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This book,
with all of the hours and effort that went into it,
is dedicated, with even more emotion,

to my wonderful wife, Gerry.
Ich liebe dich
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It is an honor and a pleasure to write this foreword to the
second edition of Reptile Medicine and Surgery. Dr. Douglas
Mader, an outstanding practitioner, lecturer, and author, has
assembled authorities in every aspect of reptilian medicine to
write this book.

Veterinary care of reptiles uses the same diagnostic and
therapeutic modalities as those for domestic animals, but sig-
nificant differences in detail make this specialty unique. Being
ectothermic, reptiles are dependent on the environment for
control of body temperature and regulation of metabolism.
However, reptiles are found in climates ranging from arctic to
tropical, in deserts, meadows, swamps, jungles, and oceans.
Species have adapted to these environments, and it is reason-
able to presume that optimal care for them in captivity should
mimic their natural ecology as much as possible. Veterinarians
need to add that information to their database.

It is part of the art of veterinary medicine to interact posi-
tively with clients and understand what motivates people to
own reptiles. The reasons can be trivial (curiosity, seeking
status symbols), psychologic (machismo, counter-phobic),
practical (wants a pet, but is allergic to birds and mammals),
academic (professional biologist) or economic (breeders, pet
stores). Clients should be encouraged to develop interest in
the more serious aspects of keeping reptiles because that will
result in greater commitment to veterinary care and better
health for the animal.

Unique aspects of veterinary ethics apply in reptilian
medicine. Many species are in danger of extinction through
habitat loss, environmental pollution, and deliberate killing
and hunting or collecting for food, leather, trinkets, or the

pet trade. Veterinarians should support conservation efforts
through legislation, participation in organizations, and per-
sonal example. They should not condone or support the trade
in endangered species. They should become familiar with
and be compliant with federal, state, and local laws regarding
ownership and care of reptiles and other exotic animals.

Some reptiles are extraordinarily dangerous. Veterinarians
should not put themselves, their staff, owners, or others at
risk by interacting with these animals without reasonable
assurance of safety to all concerned.

When I first became interested in reptilian medicine
almost 50 years ago, very little information was available in
veterinary curricula, journals, or textbooks. The few practi-
tioners in the field gained knowledge from biologic literature
and by empirical experience. Since then several texts on the
subject have been published, relevant articles frequently
appear in veterinary journals, significant time is devoted to
reptiles at veterinary meetings, and there is an Association of
Reptilian and Amphibian Veterinarians that currently has
almost 200 members from several countries.

This text is a significant addition to the specialty of
reptilian medicine, covering technical, ethical, business,
public health, and safety aspects of the field. To Dr. Mader
and his coauthors, congratulations on a job well done!

Leonard Marcus VMD, MD



Anonymous

Walk before you run.
A Different Anonymous

Boa constrictor with a prolapsed kidney.

According to me, Douglas Mader, MS, DVM, DABVDP, snakes
have the ability to “sense” when one of their kidneys is going
bad, and, in a self-preserving purge, “spontaneously slough”
the organ. Hence the phenomenon, “Spontaneous Kidney
Sloughing.”

Readers can readily confirm this by performing a quick
Internet search using the term “Spontaneous Kidney
Sloughing in Snakes.”

It is amazing what knowledge we can gain by just a few
simple keystrokes. It is also amazing what bad information is
available to anyone, also with just a few simple keystrokes.

I think the biggest change that has occurred in the field of
herpetologic medicine since the first edition of Reptile
Medicine and Surgery is the advent of, and accessibility to,
the Internet. No longer do you have to live near a big univer-
sity to have access to a sophisticated library. Again, with just
a few keystrokes, you can access journals, books, and other
information and never leave your computer.

This edition of Reptile Medicine and Surgery refers to the
Internet throughout. Readers are referred to many websites,
portals to the world of herpetologic medicine through the
guidance and direction of over 70 expert authors from around
the globe. The Internet is constantly evolving, and keeping
current on new websites will be a dynamic and worthwhile
exercise. However, the information on each website should
be scrutinized and carefully evaluated.

Having more than 70 authors contribute to a text is a
wonderful thing. No one person can have the experience and

If you're gonna talk the talk, you have to walk the walk.

knowledge to write a comprehensive book such as this.
Putting together contributors from the best in the field creates
pure synergy.

The reader of Reptile Medicine and Surgery will be able to
look up information in this book and often find not one, but
two or three viewpoints. As mentioned in the first edition,
I don’t necessarily agree with all the viewpoints—but that is
what makes this text so great. One thing I have learned is that
there is always someone out there who has more experience
or knowledge than you do—all the more reason to have more
than one opinion.

In some cases the reader may find the differences of opin-
ion frustrating. I agree. As an editor, I did not always find
clear-cut ways to handle this. Some contributors are adamant
about using the term “Preferred Optimal Temperature Zone,”
and others find it scientifically unacceptable. Some like the
term “Selected Temperature Zone” or “Preferred Optimal
Temperature Range.” I feel it is best to allow the contributors
to use the terms with which they are most comfortable.

The Committee of Standard English and Scientific names
has published new guidelines for the spelling and “naming”
of all North American reptiles and amphibians. Effective in
2001, many of the old spellings have been changed; unfortu-
nately, the publication has not been widely disseminated
(Society for the Study of Amphibians and Reptiles [SAAR],
Circular No. 29).

In some cases the name changes were subtle, such as cap-
italizing first and second common names (e.g., green iguana,
became Green Iguana.) In other cases common names were
both capitalized and combined; for instance garter snake
became Gartersnake, corn snake became Cornsnake, logger-
head sea turtle became Loggerhead Seaturtle. In still other
cases the change was slightly more complicated; for example,
the hog nose snake became the Hog-nosed Snake.

For this textbook I made every effort to use these new
spellings. Keep in mind that these recommended changes are
for amphibians and reptiles in North America, not around the
world. That posed two problems for me as an editor.

First, what do I do with the names of animals that are not
North American in origin? I consulted several herpetologists
and got many different opinions. Some thought it a travesty
to change any of the names, some believed it would be appro-
priate to change only the North American names, and others
felt it best to follow the guidelines as closely as possible and
change them all in a similar fashion for the sake of
consistency.



Preface

I followed the third approach. For instance, even though
the bearded dragon is not a North American lizard, you will
see that it is capitalized as Bearded Dragon in the text.

Now for the second problem. If I change the spelling and
capitalization of the names in the text, what should I do with
the names as they appear in the references? For instance, if
Gartersnake is changed in the text of a chapter, how should it
read in the reference—Gartersnake as written in the chapter,
or garter snake as it appears in the title of the published
document?

That was a tough call because it would appear inconsis-
tent if I chose the latter option. However, I decided the proper
thing to do was to leave the spelling as it originally stood
in the published title in the references. If a person wanted to
do a literature search, and the spelling of the subject was
changed, the cybertrail would be lost.

I am sure there will be complaints about my decisions, but
I believe we must make every effort to comply with scientific
changes, whatever challenges they present. I take full respon-
sibility for stretching the rules and applying them to species

not included in the SSAR publication. As I said, I wanted to try
and maintain some consistency in the written word.

Finally, and for the record, there is no such medical
entity as Spontaneous Kidney Sloughing in Snakes. Many
years ago I reported on a case of a neonatal Red Tailed Boa
Constrictor that literally had its insides forced out by an
overly aggressive pet store clerk whose diagnosis was that the
animal had constipation. After the clerk squeezed and
squeezed the snake’s midsection, trying to get it to pass its
fecal impaction, a funny tissue popped out of the cloaca, hang-
ing tenuously by a tendril of tissue. In a flash of brilliance,
although not exactly sure what he had done, the clerk recom-
mended that the owner take the baby snake to a herp vet.

The tissue was the animal’s kidney, and the tendril was its
ureter. Hence the birth of Spontaneous Kidney Sloughing.

Douglas R. Mader, MS, DVM, DAVBP



This is one of the few slides that survived Hurricane Georges. It is
also one my all-time favorites. Animal Control brought a 12-foot-long
Burmese Python to my hospital. It was found under a woman'’s
house trailer—her cat was missing. Animal Control wanted me to
check if the snake had eaten the woman’s cat ....

On September 25, 1998, my life turned upside down.
Hurricane Georges blew through the Conch Republic, blast-
ing winds of 113 mph and pushing a tidal surge of 8 feet.
Although the wind did little damage, the tides, the waves,
and the surge washed away everything I owned, including
approximately 20,000 slides and all of the teaching radio-
graphs I had collected during my career.

But, you know what? It was just stuff. I was safe, thank
God my wife was safe, and my pets were safe. That was really
all I cared about.

Compared to the devastation along the Gulf Coast (after
hurricanes Katrina and Rita) and the suffering in Indonesia
and surrounding areas after the horrible tsunamis, I was
blessed.

Even more so, I have the most wonderful colleagues, asso-
ciates, friends, and family in the world.

Writing and editing a book like this does require
resources, especially a comprehensive reference library and a
plethora of photographic images. A picture is worth a thou-
sand words, and this is especially true when you are trying to
describe or teach a technique or illustrate a concept.

I cannot even begin to list all the people who have helped
me out after the hurricane. However, those who directly
aided in the production of this second edition of Reptile
Medicine and Surgery warrant mention.
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The dynamic field of reptile medicine tends to foster innova-
tion of many sorts. Most reptile veterinarians work with
reptiles because of a love and fascination developed in their
formative years. This devotion, although healthy to the prac-
tice of medicine, can tend to buffer the business aspects of
reptile medicine from scrutiny within practices. Consequently,
an equivalent level of business optimization is rarely seen in
reptile practice compared with other aspects of the practice.
Equally unfortunate is that subpar business success in reptile
medicine is a clear indication that the medicine was subdued,
usually because of the [perceived] financial concerns of the
owner. Reptile medicine can and should be profitable and
beneficial to the practice as a whole. Although reptile medi-
cine may act synergistically with other types of medicine
within a given practice, it possesses its own unique benefits,
pitfalls, economy, challenges, and clientele.

This chapter focuses on the unique challenges that face
the business of reptile medicine. Concentration is on under-
standing and meeting these challenges to optimize the success
and profitability of reptile medicine either in an exclusively
exotics practice or in a mixed practice. Readers of this text
are assumed to be already committed to the practice of reptile
medicine; therefore, this discussion focuses on a realistic,
pragmatic, and holistic approach to making reptile medicine
profitable and successful rather than on an attempt to convert
veterinarians with no interest in treating exotics.

THE INTEGRATED PRACTICE

In an integrated practice, reptiles and other exotic pets are
seen and treated along with companion animals. Reptile
medicine can be a worthwhile and profitable venture in most
practices. A synergy may occur, on many fronts, that
improves financial, staffing, medical, and marketing results
of the practice.

Beyond the obvious benefit when reptiles are seen of an
increased gross from a larger client base, many clients who
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were attracted for a clinic’s capabilities with reptiles also
bring their other pets, which may be more economically sig-
nificant than the reptile patient. In addition, the staff at veteri-
nary practices with regular treatment of exotics frequently
have higher levels of loyalty and pride because of the unique
capabilities of the practice and the added variety in work. The
presence of exotic animals in the lobby generates interest and
conversation for clients without exotics, which can foster
client loyalty and increase referrals because clients commonly
equate the variety of patients a veterinarian sees with the
veterinarian’s skill as a practitioner.

Achievement of financial success is often easier in an inte-
grated practice than in reptile or general exotic animal medi-
cine alone because of the relative market sizes of domestic
companion animals compared with that of exotic pets and
because of the willingness of pet owners to spend money
on these pets. Further, with no conflicting factors for a given
service, a wise practice is consolidation of a wide range of
services under a single roof that results in a larger potential
client base without significant increase in overhead costs.

EQUIPMENT AND FACILITIES

Because of the nature of the reptile-owning client (discussed
subsequently), the degree of medical success achieved with
reptiles is more critical to the long-term financial health of
the venture than with domestic companion animals. Whether
reptiles are wild caught, farm bred, or captive bred, all have
specific habitat and dietary requirements that are necessary
for survival and even more specific requirements that are
necessary if they are to thrive. Just as a dog with pneumonia
is not expected to recover well if kept outside in a Minnesota
winter, less than healthy reptiles are certainly not expected to
improve if kept outside of optimal conditions. Morphologic,
behavioral, and physiologic characteristics of reptiles must
be understood and accounted for in equipment and in
methods.
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The diversity of reptiles seen by veterinarians greatly
exceeds the diversity in any other group of pets. Unfortunately,
this point is poorly recognized, and the result is a mindset
of “one size fits all husbandry” for reptiles as people attempt
to make these animals conform to a household environment.
That reptile veterinarians understand the needs and biology
of the animals that they treat is essential for medical and
marketing success.

Although a veterinarian’s ability to remember the natural
history and habitat requirements of every potential patient
is unreasonable, knowledge of the basics for the most com-
monly kept captive reptiles is quite reasonable. For the rest, a
comprehensive reference library should be readily available.
For proper treatment, correct husbandry advice, and adequate
respect of often skeptical reptile owners, a reference library for
natural history, dietary, and behavioral information is essential.

For hospitalization of reptiles, adequate caging facilities
must be available as they are not only ethically necessary but
also essential to success (Figure 1-1). The methods and costs
involved can vary greatly according to how elaborate the
setup is and what materials and methods are used to provide
the facilities. Although caging may be discussed elsewhere in
this text, it is of significant importance to this discussion for
capital concerns and for overall success and gaining the confi-
dence of reptile-owning clients. The following criteria should
be considered in cage design:

Cages should be designed for temperature and humidity
control (different species have different requirements).

The cages or environments should be disposable or
capable of complete and easy disinfection.

The cages must be escape proof.

The environments must mimic natural conditions as well
as reasonable to minimize stress of the patients
(e.g., chameleons in screen cages with trees; all
animals with hiding places, appropriate water
sources, appropriate type of heat for active versus
passive thermoregulators, appropriate lighting on
timers).

Some important medical and surgical equipment may be
used for exotics exclusively. This equipment includes a gram

FIGURE 1-1 Proper reptile caging is mandatory for hospitals that
offer services to exotic clientele.

scale, a microliter syringe, sexing probes, metal feeding tubes
with ball tips, small endotracheal tubes, and safe-handling
equipment. All of these items should have a total cost of less
than $500.00.

CLIENT SERVICES

From the business perspective, the base unit for assessment
of the success of a veterinary facility is the interaction
between the client and the hospital staff. Every interaction
should end with:

The client feeling that they have friends at the hospital.

The client feeling that the hospital staff is competent and
is giving the best possible care.

The client understanding the care given and content with
the value for the money spent.

The client having had a positive experience they would
want to have again.

Staff

Essential to the success of client interactions is that the lay
staff of a hospital be up to the task of service with compas-
sion. The staff must understand the needs and anxieties of the
client if the client is to be satisfied. Service is entirely about
respect and problem solving. Use of this notion to its fullest
extent is important so that the staff members understand and
respond to the client’s emotional state and needs. Through this
understanding, the staff gains the client’s loyalty and trust.

With the hiring of staff, one should know upfront exactly
what to look for. A receptionist should be engaging, warm,
intelligent, and well spoken with good people skills. An
exotics practice must have staff members interested in and
knowledgeable about exotic pets.

Most interactions with clients actually do not involve
doctors. A huge mistake is for a veterinarian to be the sole
repository of the ability to impress clients with herpetological
expertise or to charm clients with service-oriented warmth.
The utmost care and effort should be placed in the hiring and
training of lay staff.

Establishing Value

To state the obvious, gross revenue is a result of the number
of clients seen multiplied by the per-client charge. The per-
client charge is far more influential in profitability than is
the client volume because increased client volume results in
more costs to the practice than does a rise in per-client charge.
Unfortunately, minimization of care and costs to save the
client money and reduce the risk of rejection of services is
common, especially among reptile veterinarians. A veteri-
narian should never minimize the care recommended because
of a perception of the client’s financial wherewithal or any
rationalization that takes cost into consideration. Clients visit
veterinarians to receive the best possible care and recommen-
dations. Neither the client nor the veterinarian is served
when cost plays a part in the development of the medical
recommendations.

Clients have the right and responsibility to take care of
their own finances. A client may refuse any services that are
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unwanted after the value of said services has been estab-
lished. A veterinarian should consider only the best quality
care in development of a medical plan. Cost is irrelevant.

Clearly, however, for a veterinarian to practice the best
medicine possible and make the reptile practice profitable,
the client must be willing to pay for the care. As with any type
of veterinary medicine, understanding the client’s perspective,
including motivations and valuations, is critical. Again, the
overriding goal in the examination room is to get the client
to accept, in full, an estimate of charges to provide the animal
with the best possible care. All that is necessary to obtain this
result is to cause the client to feel that the service is worth the
cost. In other words, value needs to be established. A specific
method can be used to do this with all veterinary patients.
Value establishment is most difficult and the technique most
critical with animals the client may value least, emotionally
and financially.

A basic method for value establishment is as follows:

A knowledgeable lay staff member speaks with the
client and forms a relationship before the doctor
enters the room.

The doctor performs an examination and discusses what
care the patient needs and how that care benefits the
patient. The doctor does not discuss money because
this wastes a client’s time and clouds the client’s mind
about the purity of the doctor’s motivation.

The doctor writes the chart and gives the staff enough
information to construct an estimate of charges.

While a staff member constructs an estimate, the original
lay staff member discusses with the client what the
doctor recommends and how that care benefits the
patient. Options for lesser care are not given.

The relationship previously established fostered trust
for this exchange, and the repetition of the doctor’s
recommendations provides greater understanding and
an increased perception of the correctness of the plan.

After the client has agreed to the treatment plan in
principle, the estimate, complete with costs, is
presented to the client in a matter-of-fact way.

Note that the most important element of this procedure is
the client’s agreement to the medical plan in principle, on the
basis of a solid understanding of the importance of each item
on the estimate, before the cost of the services is shown. When
a client says, “I cannot afford that,” they are often saying, “My
money is worth more to me than what you are selling,” usu-
ally because the client does not understand the product and
the estimate may as well be written in Greek. Services that a
client does not understand have no value. Only services that
directly help the pet have value.

If the client receives an estimate without a prior thorough
understanding of the value of the services on the estimate, no
value exists. From this position, convincing the client of the
value is an uphill battle. Or the quality of care is simply
reduced to reduce the price and placate the client. However,
now the client may believe unnecessary items were added to
the estimate. This client from then on will not trust the esti-
mates until they are reduced and will not be terribly loyal.
If the previously described methodology is followed with
adherence to all the principles from which it was constructed,
many clients when presented with the price say, “Oh, that’s
all? I thought it would be more.”

For this system to work best, the system of charges should
display only charges for services or items that give the
client/patient clear and direct benefit and, thus, value.
Charges such as blood draw fees and waste disposal fees are
valueless to a client and commonly lead to uneasiness and a
lack of perceived value. However, if these costs are added
into items that do provide value, such as a radiograph, blood
panel, or injection, the client perceives greater value and
overall satisfaction.

A client does not know whether a blood panel should cost
$55, $85, or $100. The client can be educated to understand
that the blood panel is essential to the diagnosis and treat-
ment of the pet, and then the client will pay the cost of the
test. When charges that do not have such value appear, a
client feels “nickeled-and-dimed” and is more skeptical of
the entire estimate or invoice. Line items for services that are
actually steps of other services can be beneficial provided
zeros accompany these items and only the main value carry-
ing service carries charges. With this method, the invoice/
estimate can actually total more while providing greater
value. For example, consider the following two estimates for
the same services:

Estimate of Charges

Physical Examination $ 39.00
CBC & Biochemistry Panel $ 65.00
Blood Draw $ 15.00
Injectable Anesthetic $20.00
Intubation $ 10.00
Isoflurine Anesthesia $ 55.00
Technician Time $ 55.00
Coeliotomy (bladder stone removal) $175.00
Hospitalization x 3 $90.00
Injections x 9 $ 54.00
Waste disposal/ OSHA $2.50
Estimate of Charges
Physical Examination $ 39.00
CBC & Biochemistry Panel $ 98.00
Ceoliotomy (bladder stone removal) $365.00
Anesthetic Induction /Intubation $0.00
Isoflurine Anesthesia $ 0.00
Pulmonary Assistance $0.00
Anesthetic Monitoring $0.00
Hospitalization x 3 $120.00
Injections x 9 $ 54.00

Clients tend to respond far better to the second estimate
even though the total cost is $95.50 greater. With a set of
estimates similar to the previous example, 40 veterinary
clients from three veterinary hospitals of various demo-
graphic areas in Southern California were asked which
estimate they would rather be given. Of the 40, 36 chose the
estimate that was higher but contained zeros. The four clients
who chose the other estimate all took the time to add the
items and realized that the cost was lower. The point that
should be clear is that an estimate of the second style
provides clients with a greater feeling of value and satisfac-
tion. This system allows for charging higher prices while
improving estimate acceptance, thus increasing per-client
charge significantly. In addition, clients leave the facility with
greater satisfaction, which improves client loyalty and
referrals.
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Diagnosis and the Client

With companion animals, clients more often then not con-
sider their pets part of the family. The replacement cost of
the animal is irrelevant in consideration of the value of the
services. In addition, veterinarians have a long-standing and
solid reputation of good care to companion animals. Value is
easy to establish with these clients.

On the other hand, reptile owners can be divided into
three groups:

The first is pet owners who are very attached to the
reptile as though it were a companion animal. This
group establishes value most easily because the clients
are motivated by emotion and devotion to the pet.

The second group is composed of clients who keep
reptiles as a novelty or to “be cool.” This group is the
least savvy and generally waits until the animal is
seriously ill before consulting a veterinarian. This
group is the one from whom the line is heard “I could
get a new iguana for a lot less than that!” Some
individuals from this group may be fostered, by the
veterinary staff, into the first group.

The third group consists of clients who breed reptiles or
keep rare animals. This group is generally more
knowledgeable and more skeptical of veterinary
expertise than the other groups. This group also tends
to lack an emotional attachment to the pet, and value
decisions are made on the basis of economics, time
invested, and difficulty of replacement.

In the assessment of the success of client-handling
methodologies within any clinic, the category of client should
be noted. The general methodology for estimate presentation
described previously optimizes success for each of these
groups. The discussions of care and husbandry, however,
should be modified to appeal best to the individual at hand
and should always take place before any financial discussion,
and usually before the examination.

For clients in the first group, a dog and cat approach with
some added technical details and a discussion of how the pet
is an important family member is effective. For the second
group, husbandry should be a basic and pragmatic discus-
sion. If client interest is exceeded or the clients are intimidated,
they are likely to give up the endeavor or just ignore the advice
altogether. Every effort should be made to excite this group
and encourage evolution toward the first group. Discussion
with the third group should be precise and technically ori-
ented. A solid understanding of the natural history of the
patient is necessary before discussion with a third-group client.

MARKETING

As with any type of marketing, identification of a target client
and establishment of a goal for that client is essential to suc-
cess. Put simply, the marketing plan should be aimed at rep-
tile owners from group one and at having them as loyal clients
of $200 to $300 per year. Several methods can be used for
marketing, and a multipoint approach is usually most effective.
Methods of marketing vary greatly in cost and efficacy among
both methods and geographic regions. Referral sources must
be recorded from new clients so that methods can be refined

over time. Equally important is keeping track of costs for each
method so that a cost per client can be assessed for each
method. When budgets are established, the cost/client num-
bers should be taken into account so that resources can be
equitably distributed. Keep in mind that the cost/ client number
is not linear and a point of optimization exists above which
returns diminish. Further, some synergy probably will occur
among methods; therefore, marketing efforts should remain
diverse, but adjustments in emphasis may pay dividends.

Establish a Practice Identity

An appropriate name and logo are essential to successful
marketing. Clients today choose a veterinarian on the basis of
quality above all else. Name and logo should express quality
and any other feelings or philosophies that are part of the
practice. The logo should make the practice stand out from
the crowd and be clearly and easily identifiable. Most veteri-
nary practices use generic pictures of cute animals for a logo.
If the logo does not stand out from this group, it is not effec-
tive. The purpose of a logo is not to tell a client what services
a business offers. A logo’s purpose is served if it is recogniza-
ble and noticeable. Well constructed advertising lets the client
know about services much more effectively than a logo and
can be customized to the media. The logo also must work in
grayscale even if the standard is color. The following exam-
ples show two types of logos that meet all criteria effective for
establishing practice identity:

e

An exotics-only practice may be served well by a logo that
depicts an exotic animal, but for practices that derive most
income from mammals, creation of a logo that is effective and
uses animals is difficult. With this understanding, an effective
logo can take virtually any form as long as it is unique and
consistently used.
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Hiring a professional to help create a logo and, if needed,
even change the hospital name is worthwhile. Colors and
paper choices should also be part of this process. The name
and logo of the practice should then appear in the same form
everywhere possible.

Print/Yellow Pages

Print and telephone book advertisements can be effective
but also expensive. A poorly done ad is a waste of money, but
a well-done ad can be a windfall. Again, hiring a professional
(who does not work for the phone book company) to help
create a cost-effective ad is a good idea. The cost of hiring is
recovered in response if professionals hired are worth their
salt. A few characteristics of a good ad are:

Eye catching (this does not require color)

Professional look and quality oriented

Low prices are not advertised

Name and logo are clear and obvious

Clutter and too much copy are avoided

Phone number is large and easy to read

All unique and special characteristics are listed
(e.g., open 7 days/evenings; reptiles; birds; luxury
boarding)

Once a good ad is created, it should be presented digitally
(on disk) and as a photo-ready print so that it can be used over
and over. A consideration in hiring a professional is that the
ad belongs to the veterinarian and is not just licensed for use.

Pet Stores

A wonderful idea is the establishment and maintenance of a
relationship with pet stores and reptile dealers in the area.
Treatment at a reduced cost of animals that belong to these
vendors and even regular on-site visits to evaluate animals
and maintain a relationship is worthwhile. These dealers then
should be expected to refer clients to the practice. Experience
shows that offers of free examinations for new pet purchases
are not workable. These offers tend to clog the practice with
the least desirable and least loyal clients who take more than
they give. A discounted examination may be workable if
done properly because this eliminates the thriftiest of clients.
Note that if a policy is not worked out with the store, a bad
situation frequently occurs when a client must be told that
the animal they got from a referring store is ill.

Establishment as a Member of the Community

Various herpetile organizations exist virtually anywhere
people keep herpetiles as pets (Table 1-1). Establishment as a
member of these organizations, attendance at functions, and
even the presentation of lectures is well worth the time. Word
of mouth is the best referral source, and these are great ways
to develop it quickly. A list of organizations is provided at the
end of this chapter.

Internet

Although the Internet has become a huge part of our culture,
it is not currently a significant source of new client referrals.

A well-done web site may be an increasingly worthwhile ven-
ture if it acts synergistically with other aspects of a marketing
strategy.

The Internet may serve as a conduit to the herpetological
community at large. A simple Internet search with a word such
as “reptile” or “herpetology” can yield a plethora of informa-
tion and opportunities to engage with individuals and organ-
izations that may be of benefit to the practice.

Television, Radio, Newspapers

Commercials and ads may be successful, but they tend to
be costly and whether they are worthwhile is questionable.
A wonderful irony is that free media are almost always suc-
cessful. Free media can come from a weekly column in the
local newspaper or a short spot on a radio or television show.
If effort is put into arranging such a situation, the payoff can
be substantial.

Promotional Items

Promotional items, such as t-shirts and refrigerator magnets
with the practice name and logo, can be effective marketing
tools. T-shirts encourage recognition of the practice, and
magnets on refrigerators are in easy reach when the time
comes to call a veterinarian. The design of such items should
be kept clear and simple but eye catching to achieve the best
results.

When an advertising campaign is put together, the psy-
chology of the optimal client should always be kept in mind.
A well-conceived effort convinces potential clients that the
practice is the highest quality option and makes contacting
the practice easy for the client. The value of any particular
type of advertising may vary by region and demographic. The
key to success in marketing lies in understanding the client.

REVENUE

Revenue generated by the reptile portion of a practice varies
too widely among practices for comparisons to be of much
use. Monitoring the profitability of the reptile portion of the
practice is important so that it may be optimized.

The reptile portion of the practice likely has higher esti-
mate rejection and lower charge per client than do domestic
companion animals in the same practice. This difference is
the result of the difficulties and limitations of the clients as
discussed previously. A mixed practice that is new to reptile
medicine or only generates a small portion of the revenue
from reptiles may find reptiles extremely profitable because
they do not add significantly to the overhead and may fill
in otherwise vacant appointment slots with paying clients.
A practice that deals exclusively or mostly with reptiles may
have a more difficult time finding strong profitability because
of the lower per-client charge.

Costs for outside laboratory tests, medical supplies, and
lay staff time are comparable with reptiles and domestic
pets. A relative savings may be experienced with drugs because
smaller amounts are generally given with reptiles. Prices
should therefore be equivalent to a successful scale for dogs
and cats. If money is lost on a case, the case was not worth
doing because that loss just compromised the quality given to
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Alabama

West Alabama Herpetological Society
4404 Alabama Avenue NE
Tuscaloosa, AL 35404

Arizona

Arizona Herpetological Association
PO Box 64531
Phoenix, AZ 85082-4531

Arkansas

Arkansas Herpetological Association
C/O Perk Floyd

Route 2

Box 16

16 Lakeside

Hensley, AK 72065

California

BAARS

Palo Alto Museum
1451 Middlefield Road
Palo Alto, CA 94301

The Bridge
160 N Fairview Avenue #D231
Goleta, CA 93177

California Turtle & Tortoise Club
PO Box 7300
Van Nuys, CA 91409-7300

Chameleon Information Network
13419 Appalachian Way
San Diego, CA 92129

Island Empire Herpetological Society
2024 Orange Tree Lane
Redlands, CA 92373

North Bay Herpetological Society
PO Box 1117
Santa Rosa, CA 95402

Northern CA Herpetological Society
PO Box 661738
Sacramento, CA 95866

Sacramento Turtle & Tortoise Club
25 Starlit Circle
Sacramento, CA 95831

San Diego Herpetological Society
PO Box 4036
San Diego, CA 92164-4036

San Diego Herpetological Society
PO Box 4439
San Diego, CA 92104-0439

San Diego Turtle Society
PO Box 519
Imperial Beach, CA 91933-0519

Southern CA Herpetological Association
PO Box 90083
Long Beach, CA 90809-0083

Southwestern Herpetological Society
PO Box 7469

Van Nuys, CA 91409

Turtle & Tortoise Education Media
3245 Military Avenue

Los Angeles, CA 90034
Connecticut

Connecticut Herpetological League

CT State Agriculture Research Station
New Haven, CT 06430

Southern New England Herpetological
Society

2325 Burr Street

Fairfield, CT 06430-1806

Delaware

Delaware Herpetological Society
Ashland Nature Center
Brackenville & Barley Mill Road
Hockessin, DE 19707

Florida

American Society of Herpetologists
Florida St. Museum

University of Florida

Gainesville, FL 32611

Bay County Reptile Society
10531 Nona Wood Road
Fountain, FL 32438

Calusa Herpetological Society
11600 Gladiolus Drive #312
Fort Meyers, FL 33908

Caribbean Conservation Group
PO Box 2866
Gainesville, FL 32602-2866

Central Florida Herpetological Society
PO Box 3277
Winter Haven, FL 33885

Everglades Herpetological Society
PO Box 431242
Miami, FL 33243-242

Florida Panhandle Herpetological Society
5801 Gulf Breeze Parkway
Gulf Breeze, FL 32561

Florida West Herpetological Society
1312 S. Evergreen Avenue
Clearwater, FL 33516

Florida West Coast Herpetological Society
PO Box 2725
Dunedin, FL 34697

Gainesville Herpetological Society
PO Box 14353
Gainesville, FL 32614-0353

Gopher Tortoise Council
University of Florida
Department of Biology

4000 Central Park Boulevard
Orlando, FL 32816

League of Florida Herpetological Society
PO Box 3277
Winter Haven, FL 33881

Manasota Herpetological Society
PO Box 20381
Bradenton, FL 34203-0381

Palm Beach County Herpetological Society
13837 54th Lane North
Royal Palm Beach, FL 33411

Sawgrass Herpetological Society
PO Box 4852
Margate, FL 33063

South Marion Herpetological Society
PO Box 1817

Belleview, FL 32620

Suncoast Herpetological Society

PO Box 2725

Dunedin, FL 34697
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Tallahassee Herpetological Society
PO Box 931
Crawfordville, FL 32327

Treasure Coast Herpetological Society
PO Box 650654
Vero Beach, FL 32965

Volusia County Herpetological
Society

PO Box 250553

Holly Hill, FL 32125

Georgia
Georgia Herpetological Society

PO Box 464778
Lawrenceville, GA 30246

Idaho

Idaho Herpetological Society
PO Box 44484
Boise, ID 83711-0484

Illinois

Central Illinois Herpetological
Society

PO Box 6413

Peoria, IL 61601-6413

Chicago Herpetological Society
2060 N Clark Street
Chicago, IL 60614

Chicago Turtle Club
1393 W Lunt
Chicago, IL 60626

Indiana

Hoosier Herpetological Society
PO Box 40544
Indianapolis, IN 46240-0544

Iowa

Iowa Herpetological Society
PO Box 250
Huxley, 1A 50124

Kansas

Kansas Herpetological Society
327 West 24th Street
Hays, KS 67601-3007

Louisiana

Louisiana Gulf Coast Herpetological
Society

6713 Wilty Street

Metairie, LA 70004

Louisiana Herpetological Society
5025 Tulane Drive

Baton Rouge, LA 70808

Maine

Maine Herpetological Society

99 Water Street

Millinocket, ME 04462

Maryland

Maryland Herpetological Association
Department of Herpetology

2643 N Charles Street

Baltimore, MD 21218
Massachusetts

New England Herpetological Society
PO Box 1082

Boston, MA 02103
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JELICEBN Herpetological Societies—cont’d

Michigan

Great Lakes Herpetological Society
4308 N Woodward Avenue

Royal Oak, MI 48072

Michigan Society of Herpetologists
321 Oakland Street
Lansing, MI 48906

Minnesota

Minnesota Herpetological Society

10 Church Street SE

Minneapolis, MN 55455-1014

Mississippi

Southern Mississippi Herpetological
Association

PO Box 10047

Gulfport, MS 39505

Missouri

Mid-Missouri Herpetological Society
4054 Victoria Court
Columbia, MO 65201

Mid-Missouri Herpetological Society
7501 N Highway VV
Columbia, MO 65202

St. Louis Herpetological Society
PO Box 410346
St. Louis, MO 63141-0346

Nebraska

Nebraska Herpetological Society
Biology Department

University of Nebraska, Omaha
Omaha, NE 68182-0040

Nevada

Northern Nevada Herpetological Society
PO Box 5812
Reno, NV 89513-5812

New Hampshire

New Hampshire Herpetological Society
PO Box 4020
Concord, NH 03302

New Jersey

NY Turtle Society
PO Box 878
Orange, NJ 07051

New York

Long Island Herpetological Society
476 N. Ontario Avenue
Lindenhurst, NY 11757

New York Herpetological Society
PO Box 1245 Grand Central Station
New York, NY 10163-1245

Reptile Adoption & Rescue
60 Bright Street
Buffalo, NY 14206

SNEHA

16 Roaring Brook Road
Chappaqua, NY 10514

Upstate Herpetological Association
HCR 68 Box 30 B
Springfield Center, NY 13468

Western New York Herpetological
Society

686 Taunton Place

Buffalo, NY 14214

Ohio
Greater Cincinnati Herpetological Society

1720 Gilbert Avenue
Cincinnati, OH 45202

Greater Dayton Herpetological Society
2600 DeWeese Parkway
Dayton, OH 45414

Mid-Ohio Herpetological Society
PO Box 6
Powell, OH 43065

Northern Ohio Association of
Herpetologists

Department of Biology

Case Western Reserve University

Cleveland, OH 44106

Toledo Herpetological Society
1587 Jermain Drive
Toledo, OH 43606

Oklahoma

Oklahoma Herpetological Society
5812 Coleman Avenue
Oklahoma City, OK 73179

Pennsylvania

Lehigh Valley Herpetological Society
PO Box 9171
Allentown, PA 18105-9171

Philadelphia Herpetological Society
PO Box 52261
Philadelphia, PA 19115-7261

Susquehanna Herpetological Society
211 South Market Street
Muncy, PA 17756

Rhode Island

William Hynes

Rhode Island Herpetological Society
547 Pleasant Valley Parkway
Providence, RI 02908

Tennessee

Clarksville Area Herpetological
Society

PO Box 30852

Clarksville, TN 37040

Texas
Central Texas Herpetological Society

1405 Rabb Road
Austin, TX 78704
Dallas-Fort Worth Herpetological Society

7111 Layla Road
Arlington, TX 76016

East Texas Herpetological Society
8 Leisure Lane
Houston, TX 77024-5123

East Texas Regional Herpetological
Society

703 Southoak Drive

Athens, TX 75751

Greater San Antonio Herpetological
Society

134 Aldrich Street

San Antonio, TX 78227

Horned Lizard Conservation
Society

PO Box 122

Austin, TX 78767

North Texas Herpetological Society
Attn: Mark Pyle

3744 Waxwing Circle

Fort Worth, TX 76137

North Texas Herpetological Society
PO Box 1043
Euless, TX 76039-1043

South Texas Herpetological
Association

1405 Rabb Road

Austin, TX 78704

South Texas Herpetological Society
PO Box 780073
San Antonio, TX 78278-0073

Texas Herpetological Society
535 Guerin Drive
Arlington, TX 76012

Texas Herpetological Society
1810 W Mulberry
San Antonio, TX 78730

West Texas Herpetological Society
PO Box 60844
San Angelo, TX 76906

Utah

Utah Herpetological Society

PO Box 9361

Salt Lake City, UT 84109
Virginia

Blue Ridge Herpetological Society
PO Box 727

Brookneal, VA 25428

Wisconsin

Wisconsin Herpetological Society
PO Vox 366

Germantown, WI 53022
Wyoming

Wahsatch Alliance of Herpetoculturists
TAH

PO Box 1907

Casper, WY 82602
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every other case. If value is established with the clients and
good medicine is practiced without compromise, per-client
charge is optimized and reptile medicine can be significantly
profitable even with little volume if done in a mixed practice.

CONCLUSION

Reptile medicine can be a rewarding pursuit financially and
personally. An understanding of the psychology of the reptile

client is always important so that the situation may be opti-
mized toward success. This understanding leads to success in
marketing, estimate acceptance, client loyalty and referrals,
and profitability.

