamander, as, for
example, during a medical procedure or quarantine.
The major disadvantages of sphagnum are that it
crumbles easily (small pieces stick to amphibians and
are easily ingested with prey items), and it is easily
tracked into the water. As the sphagnum decomposes
and packs down (over a period of many weeks), wa-
ter and wastes do not pass through it readily, and it
may become a breeding ground for undesirable anaer-
obic bacteria. However, when kept moist and
changed regularly, it can be used over a long period of
time to house many species of amphibians.

Sheet moss is expensive but attractive. It can be
arranged to form a smooth, carpetlike substrate
which gives food insects few places to hide and facil-
itates their capture by surface-feeding amphibians.
Moreover, the structural integrity of sheet moss re-
duces the chances that the amphibian will accidentally
ingest moss during food capture.

A tight carpet of sheet moss is useful for stabilizing
the bank along a stream or pond, and for preventing
an amphibian from tracking debris into the water.

Cedar and pine mulches and nuggets should be
avoided, as they contain natural compounds that are
potentially toxic to amphibians. Only untreated
hardwood mulches should be used. Care should be
taken to remove from mulch any shards of wood that
could injure the amphibian. Mulch retains moisture
well and aids in humidifying the vivarium. The mulch
should be replaced at least every few months.

Freezing or sunlight sterilization are the best op-
tions for treating moss, leaves, and bark to rid them
of undesirable organisms.

A heterogenous substrate may be needed to acco-
modate different aspects of an amphibian’s behavior
from tunneling in soil to foraging underneath dry
leaves. The natural world is rarely a homogeneous en-
vironment, and neither is the healthy vivarium.

In some instances, it may be desirable to house am-
phibians on a substrate of moist paper toweling (see
Section 5.5.8, Terrestrial Forest Floor Enclosures).
Unbleached paper toweling is a very hygienic sub-
strate when fresh, but it degrades rapidly and organic
wastes accumulate on the surface. Many amphibians
are restless and seemingly stressed on a paper towel
substrate, although others (e.g., many species of ter-
restrial salamanders) do fine on it (see Section 5.5.8).
Providing hiding spots in the form of crumpled balls
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of paper or folds in the towel substrate may relieve the
stress experienced by some individuals.

Plants. Plants, whether artificial or living, serve
many functions in the vivarium. They provide cover
and rest spots, elevated perches for territorial dis-
plays, sites for oviposition in some terrestrial and ar-
boreal species, and they act to filter the overhead light,
creating the more subdued lighting at ground level
that most amphibians prefer. Live plants provide ad-
ditional benefits over artificial plants. Some common
indoor plants help purify the air and utilize organic
wastes in the soil (Raloff, 1989). Live plants also in-
crease the humidity in an enclosure. Aquatic plants
help to oxygenate the water and rid it of harmful or-
ganic wastes.

Both terrestrial and aquatic plants can be rooted di-
rectly into the substrate, or they can be placed in in-
dividual pots that are buried in the substrate. Keeping
plants in their pots facilitates cage cleaning and re-
placement of old plant material, with a minimum of
disturbance to the cage inhabitants. Also, pots protect
plants against amphibians that tend to dig. Plastic
pots are preferable to terra cotta for the former are
lightweight, nonabrasive, non-absorbent and easily
cleaned.

Plants that thrive in low light levels are recom-
mended for amphibian enclosures, where subdued
lighting is most appropriate. Hardy terrestrial plants
that are especially tolerant of low light include the
peace lily, Spathipbyllum tasson, the emerald beauty,
Aglaonema commutatus, the silver queen, Aglaonema
roebelinii, golden pothos, Epipremnum aureum, and
the dwarf palm, Chamaedorea elegans. An extensive
review of plant species appropriate for the vivarium is
given in Mattison (1993b).

Many of the common vivarium plants contain ox-
alates. If consumed by prey insects, there is a poten-
tial for these oxalates to create problems in the am-
phibians consuming the insects. It is preferable to
release only as many plant-eating feeder insects into a
planted amphibian enclosure as can be eaten within a
few hours. When crickets are being offered, a small
dish of cricket food can be placed in the enclosure to
offer the insects an alternative to eating the vivarium
plants. Commercially prepared cricket food, which is
fortified, will also boost the nutritional content of the
feeder insects (Allen & Oftedal, 1989).

Whatever plants are used in the amphibian enclo-
sure should be free of sharp spines and edges and stiff
tips. Many bromeliads have rigid leaves with spines
along the edges. Such plants could impale or cut into
the delicate skin of an amphibian jumping across the
enclosures or tussling with a cagemate. These plants
should be avoided.

Plants that are purchased from a nursery will often
be contaminated with fertilizer, pesticides, fungicides,
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and detergents (to enhance the shine of the plants’
leaves). The potting soil may be similarly contami-
nated. As a safeguard against these hazards, all plants
should be removed from their original pot and as
much soil as possible should be removed from the
roots. The entire plant should then be thoroughly
rinsed in fresh water and repotted.

Arboreal bromeliads and other epiphytes can be
lightly wrapped in Osmunda fern fiber or wired to a
tree fern plaque. These absorbent natural products
provide an anchor for the roots, keeping them moist
but not wet. Tree fern boards are derived from the
stems of certain wild tropical ferns, and for this rea-
son, one may wish to avoid using this product. Com-
pressed peat logs are not recommended because of
their high acid content.

There is a small risk that plants will be contaminated
with the ova of nematodes pathogenic to amphibians.
A common source of the contamination for store-
bought plants is the feces of infected Cuban treefrogs,
Osteopilus septentrionalis, which thrive in the green-
houses of south Florida. Unfortunately, there is no
known treatment that will kill these ova without also
killing the plants or contaminating the plant with
chemicals deadly to amphibians. To reduce the para-
site load, all soil should be removed from the plant and
the plant should be rinsed well before repotting.

If aquatic plants are used, it is advisable to treat
them with a molluscicide or rinse them thoroughly in
fresh water to eliminate aquatic snails. Snails can
serve as the intermediate host for many parasites of
amphibians, and snails will eat amphibian egg
masses. The plants can be soaked in a 0.25 mg/L cop-
per sulfate solution for 48 hrs at 30°C (85°F) to elim-
inate any adult freshwater snails (Cardeilhac &
Whitaker, 1988). The plants should then be rinsed
thoroughly in fresh water to remove all dead snails,
their egg masses, and any copper residues. As an ad-
ditional safeguard against copper residues, the plants
should be held in copper-free water for several days
before being incorporated into the amphibian aquar-
ium. Copper-removing solutions (e.g., NovaAqua®,
Novalek, Inc., Hayward, CA), are available at pet
and aquarium centers.

Green algae often grows in the undisturbed pools
and streams of vivariums. Green algae can be benefi-
cial in cleansing the water, as well as in contributing
to the diet of herbivorous and omnivorous larval am-
phibians.

Branches, Rocks, and Other Heavy Furnishings.
Whenever heavy objects (e.g., rocks, branches, ce-
ramic flower pots, large potted plants) are used in an
amphibian enclosure, one must always consider the
potential for injury to the cage inhabitants if there is
a cave-in or the furnishings topple over.

Furnishings should be solidly built so that there is

no possibility of collapse. If the amphibian tends to
dig, heavy tank furnishings should rest directly on the
(false) floor rather than on top of the substrate. Oth-
erwise, the animal may undermine the furnishings and
be injured or killed in a cave-in. It is also possible that
glass or plastic cage walls could be damaged in such
an accident.

If a rock wall or waterfall is desired, the rocks should
be securely fixed together with silicon rubber or a wa-
terproof nontoxic epoxy (e.g., Aquastick™, Two Little
Fishies, Inc., Coconut Grove, FL). Attach the rocks to
a frame (e.g., rigid sheet plastic), and the entire system
can be removed, if needed. This can greatly facilitate
cage cleaning and maintenance work on the furnish-
ings. It also means that the configuration of the rock
structure will not change from cleaning to cleaning. Fa-
miliar retreats and perches will be left intact. This con-
stancy in cage furnishings may help to reduce the stress
of cage cleaning on the amphibians.

Rocks collected in the field should be thoroughly
rinsed in clean, running water before use. Branches
can be sun sterilized in a sealed, clear or black plastic
bag left in strong direct sunlight for a day. Alterna-
tively, branches can be frozen to eliminate undesirable
organisms.

To be safe, only rocks and wood suitable for use in
freshwater fish tanks should be used in aquatic enclo-
sures. As in the case of mulches, branches should be
hardwood.

Water bowls should be shallow, preferably with
sloping sides. They should be tip-proof and flat-
rimmed for comfortable perching. Heavy (shatter-
proof) unleaded glass, glazed ceramic bowls, or plas-
tic dishes are recommended because they can be eas-
ily cleaned and disinfected. If a ceramic bowl cracks
or chips, it should be discarded, because of the possi-
bility of lead leaching out. Cracked containers also
may have dangerous sharp edges, and they may har-
bor pathogens that are not easily removed during
cleaning.

Retreats. Amphibians are secretive animals, and
most spend a considerable amount of time hiding. It
is essential to provide them with adequate options for
such retreat or camouflage to prevent undue stress.
Appropriate hiding spots should be provided at dif-
ferent points in the thermal and moisture gradient, so
that the amphibians are not forced to choose between
meeting physiological needs and security.

The type of refuge that is most appropriate depends
on the species of amphibian involved. The Surinam
horned frog, Ceratophrys cornuta, will camouflage it-
self in a layer of moss or leaf litter to avoid detection
by potential predators and prey, while an arboreal
red-eyed treefrog, Agalychnis callidryas, will seek
refuge in lush green foliage.

Cork bark, hollow coconut shells, hardwood




branches, and smooth rocks can be used to provide
refuges as well as visual barriers within the enclosure.
There should be a minimum of one retreat per am-
phibian, more if the species in question is territorial.
The retreats should be scattered throughout the en-
closure in areas of different temperature and humid-
ity, so that an amphibian is able to hide in a spot with
an appropriate microclimate. Cave-style retreats
should not be used with species of amphibians that
will not use them (e.g., the giant monkey treefrog,
Phyllomedusa bicolor). For many of these amphib-
ians, caves are havens for live prey that go uneaten.

Cork bark can serve double duty as a retreat and as
a feeding platform for many species of small frogs,
such as the mantellas, Mantella spp., the stubfoot
toads, Atelopus spp., and the poison frogs (family
Dendrobatidae). Small insects (fruit flies, hatchling
crickets, springtails) can be sprinkled onto the bark,
where they are easy prey for the frogs. Even if the en-
closure is freshly misted, insects will not stick to the
bark, because it absorbs and passes moisture quickly.
Cork bark can be autoclaved for sterilization without
altering its appearance.

Amphibian retreats can be fashioned from darkly
colored plastic containers. Examples include plastic
bowls, storage containers, plant pots, and the rein-
forcement cup on the bottom of many soda bottles.
The chosen container is simply turned upside down,
and an access hole slightly taller and wider than the
amphibian is cut into the wall. The edge of the access
hole and the interior surface of the retreat should be
smooth, so that the amphibian cannot injure itself.
The size of the retreat will depend on the number,
size, and species of amphibian being housed. The re-
treat should be deep enough to enable the amphib-
ian to fully hide its body inside in a relatively dark
environment. Most amphibians that use hideaways
prefer one with a low ceiling, so that they can wedge
their body beneath it with their dorsum touching or
nearly touching the ceiling. Among the possible ex-
planations for this preference are water conserva-
tion, thermoregulation, and predator avoidance.

Similar to other amphibian habitats, aquatic enclo-
sures should include multiple dark retreats. A subor-
dinate amphibian should not be forced to share a re-
treat with a more dominant animal, and animals
should not need to venture far to seek cover. Furnish-
ings should be arranged so that when food is offered,
it is relatively near a refuge, such as a submerged rock
or wood cave, or section of PVC pipe.

5.5.4 Enclosure Location

Surrounding Activity. It is important to place an
amphibian enclosure in an appropriate location. Lo-
cate animals away from areas of high traffic and loud
noises (salamanders and caecilians have poorly devel-
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oped auditory sensitivity, but at least some species can
detect substratum vibration which traffic and loud
sounds may generate). Some amphibians are shy and
easily spooked. If one hopes to witness their complex
array of behaviors, it is helpful to be still or move
slowly and be quiet!

Vibration. Locate animals away from sources of vi-
bration. Research has shown that some amphibians
are stressed by exposure to constant vibrations (Na-
tional Research Council, 1974). When possible, do
not put canister filters, air pumps, and other motor-
ized apparatus that vibrate on the same surface as an
amphibian enclosure. If this must be done, put a pad
under the apparatus to absorb as much of the vibra-
tion as possible.

Controlled Environment. Locate animals where
they can be provided with the temperature, humidity,
and lighting that they would experience in the wild.
This is probably best accomplished in a dedicated an-
imal room where human activity and the ambient en-
vironment can be carefully controlled. Avoid rooms
with strong daily temperature fluctuations or strong
drafts.

Avoid Direct Sunlight. Do not locate amphibian
enclosures in direct sunlight. Lethal temperatures can
be reached quickly in glass or plastic vivariums ex-
posed to direct sunlight. Moreover, even if lethal tem-
peratures are not reached, the rapid change in tem-
perature may put thermal stress on the amphibians.

Escapes. Plan for escapes! If an amphibian escapes
into a dry room, it can quickly succumb to desicca-
tion. One solution is to set up one or more moist
“oases” for the amphibian on the floor of the room.
These can be as simple as a lidless plastic container
turned on its side, and padded with moist moss and a
dark hide box. It is recommended that the oases be set
along the wall, since amphibians often travel along
the perimeter of an enclosure (in this case, the room).

5.5.5 Aquatic Pond Enclosures

Complex Pond Enclosure. The pond enclosure is
appropriate for aquatic amphibians adapted to living
in relatively still or low-flow bodies of water. These
amphibians include pond-dwelling larvae, neotenic
pond-dwelling salamanders, aquatic newts, and
aquatic frogs (Xenopus spp. and Pipa spp.). These
species are often restless in an aquarium with signifi-
cant water movement.

The amphibian pond enclosure requires only a
slight modification of the standard fish aquarium to
accommodate the need of many amphibians to
breathe air.

The basic, low-maintenance pond enclosure (Fig-
ure 5.2, Plate 5.2) utilizes an undergravel filter with a
gravel substrate about 5 c¢m thick. The filter can be
operated by air lift. Alternatively, an external canister
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filter can be used to create a reverse flow undergravel
filter. Outflow water from the canister is sent into the
lift tube, to move under the false floor and up through
the gravel bed. This diffuses the water current for still
water inhabitants. The return water is suctioned from
the water column above the gravel, on the opposite
side of the tank from the tank inflow. It is important
to screen the tank outflow so that the amphibians
cannot be trapped by the force of its suction. A filter
screen with a wide surface area is recommended to
disperse the force of the uptake.

The enclosure should include shallow areas where
amphibians can rest and gulp air. Many aquatic am-
phibians rely to some degree on pulmonary respira-
tion and may drown if not provided with the oppor-

tunity to surface without strenuous effort. Shallow
rest areas can be created by sturdy floating or emer-
gent vegetation, smooth rocks or wood projecting at
a low angle out of the water, or floating bark. For
some semiaquatic species, such as the South American
bullfrog, Leptodactylus pentadactylus, it is necessary
to provide a large land area bordering the water to ac-
commodate their full range of behaviors.

Similar to other amphibian habitats, aquatic enclo-
sures should include multiple dark retreats. These
refuges can be made from piled rocks, submerged
wood, or sections of PVC pipe. A minimum of one re-
treat per amphibian is recommended, although addi-
tional retreats may be placed throughout the vivarium
to allow access to a range of temperatures.

Pond Enclosure

Figure 5.2. Lateral view of pond enclosure for amphibians. A. false floor assembly (see Figure 5.1 B—D). B. pea gravel layer approximately
2” (§ c¢m) thick. C. underwater rock cave. D. air lift tube sealed to the tank wall and false floor with silicone rubber (also serves as access
port to subfloor for siphoning up debris). E. hole in the tank wall for the air line and heater cord; alternatively, a hole could be cut into the
lid. F. lid (see Figure 5.1 E—H). G. aquarium heater (for additional protection, this may be sheathed in a perforated PVC pipe). H. an-
chored cork bark island. I. aquatic plant tall and strong enough to provide a perch close to the water surface for the tank inhabitants. J.
water line. K. emergent hardwood log providing an underwater retreat and shallow water rest area. L. drain assembly (see Figure 5.1 K—
M). (Sandy Barnett)

———— |



Spartan Pond Enclosure. It may be necessary to iso-
late an amphibian in a simple tank where the contents
can be regularly replaced or disinfected. Such spartan
enclosures may have no substrate, and only plastic
plants and perhaps PVC piping for underwater en-
richment. Floating pieces of styrofoam, plastic
shelves, or plastic plants can be placed in the enclo-
sure to create shallow water or exposed rest areas.

The dump and fill system can be used for water main-
tenance in the spartan tank. A siphon or water vacuum
should be used to remove all uneaten food and other
debris daily, and regular partial water changes are rec-
ommended to prevent buildup of ammonia and urea.
The frequency of the water changes and amount of wa-
ter that should be exchanged will depend on the vol-
ume of water in the enclosure and on the number, size,
and species of amphibians being kept. As a starting
point, a 10% water change should be made every 2
days. Change water should be aged and brought to the
same temperature as the home tank water to avoid
chemical and thermal shock to the amphibians.

An airstone can be added to the spartan tank to
prevent scum buildup on the water’s surface and to
oxygenate the water. A sponge filter can be used for
biological filtration, but it should be augmented by
regular partial water changes and prompt removal of
gross debris, such as feces or uneaten food. Sponge
tilters cannot handle high levels of ammonia and are
best suited to small groups of small amphibians, such
as anuran and salamander larvae adapted to living in
ponds. If an amphibian harbors or is suspected of
harboring an infectious disease, it will be necessary
to periodically discard the sponge filter, since it can-
not be completely disinfected. However, sponge fil-
ters are relatively inexpensive and easily replaced.
Keep in mind that the sponge filter takes time to
reach peak efficiency in biological filtration, and fre-
quent replacements will prevent this from happen-
ing. Also, the beneficial organisms in the filter may
be eliminated by some medications in the water.

Another filtration option in the spartan tank is a
small in- tank box filter that provides biological, me-
chanical, and chemical filtration, but is not strong
enough to create a significant current. Such a filter can
easily be disinfected, and the filtering material can be
replaced at the same time. However, box filters, like
sponge filters, need time to reach peak efficiency, and
trequent replacement of all filter material will prevent
this from happening. Also, activated charcoal elimi-
nates certain medications from the water.

Natural porous materials are not recommended in
the spartan hospital tank, as they are more difficult to
clean and disinfect. If an amphibian is undergoing
treatment for an infectious disease that is difficult to
climinate, the enclosure and all furnishings should be
cleaned and disinfected after each treatment.
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There are some exceptionally hardy species of am-
phibians, such as the axolotl, Ambystoma mexi-
canum, and the African clawed frog, Xenopus laevis,
that are often successfully maintained for a long time
in relatively spartan aquatic enclosures.

Spartan pond enclosures are often used for rearing
pond- dwelling larval frogs to metamorphosis. Plastic
plants or hardy live aquatic plants that do not require
rooting in the substrate (such as Elodea canadensis)
can be added to provide cover and rest areas. Living
plants will also help to rid the water of harmful or-
ganic wastes. Some tadpoles will eat the vegetation, or
the algae that grows on it. Cork bark, styrofoam,
plastic shelves, or a sloping shore can serve as a land-
ing for new metamorphs, as well as provide cover and
a surface for algae growth.

These spartan nursery tanks require more daily
maintenance than an enclosure set up with under-
gravel filtration, but the barren floor in the spartan en-
closure can greatly facilitate the retrieval of small tad-
poles. In gravel-bottom tanks, small tadpoles can be
very difficult to catch, as they seek cover in between
the rocks when alarmed.

5.5.6 Aquatic Stream Enclosures

Complex Aquatic Stream Enclosure. The aquatic
stream enclosure is suitable for amphibians adapted to
living in well oxygenated, usually cool streams with a
significant current. Typical species include the stubfoot
toads, Atelopus spp., the tailed frog, Ascaphus truei,
the hellbender, Cryptobranchus alleganiensis, and the
larvae of many stream-dwelling and riparian salaman-
ders, such as the American brook salamanders, Eu-
rycea spp., the spring salamanders, Gyrinophilus spp.,
and the Pacific giant salamander, Dicampton ensatus.

The basic stream enclosure (Figure 5.3) has a false
floor overlayed by gravel, similar to the pond enclo-
sure. The deep area of the stream should have under-
water caves and crevices where the tank occupants
can seek refuge, as well as shallow water areas where
the amphibian can rest and gulp air. Depending on the
species, the water may be shallow throughout, allow-
ing the amphibian at any point to reach its head up to
gulp air while keeping its feet on the stream floor.
There may also be exposed land areas, if appropriate
for the species.

Unlike the pond tank, the stream enclosure has a
moderate to strong power filter for rapid water
turnover. It is set up so that it provides undergravel fil-
tration, in addition to cycling the water through an out-
side canister filter or powerhead.

Outside canister style filters are preferable to in-
tank models on amphibian enclosures. Outside fil-
ters are less work to remove and clean, and a shut-
off valve on the supply hose allows the filter media
to be changed with a minimum of disturbance to the
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Stream Enclosure
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Figure 5.3. Lateral view of stream enclosure for amphibians. A. cross-section of board supporting the rim of the tank, tipping it toward the
water outflow end. B. false floor assembly (see Figure 5.1 B—D). C. pea gravel layer approximately 5 cm (2”) thick. D. underwater rock
cave. E. shallow water rest area. F. partially flooded rock cave. G. waterfall. H. hose fitting to spread the water flow. I. water outflow from
the canister filter. J. hole in the tank wall just large enough to pass the canister filter tubing. K. lid (see Figure 5.1 E—H). L. golden pothos,
Epipremnum aureum, a hardy vine able to live “rooted” in water and tolerant of considerable root disturbance. M. emergent rockwork cov-
ered with moist sheet moss. N. water inflow to the canister filter. O. water line. P. drain assembly (see Figure 5.1 K—M). (Sandy Barnett)

animals. A trickle filter addition on the return water
can further increase filtration and dissolved oxygen
levels.

The outflow from the canister filter can be used to
create a waterfall. A waterfall adds aesthetic appeal,
can provide additional underwater and terrestrial
habitat for the animals, and helps oxygenate and bi-
ologically filter the water. A waterfall can also serve
to channel or disperse the force of the water current,
depending on the configuration of the rockwork.
Many stream-dwelling amphibians fare better in en-
closures with a current. The hellbender, Crypto-
branchus alleganiensis, seems to prefer an enclosure
that provides a current strong enough to ripple its
skin folds. The animal will rock from side to side if
a current is not provided, presumably to better oxy-

genate its skin for respiration. If a current is pro-
vided in an enclosure, some of the underwater shel-
ters should be arranged perpendicular to the current
so that areas of calm water are available to the ani-
mals.

If the water intake for the canister filter is located
above the substrate, care should be taken to screen the
opening so that the amphibians cannot be trapped by
the force of the filter’s suction. If feces need to be col-
lected for parasite examination, the canister filter may
be temporarily removed, and the dump and fill method
used to maintain water quality. A strong air pump can
be temporarily added to the setup, similar to how it is
used in the aquatic pond tank, to keep the undergravel
filter operating and healthy during the down-time for
the canister filter. An airstone can also be placed in the



main water body to further oxygenate the water. If the
canister filter is left off for more than a few hours, it
should be broken down and cleaned before reuse, as
anaerobic bacteria will grow and render the filter me-
dia unfit for use.

It may be difficult to find aquatic plants that will
thrive in a stream enclosure, due to the strong water
current and uprooting by the tank occupants. Golden
pothos, Epipremnum aureum, a very hardy creeping
vine, can be anchored without soil to emergent rock-
work or a dead branch, and trailed into the water. It
will not only filter the overhead light and provide
cover for the tank occupants, but it will also help to
clean the water, removing harmful wastes.

Amphibians adapted for living in a stream habitat
generally require water that is highly saturated with
dissolved oxygen and contains undetectable levels of
ammonia or nitrite. Stream dwellers are extremely sen-
sitive to toxins and pH fluctuations. It is recommended
that ammonia-absorbing resins be used in combination
with activated charcoal in the filter. Also, partial water
changes (10-20% weekly) are highly recommended.
Large debris should be siphoned out daily.

Spartan Stream Enclosure. A much simplified ver-
sion of the stream enclosure may be advisable. Such a
spartan enclosure has no substrate. It has simple rock
or PVC pipe retreats, and a land area made from piled
rocks, sheet plastic, or styrofoam. Water quality is
maintained with a canister filter. Such an enclosure is
easily disassembled for cleaning and disinfection.

There are many species of stream-dwelling amphib-
ians that do poorly in a spartan setup, even on a tem-
porary basis. Larvae of the Pyrenees Mountain sala-
mander, Euproctus asper, do better when maintained
on a gravel substrate than on a barren floor (Wis-
niewski, 1986). Possibly the substrate allows the lar-
vae to rest in more ergonomic positions than those lar-
vae deprived of the substrate.

5.5.7 Stream-Side Enclosure

The stream-side enclosure is appropriate for am-
phibians that live on the margins of streams or ponds.
These amphibians are generally good swimmers, and
some spend considerable amounts of time in the wa-
ter. Others stay on land or near the water’s edge, en-
tering the water only to breed or travel to another
bank. Stream-side dwellers include the stubfoot
toads, Atelopus spp., the green frog, Rana clamitans,
the bullfrog, Rana catesbeiana (also adapted to living
in a pond habitat), the hairy frog, Trichobatrachus
robustus, the tailed frog, Ascaphus truei, the Ameri-
can brook salamanders, Eurycea spp., the dusky sala-
manders, Desmognathus spp., the spring salaman-
ders, Gyrinophilus spp., and the Pacific giant
salamander, Dicamptodon ensatus.