If an understanding and proper handling of the client is
put together in a situation with adequate facilities, good medi-
cine, understanding of differences between species, and a good
pricing structure, reptile medicine is successful.



STEPHEN L. BARTEN

Two main bodies of literature serve herpetological medicine:
traditional veterinary medical literature and herpetological
literature. Unfortunately, veterinarians often overlook the latter.
Nevertheless, herpetological literature contains a wealth of
information, as academic herpetologists have been studying
reptile biology, natural history, anatomy, physiology, nutri-
tion, behavior, taxonomy, and so on literally for centuries.
Moreover, as the popularity of captive reptiles soared in the
nineties, so did the demand by veterinarians for books,
journals, articles, and lectures on herpetological medicine.
Publishers and conference organizers met the demand faster
than colleges of veterinary medicine could supply it, result-
ing in the unique situation of a specialty where most of the
so-called experts were private practitioners with heavy case
loads but little formal academic experience or training. Most
professionals did an admirable job, but much of the informa-
tion was anecdotal and based on few cases. Some irrational
and inaccurate information was published and presented,
and unfortunately, these so-called data are still passed down
in more recent papers that cite older literature. Herpetological
medicine had to start somewhere, but references always
should be critically evaluated and not accepted at face value.
Papers reviewed by knowledgeable academic peers may carry
more weight than those reviewed by private practitioners,
but even those may be more accurate than some unreviewed
papers. Of course, conference presentations usually are not
edited or reviewed so the quality varies substantially. Although
attractive to busy practitioners, simplistic answers to complex
situations should be avoided. Rather, all veterinarians should
strive to understand the basic principles of anatomy, physiol-
ogy, pathophysiology, and natural history of their herpetologic
patients.

Since the first edition of this textbook was published, the
addresses for virtually every society and journal listed have
changed. A significant number of journals and societies men-
tioned in the first edition no longer exist, and other new ones
have cropped up. Although the following information was
accurate at the time of writing, information sources change
rapidly and current information at the time of reading should
be verified. Almost every journal and society maintains a web
page, and any standard search engine on the Internet, such
as www.yahoo.com or www.google.com, makes finding
the location and verification of current information easy.
Subscriptions and memberships often can be ordered directly
from these web pages.

ASSOCIATIONS AND SOCIETIES

Besides the usual veterinary associations, two associations
regularly deal with reptilian medicine: the Association of

REFERENCE SOURCES FOR
REPTILE CLINICIANS

Reptilian and Amphibian Veterinarians (ARAV; PO Box 1897,
Lawrence, KS 66044-8897, www.arav.org) and the American
Association of Zoo Veterinarians (AAZV; Attn: Tracy
Candelaria, PO Box 7065, Lawrence, KS 66044, www.aazv.org).
Each publishes a journal and hosts an annual conference with
proceedings. Membership in the ARAV is recommended
highly for all veterinarians who treat reptiles. The AAZV reg-
ularly publishes papers on reptiles.

Professional herpetological societies have publications
that often benefit the reptile practitioner, and they host
annual conferences as well. National societies include the
following organizations:

The Society for the Study of Amphibians and Reptiles
(SSAR), PO Box 253, Marceline, MO 64658-0253,
www.ssarherps.org. Of all the national herpetological
societies, the SSAR is the most useful for veterinarians.
The SSAR publishes Herpetological Review, which
contains legislative updates; husbandry, field, and
laboratory techniques; captive reproduction data; and
book reviews. The SSAR also publishes the Journal of
Herpetology, which is more scientific and contains
articles on biology and natural history, and occasional
pamphlets that cover topics such as longevity in
captivity and standard common and scientific names.

The Herpetologists League, ¢/o Dr Lora Smith,

PO Box 519, Bainbridge, GA 39818,
www.inhs.uiuc.edu/cbd/HL/HL.htm. This
organization publishes Herpetologica.

The American Society of Ichthyologists and
Herpetologists, ASIH Business Office, PO Box 1897,
Lawrence, KS 66044-8897, www.asih.org. This society
publishes Copeia.

These three societies produce the most respected scientific
herpetological journals.

Regional herpetological societies publish various newslet-
ters that often contain useful husbandry and breeding tech-
niques. Some are more professional than others, but few are
peer reviewed. Some of the most well-known include:

California Turtle and Tortoise Club, with over
a dozen chapters, www.tortoise.org for
addresses.
Chicago Herpetological Society, 2060 N Clark Street,
Chicago, IL 60614, www.chicagoherp.org.
League of Florida Herpetological Societies, Jacqueline
Sheehan, editor, PO Box 3277, Winter Haven,
FL 33885, http://jaxherp.tripod.com/league.htm.
New York Herpetological Society, PO Box 1245,
New York, NY 10163-1245,
www.nyhs.org/index1.html.
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Northern California Herpetological Society,

PO Box 661738, Sacramento, CA 95866-1738,
www.norcalherp.com.

Northern Ohio Association of Herpetologists,
Department of Biology, Case Western Reserve
University, Cleveland, OH 44106-7080,
www.noahonline.net.

Virtually every large city has a regional herpetological
society. Local zoos, museums, and pet stores may have the
names and addresses of regional herpetological societies in
the area. Numerous web sites, such as www.kingsnake.com
and www.anapsid.org, also have links to regional herpetolog-
ical society web pages.

JOURNALS

Veterinary Journals

Standard veterinary journals, including the Journal of the
American Veterinary Medical Association (JAVMA) and the
Compendium on Continuing Education for the Practicing
Veterinarian, occasionally carry papers on reptilian medicine.
Seminars in Avian and Exotic Pet Medicine and The Veterinary
Clinics of North America: Exotic Animal Practice are available
from Elsevier, Inc., Periodicals Department, 6277 Sea Harbor
Drive, Orlando, FL 32887-4800, -elspcs@elsevier.com.
Individual issues of both are dedicated to a single topic, such
as soft tissue surgery or respiratory medicine. Each article is
a thorough review of the given topic, and articles are scien-
tific and of excellent quality. One or more herpetological
papers are presented per issue. Both periodicals are highly
recommended.

Exotic DVM veterinary magazine, PO Box 541749, Lake
Worth, FL 33454-1749, www.exoticdvm.com, also caters to the
veterinary care of exotic pets. This journal, contains large
numbers of high-quality color photographs and photo essays,
and articles tend to address more specific topics rather than
general ones or reviews.

Herpetological Journals

Again, the Internet should be used to verify current addresses
and information for the following journals. Most have web
pages. Often subscriptions may be ordered online.

Amphibian-Reptilia, www.gli.cas.cz/SEH/, the journal of
the Societas Europaea Herpetologica.

The Chameleon Information Network, c/o Andi Abate II,
13419 Appalachian Way, San Diego, CA 92129,
www.animalarkshelter.org/cin/. The newsletters
contain specialized information about chameleons
not available elsewhere and names and phone numbers
of dozens of experienced chameleon keepers for
networking.

Herpetological Natural History, Editorial Office,
Herpetological Natural History, Department of
Biology, La Sierra University, Riverside,

CA 92515-8247, www.hnh.no-frills.net/
about.html. This is a peer-reviewed
publication covering behavior, ecology,
and life history.

Iguana: Conservation, Natural History and Husbandry of
Reptiles, The International Reptile Conservation
Foundation, 3010 Magnum Drive, San Jose, CA 95135,
http:/ /www.ircf.org /. The IRCF evolved from the
International Iguana Society to cover a wider spectrum
of reptilian species than iguanas and include more
husbandry topics. The journal and website are both
high quality.

Reptiles, PO Box 58700, Boulder, CO 80322-8700,
http: // www.reptilesmagazine.com/ reptiles /home.aspx.
A popular, slick, color magazine that caters to the
reptile keeper. This is an important reference, and
clients enjoy it in the reception area.

World Chelonian Trust Newsletter, World Chelonian Trust,
685 Bridge Street Plaza PMB #292, Owatonna, MN
55060, www.chelonia.org. The website and newsletter
cover husbandry and natural history of turtles and
tortoises. The website has many care sheets and
images to facilitate species identification.

REFERENCE SOURCES
AND TEXTBOOKS

Many standard veterinary textbooks have exotic animal
chapters with excellent herpetological references. Current
Veterinary Therapy, Elsevier, Inc, Periodicals Department,
6277 Sea Harbor Drive, Orlando, FL 32887-4800, is among
the best of these, and veterinarians who treat reptiles should
familiarize themselves with current and back editions. The
Merck Veterinary Manual, Merck & Co, Inc, Rahway, NJ 07067,
also has a surprisingly complete reptile section.

Biology of the Reptilia, a massive, multivolume work edited
by Carl Gans and others, is the definitive herpetological
text. Volumes 1 through 13 were published from 1969 to 1982
by Academic Press, London, UK. Three different publishers
issued volumes 14 through 18, and the most recent volume 19
was published by the SSAR in 1998. Titles of individual vol-
umes include morphology, physiology, ecology and behavior,
neurology, and development. Each chapter is a comprehen-
sive review of its topic and includes an exhaustive reference list.
For instance, volume 19 contains, among others, three chapters
titled “Lungs: Comparative Anatomy, Functional Morphology,
and Evolution,” “The Lungs of Snakes,” and “Pulmonary
Function in Reptiles,” for a total of 374 pages, of which 85 pages
are reference lists. Any serious literature search begins here.

Krieger Publishing (www.krieger-publishing.com) offers
a long list of books devoted to herpetological subjects. Zoo
Book Sales (www.zoobooksales.com) stocks virtually every
book on herpetology and reptiles currently in print.

Additional important herpetological texts include:

Ashley LM: Laboratory anatomy of the turtle, Dubuque,
Iowa, 1962, Wm C Brown. 48 pp. The title is out of
print and hard to find but is an excellent reference.

Bartlett PP, Griswold B, Bartlett RD: Reptiles, amphibians
and invertebrates: an identification and care guide,
Hauppauge, NY, 2001, Barron’s Educational Series.
279 pp. This is a wonderful, inexpensive book that
illustrates a couple hundred of the most commonly
kept species of reptiles and amphibians. It is a good
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reference for identification of patients and husbandry
advice and is especially useful to veterinarians new to
reptile practice.

Boyer TH: Essentials of reptiles: a guide for practitioners,
Lakewood, Colo, 1998, AAHA Press. 252 pp. Basic
advice for practitioners new to treating reptiles, with
lots of husbandry information.

Carpenter JW editor: Exotic animal formulary, ed 3,
Philadelphia, 2005, Elsevier, 564 pp. A terrific,
up-to-date formulary of published drug dosages for
reptiles that also has charts of normal blood values
and more.

Conant R, Collins JT: A field guide to reptiles and amphibians,
Eastern and Central North America, ed 3, Boston, 1991,
Houghton Mifflin. 450 pp. Identification of reptiles
and amphibians, including those from other areas of
the country, is an important part of reptile practice.

Cooper JE, Jackson OF, editors: Diseases of the reptilia,
vol 2, San Diego, 1981, Academic Press. 584 pp.

By now somewhat dated, this text is still a valuable
and scientific overview of herpetological medicine.

De Vosjoli P, et al: The herpetocultural library, Lakeside,
Calif, Advanced Vivarium Systems, PO Box 40833,
Lakeside, CA 92040, www.avsbooks.com. These short,
paperback booklets on commonly kept species have
thorough and accurate husbandry advice for the
veterinarian and pet owner alike.

Dodd CK Jr: North American box turtles; a natural history,
Norman, 2001, University of Oklahoma Press. 231 pp.
Natural history translates to husbandry information;
reptiles in captivity need the same diet and conditions
that they do in the wild.

Duellman WE, Trueb L: Biology of amphibians, New York,
1986, McGraw-Hill Book Co. 670 pp.

Ernst CH, Barbour RW: Turtles of the world, Washington, DC,
1989, Smithsonian Institution Press. 313 pp. The text
contains natural history information for all turtle
species known at the time of publication and is useful
when unusual species of chelonians are presented for
treatment.

Ernst CH, Ernst EM: Snakes of the United States and
Canada, Washington, DC, 2003, Smithsonian Books.
668 pp. This detailed natural history on all
North American snakes is very well done.

Ernst CH, Lovich JE, Barbour RW: Turtles of the United
States and Canada, ed 2, Washington, DC, 2000,
Smithsonian Books. 682 pp. The text is a detailed
natural history on all North American chelonians and
is very well done.

Fowler ME, editor: Zoo and wild animal medicine: current
therapy, ed 3, Philadelphia, 1993, WB Saunders.

617 pp. The book includes a good amphibian chapter.
The first two editions (1978 and 1986) also contain
reptile sections.

Fowler ME, editor: Zoo and wild animal medicine: current
therapy, ed 4, Philadelphia, 1999, WB Saunders.

747 pp. The book includes several chapters on reptiles,
including crocodilians and factors to consider when
releasing turtles to the wild.

Frye FL: Biomedical and surgical aspects of captive reptile
husbandry, ed 2, vol 2, Melbourne, Fla, 1991, Krieger
Publishing. By now this title is somewhat dated, but it

is still a standard reference. This huge two-volume set
contains a wealth of information found nowhere else
and has literally hundreds of color images.

Frye FL: A practical guide to feeding reptiles, Melbourne,
Fla, 1991, Krieger Publishing. 171 pp. Aimed more at
keepers than veterinarians, the title is self-descriptive.

Frye FL, Townsend W: Iguanas: a guide to their biology and
captive care, Melbourne, Fla, 1993, Krieger Publishing.
145 pp. This text contains useful information,
especially on iguana behavior in captivity.

Fudge AM: Laboratory medicine: avian and exotic pets,
Philadelphia, 2000, WB Saunders. 486 pp. Several
chapters discuss clinical pathology of reptiles.

Girling S, Raiti P, editors: BSAVA manual of reptiles, Ames,
Iowa, 2004, Blackwell Publishing. 383 pp. Thorough
and concise, this multiauthored text has contributors
from both sides of the Atlantic.

Greene HW: 1997. Snakes: the evolution of mystery in
nature. University of California Press, Berkeley, CA,
351 pp. A terrific summary of snake biology, lavishly
illustrated with color images.

Grzimek HCB (ed): Grzimek’s animal life encyclopedia,
volume 5: fishes II and amphibia, and volume 6: reptiles,
New York, 1972, Van Nostrand Reinhold. These large
volumes are loaded with natural history on virtually
every species known at the time of publication and
include many illustrations. This is a useful reference
for obscure species.

Gurley R: Keeping and breeding freshwater turtles, Ada,
Okla, 2003, Living Art Publishing. 297 pp. This terrific
summary of modern aquatic turtle husbandry has
reference to many individual species and is a
must-have for turtle keepers.

Hawkey CM, Dennett TB: Color atlas of comparative
veterinary hematology, Ames, Iowa, 1989, Iowa State
University Press. 192 pp. This older text covers mainly
avian hematology but is one of the few that also
mentions reptiles. It includes many photomicrographs.

Heatwole HEF, Taylor, J: Ecology of reptiles, Chipping
Norton, NSW, Australia, 1987, Surrey Beatty & Sons
Pty Ltd. 325 pp. This is a terrific summary of how
reptiles live in the wild, with detailed information on
topics such as heat exchange and water relations.

Heatwole HE, Barthalmus GT: Amphibian biology, volume 1:
the intequment, Chipping Norton, NSW, Australia,
1994, Surrey Beatty & Sons Pty Ltd. 1-418 pp.

Heatwole HF, Sullivan BK: Amphibian biology, volume 2:
social behaviour, Chipping Norton, NSW, Australia,
1995, Surrey Beatty & Sons Pty Ltd. 419-710 pp.

Heatwole HF, Dawley EM: Amphibian biology, volume 3:
sensory perception, Chipping Norton, NSW, Australia,
1998, Surrey Beatty & Sons Pty Ltd. 711-972 pp.

Jacobson ER, editor: Biology, husbandry and medicine of the
green iguana, Malabar, Fla, 2003, Krieger Publishing.
188 pp. This succinct, multiauthored book is limited to
the green iguana. Half of the chapters cover biology
and husbandry, and the other half discuss veterinary
medicine. The book is short but packed with practical
and important information.

Jacobson ER, Kollias GV, editors: Contemporary issues in
small animal practice, volume 9: exotic animals, New York,
1988, Churchill Livingstone. pp 1-74. This text is
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now somewhat dated, but in its time, it was complete,
accurate, and concise. Like an abridged version of
Frye, the reptile section succinctly covers a scientific
approach to reptile medicine.

Kaplan M: Iguanas for dummies, Foster City, Calif, 2000,
IDG Books Worldwide, Inc. 353 pp. The title may be
off-putting, but this is one of the best iguana
husbandry books ever written. Kaplan is a
well-known and respected expert on iguanas in
captivity.

Marcus LC: Veterinary biology and medicine of captive
amphibians and reptiles, Philadelphia, 1981, Lea and
Febiger. 239 pp. Although this is one of the first texts
on reptile medicine, it still has value and a strong
parasitology section.

Mattison C: The care of reptiles and amphibians in captivity,
ed 2, New York, 1987, Sterling Publishing. 304 pp.
This book contains sound husbandry advice.

McArthur S, Wilkinson R, Meyer J: Medicine and surgery
of tortoises and turtles, Ames, lowa, 2004, Blackwell
Publishing. 579 pp. This is a huge book that resembles
Frye's text with detailed, experience-based
information and lavish illustrations.

Oldham JC, Smith HM: Laboratory anatomy of the iguana,
Dubuque, Iowa, 1975, Wm C Brown. 106 pp.

This reference is old but excellent.

Pianka ER, Vitt L]: Lizards: windows to the evolution of
diversity, Berkeley, 2003, University of California Press,
333 pp. A companion to Harry Greene’s book listed
previously, this one offers a terrific summary of lizard
biology and is full of exceptional color images.

Pough FH, Andrews RM, Cadle JE, et al: Herpetology, ed 3,
Upper Saddle River, NJ, 2004, Pearson Prentice Hall.
726 pp. This is one of two modern herpetology texts.

Ross RA, Marzec G: The reproductive husbandry of pythons
and boas, Stanford, Calif, 1990, Institute for
Herpetological Research. 270 pp. PO Box 2227,
Stanford, CA 94305. This older book covers boid
reproduction thoroughly, with specific data and
advice on each species.

Rossi JV, Rossi R: Snakes of the United States and Canada;
natural history and care in captivity, Melbourne, Fla,
2003, Krieger Publishing. 520 pp. The book is
somewhat pricey, but this is the only book that offers
husbandry advice on every North American snake
species on the basis of personal experience.

Rubel GA, Isenbugel E, Wolvekamp P, editors: Atlas of
diagnostic radiology of exotic pets, Philadelphia, 1991,
WB Saunders. 224 pp. This text is a good complement
to radiology chapters in herpetological medical texts.

Shine R: Australian snakes, a natural history, Ithaca, NY,
1991, Cornell University Press. 223 pp. This excellent
work covers basic natural history. Although
Australian species are featured, the information
can be extrapolated to the snakes kept as pets in the
United States.

Stebbins RC: A field guide to Western reptiles and
amphibians, ed 2, Boston, 1998, Houghton Mifflin.

336 pp. Identification of patients is important.

Warwick C, Frye FL, Murphy JB, editors: Health and
welfare of captive reptiles, London, 1995, Chapman &
Hall. 299 pp. Health and welfare issues are ignored

in virtually every other herpetological and
care-in-captivity reference. The chapter on stress in
captivity is a topic that is crucial to reptile practice.

Wright KM, Whitaker BR, editors: Amphibian medicine and
captive husbandry, Malabar, Fla, 2001, Krieger
Publishing. 499 pp. This huge, multiauthored book
covers this topic for the first time. Previous papers
on amphibian medicine were limited to single
chapters. Extensive husbandry information is
included.

Zug GR, Vitt L], Caldwell JP: Herpetology: an introductory
biology of amphibians and reptiles, ed 2, San Diego, 2001,
Academic Press. 630 pp. This book is one of two
modern herpetology texts.

This list is far from comprehensive. A number of textbooks
cover various aspects of herpetology, and more are published
all the time. Several of the journals listed regularly run book
reviews of new releases in the herpetological field. Many
dealers in used, out-of-print, and hard-to-find natural history
books advertise in herpetological journals and are excellent
sources for textbooks.

HERPETOLOGY ONLINE

The Internet is an essential tool in any search for information.
A textbook is probably not the best place to list web sites
because information and addresses change with astonishing
speed. As already mentioned, a user must be familiar with at
least one good search engine, of which many exist, such as
www.google.com or www.yahoo.com. If the listed web sites
are no longer valid, appropriate key words should be used to
search for the current information.

Two information networks exist for veterinarians. The
Veterinary Information Network (VIN) offers services for a
fee. Subscribers have access to interactive message boards,
a reference center, Occupational Safety and Health Admin-
istration (OSHA) center, continuing education classes, and
free classified ads. One message board is dedicated to reptile
medicine and is monitored by a number of nationally
renowned experts. Contact www.vin.com. The American
Veterinary Medical Association (AVMA) Network Of Animal
Health (NOAH) is similar to VIN and offers discussion
groups, a resource center, AVMA literature database, AVMA
membership list, and helpful topics like product information,
material safety data sheets (MSDS), legal briefs, zoonoses
updates, and the like. Access is available free to AVMA mem-
bers with their membership identification number and for a fee
to nonmembers. Contact www.avma.org/noah/noahlog.asp.

Tufts University, in their Wildlife Rehabilitation Database
(www.wpi.edu/Projects/ Tufts /amphibian.html), lists normal
blood values for some species of reptiles and amphibians.

The International Species Information System (ISIS)
Reference Ranges for Physiological Values in Captive Wild-
life is available on CD-ROM. Orders may be placed at
http: //www.isis.org/ products/ physref/ physreforder2002.rtf.
Other useful web sites include:

www.kingsnake.com. This site is a good jumping off
page for anything herpetological. It contains several
hundred links, including breeders, dealers, stores,



Reference Sources for Reptile Clinicians

classified ads, forums specific to various species,
organizations, events, care sheets, frequently asked
questions (FAQs), and products.

www.anapsid.org. The Melissa Kaplan Herp Care
Collection web site is one of the finest web sites on
herpetological care because it is comprehensive,
current, accurate, well referenced, and frequently
updated. The site contains hundreds of articles on the
care of most herpetological species seen in the pet
trade with an exhaustive section on Green Iguanas.
It also lists information on herpetological societies and
veterinarians, literature, supplies, and links to other
important sites.

www.ncbi.nih.gov/entrez/ query.fcgi?db=PubMed.
The PubMed site is a searchable database of more
than 4300 health journals; abstracts are available at
no charge, and full text can be ordered.

www.medvet. umontreal.ca/biblio/ vetjrhtml. Med Vet is
a searchable database of veterinary journals that do
not appear in PubMed. Some abstracts are available,
but full text articles are not.

www.nal.usda.gov/ag98/ag98.html. APT Online is a
searchable database of abstracts from zoological and
wildlife journals, including the major herpetological
journals.

www.herplit.com. This is the web site of Bibliomania, a
group that offers out-of-print and hard-to-find
herpetological literature for sale. Other important
resources on this site include the current contents of
more than 80 herpetological journals and newsletters
and a herpetological literature database with more
than 50,000 citations that range from the year 1586 to
the present.

www.pondturtle.com/longev.html. Frank and Kate
Slavens” web page lists longevity records collected
from surveys of public and private reptile collections
and is updated annually. Data for an amazing
number of species are presented here.

www.embl-heidelberg.de/~uetz / LivingReptiles.html.
The EMBL database covers current reptile classification
and taxonomy. It has information and links to online
photographs of virtually every species of reptile.

However, the species are organized by scientific
name, so searching photos to find a match is not
practical.

For specific husbandry advice, the name of the target
species followed by the word “care” should be entered into the
search engine (e.g., “Leopard Gecko care” or “Jungle Carpet
Python care”). This process leads to numerous sites that post
specific care sheets for various species.

CONFERENCES

The Association of Reptilian and Amphibian Veterinarians
and the American Association of Zoo Veterinarians both host
annual conferences. They can be contacted at the previously
mentioned addresses for times, locations, and program lists
for upcoming conferences.

The North American Veterinary Conference in Orlando,
Fla, held in January, has one of the most comprehensive
reptilian medicine programs of any national meeting. The
annual program has 3 days of lectures on reptile medicine,
including both basic and advanced sessions, plus a variety
of reptile techniques wet laboratory studies. Contact Eastern
States Veterinary Association, 2614 SW 34th Street, Suite 4,
Gainesville, FL 32608, http:// gainesville.tnavc.org/portal /.

The Western Veterinary Conference has a large exotic
animal program, which often includes reptilian medicine.
The conference takes place in Las Vegas in February. Contact
2425 East Oquendo Road, Las Vegas, NV 89120, www.
wvc.org.

The International Conference on Exotics is held in Florida
each May by the publishers of Exotic DVM magazine.
Contact PO Box 541749, Lake Worth, FL 33454-1749,
www.exoticdvm.com.

The International Herpetological Symposium, PO Box 16444,
Salt Lake City, UT 84116-0444, www.kingsnake.com/ihs/,
is a large annual conference of herpetologists and herpetocul-
turists. Topics include biology, natural history, captive care,
breeding techniques, and some veterinary topics. The confer-
ence is held in a different city every year.
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Reptile ownership represents the fastest growing population
of pets in the United States. At one time, the adage was “a
sick reptile is a dead reptile,” or in simple financial terms,
buying a new reptile was cheaper than taking an ill reptile to
the veterinarian. This is simply no longer the case.

With the rapid advance in veterinary medical knowledge
in exotic pets and the strengthening of the human-animal
bond, reptile owners are now seeking health care which once
was not even considered an option. Services that were only
seen in dog and cat patients are now offered on a routine
basis to reptile patients.

Common knowledge is that a person does not enter the
veterinary profession to avoid working with people; in
most cases, the “people part” is the biggest part of the job.
Veterinarians who are weak in the bedside manner aspect
of their training lose out on both the financial and personal
satisfaction aspects of this wonderful profession.

Preparation for work with owners and caretakers of non-
traditional pets takes extra training—training that generally
does not come from a classroom. The veterinarian learns this
extra knowledge either in the field through trial and error
(at the expense of the owner and often the pet) or from an
experienced mentor. This chapter offers the serious veterinary
clinician and technician a scaffold for building a better
understanding of the concerns of clients and non-traditional
patients.

THE HUMAN-ANIMAL BOND

Who gets attached to a pet and why? The many answers to
this question probably equal the number of clients in a prac-
tice. In general, people are attracted to pets for companion-
ship, for the sense of security they provide, and for the
unconditional love that is free of criticism and judgment
(Figure 3-1). For many people, experiencing consistent posi-
tive feelings with animals is easier than it is with people
(Figure 3-2). Relationships with animals do not take as much
emotional work to maintain.

Much truth can be found in the previous statements, even
with reptiles (and amphibians) as pets. Depending on the
reptile in consideration, many owners claim that their pets
show reciprocal affection (Figure 3-3). That affection is a mat-
ter of interpretation, and one person’s definition likely differs
from the next. Regardless of how the veterinarian rationalizes
a particular animal’s ability to relate, the owner’s emotional
interplay is what matters.
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Three general categories of the human-reptile bond are
considered in this chapter: the “pet” reptile, the “commercial”
reptile, and the “large collection” group.

THE PET REPTILE

The pet reptile usually has the most emotional significance.
To take the position of “pet,” the animal must assume and fill
some niche in a person’s life. The relationship may be as
simple as the owner dropping some crickets in the animal’s
cage every morning, or it may be as complex as the owner
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FIGURE 3-1 American Veterinary Medical Association (AVMA)
has historically not recognized reptiles as companion animals.
However, a recent “National Pet Week” poster sponsored by the
AVMA featured a lizard as one of many pets.
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considering the animal a true part of the family, with conver-
sations had with the pet and Christmas presents bought in
the animal’s name.

Some pets have a more ornamental or decorative value.
Reptiles are often used to enhance an image, such as the
outlaw biker with the pet rattlesnake, the dancer with the
python, or the surfer kid with the pet iguana at the beach.
These animals, although important facets in the lives of these
individuals, likely do not take on the same significance as the
reptile pet considered to be a part of the family.

Reptiles and amphibians can be anywhere from mundane,
bland creatures to exquisite, colorful reflections of nature’s
art. Terraria can be simple plastic boxes or elaborate pieces
of furniture. Some clients collect reptiles and amphibians for
display in their terraria, as part of the decorum or art in their
homes. Again, these animals are an important part of their
lives but may take on more of an emotional resemblance to
fish in a tank rather than the family dog or cat that sleeps on
the couch.

FIGURE 3-2 Reptiles have replaced more common dog and cat pets
in some “childless” families.

FIGURE 3-3 Some owners report that their pet reptiles have complex
personalities and show affection.

The pet reptile has an intrinsic value as a pet. That intrin-
sic value is the value seen with any pet, be it a dog, a cat, or
otherwise. Examples of this value are seen when the existence
of the reptile somehow influences the decision making and
daily lives of the owners.

People have been known to decline lucrative job offers
because they were not allowed to bring their pet reptiles with
them (import/export restrictions in overseas locations).
Relationships have ended because one of the pair objected to
the other having reptiles in the house (or feeding live prey, etc).

Pet reptiles can be a significant part of a client’s life, and
every consideration must be given to this relationship.

THE COMMERCIAL ANIMAL

The commercial animal refers to a reptile that is part of a
breeding collection and is essentially a farm animal (Figure 3-4).
Some professional herpetoculturists have thousands of
breeders. The loss of a single animal may not take on much
significance unless it happens to have significant financial
value. For instance, some animals carry unique recessive
genes (color patterns, albinism) that are worth thousands of
dollars. These deaths also may take on significance if the loss
of the individual animal may indicate a potential risk to the
rest of the colony. The financial investment generally far out-
weighs the emotional attachment.

LARGE COLLECTIONS

The last general category in the human-reptile bond group
is the large collection. Examples include animals on display,
such as zoo animals, or animals in a research colony.

In this last category, the bond between caretaker (note: not
an owner but someone assigned to provide daily care for the
animals) and the animal often may be just as strong as that
between an owner and the pet reptile (Figure 3-5). Caretakers
may be asked to spend a significant part of their lives attending

FIGURE 3-4 Even caretakers with large collections take interest in
their charges. This feeling may be based on emotion or finance or a
combination of the two. Oftentimes when finances come into consid-
eration, feelings of guilt may be associated with decisions that may
affect health of animals.
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FIGURE 3-5 Curators and caretakers develop strong bonds with
animals in their care.

to these captive animals. Emotional attachment is not uncom-
mon when one of the animals becomes ill or has to be killed,
in the case of a research setting.

The first-step approach to take with a client and animal,
in any situation, is to assume that some degree of emotional
investment exists. This emotional investment could be in the
form of “my lizard Iggy is deathly ill, and I may lose him” or
“my lizard breeder number 14 is sick, and I could be out sev-
eral hundred dollars.” Regardless of the connection, whether
an obvious true emotional dependence or a financial depen-
dence, some type of emotion is almost always playing a part
in the decision making.

EUTHANASIA

For the emotionally attached client, regardless of the cate-
gory, the decision of euthanasia for a cherished animal is ago-
nizing and heart wrenching. Some people withdraw into a
state of denial that gives relief from the psychological pain
of a beloved animal in declining health. Caretakers in large
collections have quit their jobs over the loss of some of their
charges or the perceived handling of the terminal health care
of the animals they keep.

Many different conflicts and questions must be addressed
in each category. An experienced veterinarian (and staff) is a
great help to the client in making these difficult decisions.

With pets, regardless of the type of animal, the dilemma
is always “treat or don’t treat” or “euthanize and replace.”

A consideration with reptile pets, one that is not seen with
dog and cats, is the potential longevity of the animal in
question.

Some reptile pets have extended life expectancies. Some of
the smaller lizards may only live a few years, but some of the
larger snakes may live much longer and certainly the tortoises
may live more than 100 years.

Longevity has an obvious impact on the decision for
treatment or euthanasia. Although an owner’s treatment of
a 15-year-old German Shepherd may not seem appropriate
because the life expectancy is nearly complete, treatment of a
30-year-old tortoise that may be expected to live another 70 or
more years may be totally appropriate.

In a commercial situation, the decision to treat an animal
may not be financially wise unless the patient in question has
great financial value (i.e., if the cost of treatment can be recu-
perated with production profits). The decision for euthanasia
may not be emotional but intellectual and financial.

An effete breeder with no productive value may well be
better off with euthanasia. However, as an option to the
owner, “retirement” for the animal (i.e., finding a home as
a pet) rather than euthanasia may be wise to recommend.
Many people find this latter option more appealing.

In some cases, euthanasia may be a scientific/diagnostic
recommendation rather than a medical one. In large collec-
tions, all members of the colony are at a potential risk. If an
animal is ill and a risk of infectious disease (or other colony
danger) exists, then sacrifice of an ill or dying individual for
the benefit of the colony is often wise.

Even in this situation, a veterinarian is wise to be cog-
nizant of the owner’s emotions because the inherent loss
of any animal, commercial or not, may have an emotional
impact.

The animals in the large collection category present their
own concerns regarding the human-reptile bond. An obvious
connection exists with the display animals, such as in a zoo.
The caretaker in most instances has developed a bond with
the animals. In addition, in many instances, the general
public may also develop bonds with certain display animals
(although this bond may not be the same as that with the
caretaker). The public watches an animal grow, reproduce,
and exist. Often some zoo specimens live for many years.
Parents take their children to see the same animals that they
themselves saw as children. When one of these special animals
die, the event often makes the newspapers.

In a research setting, the value of an animal to a caretaker/
scientist takes on different meanings. Again, caretakers com-
monly form bonds, even with caged research specimens,
especially with animals on a long-term project. The animals
in the cages take on personalities, and many astute techni-
cians can tell apart seemingly identical animals just by their
behavior.

When one of these animals die or are sacrificed, an emo-
tional toll may result on the caretaker. From a more objective
perspective, if a colony animal is ill and is in imminent danger
of dying or may have to be sacrificed, the associated loss of
scientific worth (i.e., lost data and future potential data) also
brings some consternation.

The caretakers in these situations (i.e., large collections) may
find themselves stuck in the middle of a euthanasia situation.
In many cases, the decision for euthanasia or treatment may be
a financial one and completely out of their control.
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For instance, a zoo caretaker has a sick green iguana. The
animal has been part of the petting zoo for 10 years and quite
a bond has developed over that time. The animal falls ill, and
the estimated cost of treatment far exceeds the minimal cost
of replacement. Because of financial constraints of the zoo's
budget, euthanasia may be the chosen option.

The loss of control can have a serious effect on the care-
taker. Feelings of guilt (“If I had only taken better care of the
lizard, it may not have had to undergo euthanasia.”) and feel-
ings of estrangement (“I have taken care of the lizard for
10 years, why don’t I get any say in his treatment?”) can have
a heavy toll on a person’s emotions.

The client who wants heroic efforts made at all costs to
keep the terminal animal alive can create resentment in some
veterinarians and staff who would like that client to end the
animal’s suffering with euthanasia. Practitioners also may
disagree with clients who, in their opinion, prematurely or
inappropriately choose euthanasia rather than attempt to treat
an apparently correctable health problem.

With current law as it applies to veterinary medicine, ani-
mals are property of the owner. The owner has the right to
make the decision to euthanize a pet. Owners who feel they
are discouraged from or coerced into a euthanasia decision
may leave the office feeling misunderstood and manipulated.
They may also feel angry enough to seek legal action.

Euthanasia of a beloved pet can be the single event by
which a pet owner judges the veterinary service. People saying
good-bye to a deeply valued relationship with a precious ani-
mal forever remember the final moments of that animal’s life.

See Chapter 33 for a technical discussion of euthanasia.

COMMON REACTIONS TO LOSS

Loss is an individual emotion, and whether it concerns a
person, dog, cat, or reptile, it is just as real. Regardless of the
species involved, when the lost loved one is not a person, the
reaction by others is often seemingly callous. “For heaven’s
sake, it is just a dog, cat, horse, etc.” And reptile owners often
suffer the additional stigma attached to the concept of “It is
just a reptile.” Many question whether or not reptiles even
show affection or exhibit a personality.

This chapter is not the place for discussion of those ques-
tions but rather for acknowledgement of the existence of the
bond between the owner and the pet.

People dealing with the loss of a treasured relationship
grieve for what they cannot have again and for what will
never be. Feelings of grief can be had before a loss (anticipa-
tory grief) just as they can after a loss. These feelings encom-
pass all of one’s being: feelings, thoughts, and behavior. Grief
can leave a feeling of abandonment by a faith thought to give
protection from such pain. It affects a person spiritually and
can take a physical toll. A person who is grieving may com-
monly feel “out of control” or “crazy.”

Feelings of helplessness, fear, emptiness, despair, pessimism,
irritability, anger, guilt, and restlessness are all considered
normal reactions. People can also have hallucinations, imag-
ining that they see, hear, or smell the animal that has died.
Not uncommonly, people awaken at night with the sensation
of weight next to them on the bed where a pet used to sleep.

Losses of concentration, hope, motivation, and energy are
also common. Changes in appetite, sleep patterns, or sexual

drive may occur. More fatigued and error-prone behavior is
also seen. During the normal grief process, a person can be
sad and crying one day and smiling the next. People can feel
tremendous guilt if they catch themselves laughing sponta-
neously or feeling happy because they interpret any positive
feelings as disrespectful to the animal being mourned.

Elisabeth Kiibler-Ross, MD, was a pioneer in helping the
medical profession better care for dying patients and their
families. In her extensive work, she learned the common
patterns of reactions as people dealt with their own issues
of mortality, dying, and death. She referred to these common
reactions as the stages of grief. Although these stages are well
documented in her work, no two people experience the
awareness of mortality or loss exactly the same way and peo-
ple often do not experience these stages in a linear fashion.
Also, the many other aspects of grief include mind, body,
spirit, and soul, which may seem to be overlooked with this
model of grief. Regardless, Dr Kiibler-Ross’s paradigm for
grief is made on the basis of solid work and can help people
in the veterinary profession better understand what clients
face with loss of a beloved animal. The following section
includes concepts based on Dr. Kiibler-Ross’s work (The Five
Stages of Grief : Shock/Denial, Anger, Bargaining, Depression and
Acceptance/Resolution) and includes adaptations from Pet Loss
and Bereavement by Sandra Barker.

Shock/Denial

Disbelief, shock, and numbness characterize this stage.