The basic stream-side enclosure (Plate 5.3, Figure
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5.4) includes a stream and a land area covered with
moss and/or leaf litter over a gravel substrate. The en-
closure should be as long as possible to accommodate
different aspects of the stream. The size of the stream
should be tailored to the lifestyle of the species of am-
phibian being housed. It should have areas of faster and
slower moving water, including riffles and relatively
quiet eddies. If an amphibian has to struggle against a
current for extended periods of time, it may become ex-
hausted. The depth of the water should at no point ex-
ceed the shoulder height of the amphibian, unless the
particular species is known to be a strong swimmer.

At the head of the stream there may be a waterfall
formed from stacked rocks. Nooks and crannies in the
rockwork may provide cool, wet retreats for the am-
phibians. A grooved piece of cork bark can be used as
a stream base. The outflow from the canister filter can
be directed to the high end of the cork, and water can
spill down the cork into the pool at the far end. Al-
ternatively, “egg crate” and plastic screening can be
fastened together to form a channel for the stream
bed. A combination of large river rock and pea gravel
can be used to fill in the stream bed. The gravel can be
bonded to the egg crate with silicon rubber to provide
a secure framework for the stream, and loose gravel
and rocks can be added to create the desired water
movement. Large pieces of rock or wood can be ori-
ented at an angle to the current to form eddies where
water movement is minimal. A split section of PVC
pipe can be used for the same purpose. The water in
the stream-side enclosure needs to be well oxygenated
at all times, which it will be if the current and stream
contours are appropriate.

Ideally, the land area in the stream-side enclosure
includes a moisture gradient ranging from saturated
near the water’s edge and the waterfall, to fully
drained but still slightly moist farthest from the
stream. Small areas with dry, but not dusty leaf litter,
dry rocks or fallen branches, and live plants will fur-
ther diversify the moisture options available to the
amphibian,

Living vegetation, rocks, branches, flower pots, and
cork bark can be used to create terrestrial retreats, as
well as refuges in shallow water. The latter refuges
should allow the amphibian to rest in water no deeper
than shoulder height, so that the animal can gulp air
without treading water.

Some vegetation should be planted near and over-
hanging the streamway to provide cover and perches,
as well as oviposition sites for some species of terres-
trial and arboreal amphibians.

5.5.8 Terrestrial Forest Floor Enclosures

Terrestrial Forest Floor Complex Enclosure. The
terrestrial forest floor enclosure is appropriate for
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Figure 5.4. Lateral view of stream-side enclosure for amphibians. A. cross-section of board supporting the rim of the tank, tipping it to-
ward the water outflow end. B. false floor assembly (see Figure 5.1 B—D). C. pea gravel layer approximately 5 ¢cm (2”) thick. D. moist
sheet moss. E. live, potted plant with the base of the pot resting on the fiberglass screen. F. riffle. G. waterfall running over rocks stacked
to create moist crevice retreats. H. water outflow from the canister filter. I. hose fitting to spread the water flow. J. hole in tank wall just
large enough to pass the canister filter tubing. K. lid (see Figure 5.1 E—H). L. mucky area. M. cork bark cave/feeding platform. N. eddy.
O. water inflow to the canister filter. P. water line. Q. gravel siliconed to egg crate screening to form the streambed. R. drain assembly (see
Figure 5.1 K—M). S. hardwood branch. T. streamway. U. rock perch. V. cork bridge over shallow water, providing a semi-aquatic retreat.

W. leaf litter over moist sheet moss. (Sandy Barnett)

many species of ground-dwelling and semiarboreal
anurans. Also, many species of lungless salamander
(Plethodontidae) and mole salamander (Ambystom-
atidae) will do well in a terrestrial environment.

The terrestrial forest floor enclosure (Plate 5.4, Fig-
ures 5.5, 5.6) has a gravel substrate, with the land
area covered by a layer of moist moss, leaf litter,
hardwood mulch, wood rot, and/or soil. There may
be a shallow pond or water bowl! for species that uti-
lize standing water, but many terrestrial caecilians
and salamanders tend to avoid standing water and
may drown if they become trapped in water deeper
than they are tall.

The terrestrial forest floor enclosure is enriched sim-
ilarly to the land area of the stream-side vivarium (see
Section 5.5.7, Stream-Side Enclosure). Care must be
taken not to overplant the terrestrial enclosure. While

amphibians require some cover, it is possible to plant
the foliage so densely that the animals have difficulty
finding and catching prey, or they expend too much en-
ergy in the hunt. The end result is underweight am-
phibians, a vivarium full of uneaten live food and their
droppings, and in the case of some food insects, a lot of
insect-damaged plants! On the other hand, an enclo-
sure that is too sparsely vegetated may leave the am-
phibians feeling exposed and excessively stressed.
Terrestrial Spartan Enclosure. There are some ter-
restrial amphibians that can be maintained for a long
term in spartan enclosures. Most salamanders are
somewhat sedentary in the wild, and many terrestrial
species thrive in such simple setups as plastic shoe or
sweater boxes enriched with moist, crumpled paper
toweling (Maruska, 1994) or petri dishes containing
several layers of moist filter paper (Jaeger, 1992).
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Figure 5.5. Lateral view of terrestrial enclosure for amphibians. A. cross-section of board supporting the rim of the tank, tipping it toward
the drain. B. false floor assembly (see Figure 5.1 B—D). C. pea gravel layer approximately 2.5-5 ¢cm (1-2”) thick. D. moist sheet moss. E.
live, potted plant with the base of the pot resting on the fiberglass screen. F. dark plastic hut. G. lid (see Figure 5.1 E—H). H. cork bark
cave/feeding platform. I. upturned edge of fiberglass floor screen; it provides an escape route for food insects that fall into the pool and
swim or drift to the glass wall. J. shallow pool. K. water line. L. drain assembly (see Figure 5.1 K—M). M. leaf litter over moist sheet moss.
(Sandy Barnett)

Figure 5.6. Cross-sectional view of substrate layers in a terrestial
enclosure. (George Grall, National Aquarium in Baltimore)

5.5.9 Terrestrial Fossorial Enclosure

The terrestrial fossorial enclosure is appropriate
for terrestrial caecilians, many of the mole salaman-

ders, Ambystoma spp., some of the lungless sala-
manders (family Plethodontidae), the tomato frogs,
Dyscophus spp., and the spadefoot toads (family
Pelobatidae).

The basic design for a terrestrial vivarium is appro-
priate for fossorial amphibians, although the latter
animals need a deep soil base of at least 10 cm (4 in)
for burrowing (Figure 5.7). The pool area can be quite
small or eliminated altogether, unless the species
needs a large pool for breeding.

It is best to use an enclosure that maximizes floor
space. The height of the fossorial vivarium needs to be
only a little taller than the depth of the soil. A 76 L
(20 gal) long aquarium works well for a breeding
group of medium sized species, such as the marbled
salamander, Ambystoma opacum, while larger
species such as the Mexican caecilian, Dermophis
mexicanus, should be housed in a 114 L (30 gal)
breeder aquarium.
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It is essential that a moisture gradient exists
throughout the fossorial enclosure, with one end of
the tank having drier soil than the other, and the bot-
tom soil being more moist than the surface soil. This
will allow the amphibian to seek out an appropriate
microenvironment. The easiest way to set up this en-
vironment is to use a long aquarium, and tilt it
lengthwise with a brick or board under the high end.
Always rest the weight of a glass vivarium on the
framed rim and not on the glass itself to prevent
cracking of the glass or loosening of the seals. Water
is then added only at the lower end of the enclosure.
This creates a gradient of wet to dry soil from the
lower to the higher end.

It is essential to have well-drained soil and an un-
clogged drain, so that water does not back up into the
burrows. To keep the gravel bed from clogging with

dirt, a layer of window screening can be laid between
the gravel and the soil layer.

Many fossorial amphibians are quite strong for
their size and can easily push open a poorly secured
cage lid. It is reccommended that the lid have a locking
mechanism, or be weighted down with a brick or
comparably heavy object.

Fossorial species, by their nature, spend much of
their time underground, out of view. One strategy for
increasing their display value, while still allowing
them to exhibit normal burrowing behavior, is to
stack pea gravel in a high mound in the center of the
tank and place a moat of deep soil around the perime-
ter, filling in the space between the gravel mound and
the walls of the vivarium. This setup allows the am-
phibian to construct burrows that are visible in cross
section. Black plastic or dark paper should be placed

Fossorial Enclosure

Figure 5.7. Lateral view of fossorial enclosure for amphibians. A. cross-section of board supporting the rim of the tank, tipping it toward
the drain. B. false floor assembly (see Figure 5.1 B—D). C. pea gravel layer approximately 2.5-5 cm (1-2”) thick. D. soil at least 10 cm (4
in) deep. E. burrow made by a fossorial amphibian. F. leaf litter. G. clip to secure the lid against escapes. H. live, potted plant with the base
of the pot resting on the fiberglass screen. L. standard one-piece screened aquarium/vivarium lid. J. hardwood bark or cork bark. K. moist
sheet moss. L. single layer of fiberglass window screening to keep the overlying soil from clogging the gravel layer beneath. M. drain as-

sembly (see Figure 5.1 K—M) (Sandy Barnett)



over the wall of the burrow to maintain a dark envi-
ronment whenever the vivarium is not being ob-
served.

Plenty of ground cover in the form of dead leaves,
flat rocks, bark, clumps of sphagnum moss, or sheet
moss is recommended so that fossorial amphibians
can forage on the surface of the soil but remain un-
der cover. Small sections of thermoplastic (e.g., Plex-
iglas) may be placed on the surface of the soil, which
an amphibian may use for cover when on the surface.
Dark-tinted thermoplastic is needed for many sala-
manders to feel secure, but caecilians have such poor
eyesight that clear plastic can be used for these bur-
rOwers.

PVC pipes with rounded edges can be sunk at an an-
gle in the soil to provide ready-made burrows. A see-
through burrow can be made by cutting the pipe
lengthwise and placing the open side up against the
glass. Many ambystomid salamanders will readily use
these structures.

Live plants generally fare poorly with fossorial am-
phibians; the burrowing activity constantly disrupts
the root system. Golden pothos, Epipremnum au-
reum, and Cordatum philodendron, Philodendron
oxycardium, are among the hardy plants that handle
such disturbances well. If other plants are going to be
used, it is best to keep them in their pots. A layer of
gravel can be put in the top of each pot to discourage
digging.

Another way to add greenery to a fossorial cage is
to use an epiphyte log. Its construction is described by
de Vosjoli (1995). Basically, the epiphyte log is a roll
of cork or a suitable hardwood branch covered with
epiphytes of different sizes and shapes.

The fossorial enclosure can be used to estivate cer-
tain amphibians, such as sirens, Siren spp., and
spadefoot toads (family Pelobatidae). The soil layer
should be deep, in excess of 30 ¢m (12 in), and
should be wetted thoroughly. The enclosure can be
left to dry out so that the surface of the soil develops
cracks from the dryness. Healthy amphibians of co-
coon-forming species will create a nest chamber and
estivate through this period of dryness. Moistening
the soil again will bring the amphibians out of esti-
vation. After the soil has been moistened a few days,
buried terrestrial amphibians can be dug up and al-
lowed to rehydrate in a shallow bath. Aquatic am-
phibians can be returned to their normal aquatic en-
closure.

5.5.10 Arboreal Enclosures

Complex Arboreal Enclosure. The basic design for
a terrestrial forest floor vivarium is appropriate for ar-
boreal amphibians, although the arboreal enclosure
should be as tall as possible and provided with tall
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plants and branches. Hexagonal aquariums that are
especially suitable for this purpose are available in a
variety of sizes.

Arboreal enclosures can be very complex, taking on
the appearance of a richly stratified forest, with
branches covered with mosses and epiphytic plants,
terrestrial vegetation, and a pool. The back and side
walls may be covered with sheets of cork bark or trop-
ical fern fiber and planted with more epiphytic vege-
tation, or climbing vines. Wall growth is encouraged
by trickling water down the wall with a recirculating
pump, powerhead, or canister filter.

A much simpler enclosure that still satisfies the
needs of arboreal anurans has been successfully used
for years at the National Aquarium in Baltimore
(Plate 5.5, Figures 5.8, 5.9). It consists of a gravel
substrate overlaid by moist sheet moss. One or two
large potted plants, usually a broad-leaved species
of Agleonema, are partially buried in the gravel. The
plants fill out most of the open vertical space in the
enclosure. One or two hardwood branches, with a
strong horizontal inclination, provide arboreal
perches for the amphibians, but some vertically in-
clined branches should be also available. On the
floor of the cage, there is a pool or shallow water
bowl. A small golden pothos, Epipremnum aureum,
or peace lily, Spathiphyllum sp., may be planted
next to the water to provide cover for the animals.
The water section of the arboreal vivarium is not
deep. A water depth of 2.5 ¢cm (1 in) is adequate.

Broad-leaved plants should be used if leaf-spawn-
ing anurans are to be housed in the enclosure. Since
some anurans oviposit on leaves that overhang wa-
ter, care must be taken to locate plants near the wa-
ter’s edge.

Some arboreal anurans (e.g. the hourglass treefrog,
Hyla ebraccata, and the orange-sided leaf treefrog,
Phyllomedusa hypochondrialis) readily sleep on the
smooth inside wall of retreats made from dark plastic
containers. While such refuges are not particularly at-
tractive, they make it quick and easy to inventory and
monitor frogs that might otherwise be difficult to find
during their sleep period.

Cliffside Arboreal Enclosure. Many crevice dwelling
amphibians, such as the green salamander, Aneides
aeneus, and some of the slender salamanders, Batra-
choseps spp., are not arboreal, and do best in a tall en-
closure with high rock faces rather than cork or other
plant material. The rocks should be securely fixed to-
gether with silicon rubber or a waterproof nontoxic
epoxy, and stacked in such a way that there are a vari-
ety of crevices to serve as retreats. A slight trickle down
one face of the rock surface will create a moisture gra-
dient that may encourage breeding in those areas (sim-
ilar to conditions in the wild).
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Arboreal Enclosure

Figure 5.8. Lateral view of arboreal enclosure for amphibians. A. cross-section of board supporting the rim of the tank, tipping it toward
the drain. B. false floor assembly (see Figure 5.1 B—D). C. pea gravel layer approximately 2.5-5 cm (1 to 2”) thick. D. rock perch. E. moist
sheet moss. F. cut hardwood branch or sturdy vine with no sharp edges or points. G. live, potted plant with the base of the pot resting on
the fiberglass screen. H. lid (see Figure 5.1 E—H). I shallow pool. J. upturned edge of fiberglass floor screen; it provides an escape route
for food insects that fall into the pool and swim or drift to the glass wall. K. water level. L. drain assembly (see Figure 5.1 K—M). (Sandy

Barnett)

Spartan Arboreal Enclosure. A spartan version of
the arboreal terrarium has been used successfully at
the Philadelphia Zoo to house some species of am-
phibians during quarantine and for the duration of
certain medical treatments. The tank floor is covered
with moist paper toweling. Enrichment is limited to a
water bowl and strips of mylar plastic or plastic plants
draped down the walls. The amphibians can hide be-
hind the plastic strips or plastic plants, clinging to the
walls or plastic. A dark strip of plastic is hung on the
outside of one wall of the enclosure to block the light.
Breeding of the New Granada cross-banded frog,
Smilisca phaeota, occurred in such an enclosure.

5.6 ENVIRONMENTAL CONTROL

Temperature, humidity, precipitation, and lighting
are environmental parameters that profoundly affect
the health of an amphibian, as well as its behavior and
reproductive success. Successful husbandry depends
on controlling these parameters to produce the func-
tional equivalent of the amphibian’s natural micro-
habitat in captivity. The captive environment should
include any daily fluctuations of these parameters en-
countered by the amphibian in the wild.

For many species of amphibians, it may be neces-
sary to simulate the seasonal fluctuations in certain
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Figure 5.9. Lateral view of a tall enclosure for arboreal amphibians
showing appropriate air circulation patterns (after Stettler, 1981).
Even tall vivariums can ventiliate well with proper placement of
ventilation holes/panels to create cross air currents. A. drain. B.
false floor assembly (see Figure 5.1 B—D). C. air stone connected
to an outside aquarium air pump. D. pool. E. screened ventilation
holes in one wall of enclosure, at a low level (alternatively, an
aquarium air pump can be used to add fresh air low in the enclo-
sure). F. warm, moist air rising from the heated water or land mass
(e.g. heated by a submersible aquarium heater, undertank heating
pad or tape, or buried heating cable). G. front of the enclosure with
a sliding or hinged access door. H. screened ceiling. I. ventilation
holes in the vivarium hood for warm air to escape. J. vivarium hood
holding fluorescent and spot lights. K. vented air. L. small venting
fan inside hood. M. white egg-crate screening to reduce glare from
overhead lights. N. hygrometer/thermometer. O. land mass. P. hole
in wall for electrical and air lines. Q. pea gravel. (Sandy Barnett)

environmental variables to stimulate reproductive cy-
cles. This includes conditions appropriate for hiber-
nation or estivation in many temperate species. How-
ever, eliminating these cycles of dormancy will not
harm the amphibians themselves. In fact, creating ap-
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propriate conditions for hibernation or estivation and
making sure that the amphibians are physically pre-
pared to handle it can be difficult, and these arrange-
ments are best left in the hands of experienced her-
petoculturists.

Information on climatic conditions around the
world (temperature, humidity, wind, precipitation)
is available on computer disc (WeatherDisc Associ-
ates, 1995). The library of the National Oceanic and
Atmospheric Administration in Silver Springs, MD
(301/713-2600 ext. 124) will fax a limited amount
of this climatological data to any caller at no charge.
Many public and university libraries also have ac-
cess to this material. This data can be useful in set-
ting up appropriate conditions in the captive envi-
ronment.

5.6.1 Temperature

The optimal air temperature in an amphibian en-
closure will depend on the species being housed and
on the specimen’s place of origin. Approximate tem-
poral-spatial temperature gradients suggested for
keeping postlarval terrestrial amphibians are pre-
sented according to broad habitat type: tropical low-
land species 24-30°C (75-85°F); tropical montane
forms 18-24°C (65-75°F); subtropical forms
21-27°C (70-80°F); and temperate forms, summer
18-24°C (65-75°F), winter hibernation 10-16°C
(50-60°F). These ranges are only rough guidelines,
and temperatures may need to be adjusted higher or
lower depending on a particular amphibian’s re-
sponse to the temperatures provided.

The optimal water temperature in an aquatic am-
phibian enclosure will depend on the species being
housed and on the specimen’s place of origin. Ap-
proximate temporal-spatial temperature gradients
suggested for keeping aquatic larval and adult am-
phibians are presented according to broad habitat
type: tropical lowland species 24-30°C (75-85°F),
tropical montane species 18-24°C (65-75°F), sub-
tropical species 21-27°C (70-80°F), temperate
stream species in summer 16-21°C (60-70°F), and
temperate pond species in summer 18-24°C
(65-75°F). Most temperate species of aquatic am-
phibians experience a drop of 9°C (15°F) or more in
the winter, so a chilling unit may be needed. Alter-
natively, the entire room can be cooled with an air
conditioner. These ranges are only rough guidelines,
and temperatures may need to be adjusted higher or
lower depending on a particular amphibian’s re-
sponse to the temperatures provided.

Some amphibians undergo a daily shift in thermal
preference. Diurnal species may seek lower tempera-
tures at night while nocturnal species may seek such
temperatures in the daytime. When placed in a ther-
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mal gradient in the laboratory, the mudpuppy, Nec-
turus maculosus, a completely aquatic, nocturnally
active species, selects considerably higher tempera-
tures at night than it does during the day (Hutchison
& Spriestersbach, 1986).

A maximum-minimum thermometer should be
maintained at the warmest and coolest points in the
enclosure at all times to make sure that the daily tem-
perature range (temporal and spatial) is appropriate.
Digital maximum-minimum thermometers, with a re-
mote sensor for a second location, are available at
some electronics/appliance stores (e.g., Dual Display
In/Outdoor Thermometer, Cat. No. 63-1020, Radio
Shack, Ft. Worth, TX) as well as through laboratory
and herpetological supply companies. Some models
also include a hygrometer for measuring relative hu-
midity.

Tropical lowland and subtropical species of am-
phibians can normally be kept and bred at a fairly
constant temperature year-round. However, many
temperate species of amphibians are stimulated
to reproduce only after a period of hibernation at
cooler temperatures. Seasonal drops of 6-8°C (10-
15°F) or more may be necessary to induce the cycle
of gonad atrophy and recrudescence needed for
breeding.

Amphibians control their body temperature by
both behavioral and physiological mechanisms (for
a review, see Duellman & Trueb, 1986; Stebbins &
Cohen, 1995). Behavioral control involves move-
ment from place to place within the temperature
mosaic of the environment and postural adjust-
ments that increase or decrease contact with envi-
ronmental temperature sources. Physiological con-
trol includes changing the rate and amount of
evaporative water loss from the skin, changing skin
color to affect the absorption and reflectance of so-
lar radiation, and possibly peripheral vasodilation
and constriction.

For many species of amphibians, a thermal gradient
within the enclosure is desirable throughout most of
the year to enable the animals to thermoregulate. In
most cases the warmest area should be no more than
5-8°C (10-15°F) above the coolest area in the enclo-
sure. Substrate heating can be accomplished by using
a low wattage undertank heating pad, or flexible heat-
ing tape or cable (see Fogel, 1993 for a review of heat-
ing equipment). Electrical “hot rocks™ are too hot for
amphibians and should never be used. For temperate
amphibians, the thermal gradient in the enclosure can
be reduced in magnitude or eliminated during the
winter hibernation.

Basking appears to be important in body tempera-
ture regulation in some species of amphibians (for a
review, see Stebbins & Cohen, 1995). Basking may

take place in direct sunlight, or under rocks or other
material warmed by the sun. Many newly metamor-
phosed anurans seem especially prone to sitting in the
sun when there is adequate substrate moisture or the
opportunity to move quickly into water to compen-
sate for evaporative water loss. Juveniles of the green
toad, Bufo debilis, accelerate feeding, digestion, and
growth by elevating their body temperature through
basking (Seymour, 1972).

A basking spot can be provided by a low wattage
ceramic heating lamp or an incandescent spotlight.
The former type of lamp produces no visible light and
is preferable where nighttime heating is needed, or
where the basking amphibian is photophobic. Incan-
descent lights are preferable for daytime use with
species of amphibians that normally bask in sunlight.
Heliophilic lizards can be confused by unnatural com-
binations of light and temperature (e.g., bright light
with low temperatures) and fail to thermoregulate
properly (Sievert & Hutchison, 1991). It is possible
that basking amphibians could experience the same
difficulty.

Care must be taken that any heat-generating light
does not overly dry the air. Also, it is important that
amphibians do not come into direct contact with the
heat source, which could cause desiccation and thermal
burns; however, fluorescent tubes emit only small
amounts of heat (unlike the starter unit, which can be-
come quite warm). Agile treefrogs will often rest on lit
tubes, presumably for the warmth. This is not known
to be deleterious to these amphibians. It is best to shield
the starter unit with screening, or to use a remote
ballast located outside the cage. Used inside the enclo-
sure, however, the starter unit can serve as a source of
ambient heat.

Heating requirements for aquatic species and the
larvae of terrestrial species are easily met using stan-
dard aquarium heaters. A simple way to prevent the
amphibian from directly contacting the heater is to
sheath it in a section of PVC pipe. Holes should be
drilled in the pipe to improve water flow through it.
The pipe should be small enough in diameter to keep
the amphibian out, but large enough so that the heat-
ing element does not touch the interior wall of the
pipe. Clear plastic tubes are also available, albeit more
expensive than PVC pipe, and have the advantage that
the heater’s indicator light can be seen without ob-
struction. These clear tubes must be ordered from
plastic specialty supply companies.

Aquarium heaters can also be used to add heat to
terrestrial enclosures that have a pond or stream.
Again, the heater should be sheathed in a piece of
highly perforated PVC pipe or clear plastic, or other-
wise located so that the cage inhabitants cannot di-
rectly contact the heating element.




5.6.2 Humidity

The humidity in an amphibian enclosure should
match that of the species’s natural microhabitat. Hu-
midity is generally controlled by adjusting the amount
of ventilation, and by varying the amount of water
that is added to the cage and released into the air.

A pump spray bottle can be used several times daily
to increase humidity, but the effect each time is tem-
porary. Reducing the amount of ventilation in an en-
closure, by draping a sheet of plastic over the top, for
example, will increase the humidity. But it may also
create a stagnant atmosphere, reducing thermal and
moisture gradients, and increasing the amphibian’s
susceptibility to disease (Baetjer, 1968). Also, many
species of plants fail to thrive in poorly ventilated en-
vironments.

An effective way to raise the humidity without re-
ducing ventilation is to create areas of moving wa-
ter—install a waterfall or stream, or put an airstone in
a pool or bowl of water. Live plants will also help to
increase the humidity.

Tall vivariums are especially prone to the accumu-
lation of stagnant air near the bottom. Such enclo-
sures often have very poor thermal and humidity
gradients, due to a lack of air circulation. Small cool-
ing fans, such as the ones used for cooling comput-
ers, can be put at the top of the tank to turn over the
air. The fans should be directed downward, toward
an inside wall of the enclosure, with the goal of min-
imizing any strong air flow onto the amphibians
themselves. Alternatively, ventilation holes can be
drilled in a lower wall of the tank to create a cross
current (see Figure 5.9). The strength of the air cur-
rent can be increased by installing a small fan facing
upward at the top of the enclosure, so that it pulls air
up through the vivarium.