Denial of the reality of death, real or impending, is a
protective defense.

Time is needed to comprehend the severity of the situation.

Hasty decisions during this time can result in regrets and
added suffering.

Time is needed to accept the finality of the pet’s situation
before euthanasia decisions.

How to Help

Shock is a common reaction to overwhelming news, bad or
good. It is a temporary state of mind characterized by emo-
tional numbness. When the reality of the situation begins to
be understood, then a person’s coping style takes over.

Denial is one of the many different types of defense mech-
anisms used when reality becomes too overwhelming and
coping skills can not keep up. In the context of veterinary
medicine, dealing with someone in a perceived state of denial
is one of the most challenging aspects of the profession—
particularly when the veterinary professional’s idea of proper
care for the animal patient clashes vehemently with that of
the pet owner’s. Sometimes veterinary professionals believe
that an animal is being kept alive for the selfish reasons of the
pet’s owner. “Can’t she see how much that animal is suffering?
How selfish to keep it alive when she knows we can do
nothing more!” Those thoughts and feelings are common for
people who accept euthanasia as a humane act and want to
intervene on behalf of a pet they believe is needlessly suffering
because of a selfish owner.

People have a number of reasons to not choose euthanasia,
and many of the reasons have nothing to do with being
selfish. Some people have strong religious values that pro-
hibit euthanasia as an option. Some truly believe that death
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needs to happen “naturally.” Others simply need more time
to psychologically come to terms with saying goodbye and
do not morally disagree with the act of euthanasia.

A few clients truly are in a state of denial about the
animal’s condition. People who are clinically in denial need
compassion rather than judgment. Compassion provides
patience to a person struggling with reality. For people who
can not cope with the reality of losing a pet, hospice care is a
most humane option. Home hospice care gives the person in
denial more time to come to terms with the impending loss of
their precious animal. The hospice approach allows the ani-
mal to be kept under the watchful eye of a veterinarian
skilled at palliative care. This type of an arrangement can
help clients accept the fate of their mortal pet. Although hos-
pice is not a common practice in reptile-amphibian medicine
at present, the door must be left open for the future.

With interaction with a person perceived as in denial, one
should keep in mind that emotional distance from the situa-
tion makes it easier to be objective, unlike the client who
probably has a strong emotional dependency. The veterinar-
ian and the client should explore how the client would like
the situation with the pet to be (ideal fantasy). Options should
be identified and suggestions made, if possible. If offering
hope to the client is based in reality, then hope should be
offered. Hope can help with coping. This may require a judg-
ment call because the interpretation of reality may at times be
more subjective than objective. If the client may benefit from
another medical opinion, then this should be offered as a
suggestion.

In the gentlest way, comments can be made about how
frightening thinking about life without this beloved pet can
be. Fear of being left alone keeps many people from facing
the reality that someday, and perhaps soon, they will be
permanently without the animal that is such a major part of
their daily routine and emotional life. During this time,
patience, support, and respect for a client’s tremendous fear
about losing their beloved animal is most needed. Use of
logic to sway a client’s decisions or to get them to under-
stand is usually not productive. If a clinician is feeling
short on patience and easily irritated with such clients, the
best interests of everyone (the clinician, staff, and client)
might be served by referring the client to a different
veterinarian.

Anger

A fearful or threatened feeling, common when facing a loss,
is often expressed as anger.

Blaming, accusing, or desperately trying to find precisely
why death occurred allows the client to focus on
something other than the death of the pet and the
resulting deeply painful feelings of grief.

How to Help

Anger needs to be accepted and understood. Refrain from
becoming defensive and hostile in return. Sympathetic
responses help to defuse anger. Acknowledge the client’s
feelings with a phrase like, “I know you are worried about
Iggy right now. We are keeping a close eye on him and will
do everything we can to help him. I will keep you informed
of any changes.”

If clients are abusive with anger expression, then one may
need to say, “I know you are worried about Iggy. I assure you
we are keeping a close eye on him and are doing everything
we can. If you have decided you do not like the care we are
giving him, you are welcome to take him to a different doctor.
If you want us to continue treating him, we will, but you will
need to control your anger and your behavior.” If a client
remains obnoxious and difficult, in spite of requests to
change the inappropriate behavior, a clinician has the right
to ask that client to stop coming to the practice.

Before a client is “fired,” some allowances should be made
for bad behavior if they are struggling to take care of an ill,
beloved animal. Remember, anger is a normal emotional
component of grief. Everyone can behave badly when
frazzled with stress, so be patient. Abusive anger is never
appropriate, and it does not need to be accommodated.

Guilt/Bargaining

Guilt can stem from regret for things that should have been
done or should not have been done. Some tragedies are
realistically preventable. People can feel guilty looking
back at a euthanasia decision; perhaps in hindsight, they
decided their pet was given euthanasia too soon or they
feel they waited too long. People can feel guilty if they
blame their pet for dying and have thoughts of “why did
you leave me?” As they remember their pet, they can feel
guilty if they decide the pet gave them more love and
affection than they gave the pet.

Guilt may be unrealistic, taking responsibility for
something out of one’s control.

Guilt may be realistic, an act of real negligence.

People may make bargains to influence the outcome of a
dying individual (e.g., “I will play with Iggy every day and
clean her cage and give her fresh water if she doesn’t die”).

How to Help

Let clients know that it is common for an owner to want to do
anything possible to prevent the loss of a pet. Doubting
choices made is typical. When we believe we are solely
responsible for the welfare of our animal and we have the
need to be in control of what happens, becoming over-
whelmed with feelings of inadequacy, frustration, and guilt
for not being able to keep our pet from suffering or dying
is easy.

If guilt is unrealistic, help the client to understand that it
was a situation that was beyond anyone’s control. Give reas-
surances that the client did everything possible.

If guilt is realistic, gently acknowledge the client’s part
in the injury or demise of their pet. “We all make mistakes.
Unfortunately, this mistake had tragic consequences.” Assure
the client that what happened was unintentional. If what
happened was truly an act of negligence, support clients if
they express regrets. To honor their pet, they can prevent
something similar from happening again by learning from
this terrible experience.

A classic example of this with pet reptiles is the owner that
forgets to turn the heat lamp off and accidentally bakes their
pet. They know they made a terrible mistake, and further-
more, they know that they caused their pet tremendous pain
and suffering.
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Depression

True sadness about the loss is felt.

Depression can be a normal reaction that lasts from a few
days to a few weeks. If a person’s depression does not
seem to diminish even after many weeks and it
seriously interferes with normal daily functioning,
than a physician or therapist should be consulted about
appropriate medical or therapeutic interventions.

How to Help

People need to talk about their loss. Offer to listen, and/or
refer the client to a specific resource that provides support for
grief and bereavement. Hearing that they did all they could
for their pet and were good caretakers is helpful to clients.
Sympathy cards or letters can be comforting and appreciated
at this time. Some people ignore their own needs in the face
of depression. Encourage them to take care of themselves.

Acceptance/Resolution

Death has been accepted (more or less), and the person
is able to think of the pet with fond memories and
less pain.

Adjustment occurs to the environment that no longer
includes the pet.

A desire may exist to reinvest the emotional energy
that previously went to the pet into other relationships.

Healthy grief allows people to recognize through thoughts,
actions, and feelings, the meaningfulness of a lost
relationship. When people work through the painful
feelings of loss, acceptance of that loss can occur.
Acceptance of a loss does not mean that the animal, or
person, is forgotten. On the contrary, healthy resolution
includes fond memories that can be valued for a lifetime.
Healthy resolution of a loss allows people to move on in
their lives and become emotionally available to love
again.

Complicated bereavement means that something has
blocked the normal expression of grief and may
interfere with normal grief resolution. The length of
normal bereavement varies from person to person.

As impossible as it may seem to someone in deep pain,
people can start to feel emotionally able to

experience joy again within a year or so after a loss.

A more normal participation in life happens somewhere
from 1 to 3 years after a profound loss.

COMPASSIONATE
EUTHANASIA GUIDELINES

Reptilian euthanasia can be a technically difficult procedure
and should not be learned by trial an error in front of a client.
See Chapter 33 for procedures to follow. Learn the techniques
on either non—client owned animals or on patients with clients
who do not want to be present.

From beginning to end, all cases of euthanasia should be
handled with the utmost sensitivity and compassion.

Acknowledge to the client the difficulty of saying
goodbye. If possible, reminisce with the client about
the animal.

Offer at-home euthanasia, particularly for special
clients.

Give the client the option to be with the animal during
the procedure. Many people need to feel that they
were at the animal’s side, particularly at this time of
saying the last goodbye. If a practice is not
comfortable with this, a referral should be made to a
practice where clients can be present during the pet’s
euthanasia. Many clients appreciate honoring their
feelings about being present and remain loyal to the
practice in the future.

Take time to educate the client. Talk about the process of
euthanasia: the solutions that are used and how they
work on the body; the length of time for an animal to
die; that twitching, writhing, and elimination can
occur; and that animals may die with their eyes open.

Let the client know about options for handling the
animal’s remains. Give names of pet cemeteries that
offer cremation or burial services. If a client wants
specific information on how animal remains are
handled, be honest about rendering. Uninformed
clients can become horrified when they find out what
really happened (as with rendering) after they left
their pet’s body with their veterinarian.

If possible, handle financial matters beforehand. If the
client is billed, consider a phrase like “special
services” rather than “euthanasia” on the billing
statement.

Schedule euthanasia when people are not feeling rushed
between other client appointments (e.g., during
lunchtime or after hours).

Once the animal is deceased, allow the client to see the
veterinarian check for a heartbeat with a stethoscope,
Doppler scan, or electrocardiogram. The client can
even be allowed to listen for the pet’s heartbeat
through a stethoscope. This can be reassuring to some
clients who may not be convinced that their animal
has actually died (a common concern, particularly if
the animal’s eyes remain open after death).

Keep facial tissue within reach.

Some clients might appreciate a private moment to say
goodbye to their pet. Ask clients who are upset to
have someone drive them home, or keep them at your
practice until they seem calm enough to drive.

Handle the body of a deceased animal with respect and
gentleness.

A condolence or sympathy card signed by the
veterinarian and the staff is an appreciated thoughtful
gesture. Some practices send flower arrangements for
extra-special clients. A follow-up call a few days or so
after an animal’s death is also considerate.

Acknowledge that this is a difficult time. Show support
by making a referral to a local pet loss support
group or hotline even before the death of a pet has
occurred. This does not have to be awkward. Simply
hand them a brochure telling them that they might be
interested in attending a support group or calling
a hotline because other clients have found these
resources to be quite helpful. In this way, clients are
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informed but still make their own decisions. If a
group in the area is not known, the client should be
given a number for one of the many Pet Loss Support
Hotlines. The volunteers who respond to calls provide
an understanding ear and use a national referral
directory to let callers know about available local
support. The practitioner should have compassion for
this difficult time, but the primary support should
come from an outside source.

Update the client’s records to reflect the death of the
animal so reminders of future examinations, parasite
checks, etc, are not sent. If applicable, note what
examination room was used for the euthanasia and
then refrain from using that room for that client who
may bring other pets. Clients commonly avoid
returning to the site of their goodbye to their beloved
animal. A client can be retained by assurances of
understanding they may feel sad on returning to the
practice. Providing a photo of the pet to add to a
memorial board in the waiting room or web page may
give them the courage to return to the practice’s
compassionate care.

COMMON CONCERNS FOR
THE CLINICIAN AND THE CLIENT
REGARDING ANIMAL LOSS

Delivering Bad News

As a health care provider, delivering unpleasant news is
part of the job. No one relishes sharing bad news. The skills
needed to do so are straightforward and become second
nature as experience broadens and interactions with clients
remain thoughtful.

Keep in mind that every meeting with a client can result
in the client’s education about the animal’s state of health. The
initial bad news is softer for the client when a gentle voice
and demeanor is used and the conversation is started with
something like “We got the blood results back, and I'm afraid
that there are some values indicating that Iggy’s kidneys
are starting to fail.” When an animal is aged or has a life-
threatening illness, chronic bad news is continually shared as
the animal’s health declines. With simple honest communica-
tion to the client about the ongoing health status of the animal,
over time the client is gently prepared for the animal’s even-
tual death.

In some cases, the bad news cannot be broken in stages but
needs to be done all at once. With an unexpected death, the
clinician needs to prepare before delivering such serious
and sudden bad news to the client. Collect your thoughts
and ready yourself for your client’s reaction, which can be
extreme shock or anger or both. Be sure to remain calm and
pace the message so it is not blurted out.

One can start by saying, “I have some bad news to tell
you.” Then the client is given a brief moment to adjust to hear-
ing even that much. Then one continues gently, “Iggy went
into cardiac arrest during his surgery. In spite of our best
efforts, we were not able to revive him. I am terribly sorry.”

Your client may become upset and might even yell. One
should be reminded that this is a normal reaction to such

news, as unpleasant as it is for the clinician and perhaps the
staff. Work at containing feelings of defensiveness; rather,
express understanding at the shock. The clinician can express
shock as well. Once the clients are over the initial shock
(which may take days or a few weeks), many can rationally
understand that some things happen in life that cannot be
prevented and do not hold the clinician responsible.

Depending on the circumstances, the clinician may deal
with an irate client for a time. Be empathetic and truthful
about what happened. Continue to contain any defensive
feelings—and hang in there. Remind yourself that you are a
good doctor and that your client is understandably upset
because of suffering from an unexpected loss. With certain
clients anything you do will not be good enough. In these
situations, it is always better to listen and document all
conversations.

Answering the Question, “What Would
You Do If You Were Me?”

The decision for euthanasia of a beloved animal leaves many
people struggling with the feeling that they must “play God.”
Commonly, the pet owner turns to the veterinary profes-
sional for advice and guidance, often pleading, “What would
you do if you were me?” No one perfect answer exists for this
situation. If the client is well known, clear communications
are likely maintained about the state of health of the animal
with every visit for medical care. The client comes to trust the
clincian’s judgment.

As seriously ailing or aged pets are cared for, clients can be
gently prepared in advance for thinking about the mortality
of the pet. One may say something such as, “Right now, we
have different options to try to keep his quality of life good,
but eventually, our options will decrease and he will start to
deteriorate in a serious way.” End-of-life decisions (whether
euthanasia, body care, or memorialization options) certainly
do not need to be decided prematurely.

When a client looks to the clinician for the answer to the
question of whether euthanasia is right for their animal, the
clinician can respond as if the pet were the clinicians, but one
should be very careful about this. Review everything that has
been done for the animal and if anything can yet be done.
Consider all variables, particularly financial constraints.
Acknowledge that this is a most difficult time and that
making the decision to say goodbye is perhaps the hardest
ever to make for a person who loves their pet.

The client is in the best position to judge whether the
animal is no longer enjoying a quality of life, for the client,
not the veterinarian, knows the animal’s normal personality.
Some examples: “You know your pet better than anyone
does, and as difficult as it is, you can judge your animal’s
quality of life today compared with how your pet used to
be. You know your pet’s normal personality better than I do.
Does he seem to be himself? Do you think he’s enjoying life
as he used to?” One can also ask in a gentle way, “Do you
think you might be keeping your pet alive more for yourself
than for him?”

One should remember that the clinician has more of an
objective relationship with the animal, unlike the client who
is emotionally attached and shares an intimate history with
the animal. The clinician therefore can probably see reality
more clearly and easily than the client. The person faced



Understanding the Human-Reptile Relationship

with a euthanasia decision should rightly be given the truth
about the state of the animal’s health, including an honest
prognosis.

Telling people what they “should” do can be dangerous.
Owners may feel resentment because after the animal is dead,
they may feel that they were not ready to say goodbye and
that they were pressured. Some people can be so bitter that
they pursue legal action. From a more philosophical perspec-
tive, telling people what to do denies them the experience of
taking responsibility for their own tough decisions.

An option for people who are not able to make a euthanasia
decision is to suggest hospice care for the animal that needs
intensive care. In this way, the owner keeps the animal at
home, with the more technologic treatment administered
or supervised by a veterinary professional. This allows the
owner to feel less pressure about euthanasia, and any staff
members who feel resentment can have some relief from a
client they feel is selfish.

Why Do People Often Feel Guilty
about the Death of a Pet?

Guilty feelings having to do with a pet’s loss often involve
the questions, “Did I wait too long to put my animal to sleep,
causing my pet to suffer?” and “Maybe I acted in haste and
put my animal to sleep too soon.” A reassuring and truthful
response to both these concerns is that in making such a hard
decision, a perfect answer usually does not exist. All we can
do when faced with tough choices is to make decisions on the
basis of the information we have at the time. Maybe after the
irreversible decision is made, we wish we had chosen some-
thing different. This is useless because we did the best we could
at the time we felt we had to act. Beating ourselves up over
our “wrong choice” keeps us from moving on with our lives.

Sometimes a real act of negligence leads to a traumatic
incident that results in a pet’s injury or death. Most people
feel acute guilt and perhaps shame when they realize they
should have acted sooner or taken measures to prevent the
situation from happening in the first place. We are all vulner-
able to errors in judgment and making mistakes. From a vet-
erinary point of view, educate, gently when possible, to help
prevent a repeat occurrence of negligent care. For the rare
client who may have a truly apathetic attitude about animal
care, a more direct approach may be necessary.

What about a Pet’s Remains?

Many people never think to ask their veterinarian about their
pet’s remains. They just assume that the veterinarian handles
this and that other considerations do not exist. People need to
be educated about the different options available for handling
their pet’s remains. If a pet’s death is anticipated, the client
may benefit from thinking about the available options, such
as burial, cremation, and freeze-drying. For clinicians who
live in a state that supplies rendering services, one would be
wise to let the client know what that means.

How Can a Pet be Memorialized?

A big fear for many people is that they will someday forget
about their pet. They think that if they ever recover from their
painful feelings, they will have forgotten about everything they

loved about this special animal. Suggestions for keeping mem-
ories alive can be reassuring. Ways in which to memorialize
a pet are as many as a person’s creativity. Making a donation
in the pet’s name to a charitable organization that benefits
animals, collecting a collage of favorite pictures, or planting a
tree can memorialize a pet. Some people find that writing
down a detailed description of favorite behaviors or person-
ality traits assures them that those special memories are
always preserved.

How Does One Talk with Children
about the Loss of a Family Pet?

Never lie to children about what happened or is happening
to a pet. If a client asks you to collude with them into telling
their child (or children) something other than the truth about
their animal, refrain from doing so. Understand that when
parents want to hide the truth from their children, their moti-
vation mostly comes from not wanting their children to suffer.
They may also feel unsure about how to talk to their children
about such sad things. If you are comfortable and confident
about these situations, then coach parents about how to talk
to their kids. You can also suggest a book on the topic of chil-
dren and pet loss (there are many) that they can use.

Young children can be told about death, although before
the age of 7 years or so, they do not have the cognitive ability
to understand the finality of death. An older child is more
able to mentally comprehend the meaning of death and can
have an emotional reaction to the reality of the situation. In all
cases, the best way to support children is to be truthful with
answers that do not over explain. Give children your undi-
vided attention when they ask questions. This is an opportu-
nity to teach children about regarding death with respect and
dignity and that losing a special being, animal or person, can
be a sad thing because that animal or person was unique and
can never been replaced. Holding a memorial service that
everyone helped create is a nice way to say goodbye to a dear
animal family member. Children can also benefit from memo-
rializing a beloved pet in their own personal way, such as
drawing pictures of their pet, putting together a scrapbook,
or establishing a special spot in a garden.

How Does One Address the Fears of Older
Persons about Caring for Pets Later in Life?

“What will happen to my pet if I go to the hospital or I die
before my pet does?” For older persons or persons with fail-
ing health, these are the most common, unspoken concerns
about having a pet. Considering that some reptile pets long
outlive their owners, this is a real concern.

After losing a special animal, many older people feel too
many risks are involved in bringing another pet into their
lives, even though the companionship of a pet would be a
most healthful relationship for them. Taking a solution-
oriented approach is most helpful in dealing with these con-
cerns. Explore all the available resources the older person has.
Think about all the people (friends, relatives, their veterinar-
ian) who would be willing to adopt the animal in case of the
owner’s death or at least provide short-term care if the owner
needs to be in the hospital for a time. Other possibilities
include an animal sanctuary or an arrangement with an
informed attorney who can help a person provide ongoing
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care for a pet should the person die. Some veterinary schools
have programs that provide arrangements for the lifetime
care of pets of deceased owners. This may include providing
loving homes and medical care for the lifetime of the pet.
Owners should contact their regional veterinary universities
to enquire about the availability of these options.

Should a Veterinary Professional Encourage
Clients Who Have Lost Special Animals
to Get Another One?

This dilemma is similar to that of euthanasia. Because all peo-
ple have unique reactions to the loss of a pet, following their
lead when suggesting that they get another pet is respectful.
Some people need time to mourn their loss. Others cannot
imagine their home without an animal, so they might bring
in a new pet before they lose the other one. People know
when they are ready. Also, giving animals as gifts is often a
bad idea. Depending on the type of animal, a person could be
sharing a significant number of years with this pet. For a
close relationship to develop, a certain amount of chemistry
is essential and can only be felt by the person who will be
caring for the animal.

Is It Okay to Cry in Front of a Client?

Although you are a veterinary professional, you are first a
human being. Undoubtedly, at times, you will be moved
emotionally and will feel like crying. If you are a sensitive
person, you are susceptible to this. Getting teary-eyed on
occasion is normal. Keep in mind, though, that you have a job
to do, so tell yourself that you will take some private time to
feel and express emotion after you are done with the job at
hand. Clients appreciate sensitivity and can feel especially
supported when the veterinary staff shares in the emotional
climate of a particular event or experience.

CONCLUSION

The profession of veterinary medicine is full of trials, tribula-
tions, and triumphs. It can be demanding when, within the
same day, you find yourself sharing the excitement of a
client’s new puppy or kitten only to enter the next examina-
tion room to deliver bad news about the beloved pet of a
familiar client. Euthanasia of animals you have come to know
and like also takes its toll on your emotional well being.
Given the emotional challenges you face as a veterinary pro-
fessional, you need to keep yourself “tuned-up” so that you
can maintain patience and a sense of compassion for your
clients. Keeping tuned-up means staying current with your
medical skills and having confidence with your interpersonal
skills. You also need to take good care of yourself physically
and emotionally.

If you find that you are feeling impatient or you are react-
ing to people in a cold fashion, you could be experiencing
some symptoms of burnout. Instead of focusing on the
complaints you have about work, think about some possible
solutions to what you have identified as problems. Then, take
action. Do what you can to make some constructive changes
and accept the aspects of your job you feel you cannot
change. If you definitely cannot accept certain things, maybe

a different strategy will help. Of course, you can always quit
that job and find something you think will suit you better.
If you are discovering a pattern of discontent in your work
history, you may have to take a serious look at your work
choices, habits, and expectations.

Working in the veterinary field, especially in a
unique discipline such as reptile medicine, can be a most
rewarding experience. Because of the compassion you show,
the job is one in which you can truly make a difference in the
lives of many animals and the people who love them. You
will be intimately involved in creating final, permanent mem-
ories for many people who must say goodbye to animals they
hold so dear in their hearts. Through your actions and words,
you can bring grace to these memories. Take good care of
yourself so you can keep compassion in all the wonderful
work you do.

Animals are family!

Keep up with your own grief work.

You cannot do others” emotional work for them.

You do not have to like all clients.

Give clients a break when they are stressed, allowing for bad
behavior. You never have to tolerate abusive behavior.

Maintain respectful interactions with clients.

A real limit exists as to what you can provide your clients—
know this!

Be aware of what stresses you and learn effective strategies
to cope.

A client’s denial is almost impenetrable in the context of your
relationship.

Denial does not respond easily (if at all) to logic.

Be kind and patient. People need time to let reality sink in
that their pet is absolutely mortal and will die someday,
perhaps very soon.

Be honest about the animal’s health.

Be careful not to give false hope, but be sure to give hope when
realistically possible.

Offer hospice care (comfort care, pain management) as a way
to keep a pet comfortable while a client struggles with
decision making.

Honor the client’s right to make decisions about when and
where they want to say goodbye to their beloved animal,
even if it means you need to refer them to a different
veterinarian who accommodates them if you cannot.
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RESOURCES AND ADDITIONAL
INFORMATION

Delta Society

PO Box 1080

Renton, WA 98057-9906

(206) 226-7357

Ask for the “Pet Loss and Bereavement Packet.”

The American Veterinary Medical Association (AVMA)
Committee on the Human-Animal Bond

AVMA

1931 N Meacham Road, Suite 100

Schaumburg, IL 60173-4360

(800) 248-2862

Printed Material

“Death of the Family Pet: Losing a Family Friend”
pamphlet

The ALPO Center

PO Box 4000

Lehigh Valey, PA 18001-4000

(215) 395-3301

Free to veterinarians.

“Pet Loss and Human Emotion: When the Question is
Euthanasia” pamphlet

AVMA

1931 N Meacham Road, Suite 100

Schaumburg, IL 60173-4360

(800) 248-2862

First pamphlet free; small cost for additional pamphlets.

“The Loss of Your Pet” pamphlet

The American Animal Hospital Association’s Member
Service Center

PO Box 150899

Denver, CO 80215-0899

(800) 252-2242 or (303) 986-2800

Fax (303) 986-1700

A fee is charged for the brochures; call for prices.

Pet-Loss Support Groups and Web Sites

Many support groups are available. Some are private, and
many are nonprofit and supported by veterinary associations
and veterinary schools. Contact the local or state Veterinary
Medical Association for referrals, or enter a keyword search
“Pet Loss” on the Internet. Amazon.com also offers many
excellent resources on pets and pet loss.
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In the last 10 years, major advances have been made in the
captive maintenance of reptiles. Yet the basics are still the
same. Certain procedures must be carried out and certain
requirements must be met if reptiles are to remain healthy in
captivity. Clinicians need to be aware of basic reptile biology
and husbandry to properly diagnose and treat this group of
animals. Procedures of critical importance include quaran-
tine, disinfection, regular examination, fecal examinations,
and deworming if necessary. In collections of reptiles, disease
transmission must be prevented. With increasing regularity,
reptile keepers create multiindividual or multispecies enclo-
sures, which complicate the issue even further. Also, a shift
has been seen away from simple enclosures to those that
are more environmentally enriched. More complex environ-
ments had traditionally been considered more difficult to
maintain and were not being used for many reptiles. The ben-
efits of such enriched enclosures have become increasingly
obvious in the last several years (Figure 4-1). These benefits
appear to be both behavioral and physiological. Increased
environmental complexity leads to increased activity, which
appears to result in leaner, more reproductively active
animals. The physiological benefits of microclimates within
the enclosure include enabling the reptile to regulate body
temperature and cutaneous water losses accurately. These
benefits are believed to be extremely important in allowing
the reptile to function normally and live to an age approxi-
mating genetic potential and are also critical for disease
prevention. Another recent advance in herpetoculture involves
the use of bioactive substrates in reptile enclosures. Bioactive
substrates are believed to encourage the growth of bacteria
and fungi that compete with pathogenic bacteria and fungi,
thereby protecting the captive reptile from infection.

GENERAL HUSBANDRY
AND MANAGEMENT

BASIC BIOLOGY

More than 7000 species of reptiles have been divided into
three major orders and one minor order. The species vary
widely in terms of size, shape, physiology, and diet. Their
captive requirements may vary just as widely. Providing
every detail for each of these species is beyond the scope of

FIGURE 4-1 A Brazos Watersnake (Nerodia harteri) in a natural
enclosure is more wary and maintains a leaner appearance than those
housed in a typical aquarium-style cage. This snake also grows at
rate more similar to those found in wild.
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this chapter. However, basic important similarities in the biol-
ogy of reptiles must be considered in designing an enclosure
or attempting to treat a captive reptile. The most important
factor is that reptiles are ectothermic, which means they
derive the vast majority of their body heat from outside heat
sources. Some reptiles are considered stenothermal, accu-
rately controlling body temperature within a narrow range,
and others are eurythermal, allowing body temperature to
vary widely according to external temperatures. In general,

terrestrial reptiles are more stenothermal than arboreal or
aquatic reptiles. However, all reptiles are believed to ther-
moregulate to some extent, making use of thermal gradients
within their environment. Most aspects of their physiology
are intimately tied to body temperatures, and hence, so is
their behavior and ultimately their health. The preferred
body temperature range of reptiles is referred to as the pre-
ferred optimum temperature range (POTR); this range is
known for most wild reptiles (Table 4-1; Figure 4-2).

JELVIEEBW Preferred Optimum Temperature Ranges for Commonly Housed Captive Reptiles

Buried Hot
Rock or 50-Watt to
Preferred Optimum gt?ct:}ﬁgure ;?1'1‘1’\7 " Natural
e}
Temperature Range (°F) with Heat Spotlight Spectrum
Common Scientific Winter Tape Bulb Lighting
Name Name Day Night Cool Down* Necessary Necessary = Necessary
Snakes
Boa Constrictor Boa constrictor Mid-80s 70-80 60-70 Yes Optional No
Rosy Boa Lichanura trivirgata 80-85 70-75 58-60 Yes No No
Ball Python Python reguis Mid-80s 70-80 60-70 Yes Optional No
Burmese Python Python molurus Mid-80s 70-80 60-70 Yes Optional No
Green Tree Python Morelia viridis 75-82 70-75 60-64 Yes Optional Optional
Carpet Python Morelia spilota 80-85 70-75 60-64 Yes Optional Optional
Cornsnake Elaphe quttata 77-84 67-75 55-60 Yes Optional No
Yellow Ratsnake Elaphe obsoleta 77-84 67-75 55-60 Yes Optional No
Gopher/Bullsnake Pituophis melanoleucus 77-84 67-74 50-60 Yes Optional No
Common Kingsnake  Lampropeltis getula 78-84 68-74 55-60 Yes Optional No
Mountain Lampropeltis 78-84 66-74 55-60 Yes Optional No
Kingsnake zonata
Gray-banded Lampropeltis 79-84 70-75 58-60 Yes Optional No
Kingsnake alterna
Gartersnakes Thamnophis sp. 75-80 65-72 54-59 Yes Optional No
Lizards
Green Iguana Iguana iguana 84-90 67-77 64-69 Optional Yes Yes
Basilisks Basiliscus sp. 82-87 75-77 68-70 No Yes Yes
Leopard Gecko Eublepharis macularius 77-85 65-75 None Yes No No
African Fat-tailed Hemitheconyx 78-85 67-75 None Yes No No
Gecko caudicinctus
Day Geckos Phelsuma sp. 85 75 None No Yes Yes
Madagascar Uroplatus sp. 81-84 72-78 None No No Optional
Leaf-tailed Gecko
Chameleons Chamaeleo sp. 77-84 55-67 None No Yes Yes
(montane)
Chameleons Chamaeleo sp. 80-84 70 None No Yes Yes
(lowland)
Bearded Dragons Pogona sp. 84-88 68-74 62-69 Optional Yes Yes
Blue-tongued Tiliqua sp. 80-85 67-75 60-65 Optional Yes Optional
Skinks
Monitor Lizards Varanus sp. 84-88 74-78 66-70 No Yes Optional
Tegus Tupinambis sp. 80-86 70-78 60-70 No Yes Optional
Turtles
Semiaquatic turtles Most species 80-84 65-70 Optional No Yes Optional
Tropical turtles Most species 82-86 74-80 None Optional Yes Yes
Box Turtles Terrapene sp. Outdoors in backyard for late spring, summer, early fall
78-89 70 50-65 No Yes Yes
Tortoises Most species Outdoors in backyard for late spring, summer, early fall
82-88 70-76 Temperate No Yes Yes
climate
species
only

*(with no food in gut).
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Another factor that is important for the health and repro-
duction of reptiles is photoperiod. Seasonal reproduction is
often strongly influenced by the amount of light and dark-
ness per day. Some reptiles (e.g., many iguanid lizards and
the Tuatara) actually have a light receptor on top of the head
called the pineal eye.

Water regulation of reptiles also varies dramatically from
one group of reptiles to another and even considerably from
species to species that are considered closely related. Once
again, emphasis is placed on researching the natural history
of each animal if one is contemplating captive maintenance
or advising a client of such. Generally speaking, reptiles from
dry environments are uricotelic, essentially producing the
large, relatively insoluble molecules of uric acid in an effort
to conserve water at the renal tubule level. Those reptiles from
aquatic environments generally produce the smaller, more
soluble urea, or in some cases ammonia, to eliminate nitroge-
nous wastes (Figure 4-3). Many use various combinations. All
reptiles have insensitive cutaneous and respiratory water
loss, however, which may be minimized with microhabitat
selection; that is, seeking an environment with a higher humid-
ity. This is properly termed hydroregulation, and all reptiles
appear to engage in microhabitat selection and possibly
hydroregulation to some extent. The ability to reduce these

FIGURE 4-2 Texas Patch-nosed Snake (Salvadora grahamiae) basks
on a rock in its cage. Ability to thermoregulate is absolutely critical
for long-term successful maintenance and reproduction of captive
reptiles.

FIGURE 4-3 Side-necked Turtle (Pelomedusa sp.) is a highly aquatic
turtle that is more likely to produce urea as a primary nitrogenous
waste product; many tortoises and desert lizards produce primarily
uric acid.

minute water losses is now considered important for long-
term health and possibly for reduction of the likelihood for
kidney disease. These microenvironments may also harbor
beneficial bacteria and fungi that compete with pathogenic
bacteria and fungi, thereby providing other benefits to the
reptile. See the subsequent discussion on bioactive substrates.

The immune response of reptiles appears to vary dramat-
ically on a seasonal basis and is also intricately tied to the tem-
perature range available to the reptile in question. Maximum
immune response appears to occur in most reptiles when
they are held in or near their POTR, or preferred optimum
temperature range. This range needs to be researched for the
species in question. Both the humoral and cellular immune
responses appear to be measurably lower in winter months,
and thus, reptiles may be more vulnerable to infection during
this time. Certainly, the subject of stress and its relationship to
disease in captive reptiles has been discussed in detail by a
number of authors. Perhaps the most interesting and detailed
discussion on the subject is that of Cowan.!

For the sake of discussion, the amount of stress may be
directly related to differences between the captive environ-
ment and the wild environment. Therefore, those captive envi-
ronments that lack suitable temperature and humidity clines
and secure hiding places or have inappropriate photoperiods
are more likely to result in diseased reptiles than those that
have these key factors addressed (Figure 4-4). Thus, the clini-
cian must strive to recommend the proper temperature and
humidity gradients and hiding areas in new reptile enclosures.
For those established reptiles undergoing treatment, captive
environments must be reevaluated whenever a disease out-
break occurs. Basic requirements and husbandry techniques
are discussed herein. The subject of stress is also discussed
in more detail in Chapter 9.

BASIC HUSBANDRY REQUIREMENTS

The basic requirements for captive reptiles are based on
their basic needs in nature as discussed previously. These
requirements are summarized in the following sections.

FIGURE 4-4 Visceral gout in Blue-tailed Monitor (Varanus dore-
anus). Many diseases of captive reptiles are related to inadequate cap-
tive environment or diet. A causal relationship is often difficult to
prove, however.
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Unlike domestic animals, these animals have not been bred
for generations to survive in “human habitations.” In combi-
nation with their unique dietary requirements, their ectother-
mic nature must be understood and addressed by keepers
and clinicians alike or their efforts to maintain or heal these
creatures will meet with failure. Photoperiod is also important
for reptiles. Thus, a thermal gradient and proper photoperiod
should be maintained for all captive reptiles. Humidity is also
important and needs to be addressed as well.

Long-term hospitalization of these animals with their
unique requirements is often extremely difficult, and clini-
cians may be forced to provide these animals with the bare
necessities of a thermal gradient and a clean cage (Figure 4-5).
Thus, for many reptiles, diagnosing and beginning treatment
for release to the owner as soon as possible for return into
the new and improved cage is often beneficial. In many cases,
environmental corrections may be instituted by the owner
while the reptile is hospitalized, which of course requires that
the owner is reeducated to correct the environment and can
medicate the reptile at home. Some animals must be hospital-
ized for longer periods of time, however, which requires daily
maintenance by the staff, such as cleaning the cages and soak-
ing or spraying some of the patients.

The staff needs extra training to care for reptiles during
their stay in the hospital. They should be made aware of
handling techniques to prevent injury to themselves or clients
and the reptiles in question (Figure 4-6). Many reptiles may
be easily injured if dropped, and many technicians may be
bitten or scratched if they handle reptiles carelessly. In addi-
tion, cage security is critical. Snakes and lizards are especially
good at escaping, and this is unacceptable in a veterinary hos-
pital. In addition to surprised clients being informed about
the absence of the animals left in the hospital’s care, a risk
also exists that a large boa or python may ingest an endother-
mic patient or frighten clients at the time of its sudden
reappearance. The clinician’s responsibility is to take every
precaution needed to secure reptile patients in proper cages,
even if it means keeping snakes overnight inside of a secured
cloth bag. Larger snakes, lizards, and tortoises may be
secured inside of plastic containers with locking lids and then

placed inside of standard stainless steel cages with the doors
closed and locked. This provides an extra measure of security.
Clinics that hospitalize many reptiles should invest in a rack
style system, where small to medium reptiles may be housed
in plastic drawers in a rack (Figure 4-7). These racks are often
on wheels and can be conveniently moved from place to
place with some degree of ease. Unfortunately, this style of
cage makes providing a light source difficult, but most rep-
tiles seem to tolerate this for the short periods of time that
they are hospitalized, just as they tolerate the absence of the
usual environmental enrichment they have in their regular
home cage.

Ideally, one should have separate rooms or at least sepa-
rate racks for long-term healthy reptiles and those that have
been recently captured or been in another collection. This
allows a limited hospital quarantine, which is extremely
important for reptiles. A more complete discussion of quaran-
tine and disinfection follows. Remember that wild reptiles
often show no outward signs of infection or parasitism at the

FIGURE 4-6 Training technicians to handle reptiles and provide
for their daily needs is critical to successful treatment. This experi-
enced technician is handling a venomous Gila Monster (Heloderma
suspectum) for treatment.

FIGURE 4-5 A hospital cage often provides only bare necessities.
These include cleanliness, warmth, and security. A high-humidity
retreat can be provided for some. The most commonly used substrate
in a hospital setting is newspaper, which can be quickly changed.

FIGURE 4-7 Reptile rack. These mobile units house light, easily
cleaned, and heated drawers that can house many reptiles in a
relatively small space. A separate rack may be used for quarantine
purposes, but ideally this should be in a separate room.