Most species of nonaquatic amphibians spend
large portions of their time in sheltered microhabitats
where the relative humidity is high. Even species
found in xeric macrohabitats may spend much of
their time in burrows or under rocks where humidity
levels are high. Activity patterns can be affected by
humidity levels. For example, rain forest dendrobatid
frogs will exhibit high levels of activity on a wet sub-
strate in high humidity, but will seek refugia as hu-
midity levels drop. A relative humidity above 70%
suits most species of amphibians. However, it is best
to provide a humidity gradient within the enclosure,
so an amphibian can seek its preferred microenvi-
ronment. Some amphibians (e.g., the waxy treefrog,
Phyllomedusa sauvagii, the giant monkey frog, Phyl-
lomedusa bicolor) will develop skin problems if con-
tinuously exposed to high humidity and are, in fact,
adapted to spending at least part of their daily cycle
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in a low humidity environment. An area of lower hu-
midity can be established using low wattage spot-
lights over part of the enclosure during the daytime.
Refuges should be available throughout the humidity
gradient in an enclosure, so an amphibian is not
forced to select between security and meeting physi-
ological needs.

If a room can be dedicated for housing amphibians,
an area humidifier can be installed. Care must be
taken to clean and disinfect the unit weekly, since it
can harbor and spread potentially pathogenic bacte-
ria and fungi (Hunter, 1989). A solution of 120 ml (4
fl 0z) of white vinegar and 946 ml (1 qt) of water can
be used to dissolve any mineral deposits and clean the
humidifier (Pinkham & Higgenbotham, 1976).

This should be followed by a disinfecting bath or
spray of sodium hypochlorite (bleach) at a dilution of
30 ml (1 fl oz) of bleach to each quart (946 ml) of wa-
ter. The solution should be left on the humidifier parts
for at least 15 minutes, then rinsed well with fresh wa-
ter (Wright, 1993).

With regard to ventilation in the room, 1-2 air
changes per hour should provide a satisfactory level
of ventilation while still maintaining adequate hu-
midity levels for amphibians (Pough, 1992).

5.6.3 Precipitation

Precipitation is an essential trigger for breeding be-
havior in many species of amphibians (for a review,
see Duellman & Trueb, 1986; Stebbins & Cohen,
1995; Zug, 1993). For tropical terrestrial amphibians,
it is often the onset of the rainy season following the
dry season that stimulates reproductive behavior.
Flooding (associated with rain) and a drop in water
temperature elicits breeding behavior in many tropi-
cal aquatic and stream-breeding terrestrial species.
And among many temperate species, hibernation fol-
lowed by spring rains is often the stimulus for repro-
duction.

Simulating these environmental cues in a captive
setting is essential to successfully propagate many
species of amphibians. Wright (1994) discusses vari-
ous options for constructing “rain chambers” for
breeding amphibians.

The basic NAIB amphibian enclosure can be mod-
ified to provide rain showers. The outflow of a can-
ister filter is diverted into a perforated tray posi-
tioned over the cage top. The intensity of the rain
shower is controlled by the number of holes in the
tray, and the rate of water flow. The goal is to have
a gentle rain over a portion of the tank, allowing the
amphibians to avoid it if they choose to. (This pat-
tern of rain also provides a drier area where live food
insects can congregate, which minimizes insect losses
due to drowning.)
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If the filtration material in the canister is removed,
and the unit is used strictly to move water, it can be
set on a timer to automatically rain on the enclosure,
as needed. A timer should not be used with a filter-
loaded canister, since the system will become anaer-
obic if the water flow is shut down for more than a
few hours, and the nitrifying bacteria will die.

5.6.4 Lighting

The proper illumination for health and reproduc-
tive success in captive amphibians is a subject of much
debate. A conservative approach, and the one that is
recommended here, is to provide lighting that mimics,
as closely as possible, the spectral characteristics, in-
tensity, and duration of light found in the amphibian’s
natural habitat.

There are numerous brands of fluorescent lights on
the market purporting to be “full-spectrum,” i.e., to
duplicate the spectrum of natural sunlight. Of partic-
ular concern to the herpetoculturist is the emission of
light in the ultraviolet-B portion of the spectrum
(285-320 nm). It is well known that ultraviolet-B ra-
diation plays a key role in the biogenesis of vitamin D,
in the exposed skin of endothermic vertebrates
(Holick, 1989). There is evidence that this is also true
for at least some species of reptiles (Allen, 1989) and
amphibians (St. Lezin, 1983). As a precaution against
vitamin D5 deficiency and its complications, most her-
petoculturists use full-spectrum lighting (which emits
ultraviolet-B radiation) over amphibians, in addition
to fortifying the diet with this vitamin as part of a mul-
tivitamin, multimineral supplementation program.

Unfortunately, the amount of ultraviolet-B radia-
tion emitted from many of the full-spectrum fluores-
cent lights, especially over an extended period of time,
is suspect. It is recommended that whatever full-spec-
trum lights are chosen, they be replaced every 6-12
months. Also, the lights should be positioned no more
than 46 cm (18 in) from the cage floor, since the in-
tensity of the emissions falls off rapidly with increas-
ing distance from the source. At NAIB, at least two 4-
ft (122 cm) “Instant Sun” fluorescent tubes (Verilux,
Stamford, CT) are placed over all amphibian enclo-
sures approximately 8 cm (3 in) above the screened
lids. Some other bulbs have been manufactured and
distributed recently that emit a higher proportion of
their output as ultraviolet-B radiation (e.g., ReptiSun
310®, ZooMed, San Luis Obispo, CA; Reptile D-
Light, 8% Type, Ultraviolet Resources International,
Cleveland, OH) (Gehrmann, 1996), but there is no
long-term track record for their use with amphibians
at this time.

It should be noted that many of the “full-spectrum”
and “wide-spectrum” tungsten filament incandescent
lamps currently on the market produce no ultraviolet-

B radiation (Gehrmann, 1992) or very low levels of
ultraviolet-B radiation (Gehrmann, 1996). These
lights are useful for providing visible light and heat,
but their modest output of ultraviolet light, either ul-
traviolet-A or ultraviolet-B radiation, makes their role
in vitamin D biogenesis questionable. A radiometer
that measures ultraviolet-B emission and one that
measures ultraviolet-A emission is currently available
in the pet trade, but is somewhat expensive (ZooMed,
San Luis Obispo, CA). These radiometers may not
separate out the biologically relevant wavelengths
within the categories, and are different from those
used to report ultraviolet emission of commercially
available bulbs (Gehrmann, 1996). Other radiome-
ters are commercially available that can help identify
the suitability of bulbs (biological activity) as well as
their useful lifespan.

Ultraviolet radiation does not transmit well through
standard glass or plastic. There now are specialty plas-
tics on the market that are designed specifically for ul-
traviolet light transmission, but they are expensive and
not commonly available. This means that when lights
are placed above an enclosure lid made from glass or
plastic (including thin pliable sheet plastic), ultravio-
let-B radiation is screened out. For this reason, lights
should not be encased in a plastic shield, and they
should only be located above a screened lid that allows
direct penetration of light. Alternatively, uncovered
fluorescent lights can be located inside the enclosure.

Recently, a low-lead glass aquarium cover was in-
troduced into the marketplace that purports to allow
ultraviolet light transmission. In fact, small amounts
of ultraviolet-A radiation are transmitted through the
glass, but little or no ultraviolet-B radiation (Messon-
nier, 19985).

The lighting needs of nocturnal amphibians are
poorly known, but low-level lighting to replicate the
cycle of the moon should be provided. At NAIB, light-
emitting diode (LED) night-lights, placed directly
above a cage lid, appear to produce adequate light for
nocturnal anurans to hunt, and yet do not appear to
interfere with other nighttime activity (e.g., male call-
ing, breeding, feeding). Red light (15-watt incandes-
cent lights behind a red filter), and “bright” (4- watt)
white night-lights placed within several feet (less than
1 m) of an enclosure, appear to interfere with normal
nocturnal behavior. The moonlight bulbs designed for
marine aquariums may have some utility in the her-
petoculture of nocturnal amphibians, but this remains
to be studied.

In general, amphibians appear to prefer subdued
lighting (basking in sunlight is a notable exception).
The glare from lights over an amphibian enclosure
can be reduced by putting a sheet of plastic egg-crate
screening directly underneath the light fixture. This




screening is sold in many hardware and lighting stores
for use with fluorescent ceiling lights. It has a large,
open square pattern that permits direct transmission
of overhead light.

Although the enclosure lighting should first and fore-
most meet the needs of the amphibians, a secondary
consideration must be the lighting requirements of the
enclosed plants. By selecting plants that thrive in mod-
erate to low light levels, planting the most light-de-
manding ones closest to the lights, and arranging plants
to shade at least some of the areas frequented by the
amphibians, it is possible to have a vivarium that meets
the needs of both plants and animals. It should be noted
that the incandescent and fluorescent lights sold specif-
ically for growing indoor plants (e.g., Gro-Lux® and
Gro-Lux/ws®, Sylvania Corporation, Danvers, MA) do
not produce ultraviolet-B radiation (Gehrmann, 1994)
and should not be used in place of full-spectrum fluo-
rescent lighting in animal enclosures.

The photoperiod in the vivarium should be main-
tained in a cycle that mimics that found within the
amphibian’s natural range. The United States Naval
Observatory Web site (http://aa.usno.navy.mil/AA/
data/docs/RS_OneYear.html) provides a calculator to
determine the time of sunrise and sunset anywhere in
the world. Day length data is also available in the
printed serial, Astronomical Almanac (Nautical Al-
manac Office, 1999).

It is recommended that the lights over an amphibian
enclosure be arranged to turn on and off in sequence,
to simulate dawn and dusk. Twilight transitions have
been shown to have a significant effect in normalizing
activity patterns of laboratory animals (Greenberg,
1992). While this research did not include amphibians,
it is reasonable to assume that sighted amphibians may
benefit from gradual rather than abrupt lighting
changes, just as they occur in the wild.

5.7 NUTRITION

Prior to metamorphosis, anurans may be herbivo-
rous, omnivorous, or carnivorous, depending on the
species. After metamorphosis, diets typically shift to
being completely carnivorous, although there are a
few exceptions. Larval and adult salamanders and
caecilians are strictly carnivorous. (See also Chapter
6, Diets for Captive Amphibians.)

Prey type and size vary, depending on the life stage,
size, and species of amphibian. The adult stage of
some species specialize on tiny leaf litter insects.
Larger species of amphibians tend to be opportunistic
and prey on a variety of species ranging from arthro-
pods to small vertebrates.

It is a misconception that wild animals are nutri-
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tionally wise and will always select a balanced diet if
given a choice (Allen, 1989). A captive diet should not
be based simply on what items an amphibian eats
most readily. Keep in mind that selection of food in
the wild depends on a number of factors, including
seasonal shifts in composition and abundance of prey,
the amphibian’s prior experience with a particular
prey species, as well as prey attributes of size, move-
ment (orientation and speed), palatability and nutri-
tive value (Stebbins & Cohen, 1995). It is the respon-
sibility of herpetoculturists to devise varied and
balanced diets for their captive amphibians.

Captive weights and body outline should mimic
wild weights and body appearance. It is especially im-
portant that amphibians be in good weight prior to
any breeding attempt, as this is an energetically ex-
pensive undertaking, and in some species, a period of
little or no food intake.

Overfeeding and obesity can be a problem for some
species of amphibians in captivity (e.g., White’s
treefrog, Pelodryas caerulea, ornate horned frog,
Ceratophrys ornata, tiger salamander, Ambystoma
tigrinum). The recommended frequency of feeding
varies with the species, age, and activity level (which
may be influenced by cage enrichment and environ-
mental variables) of the amphibian. Young, growing
animals, and active foragers thrive on daily feeding.
Mature sit-and-wait predators (e.g., the horned frogs,
Ceratophrys spp.) will usually maintain good body
weight with a large meal every 2 weeks.

In general, larval amphibians should be fed small
amounts daily, rather than several large meals weekly.
For species prone to cannibalism, it is important to
provide food ad libitum if the tadpoles are to be raised
communally. It is recommended that feeding, as well
as cleaning, be done on a variable time schedule. Lar-
vae of the bullfrog, Rana catesbeiana, respond to a
fixed schedule of disturbance (feeding and tank clean-
ing) by accumulation of coelomic fat and delayed
metamorphosis (Culley, 1991; Horseman et al., 1976).
The excess fat restricts the mobility of some froglets,
leading to starvation and death in some instances. The
studies concluded that the larvae must be disturbed on
an irregular time schedule, from hatching through to
metamorphosis, to prevent these problems.

Common invertebrate foods for postlarval terres-
trial amphibians include red worms, earthworms,
white worms, crickets, fly maggots and adults, fruit
flies, springtails, mealworm larvae, waxmoth larvae,
and Zophobas beetle larvae. Aquatic amphibians also
accept invertebrates such as bloodworms, black
worms, washed brine shrimp, Artemia spp., glass
shrimp, and crayfish. Techniques for culturing live
food are covered in Chapter 6, Diets for Captive Am-
phibians, as well as the following sources: Axelrod &
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Schultz, 1990; Brown, 1995; Culley, 1991; Frye
1991, 1992; Masters, 1975; National Research Coun-
cil, 1974. Additional sources with information on di-
ets and care of some of the more commonly kept am-
phibians are: anurans (Cover et al., 1994; de Vosjoli,
1990a, 1990b; de Vosjoli et al. 1996; Fenolio &
Ready, 1995; Le Berre, 1993) salamanders (Balsai,
1994; Fenolio & Ready, 1996; Harkavy, 1993;
Jaeger, 1992; Maruska, 1994; Staniszewski, 1996;
Webb, 1994), caecilians (O’Reilly et al., 1995; Wake,
1994). ’

Field sweepings and leaf litter invertebrates from
areas where pesticides and herbicides have not been
used are excellent food sources for amphibians. As a
precaution, though, brightly colored insects should be
avoided unless they are positively known not to be
toxic. Mosquito larvae are a good food for many lar-
val salamanders as well as for some tadpoles. A
bucket of water left outside in warm weather will of-
ten be seeded within a few days. Equipment for catch-
ing and keeping insects is available from Bio-Quip
Products (17803 La Salle Ave, Gardena, CA).

The National Research Council (1974) notes that
cooked spinach, a food commonly fed to many her-
bivorous tadpoles, should be avoided because it can
cause kidney stones. Cooked romaine and escarole
lettuces do not cause this problem, though their nu-
tritional adequacy remains uncertain. At NAIB, the
tadpoles of nearly all species of anurans are fed dried
fish food. (Sera Micron: Stage 1 Powdered Food for
Newborn Fry, Sera, Heinsburg, Germany). At NAIB,
stream-dwelling larvae of the harlequin stubfoot toad,
Atelopus v. varius, feed on Sera Micron, as well as al-
gae that is cultured in-house on PVC pipe fittings and
on rocks.
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CHAPTER 6
DIETS FOR CAPTIVE AMPHIBIANS

Kevin M. Wright, DVM

6.1 INTRODUCTION

Larval and adult amphibians consume very differ-
ent diets in the wild than offered in captivity, and un-
doubtedly that is the etiology of many of the nutri-
tional diseases known in captive amphibians. The
prey species consumed in the wild is known for few
species of amphibians, and from very small sample
sizes of those species studied (e.g., Cornish et al.,
1995; DeBruyn et al., 1996; Duellman & Lizana,
1994; Evans & Lampo, 1996; Tocque et al., 1999).
The nutrient composition of many actual or potential
prey species are either incompletely studied (e.g.,
Reichle et al., 1969) or virtually unknown—it is not
feasible to scientifically formulate diets for captive
amphibians based on the fieldwork done thus far.
Analyses of species of some of the invertebrates and
vertebrates used as food items have been compiled
and reported (e.g., Dierenfeld & Barker, 1995), how-
ever these analyses are incomplete with regard to the
levels of vitamin D; and other nutrients. When one
considers the controversies that exist in the well-doc-
umented field of human nutrition, the long term suit-
ability of a diet described for captive amphibians is
difficult to assess. Fortunately many of the species
commonly held in captivity adapt well to readily
available food items, which may indeed be the reason
why these species are common in captivity. Multigen-
erational breeding by more than one captive popula-
tion is one of the few objective measures of success for
a diet, and has occurred in only a few species (e.g.,
White’s treefrog, Pelodryas caerulea, the green and
black poison dart frog, Dendrobates auratus, the dye-
ing poison frog, D. tinctorius, the African clawed
frog, Xenopus laevis, the Cayenne caecilian, Ty-
phlonectes compressicauda, and the axolotl, Am-
bystoma mexicanum). Extensive field research and
analysis of the nutrient composition of prey items and
gastrointestinal contents is needed if the discipline of
captive amphibian nutrition is ever to become a hard
science.

6.2 LARVAL AMPHIBIANS

The diets fed to larval salamanders and neonatal
caecilians are generally similar to those fed adults, al-
though the items must be smaller in size. Tadpoles,
however, may have diets radically different from adult
anurans, for while adults are carnivorous many anu-
ran species have tadpoles that are herbivorous or filter
feeders. The tadpoles of some dendrobatids (e.g.,
strawberry poison dart frog, Dendrobates pumilio) are
obligatorily oophagous and consume infertile eggs laid
by their mother (Figure 6.1). According to one classi-
fication system based on the arrangement of the mouth
and opercula, there are at least five types of anuran
tadpoles (Duellman & Trueb, 1986; Orton, 1953;
Sokol, 1973), and this oral structure is linked to the di-
etary preference. Some larval amphibians may have
different morphologies depending on food availabil-
ity, and may become cannibalistic in times of food
shortages. This has been noted in the Plains spadefoot
toad, Spea bombifrons, where some tadpoles have the
typical scraping mouthpart while others develop an
enlarged beak and jaw muscles and become predatory
feeding on tadpoles (Bragg, 1965; Orton, 1954). A
similar morphological range is noted in some popula-
tions of the tiger salamander, Ambystoma tigrinum.
Some larvae develop much larger heads (and conse-
quent mouth gape) and longer teeth than others and
become cannibalistic (Rose & Armentrout, 1976). It is
essential that one understand the life cycle of an anu-
ran species when choosing a diet to feed the tadpole,
or else malnutrition will result.

Carnivorous tadpoles, larval salamanders, and
neonatal caecilians can be reared using a variety of
whole and chopped invertebrates and vertebrates.
Newly hatched larvae may be so small that fresh zoo-
plankton netted from an unpolluted natural water
source may be needed to establish feeding (e.g., Baker,
1988), although once they have reached a larger size
other items can be used. Cultured protozoa (e.g.,
Paramecium spp.) and small crustaceans (e.g., Cy-
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Feeding Procedure

tema b om

Veatral

[U— 11

Normal

Ventral

s 1 UM

D. pumilio Adult Specimen Engorged

Figure 6.1. Obligatory oophagous tadpoles, such as the strawberry
poison frog, Dendrobates pumilio, engorge themselves during
feeding. Unfortunately attempts to rear these tadpoles on artificial
diets as depicted here have met with minimal success (Heselhaus,

1992). (Caitlin Hughes)

clops spp.) have been used as a food source for small
larvae (Wisniewski & Paull, 1983). Cultured rotifers
are used extensively in raising fish fry and can be used
as a food for larval salamanders. Other small crus-
taceans (e.g., Daphnia spp., newly hatched brine
shrimp, Artemia salina) can be cultured as food
sources. Once the larvae have reached an appropriate
size, generally over 10 mm (0.4 in) in length, larger
food items may be offered. Some larvae have large
enough mouths upon hatching to immediately take
these larger food items. Small earthworms or chopped
adult earthworms, bloodworms, glassworms, white
worms, black worms, tubifex worms, mosquito larvae,
small live freshwater fish, and chopped whole fresh-
water fish can be offered. Some larvae may learn to ac-
cept extruded, pelleted, or flake food designed for fish
or reptiles (Baker, 1988). It is suggested that several
different items are offered in the course of a week so

that a varied diet can be consumed by the larvae. It
should be noted that frozen zooplankton and other in-
vertebrate food items are packaged and sold as fish
food and are readily available at most pet stores that
sell fish and fish supplies. The clinician is advised to de-
termine local sources for these food items so that the
client can quickly acquire food when the need arises.
Omnivorous tadpoles can be fed brands of flaked or
pelleted food designed for omnivorous fish. The prob-
lem with many fish foods is that as the food particle
size gets smaller, it has an increasing surface area-to-
volume ratio which in turn increases the rate of leach-
ing of water soluble nutrients. At least one study has
documented that there is significant leaching of the
water soluble vitamins from flaked foods, with up to
a 90% reduction in cyanocobalamin (B;,) within 30
seconds of immersion in water (Pannevis & Earle,
1994). This loss of B vitamins appears responsible, at
least in part, for the development of scoliosis, spindly
leg, and paralysis of developing anurans. (See also
Sections 7.8, Scoliosis; 7.9, Spindly Leg; 7.10, Paraly-
sis; 18.1, Spindly Leg.) To minimize the loss of im-
portant nutrients, feed schedules should occur so that
food is consumed immediately. Tadpoles that feed at
the surface may be offered floating foods, while bot-
tom feeding tadpoles may be offered sinking foods. It
is often helpful to have live aquatic vegetation and
(green) algae present in the water of omnivorous (and
herbivorous) tadpoles as an alternate food source.
One study documented the faster growth rate of tad-
poles raised in a tank containing live algae, diatoms,
and commercial food and supports the important role
of good algal growth in tadpole growth (Kupferberg
et al.,, 1994). Food items suggested for carnivorous
larvae may be offered sparingly to omnivores.
Herbivorous tadpoles can be fed flaked fish foods
designed for herbivorous fish. Spirulina tablets are of-
ten used as a supplement to this diet with herbivorous
tadpoles. As already mentioned, the presence of live
aquatic vegetation and algae is suggested for good tad-
pole growth (Kupferberg et al., 1994). Blanched or mi-
crowaved romaine lettuce or other heat-treated greens
can be offered in addition to the aquatic vegetation,
but the produce should be replaced daily. Proper heat
treatment of produce does not degrade the vitamins
while it breaks down the structure so the tadpoles can
easily graze upon it. Oxalate-containing vegetables
such as kale and spinach are to be avoided as a food
source to prevent renal disease from oxalate accumu-
lation (National Research Council, 1974). Decorative
plants such as the silver queen, Aglaonema roebelinii,
may also contain calcium oxalate. Oxalate-containing
plants should be considered a potential hazard due to
the development of renal disease in some frogs at the
National Aquarium in Baltimore held in enclosures



containing silver queen, A. roebelinii (see Section 7.3,
Renal Calculi).

Microencapsulated foods designed for filter-feeding
invertebrates and fish fry have been used with some
detritivorous tadpoles. However, better growth rates
may be achieved by rearing the tadpoles in a tank con-
taining a combination of algae, diatoms, and artificial
food (Kupferberg, 1994).

There have been some studies documenting the ef-
fect of diet on growth of larvae and metamorphosis
into normal adults (reviewed by Kaltenbach & Hage-
dorn, 1981), but a formula for success for a given
species is still elusive. The efficacy of any diet is de-
termined solely by trial and error, and evaluating the
efficacy is incumbent upon standardization of other
parameters such as water quality and temperature.
Water quality should always be evaluated if growth
rates of larvae are not optimal or if abnormalities of
growth (i.e., delayed development) are noted. Fur-
thermore, there may exist significant differences be-
tween the morphology, development, and behavior of
the larvae of subspecies and geographic races within
a single species (Wisniewski, 1992), and these differ-
ences may be erroneously interpreted as nutritionally
related rather than having a genetic basis. The effects
of crowding or isolation, wherein the population den-
sity of the larvae within a tank is less than optimal,
can also influence growth rates (Woodward, 1987), as
can lack of appropriate cage furnishings (Wisniewski
& Paull, 1983). Inappropriate lighting may influence
growth rates (Rugh, 1935), although this has received
little attention since early studies. The frequency and
predictability of cage servicing and feeding may delay
metamorphosis and have other physiological effects,
as was noted with the bullfrog, Rana catesbeiana,
(Horseman et al., 1976). Some researchers have sug-
gested that there are other growth inhibition agents
that affect tadpole development, and the existence
and exact nature of these agents have been debated
(Beebee, 1995; Petranka, 19935). All these items must
be considered whenever there appears to be a failure
in development of larvae in order to determine if there
is indeed a nutritional link.

Scoliosis and 100% mortality occurred in captive
bred tadpoles of a phyllomedusine frog, Phyllome-
dusa cf tarsius, at the National Aquarium in Balti-
more (B. Whitaker, personal communication, 1996),
and high mortality from spindly leg was noted in the
tadpoles of several species of dendrobatid frog
(Epipedobates spp., Dendrobates spp., Phyllobates
spp.). Successful rearing was achieved when vitamin B
complex (Vitamin B Complex, VEDCO, Inc., St.
Joseph, MO) was added to the tank water at a dose of
0.5 to 1 ml per gallon of tank water. One ml of this
product contains 12.5 mg thiamine, 2 mg riboflavin,
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5 mg pyridoxine hydrochloride, 12.5 mg niacinamide,
10 mg d-panthenol, and 5 pg cyanocobalamin. New
water used for water changes was supplemented at
this level, and water changes occurred twice weekly.
However, there was greater growth of algae in the
supplemented tank than unsupplemented tanks, so
the mechanism by which normal maturation occurred
is unclear. Young specimens of the phantasmal poison
frog, Epipedobates tricolor, were especially prone to
spindly leg unless this rearing regimen was used.
However, adding this vitamin complex to the water
used at the Philadelphia Zoo did not prevent spindly
leg in this species. The uncertainties associated with
the B vitamin complex supplementation emphasizes
the difficulty in evaluating larval diets for amphibians.