General Husbandry and Management

time they are captured. In some cases, reptiles may not show
signs of a virus they contracted for up to 6 months.?* Therefore,
precautions must be taken when handling reptiles of
unknown origin (all reptiles). With large numbers of hospital-
ized reptiles, wearing gloves to handle or examine new
reptiles may be beneficial.

The following sections outline some of the requirements
of reptiles that a clinician should understand and be able to
share with reptile clients.

Temperature

A useable thermal gradient should be provided to every
captive reptile. In addition, daily temperature fluctuations
and seasonal temperature fluctuations should be provided.
Heating pads and heat tapes usually provide a useable ther-
mal gradient for most terrestrial reptiles. These same devices,
however, do not provide a useable thermal gradient for
aquatic or arboreal reptiles. For aquatic reptiles, a submersible
water heater may be necessary, and for arboreal reptiles, a
radiant heat source is often necessary to create a hot spot
somewhere among the branches in which they reside.
Basking areas are considered important for most reptiles,
which includes many aquatic reptiles. The preferred temper-
ature ranges of many commonly kept reptiles are listed in
Table 4-1. A simple rule of thumb is to maintain a hot spot in
the cage that is near the upper end of the POTR. Then reptiles
can achieve the highest temperatures that they would nor-
mally seek in nature but also can choose lower temperatures,
including those that may be outside the POTR. McKeown*
defines a primary heat source as that which is used to main-
tain an appropriate background temperature in the enclosure.
For most people, this is the central heating unit in their house.
Secondary heat sources are those used to create additional
heat in some areas of the enclosure to provide a thermal
gradient.* If either is insufficient or unusable to the reptile,
disease is a likely occurrence for that reptile.

Hot rocks, a source of artificial heat, are commonly used
by reptile keepers. These generally provide very focal heat,
directed from the ground upwards, and generally are not use-
able by all but the smallest reptiles. They often become pro-
gressively hotter with age, and larger reptiles frequently burn
themselves, presumably trying to stay warm. Better heat
sources include adjustable heating pads placed under the
cage and incandescent bulbs placed at various heights above
the cage. Ceramic heaters have recently become more popu-
lar because they produce radiant heat with no light emission.
One must remember, however, that sick reptiles often do not
thermoregulate properly, so the background heat must be
controlled carefully for these animals. Another group of
reptiles at risk are male snakes during breeding season. Male
boas and pythons commonly seek out the coolest area of the
cage at this time, only to become too cold and have a bacter-
ial infection develop. Once again, this may be avoided with
careful control of the background temperature.

A general guideline for daytime air temperatures to pro-
vide for most diurnal reptiles is 80°F to 95°F (27°C to 35°C),
with a basking area of 120°F to 130°F (49°C to 54.5°C).
Nocturnal or montane reptiles often do well with daytime
air temperatures of 70°F to 80°F (21°C to 27°C) but still seem
to benefit by having a warmer area of 90°F to 95°F (32°C to
35°C) present in the enclosure (Figure 4-8). Nighttime air

temperatures for most reptiles should not drop below 70°F
during the active season, although temperate zone reptiles
can usually tolerate temperatures lower than this for short
periods with access to a heat source. Experience shows that
maintaining most reptiles for prolonged periods at tempera-
tures ranging from 60°F to 70°F (15°C to 21°C) is potentially
harmful. This temperature range appears to be too cold to
allow normal digestion or immune system response and too
warm to allow for normal brumation (hibernation). Without
any supplemental heat or the absence of a daytime tempera-
ture that rises sharply into the 90°F to 95°F (32°C to 35°C)
range, many reptiles kept consistently in this 60°F to 70°F
temperature range often become ill (Figure 4-9).

Brumation (hibernation) temperatures for temperate zone
reptiles generally may be maintained between 35°F to 59°F
(3.8°C to 15°C) for a minimum of 10 weeks. Montane reptiles or
those from cold climates may need brumation (hibernation)
temperatures at the lower end of this range and possibly for a
longer period of time. Of course, no feeding should occur at this
time (Figure 4-10). Subtropical reptiles can be brumated
(hibernated) at similar temperatures but should have access
to some heat source at all times. Tropical reptiles should not
be brumated (hibernated) but instead may be exposed to
nighttime lows that are lower than those to which they are
exposed to in the summer, and daytime highs remain similar
to that which are provided during the summer. Typically,
nighttime low temperatures for tropical reptiles should not
drop below 70°F (21°C). Python and boa breeders often

FIGURE 4-8 Heat sources commonly used for captive reptiles
include heat lamps and heating pads. The heating pad should be kept
in low position and monitored frequently to ensure it does not over-
heat or short out. Heat lamps are also commonly incriminated in
reptile burns because people tend to underestimate the amount of
heat they produce and fail to provide reptiles with suitable escape.
(Photograph courtesy D. Mader.)

FIGURE 4-9 Python with cellulitis. This snake was maintained at
room temperature with little or no access to a useable primary heat
source. Constant exposure to these “middle temperatures” often
results in various manifestations of the disease.
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FIGURE 4-10 This turtle table has thick mulch and a plastic barrier
as insulation against cold for turtles overwintering here. They may
not eat for up to 6 months during brumation (hibernation).

attempt to cycle their snakes by dropping the temperatures
below this level at night during the late fall and winter to
induce breeding behavior and ovulation. This is not necessary
for most snakes and is also potentially dangerous, often
resulting in respiratory infections. The photoperiod can safely
be shortened during this time, however (see subsequent
discussion).

Photoperiod and Light Quality

The amount of light received per day, or photoperiod, is
important to reptiles. In general, day length and temperature
should be decreased during the winter months. Failure to do
so often results in reproductive failure or disease in many
reptiles. Present hypothesis shows that inappropriate pho-
toperiod and temperature fluctuations result in repeated
reproductive failure as a result of abnormal vitellogenesis,
with chronic resorption of yolk and ultimately ovarian gran-
ulomas or tumors (Figure 4-11). Obesity is another possible
sequelae to abnormal photoperiod; those animals that are
normally inactive and anorectic during the winter months
may continue eating when exposed to the same photoperiod,
even though their metabolism is lower because of ambient
temperature reduction. In most cases with temperate zone or
subtropical zone reptiles, the artificial photoperiod may mimic
that which is naturally occurring outside. Modifications may
be made depending on the latitude of the reptile’s origin and
the latitude where the reptile is being housed (i.e., increase
the day length slightly for tropical reptiles housed at a sub-
tropical area and more if housed in a temperate zone, even
though still following seasonal changes; decrease the day
length if housing a northern temperate zone reptile in a sub-
tropical area, even though still following seasonal changes).
Electric timers are inexpensive and widely available, and
lights may be set to mimic the naturally occurring photope-
riod or to adjust it in either direction. Not surprisingly,
reptiles housed with access to the natural light cycle (i.e., a
window or skylight) respond more strongly to the natural
light than to an artificial light source. This must be taken into
consideration when cycling reptiles for breeding purposes. A
general guideline relating to photoperiod is to provide about

FIGURE 4-11 Fist-sized ovarian teratoma from a Green Iguana
(Iguana iguana). These tumors appear common in long-term captive
reptiles that are not being cycled and bred regularly.

FIGURE 4-12 Natural light is powerful medicine for captive
reptiles and should be provided whenever possible.

14 hours of light in the summer and 12 hours of light in the
winter. Another author suggested that temperate zone reptiles
be exposed to 15 hours of light during the summer, 12 hours
during spring and fall, and 9 hours during the winter, with
tropical reptiles exposed to 13 hours of light during the sum-
mer and 11 hours of light during the winter.

The quality of light is also important. Some ultraviolet
(UV) light is necessary for most reptiles to manufacture
vitamin D; within their skin. Vitamin D; is necessary for the
absorption of calcium from the intestinal tract. A deficiency of
UV light, particularly UVB, or light in the 290 to 320 nm range
often results in metabolic bone disease of nutritional origin
(NMBD). UVA light, or light in the 320 to 400 nm range does
not assist in converting vitamin D into an active molecule in
the skin but may have some beneficial effects in terms of
behavior (i.e., improved visualization of prey or mates). Types
of lights are discussed subsequently under lighting. Most
curators and experienced herpetoculturists believe that natu-
ral lighting is the best light and may even be a requirement for
some of the more demanding captive reptiles (Figure 4-12).
See Chapter 84 for a discussion of artificial lighting.

Humidity

Providing a high humidity retreat or a humidity gradient
may be slightly more difficult. In doing so, one must remember
that the higher humidity areas in the cage must not be created
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FIGURE 4-13 A humidity box is a plastic box containing substrate
that holds some moisture. The most commonly used substrate for
this purpose at this time is sphagnum moss.

at the expense of total cage ventilation. If ventilation is severely
restricted, stagnant air often contributes to the growth of
bacterial or fungal pathogens. Instead, high humidity zones
within otherwise well-ventilated cages should be created.
This may be done in confined areas, such as plastic boxes
of varying sizes, or with moisture-containing substrates in
different parts of the cage. The most commonly used method
of providing a high humidity retreat for some reptiles is the
use of the aforementioned humidity box, in which a plastic
box is filled with a moisture-containing substrate, such as
sphagnum moss or peat moss (Figure 4-13). A small hole is
created in the cover of such a box to allow the reptile to enter
or exit the structure. These boxes often show visible conden-
sation within and provide the moisture needed to aid in
ecdysis, or egg deposition, and to prevent chronic dehydration
via cutaneous and respiratory water loss.

Many reptile keepers use vaporizers or humidifiers to
humidify the enclosure directly or indirectly. This is accept-
able because it does not interfere with ventilation. Chameleon
keepers have been known to place intravenous (IV) drip-type
systems or ice above a screen lid to allow water to drip into
the environment. A number of keepers of both lizards and
snakes simply maintain moistened sphagnum moss at the
bottom of the cage. For some strictly arboreal reptiles, the
bottom of the cage may filled with several inches of water.
In a well-ventilated cage, this maintains a high and constant
humidity. Small chameleons and arboreal snakes, such as
Emerald Tree Boas (Corallus caninus) and Green Tree Pythons
(Morelia viridis) have been successfully maintained in gallon
jars with water on the bottom, a branch to perch on, and a
screen top (Figure 4-14).

Substrate

Perhaps the next most important factor in determining the
success or failure of a captive reptile is the substrate used.
Both artificial and natural substrates may be used to achieve
alevel of humidity, physical support, and psychological secu-
rity. Shredded newspaper, butcher’s paper, and artificial turf
have been popular with many herpetoculturists because of
their availability and low price. However, although these
materials are satisfactory and readily cleanable substrates for
many reptiles, they are not aesthetically pleasing and do not
appear to provide microenvironments similar to those which

FIGURE 4-14 A small open-topped plastic container is ideal for
many species of arboreal reptiles. Baby chameleons and Emerald Tree
Boas (Corrallus caninus) are often housed in this manner.

are found in nature. Certain kinds of wood chips, such as
cypress chips, appear to provide a substrate with all of the
features previously listed and an aesthetic appearance. Large,
smooth stones have been successfully used as a substrate for
many lizards and snakes; small stones and gravel, however,
may be ingested. One of the more recent substrates that
appears to have a great deal of promise is shredded coconut
shells. Many species of snakes, lizards, and tortoises can be
maintained on a variety of substrates; however, refer to her-
petocultural sources for specific recommendations on the
species in question. Substrates that are too basic, too acidic,
too dry, too moist, or dirty contribute to dermatological or
respiratory conditions in captive reptiles. Substrates that con-
tain irritating aromatic compounds, such as cedar shavings,
may also result in skin or respiratory irritation with second-
ary infection possible. Natural substrates that absorb mois-
ture, such as wood chips of any kind, are likely to harbor
heavy growth of potentially pathogenic bacteria or fungi if
they are placed in a poorly ventilated cage. Thus, wood chip
substrates should not be used in plastic shoe box or drawer
style cages, unless good ventilation is present.

In general, tortoises do well on a substrate of rabbit pellets,
but occasionally loose footing may lead to splay leg in young
tortoises. Also, tortoises, such as Burmese Mountain Tortoises
(Manourid emys), that need higher moisture substrates do not
do well on this substrate. Semi-moist cypress mulch works bet-
ter for these species. In addition, rabbit pellets may also con-
tribute to respiratory disease if the pellets get wet and moldy.
Most of the larger snakes commonly kept as pets do well on
shredded newspaper, indoor/outdoor carpet, and wood chips,
such as cypress or aspen. Smaller species of snakes generally
do not do well on newspaper but may thrive when cypress
mulch is used. Lizards often do well on dry, loose sand or
indoor/outdoor carpet. Crushed pecan or walnut shells have
been associated with many intestinal impactions in smaller
lizards and are best avoided. However, crushed pecan or wal-
nut shells have been used successfully with many snakes. Sand
may also be ingested and has been associated with impactions
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in smaller lizards, so it must be used with care. In addition,
sand in poorly ventilated cages may retain a large amount of
water, which may lead to contact dermatitis. However, loose,
dry sand as a substrate in a well-ventilated cage is frequently
successfully used. One must often provide some sand-free
areas, such as large flat rocks, on which to feed.

Water itself may be considered as a specialized substrate
for some reptiles. However, tap water is often a poor substi-
tute for the naturally occurring acidic bacteria-laden water
from which many of our freshwater reptiles are derived. Tap
water is also not useable for brackish or saltwater reptiles.
Aquatic reptiles placed in cages where water is available
frequently spend a great deal of time in that medium, which
is to be expected. However, these reptiles often have skin
lesions develop under these circumstances, most likely
because the neutral tap water contaminated with reptile feces
forms a suitable medium for many of the bacteria and fungi
that may be opportunistic pathogens. Combined with the
fact that the water is often devoid of the bacterial milieu found
in the reptile’s natural habitat, and often not in the appropriate
temperature range, these animals succumb to superficial
infections, which ultimately may result in sepsis. The warm
acidic bacteria-laden water found in many natural situations
is believed to form a bioactive substrate, which interferes
with the growth of pathogens on many of those animals that
have evolved to live there (see the discussion on bioactive
substrates in this chapter). Thus, attempting to recreate this
bioactive milieu by acidifying the water and providing
organic material that maintain acid-loving bacteria may be
indicated. Some authors have used dilute mixtures of tea;
others have added peat to filters, and some have just used
swamp mud and live plants.>7 Interestingly, an alternative
that seems to help fresh water reptiles avoid skin lesions is
the addition of some salt to the water. The addition of 1 cup
of table salt per 20 gallons (approximately 80 L) of water often
provides a brackish water solution that reduces the likelihood
of infection but does not result in dehydration. This is partic-
ularly true if the temperature is maintained at a minimum of
82°F to 85°F (28°C to 29.5°C) with drying/basking areas
available in which the reptile can raise its body temperature
to more than 90°F (32°C) during the daytime. In some cases,
merely a diurnal rise in the water temperature is suitable, and
this can be achieved with incandescent lights placed over the
water during the daytime. Full-strength seawater may be cre-
ated by purchasing one of the commercially available seawater
mixes (e.g., Instant Ocean, www.aquariumsystems.com) and
following the directions. However, this is only necessary for
marine reptiles.

Keep in mind that many reptiles do not follow these gen-
eral guidelines, and the reader is referred to one of the many
references listed for specific information on the species in
question.®2

Cage Size and Construction

In general, the larger the enclosure for any captive reptile,
the better the reptile fares. Larger cages are associated with
less self-inflicted injuries and better body condition. Captive
reproduction is also more likely to occur when larger cages or
enclosures are used. Refer to specific references for cage
sizes for various reptiles, but some cages sizes are listed in
Table 4-2.

The material from which cages are constructed is also
important. Cages should be made of smooth, nonabrasive,
and nonabsorbent materials. Examples of such materials are
glass, plastic, plexiglass, and stainless steel. These materials
are not as likely to cause rostral abrasions as are rough materi-
als, and they are easily cleaned and disinfected. Bare wood is
the most notorious problem material used in the construction
of large reptile cages. Not only is it abrasive, but it is difficult
to clean and nearly impossible to disinfect. Furthermore,
eliminating mites from such a cage is difficult once they are
introduced. Eliminating mites from wooden cages often
requires that the cage be repainted. Otherwise, such infected
cages may need to be destroyed.

The most common cage shape used in herpetoculture is
the rectangle. These cages are structurally sound, and readily
available, and they minimize the angles into which a reptile
might collide. Unusual shapes such as pentagons, hexagons,
octagons, and others often provide less useable space and
are associated with more injuries than the simple rectangular
cages. The height of a cage is also an important parameter
of that cage. For terrestrial reptiles, the “foot space” is more
important than the vertical height of the enclosure; however,
the top of the cage must not be so low as to allow the reptile
to reach it easily and traumatize itself or facilitate an easy
escape. For arboreal reptiles, the opposite is true; a cage with

JELLE B Minimum Cage Sizes for Adults of

Various Commonly Kept Reptiles

Size of Cage

Snakes

Gartersnakes Thamnophis sp. 10 G

Ball (Royal) Python Python regius 20 GL

Kingsnake Lampropeltis getula 20 GL

Ratsnake and Elaphe sp. 20 GL

Cornsnake

Indigo Snake Drymarchon corais 40 GL

Boa Constrictor Boa constrictor 75 GL

Burmese Python Python molurus 8 (L) x4 (W)x
2 (H) ft

Lizards

Bearded Dragon Pogona vitticeps 40 GLor 4 (L) x
2 (W)x2 (H) ft

Fence Lizard Sceloporus sp. 20 GL

Water Dragon Physignathus spp. 40 GL

Savannah Monitor Varanus 40 GL

exanthematicus
Green Iguana Iguana iguana 30 GL

(juvenile)

Green Iguana (adult) 8 (L) x2 (W)x

6 (H) ft
Chameleons (juvenile) 20 GL
Chameleons 2 (L)x2(W)x
(most adults) 3 (H) ft
Chelonians
Musk, Mud, Sideneck 20 GL
Spotted, Bog, Box 40 GL
Sliders, Painted Turtle, 40 GL
Sawbacks
Snapping Turtle Chelydra serpentina 75 GL
Alligator Snapper Macrochelys 100 GL
temminckii

L, Long; H, high; W, wide; G, gallon; GL, gallon-long aquarium.
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increased height provides more useable habitat than a cage
with increased foot space. Mass-produced aquariums, which
are commonly converted in reptile terrariums, use terminology
that may be helpful to the herpetoculturist and veterinarian.
Aquariums with the maximum floor space are referred to
as “long” aquariums, and those of the same volume with a
smaller foot space are referred to as “high” aquariums. High
aquariums are more suitable for arboreal reptiles because
they can use this vertical space.

Hospitalization

Hospitalizing a sick or debilitated reptile requires some of the
same basic requirements as listed previously. However, tem-
porary housing may be somewhat stark and sterile compared
with permanent housing. Perhaps the most important physical
requirement of sick reptiles is heat. These animals should be
housed at or near the upper end of their preferred optimum
temperature range (see Table 4-1).

The author’s clinic maintains both heated and unheated
racks, where plastic boxes may be slid into their respective
slots. These cages are easily disinfected between patients
and are space efficient. In addition, many of these racks are
mobile (see Figure 4-7). They may be easily rolled from one
area to another for a variety of reasons. Many veterinarians
use incubators because they may precisely regulate a reptile’s
temperature.

Regular dog and cat cages may be used to house many large
lizards and tortoises and small crocodilians. Supplemental
heat may be provided via heat lamps or heating pads,
which can be attached to or placed in the cage, respectively
(Figure 4-15).

The substrate of choice for most hospitalized reptiles
appears to be newspaper or some other nontoxic absorbent
paper material. It should be checked daily and changed as
necessary. As a general rule, these substrates should be com-
pletely dry. Those reptiles that have special high-humidity
requirements may need humidity boxes in their cages; these
were discussed previously under basic husbandry. All small
reptiles, particularly neonates and juveniles, may benefit

FIGURE 4-15 Regular stainless steel dog and cat cages can be mod-
ified to house larger reptiles by adding a heat source. Here a heat
lamp is hung on the outside of the bars for this Green Iguana (Iguana
iguana).

from access to these high-humidity retreats. For short periods
of time, high-humidity microenvironments may be created
by adding water-soaked paper or clean cotton towels to an
enclosure. Snakes that need assistance in shedding their skin
may often be soaked in moistened pillowcases placed within
the confines of their hospital cage for 6 to 24 hours. When the
snake is removed after the prescribed period, the skin is usu-
ally sufficiently moistened to facilitate its manual removal.
High humidity provided for long periods of time can be detri-
mental, however, if the temperature and ventilation in the
hospital cage are not adequate. This is especially true for
plastic box—style cages.

Another cage accessory of importance for a hospitalized
reptile is a place to hide. Hide boxes should be placed in the
cage of hospitalized reptiles if the cages have clear sides and
no secure hiding areas are within. A number of commercially
manufactured plastic boxes are produced, but any plastic box
may be modified for this purpose. Sometimes water bowls have
a hollow space under them that provides a suitable retreat.

Branches of the correct size also provide some security and
an opportunity for a reptile to exercise. These branches should
be stable, however, because collapsing branches are potentially
harmful to cage occupants. As with birds, branches must be
of an appropriate diameter to be fully used by the species in
question. Another consideration is the positioning of the
branch. Some species, such as certain geckos, prefer vertical
branches, and others, such as large lizards, prefer horizontal
perches.

One of the most important aspects of hospitalizing reptiles
is identification. In a busy exotic practice, numerous iguanas,
tortoises, and bearded dragons may be in the hospital at the
same time. If the cages are well marked with cards, errors in
treatment are unlikely. Tortoises may also be easily marked
with a strip of masking tape or white tape on the carapace.
Most lizards may be marked with a small strip of white tape
or self-adhesive bandage material wrapped around a lower
limb. More permanent methods of identification include
microchipping, tattooing, toe clipping, scale clipping, and
notching marginal scales of a chelonian’s shell, but these are
generally reserved for study animals and not pet reptiles. The
cage card mentioned previously should also have spaces for
observations and daily treatments, in addition to the patient’s
name and owner’s name.

Quarantine

Isolating reptiles from each other during their initial mainte-
nance in a collection is critical. All too often parasitic or infec-
tious diseases have been introduced into a collection because
of a lack of any quarantine period. A recommended period of
3 months is advisable for most reptiles. Some experts have
suggested that snakes be quarantined for up to 6 months
because of the risk of paramyxovirus or other viruses that
may devastate a collection.>? Isolation should theoretically
be accomplished in separate rooms that do not exchange air
with each other. However, this is not often practical or possi-
ble with hospitalized reptiles. Under these circumstances,
prevention of direct contact is often all that can be achieved.
Animals that enter a hospital reptile kennel or bank of cages
should be carefully examined first for any evidence of exter-
nal parasitism. Snake mites and lizard mites may rapidly
travel from cage to cage in a rack-style arrangement.
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Snakes with mites are not housed in the same room as other
reptiles. After the newly arrived reptile has been placed in its
new enclosure, the bag or box used to transport that reptile
should either be disinfected or discarded.

Also, remember that reptiles from different areas of the
world should never be housed together because organisms
that may be commensals for reptiles from one area may be
pathogens for reptiles from other areas. Healthy animals, or
long-term hospital patients, should be treated first, and new
arrivals, or quarantined animals, should be taken care of last.
In some cases, reptiles of the same species, captured in the
same area and shipped at the same time, can be quarantined
in a communal cage. However, this should only be attempted
if the species in question is not cannibalistic and all of the pre-
vious conditions are met. Reptiles housed together may com-
pete with each other for food and basking sites, so care should
be exercised when housing communally. See Chapter 78 for a
thorough discussion of quarantine procedures.

Disinfection

Use of disposable paper towels instead of a single cleaning
rag is imperative when going from cage to cage. Keep in
mind that no disinfectant is 100% effective against all
pathogens, and therefore, one should dispose of towels after
use in a single cage. Only clean paper towels are dipped into
the chosen disinfectant bucket. In this manner, the disinfectant
solution itself does not become contaminated. Hands should
also be washed between cages with a suitable antibacterial
soap or perhaps some of the disinfectant solution in a separate
container from that used to disinfect the cages. For more
information on disinfectants see Chapter 85. A common, inex-
pensive, and effective disinfectant is household bleach (sodium
hypochlorite), which can be diluted to a concentration of one
part bleach to 30 parts water (30 mL per liter of water or !/2 cup
per gallon). Full strength bleach is not necessary and has been
associated with the destruction of respiratory epithelium and
death of birds and reptiles when used in their cages. A 5%
ammonia solution is effective against coccidia and Crytosporidia,
but remember that bleach and ammonia cannot be mixed.

Another commonly used and effective disinfectant is
Roccal-D. This is a quaternary ammonium compound that
has a broad spectrum of activity against common reptile
pathogens. McKeown! recommends a diltution with water
of 1:200 to 1:400 for reptile cages and bowls.

Remembering that disinfection cannot occur without first
physically removing the organic debris is imperative. Thus,
the clinician should advise herpetoculturists, zookeepers, and
technicians to thoroughly clean a cage first and then disinfect
it. Cleaning should occur daily unless a bioactive substrate
is being used, in which case, nonpathogenic bacteria breaks
down the fecal matter. See the discussion on bioactive
substrates.

Ideally, hospitals that treat reptiles benefit by having foot
pump water faucets and soap dispensers. This helps prevent
cross contamination of hands and cages and cage accessories
at the sink/faucet level. An important point to remember
about cleaning these cage accessories, including water bowls,
hide boxes, and artificial plants, is to avoid placing them
together in the same water-filled sink. Even when soap and a
disinfectant are added, certain infectious agents may not be
eliminated and instead spread from dish to dish within the

ineffective soapy solution. For example, if one placed a water
bowl contaminated with coccidia in a sink filled with bleach
water, all other dishes in that sink may be contaminated with
coccidia because sodium hypochlorite is an ineffective disin-
fectant against coccidia.

Examinations

Careful examination of reptiles entering a facility where other
reptiles are housed is critically important in protecting that
collection. Any signs of illness, including nasal or ocular dis-
charges; excessive sneezing or wheezing; loose, mucous, or
bloody stools; neurological signs; or skin lesions, should alert
the clinician to isolate such an animal immediately. Far too
many stories exist of large stable collections with huge losses
after a new “unquarantined” animal is admitted. A collection
of reptiles that does not admit new animals is referred to as a
closed collection.

A physical examination should be both thorough and sys-
tematic. Start at one end and work to the other in every ani-
mal. Look in the mouth, nares, eyes, and ears, where present.
Palpate musculature, and examine the skin carefully. Closely
examine folds of skin for ticks or mites, and watch for soft
subcutaneous swellings, which could be indicative of pathol-
ogy. Check the abdomen by palpation, and carefully examine
the cloaca, looking for swelling or an abnormal discharge.
Some urates in the cloaca are acceptable, but if they are exces-
sive or if a mucous or abnormally colored discharge (e.g.,
florescent green) is found, a potential problem exists.

A fecal examination is advisable for all reptiles immediately
after acquisition and again 3 months later. Annual or semian-
nual fecal examinations are advisable after that. See the sub-
sequent discussion.

Hematology and blood chemistry may also be extremely
helpful in determining the apparent health of a reptile. All too
often, a reptile appears healthy outwardly but has a disorder
that is only revealed with a complete blood cell count (CBC)
or chemistry. A blood smear evaluation may reveal parasites
in many imports. Normal blood values for numerous species
of reptiles have now been published and are readily accessible
(see Chapter 88).27.28

Parasite Control

All recently captured reptiles or any reptiles that are new to
a collection should be suspected of parasites. Repeated fecal
examinations should be performed during the first several
months in captivity and then regularly thereafter. The eggs of
many parasites may not appear immediately in the first fecal
examination performed on a recently captured reptile; they
often appear on fecal examinations performed 3 to 6 months
later. The cause of this is not known. Presumably, the parasite
infections are present at the time of capture, but either they
are not yet reproductive and need time to mature and produce
ova or else the stress of captivity may suppress the immune
response of the captive reptile and allow the parasites to
increase in numbers. Thus, fecal examinations performed
right after the time of capture should be considered as neces-
sary screens for animals with heavy parasite loads but not as
definitive tests to rule out parasitism. Fecal analyses should
be performed both at the beginning and the end of the quar-
antine period.
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FIGURE 4-16 Bearded Dragons (Pogona vitticeps) are commonly
parasitized with coccidia. These parasites can be difficult to
eliminate.

Once parasitism is diagnosed, appropriate parasiticides
should be administered at the doses recommended elsewhere
in this book. Some authors recommend a routine deworming
be performed even in the absence of positive fecal examina-
tion results. Furthermore, those parasites with direct life
cycles are particularly difficult to eliminate, even in a single
animal enclosure, so a regular deworming schedule may be
indicated even for some long-term captives. An example of a
parasite that is extremely difficult to eliminate is coccidia in
bearded dragons (Figure 4-16).

Parasites and other infectious agents may be brought into
a collection by wild rodents, birds, insects, and other arthro-
pods. Mosquitos are well-known vectors for certain blood
parasites, and flies can serve as mechanical vectors for many
pathogenic bacteria. Thus, a simple but extremely effective
method of disease control is to maintain insect screens over
and between all cages. Flies, mosquitos, and roaches are not
able to move easily from cage to cage with this manner of
protection. Unfortunately, most insect screens do not stop
fruit flies, gnats, or mites, and other methods are necessary
for the control of these pests.

Snake mites and lizard mites are the bane of many herpeto-
culturists. Once in a collection, they are extremely difficult to
eliminate, so major efforts should be made to prevent their
entrance into a collection. Usually all new reptiles should
be quarantined for at least 1 month, and probably longer to
visualize a potential infection. If the newly acquired animal
is found to have these ectoparasites, treating this individual
is far easier than treating an entire collection. Food items and
other individuals may also serve as vectors for mites.

The author once had a young volunteer come to his house
to help clean up some snake cages. A week later, a major out-
break of mites occurred in the bank of cages cleaned by that
volunteer. Nothing else had changed in the husbandry of
that group of snakes, and no mite outbreaks in that group
of snakes had occurred in the previous 2 years. Questioning
of the individual revealed that he had just been to a pet shop
and had handled some of the animals there.

Food items such as live mice have also been incriminated
in transferring snake mites into collections. Pet shops all
too commonly maintain rodent cages near snake cages, and
when the snakes have mites, they often get into the rodent

cages. Thus, an unsuspecting owner may carry home mites
with a live prey item. The clinician should warn owners of
this potential risk. This problem may be eliminated by pur-
chasing rodents from clean reputable sources where reptiles
are not housed near rodents or by purchasing frozen rodents.
Freezing prekilled rodents appears to kill all of the snake
mites on those animals. The same cannot be said for patho-
genic bacteria or protozoans. If one must use live rodents from
a potentially parasitized source, one may place the rodents
in question in a cage with a Sevin-impregnated substrate for
48 hours before attempting to feed. One may simply sprinkle
liberal amounts of 5% Sevin dust over the substrate before
adding the rodents. Such rodents are best removed from this
substrate 24 hours before feeding them to a reptile. This usually
allows them to clean themselves and pass most of the Sevin
before ingestion by the reptile.

Other techniques for controlling mites on reptiles include
sprinkling 5% Sevin dust directly on the reptile in question
and leaving it on for at least several hours and then rinsing it
off or using a pyrethrin spray. A product named Provent-a-
Mite was recently tested and appeared both safe and effective
in all reptiles tested.?” See Chapter 43 for more details.

As mentioned previously, insects, including prey insects,
may also serve as vectors for the transmission of parasites or
other pathogenic organisms. Prey insects arriving with flies,
maggots, or the larvae of other insects should be suspect, and
one might want to consider recommending a different sup-
plier if these are observed in an insect shipment.

Control of Disease Transmission in
Closed Collections

A closed collection is a group of reptiles to which new speci-
mens are prevented from entering. This arrangement has
tremendous advantages in the prevention of disease. The only
reason to allow a new animal into a closed breeding colony is
to add more genetic diversity to the group. This reduces the
likelihood of inbreeding and associated diseases.

Multiindividual and Multispecies Enclosures

Recently, herpetoculturists have made efforts to house reptiles
in naturalistic enclosures that mimic not only the naturally
occurring physical environment but also the biological envi-
ronment of the animals in question. Numerous species of
plants and animals that coexist with the species in question
may be considered for the captive environment, if the cage is
suitably sized and complex enough to provide the proper habi-
tat for all species considered. However, if two or more species
are to be considered for cohabitation, their relationship to each
other must be determined. Will they compete with each other
for food and habitat? Will they prey on each other? Do they
carry any diseases or parasites that may negatively affect the
other species? What is a suitable population density for the
species in question? These and other questions need to be
answered to safely house reptiles together. For many years,
we have correctly advised clients to house reptiles alone when
they are using small cages. Only in this way can feeding be
monitored and competition for food reduced. Larger more
complex cages may house more than one individual of the
same species, but one must watch them carefully. Tortoise
keepers have been known to create a feeding stall arrangement
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so that tortoises in the same enclosure can eat without distur-
bance from other tortoises yet gain the benefit of social contact.

Generally speaking, reptiles from different geographic
areas should not be maintained together because of the risk
of introducing a disease into a susceptible (immunologically
naive) population. If reptiles from different geographic areas
are to be mixed, one should avoid mixing those which occupy
the same ecological niche (i.e., those that eat the same food,
occupy the same microhabitat, or are active at the same time
of the day). Two individual rodent-eating snakes maintained
in a small enclosure or two groups of rodent-eating snakes
in a large enclosure may not be compatible. Similarly, two
species of tortoises that feed on the same food at the same
time of the day may compete directly or indirectly. Also, che-
lonians and crocodilians appear to naturally carry a number
of commensal protozoans that may be pathogenic for some
snakes and lizards. Thus, chelonians and terrestrial snakes
should not be housed together in small enclosures.
Crocodilians, of course, are likely to eat snakes, thereby mak-
ing their cohabitation doubtful in a small enclosure.

In a large, outdoor enclosure maintained by the author,
six species of snakes were maintained. These included
Watersnakes (Nerodia harteri harteri), Queen Snakes (Regina
septemvittata), Hog-nosed Snakes (Heterodon simus), Rough
Greensnakes (Opheodrys aestivus), Foxsnakes (Elaphe vulpina),
and Ribbonsnakes (Thamnophis proximus) (Figure 4-17).
Theoretically, these snakes should have been able to cohabi-
tate on the basis of their differing food preferences. Their
preferred foods included, respectively, fish, crayfish, toads,
insects, rodents, and small amphibians. However, the
Ribbonsnakes also preyed on small fish, effectively competing
with young Watersnakes. The Foxsnakes and Greensnakes
contracted amoebiasis, presumably from drinking water
contaminated by the heavy population of Watersnakes and
Queen Snakes, for which the amoeba appeared to be non-
pathogenic commensals. The Hog-nosed Snakes were preyed
on by large local birds. Thus, one can see just how compli-
cated these enclosures can become. Even when predation
was controlled, the Watersnakes increased rapidly to such a
number that parasitism, fungal disease, and even cannibalism
became significant factors for these snakes housed outdoors.®3!
See the discussion on outdoor enclosures to follow.

FIGURE 4-17 A large outdoor enclosure allows reptiles to establish
territories, forage, and avoid confrontations with cage mates. These
behaviors are not often observed in those reptiles housed in indoor
aquarium-style cages.

Environmental Enhancement
and Outdoor Enclosures

As a small boy visiting the large cat enclosure at the Bronx
Zoo (now called the New York Zoological Garden) in the
early 1960s, I was struck by the constant activity level of
the caged cats. In small concrete-bottomed bare cages, they
appeared to pace back and forth incessantly. In short, they
were probably bored. Reptiles caged in similarly stark cages
appear to show similar behavior, and, generally speaking,
reptiles that pace are much more likely to have health prob-
lems in captivity. A direct observation that may be associated
with pacing is rostral abrasion, which often leads to stomatitis,
anorexia, and a rapid decline. However, a constantly pacing
reptile likely has stress and all the sequelae of that stress,
including immune system suppression and ultimately disease.
Ideally, one should observe that a captive reptile finds certain
areas within its enclosure and stays in one of those areas for
periods of time, rather than constantly wandering.

Numerous hiding, resting, and activity areas should be
provided. Activities might include foraging for food or water,
seeking mates, thermoregulating, or seeking more suitable
shelter. Admittedly, some energy may be directed towards
escaping from an enclosure, but in a large well-designed
enclosure, this activity should be minimized. In open outdoor
enclosures, some reptiles establish territories and defend them.
They may exhibit normal escape reactions when approached
and normal defensive actions when approached closely or
picked up (e.g., they may bite, flail wildly, or defecate on the
keeper). In short, they may live like and behave much more
like wild reptiles than captive ones.?® All of those factors that
affect them in nature may affect them in a large outdoor
enclosure (i.e., competition, predation, parasitism, disease,
starvation, dehydration, cold exposure). However, these ani-
mals are not wild but rather captive reptiles in fancy cages.
They may become more heavily parasitized than their wild
counterparts because they are confined to much smaller
areas, thereby increasing exposure to parasite ova in the
environment. They may become much heavier than their wild
counterparts because of reduced activity associated with con-
finement. And they may exhibit unusual behaviors not seen
in wild reptiles of the same species. Large outdoor enclosures
have been used successfully for years with crocodilians and
tortoises; only recently have they become more popular for
lizards and snakes.

Bioactive Substrates

Recent advances in herpetoculture may revolutionize the way
we keep reptiles in captivity and think about their captive
requirements. DeVosjoli®* discusses in detail the use of bioac-
tive substrate systems (BSS). The basic theory behind these
substrates is that they provide an environment where benefi-
cial bacteria compete with pathogenic bacteria and fungi to
support a healthy microhabitat for the captive. Stirring the
substrate is apparently the key. Stirring mixes the competitive
bacteria in lower layers with fecal bacteria and others at the
surface, thereby inhibiting their growth. Successful creation
of the bioactive substrate, according to DeVosjoli, requires
that the substrate is at least 6.5 cm (2.5 in) deep and that it
allows for good oxygenation and moisture retention. If the
substrate dries out, it does not work. This system has been
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tested primarily on snakes, but theoretically it is useful for
many captive reptiles.

The moisture-containing substrate mentioned previously
probably has other benefits as well. Lillywhite* and others
have recently commented on cutaneous water loss that captive
snakes endure when they are placed in completely dry cages.
This chronic water loss is suspected of being a major factor
leading to the premature demise of these captive snakes; it
may result in kidney damage. Thus, a moist substrate may
create a microhabitat that protects a captive reptile from both
dehydration and infection. Indeed, the author has seen many
small species of snakes do well in moist substrates or where
moist substrates are offered as one of the choices available to
these reptiles.