6.3 ADULT AQUATIC AMPHIBIANS

Invertebrates make up the bulk of the natural diet
of most species of aquatic amphibians, whether they
are frogs, salamanders, or caecilians, and generally
they accept very similar diets in captivity. There are
some species of aquatic amphibians that are special-
ists and feed on only one or a few types of prey in the
wild, but many of these adapt to a different diet in
captivity. Some species of aquatic caecilians, such as
the Cayenne caecilian, Typhlonectes compressicauda,
have been kept and bred over multiple generations on
a diet consisting primarily of earthworms. Aquatic
salamanders such as the axolotl, Ambystoma mexi-
canum, and the red-spotted newt, Notophthalmus
viridescens, generally accept whole or chopped an-
nelid worms as well as other whole or chopped inver-
tebrates. Earthworms, Lumbricus spp., bloodworms
(midge larvae, family Chironomidae), black worms,
Lumbriculus variegatus, tubifex worms, Tubifex
tubifex, white worms, Enchytraeus spp., glassworms,
washed brine shrimp, Artemia salina, water fleas,
Daphnia spp. and Cyclops spp., grass shrimp, Palae-
monetes spp., crayfish, springtails, Collembola spp.,
flour beetles and larvae, Tribolium confusum, newly
molted mealworm larvae, Tenebrio molitor, crickets,
wax worms (larvae of either Galleria mellonella or
Achroia grisella) and fly larvae and wingless adult flies
(Musca spp. or Drosophila spp.) are commercially
available invertebrates that can be used as elements of
the diet for captive salamanders. Feeder fish (e.g.,
guppy, platy, goldfish, and loach) can be offered to
the larger aquatic amphibians, as can many of the
smaller freshwater fish, such as whole smelt.

Live moving prey is accepted more eagerly than
dead stationary prey, but most aquatic amphibians
will learn to accept dead prey. Many caecilians, sala-
manders, and frogs will learn to accept food offered on
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forceps or impaled on the tip of a broom straw, while
others remain timid and reluctant to feed in the pres-
ence of humans. An amphibian that learns to accept
dead prey is easily fed, since frozen invertebrates and
vertebrates are packaged and sold as fish food and are
readily available at most pet stores that sell fish and
fish supplies. A change in appetite, either gradual or
sudden, is often the first clue to an amphibian’s health,
so hand feeding is encouraged for it allows the care-
giver to keep track of the amphibian’s appetite.

Live food is also available through most pet and
bait stores, but may only be available seasonally. The
clinician is advised to determine local sources for
these food items so that the client can quickly acquire
food when the need arises. These commercially avail-
able prey items can be supplemented with inverte-
brates that can be collected in the field. Small insects,
sometimes referred to as meadow plankton, can be
harvested with a sweep net brushed through tall
grasses and light shrubs. Slugs, small grasshoppers,
mosquito larvae, and other invertebrates are relished
by many aquatic amphibians. Wild-collected food
items are not without hazards however, for these
items may be contaminated with pesticides and other
harmful compounds and may be an intermediate host
for parasites affecting amphibians. Mosquito larvae
and other aquatic invertebrates can be collected from
natural water sources, but may serve as a vector for
infectious diseases.

Care should be taken to screen aquatic prey items to
avoid introducing pathogens such as ectoparasitic pro-
tozoa. A 10- or 20-gallon glass tank can be used for
quarantine holding of live food items, and a program
to remove parasites instituted. A safe and simple treat-
ment to reduce the numbers of ectoparasites on aquatic
invertebrates is immersion in a saltwater bath (25 g sea
salt/L water). Different species of invertebrates can tol-
erate different lengths of time immersed in a salt bath,
and should be monitored for signs of distress to a max-
imum time of 60 minutes. Fish can be treated similarly
using either sea salts or a formaldehyde treatment (0.4
ml 37% formaldehyde/L. water) can be used. All prey
items should be thoroughly rinsed with fresh water fol-
lowing treatment, and allowed several hours in the
quarantine tank before being used as amphibian food.
Prophylaxis of bacterial disease may lead to the devel-
opment of resistant strains of pathogenic bacteria and
is not recommended for food items. If the items were
collected from an unsanitary area or raised in an un-
sanitary manner, they should not be used as a food
source for amphibians. Equal care should be given to
screening frozen fish offered to amphibians, for
Aeromonas salmonicida was introduced into a colony
of the African clawed frog, Xenopus laevis, through
contaminated food fish (Frye, 1989).

Some aquatic frogs and salamanders may learn to

eat pelleted foods, displaying an individual preference
for either floating or sinking pellets. It is important to
remember that many of the fish foods are geared to-
ward omnivorous fish and are not designed to be used
as a diet for carnivorous vertebrates. Even the pelleted
turtle diets are geared toward an omnivore rather than
a strict carnivore. These omnivore diets may not meet
the protein, fat, and fat-soluble vitamin needs of the
carnivorous adult salamander or frog. Amphibians
that receive a large portion of their calories from arti-
ficial diets may develop a variety of health problems,
such as hydrocoelom from protein deficiency and skin
lesions from fat deficiencies. Depending on the levels
of fat and fat soluble vitamins in the food, disease from
either vitamin D deficiency or toxicity might develop.

6.4 TERRESTRIAL AMPHIBIANS

The majority of terrestrial amphibians prey primarily
on invertebrates. The prey items suggested for aquatic
amphibians can also be offered to terrestrial amphib-
ians, although as a rule most terrestrial amphibians are
reluctant to accept any pelleted diets. There are some
specialist feeders that are extremely reluctant to feed on
the prey items commonly offered in captivity, and some
species (e.g., Surinam horned frog, Ceratophrys cor-
nuta) must be given assistance in feeding for prolonged
periods of time (de Vosjoli & Mailloux, 1987).

One study documented improved growth in newly
metamorphosed bullfrogs, Rana catesbeiana, that
were fed a diet of mosquito fish, Gambusia affinis,
over those frogs fed either crickets, Acheta domestica,
or earthworms, Lumbricus spp. (Modzelewski &
Culley, 1974). In addition, the frogs that were fed
mosquito fish had no rickets. The study suggested
that fish were a superior food source due to their
higher calcium content over the nonsupplemented in-
vertebrates. Four other fish species were mentioned in
the study as being used to successfully rear bullfrogs,
R. catesbeiana, including the molly, Molliensia latip-
inna, golden shiner, Notemigonus crysoleucuas, and
two species of sunfish, Lepomis spp. Inclusion of fish
in a diet consisting of crickets and earthworms
showed growth rates similar to that achieved by feed-
ing fish alone. Vitamin Dj levels of the prey items were
undocumented in that study but vitamin Dj; levels
have been reported for some fish species consumed by
humans (Ensminger et al., 1994; Souci et al., 1989)
and are generally adequate to prevent hypovita-
minosis D in other vertebrates. A similar study was
performed on the Woodhouse toad, Bufo woodhou-
sei (Claussen & Layne 1983), and that study con-
cluded that mealworms alone were a better diet than
crickets, cabbage loopers, or a combination of the
three items.



6.5 RODENTS AS A FOOD SOURCE

Neonatal mice and neonatal rats (pinkies) can be of-
fered on occasion to aquatic and terrestrial amphibians,
however one study reported that the levels of vicamin
A in these domestic rodents are high (Douglas et al.,
1994). If this study is valid, hypervitaminosis A could
contribute to the development of metabolic bone dis-
ease if mice or rats are used on a regular basis with-
out vitamin D; supplementation. (See also Section
7.1, Metabolic Bone Disease, and Toxicological Eti-
ologies—Hypervitaminosis A in Section 27.2.1, Mus-
culoskeletal System.) Given a whole body content of
about 27 iu vitamin A/g body weight for rat pinkies
(Douglas et al., 1994), a supplement of at least 2.7 iu
vitamin D;/g body weight may be needed to offset the
high levels of vitamin A in rat pinkies. However, this
supplementation rate has yet to be tested for long-
term safety and efficacy in amphibians and may well
result in toxicities from the fat-soluble vitamins. To
avoid this risk the feeding of rodents to amphibians
should be minimized.

6.6 FEEDING PATTERNS

[t is important to offer food items at a time that is
cued to the activity pattern of the species as well as
the individual specimen. Establishment of a regular
photoperiod in an enclosure allows the inhabitants
to develop appropriate activity patterns. Avoid sud-
den shifts in the photoperiod as these may disrupt
the amphibian’s biorhythms and alter its feeding be-
havior. Diurnally active amphibians, such as den-
drobatid frogs, should be offered food in the morn-
ing and early afternoon, while nocturnally active
amphibians will feed most readily if offered food in
the early evening. The lighting of an enclosure may
influence an amphibian’s activity pattern (Jaeger &
Hailman, 1981); thus the illumination should be ap-
propriate to the species. Some nocturnally active
snakes show a cycle in foraging activity that corre-
sponds to the phase of the moon and associated il-
lumination intensity (Personal communication, P.
Andreadis, 1997), thus a regular fluctuation of the
nighttime illumination may prove beneficial to some
amphibians. The radiation wavelength of the light
source used in an enclosure may also influence the
behavior of animals (White et al., 1994), and the
light source should be chosen to meet the known
needs of the species. Species that are diurnally active
but live on the forest floor may not be accustomed
to intense lighting and may hide rather than eat if
kept under inappropriately high light levels, possi-
bly giving the caretaker the erroneous impression
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that the species is crepuscular or nocturnal. Erratic
behavior is often noted when the light levels or pho-
toperiod is inappropriate.

If food items are offered at inappropriate times
(e.g., first thing in the morning for a nocturnally ac-
tive species), the vitamin and mineral supplementa-
tion may not be effective, as the amount dusted onto
the prey may be groomed or wiped off, and the con-
tents of the gut may be excreted.

If an amphibian is not hungry, the uneaten prey
may in turn consume the amphibian. Crickets are no-
torious for eating small amphibians or eating wounds
on larger amphibians. An amphibian may be hungry
and willing to eat, but if too many prey items are pres-
ent an amphibian may be reluctant to feed due to tac-
tile stimulation of prey items crawling on its body.

The amount of food offered and frequency of feed-
ing depends on the energy budget of the species in
question. Small, actively foraging amphibians may
need to be fed twice a day to maintain good body
weight, whereas large ambush predators may gain ex-
cess weight if fed to satiation more often than once or
twice a month.

Environmental cues such as temperature and hu-
midity can influence feeding behavior. Body tempera-
tures far below or above the preferred body tempera-
ture for a species can make an ampbhibian reluctant to
feed, as can a decrease in total body water such as may
be brought about by inappropriately low humidity
within an enclosure. Poor water quality caused by an
elevated pH or low levels of dissolved oxygen can put
an amphibian off feed, and should be evaluated when-
ever there is a problem feeder.

6.7 VITAMIN AND MINERAL
SUPPLEMENTATION

Vitamin and mineral supplementation of captive
amphibian diets is done on an empirical basis. There
are a tremendous number of supplements marketed
for the herpetocultural hobbyist, but the bioavailabil-
ity of the contents of these supplements as well as the
need for the contents in any given species’s diet is un-
documented.

Most supplementation programs are designed to
ensure adequate levels of calcium (i.e., from 0.5% to
1.5% total diet dry matter) and vitamin Dy, as well as
a balanced ratio of calcium to phosphorus (i.e.,
1.5:1.0). This can be difficult given the inverse cal-
cium-to-phosphorus ratic of many invertebrate
species. The earthworm is a notable exception with a
positive calcium-to-phosphorus ratio and adequate
total levels of calcium (Dierenfeld & Barker, 1995).
There are “gut-loading” diets that can be fed to crick-
ets and other insects to increase their total calcium
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content, a concept that can be traced back to a study
that documented the increased calcium content of the
mealworm, Tenebrio molitor, fed solely vitamin-min-
eral preparations for 24 hours prior to use as a food
for insectivorous animals (Zwart & Rulkens, 1979).
When fed solely a diet that contained 11.65% calcium
and 0.55% phosphorus (Carnicon®, Trouw Com-
pany, Putten, Netherlands), the calcium-to-phospho-
rus values of mealworms increased from 1:3.7 to
1.38:1 and yielded a final calcium content of 0.84%
calcium. Subsequent studies document the differing
tolerances of insect species to high-calcium diets, and
along the way the term “gut-loading” came into com-
mon usage in herpetoculture.

The ideal gut-loading diet for an invertebrate
species should result in an active live prey item that
has a nutritional composition no lower than 0.5%
and no higher than 2% total calcium content (dry
matter basis) and a calcium-to-phosphorus ratio of
1.5:1. The wax worm, Galleria mellonella, when
maintained on a diet of 5.7% calcium, survived over
72 hours, and achieved a calcium content of 0.31%
with a calcium-to-phosphorus ratio of 1.29:1 at 72
hours (Strzelewicz et al., 1985) whereas one species of
cricket, Acheta domestica, could not tolerate a diet in
excess of 0.14% calcium for prolonged periods of
time (McFarlane, 1991). Commercial gut-loading di-
ets for crickets have calcium levels of up to 8% and
cause significant mortality if fed for more than 48
hours.