Lighting

As mentioned previously, the provision of proper lighting
for captive reptiles is necessary to successfully maintain them
for long periods of time. The act of basking is thought to be a
behavior that maximizes the use of not only the heat but also
the light available. Both natural and artificial lighting may be
beneficial for these animals. Natural lighting that is unfiltered
by glass has the advantage that it has a spectrum that can be
used for the production of vitamin D in the skin of many
reptiles. It also has the advantage of providing some heat.
However, two kinds of artificial lights are commonly used.
Incandescent bulbs, which are generally bulb like, provide
both heat and light. Florescent bulbs, which are generally
tubular, provide a wider spectrum of light but little heat.
Popular florescent bulbs that produce light in the proper
spectrum discussed previously are ZooMed’s Reptisun lights
(www.zoomed.com). Diurnal lizards, diurnal snakes, small
crocodilians, and basking species of turtles and tortoises do
well with the Reptisun 5.0 or 7.0, and amphibians and many
temperate zone snakes do well with the Reptisun 2.0. Providing
both kinds of light for most reptiles is advisable, unless a
combination light is used. See Chapter 84 on lighting for
more details. Generally speaking, however, no substitute
exists for natural light for many reptiles. It is perhaps one of
the most powerful medicines known in captive reptile man-
agement. It is also a potent appetite stimulant for many rep-
tiles and may have many other unknown beneficial effects.

Water

That water should be available at all times for most reptiles
is generally believed. However, exceptions do exist. The constant
presence of water in poorly ventilated cages often becomes a
health hazard for many reptiles. Unable to escape the exces-
sively humid air in such a cage, these animals become suscep-
tible to dermatitis or respiratory disease. The situation may
be aggravated by excessive substrate moisture, leaving the
reptile no escape. However, with suitable conditions in a
well-ventilated cage, the presence of a clean reliable source
of water is extremely important to most captive reptiles. As
mentioned previously, definite cutaneous and respiratory
water losses must be compensated for or the captive reptile
suffers either acute or chronic dehydration. This concept of
chronic dehydration, and possibly associated kidney disease,
has captured the interest of some physiologists and zookeep-
ers recently. Some have suggested that merely providing

sufficient drinking water cannot prevent chronic dehydra-
tion and kidney disease if the reptile is not placed in a suitable
microenvironment that reduces cutaneous and respi-
ratory water loss. See the discussion on basic husbandry
requirements.

How water is provided is also important. An arboreal
reptile, such as a vine snake, a tree boa, or a chameleon, may
rarely come to the ground level. Therefore, a water bowl on
the floor of the cage may be futile as a method of providing
drinking water. However, misting the branches on a regular
basis or providing a tree mounted water bowl may be effec-
tive. Desert reptiles may also benefit tremendously from a
misting of the rocks in their enclosure on a regular basis, as
they often lap water from these rocks but may not always use
a water bowl. Conversely, some may sit in their water bowls
for excessively long periods of time if these are provided,
which may lead to dermatitis. Many tortoises seem to need a
daily rain to thrive, but the substrate should not stay exces-
sively moist on a continual basis.

The size and shape of a container is another factor that
should be considered. Steep-sided water containers may
prevent easy entry or exit by many chelonians, resulting in
dehydration or drowning. Terrestrial chelonians and even
some aquatic species are not strong swimmers and may
easily drown if the water is deeper than their legs are long. As
a general rule, no chelonian should be put in water deeper
than this unless one is familiar with the habits of the species
and the health of the individual in question. Even the most
aquatic of reptiles, including crocodilians and certain snakes,
need a resting area or “haul out” where they can climb out to
bask or rest.

Be aware that daily soakings are an important mainte-
nance requirement for many terrestrial chelonians. We soak
every hospitalized tortoise for at least one half hour daily in
shallow water. The tortoises may drink at this time, but often
the soaking merely facilitates defecation and appears to
encourage activity and alertness (Figure 4-18).

Additives to reptile water have been the subject of many
discussions during the last 10 years. Several commercial vita-
min and mineral formulations are presently available, but the
values of these products are largely unknown. The dosing of

e

FIGURE 4-18 Hospitalized tortoises should be soaked in shallow
water at least every other day. Some hospitals recommend soaking
for at least a half hour per day.
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such products is purely empirical. Some authors have recom-
mended the use of dilute bleach in the drinking water to
control bacteria. At 1 to 5 mL per gallon (4 L), this addition is
both safe for the reptile and efficacious against some bacteria.
This addition is probably unnecessary for most captive rep-
tiles, however, but may be helpful in cases where a particular
bacterial disease is spreading rapidly through a group of
reptiles in the same cage.

Feeding

Inadequate nutrition of captive reptiles rivals inadequate
environment in terms of being a leading cause of disease (see
Chapter 18). Together, these factors are believed to be respon-
sible directly or indirectly for more than 90% of illness in cap-
tive reptiles. Both the quantity and quality of the food are
important. Feed reptiles the highest quality food items possi-
ble. Fresh food items are ideal. “Old” food items or those that
have been stored improperly may be contaminated with
various fungi or bacteria.

Items that have been frozen for more than 6 months may
have the loss of some nutrients. Nevertheless, short-term
freezing of most food items is an economical and convenient
way to store food. Freezing may actually increase the
digestibility of certain plant materials by rupturing the cell
wall and thereby making the cell contents more accessible at
an earlier stage of the digestive process. Unfortunately, the
freezing process has also been associated with a reduced
thiamin content in certain species of fish (see Chapter 18 for
more details on the effects of storing food items).

Cooking some vegetables accomplishes the same function
of breaking down cell walls but does not reduce the thiamin
content, and this process may be helpful in softening some
very hard vegetables, such as sweet potatoes, for reptile
consumption. Under normal circumstances, however, most
herbivorous reptiles should be fed uncooked green leafy veg-
etables. Mustard greens, collard greens, turnip greens, dande-
lion greens, escarole, endive, and water cress are all excellent
foods. Other vegetables are also well accepted and nutritious.
These include squash, snap peas, and carrot tops. Vegetables
to avoid in large quantities include cabbage, brussels sprouts,
cauliflower, broccoli, kale, bok choi, and radish because they
contain goiterogenic substances (i.e., iodine-binding agents).
Another group, including spinach, beets, and celery stalks,
contains oxalic acid in a sufficient quantity to interfere with
normal calcium uptake and metabolism but can be fed
in moderation. Many fruits are nutritious but are low in cal-
cium or have a poor calcium to phosphorus ratio or both.
Bananas and grapes also contain tannins, which can interfere
with protein metabolism in reptiles. As with birds, avocados
are generally considered toxic to reptiles, although it is not
uncommon to see wild iguanas eating avocados that have
fallen from trees. Rhubarb and eggplant are also believed
by some to be toxic for reptiles. It is always best to be safe; if
concern exists over the safety of a food item, it is best left out
of the captive diet.

Some flowers are considered safe and nutritious. The most
notable and common among these are dandelions, hibiscus,
and roses. Flowers that are toxic and extremely dangerous
are azaleas, daffodils, and tulips. Marijuana is also toxic to
reptiles (see Chapter 83 for more information).

The use of live prey food has been delegated to the realm
of the last resort method of feeding over the last several years
by a number of experts. The reasons for this include every-
thing from increased risk of injury to the captive reptile to the
inhumanity of placing a frightened prey in with one of its
predators. The latter observation notwithstanding, some
benefits may exist to feeding live prey over dead prey. First,
the energy spent hunting and subduing food represents a
significant percentage of the total energy expenditure of some
reptiles. Second, the act of hunting may represent a series of
necessary intellectual stimuli for the maintenance of normal
behavior. Certainly, it is a survival skill that is needed if a
reptile is to be released back into the wild. The combination
of physical activity and intellectual stimulation helps to
maintain a predatory reptile in much better condition than
a stationary, stagnant, and stimulus-free environment. The
same may be said for herbivorous reptiles, although the
hunting behavior is limited to finding suitable forage.

Food may serve as a vector for a parasite, bacteria, fungus,
or virus, so every effort must be made to advise clients to
avoid wild caught food and the transfer of food items from
one cage to another.

The nutritional requirements of different groups of reptiles
are discussed elsewhere in this book and are not discussed
in detail here. The preferred foods of many reptiles are dis-
cussed in the nutrition chapter in this book and discussed in
detail in many references.”627.2834 Generally, however, all
snakes are carnivores, with foods ranging in size from insects,
slugs, and earthworms to mammals the size of capybaras,
deer, and antelope. Most of the snakes likely to be seen by
clinicians are rodent or rabbit eaters, but a small percentage
eat birds, fish, or other vertebrates. Many lizards and turtles
are also carnivorous, with foods ranging from insects to large
rodents, birds, fish, and small deer. The entire family Varanidae
(Monitors), with a few rare exceptions, is carnivorous, with the
most commonly seen captive species (e.g., Savannah, Water,
and Nile Monitors) all being primarily small vertebrate
eaters. The family Teiidae, commonly known as Whiptails
and Tegus, occupy the same niche in the Western hemisphere
as the Monitors do in the Eastern hemisphere and eat prima-
rily insects and small vertebrates. Certainly most members of
five other huge lizard families are insectivorous, namely the
Scincidae (Skinks), Chamaeleonidae (Chameleons), Iguanidae
(New World Anoles, Fence Lizards, Swifts, Chuckwallas, and
Iguanas), Agamidae (Old World lizards occupying the same
niche as the New World iguanids [e.g., Agamas, Water
Dragons]), and Gekkonidae (Geckoes). Other species of lizards
are herbivorous, including many of the species commonly
kept as pets (e.g., Green Iguanas [Iguana iguana] and Bearded
Dragons [Pogona vitticeps]).

Most tortoises and turtles are herbivorous, but many are
omnivorous and a few are primarily carnivorous. Box Turtles
(Terrapene sp. and Cuora sp.) and Hingeback Tortoises (Kinyxis
sp.) are examples of chelonians that are primarily carnivorous.
Among aquatic turtles, carnivorous or scavenging species
include Mud Turtles family Kinosternidae, Chicken Turtles
(Deirochelys reticularia), and Snapping Turtles (Chelydra
serpentina and Macroclemmys temmincki).

Crocodilians are all carnivorous, with the preferred prey
of adults varying from fish in some species to mammals and
birds in others. The young of all species of crocodilians may
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consume some insects but rapidly switch to vertebrate prey,
which has a higher calcium content.

Knowledge of the basic diets always is helpful in establish-
ing guidelines for a captive or hospitalized patient. Typically,
in an emergency situation, leafy greens or a high-quality
pelletized rodent food may be used for a herbivorous reptile,
a (quality) canned dog food may be used for an omnivous
reptile, and a (quality) canned cat food may be used for a car-
nivorous reptile. The latter two options, however, may be too
high in protein for long-term use in many reptiles. Gout or
renal disease can result from such diets.

Fruits may have limited nutritional value but are often
added to diets to stimulate consumption for herbivorous
reptiles. Reptiles are capable of seeing color. Brightly colored
fruits such as strawberries, tomatoes, bananas, and melons
often attract the attention of many herbivorous lizards and
tortoises and invite consumption. These are particularly valu-
able in many cases to entice recently captured or ill animals
to eat, and they contain large quantities of water. Yellow
(summer) squash and cooked sweet potato are also brightly
colored valuable additions to the diet of many herbivorous
reptiles. Some lizards, such as the Uromastyx, consume sig-
nificant quantities of seeds in the wild, so a variety of seeds
should be included as part of the captive diet.

Insects raised in captivity are also often of questionable
value as a balanced diet. Captive raised crickets and meal-
worms often have a low calcium content and must be treated
in such a manner as to increase this nutrient. Perhaps the
most widely accepted method of raising the calcium content
is to “dust” these food items with calcium powder; however,
feeding the insects a high calcium diet for 24 hours or more
before feeding them to a reptile has been shown to be much
more efficient at providing the needed calcium to the reptile.®®
This is referred to as “gut loading” in the herpetological
vernacular.

Mice and rats raised in captivity are usually considered to
be a good quality food. However, those rodents and the
reptiles that eat them are ultimately affected by what those
rodents have been fed. Rodents fed a diet of exclusively dog
food have a tendency to be fat and “greasy,” and snakes and
monitors that have eaten rodents fed this way also have a
tendency to become obese. In fact, many of the rat snakes
that have had lipomas develop have a common item in their
history, the consumption of ex-breeder mice or those fed
largely a dog food diet. Feeding young lean mice that have been
fed a high-quality plant-based rodent chow is considered
to be much healthier for those reptiles that consume them.
Furthermore, this food should be available to the rodents
right up until the time they are fed to the reptile. These gut
contents probably contain valuable nutrients and roughage
for the reptilian predator, and thus, multivitamin and mineral
supplementation for rodent eaters is usually not considered
necessary. In fact, one study showed no significant difference
in size, weight, or bone density in two groups of hatchling
cornsnakes fed supplemented and nonsupplemented mice.3

Herbivorous reptiles need a quality vitamin and mineral
supplement. However, the vitamin and mineral requirements
for most reptiles have not been determined, and most recom-
mendations are anecdotal. Oversupplementation has occurred
when vitamins are administered too frequently or in large
quantities. Also, be aware that oversupplementation does not

always balance an otherwise deficient diet (i.e., appropriate
vitamin and mineral intake in the absence of sufficient
roughage may still result in an unhealthy reptile). As in mam-
mals, sometimes oversupplementation of one nutrient may
result in a deficiency of another. In most cases, multivitamin
and mineral supplementation once or twice weekly are
sufficient.

Stress

Stress is a significant factor for captive reptiles (see Chapter 9).
Stress is difficult to define but may be thought of as the
increased energy required by a reptile to maintain itself when
compared with that which is required in the normal habitat
(Figure 4-19). Reptiles generally survive for prolonged periods
and may reproduce if they are maintained in low-stress envi-
ronments. Clean adequately sized cages with the proper sub-
strate, thermal gradients, light quality and photoperiod, good
ventilation, and the proper humidity are considered to be the
physical requirements of the captive environment that reduce
stress. Predators, competitors, parasites, and pathogens are the
biological factors that must be controlled to reduce stress, but
these factors act independently to increase the morbidity and
mortality of captive reptiles in high-stress environments.

Constantly changing cages, substrates, cage accessories,
or cage mates also adds stress to the life of a captive reptile.
Even a change of keepers may be devastating. However,
many reptiles can adapt to the captive environment and the
routine provided. Indeed, reptiles appear to thrive once they
adjust to a certain routine and any changes in a routine may
be stressful. To put it another way, reptiles seem to be creatures
of habit; once they have adapted to a routine, they may stay
healthy for many years in captivity.

Other factors that may contribute to stress include han-
dling, prodding, or poking. In addition, placing a cage in a
high traffic area where there are many vibrations is also likely
to be stressful. We often advise our clients not to handle any
anorexic reptile until those animals have adapted and begun
feeding again.

CONCLUSION

Reptile clinicians should be aware that reptiles are not domes-
tic pets. Even though some species are bred extensively in

FIGURE 4-19 Measuring stress in a captive reptile is difficult but a
major factor affecting survival, longevity, and reproduction.
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captivity, millions of years of evolution cannot be erased in a
few generations of captive propagation. As wild animals in
captivity, they need a recreation of many of the physical and
biological features of their natural habitat. Successful man-
agement of reptiles in a contrived environment, therefore,
requires that veterinarians become familiar with the habitat,
diet, and preferred temperature range of the species in ques-
tion, and they should approximate those parameters as much
as possible in the captive setting.

Some reptile species appear to be more adaptable than
others. Many of these adaptable species have the ability to
tolerate a wide range of captive habitats, but as clinicians we
need to be aware of what the ideal temperature and humid-
ity range is for our patients so that we can guide our clients
in improving the captive environment. Reptiles that are
housed in a different environment from what they should
be housed in may survive but not thrive. This difference
between ideal and realized captive environment is what leads
to stress, and chronic stress leads to reproductive failure,
disease, and death. As discussed previously, the first step in
successfully treating reptiles is often examination of the
captive environment and correction of it. The second step
is educating the client.

The following practical guidelines may be given to reptile clients:

1. Maintain cage cleanliness. A clean cage looks and smells
good not only to people but also probably to a captive
reptile. This may result in a better appetite and an overall
sense of well being. Cleaning and disinfection reduces the
number of potentially pathogenic bacteria and breaks the
life cycle of those parasites that have direct life cycles
(e.g., oxyurids).

2. Provide clean water (and good ventilation). Even though
some reptiles may not drink from a bowl, many species must
have the option available. Many desert reptiles consume
water from a bowl if given a choice. If not, water may be
provided by frequent misting of the cage. Remember that the
water must be changed frequently and that the water bowl
must be scrubbed and disinfected regularly. Many
professional snake breeders only provide water once weekly.
Tortoises do best with daily soakings. Chameleons often
need misting once or twice daily. One must remember that
the presence of water in the cage at all times requires good
ventilation. If the cage is poorly ventilated, the humidity in
the cage may reach unhealthy levels, predisposing the
occupant to disease.

3. Feed on a regular schedule. Feeding is best done on a routine
schedule, with the same kind of food (same texture, size,
dead versus alive, etc). So feed at the same time of the day or
at the same intervals during the day. An observant keeper
should learn the idiosyncrasies of a particular animal’s food
preferences. Captive reptiles often become accustomed to one
particular keeper, and changes may be stressful.

4. Provide a regular light cycle. Timers are necessary for
keeping light cycles regular. Estimating their value in terms
of stress reduction, successful thermoregulation, and breeding
is impossible, but the repeatable and controllable cycles that
they maintain are likely healthful.

5. Keep specimen handling to a minimum. In nature, when
something picks up a reptile, the reptile is about to be eaten.
Thus, handling may be stressful for many reptiles and
should be restricted. A well-adapted good-feeding reptile
that has been raised in captivity may accommodate human
intervention and in fact may even appear to enjoy being
touched, but excessive handling should be avoided.

Remember that handling also increases the risk of exposure
to pathogenic organisms, especially if the handler has
recently handled other reptiles. Accidental trauma is also
more likely with frequent handling.

6. Never keep reptiles from different geographic regions
together. Remember that organisms that may be normal in a
reptile from one locale area (or a collection) may cause
disease in a reptile from another area (or collection).

7. Avoid transferring anything from one cage to another. It is
better to clean each cage with disposable paper towels and
thereby avoid spreading potentially dangerous microorganisms
from one cage to another on a cleansing towel. Along the
same lines, do not wash cage accessories from different cages
in the same soapy water.

8. Fecal examinations should be performed on a regular
schedule. Even animals treated previously may not have had
parasites entirely eliminated. Fecal examinations should be
performed at the time of capture/purchase and then
3 months later and annually thereafter.

9. If only two words were chosen for successful reptile
maintenance, they would be clean and routine.
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SNAKES

RICHARD S. FUNK

Of all the reptiles, few evoke such positive and negative
reactions from people as do snakes. Snakes have figured in
folklore, mythology, religion, and medicine and now figure
more prominently in the pet trade than ever before. Of the
approximately 2500 species of living snakes, few are well
known in nature and some are threatened with extinction.
Snake species seen by the practicing veterinarian are mainly
from two diverse groups, the colubrids and the boids (boas
and pythons) (Figure 5-1, A, B). We cannot assume that the
physiology or medication dosages are identical for all these
species, and yet we are asked to extrapolate from research on
a handful of species and treat most any snake.

Snakes and lizards are related and classified together in
the order Squamata. Snakes are placed in the suborder
Serpentes. Among the more than 70 anatomic features shared
by lizards and snakes are the paired hemipenes in the base of
the tail. Limb reduction has occurred with evolution in at least
62 lineages among the Squamata.! In pythons, with more
than 300 precloacal vertebrae, limb loss, body elongation, and
loss of axial regionalization are the result of the expression of
Hox (homeobox) genes; the Hox genes for the thoracic devel-
opment are expressed, but those programming for forelimb
development are not.>?

Snakes are essentially limbless with a rigid brain case that
has the frontal and parietal bones articulating with the sphe-
noid bones and a kinetic skull with a joint between the frontals
and the nasal region. They lack external ear openings.

The ophthalmic branch of the trigeminal nerve enters the orbit
via the optic foramen, whereas in other squamates it enters
the orbit posteriorly. They have a large number of precloacal
vertebrae, which can exceed 400. Snakes have no scleral ossi-
cles and no muscle in the ciliary body, and the eye is covered
with a transparent spectacle or reduced and covered with a
scale. They have no dermal osteoderms.>>

This discussion of snake biology focuses on the clinically
significant aspects of their lives for an appreciation of their
uniqueness and diversity. Few disease conditions are men-
tioned in this discussion because these are more fully covered
elsewhere in this text.

SNAKE TAXONOMY

Snake systematics is constantly changing. Difficulties occur
when trying to arrange the snakes into a meaningful higher
classification because of a poor fossil record; and because
most snakes, in evolving an elongated body adapted for a
crawling mode of existence, have relatively few external
features, systematists rely heavily on features of internal mor-
phology and, more recently, molecular data. As yet, no uni-
versal agreement exists on the phylogeny of snakes. For
example, about 70% of the living snakes are currently placed
in the family Colubridae, which has not been shown to be
monophyletic.

FIGURE 5-1 The two most common groups of snakes seen by veterinarians in clinical practice are colubrids,
such as (A) the Scarlet Kingsnake (Lampropeltis triangulum elapsoides), and boids, such as (B) the Burmese Python
(Python molurus bivitattus). (Photographs by R. Funk and D. Mader, respectively.)
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Snakes are characterized by features that are shared with
some of the lizards. Recent trends in phylogenetics, consider-
ing both molecular and morphological data, place the lizards,
snakes, and the Tuatara in the clade Lepidosauria, as a sister
taxon to the Archosauria, which includes the crocodilians and
birds.?

The classification listed here is taken from a number of
sources,*>12 is based on a recent herpetology text® that attempts
to synthesize the recent literature, and is quite different from
classifications used only 10 to 15 years ago. Many of the
details of this taxonomic arrangement are based on features
not clinically important to the veterinary practitioner and so
are not detailed (e.g., nerve foramina, bony processes of skull

JELVICBN Higher Classification of Snakes

Infraorder Cholophidia (three extinct families)
Infraorder Scolecophidia: Blind Snakes
Family Anomalepididae
Family Typhlopidae: Blind Snakes
Family Leptotyphlopidae: Slender Blind Snakes
Infraorder Alethinophidia
Family Anomochilidae: Dwarf Pipe Snakes
Family Cylindrophidae: Asian Pipe Snakes
Family Uropeltidae: Shield-tail Snakes
Family Aniliidae: Red Pipe Snakes
*Family Xenopeltidae: Asian Sunbeam Snakes
*Family Loxocemidae: Neotropical Sunbeam Snakes
*Family Boidae: Boas and Pythons
Family Bolyeriidae: Round Island Boas
Family Xenophidiidae
*Family Tropidophiidae: Caribbean Wood Snakes
Infraorder Caenophidia
*Family Acrochordidae: File Snakes
*Family Viperidae: Vipers and Pit Vipers
*Family Colubridae: the colubrid snakes
*Family Elapidae: cobras, kraits, sea snakes
Family Atractaspidae: Stiletto snakes

*Indicates families most often seen in herpetoculture.

N S\

FIGURE 5-2  This adult Sri Lankin Pipe Snake (Cylindrophis maculatus)
of the family Cylindrophidae exhibits automimicry with a flattened,
elevated tail that is slowly moved in a side-to-side fashion. These
viviparous snakes eat relatively large, elongated prey.

bones, insertions of jaw and other muscles). Table 5-1 summa-
rizes this classification.

A brief listing of the content and some characteristics of
the higher snake taxa may be useful in appreciation of the
diversity of living species. Brief listings are also given of the
geographic distribution of the various taxa. The * indicates
families most often seen in herpetoculture (Figures 5-2 to 5-14).

FIGURE 5-3 Sri Lankin Shield-tailed Snake (Uropeltis phillipsi) of
family Uropeltidae. The head is the small pointed end. The soil
adheres to the robust tail and helps block the burrow from behind.

¥4

FIGURE 5-4 Neotropical Sunbeam Snake (Loxocemes bicolor) was
formerly called the “New World Python.” This oviparous and
fossorial snake feeds on lizards, reptile eggs, and rodents.

FIGURE 5-5 Boa Constrictor (Boa constrictor), a common pet snake,
is generally considered docile. It is now available in a number of
colors and patterns. Although these snakes can attain lengths of more
than 3 m (10 ft), most do not grow that large.
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FIGURE 5-6 Juvenile Ringed Python (Bothrochilus boa) from the
Bismark Archipelago. An active species in which adults are brown
ringed with black or uniformly brown, with high iridescence.

FIGURE 5-7 The popular Carpet Python (Morelia spilotus variegatus)
is from Australia. This photo shows the typical forked tongue and
also, in this case, the labial heat pits. This python typically reaches
lengths of 2 m (6 to 7 ft).

.
RS

FIGURE 5-8 One of the North American Boas, the Rosy Boa (Charina
trivirgata) is a quiet snake that is seen in different colors. These small
boas are popular and easily kept. (Photograph courtesy D. Mader.)

FIGURE 5-9 The Dwarf Boa (Tropidophis canus curtus) of the family
Tropidophiidae is a live-bearing snake. Species in this genus have a
defensive behavior involving flushing blood across the subspectacu-
lar space and out of the mouth onto a predator (or human handler).
This species possesses a yellowish tail tip that functions as a caudal
lure for its prey of frogs and lizards.

X 4 a
FIGURE 5-10 The Yellow-bellied Water Snake (Nerodia erythrogaster
flavigaster) is representative of a group of colubrids called Natricines,

which are mostly associated with aquatic habitats. North American
Natricines are viviparous, but most Old World species are oviparous.

Infraorder Scolecophidia: The Blind Snakes

These snakes have blunt heads, short tails, vestigial eyes with
only rods in the retina, and a multilobed liver. They are
oviparous and fossorial, have smooth scales with no enlarged
ventral scales, and feed on small prey, usually ants and
termites.

Family Anomalepididae: Four genera, Central and South
America.

Family Typhlopidae: Blind Snakes; six genera; Central
and South America, West Indies, southern Africa,
Eurasia, Australasia, Australia; one species
parthenogenetic.

Family Leptotyphlopidae: Slender Blind Snakes (or
Thread Snakes); two genera; Southwest United States
to northern South America, Middle East, Africa;
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FIGURE 5-11 This adult Mud Snake (Farancia abacura reinwardti) is
exhibiting parental care, coiling around her clutch of eggs until they
hatch. This type of parental care is also seen in some pit vipers and
notoriously among pythons, the latter of which thermoregulate to
control their clutch’s incubation temperature.

FIGURE 5-12 The Copperhead (Agkistrodon c. contortrix) is a terres-
trial pit viper from the eastern United States with a pattern that is
cryptic among leaves on the ground.

unique among vertebrates in having a mandibular
feeding mechanism used to rake food into the mouth.

Infraorder Alethinophidia

The infraorder includes all living snakes except the blind
snakes. Features these snakes share include a kinetic skull and
details of palatine, laterosphenoid, and other osteologic traits.

Family Anomochilidae: Dwarf Pipe Snakes; two small
species, known from three specimens each; Sumatra,
Borneo, Malaysia.

Family Cylindrophidae: Asian Pipe Snakes; one genus,
eight species; closely related to (and sometimes placed
with) the Uropeltidae; Sri Lanka, Southeast Asia,
Indoaustralian Archipelago.

FIGURE 5-13 The Sidewinder (Crotalus cerastes laterorepens) is a
species of rattlesnake from the deserts of the southwestern United
States. Shown are the rattle on the tail tip, facial heat pit, forked
tongue, and supraocular horns that may function to keep blowing
sand off the eyes or shade the eyes. Rattlesnakes occur only in the
New World, and all species are viviparous. A new rattle segment is
added with each shed, and rattles may break off. Certain African
vipers that sidewind also have supraocular horns.

FIGURE 5-14 This Spectacled Cobra (Naja naja) is showing the
“hood,” an expanded portion of the neck that can be spread by
expanding the neck ribs laterally. Cobras are highly venomous
elapids, and some species can even spit venom at a predator’s (or
human’s) face or eyes. Cobras account for many human deaths and
also figure widely in religious and folk tales.

Family Uropeltidae: Shield-tail Snakes; specialized bur-
rowers with blunt tails and a unique locomotion with
skin purchasing holds on the burrows and the inner
body moving along relative to the skin;

45 species; India and Sri Lanka.

Family Aniliidae: Red Pipe Snakes; one fossorial red and
black species; northern South America.

*Family Xenopeltidae: Asian Sunbeam Snakes; iridescent
fossorial and terrestrial constrictors, no pelvic
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vestiges, oviparous; hinged teeth that change
ontogenetically reflecting dietary shifts, hinged and
bicuspid in juveniles; two species; India and
Southeast Asia.

*Family Loxocemidae: Neotropical Sunbeam Snakes
(called “New World Pythons” in older literature); also
iridescent fossorial and terrestrial constrictors, no
pelvic vestiges, oviparous; one species; Mexico to
Costa Rica.

*Family Boidae: Boas and pythons; family includes the
largest of the living snakes; however, many of the
Boidae are small; all are constrictors, and many have
facial infrared-receptive pits (heat pits or facial pits);
they are from a wide variety of habitats and body
forms; three subfamilies.

Subfamily Boinae: Boas; viviparous; with the pythons,
include the longest living snakes; eight genera and
about 40 species; New World plus Madagascar,

New Guinea, the Solomon Islands.

Subfamily Pythoninae: Pythons; oviparous with maternal
care of the eggs; include the longest living snakes;
eight genera, 25 species; Africa, Indoaustralia,
Australia.

Subfamily Erycinae: Rosy, Rubber, and Sand Boas;
viviparous; three to four genera, 15 species; West
North America, North Africa, South Europe,
Southwest Asia.

Family Bolyeriidae: Round Island Boas; two unusual
genera from Round Island in the Indian Ocean;
Bolyeria probably went extinct about 1975; unique
among tetrapod vertebrates in having divided
(hinged) maxillary bones; Casarea is oviparous,
endangered; formerly placed with the Boidae.

Family Xenophidiidae: Two species known from one
specimen each; hinged teeth; Borneo and
Malaysia.

*Family Tropidophiidae: Caribbean Wood Snakes (also
called Dwarf Ground Boas); viviparous small
constrictors with a well-developed tracheal lung and
the left lung reduced or absent; most with pelvic
vestiges; a unique defensive mechanism starts with
ocular (subspectacular) hemorrhage that progresses to
oral hemorrhage, the function of which is conjectural;
two genera, 30 species; West Indies and South
America to Panama.

India to Northern Australia and Solomon
Islands.

Superfamily Colubroidea (not recognized by all
authorities): a grouping of the four most “advanced”
families, sharing, among other things, the lack of a
right common carotid artery.

*Family Viperidae: the Vipers and pit vipers;
solenoglyph dentition, all venomous; fang erection in
a posterior-anterior direction; includes the true vipers,
the pit vipers, rattlesnakes, moccasins, and their allies;
many habitats and life styles, both oviparous and
viviparous, some with parental care; largest venomous
snakes are the Bushmasters (three species of Lachesis)
in Central and South America, which may reach 3 m
in length; about 25 genera, 230 species; North, Central,
and South America; Africa; Eurasia, Asia; Indonesia;
Japan.

*Family Colubridae: the colubrid snakes; a huge family,
difficult to characterize except to say these genera
have not been placed in other families; this family is
probably polyphyletic, and we expect future changes
in the taxonomy of this group; worldwide, with more
than 70% of living snakes comprising probably
325 genera and more than 1700 species; many
habits and habitats; oviparous and viviparous,
some species venomous; some are constrictors;
colubrids, boas, and pythons comprise the majority
of pet snakes; familiar species include the
kingsnakes and milksnakes, ratsnakes, racers, water-
snakes, gartersnakes, bullsnakes, and gophersnakes.

*Family Elapidae: the elapids; proteroglyph dentition
and all venomous; some not dangerous to humans,
with others are among the deadliest; mostly
oviparous; North, Central, and South America;
Africa; South Asia; Indoaustralia, Australia,
and (Sea snakes) Indian and Pacific Oceans; familiar
species include the cobras, mambas, coralsnakes,
sea snakes, kraits, death adders, and taipans.

Family Atractaspidae: Stiletto Snakes; small African
snakes; one genus with less than 20 species; affinities
in dispute—formerly placed as a subfamily of the
Colubridae and called mole vipers; they have a large
maxillary fang and are able to retract this fang
laterally, biting with one erect fang at a time with
lateral-posterior head motion, biting the prey with the
fang tip scarcely protruding from the mouth; humans
who try to hold these snakes as they would other

Infraorder Caenophidia

Includes all of the families listed subsequently, the more
“advanced” snakes, based mainly on features of internal
anatomy such as lacking coronoid bones and having

snakes are generally bitten. These animals are
oviparous.

hemipenes with spines.

*Family Acrochordidae: File Snakes, Wart Snakes (or
Elephant Trunk Snakes); aquatic, including marine
and brackish habitats; scales small and strongly
keeled giving them a sandpaper-like feeling, with a
loose skin; can catch fish with body folds and skin;
viviparous, one species at least occasionally
parthenogenetic; one genus, three species;

ANATOMY

The following sections refer to Figure 5-15.

Cardiovascular System

Snakes have a three-chambered heart with a complete atrial
septum and an interventricular canal (see Chapter 10).
Although this communication exists between the ventricular
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halves, considerable functional separation exists between the
oxygenated and unoxygenated circuits leaving the heart. The
heart becomes functionally five chambered, with the two sys-
temic arches and a pulmonary artery all exiting the ventricle.
Further, right-to-left and left-to-right shunting is also possible
between the oxygen-rich and the oxygen-poor circuits, under
control of several mechanisms.3!* Details of this are complex
and beyond the scope of this brief introduction (see Chapter 10).
Two aortae are present, with the right aorta exiting the left
side of the ventricle and the left aorta exiting the right side;
they fuse caudal to the heart and form the abdominal aorta.
The left systemic arch is larger than the right, opposite most
tetrapods.

Paired carotid arteries and jugular veins are located ante-
rior to the heart near the trachea. The jugulars may be easily
cannulated via a simple cutdown for placement of an
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intravenous (IV) catheter for obtaining samples or adminis-
tering fluids and medications.

The position of the heart within the snake’s body varies
somewhat with its ecologic niche and phylogenetic position;
but with no diaphragm, the heart is mobile within the rib
cage, perhaps facilitating passage of relatively large prey.
Snakes have been found to be able to control arterial pressure
reflexly, but this control is reduced when the snake’s body
temperature is higher or lower than preferred."* Oxygen
dissociation curves of snake blood are also influenced by
temperature.!* Snakes have both renal and hepatic portal cir-
culations. For this reason, it may be necessary to administer
parenteral medications that are eliminated from the body
renally in the front portion of the body to avoid potential
nephrotoxicity or first pass effects; however, future work may
prove this to be unnecessary (see Chapter 11 for a thorough
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discussion of the renal portal system).!> A ventral abdominal
vein courses through much of the abdomen, and it should be
avoided when making a surgical approach to the abdominal
cavity by entering at the edge of the rib cage at about the level
of the second and third dorsal scale rows.

The sites for obtaining blood samples in snakes include a
ventral tail vein and cannulated jugular vein and via cardio-
centesis. Venipuncture of the dorsal palatine vein is frequently
referenced but, in reality, is difficult to use and fraught with
complications. These sites are discussed in greater detail in
Chapter 30.

The normal hematocrit (packed cell volume) of a snake
is about 20% to 30%. On the basis of a study in the Black
Ratsnake (Elaphe sp.), the blood volume is equivalent to
approximately 6% of the animal’s body weight.’® All of the
circulating cells are nucleated, and a finding of occasional
mitotic figures in the peripheral blood is normal. Azurophils
are present as in other reptiles, but snakes lack eosinophils
(see Chapter 28).

Respiratory System

Although lizards have two lungs, in most snakes, the left
lung is either reduced, never more than 85% the length of the
right lung, or absent.’ The right lung generally courses from
near the heart to just cranial to the right kidney. The anterior
part of the lung is vascularized, functioning in gas exchange,
and the posterior portion of the lung is nonrespiratory and
mainly functions as an air sac (see Chapter 10).

The trachea has incomplete cartilaginous rings, the ventral
portion being rigid cartilage and the dorsal fourth being mem-
branous. In many snakes, the vascular portion of the lung
extends anteriorly dorsally into the dorsal trachea forming a
“tracheal lung”; in extreme cases, the functional portion of the
lung is tracheal.® The Acrochordidae have tracheal air sacs; and
in some aquatic snakes, the lung extends posteriorly nearly to
the cloaca as a hydrostatic adaptation. Variations in lung and
tracheal morphology are useful taxonomic characteristics.

The glottis opens in the floor of the mouth posterior to the
tongue and is generally easily visualized, making intubation
for anesthesia easy. When feeding, the glottis may be moved
laterally to facilitate breathing during the long process of
ingesting large prey. The epiglottal cartilage may be greatly
enlarged and modified to facilitate defensive hissing in such
snakes as gophersnakes (Pituophis spp.).

Digestive System

The digestive tract is essentially a linear duct from the oral
cavity to the cloaca, which also receives products from the
urinary and reproductive systems (see Chapter 12). The fol-
lowing sets of mucus-secreting glands in the oral cavity mois-
ten the mouth and lubricate prey: palatine, lingual, sublingual,
and labial groups. Venom glands are modified labial glands
and have evolved independently in several snake lineages.
Snake venoms are mainly used for obtaining prey, and the
venoms are extremely complex.

The tongue lies in a sheath beneath the epiglottis and glot-
tis and functions in olfaction; snakes that lose their tongues
through trauma or infection may not feed. The epiglottis fits
into a recess in the upper jaw when the mouth is closed, and
the openings of the vomeronasal or Jacobson’s organs are

in the cranial aspect of this groove within reach of the
tongue tips.

The esophagus is usually quite distensible, and about half
its length is largely amuscular. Snakes generally use their
axial musculature and skeleton to help transport food from
the mouth to the stomach. Snakes do not masticate food items;
rather, they swallow food whole. They have no well-defined
cardiac (gastroesophageal) sphincter.

The stomach is muscular and distensible. The process of
prey digestion begins in the stomach. The small intestines are
relatively uncoiled (compared with mammals and birds). The
pancreas is generally located in a triad together with the
spleen and gallbladder, the latter being distal to the caudal
tip of the elongated, spindle-shaped liver. Some species have
a combined organ, called the splenopancreas.

The small intestine empties into the colon, which may
store feces for a time. In boas and pythons, a small cecum is
located at the proximal colon. Urates may be retained in the
distal colon until passed with the feces. The cloaca receives the
products of the urinary, digestive, and reproductive systems.
The intestines and cloaca have important roles in water
conservation.

Dentition and Venom

Six rows of teeth are generally present in snakes found in the
pet trade, with one row on each of the lower jaws and two
rows on each side of the upper jaw. Teeth are generally not
regionally differentiated except for modified fangs in some
species or in species with specialized feeding habits (none
have molars, incisors, etc). The dentigerous bones include
the mandibles, maxillae, palatines, pterygoids, and sometimes
the premaxillae. The teeth, including fangs, continue to be
replaced throughout life. Usually a membranous flap covers
the fangs when not in use. In vipers and pit vipers, the fangs
fold caudodorsally and lie sheathed when the mouth is closed;
but in elapids and colubrids with fangs, the fangs remain
erect and cannot fold.

Snake teeth are basically elongated, slender, and slightly
curved posteriorly. Snake teeth are modified pleurodont teeth
with a rudimentary socket and are attached to the side of the
jaw.317 More primitive snakes have all the teeth about the same
(homodont), whereas in the more advance snakes, some teeth
may be modified into grooved and hollow fangs. Historically,
variations in the maxillary teeth have been classified as
follows!®:

Aglyphous: having homodont maxillary teeth.

Opisthoglyphous: “rear-fanged” with enlarged teeth on
the rear of the maxilla.

Proteroglyphous: a solitary enlarged fang on the long
maxillary bone that does not allow for erection of the
fang (elapid type).

Solenoglyphous: only tooth is a hollow fang on the short
maxilla that can be erected by maxillary rotation on
the prefrontal bone (viper type).

Many variations occur among these types.

In elapids and vipers, the anterior fangs are hollow with
a distinctive venom canal. These fangs are shed periodically,
and commonly, examination of a snake leads to observation
of a functional fang and an adjacent replacement fang des-
tined to replace the functional one. The fangs may be lost as
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prey is bitten and may pass through the snake relatively
undigested and appear in the feces.

Snake venom glands are located in the upper jaw below
the orbit. In contrast, the only venomous lizards, Heloderma
spp., have venom glands in the lower jaw. The size and shape
of the glands vary with the species. Rarely the venom glands
extend far caudally into the body perhaps to the level of the
heart (Maticoura, Elapidae; Atractaspis, Atractaspidae; Causus,
Viperidae).

Snake venoms are quite complex and contain toxins that
are proteins varying from a few amino acids to high molecular
weight. These toxins have been characterized by their activi-
ties: neurotoxins act at neuromusclar junctions and synapses;
hemorrhagins act to destroy blood vessels; and myotoxins
act on skeletal muscle. Among the venom toxins are RNAses,
DNAses, phospholipases, proteolytic enzymes, thrombin-like
enzymes, hyaluronidases, lactate dehydrogenases, acetyl-
cholinerases, nucleotidases, and l-amino acid oxidases and
others."”

At least 10 enzymes are found in nearly all snake venoms,
and a particular venom may contain more than two dozen
different proteins. Any particular venom may have a number
of receptor sites, and venoms also have digestive functions.
In fact, these snake venoms are theorized to have evolved
from digestive enzymes.? Older classifications of snake ven-
oms as hemotoxic and neurotoxic are oversimplifications and
inaccurate, and some venoms have mixtures of both. The rel-
ative abundance of venom components in a particular species
can vary geographically, seasonally, or with age.

Recently, a number of colubrid snakes have been reported
to have elicited toxic reactions in humans. These reports need
to be evaluated further and with caution; some species, lacking
discrete venom glands, apparently have other oral secretions
with some toxic properties. But some colubrids are venomous
and capable of serious human envenomation. Two renowned
herpetologists were killed by colubrid snake bite: Karl P.
Schmidt by a Boomslang (Dispholidus typus) and Robert
Mertens by an African Twig Snake (Thelotornis capensis).#* A
number of colubrids have venoms that are toxic to their prey
but not to humans. Individual human reactions to any snake
bite can vary with the person, the general health status of the
person, the nature of the bite, the species that bit the person,
the amount of venom injected, the site of the bite, the depth
of the bite, the activity of the venom, and so on.

A full discussion of human snakebites is beyond the scope
of this chapter. If you choose to treat venomous reptiles, you
should understand the risks involved to yourself, your staff,
and your clients. Many jurisdictions have restrictions regard-
ing the possession of venomous reptiles, and you must abide
by these laws. Not all local hospitals have the appropriate
antivenom on hand to treat bites from exotic species, nor are
all hospitals experienced at treating snakebites. Proper
identification of an exotic venomous snake may be difficult.
Prevention of snakebites is superior to a cure (see Chapter 81).

Reproductive and Urinary Systems

The paired kidneys are located in the dorsal caudal abdomen,
with the right kidney situated cranial to the left, far forward
from the cloaca (see Chapter 11). The kidneys are lobulated
and elongated and arranged in an anteroposterior orientation.
The ureters empty into the urodeum portion of the cloaca;

no urinary bladder is found in snakes. Male snakes have a
so-called sexual segment, consisting of the posterior renal
segments, that enlarges during the reproductive season to
produce a contribution to the seminal fluid (Figure 5-16). When
this happens, the kidneys appear abnormal because their size
and color change dramatically. To the untrained eye, these
kidneys may appear diseased.

The Blind Snake Rhamphotyphlops braminus is partheno-
genetic (no males) and has been transported by man to various
ports and around the tropics mainly by “hitching” rides in
potted plants; it now occurs in Africa, Southeast Asia, the
Philippines, Hawaii, Mexico, Arizona, and Florida and
has been called the Flowerpot Snake (Figure 5-17). Partheno-
genesis has also recently been reported in one file snake
(Acrochordus arafurae) and a couple of North American
snakes; further investigation will prove interesting.

FIGURE 5-16 Male snakes have a so-called “sexual segment” in their
kidneys (yellow arrow), consisting of the posterior renal segments, that
enlarge during reproductive season to produce a contribution to the
seminal fluid. When this happens, the kidneys appear abnormal
because their size and color change dramatically. To the untrained eye,
these kidneys may appear diseased. Inset shows a normal kidney dur-
ing nonreproductive season. (Photograph courtesy D. Mader.)

FIGURE 5-17 Blind Snake (Rhamphotyphlops braminus) is partheno-
genetic (no males exist). (Photograph courtesy D. Mader.)
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FIGURE 5-18 Fusiform testes (yellow arrow) are seen cranial to the
kidneys (red arrow), the right being more cranial than the left. During
the breeding season, testes undergo recrudescence, often doubling in
size. (Photograph courtesy D. Mader.)

All male snakes have two paired intromittent organs that
lie invaginated in pouches in the ventral tail base. Each is
called a hemipenis (plural, hemipenes). Hemipenial morphol-
ogy has proven to be a valuable taxonomic character. During
copulation, a hemipenis evaginates into the cloaca of the
receptive female. The functional surface of the hemipenis
facing her cloacal wall, when not in use, lines the lumen of a
cavity in the tail.

Because of the presence of these hemipenes, a smooth
blunt-tipped probe may be inserted into the hemipenial lumen
to probe the snake as a male; the male probes relatively
deeply compared with a conspecific female because she lacks
the hemipenes (see Figure 23-6, A, B). In many snakes, the tail
base is relatively wider and straighter in males than in
females owing to the presence of these hemipenes. With prac-
tice, probing is safe and easy, and the author recommends
sexing most snakes that come to the clinic as part of the phys-
ical examination.

In males and females, the gonads are situated with the
right more anterior than the left. The ovaries are located
nearer the pancreas. A few fossorial species have lost one
ovary and oviduct. In females, the developing embryos or eggs
in the right uterus are carried anterior to those on the left.

The fusiform testes are intracoelomic, situated between
the pancreatic triad and the kidneys, and enlarge and regress
in size as the season changes (Figure 5-18). Sperm is carried
in the Wolffian ducts to the base of the hemipenis during cop-
ulation and travels up the sulcus spermaticus on the outside
of the hemipenes into the female.

Some snakes are oviparous (egg-laying), and some are
viviparous (live-bearing). Some snakes build nests (King
Cobra) for egg incubation, and egg-brooding behavior by
females has evolved in several lineages (pythons, Farancia in
the Colubridae, and some Trimeresurus in the Viperidae).
These females coil around their eggs until they hatch (see
Figures 5-11 and 23-3).

No temperature-dependent sex determination has yet been
documented in snakes, although it has in chelonians, crocodil-
ians, and lizards. Where studied, snakes have genetic sex deter-
mination and the female is heterogametic. Sexual dimorphism

B

FIGURE 5-19 Sexual dimorphism in coloration or external mor-
phology is rare in snakes. Langaha sp., Leaf-nosed snakes of
Madagascar, exhibit dimorphism in nasal protuberances. The female
(A) has a larger, more elaborate appendage compared with the
male (B). (Photograph courtesy D. Mader.)

in coloration or external morphology is rare. Langaha sp., the
Leaf-nosed Snakes of Madagascar, exhibit dimorphism in
nasal protuberances (Figure 5-19, A, B). In general, female
snakes attain larger sizes than males but not in all species.
Reproductive cycles of males and females may not coincide
because, in some species, females may store sperm.

Nervous System and Special Senses

Snakes have a typical reptilian brain with 12 pairs of cranial
nerves.

The snake ear has no tympanic membrane or middle ear
cavity. For years, snakes were presumed to be unable to hear
airborne sounds, merely substrate vibrations. However, snakes
have been shown electrophysiologically to hear airborne
sound in a low frequency range of 150 to 600 Hz.??

The eyes of snakes are unique among vertebrates in lack-
ing ciliary bodies, so that accommodation occurs by moving
the lens toward or away from the retina by means of iris mus-
cle movements, whereas in other vertebrates movements of
the ciliary body muscles change the shape of the lens.>>18 The
eyelids fuse embryologically to form a spectacle that is kera-
tinized and covers the eye and is continuous with the epider-
mis. The outer portion of the spectacle is shed during ecdysis
along with the remainder of the snake’s skin. When a snake
nears shedding, the eye may look cloudy or “blue” like the
rest of the skin. Lacrimal secretions flow through the subspec-
tacular space between the spectacle and the cornea and drain
into the roof of the mouth. The shape of the pupil varies with
habitat and activity (see Figures 5-3, 5-7, 5-9, 5-13, and 5-22
for examples). Some fossorial snakes have the eyes reduced
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and covered by a head scale without a separate spectacle.
Additional details of eye anatomy, clinical examination, and
disease conditions are discussed in Chapter 20.

Independent evolution of specialized infrared receptors
has occurred in the heat pits of pit vipers and the labial pits
of different groups of boas and pythons!'®?; they do not
appear to be homologous.? In pit vipers, one organ occurs on
each side of the head, slightly ventral to a line drawn between
the nostril and the orbit. In the boas and pythons, these organs
occur in labial or rostral scales or both, but the location,
arrangement, and number vary with the species. Innervation
is via the trigeminal nerve but with different branches.

Pit viper pits have a thin membrane stretched over an
air-filled inner cavity. The pit organs are extremely sensitive
to infrared radiation changes as small as 0.002°C.2* These
pits provide not only infrared information but also direction
and distance, and because these pits are integrated in the
brain with the optic region, they provide the snake with
both infrared and visual imaging apparently superimposed.?
Research shows that many pitless snakes also have the ability
to detect infrared radiation with other nerve endings in the
head, and some (many?) snakes may be able to “see” their
environment nearly as well with this infrared system as they
can optically.>?>2¢ Snake keepers are commonly bitten when
feeding cool (e.g., frozen and thawed to room temperature)
rodents to snakes because the snakes may smell prey and
“aim” for the heat source (the keeper’s hand).

Ticks and mites may use these pits as shelter.

Central nervous system diseases are poorly understood in
snakes (see Chapters 17 and 62).

Musculoskeletal System

Snakes show great modifications in their skeletal system from
their lizard-like ancestry. Snakes do not have thoracic limbs,
but a few have pelvic vestiges, including external spurs, that
may be used during courtship, particularly in the boas and
pythons (Figure 5-20, A, B). The diversity of snake locomo-
tory types has been classified as follows*!5:

Lateral undulation: involves bending the vertebral
column, where contractions occur on opposite sides of
the body; this is characteristic of most tetrapods.

The fastest terrestrial snakes use this method.

Rectilinear locomotion: a “caterpillar crawling” in which
muscle contractions are bilaterally symmetrical in
waves, with the body contacting the substrate at
intervals and the progression occurring essentially in a
straight line. Common in boas, pythons, and stocky
vipers.

Concertina locomotion: the body moves forward by
making a purchase and moving a portion of the body
to gain a new purchase. Common in arboreal and
fossorial snakes; the most energy-expensive method of
locomotion.

Sidewinding: a difficult mode to describe, much more
easily understood when observed; used by snakes on
smooth surfaces such as sand or mud; the body essen-
tially contacts the substrate at two points and creates a
series of separate parallel straight lines as it progresses.

A snake can switch from one form of locomotion to
another as it changes habitat, substrate, or activity.

FIGURE 5-20 A, Male boids have vestigial pelvic appendages. The
yellow arrow points to the “spurs,” red arrows highlight paired
hemipenes, and blue arrow points to the scent gland. B, Skeleton shows
relationship of the “spur” to the vestigial pelvis. The tail is to the right
in both A and B. (Photographs by D. Mader and R. Funk, respectively.)

Locomotion centers around a skeletal system of precloacal
vertebrae, which may exceed 400 in number, most of which
have ribs, and large axial skeletal muscles with multiple
attachments. The ribs and vertebrae have only minor regional
differentiation. Snake locomotion has been found to be rela-
tively low in energy expenditure. A gartersnake expends only
about 31% as much energy in locomotion as does a lizard of
comparable body size.!

The brain case is solid. However, the skull is kinetic, with
the quadrate bones articulating with the lower jaw and the
palatomaxillary arch to facilitate, along with the elasticity in
lacking a mandibular symphysis, the ingestion of prey items
that are much larger than the head or the diameter of the
body. Caudal autotomy, widespread in lizards, is known in
only a few colubrid snakes (such as Neotropical Pliocercus spp.
and Scaphiodontophis spp.) and in none of the species com-
monly kept in captivity. In these snakes, no autotomy plane
or regeneration is present, the separation occurring between
the vertebrae.34%

Integument

Snake scales are essentially made of folds of the epidermis
and dermis, but the scales themselves are epidermal in origin.
Except for the head, they typically overlap each other. A vari-
ety of pits, ridges, keels, and tubercules of unknown function
are present on snake scales. Regional differences are seen,
with enlarged head shields, a series of rows of small dorsal
scales covering the body and tail dorsally and laterally, and
larger and wider ventral scales that provide support and
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FIGURE 5-21 Almost no skin glands occur in snakes, but cloacal
scent glands (anal glands) are characteristic (yellow arrows). Note the
thick, tar-like secretions. These foul-smelling sticky substances are

used for marking territories, scenting the environment, and repelling
predators. See also Figure 5-20, A. (Photograph courtesy D. Mader.)
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protection ventrally. (Scolecophidia spp. and some Sea Snakes
lack enlarged ventral scales.) Most snakes have an enlarged
scale that covers the cloacal opening. Dorsal scales are usually
in odd numbers of rows, with a maximum number near mid-
body and fewer rows near the neck and cloaca. The keratinized
scales protect the snake from abrasion and dehydration.

Almost no skin glands occur in snakes, but cloacal scent
glands (anal glands) are characteristic (Figure 5-21). These
glands are a pair of organs in the base of the tail, dorsal to
the hemipenes in a male, and they open into the posterior
margin of the cloaca. Their unpleasant odor plays a role in
defense and may also carry social signals. In captivity, they
can become enlarged, impacted, or abscessed.

Shedding or ecdysis is a complex event histologically (see
Chapter 15).>4%829 During shedding, a synchronous prolifera-
tion of the epithelial cells from the stratum germinativum
occurs. This forms a new epidermal generation between the
stratum germinativum and the older outer epidermal layer;
this inner (younger) epidermal layer keratinizes and comes to
resemble the (older) outer layer. During separation of these
two generations of epithelium, anerobic glycolysis assists in
separating the outer layer and acid phosphatase helps break
down the cementing material.

The snake has a dull “blue” look to it as a fluid forms
between the two layers. Herpetoculturists call their snakes
“blue” or “opaque” at this time (Figure 5-22). A snake goes
blue for several days, then clears up, and then sheds. Healthy
snakes shed the entire outer layer as one event, but the older
outer skin may tear in shedding especially in larger snakes.
The epithelium over the spectacles (the eyecap) is also nor-
mally shed. While getting ready to shed, many snakes
become inactive and seek shelter, often in a moist or humid
site. Snakes often do not feed while they are in the blue or
opaque but often eat immediately after shedding.

Dysecdysis is improper or incomplete shedding that may
occur because of mites, incorrect humidity, lack of a proper
substrate, improper handling, malnutrition, dermatitis, or
trauma (see Chapters 15 and 52).

FIGURE 5-22 A shedding snake has a dull blue look to it as fluid
forms between old and new layers of skin. Herpetoculturists call their
snakes blue or opaque at this time. A snake “goes blue” for several
days, then clears up, and then sheds. (Photograph courtesy D. Mader.)

Most snakes have pigments that create the skin coloration,
but microscopic surface structures can yield an iridescence.
Ontogenetic color changes occur in some species. Some
species, especially in juveniles, have brighter colored (usually
yellow) tail tips that are used as caudal lures to attract prey.
Coloration may also vary geographically. Polymorphism is
unusual, but the California Kingsnake (Lampropeltis getula
californiae) and the Turk’s Island Boa (Epicrates chrysogaster),
for example, have both striped and blotched individuals in
the same populations. Many boas are darker during the day
and paler at night.

In recent years, the captive propagation of a variety of
genetic mutations, including partial albinos and leucistic
individuals and a number of pattern types, has contributed to
the marketing of “designer snakes” or “cultivars” (Figure
5-23, A, B). For example, at this writing, more than three dozen
varieties are available of the Cornsnake (Elaphe guttata), includ-
ing “morphs,” as termed in the commercial trade, with names
such as: Oketee, reverse Oketee, Miami, Zigzag, Aztec, Motley,
Butter, Amber, Mocha, Sunglow, Fluorescent orange, Blood
red, “Jungle” (hybridized with the California Kingsnake),
Caramel, Creamsicle, Lavender, Striped, Crimson, Ghost,
Pewter, and on and on; and some of these morphs are, or can
be, combined with the traits for amelanistic partial albinisim or
anerythristic partial albinism, and there are even Snow and
Blizzard Cornsnakes that combine the genes for both
amelanism and anerythrism.3%3 Of course, prices vary with
pattern and color.

Endocrine System

The single or paired thyroid glands lie just anterior to the heart
(Figure 5-24). Thyroid function is involved in the shedding
cycle and growth. The thymus does not involute in adult
snakes as it does in mammals and is easily lost in the adipose
tissue cranial to the thyroid gland. Parathyroid tissue is paired
and often imbedded in the thymus tissue cranial to the heart
and thyroid and plays a roll in calcium metabolism. The adre-
nal glands are usually located between the kidneys and the
gonads (Figure 5-25). The pituitary seems to function as a mas-
ter gland just as it does in mammals. The clinical significance
of endocrine function is poorly understood in snakes.
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FIGURE 5-23 Captive propagation has produced a variety of
genetic mutations, including partial albinos and leucistic individuals,
and a number of pattern types, and has contributed to marketing of
designer snakes or cultivars. A, Albino Gophersnake (Pituophis
catenifer). B, Green phase Burmese Python (Python molurus bivitattus).
(Photographs by D. Mader and R. Funk, respectively.)

ENVIRONMENT AND
MAINTENANCE

Thermoregulation

Snakes, like other reptiles, are ectotherms. In a captive setting,
thermal regimens should closely resemble temperatures in
the wild. A variety of commercially available products exist
to give the herpetoculturist an opportunity to provide such
a regimen. Heat tapes are popular and may be used with ther-
mostats. Light bulbs are inefficient sources of heat and may
lead to thermal burns, as may hot rocks, which the author
never recommends. A readable discussion of thermoregulation
in Diamond Pythons (Morelia spilotes spilotes) in nature is
provided by Shine,* including changes with the seasons and
differences in the genders.

Both the clinician and the client must understand the
thermal physiology of reptiles. Each species needs to reach
its selected (or preferred) body temperature (T, or T,), which
occurs within the range of physiologically tolerated

FIGURE 5-24 Single or paired thyroid gland (blue arrow) is found
just cranial to the heart. (Photograph courtesy J. Wyneken.)

FIGURE 5-25 Pink adrenal glands are located just cranial and
medial to the kidneys. (Photograph courtesy J. Wyneken.)

temperatures or the thermal neutral zone (TNZ).*® Snakes
that are ill, gravid, or digesting food often seek out situations
that allow attainment of slightly elevated body temperatures.

Herpetoculturists find that their captives thrive better
when provided with a thermal gradient that incorporates the
T, for species being housed. Summary discussions of research
on thermoregulation are available.333

Feeding and Nutrition

No vegetarian snakes exist; all species are carnivorous. But
among the snakes are species that eat mainly warm-blooded
prey, only invertebrates, specialized diets (e.g., slugs, eggs,
frogs, fish eggs, termites), or a wide variety of prey items (see
Figure 44-2). Therefore, critical to the care of a captive animal
is that both the clinican and the client understand what the
normal diet is for the snake (Table 5-2). One of the most com-
mon reasons for a snake to fail to feed is that the type of food
offered is incorrect. Species with specialized diets are difficult
to maintain unless the owner is painstakingly dedicated.
Most of the snake species in the pet trade feed on captive-
reared rodents, and because they eat whole animals, nutri-
tional problems are infrequently seen among feeding snakes.
Rodents must be fed a suitable diet so that they become a
suitable diet for the snakes. No excuse exists for feeding dog
food or swine food to rats and mice when so many nutrition-
ally complete rodent diets are available. Similarly, if a client is
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Snake Group

Scolecophidia
Acrochordidae
Uropeltidae
Xenopeltidae
Loxocemidae
Boas

Example

Blind Snakes

Elephant Trunk Snake
Shield-tail Snakes

Asian Sunbeam Snakes
Neotropical Sunbeam Snakes
Anaconda

JELICREP  Suggested Diets for Snakes

Primary Food Preferences

Adults
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Young

Boa Constrictor, Dumeril’s, Tree
Pacific/Solomon Island

Rubber

Amazon, Emerald, Annulated
Rainbow / Caribbean

Sand Boas

Rosy Boas

Pythons Burmese, Black-Headed African Burrowing, Carpet,
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Diamond, Reticulated, Indian, Ball

Rock, Short-tailed (blood), Green Tree

Indoaustralian
Tropidophiidae Wood Snakes
Viperidae

Cottonmouth

Rattlesnakes

Most other Pit Vipers (Calloselasma, Bothriechis,

Bothriopis, Bothrops, etc.)
Sawscale Vipers
Horned, Sand Vipers

Most other Vipers (Atheris, Bitis, Vipera)

Colubridae Brown, Red-bellied
Garter and Ribbon
Glossy
Gopher, Bull, Pine
Green
Hog-nosed
House
Indigo, Cribo
Kingsnake
Long-nosed
Madagascan Hog-nosed
Milksnake
Patchnosed
Racers
Ratsnakes
Ringneck
Elapidae King Cobra
Most other Cobras
Kraits
Coralsnakes

Copperheads and Asian relatives
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A, Arthropods; OI, other invertebrates; F, fish; Am, amphibians; L, lizards; S, snakes; M, mammals; B, birds.

feeding crickets or fish to a snake, the crickets and fish should
be fed well to make better meals nutritionally for the snake.
The author recommends feeding dead rodents to those animals
eating rodents to avoid bite wounds and trauma to the snake;
the rodents can be offered fresh-killed or purchased frozen
and thawed (see Chapter 46). If the snake does not feed,
review the husbandry requirements and check the identifica-
tion and temperature (see Chapter 44).

Frequency of meals varies with the age and species of
snake. Many juvenile and adult rodent-feeding species thrive
and grow on once a week feedings, but a baby may need two
or more feedings per week to do well. Active snakes may
need more frequent feedings; for example, gartersnakes fed
goldfish do poorly with only weekly meals. Most herpetocul-
turists increase the feedings to a female as the breeding

season approaches. Many gravid female snakes go off feed
during gestation. The best method is to feed snakes one at a
time in isolation to avoid the possibility of inadvertent
cannibalism.

ENVIRONMENTAL CAPTIVITY
REQUIREMENTS

Cages may be plastic shoe boxes; modified aquaria; homemade
from wood; or expensive, commercially manufactured, and
made of fiberglass or acrylonitrate-butadiene-styrene (ABS)
plastic.

Table 5-3 lists the minimum standards for caging (see also
Chapter 4). Lighting requirements for captive snakes are less



JELIIRSRCN Minimal Requirements for
Snake Caging

Escape proof with latch or lock.

Easy access for cleaning, feeding, and monitoring occupant.

Few places for ectoparasites, baby snakes, or uneaten prey items
to hide.

Easy to clean and disinfect.

An appropriate substrate both for snake’s needs and for
serviceability.

Hiding box or shelter, perhaps multiple shelters.

Constructed so that water or feces is not absorbed.

Appropriate lighting, ventilation, and humidity for
snake’s needs.

Large enough to accommodate snake and allow some activity.

With number of animals, uniform or modular cages are
conducive to good husbandry.

well understood than for lizards. Many successful breeders,
for example, provide dim artificial lighting for their snakes
and have excellent results, including breeding. However,
attention to the photoperiod is believed to promote good
health and successful reproduction.

Cages kept in dim light generally do not get cleaned well
enough because filth may not be properly observed. Fresh
water should always be available in the cage and should be
cleaned frequently if the snake soaks in the water bowl.
Arboreal species may do better with the bowl placed higher
in the cage. Replacement water bowls should be available to
clean and disinfect at least weekly.

Humidity varies geographically and seasonally. During
the winter, when forced air heat is on in the home, the tem-
perature may be maintained, but a drying effect may cause
problems, such as dysecdysis. Too much humidity, as in
Florida in the summer, may be harmful to a desert-adapted
species. Many snakes do well if the humidity is between 50%
and 70%, but without adequate ventilation, the humidity
inside a cage could rise dramatically. Desert or xeric-adapted
species may obviously fare better with less humidity than
riparian or semiaquatic species.

Snakes kept in aquaria or plastic sweater boxes, with only
a water bowl and a hide box, always look like prisoners
rather than pets. A recent trend is to use larger cages (vivaria
is perhaps a better term) with cage furnishings such as plants,
rocks, and tree branches. Most clients feel that their snakes
are “happier” in these environments, even though maintenance
may involve a little more work (Figure 5-26). This type of
cage projects a caring image.

For basic caging, the author prefers a newspaper substrate
for hospitalized patients unless their needs dictate otherwise
(such as fossorial or aquatic species). For clients, simple (spar-
tan or barren) cages may also work well. But many species,
especially fossorial or more secretive species, need more
attention to cage setup, including some attempt to duplicate
the conditions under which the captives are found in nature.
Woodland burrowers cannot be expected to survive in dry
sand, and vice versa for desert burrowers. Briefly we can
provide several different styles of caging for captive snakes as
follows?:

Basic enclosure setup. One type of substrate, with a
water bowl, a hide box, and perhaps with a plant
or a tree branch added.

FIGURE 5-26 Snakes maintained in plastic boxes without environ-
mental enrichment undoubtedly experience immeasurable stress.
Attempts should be made toward offering a more naturalistic envi-
ronment. (Photograph courtesy D. Mader.)

Wet-dry enclosure setup. Similar to the basic, but this
type has two (maybe one) type of substrate, with a
moist area and a dry area, providing a horizontal
moisture gradient.

Three-layer enclosure setup. As implied by the name,
three layers of substrate are used: from bottom
upward they are gravel, sand, and then mulch. The
gravel can be moistened, and a vertical moisture
gradient achieved.

Desert enclosure setup. Basically a thick layer of sand for
the substrate. Small water bowl, good ventilation, per-
haps some (or occasional) moisture in one small area.

Swamp tea setup. Rarely used, for swamp snakes, with a
dilute solution of tea for the water environment.

Natural setups and outdoor enclosures. Indoor vivaria
can be fascinating and functional, and esthetically
pleasing, but the difficulty in maintaining them
increases with the complexity of the enclosure.
Outdoor enclosures must be escape proof, vermin
proof, disaster proof, and vandal proof, which makes
them difficult but at the same time rewarding.

BEHAVIOR

If the cage is opened mainly for feeding, the snake is likely to
begin exhibiting a feeding response every time the cage is
opened. If the snake is large and potentially dangerous, feed-
ing it outside the cage is safer.

Social behavior in snakes usually involves reproductive
activities. Observation of the interactions between individual
snakes at this time is fascinating. Visual and tactile cues, and
probably pheromones, may be involved in these complex
behaviors, which tend to vary among the species. During the
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mating season, the behavior of some snakes is completely
different, and courtship/mating/combat can occasionally
result in injuries to participating snakes. Most clients can
watch the behavior of their animals change as the mating
season arrives, and they can also learn when a female is ready
to oviposit or give birth.

In most circumstances, housing captive snakes singly is
preferable. If housed in groups, close attention must be paid
during feeding times and during the breeding season to
avoid injuries or even cannibalism. For example, if two
snakes both attempt to swallow the same prey item, a larger
snake may be able to keep going and ingest both the prey and
the other (attached) snake.

Hands should be washed after handling prey species, such
as rats, mice, hamsters, and birds, or after handling predator
species, such as cats, ferrets, or kingsnakes, and before handling
a snake, so as not to present the snake with mixed signals and
perhaps get bitten as either a feeding response or a defensive
behavior.

Having an ophiophagous (snake-eating) snake, such as a
Kingsnake (Lampropeltis getula), housed in an adjacent cage,
or having just treated one on the same examination table, can
change the behavior of another snake.

BRUMATION

Brumation is the term now used for winter dormancy in rep-
tiles (as opposed to a true hibernation).*3 Many temperate
zone snakes must be brumated to induce successful repro-
duction. The snakes are well fed during the summer and fall;
then feeding is stopped, and the snakes are allowed to pass
stools. The cage temperature is slowly dropped over a period
of several weeks. Dropping the temperature 2.8°C (5°F) per
day or every few days for a total drop of 10°C to 14°C (20°F
to 25°F) “conditions” the snakes to enter the brumation period.
They are maintained with water available but no food for
about 3 months, then slowly warmed up.

Feeding may begin 2 to 3 weeks later. Most tropical boas
and pythons, when cooled for breeding situation, do not need
as drastic a temperature drop (sometimes 5°C [10°F] suffices)
as brumated colubrids and if cooled too low can have neuro-
logical or respiratory signs develop.

Some neonate temperate zone snakes that are not yet
feeding, if in good physical condition, can be brumated, and
this may induce them to feed after the brumation period. No
snake, regardless of age, should be brumated if it is not in
excellent condition or if it is showing signs of illness.

LONGEVITY

Clients frequently ask about the life expectancy of their
snake. A Ball Python (Python regius) set the longevity record
at 47.5 years in the Philadelphia Zoo.!* Table 5-4 lists
longevity records for a number of commonly kept snakes,
showing that the potential exists to keep many for quite some
time. Little available evidence of longevity exists in nature,
but experts doubt that many snakes reach these ages in the
wild. Many herpetoculturists believe that at least female
snakes, bred repeatedly for high production, may have their
lives shortened by this process.

JELIC N [ongevity of Some Selected
Snakes in Captivity, in Years*°

Longevity (y)

Xenopeltidae
Asian Sunbeam Snake, Xenopeltis unicolor 12
Loxocemidae
Neotropical Sunbeam Snake, Loxocemus bicolor 32
Boidae
Dumeril’s Ground Boa, Acrantophis dumerili 26
Children’s Python, Antaresia childreni 24
Woma, Asidites ramsayi 16
Black-headed Python, Aspidites melanocephalus 22
Boa Constrictor, Boa c. constrictor 40
Solomon Island Ground Boa, Candoia carinata 16
Rubber Boa, Charina bottae 26
Coastal Rosy Boa, Charina trivirgata 31
Emerald Tree Boa, Corallus caninus 19
Columbian Rainbow Boa, Epicrates cenchria

maurus 31
Smooth Sand Boa, Eryx johni 31
Anaconda, Eunectes murinus 31
Brown Water Python, Liasis mackloti fuscus 26
Carpet Python, Morelia spilota variegata 19
Green Tree Python, Morelia viridis 20
Short-tailed Python, Python. curtus 27
Burmese Python, Python molurus bivittatus 28
Indian Python, Python m. molurus 34
Ball Python, Python regius* 47
Reticulated Python, Python reticulatus 29
African Rock Python, Python sebae 27

Viperidae, Crotalinae
Northern Copperhead, Agkistrodon

contortrix mokeson 29
Western Cottonmouth, Agkistrodon

piscivorus leucostoma 26
Jumping Pit Viper, Atropoides nummifer 19
Eyelash Palm Pit Viper, Bothriechis schlegeli 19
Terciopelo, Bothrops asper 20
Eastern Diamondback Rattlesnake,

Crotalus adamanteus 22
Western Diamondback Rattlesnake,

Crotalus atrox 27
South American Rattlesnake,

Crotalus durissus terrificus 17
Timber Rattlesnake, Crotalus h. horridus 30
Banded Rock Rattlesnake, Crotalus

lepidus klauberi 33
Southern Pacific Rattlesnake,

Cortalus viridis herlleri 24
Central American Bushmaster,

Lachesis stenophrys 24
Western Massasauga,

Sistrurus catenatus tergeminus 20
Pope’s Pit Viper, Trimeresurus popeorum 13
Viperidae, Viperinae
Puff Adder, Bitis arietans 15
Gaboon Viper, Bitis gabonica 18
Russell’s Viper, Daboia russelli 15
Horned Sand Viper, Cerastes cerastes 18
Carpet Viper, Echis coloratus 28
Common Adder, Vipera berus spp. 19
Colubridae
Trans-Pecos Ratsnake, Bogertophis subocularis 23
Eastern Indigo Snake, Drymarchon corais couperi 25
Cornsnake, Elaphe g. guttata 32




Snakes

JELIC N [ ongevity of Some Selected
Snakes in Captivity, in Years*—cont’d

Longevity (y)

Black Ratsnake, Elaphe o. obsoleta 22
Western Mud Snake, Farancia abacura reinwardti 18
Plains Hog-nosed Snake, Heterodon n. nasicus 19
False Water Cobra, Hydrodynastes gigas 16
Grey-banded Kingsnake, Lampropeltis alterna 19
Prairie Kingsnake, Lampropeltis c. calligaster 23
California Kingsnake, Lampropeltis

getula californiae 44
Arizona Mountain Kingsnake,

Lampropeltis p. pyromelana 22
Scarlet Kingsnake, Lampropeltis

triangulum elapsoides 23
Coastal Mountain Kingsnake,

Lampropeltis zonata multicincta 28
Grass Snake, Natrix natrix 20
Blotched Watersnake,

Nerodia erythrogaster transversa 14
Great Basin Gophersnake,

Pituophis catenifer deserticola 33
Northern Pinesnake, Pituophis m. melanoleucus 20
Queen Snake, Regina septemvittata 10
Northwestern Gartersnake,

Thamnophis ordinoides 15
Elapidae
Black Mamba, Dendroaspis polylepis 21
Texas Coralsnake, Micrurus fulvius tenere 19
Monocled Cobra, Naja kaouthia 32
Black Forest Cobra, Naja melanoleuca 29
Cape Cobra, Naja nivea 26
King Cobra, Ophiophagus hannah 22
Taipan, Oxyuranus scutellatus 15

*Reference 41.

GIANT SNAKES

Among the snakes are species that mature at less than 10 cm
(4 inches) in total length and those that reach huge proportions
and consume large prey. Much discussion centers around the
so-called giant snakes. Many of the records of truly huge snakes
remain dubious and unsubstantiated because they are poorly
documented. A recent review® of the literature on giant snakes
lists four species that probably exceed 6 m (20 ft) in length: the
Anaconda (Eunectes murinus) of South America, the Burmese
Python (Python molurus bivittatus) of Southeast Asia, the
Reticulated Python (Python reticulatus) of Southeast Asia, and
the African Rock Python (Python sebae) of Africa. The two largest
species are the Anaconda and the Reticulated Python, which
approach 9 m (30 ft), but no valid records are seen of either over
9 m (30 ft) in length. An Anaconda has a greater girth and
weight than a Reticulated Python of the same length.
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STEPHEN L. BARTEN

EVOLUTION AND CLASSIFICATION

Systematics has undergone a shift from the traditional,
morphology-based system of Carolus Linnaeus to the evolu-
tion-based system called cladistics. The Linnaean system
assigns each animal a unique binomial genus and species
name, then groups these into morphologically related fami-
lies, orders, and classes. Cladistics describes evolutionary
relationships and places organisms into monophyletic groups
called clades, each consisting of a single ancestor and all its
descendants.! Relationships between clades are shown in a
diagram called a cladogram, which consists of a series of
bipolar branching lines. A discussion of cladistics in detail is
beyond the scope of this chapter, but veterinarians and her-
petologists alike should become familiar with current con-
cepts in systematics.

Living reptiles are divided into three clades. The first rep-
tilian clade is the chelonians (turtles and tortoises), and the
second is the archosaurs, which contains the crocodilians and
the birds (one example of how cladistics is based on evolu-
tionary relationships rather than morphology: crocodilians
and birds share a common ancestor). The third clade is the
lepidosaurs, which consists of tuataras, snakes, and lizards.!
Snakes and lizards are grouped together in the Squamata, a
monophyletic taxon that shares more than 50 derived fea-
tures. Thus, snakes are not considered a sister group (sharing
a common ancestor) to all lizards but rather are a subgroup of
lizards; snakes are simply lizards with absent or reduced
limbs. So, squamates have a precise definition, but a group
consisting of lizards without snakes does not.! Nevertheless,
that is exactly the group this chapter discusses. Current squa-
mate relationship hypotheses do not enjoy universal accept-
ance at this writing, and the relationships between groups or
families may change as more data come to light.