Gut-loading diets are not balanced diets due to the
high levels of calcium present, and are not intended
for optimal growth and development of the insects.
The gut-loading diets should be placed within the
cricket cage no sooner than 48 hours prior to use as
an amphibian food source. Either water or slices of
fruit (e.g., apple or orange) can be used as a water
source concurrent with the gut-loading diet, as the
calcium content of the crickets were the same for ei-
ther source in one study (Trusk & Crissey, 1987).
Crickets given no access to moisture die within hours
if fed the gut-loading diet. Given a diet containing 8 %
calcium, crickets achieved a dry matter calcium con-
tent of 1.3% (Allen, 1983; Allen & Oftedal, 1989;
Allen et al., 1993). The crickets will begin to excrete
their high-calcium ingesta almost immediately, so
only as many insects as will be consumed by the am-
phibian within 2—4 hours should be offered.

It is noted that adults of the Cuban treefrog, Os-
teopilus septentrionalis, maintained adequate total
body calcium levels while on either a high-calcium
diet (i.e., crickets containing 1.26% Ca and 0.89% P)
or a low-calcium diet (i.e., 0.23% Ca and 0.82% P)
(Allen, 1983; Allen et al., 1993). No significant dif-
ferences were noted in total body calcium, phospho-
rus, or in radiographic appearance between frogs

raised on either diet. The frogs’ overall body calcium
declined by 25% during the 7-month study, although
it is possible that this decline was due to the frogs’
maintenance in deionized water and other factors,
such as lack of ultraviolet-B irradiation, inappropriate
levels of vitamin D, or a normal seasonal fluctuation
in calcium. Whether the calcium levels would have
been adequate in the face of growth, reproduction, or
unusual activity is unknown.

A 5.7% calcium gut-loading diet for the wax worm,
Galleria mellonella, has been reported (Strzelewicz et
al., 1985). It consisted of 12.0 ml honey, 18.9 g high-
protein baby cereal (Gerber High Protein Baby Ce-
real, Gerber Products Company, Remont, MI; this
product may no longer be available), 5.7 g calcium
carbonate, 10.0 ml glycerol (Glycerine USP 99.5%),
and 4.0 ml distilled water. Wax worm larvae should
be maintained on this diet for a minimum of 72 hours
at 30°C (86°F) in order to achieve a calcium content
of 0.31% and a calcium-to-phosphorus ratio of
1.29:1.

An alternative diet for gut-loading crickets and
mealworms consists of 20% calcium carbonate pow-
der and 80% nutritionally complete layer chicken
mash (Dierenfeld & Barker, 1995). This diet has a fi-
nal calcium content of 8%.

Crickets may eat less in the final weeks of their life,
so gut-loading may be less effective for older crickets.
This may hold true for other insects as well.

A small amount of powdered supplement can be
placed into a container, and prey items can be shaken
in the container to become thoroughly coated with the
supplement. This technique is known as dusting and
is based on the assumption that finely ground vitamin-
mineral powders adhere to prey items, which in turn
bolsters the prey’s intrinsic nutritional value. Dusting
is usually used with small prey items such as fruit flies
and pinhead crickets for which gut-loading diets are
lethal or impractical. Dusting does itself significantly
decrease the life span of very small insects and should
only be done immediately prior to feeding out the in-
sects. It is generally assumed that these smaller insects
have inverse calcium-to-phosphorus ratios and thus
require dusting; however, one study suggests that this
may not be a valid assumption as pinhead crickets had
an average dry matter calcium of 2.1% (Dierenfeld &
Barker, 1995). If this analysis of pinhead cricket cal-
cium content holds true (i.e., pinhead crickets are
truly a high-calcium food), then dusting pinhead
crickets may have had little to do with the successes
of rearing small amphibians.

One study failed to achieve a positive calcium-to-
phosphorus ratio in adult crickets (unknown species)
using a dust that contained 11% calcium and 3.2%
phosphorus (Trusk & Crissey, 1987). The highest cal-
cium-to-phosphorus ratio achieved was 0.18:1 within



5 minutes of dusting, and this tapered off to 0.15:1
within 3 hours. As with gut-loading, it is suggested
that no more insects be offered than can be consumed
within a few hours to maximize the calcium gain
achieved by dusting. Pure calcium carbonate or other
nonphosphorus forms of calcium should be the cal-
cium source for any mineral supplement to offset the
inverse calcium-to-phosphorus ratio of most prey
species.

The benefits of dusting with regard to improving
the vitamin content of prey species appears to be un-
documented. There are a variety of vitamin-mineral
supplements marketed for amphibians and reptiles;
however, full-spectrum human vitamin-mineral sup-
plements are cheap, readily available products that
can be used for dusting if one is willing to grind the
tablets into a fine powder. The bioavailability of the
human products may actually be better than those
marketed specifically for amphibians and reptiles
(Donoghue & Langenberg, 1996). One is cautioned
to review the label of any vitamin, pet or human,
prior to purchase, as substitutions and reformula-
tions frequently occur. As an example, in many hu-
man formulations vitamin D; has been replaced re-
cently with vitamin D,.

It is noted that further studies are needed to validate
the conclusions of one dusting study (Trusk &
Crissey, 1987). 1f dusting achieves much lower levels
of supplementation than does gut-loading, then the
recommendations for supplementation of invertebrate
prey may change. Currently it is recommended that
small insects, such as fruit flies, pinhead crickets, and
houseflies, should be dusted with a vitamin-mineral
mix prior to being fed to young growing amphibians.
Adult amphibians may do well on a schedule with
prey insects dusted from 1 to 3 feedings a week.

Vertebrate prey rarely need additional supplemen-
tation in this manner (but see Section 6.5, Rodents as
a Food Source), although frozen whole fish may need
additional thiamine to offset thiaminase activity. (See
Section 7.3, Thiamine Deficiency.) If only muscle por-
tions of fish are used, supplementation is recom-
mended to offset calcium, vitamin A, vitamin D, and
iodine imbalance of the muscle meat.

6.8 RECORDING THE DIET

It is extremely important to keep accurate records
of the diet fed to captive amphibians, as many disor-
ders seen in captivity are first revealed by changes in
their appetite or may have an underlying nutritional
etiology. The actual design of the record depends on
both the caregiver and the amphibians in the collec-
tion. Ideally the records should be easy to maintain,
concise, and accurate. At a minimum the date and
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time of feeding and the amount of each type of food
item offered should be recorded, along with the exact
brand name and amounts of any vitamin-mineral sup-
plements that are used. If gut-loading diets are used
for invertebrates, the brand name of the diet and lot
number should be recorded on the feed record. If com-
mercially prepared foods such as flaked fish food or
pelleted feeds are offered to amphibians, the brand
name and lot number should be recorded. Weight
records should be a part of the feed record so that any
apparent weight gain or loss in an amphibian can be
objectively evaluated.

6.9 DERMATOPHAGY

Dermatophagy, the act of consuming shed skin, oc-
curs in all three orders of Amphibia (Weldon et al.,
1993) (Plates 6.1, 6.2). The reason for this process is
unknown, but recapture of critical nutrients and
predator avoidance have been proposed.

6.10 CULTURING FOOD ITEMS

6.10.1 Introduction

Although rodents and many invertebrates can be
purchased from commercial suppliers, shortfalls in
distribution can occur during inclement weather, thus
many herpetoculturists maintain small colonies of in-
sects and rodents to ensure a steady supply of food for
their amphibians. Further details of cultivation of
food items are available elsewhere (e.g., Andrews,
19865 Frye, 1991; Jaycox, 1971; Martin et al., 1976;
Mason, 1994; Masters, 1975; Mattison, 1982; Obst
et al., 1988; Zimmerman, 1986). In addition to the
amphibian and reptile literature, tropical fish maga-
zines and other newsletters often have detailed articles
about culturing live food items that are suitable for
amphibians. Following is brief overview of the cul-
turing of some of the invertebrate species readily
maintained in the average home.

It is difficult to estimate how many food item
colonies are needed to maintain a collection, but most
shortages occur when attempting to rear amphibian
metamorphs. In order to avoid shortages, as a general
rule one sweaterbox-sized thriving colony of spring-
tails should be available for each newly metamor-
phosed small anuran or salamander. A similar sized
colony of white worms should be maintained for
slightly larger salamanders.

6.10.2 White worms

The white worm, Enchytraeus albidus, is an annelid
worm of the family Enchytraeidae. White worms can
be raised in a lidded dark plastic container (e.g., shoe-




70 ——AMPHIBIAN MEDICINE AND CAPTIVE HUSBANDRY

box). Ventilation holes are not required, but if present
should be covered with foam or fine mesh screen to
prevent infestation with parasitic mites or flies. Moist
potting soil and peat moss should fill the container to
within a few inches of the top. A quantity of white
worms can be introduced to this container. White
worms should be cultured at temperatures between 7
and 20°C (45° and 68°F), but do best at the lower end
of this range. Oatmeal, white bread that has been
soaked in milk or aged tap water, tropical fish food
flakes, and vegetables should be placed on top of the
soil on a regular basis. Water should be sprayed into
the culture as needed to keep soil moist. Feed spar-
ingly and remove food before it spoils.

6.10.3 Red worms

The annelid red worm, Lumbricus rubellus, can be
cultured in the manner of the white worm, Enchy-
traeus albidus, but requires warmer temperatures in
the range of 16-20°C (60°-68°F). Burlap or card-
board should be laid on top of the soil to provide hid-
ing spaces. Cricket chow, trout chow, cornmeal, oat-
meal, and vegetables should be placed underneath the
burlap or cardboard but on top of the soil on a regu-
lar basis. Water should be sprayed into the culture as
needed to keep soil moist. Feed sparingly and remove
food before it spoils.

6.10.4 Springtails

Springtails are tiny primitive insects of the order
Collembola that are natural prey items of many am-
phibians throughout the world. Springtails are easy to
culture and the adults rarely exceed 3 mm in length.
Springtails can be raised in a lidded, clear plastic con-
tainer (e.g., shoebox or sweaterbox). Ventilation
holes are not required, but if present should be cov-
ered with foam or fine mesh screen to prevent infesta-
tion with parasitic mites or flies. Moist potting soil
free of surfactants, antifungal agents, and fertilizers
should fill the container to within 2 inches of the top.
A quantity of springtails can be introduced to this
container. Springtails can be cultured at temperatures
between 20 and 27°C (68° and 80°F). Flaked fish food
can be fed on a regular basis and water sprayed into
the culture as needed to keep soil moist. It generally
takes a month or more for a new colony to produce
enough for harvesting. A minimum of one sweater-
box-sized colony of springtails should be maintained
for each small salamander or anuran. Colonies of
springtails have also been maintained on damp gravel
with a small amount of moist potting soil at one end
of the container.

6.10.5 Flour beetles

Flour beetles, Tribolium spp., are small insects that
are relatives of the common mealworm, Tenebrio

molitor. Flour beetles are available from many bio-
logical supply houses or can be obtained from infested
grain items. The generation time and number of eggs
produced varies between species of flour beetles, but
generally a colony of the confused flour beetle, Tri-
bolium confusums, is thriving within 60 days of found-
ing if maintained at temperatures between 24 and
28°C (75 and 82°F). Flour beetles can be maintained
in a lidded, clear plastic container (e.g., shoebox) that
is well aerated. Ventilation holes should be plugged
with cotton or foam or otherwise screened to prevent
invasion by pests such as mites. Excess humidity can
quickly kill a flour beetle colony. The substrate can be
just the food items used. Commercial cricket diets
(not gut-loading diets) can be used to maintain
colonies of flour beetles, as can pelleted trout chow,
dog food, monkey biscuit, and rodent blocks. The
substrate should be kept dry and free of mold. Small
wedges of apples or oranges or a moist cotton ball
need to be placed within the colony on a daily basis to
provide water for the beetles. The fruit or cotton
should be placed on a small plastic bottle cap to pre-
vent molding of the substrate. Either adult or larval
beetles can be offered as food. New colonies should
be started from colonies less than 60 days old.

6.10.6 Mealworms

The common mealworm, Tenebrio molitor, is eas-
ily maintained in the average household. The chiti-
nous exoskeleton of mealworm larvae limits its use as
a food item. Many amphibians swallow their prey
whole, and mealworms may appear nearly whole in
feces if the exoskeleton was not sufficiently crushed
and pierced by the mouth of the amphibian. This
problem is not apparent when using newly moulted
mealworm larvae, which appear pale white beside the
hardened exoskeleton of other larvae. If hard-shelled
larvae are to be used, the exoskeleton should be slit
with a razor prior to feeding to ensure the penetration
of stomach acid and digestive enzymes. The head of
the mealworm larvae may also be crushed prior to
feeding to minimize the risk of injury to the amphib-
ian’s stomach caused by the mealworm’s escape at-
tempts after ingestion.

There are many possible methods of rearing meal-
worms, but this author has used the following simple
system with great success. Mealworms can be main-
tained in a lidded, clear plastic container (e.g., sweater-
box) that is well aerated. Ventilation holes should be
plugged with cotton or foam or otherwise screened to
prevent invasion by pests, such as mites. Excess hu-
midity can quickly kill a mealworm colony. Dry
sphagnum moss works well as a substrate, and will be-
come finely powdered by the action of the mealworms.
Low-fat monkey biscuits (e.g., Zupreem® monkey bis-
cuits) are used as a food source and are constantly



available on the surface of the moss. Slices of apple or
potato are placed on the surface of the moss and
replaced as needed