Squamates are the most successful group of living reptiles
with about 7200 species. The traditional lizards, as opposed
to snakes, comprise about 4450 of these.! The first branch of
the squamate cladogram divides them into the Iguania and
all the others, which collectively are called the Scleroglossa.

The Iguania contains three groups: the Iguanidae, the
Agamidae, and the Chamaeleonidae. The family Iguanidae is
the dominant group of lizards in the New World and differs
from the other two by having pleurodont dentition (teeth
attached to the medial side of the jaws without sockets that
are regularly shed and replaced) and fracture planes in the
caudal vertebrae. Examples of this family include the Green
Iguana (Iquana iguana; Figure 6-1), Green Anole (Anolis caroli-
nensis), Basilisks (Basiliscus spp.), Horned Lizards
(Phrynosoma spp.), Spiny Lizards (Sceloporus spp.), and West
Indian Rock Iguanas (Cyclura spp.).

Together the Agamidae and Chamaeleonidae make up the
Acrodonta because of their acrodont dentition (teeth attached

to the biting edge of the jaw without sockets that are not shed
and replaced). This group also lacks caudal vertebral fracture
planes, except some Uromastyx. The family Agamidae is the
dominant family of lizards in the Old World. Members
include the Bearded Dragon (Pogona vitticeps), Agama (Agama
agama), Frilled Lizard (Chlamydosaurus kingii), Water Dragon
(Physignathus cocincinus), Egyptian Spiny-tailed Lizard
(Uromastyx aegyptius), and Sail-fin Lizard (Hydrosaurus pustu-
latus). The family Chamaeleonidae consists of the Old World,
or True, Chameleons. Examples include the Veiled Chameleon
(Chamaeleo calyptratus), the Panther Chameleon (Furcifer
pardalis), and the dwarf Brookesia spp.

The relationships between the remaining squamate
groups in the Scleroglossa are less certain, and multiple
hypotheses have been proposed. The first main group, the
Nyctisaura, contains a number of families. The Gekkonidae
include the geckos and pygopods. Geckos are primarily noc-
turnal insectivores, and the pygopods are snakelike without
forelimbs, their hindlimbs reduced to flaps of skin containing
a few phalanges. Examples of the former are the Leopard
Gecko (Eublepharis macularius), Crested Geckos (Rhacodactylus
spp.), Leaf-tailed Geckos (Uroplatus spp.), and Day Geckos
(Phelsuma spp.). Examples of the latter are the Snake Lizards
(Lialis spp.) and the Scalyfoot (Pygopus spp.). The Dibamidae,
or Blind Lizards (Dibamus and Anelytropsis spp.), also are
snakelike lizards with no forelimbs and flaplike hindlimbs.
The Amphisbaenidae, or Worm Lizards, are legless, covered
with wormlike annular rings made of scales, and all species
are fossorial. The Xantusiidae contain the desert Night
Lizards (Xantusia spp.).

The remaining squamates, the Antarchoglossa, contain a
number of diverse groups. The subgroup Lacertoiformes
includes the family Lacertidae, or Wall and Sand Lizards.
Some examples are the Oscellated Green Lizard (Lacerta
lepida), Rock Lizard (Lacerta saxicola), and Viviparous Lizard

FIGURE 6-1 Amelanistic Green Iguana (Iguana iquana). The skin is
dull white with yellow highlights, and the irises are pink. Concern
exists that such an animal could be prone to sunburn if exposed to
unfiltered sunlight.
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(Lacerta vivipara). The Teiidae are the New World equivalent
of the Lacertidae and include the Whiptails and Racerunners
(Aspidoscelis [Cnemidophorus] spp.), Jungle Runners (Ameiva
spp.), and Tegus (Tupinambis spp.). The second subgroup is
the Diploglossa, which contains the remaining lizard groups.
One is the family Scincidae or true Skinks, familiar species of
which include the Blue-tongued Skink (Tiliqgua spp.),
Prehensile-tailed Skink (Corucia zebrata), Five-lined Skink
(Eumeces fasciatus), and the Casqueheads (Tribolonotus spp.).
Two others are the Cordylidae or Girdle-tailed Lizards
(Cordylus spp. and others) and Gerrhosauridae or Plated
Lizards (Gerrhosaurus spp. and others). The Diploglossid
group also incorporates a lesser subgroup, Anguimorpha,
which contains several families. The Xenosauridae includes
the New World viviparous Xenosaurs (Xenosaurus spp.) and
the Shinisauridae contains only the Chinese Crocodile-tailed
Lizard (Shinisaurus crocodilurus). The family Anguidae are
long and snake-like in form. They include the Alligator
Lizards (Elgaria spp.), Glass Lizards (Ophisaurus spp.), Legless
Lizards (Anniella spp.), and the Sheltopusik (Ophisaurus
apodus). The final families in the Anguimorpha are members of
the Varanoidea group. The Helodermatidae contain only two
species, but these are the only venomous lizards: the Gila
Monster (Heloderma suspectum) and the Mexican Beaded
Lizard (Heloderma horridum). The family Varanidae consists of
the Monitor Lizards and Goannas. Familiar examples include
the Savannah Monitor (Varanus exanthematicus), the Nile
Monitor (Varanus niloticus), and the Komodo Dragon (Varanus
komodoensis). Lanthanotidae has a single species, the Bornean
Earless Lizard (Lanthanotus borneensis).»®

ANATOMY

The following sections refer extensively to Figures 6-2 to 6-5.

Cardiovascular System

In lizards, the heart is three chambered with left and right atria
and a single ventricle. The ventricle is divided into three cham-
bers: the cavum arteriosum, cavum venosum, and cavum pul-
monale. The cavum venosum receives unoxygenated venous
blood from the right atrium, and the cavum arteriosum
receives oxygenated blood from the left atrium. Blood leaves
the heart through the pulmonary artery arising from the
cavum pulmonale and the two aortic arches arising from the
cavum venosum. All three cava communicate, but a muscular
flap and two-stage ventricular contraction minimizes mixing
among the three cava. Unoxygenated blood flows from the
cavum venosum into the cavum pulmonale. An atrioventricu-
lar valve prevents mixing of this blood with the oxygen-rich
blood in the cavum arteriosum. Next the ventricle contracts,
forcing the unoxygenated blood in the cavum pulmonale into
the pulmonary artery. The atrioventricular valve then closes,
allowing oxygenated blood to flow from the cavum arteriosum
into the cavum venosum and out the aortic arches. Thus the
three-chambered squamate heart function is similar to that of
a four-chambered heart.!

Paired left and right aortic arches fuse caudal to the heart
to form the dorsal aorta.

The renal portal system of reptiles is well documented in
the literature for its parenteral therapeutic implications.®
Although the anatomy of the blood vessels varies somewhat

from group to group, venous circulation from the tail, and
little from the hind limbs, routes directly to the kidneys via
the renal portal system. The injection of drugs that are cleared
via tubular secretion into the caudal half of the body could
result in lower than anticipated serum concentrations
because of their excretion in the urine before entering the sys-
temic circulation. This practice also could result in increased
renal toxicity in the case of nephrotoxic drugs, such as amino-
glycosides. Only limited pharmacokinetic studies on the effect
of the renal portal system on serum drug concentrations have
been done, but the results suggest that the renal portal system
has less effect on drug uptake and distribution than was once

Trachea Parathyroids

Right
\ atrium

Ventricle
Liver \
Esophagus
Lungs
Gallbladder
Stomach
Pancreas Spleen
Colon
Small
intestine
Urinary 3
bladder )

Femoral
pores

Rectum

FIGURE 6-2 Ventral view of a Green Iguana (Iguana iguana). Note
the relatively anterior location of the heart between the shoulder
joints. Also, note the relatively caudal position of the kidneys within
the pelvic canal.
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thought.!® Moreover, shunts exist that carry blood directly
from the renal portal system to the postcava, bypassing the
renal parenchyma.’

Lizards have a large ventral abdominal vein that lies along
the inner surface of the abdominal wall on the midline
(Figure 6-6).51'13 This vein must be avoided in a celiotomy
incision. One way to avoid and preserve the vein is with a
paramedian incision. Alternatively, a ventral midline incision
may be used if the linea is incised with caution, as the ventral
abdominal vein is suspended in a broad ligament and is a few
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millimeters away from the linea alba.!* The vein should be
protected with saline solution—-moistened gauze during the
remainder of the procedure. With the surgical approach, the
benefit of incising between muscles rather than through them
must be weighed against the risk of damaging this large vein.
Reports have shown that this vein can be ligated without
clinical effect.!>

Venipuncture may be done with the ventral caudal vein in
species that do not undergo tail autotomy, with the axillary
venous plexus or with the jugular vein (Figure 6-7). In large
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FIGURE 6-3 Ventral view of a Savannah Monitor Lizard (Varanus exanthematicus). Note a more typical location of
the heart compared with the Green Iguana (Iguana iguana). Likewise, although the caudal portions of the kidneys
extend into the pelvic canal, the cranial portions are within the coelomic cavity, unlike the Green Iguana.
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FIGURE 6-4 Lateral, midsagittal view
of a female chameleon. Serosal surfaces
in the coelom of many chameleons are
starkly melanotic.
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FIGURE 6-5 Lateral, midsagittal view of a male chameleon.

specimens intravenous (IV) catheters may be placed in the
cephalic vein or jugular vein (in species with long necks) with
a cutdown technique, or in the ventral caudal vein using a lat-
eral approach aiming craniad.’*!” IV fluids may be given by

this route or through an intraosseous catheter placed in the
femur or tibia. The curve of the femur in most species allows
placement of a catheter into the distal end without invasion
of the stifle joint.
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FIGURE 6-6 Paramedian celiotomy incision in a Green Iguana
(Iguana iguana). The medial body wall has been elevated to show the
large ventral abdominal vein as it hangs in its suspensory ligament
(mesovasorum) from the medial aspect of the linea alba. This vessel
must be avoided during celiotomy incisions. This may be accom-
plished with a careful midline incision, as the vein hangs several
millimeters from the linea, or with a paramedian incision.

Digestive System

The lips of lizards are flexible skin but are not moveable. The
teeth are generally pleurodont (attached to sides of mandible
without sockets), but in some families, such as the Agamidae
and Chamaeleonidae, they are acrodont (attached to the bit-
ing edges of the jaws without sockets). Pleurodont teeth are
regularly shed and replaced (Figure 6-8). Acrodont teeth are
not replaced except in very young specimens, although new
teeth may be added to the posterior end of the tooth row as
the lizard grows. Some agamids have a few canine tooth-like
pleurodont teeth on the anterior jaws along with the normal
acrodont teeth (Figure 6-9). Care should be taken to avoid
damaging the irreplaceable acrodont teeth in agamids and
chameleons when opening the mouth with a rigid speculum
during physical examination. Likewise, periodontal disease

FIGURE 6-8 Mandible of a Green Iguana (Iguana iguana) showing
pleurodont dentition. Teeth are attached to the medial side of the jaw
without sockets. Note that alternate teeth have shortened roots with
buds of new teeth below them. Teeth are shed and replaced through-
out life. Rostral is to the right.

has been reported in species with acrodont dentition but not
pleurodont dentition.!® Lizard teeth generally grasp, pierce,
or break up food. In many monitors, the teeth slice and cut.
Mollusk-eating Caiman Lizards (Dracaena guianensis) and
adult Nile Monitors (Varanus niloticus) have broad rounded
cheek teeth for crushing shells (Figure 6-10).

The only venomous species of lizards are the Gila Monster
and the Mexican Beaded Lizard. These species have grooved
rather than hollow teeth, which have no direct connection to
the venom glands. The venom glands are sublingual rather
than temporal as seen in snakes. Venom flows from the glands
along the dental grooves and is injected with chewing action.
Symptoms of envenomation include pain, hypotension,
tachycardia, nausea, and vomiting. Commercial antivenin is
not available for these species.!

FIGURE 6-7 Necropsy specimen of a Green Iguana (Iguana iguana)
to show the large jugular vein on the lateral neck caudal to and
slightly below the tympanum. The depressor mandibularis muscle
has been reflected to expose the jugular deep to it. The lizard’s head
is to the right. This site can be located by drawing an imaginary line
from the ear to the point of the shoulder and used for venipuncture
or intravenous catheters.

FIGURE 6-9 Teeth of a live Soa-soa Sailfin Lizard (Hydrosaurus
amboinensis) showing acrodont dentition. The teeth rest on the occlusal
surface of the jaw bones without sockets and are neither shed nor
replaced if damaged. Most agamid lizards also have a few sharp
pleurodont teeth on the anterior jaws that function like canine teeth
(arrow); these are regularly shed and replaced. Rostral is to the left.



IZEll SectionII BIOLOGY AND HUSBANDRY

FIGURE 6-10 Cheek teeth of this Caiman Lizard (Dracaena guianen-
sis), restrained in dorsal recumbency, are broad and rounded for
crushing shells of snails on which it feeds exclusively.

The tongue of the lizard varies with the species. In general,
it is mobile and protrusible. Taste buds are abundant in
species with fleshy tongues and reduced in those with kera-
tinized tongues, like monitors. Taste buds also are found in
the lining of the pharynx. Lizards with deeply forked
tongues, such as monitors and tegus, protrude the tongue to
bring scent particles to the vomeronasal (Jacobson’s) organ
for olfaction. The tongue is projectile for food gathering in
Chameleons (Chamaeleo spp.). In Green Iguanas, the tip of the
tongue is darker than the rest and should not be mistaken for
a lesion. The paired vomeronasal (Jacobson’s) organs have
tiny openings in the anterior roof of the mouth, and the
paired internal nares open just caudal to those.

The stomach of lizards is simple, J-shaped, and not gizzard-
like. Swallowing stones to aid digestion is not a normal
behavior.

A cecum is present in many species.’ The large intestine is
thin-walled and not as muscular as the stomach or small
intestines.

A number of vegetarian species have a colon that is
divided into sacculations to facilitate hindgut fermentation
for more complete digestion. These types have relatively high
optimal body temperatures (T,) zones to enhance microbial
fermentation. Lizards in this group include the Green Iguana,
Prehensile-tailed Skink, Egyptian Spiny-tailed Lizard, and
Chuckwalla (Sauromalus obesus).*

A cloaca is present and is divided into three parts: the
coprodeum, which collects feces; the urodeum, which collects
urinary waste and receives the sexual structures (vas deferens/
oviducts); and the proctodeum, which is the final chamber before
elimination.>* The cloacal slit is transverse in lizards.

Reproductive-Urinary System

The kidneys are metanephric and are located in the caudal
coelom or deep within the pelvic canal, depending on the
species. In the latter, nephromegaly from any cause can result
in obstruction of the colon as it passes between the kidneys
within the pelvic canal. Granulomatous nephritis causing
colonic obstruction or dystocia is relatively common in the
Green Iguana (Figure 6-11).

FIGURE 6-11 Granulomatous nephromegaly in a Green Iguana
(Iguana iguana). The skin and body wall have been removed to the
level of the pelvis, the symphysis of which has been split to reveal the
bodies of kidneys within the pelvic canal. Note how these massively
enlarged organs extend anterior to the pelvic brim, which was
detected with antemortem palpation. Likewise, enlarged kidneys
were shown to fill the pelvic canal on digital cloacal palpation before
death. The colon and bladder have been removed to allow the
kidneys to be seen. Cranial is to the left.

The posterior segment of the kidney in some male geckos,
skinks, and members of the iguana family is sexually dimor-
phic. This area is called the sexual segment. It becomes swollen
during the breeding season and contributes to the seminal
fluid. The color of the sexual segment may change dramati-
cally during the breeding season and may be misinterpreted
as pathology by the untrained eye (see Figure 5-16).

Nitrogenous waste is excreted as uric acid, urea, or ammo-
nia. Reptile kidneys have relatively few nephrons, lack a renal
pelvis, and also lack the loop of Henle and thus are unable to
concentrate urine. However, water may be resorbed from the
bladder, resulting in the postrenal concentration of urine. The
excretion of ammonia or urea results in significant water loss,
and the excretion of insoluble uric acid allows water conser-
vation. Thus, ammonia and urea are excreted in significant
amounts only in aquatic and semiaquatic species.’

A thin-walled bladder is present in most species of lizard.
When absent, urine is stored in the distal colon. Because uri-
nary waste flows from the kidney through the ureter into the
urodeum of the cloaca before entering the bladder (or colon
in species that lack a bladder), it is not sterile as in mammals.
Urine may change within the bladder, so urinalysis results
may not indicate renal function as in mammals.?? Cystic cal-
culi occur and may be caused in part by water deprivation
and diets containing excessive levels of protein.® The calculi
tend to be singular, smooth-surfaced, layered, and quite large
when discovered (see Chapter 49).

Lizards have breeding seasons determined by cycles of
photoperiod, temperature, rainfall, and availability of food.
In males, a corresponding fluctuation is seen in testicular size.
Male iguanas and other lizards are often noted to be more
territorial and aggressive during their breeding season.

Fertilization is internal. Male lizards have paired hemi-
penes that are sac-like and lack erectile tissue. They are stored
in an inverted position in the base of the tail and may pro-
duce noticeable bulges in the ventral proximal tail. Only one
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FIGURE 6-12 The large femoral pores on the ventral aspect of the
thighs of this Green Iguana (Iguana iguana) indicate that it is male.
Femoral pores of adult male iguanas are larger than those of females,
although this specimen has unusually large pores. Femoral pores of
juvenile iguanas resemble those of females.

hemipenis is used at a time during copulation. The
hemipenes are not involved in urination.

Female lizards have paired ovaries and oviducts, which
enter into the urodeum of the cloaca. Egg retention may be
preovulatory, where ovulation does not occur and the mature
follicles remain within the ovaries, and postovulatory, with the
shelled or nonshelled ova within the oviducts. Preovulatory
and postovulatory egg retention also have been referred to as
follicular stasis and egg binding, respectively.

Gender identification is difficult in juvenile specimens, but
most adult lizards are sexually dimorphic. Mature male igua-
nas have taller dorsal spines, larger dewlaps, and larger oper-
culum scales than do females and have bilateral hemipenis
bulges at the base of the tail. Male chameleons often have
elaborate head ornamentation in the form of horns, crests,
and plates that are lacking in females. Many other male
lizards have larger heads, bigger crests, brighter colors, or
erectable dewlaps or are larger than females.

Femoral and precloacal pores, when present, are larger in
adult males than females (Figures 6-12 and 6-13). These are
probably the most reliable means of determining the gender
of adult lizards. Sexing probes may be used in iguanas and
monitors but with less consistent accuracy than in snakes. A
technique of injection of saline solution into the base of the
tail to evert the hemipenis has been described, but care must
be taken to prevent trauma to the exposed hemipenis before
it is withdrawn.®? Pressure necrosis also may result from this
technique. This method might be considered in species that
are otherwise difficult to sex, such as monitors, Tegus, large
skinks, Beaded Lizards, and Gila Monsters. Hemipenes may
be temporarily everted in anesthetized males with application
of gentle pressure to the base of the tail, just caudal to the
cloaca. The hemipenes of mature male monitor lizards of
many species calcify and are demonstrable on radiographs.®?
Endoscopy to visualize the gonads may be used to identify
gender.?? Ultrasonic evaluation of the gonads in the coelom or
the presence or absence of hemipenes in the proximal tail also
may be used to identify the gender of a lizard? (see Chapter 23
for more information).

FIGURE 6-13 Small femoral pores of this Green Iguana (Iguana
iguana) indicate that it is female.

Lizard reproductive strategies vary and may be oviparous,
ovoviviparous (the eggs are retained within the female until
birth), viviparous (with a placental type of circulatory con-
nection), or parthenogenic. Several populations of certain
Lacerta spp. and Aspidocelis (Cnemidophorus) spp. consist
entirely of females and reproduce via parthenogenesis® (see
Chapter 23 for more information).

Nervous System

The reptile brain is more advanced with a larger cerebrum
and cerebellum than that of amphibians or fishes. Still, the
brain is small, not exceeding 1% of the body mass. Reptiles
are the earliest group of vertebrates with 12 pairs of cranial
nerves. The spinal cord differs from that of mammals in that
it extends to the tail tip.

Neurologic disorders are poorly understood and docu-
mented in reptiles, but basic neurologic reflexes should be
examined during any evaluation. Nutritional requirements
and history must also be evaluated because unbalanced diets
may result in neurologic symptoms, such as hypocalcemic
tetany.

Special Senses

The Ear

The ear has both auditory and vestibular functions. The
tympanic membrane is generally visible within a shallow
depression on the side of the head. It is covered with thin
transparent skin, the outer layer of which is shed during ecd-
ysis (Figure 6-14). In some lizards, such as the Earless Lizard
(Holbrookia maculata) and Horned Lizards, the tympanic
membrane is covered with scaly skin. Although mammals
have three auditory ossicles, lizards only have two: the slender
columnar stapes and its cartilagenous tip, the extracolumella.
The eustachian tubes connect the middle ear cavities to the
dorsolateral pharynx.

The Eye
The structure of the reptile eye is similar to that of other
vertebrates. The iris contains striated, not smooth, musculature,
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FIGURE 6-14 A monitor lizard (Varanus spp.) undergoing ecdysis
here sheds the outer layer of transparent skin that covers the
tympanic membrane.

and common mydriatics have no effect. General anesthesia or
d-tubocurare injected into the anterior chamber with a fine
needle may be used for mydriasis,® although this technique
is not recommended for the inexperienced practitioner.

The pupil is usually round and relatively immobile in
diurnal species and is usually vertically slit-like in nocturnal
species. Many geckos have a serrated pupillary opening that
results in a series of small holes when the pupil is completely
closed. The images that pass through these holes are superim-
posed on the retina, resulting in acute vision even in dim light
(Figure 6-15). The lens does not move for accommodation,
but rather muscles in the ciliary body change the lens shape
for this purpose.

Consensual pupillary light reflex is absent. The cornea
does not contain Descemet’s membrane. A ring of bony scleral
ossicles is present in most species.

Eyelids are usually present, except for some geckos and
the Oscellated Skink (Ablepharus sp.), which have snake-like
spectacles. The lower lid is more movable and moves upward
to close the eye. In some lizards, the lower lid may be trans-
parent, allowing vision when the lids are closed and the eyes
protected. The nictitating membrane is usually present.

The retina is relatively avascular but contains a conus pap-
illaris, a large vascular body that protrudes into the vitreous.
The fovea centralis, a depression in the retina responsible for
acute vision, is often present in diurnal species.

Certain Horned Lizards (Phrynosoma cornutum, P. coronatum,
and P. solare) can squirt an alarming amount of blood from
their eyes in response to threats from predators. They rarely
do this in response to humans but do so when molested by
dogs, coyotes, and foxes. If the blood spray enters their
mouth, canines shake their heads and salivate as if it were
distasteful. The lizards accomplish this by means of a pair
of muscles that constrict the venous outflow from the head,
causing an increase in blood pressure and leakage from the
ocular venous sinuses. When threatened, the Horned Lizard
arches its back and closes its eyes, which become swollen. A
fine stream of blood then shoots out from the margins of
the eyelids of one or both eyes for a distance of up to 4 feet.
The hemorrhage lasts 1 or 2 seconds and may be repeated two

FIGURE 6-15 Madagascar Leaf-tailed Gecko (Uroplatus fimbriatus).
The serrated vertical pupil is completely closed in the bright light
used for photography, resulting in a series of pinholes (seen as a
vertical line of tiny black dots in the center of the highly ornamented
iris). These allow acute vision.

or three times. The lizard may repeat this performance after a
brief rest if another predator threatens. The amount of blood
lost appears considerable, but the lizards recover rapidly
with no visible signs of harm.?”/?

A well-developed parietal eye is found on the dorsal mid-
line of the head in some lizards, such as the Green Iguana. It is
a degenerate eye that contains a lens and retina and connects
neurologically to the pineal body. It plays a role in hormone
(especially reproductive) production, thermoregulation, and
regulation of the amount of time a lizard basks in sunlight. It
does not form images.>%

Respiratory System

Nasal salt glands are present in herbivorous iguanid lizards
such as the Green Iguana. When the plasma osmotic concen-
tration is high, excessive sodium and potassium is excreted
by these glands. The lizards sneeze and expel a clear fluid
that dries to a fine white powder consisting of sodium and
potassium salts (Figure 6-16). This mechanism allows water
conservation and may be mistaken for an upper respiratory
infection. The paired internal nares are anterior in the roof of
the mouth and are a common site for discharges to accumulate
and a good site for bacteriologic sampling when respiratory
infection is present.

In primitive lizards, the lungs are hollow sacs lined with
faveoli (small sacs) that are more sponge-like than sac-like to
increase surface area for gas exchange. In more advanced
lizards, the lungs are further divided into interconnected
chambers by few large septae.> Monitors have multicham-
bered lungs with bronchioles that each end in a faveolus.!
Chameleons have hollow, smooth-sided finger-like projec-
tions on the margins of their lungs that must be identified
and avoided during coelomic surgery. These are not used in
gas exchange but rather to inflate the body and intimidate
would-be predators.! Some chameleons also have an acces-
sory lung lobe that projects from the anterior trachea cranial
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FIGURE 6-16 The nostril of this Green Iguana (Iguana iguana) is
enlarged from chronic sinusitis. It also has a layer of fine white
sodium chloride crystals around it. This is a product of the nasal
salt-excreting gland and is a normal physiologic process but may be
mistaken for an upper respiratory infection.

to their forelimbs. This may fill with secretions when infected,
resulting in swelling of the ventral neck (see Figure 6-17).

Vocal cords are occasionally present, notably in some
geckos, that can produce loud vocalizations.®

Lizards lack a diaphragm and move tidal volume with
expansion and contraction of the ribs. The monitors and Gila
Monsters have an incomplete postpulmonary fascia-like
septum that divides the thoracic cavity from the abdominal
cavity but does not aid respiratory movements.?’ The glottis
is normally closed except during inspiration or expiration.
The fluttering of the ventral throat does not result in signifi-
cant respiration but probably ventilates the oropharynx for
olfaction.’ Lizards often inflate their lungs to maximum
capacity to appear larger when threatened.

Some lizards can revert to anaerobic metabolism during
prolonged periods of apnea.

Skeletal System

Many lizards are capable of tail autotomy, or loss of the tail
(Figure 6-17). The advantage of autotomy is to escape from or
distract predators when grabbed by the tail. Tails are often
brightly colored to attract the attention of predators and wig-
gle extensively for a few minutes when they detach. Those
species that undergo autotomy possess a vertical fracture
plane through the body and part of the neural arch of each
caudal vertebra. This is a plate of cartilage or connective tissue
that develops after ossification.’ Fracture planes are absent
in the cranial part of the tail to protect the hemipenes, fat
deposits, and other structures. In iguanas, the fracture plane
is replaced by bone during maturation, resulting in a more
stable tail in adults. The lost tail is regenerated with a carti-
laginous rod for support. It generally has smaller darker
scales in a more irregular pattern than the original tail and
may be shorter and blunter.

Most iguanid lizards undergo autotomy, and most
agamids, their Old World counterparts, do not. Likewise, the

FIGURE 6-17 Tail autotomy in a Five-lined Skink (Eumeces fascia-
tus). The tail has fracture planes of cartilage through the vertebral
bodies, allowing it to break off easily when grabbed by a predator.
The detached tail writhes violently, allowing the lizard a chance to
escape.

Monitors and True Chameleons (Chamaeleo spp.) do not have
fragile tails. Those species with strong tails usually cannot
regenerate a complete tail if the original is lost (see Chapter 70).

Ribs are usually present on all vertebrae except in the tail.
Vertebral number is highly variable between species.

The forefeet and hindfeet are usually pentadactyl. The
typical phalangeal formula is 2-3-4-5-3 in the forefoot and
2-3-4-5-4 in the hindfoot.! Bipedal locomotion is seen in
some lizards, such as the Basilisk and the Collared Lizard
(Crotaphytus collaris) and results in great speed.

Integument

Lizards have relatively thick skin with ectodermal scales
formed by folding of the epidermis and outer dermal layers.
Epidermal growth is cyclic, and lizards undergo regular peri-
ods of shedding or ecdysis, during which the skin comes off
in large pieces in most lizards rather than in one piece as seen
in snakes. Some species eat their sloughed skin. Normal
shedding is one indication of good health. The frequency of
ecdysis varies with species, temperature, humidity, state of
nutrition, and rate of growth. Rapidly growing juveniles may
shed every 2 weeks.* Wounds and skin infections cause more
frequent shed cycles.

The skin contains few glands. Many lizards, notably
iguanas, have femoral pores in a single row on the ventral
aspect of the thigh (see Figures 6-12 and 6-13), and many
geckos have both femoral and precloacal pores, the latter in a
V-shaped row anterior to the cloaca. These tend to be larger
in mature males.

Chromatophores are abundant in species that have rapid
color changes, such as Chamaeleo spp. and Anolis spp. Control
of the chromatophores may be hormonal, neurologic, or both.
Chromatophores may react to stimulation from light or changes
in temperature.’

Osteoderms, or dermal bony plates, are present in Gila
Monsters, Beaded Lizards, some skinks, legless lizards, and
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Girdle-tailed Lizards. These are usually confined to the back
and sides.

Dewlaps, spines, crests, and horns may be present and
often are secondary sex characteristics, more prominent in
males. Spines serve a protective function in Bearded Dragons,
Horned Lizards and the Moloch (Moloch horridus).

A lateral skin fold is usually present between front and
hind legs. This is a convenient site for the injection of subcu-
taneous fluids.

Claws in large species like iguanas and monitors are large
and well developed with sharp points. These must be trimmed
at regular intervals to prevent deep scratches that would
occur inadvertently even with casual handling. The nails
should be trimmed before a physical examination.

Endocrine System

Reproductive hormone levels are influenced by photoperiod,
temperature, and seasonal cycles.

The thyroid gland varies with the species and may be sin-
gle, bilobed, or paired. The thyroid controls normal ecdysis.
Lizards have paired parathyroid glands that control plasma cal-
cium and phosphorus levels. Nutritional and renal secondary
hyperparathyroidism are among the most commonly diag-
nosed diseases in captive reptiles.

Adrenal glands are suspended in the mesorchium or meso-
varium and must be avoided during surgery for neutering.

The reptile pancreas has both exocrine and endocrine
functions. The beta cells produce insulin, but diabetic
changes are rare and often associated with widespread
disease. Insulin and glucagon have the same functions in
controlling blood sugar levels as they do in other vertebrates
(see Chapter 58).

Endocrine disorders are poorly documented in reptiles
and are probably underdiagnosed.

ENVIRONMENTAL CAPTIVITY
REQUIREMENTS

Philosophy

Captive reptile husbandry has two main schools. Traditionally,
spartan, easily cleaned cages were recommended and popular.
Bare cages with newspaper substrate and a single branch and
water bowl were considered adequate. The advantage was
ease of maintenance at the cost of stimulation and enrichment
for the cage inhabitants. More recently, lush complex natura-
listic vivaria have become quite popular. Although these
vivaria are more aesthetically pleasing for both the owner
and the pet, they do not come without cost. Such cages are
labor intensive to maintain, and if inadequately done, bacte-
ria and fungi build up to levels that result in illness for the
cage inhabitants. Few but the most dedicated and experi-
enced hobbyists do an adequate job of maintaining hygiene
in such complex cages. If a keeper cannot properly maintain
a complex vivarium, then a simpler setup is a better choice.
Likewise, ingestion of substrate is common when sand,
gravel, or bark is used, especially if the diet is unbalanced or
inadequate in amount. In spite of the potential problems,
cages should be enriched to reduce stress and allow normal
behaviors among the inhabitants.

Caging

Lizards need large cages to accommodate their active behav-
ior, and most keepers provide cages that are too small for the
lizards they keep. De Vosjoli*! recommends that the cage
length equal 1.5 to 2 times the total length of the lizard
housed within and the cage width at least half that length
(Figure 6-18). Divers® suggests even more space, quantifying
requirements as 0.2 m* cage space per 0.1 m total length for
terrestrial lizards and 0.4 m® cage space per 0.1 m total length
for arboreal lizards. That equals a cage two times as long and
one time as wide as a terrestrial lizard is long or two times as
long, two times as high, and one time as wide as an arboreal
lizard is long. Thus, a 1 m-long iguana should have a cage
measuring 2 m long, 2 m high, and 0.5 to 1 m wide, and a
2 m-long one needs a huge cage measuring 4 m long, 2 m
high, and 1 m wide, almost the size of a whole room. Few
commercial cages exceed 1.2 m long, so once a lizard reaches
a length of 0.8 m, it needs a custom-built or room-sized cage.
Aquariums sold for juvenile iguanas and monitors rarely are
adequate for more than a year. Chameleons need proportion-
ately more space than even this, and cages varying from
1% 0.5 x 0.6 m high for dwarf species to 1.3 x 0.6 x 1.3 m high
for large species are minimum standards.*

Many reptiles are escape artists and can squeeze through
narrow cracks. Therefore, cages should be secure with tightly
fitting lids. The sides should be smooth to prevent rostral
abrasions. Metal screening should be used with caution
because this screening does not retain heat and can result in
foot and rostral trauma. Plastic mesh, polyethylene hardware
cloth, or plastic-coated wire mesh is less abrasive. Cages
made of wood must be sealed with polyurethane or a similar
waterproofing agent and the joints caulked to allow cleaning
and disinfection. Fresh polyurethane must be allowed to cure
for several days, and the cage should be thoroughly aired out
before placing a reptile in the cage or toxicity may result.
Ventilation is crucial because ample air exchange is necessary
to prevent the harmful buildup of bacteria and fungi.

Lizards allowed to roam free in the house are subject to
chilling (lack of access to a heat source, too much access to
cold outside walls and windows, and drafty floors), trauma
(being stepped on, closed in doors, falling from high shelves
or curtains, and attacked by dogs and cats), and escape.

Arboreal species need vertical space and climbing branches.
Dry climbing branches of appropriate diameter may be used to
make a three-dimensional pathway for them. Certain species
have specific requirements; for instance, Frilled Lizards and
Corytophanes cristatus need vertical or strongly inclined
branches on which to perch and become anorectic if these are
not available (Figure 6-19).3 Likewise, geckos with adhesive
lamellae on their feet prefer solid surfaces to screening. Live
nontoxic plants that lack spines and slippery surfaces and are
big enough to bear the weight of the lizard are recommended.
These act as cage furniture and add humidity, shelter, egg-
laying sites, and visual enhancement. They should be potted to
facilitate cleaning.* Silk plants may be coated with toxic water-
soluble stiffeners and should not be used.®

Substrate

Many different types of substrate are available. Each has
advantages and disadvantages. Selection can be tailored to
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FIGURE 6-18 Lizards are active and need relatively large cages.
Cages are recommended to be twice as long and one time as wide as
the length of the lizard housed within. Nevertheless, this Basilisk
(Basilicus plumifrons) is housed in a spacious cage at least three times
its length, yet it has chronic rostral abrasion from repeatedly running
into the glass.

FIGURE 6-20 Gastrointestinal impaction in a Leopard Gecko
(Eublepharis macularius) with fine-grade bark sold as substrate espe-
cially for reptiles. Cloaca, shown here in front of the body, was
impacted, swollen, and abscessed. The entire gastrointestinal tract
was distended with bark chips.

FIGURE 6-19 Some lizard species like this juvenile Frilled Dragon
(Chlamydosaurus kingii) need vertical branches on which to perch or
they fail to thrive.

the particular needs of the client and species being housed.
An ideal substrate is one that is inexpensive, aesthetically
pleasing, easily cleaned, absorbent, and digestible if swal-
lowed. Substrate can be flat newspaper, indoor-outdoor car-
pet, orchid or so-called “reptile” bark chips, cyprus mulch,
potting soil, or commercial animal bedding made from recy-
cled paper or wood pulp.®131:33353% Newspaper is inexpen-
sive and clean and easy to use but not aesthetically pleasing.
Carpet is labor intensive and requires washing. Orchid bark
products made from fir may be used but never redwood or
cedar. If bark chips are excessively dusty, they could be rinsed
and dried before use. Coarse-grade bark is too large to acci-
dentally be swallowed by most lizards but can irritate the feet
of lizards that dig repeatedly, such as monitors. Fine-grade
bark can cause fatal gastrointestinal impaction if swallowed
by a lizard (Figure 6-20). A shallow feeding dish can be used

FIGURE 6-21 Radiograph of fatal gastrointestinal impaction in a
Leopard Gecko (Eublepharis macularius) with so-called “digestible
sand” sold as reptile bedding.

to minimize the risk of accidental substrate ingestion, but the
bark should be removed if a keeper sees the lizard eat some
or finds it in the droppings. Potting soil for lizard bedding
should not contain perlite, pesticides, or fertilizers. It is
basically harmless if swallowed but can become muddy or
dusty if too wet or too dry. Recycled paper animal bedding
currently is a popular bedding to use because it is more
absorbent and less dusty than alfalfa pellets, it can be
changed less frequently, it is more or less digestible if
swallowed, and it is compostable.

Sand or a mixture of soil and sand may be used for desert
species. Calcium carbonate marketed as digestible sand can
be useful, but fatal gastrointestinal impactions in geckos have
been reported (Figure 6-21).” Offering a powdered calcium
supplement in a dish may minimize this risk. Silica sand is
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not recommended because it is abrasive and generates
silica dust.

Cedar shavings contain aromatic resins that may be toxic
to small reptiles.* Other substrates to avoid include alfalfa
pellets, gravel, crushed corn cob, clay kitty litter, and miscel-
laneous wood shavings.*113 Alfalfa pellets are digestible if
ingested and look nice but are dusty and odiferous when wet.
Particulate substrates are difficult to clean, so many keepers
fail to clean the cages thoroughly or with regular frequency.
These substrates also retain moisture from animal waste
and spilled water, which in the warm environment of the
cage can promote microbial growth and infections in the
animal. Reptiles may ingest these substrates, which results in
gastrointestinal impaction (Figure 6-22). Fine bark chips and
sand, except for desert species, used to be recommended
against for these same reasons but are beginning to gain favor
because of the current popularity of naturalistic vivaria.
Now many keepers believe the risks of bark and sand
are minimal and that the advantages outweigh these
risks. Species that burrow are the exception and must be
provided with sand or other suitable material in which to
burrow.

Thermoregulation

Reptiles are ectothermic and need supplemental heat in
captivity. The preferred body temperature (Tp)isa behavioral
choice and is the temperature range a reptile selects when
placed in a thermal gradient. The optimal body temperature
(T,) is a physiologic constant that represents the temperature
at which performance is maximized. T, is necessary to opti-
mize metabolic processes including digestion, growth, heal-
ing, reproduction, and immune system function. T, and T,
usually overlap.

One commonly used heat source for captive lizards is the
hot rock, which is an artificial rock that contains an electric
heating element. This rock is inappropriate in many cases
because most lizard species derive external heat from basking
in the sun (radiant heating) and not from lying on rocks
heated by the sun (conductive heating). Hot rocks also do not
heat the air adequately. Hot rocks also can be dangerous
because they allow direct contact with the heat source, which
may result in dehydration and severe burns. Substrate heat
supplied by a thermal pad outside of the cage bottom is a
safer alternative. A radiant heat source is better for most
lizards, and keepers should be aware of the difference
between overhead and substrate heat sources. Radiant heat
sources include spot and flood lamps, ceramic heaters, and
radiant heat panels. When radiant heat sources are used,
direct contact must be prevented to avoid burns.

Heat sources should be used in conjunction with a ther-
mostat so that the temperature in the cage can be precisely
controlled. A number of models designed for use with reptile
heating systems are commercially available. Temperatures
within the cage must be monitored with a thermometer. It is
important to know and adjust the temperature where the rep-
tile rests and in the hottest and coolest parts of the enclosure.
Remote infrared thermometers or “temp guns” are useful for
this, but thermometers attached to the back of the cage provide
little useful information.

Heating supplies for reptiles, including heat sources, ther-
mostats, and infrared thermometers are widely available

FIGURE 6-22 Radiograph of gastrointestinal impaction in a Collared
Lizard (Crotaphytus collaris) with pea gravel sold as “too large to
swallow.”

from various Internet-based reptile supply dealers who
advertise in herpetological magazines and websites.

Thermal gradients must be provided. In nature, the envi-
ronment consists of multiple microenvironments with vary-
ing temperatures and humidity levels. Reptiles in the wild
control their core body temperature to within a few degrees
of their T, via thermoregulation—they move all or parts of
their bodies into or out of direct sunlight. A thermally complex
environment is recommended for captive reptiles to allow
them to adjust their body temperature behaviorally as they
would in the wild. A thermal gradient on both a horizontal
and vertical axis is ideal. This can be created by providing a
focal hot spot on one side of the cage with a combination of
substrate and radiant heat. This area should reach the T, for
the species being housed. A captive can heat up in the morn-
ing by sitting in the focal hot spot and move out of the hot
spot when it exceeds its T,. Having the entire cage maintained
at a uniform temperature is unnatural.

Diurnal temperature fluctuations occur between day and
night in the wild, so heat sources should not be left on 24 hours
a day. Daily fluctuations in temperature seem to be important
for lizards.*® The best method of supplying supplemental
heat is to use a substrate heater under, rather than within, the
cage in combination with a radiant heat source. Substrate
heat can be provided with various commercially available
reptilian heating pads or heat tape set to keep the floor of the
cage at the low end of the T, for the species being kept. The
substrate heat source should be left on 24 hours a day.
Radiant heat sources can then be used to raise the focal hot
spot by 10 or 15 degrees during the day reaching the T,.
Timers can be used to turn the heaters off at night. Red or
amber lamps may be used at night to maintain cage temper-
atures in colder climates.

Diurnal cage temperatures should range from 26.5°C to
37°C (80°F to 98.5°F) and 24.0°C to 29.5°C (75°F to 85°F) for
tropical and temperate species, respectively. The particular
needs of a given species should be researched because some
require hotter or cooler temperatures than these (see Table 4-1).
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Stressed, sick, or injured reptiles need to reach their T, to opti-
mize immune system function. Drug uptake and distribution
is influenced by temperature, and reptiles should maintained
at their T, when receiving medications or anesthetics.

Osmoregulation

Pseudomonas spp. bacteria grow rapidly in water bowls, so
bowls should be changed and disinfected or washed in hot
soapy water daily.¥

Arboreal species, such as Old World Chameleons, geckos,
and anoles, only lap dew from leaves. These species need a
daily misting of the cage or a drip system. A simple drip
system can be made with old IV tubing pushed through the
bottom of a water-filled plastic milk bottle. The IV set is
adjusted to allow a steady drip over broad leaves in the cage,
and a bowl is placed on the cage floor to catch the excess. A
single pinhole in the bottom of a milk jug provides a simpler
but less adjustable drip system. Alternatively, an aquarium
pump may be connected to a large pan of water so that water
is pumped up through tubing and allowed to drip over
leaves and then flow back into the pan. Commercial misters
and drip systems are available from reptile suppliers.

Tap water usually is adequate, but bottled water might be
used where the tap water quality is in question. Aging the
water or dechlorination is not necessary.

Humidity is an important but often overlooked factor.340
In general, jungle species need higher humidity and desert
species lower humidity. Most species do well at humidity
levels of 50% to 70%.3® High humidity and temperature can
result in rapid growth of bacteria and mold in the cage, but
this can be prevented with adequate ventilation.

Correct ambient humidity is necessary to ensure proper
ecdysis in winter when humidity in the average home can get
as low as 10%. Low humidity can be corrected by placing
damp sponges in the hide boxes or by using a so-called humid-
ity box. This is made by cutting an access hole in the side or top
of a plastic storage container and partially filling it with damp
but not soaked sphagnum moss. Frequent spraying with a
plant mister is also effective but is more labor intensive.
Commercial misting machines for reptile cages are available.
Room humidifiers or vaporizers may be more efficient for
controlling humidity in collections with numerous cages.

Feeding and Nutrition

Herbivores

Green Iguanas are herbivorous and in the wild feed almost
entirely on leaves of trees and vines.2*4'42 They do not have
gizzard-like stomachs and do not need grit or gravel to help
digest their food. In fact, intestinal obstruction with gravel is a
common problem when iguanas are kept on this substrate 5112
Likewise, they are not insectivorous as juveniles that gradu-
ally transform to herbivores as they mature; they are herbiv-
orous from birth (although an insect occasionally might be
taken opportunistically).?*4? This misinformation was in the
literature in the 1960s and has been perpetuated in many
poorly researched pet store “how to” books. They do use
microbial fermentation in the hindgut to digest high-fiber
diets as efficiently as ruminants. However, this requires high
environmental temperatures. Newly hatched iguanas lack
the microbes necessary for hindgut fermentation and obtain

them in the wild by eating the feces from adult iguanas.®34*
Whether the oral inoculation of captive hatched iguanas with
the parasite-free feces of adult captive iguanas is beneficial
for digestion is unknown, but the captive diet is relatively
more digestible than the leaves that make up the bulk of their
diet in the wild. However, this practice can be a useful part of
the treatment of diarrhea in this species.?

Other species of herbivorous lizards, such as the Caicos
Rock Iguana (Cyclura carinata) and Gray’s Monitor Lizard
(Varanus olivaceous), do undergo an ontogenetic change from
a carnivorous diet as juveniles to an hebivorous one as adults.
These two species use very different feeding strategies. The
Rock Iguana is a generalist, feeding on 80% of the local plant
species and using many parts of the plants but focusing on
leaves. Adult Gray’s Monitors are specialists that restrict their
diet to ripe fruit of only a dozen or so of the thousands of
local plant species.*®

Ground Iguanas (Cyclura spp.), the Prehensile-tailed Skink,
Spiny-tailed Iguanas (Ctenosaura spp.), Spiny-tailed Lizards
(Uromastyx spp.), and the Chuckwalla are herbivores with
hindgut fermentation like Green Iguanas and in general do
well with iguana husbandry techniques.?

In captivity, herbivorous lizard diets should be based on a
variety of chopped, dark green, leafy vegetables. Greens that
contain oxalates, like spinach, or goitrogens, like kale, should
be used sparingly. Fruit should be minimized, not because it is
toxic but because it dilutes the beneficial nutrients of the other
ingredients. In one study, adding 1 cup of strawberries to 1 cup
of romaine reduced the protein and calcium concentrations by
two thirds compared with romaine alone.* Recommended
diets, including ingredients, amounts, and schedules and
vitamin and mineral supplementation, are listed in Table 6-1.
Commercial iguana diets are available but vary in quality and
palatability. Their use should be limited to less than half of the
total diet (see Chapter 18).

Wild Green Iguanas are specialized folivores and eat
primarily leaves from trees. Captive iguanas are exposed to a
number of food items they would never see in the wild. The
owner must patiently work with the pet iguana and train it to
eat a balanced diet. The lizard should never be allowed to
choose what it eats because taste and palatability do not
necessarily equate to nutritional value.

No captive iguana diet can be accurately described as
proper. Precise nutritional requirements for this species are
not known, and wild iguanas eat leaves from trees that are
not available in captivity. We can approximate a nutritious
diet, but most formulations are based on anecdote, experience,
and speculation rather than scientific feeding trials.

Hatchling Green Iguanas in retail outlets are often anorec-
tic, underweight, and weak. They may weigh less than 10 g
and have a sunken abdomen and bony pelvic girdle. These
lizards should be assist fed an appropriate vegetarian diet,
such as a commercial tube feed mixture for rabbits or a gruel
of rabbit pellets, as opposed to a liquid diet for carnivorous
dogs and cats, at 1% to 3% of their body weight every 2 days.
At the same time, the juvenile lizards should be offered a
finely chopped diet, as described in Table 6-1, until they are
eating on their own.134”

Insectivores
Crickets, readily available in pet stores, are overused
in lizard diets. Crickets by themselves are low in protein
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IELICNBN Recommended Diet for Captive Green Iguanas

All plant material must be washed, chopped (a food processor is 5. Vitamin/mineral supplementation: supplementation is

recommended), and thoroughly mixed to ensure a balanced
diet in which all food items are eaten rather than just the
favorite or tasty ones. Prepare enough for 4 to 7 days, store it
in the refrigerator between feedings, and serve it at room
temperature or slightly warmer. Offer food after the iguana
has had several hours to bask under its heat source in the
morning, leave it in all day, and remove uneaten food in the
evening.

Hatchlings up to 14 inches in length:

Feed twice a day or provide continuous availability

Plant matter finely chopped or shredded

Juveniles up to 2.5 years or 3 ft in length:

Feed once a day

Plant matter fine to medium chopped or shredded

Adults over 2.5 years and 3 ft in length:

Feed daily or every other day; overfeeding an iguana is
impossible with the high-fiber vegetarian diet
recommended here

Plant matter coarsely chopped

Ingredients: EACH MEAL contains ingredients from ALL FIVE

of the following categories:

1. Calcium-rich leafy greens, 40% to 45% of the diet or more,
three or more items per feeding: turnip greens, mustard
greens, collards, pesticide-free dandelion greens and
flowers, clover, escarole, carrot tops, parsley, nasturtium
leaves and flowers, and hibiscus leaves and flowers. Also
offer endive, romaine, mint, and cilantro.

Spinach, chard, and beet greens have high levels of
oxalates that can tie up calcium; and kale, bok choy, and
broccoli leaves have high levels of goitrogens. Both
groups can be used but in moderation.

Iceberg, Boston, butter, and head lettuces have little
nutritional value compared with the dark leafy greens.
Romaine is intermediate in value and should only be
used in combination with the dark leafy green mentioned
previously.

2. Other vegetables, 40% to 45% of the diet, a variety
weekly: raw green beans, snow and snap peas, squash,
sweet potato, okra, bell pepper, mushrooms, and yams.
Thawed frozen mixed vegetables can be used
occasionally. Grated carrot should be used occasionally
only because it also contains high levels of oxalates.

Vegetables with low nutritional value include
cucumbers, tomatoes, onions, olives, zucchini, and
radishes.

3. Alfalfa is a good source of fiber and protein. Alfalfa is
available as minibales or pellets for small mammals from
pet and feed stores. Read pellet ingredient labels to
ensure alfalfa is the first ingredient listed. Do not use
mixes that contain seeds and other ingredients. Alfalfa
also is available as powder, tablets, or capsules from
health food stores. Pellets and powder should be softened
by soaking them in water before feeding. Be sure to use
mature leaves and stems rather than sprouts. If an iguana
refuses to eat alfalfa as offered, powder or crushed tablets
can be added at low levels to the salad, with a gradual
increase in the amount over several weeks.

4. Fruits, occasional treat or supplement. Fruits are low in
most nutrients, including protein and calcium, and have
high levels of phosphorus. They should not make up a
large portion of the diet. Fruits dilute the good nutrients
found in the leafy greens and vegetables. The following
may be offered: figs, papaya, melon, apple, peaches,
plums, strawberries, banana (with skin), and kiwi.
Grapes and raisins have caused toxicities in dogs; use
with caution, if at all.

advised because vitamin and mineral deficiencies are
common in iguanas. However, calcium and the
fat-soluble vitamins (A, D, E, and K) can be both
oversupplemented and undersupplemented. To avoid
oversupplementation, natural sources from a varied diet
are the best choice, with moderate vitamin /mineral use to
balance the diet. To date, no documented studies exist on
specific requirements for any lizard species.

Many commercial products are available for reptiles, but no
manufacturers are required to prove potency or safety of
their products. Products vary widely in levels of
ingredients. Look for a ratio of roughly 100 parts
vitamin A to 10 parts vitamin D, to 1 part vitamin E.
Human products with vitamin Dj rather than D, may
also be used.

Minerals: Use powdered calcium carbonate (cuttlebone
shavings is one source) or calcium gluconate.

Hatchlings and juveniles: 1 small pinch per feeding. Give
vitamins 4 to 5 days a week and calcium 7 days a week.

Adults: 1 full pinch per 2 Ibs body weight. Give vitamins
two to three times a week and calcium four to five times a
week (unless gravid or sick, then five to six times a week).

Vitamin powder on top of the salad may make it
unpalatable. It should be mixed in thoroughly. If you can
see the powder, you probably used too much.

A word about grains: grains such as bread, crackers, pasta, and

seed are recommended in some iguana diet recipes. This
food group is low in the nutrients that iguanas need,
especially fiber, protein, and calcium. Grains should be
limited to occasional treats if used at all.

A comment about animal protein sources: Traditionally, animal

protein sources have been recommended in the diets of
iguanas. However, in the wild, they are folivores, a type of
vegetarian that eats primarily leaves. Some iguana books
falsely claim that Green Iguanas eat insects until they mature
then switch to a vegetarian diet as adults. This is not the
case. They are vegetarians from birth, although they may
occasionally accept unnatural foods, such as crickets or even
mice in captivity. Although animal protein sources
traditionally have been recommended for iguanas, their
necessity has not been scientifically documented. Protein
should be supplied as a plant-based source.

Little nutritional value: crickets, mealworms, king mealworms

Too much protein or calcium: small prekilled mice, primate
diets, trout chow, dog and cat food

A comment about commercial iguana diets: The advantage of

these products is that they are easier to use than preparing a
balanced salad several times a week. The disadvantage is
that in spite of claims that the commercial diets are
complete and balanced, they may not be so. The exact
nutritional requirements for Green Iguanas have never been
scientifically determined. Commercial diets that have high
levels of protein (sometimes derived from animal sources
rather than plant sources), fat, corn, soy, wheat, grains,
goitrogenic vegetables, fruits, or flowers should be avoided.
The main ingredient, which is always mentioned first on the
ingredient list, should be alfalfa. Pelleted or powdered diets
must be moistened with water before feeding. Frozen diets
can be deficient in thiamine.

Commercial iguana diets may have a role in iguana nutrition

but should only be part of the diet until more is known.

Captive Diet References:
Kaplan M: Iguanas for Dummies. Foster City, CA, 94404, IDG

Books Worldwide, Inc., 2000.

Hatfield JW: Green Iguana: the Ultimate Owner’s Manual.

Portland, OR, Dunthorpe Press, 1996.
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and calcium 3434849 Many pet stores do not feed the crickets
before sale for less mess to clean, but this practice results in
less nutritional value.*% Commercial cricket foods are avail-
able and should be fed to the crickets for at least 48 hours
before their use as prey items, a practice called gut loading.
Nevertheless, crickets should not be more than 50% of the
diet.324748 The remainder of the diet can consist of a variety of
wild-caught and captive-raised insects and other prey items,
including but not limited to mealworms, king mealworms,
wax worms, earthworms, cockroaches, giant cockroaches,
flies, cicadas, grasshoppers, field crickets, caterpillars, silk
worms, and newborn pinkie mice.**%4 One should note that
fireflies can be potentially toxic and lizard deaths have
resulted from the ingestion of a single firefly (see Chapter 83).%°
“Sweepings” are obtained by sweeping a butterfly net
through a grassy field and provide a variety of insect life.#34°
Porch lights attract a variety of nocturnal insects. Hard-
shelled beetles make up most of the diet of many lizards in
the wild, such as Bengal (Varanus bengalensis) and Savannah
Monitors (V. exanthematicus).5!

Vitamins and minerals of the types listed in Table 6-1 are
recommended. These may be applied to the insect prey with
a salt shaker or by shaking the insects in a plastic bag with
a small amount of supplement powder.®% Insects groom
themselves and remove this powder, so they should be
offered immediately to the lizard. Young growing lizards
should receive vitamin supplements once or twice a week
and calcium supplements daily, and adults should receive
vitamins every other week and calcium three to four times a
week. Insects should be presented in a controlled manner so
that the appetite can be monitored.®® No more insects than
would be eaten at once should be placed in the cage.

For chameleons, the best method is to hand feed. The
insect may be held in front of the chameleon or may be placed
in a smooth-sided bowl suspended in the climbing branches.®
Juvenile chameleons must be fed several times a day, and a
single daily feeding suffices for adults.®

Carnivores

Carnivorous lizards should be fed prekilled whole prey.543
Rodents are preferable to chicks, and chicks are preferable to
fish. Live rodents should never be offered as a food source.
Not only does this prevent rodent bites to the lizard, but it is
also more humane for the prey.®3 Appropriate-sized prey
should be offered to prevent undue stress in swallowing.
Juveniles should be fed once or twice a week, and adults
every week or two. Obesity is common in adults, and these
animals should be fed smaller amounts or less frequently.

If whole rodents and chicks make up the bulk of the diet,
vitamin and mineral supplementation is not necessary.543
Newborn pinkie mice have less total calcium than do adult
mice, and calcium should be supplemented if these are
used.5*

Other items may be offered to help reduce feeding costs,
but these are less optimal than whole prey items and should
always be less than 50% of the diet. Chicken parts may be
offered but should be washed and cooked to lessen the risk of
harboring Salmonella bacteria. Bones are digested. Ground
beef is high in fat and low in calcium and is nutritionally
inadequate. Dog food, cat food, and trout pellets are not
designed or formulated for reptiles and only should be used
as supplements if at all.&*43

Ultraviolet Light Requirements

The full spectrum of natural light, specifically the ultraviolet
wavelengths (UV), is important for vitamin D synthesis and
calcium metabolism in diurnal lizards that do not eat verte-
brate prey.113335363852 JV-A (nearwave, 320 to 400 nm) pro-
duces beneficial behavioral and psychologic effects but does
not activate vitamin D precursors in the skin. UV-B (middle-
wave, 290 to 320 nm) is necessary for vitamin D activation.
Reptiles benefit from both UV-A and UV-B light.3%
Nevertheless, scientific studies into the specific requirement
for UV light in captive lizards are lacking, and specific
requirements for UV wavelength, intensity, and length of
exposure are largely unknown (see Chapter 84).%

No artificial UV source matches the sun, but certain
precautions must be taken before exposing captive lizards to
direct sunlight. First, window glass filters out UV rays, so
sunlight through a window is of no benefit. A reptile in a
glass cage should never be placed in direct sunlight or over-
heating and death may occur. % Reptiles should be in a
screen or mesh cage to allow sunlight to enter but at the same
time prevent the escape of the lizard. Part of this enclosure
must be shaded with an overhang or plants to allow the ani-
mal to get out of the sun. Another advantage of a screen or
wire cage over hand holding a lizard or using a leash is that
direct sunlight can result in temporary changes in personal-
ity, and normally tame lizards can become agitated and
aggressive.® These changes reverse readily when the lizard is
brought back inside. Lizards basking in sunlight should be
monitored to prevent overheating, exposure to predators or
theft, or any problem that might arise. Basking outside
should not be allowed if the ambient temperature is exces-
sively high. Even 15 to 30 minutes of direct sunlight a week
can be quite beneficial.

A number of artificial UV-B light sources for reptiles are
commercially available.3335%384052 Obviously, a bulb producing
5.0% of its emitted light as UV-B is more efficient than one
producing 2.0% UV-B. Moreover, a 48-inch tube produces more
light than an 18-inch tube, and two tubes produce twice as
much light as a single tube. Traditionally, fluorescent tubes have
been considered better UV-B sources than incandescent bulbs,
but mercury vapor bulbs that provide UV-B and heat in a single
bulb are now available. These lamps get very hot and must be
used with caution and only with larger lizards. New UV light
sources are becoming available on a regular basis, and each
should be evaluated on the basis of the wavelengths of UV
produced.

There should never be glass or plastic between a UV light
source and the reptile, as it will filter out the beneficial UV rays.
Follow manufacturer recommendations for distance between
the lamp and the reptile, and how frequently to replace
the bulb.

Caution should be taken to avoid human exposure or eye
contact with the UV rays because these have been associated
with skin cancer and cataract formation.3*3 Artificial UV light
sources should mimic natural photoperiods and be turned off
at night.

Artificial light sources cannot replace natural sunlight,
and those reptiles with access to the sun in outdoor enclo-
sures, even on a screen porch or patio, invariably have better
growth, health, behavior, reproduction, and longevity than
those kept indoors.3%35:%
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Visual Security

Visual security is beneficial, especially for nervous
species.®*03237 A hide box, which is a place where the caged
reptile can retreat for some privacy, should be provided for all
cage inhabitants. Hide boxes can be made from a cardboard
box, terra cotta pottery, cardboard tubes, PVC tubes, corru-
gated black plastic drainage tubes, sheets of cork bark, or the
saucer that fits under a flowerpot. The latter is inverted and a
hole is cut through the top or side to allow access. Arboreal
species should be provided with real or artificial plants
in which to hide3'® Many animals refuse to eat and may
become stressed if they lack a secure hiding place. If the lizard
does not use the hiding place, something is wrong with it and
a different size or shape should be tried.

Disinfection

Cages and food and water bowls must be cleaned frequently.
A solution of 3% sodium hypochlorite is an effective and
economical disinfectant.®®4° The cage and its furniture must
be rinsed thoroughly before returning a lizard to the cage.
Keepers must wash their hands thoroughly after cleaning
each cage and not transfer water bowls, uneaten food, or
climbing branches between cages without disinfecting them
first (see Chapter 85).

Quarantine

New reptiles to a collection must be kept in a separate area
from the main collection for a minimum of 3 months (see
Chapter 4).%53 New arrivals should have physical examina-
tions, recorded body weights, fecal examinations, parasite
treatment, and monitoring for appetite, normal behavior, and
symptoms of illness. At the very least, the owner should
inspect new arrivals. The main collection should be fed and
cleaned first and the quarantined animals second, with no
transfer of animals, cages, food and water bowls, uneaten
food items, or cage furniture between the two. Keepers must
wash their hands and consider clothing changes after working
with either collection to prevent the inadvertent transfer of
pathogens. Ideally, different keepers should care for the two
collections. The farther apart the two collections are physically,
the less likely an epizootic will occur. No transfer of air should
occur between the two groups. When multiple animals are
quarantined, they should enter and leave the quarantine area
as a group.

Communal Housing/Handling

Pet stores often display lizards for sale in crowded community
tanks, suggesting that these are social animals. However,
lizards are highly territorial and are stressed by the presence of
conspecifics.!%40 Male lizards are more territorial than females
and react more violently to other males than to females.
Hormone fluctuations, and thus territoriality, are seasonal and
are manifested most acutely during the breeding season.*
Chameleons are especially territorial®® When two or more
lizards are kept together, the larger or more aggressive individ-
ual may physically attack the subordinate one, sometimes
inflicting serious wounds (Figure 6-23). More often, it domi-
nates in more subtle ways by keeping the subordinate lizard

FIGURE 6-23 Large groups of juvenile Bearded Dragons (Pogona
vitticeps) were housed together by a breeder for lack of cage
space. They commonly bit each other, resulting in infection, abscessa-
tion, and avascular necrosis necessitating amputation of limbs and
tails.

away from the food and heat sources. This allows the dominant
one to digest its food more efficiently, grow faster, and have a
more effective immune system than the subordinate lizard. The
subordinate lizard in a pair invariably has chronic stress and
thus fails to thrive. Symptoms include slow growth, emaciation,
poor muscle tone, poor color, lethargy, and susceptibility to
infections and parasites. The treatment is to separate the lizards.
Reflective surfaces and mirrors should be avoided, especially
for male lizards that attack their own reflection.

Keepers might occasionally observe two lizards in a cage
to lay in the same spot and overinterpret that they have a
relationship. However, stress is still present. If providing each
lizard with its own cage is impossible, only same-sized
members of the same species should be kept together and
placing two males together should be avoided. A large cage is
necessary, with enough spatial complexity so that the lizards
are able to stay out of sight of one another while maintaining
separate access to heat, UV light, water, and food.

Human nature is to be enthused about pet lizards, espe-
cially newly acquired ones, and to want to handle them
frequently. However, unless a pet lizard is tame and accli-
mated to captivity, this practice causes stress and leads to
anorexia.1%64049 In general, the relatively large species, such
as iguanas and monitors, are less prone to panic and flight
behavior and tolerate handling better than small species.
Bearded Dragons (Pogona spp.) and Plated Lizards
(Gerrhosaurus spp.) are especially docile and easily handled.
Small high-strung species and juveniles or hatchlings of any
species are easily startled and try to escape frantically, leap-
ing from the keeper’s grasp and scurrying frantically for
cover across the room. Many Day Geckos (Phelsuma spp.)
have fragile skin that is easily torn. None of these should be
handled. Excessive handling of all lizards should be avoided.
Handling, when done, should be in a closed room with little
furniture for escaped lizards to hide behind or inside.
Holding lizards over a table or in a lap lessens the distance
they fall if they should try to escape.?’ Clients and employees
who handle reptiles should be encouraged to wash their
hands thoroughly when finished.
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FIGURE 6-24 Some species of lizards, like this juvenile Nile Monitor
(Varanus nioloticus), are naturally aggressive and do not make suitable
pets. Only the most experienced herpetoculturists should attempt to
keep them.

BEHAVIOR

Lizards tend to be alert and responsive, almost inquisitive.
Captive-born lizards tend to be tame and docile. They tolerate
handling and seem to relax when lightly stroked. Wild-
caught lizards tend to be shy and wary. They frantically try to
escape at the slightest disturbance.

Iguanas, monitors, and other lizards may exhibit defen-
sive aggression when threatened. They stand sideways to the
threat, swallow air to increase their size, stand high off the
ground to look bigger, and lash at the threat with their tails.
Some may gape and threaten to bite if provoked (Figure 6-24).

Offensive aggression is rare and usually involves sexually
mature iguana males during the breeding season from
December to March. They may attack anyone entering their
territory and attempt to bite. These lizards must be confined
to their cage during these times. A series of unprovoked
attacks by adult male iguanas on their female human owners
that occurred during the owner’s menstrual period has been
noted. Pheromones were postulated to have played a role in
the aggressive behavior.®

Many lizards exhibit head bobbing and push-ups when
another lizard or human invades their territory.

Iguanas, some geckos, and others frequently defecate in
the same spot. If papers are put in that spot, the lizard may
be more or less paper-trained and housebroken. Iguanas loose
in the house frequently defecate in the bathtub, which is easy
to clean.

RESTRAINT

Lizards are best restrained with a light touch. The more pres-
sure that is exerted, the more a lizard struggles. Care must be

JELEXA Longevity Records for Some Notably

Long-Lived Lizards®%61,62
Lizard Longevity
Green Iguana (Iguana iguana) 19y, 10 mo®*
“Nearly 28 years”

Cayman Island Ground Iguana
(Cyclura nubila lewisi)

Spiny-tailed Iguana
(Ctenosaura similis)

Prehensile-tailed Skink

(purchased early 1968;
died January 14, 1996)°!
47y, 7 mo®*
22y, 5 mo®**

16 y, 8 mo®*

(Corucia zebrata) 24y, 4 mo®*

Green Water Dragon 11y, 5 mo®**
(Physignathus cocincinus) 15y, 4 mo®*

Bearded Dragon (Pogona vitticeps) 10y, 1 mo®

Jackson’s Chameleon 8y, 2 mo®
(Chamaeleo jacksoni)

Panther Chameleon 5y, 2 mo®
(Furcifer pardalis)

Parson’s Chameleon 4y, 0 mo®
(Chamaeleo parsoni)

Tokay Gecko (Gekko gecko) 23y, 6 mo®

Leopard Gecko 21y, 1 mo®
(Eublepharis macularius) 28y, 6 mo®*

Mexican Beaded Lizard 34y, 5 mo®**
(Heloderma horridum)

Green Anole (Anolis carolinensis) 7'y, 2 mo®

Common or Black Tegu 13 'y, 7 mo®
(Tupinambis teguixin) 16 y, 1 mo®

Savannah Monitor Lizard 12y, 8 mo®

(Varanus exanthematicus)

*Still alive at time of survey.

taken to prevent tail autotomy. A lizard must never be
grasped by the tail. Small geckos have delicate skin that can
tear during handling. These may be confined in a plastic tube
or anesthetized with isoflurane or sevoflurane for examination.

A large lizard may be enveloped in a towel to protect the
handler from teeth, claws, and tail. If the nails are long and
sharp, they should be clipped before the examination to
prevent the handler from being scratched. One hand may
grasp the forequarters around the neck and shoulders. The
thumb and index finger should be just caudal to the head to
prevent bites. The second hand grasps the hindquarters over
the dorsal pelvis. The tail may be tucked under one arm dur-
ing transport. Gauze or cotton placed over the eyes and held
in place with self-adherent bandage material is a useful way
to calm large, hyperactive, or aggressive lizards for handling.

Reptiles must be kept warm during transport in cold
weather. Small reptiles may be carried in a jar with air holes
punched in the lid, a cardboard box, or cloth bag under the
owner’s coat for warmth. Large ones should be placed in an
insulated picnic cooler with a warm water bottle wrapped in
towels to prevent it from crushing the lizards.

Lizards do not tolerate leashes well. They do not walk to
follow an owner. When the leash is tugged, the lizards
usually spin and end up tangled in the leash.

LONGEVITY

Lizards are relatively long-lived animals. A list of longevity
records for captive reptiles in North American collections



Section II BIOLOGY AND HUSBANDRY

has been published.® These records reflect respondents to a
national survey and primarily involve zoological institutions.
Another publication documents inventory, breeding, and
longevity based on surveys of public and private reptile
collections.” Current information updated annually from
surveys of 661 public and private collections by the same
authors is available at the website Reptiles and Amphibians
in Captivity—Longevity—Home Page, www.pondturtle.com/
longevhtml. Additional unreported records from private col-
lectors may exceed some of those listed by these sources.
Records for some of the more common pet lizards and some
of the most long-lived species are shown in Table 6-2. As
husbandry and veterinary techniques improve, many of these
records will be eclipsed. A big difference does exist between
the record lifespan for a given species of lizard and the aver-
age lifespan that owners might expect to observe in their own
collection.
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Turtles, tortoises, and terrapins are not as well represented in
zoological institutions and private reptile collections as the
squamate herpetofauna (lizards and snakes), perhaps in part
because they often need more space and time to care for prop-
erly. Nonetheless, chelonians are brought to veterinarians on
a regular basis and remain a challenge both in husbandry and
medicine.

Chelonians face many threats on a worldwide basis. They
are exploited primarily for food and traditional medicine;
however, the international animal trade also takes its toll. The
role of human consumption dramatically took a turn for the
worse in recent years and has decimated Asian species. Once
common species have become so scarce as to be considered
commercially extinct. Of the 90 Asian species, 75% are cur-
rently threatened with extinction. These factors, compounded
by ever-increasing habitat loss and degradation from expand-
ing human population, have endangered many species.
Disease is increasingly observed in wild populations.
Population levels for many species remain unknown but
are believed to be declining. A global conservation plan
for chelonians has been developed by private individuals,
government agencies, and conservation groups. For more
information, contact the Turtle Conservation Fund (Kurt
Buhlmann, Executive Director, Turtle Conservation Fund,
1919 M Street NW, Suite 600, Washington, DC 20036,
k buhlmann@conservation.org, 803-725-5293). For information
on opportunities for veterinary involvement with the Turtle
Survival Alliance, contact Charles Innis, VMD, Westboro VCA
Animal Hospital, 155 Turnpike Road, Westboro, MA 01581,
clemmys@aol.com.

Anyone who obtains chelonians is encouraged to act
responsibly and observe all regulations set forth by the
Convention on the International Trade in Endangered Species
(CITES) in addition to other applicable wildlife laws. Asking
questions about chelonian origin and verification of legal
importation are important. Whenever possible, one should
seek captive-born animals.

Gibbon! states that, among vertebrates, turtles are near the
top in the number and proportion of species that have been
known to live more than 50 years in captivity. He cites several
examples of longevity—a Greek Tortoise (Testudo graeca) living
57 years and an Aldabra Tortoise (Dipsochelys gigantea) living
63 years. However, in captivity, inadequate care is more likely
to result in mortality than old age.

Unfortunately, many veterinarians and turtle owners are
not aware of what constitutes proper care for these animals.
Accordingly, this chapter reviews basic chelonian taxonomy,
anatomy, physiology, and husbandry in the hope that veteri-
narians will be better informed and use this information to
improve veterinary care of this rapidly fading group. Keep in
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mind that for such a diverse group an overview of captive
husbandry can only be that.

TAXONOMY

Within the Reptilia is a fundamental split that gives rise to two
clades, the Anapsida (which includes the chelonia [Testudines])
and the Diapsida (which includes all other reptiles). Anapsid
reptiles are characterized by a primitive skull with no temporal
openings.” Turtles are the only living representatives of this clade
and belong to one order variously referred to as Testudines,
Testudinata, or Chelonia. Thus, when we refer to chelonians, we
refer to turtles, tortoises, and terrapins as a group. Currently,
approximately 12 families, 90 genera, and 250 species are within
this order? Taxonomy is a dynamic science; therefore, expect
changes in chelonian nomenclature in the future.

The common names of chelonians vary throughout the
world and change from language to language.* Tortoise usu-
ally refers to terrestrial turtles, such as members of the family
Testudinidae. Australians, however, refer to all but one of
their turtles as tortoises, despite the fact that no true tortoises
exist there and all of their chelonians are aquatic. In the
United Kingdom, terrapin refers to freshwater chelonians,
turtle refers to marine chelonians, and tortoise refers to terres-
trial chelonians. To North Americans, turtle refers to both
aquatic and terrestrial chelonians and terrapins can be freshwa-
ter or marine. One can begin to appreciate the value of scientific
names that are the same from language to language. Iverson®
attempted to standardize English common names with generic
names by compiling a checklist of turtles of the world.

The two suborders of chelonians are the Cryptodira
(Hidden-neck Turtles) (Figure 7-1) and the Pleurodira (Side-
neck Turtles) (Figure 7-2). A number of anatomic differences
exist between these groups, the most recognizable of which is
the mode of head retraction. Cryptodiran turtles are able to
retract the neck straight back into the shell, thereby hiding the
neck. Pleurodirans are not able to retract the neck and must
fold it up sideways; hence, the common name of Side-necks.
Unfortunately for veterinarians, cryptodirans are the turtles
most commonly seen. Veterinarians who have struggled to get
a cryptodiran’s head out of its shell may not realize what a
cruel twist of fate evolution has produced for us.

Pleurodirans are the smaller suborder and are composed
of two aquatic to semiaquatic families. The Pelomedusidae
include five genera and 25 species? distributed in tropical
Africa, South America, and some Indian Ocean islands. The
Chelidae consist of 14 genera and 49 species found in
Australia, New Guinea, and South America. Food preference
varies from carnivory to herbivory.
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The cryptodirans were apparently more successful evolu-
tionarily because they include the majority of extant chelonians.
Of the seaturtles, the Cheloniidae include five genera and six
species, and the Dermochelyidae contain only a single species,
the Leatherback Seaturtle (Dermochelys coriacea). Seaturtles
inhabit all tropical oceans, with several species ranging into
temperate water (Figure 7-3). Only one species, the Green
Seaturtle (Chelonia mydas), is largely herbivorous and grazes
on sea grasses. The remaining species of seaturtles are mainly
carnivorous and feed on jellyfish, molluscs, crustaceans, fish,
sponges, and other marine creatures (see Chapter 76).

Kinosternidae, the Mud and Musk Turtles, are a family of
small-sized to medium-sized, semiaquatic carnivorous

FIGURE 7-1 This Leopard Tortoise (Geochelone pardalis) is an
example of the Hidden-neck Turtles in the suborder Cryptodira.
(Photograph courtesy D. Mader.)

species found from North to South America (Figure 7-4).
They feed on a variety of invertebrate and vertebrate prey
and can be quite aggressive; some species even feed on other
kinosternid species.

Dermatemydidae are represented by a large, totally
aquatic, freshwater herbivore called the Central American
River Turtle (Dermatemys mawii). This turtle is from Mexico,
Guatemala, and Belize and is rare in captivity. Another
monotypic family, Carettochelyidae, is represented by the
Pig-nosed or Fly River Turtle from New Guinea and Australia
(Figure 7-5). This omnivore has a skin-covered shell and
front flippers reminiscent of seaturtles.

Trionychidae, the Softshell Turtles, are found in North
America, Africa, and through Asia and the Indo-Australian
archipelago (Figure 7-6). They vary in size from 28 to 95 cm,?
and they have a soft, flattened, oval-shaped carapace and a
long proboscis on the snout. Both the carapace and plastron
are covered by a leathery skin. These turtles are aquatic spe-
cialists; their paddle-like feet make them excellent swimmers.
Several taxa, such as Chitra and Pelochelys, are known to
enter saltwater environs. They are mainly carnivorous.

The Emydidae are the largest group of turtles and are com-
posed of two subfamilies, the Batagurinae (Old World Pond
Turtles) and Emydinae (New World Pond Turtles; Figure 7-7).
Within these groups are 35 genera and 97 species.? They are
found on all continents except Australia and Antarctica.
Emydid turtles vary in habitat from terrestrial to semiaquatic
and are often omnivorous. This family is well represented in
both public and private collections. Natural history informa-
tion is abundant for some species and nonexistent for others.

Chelydridae, the Snapping Turtles, are composed of two
genera, the Common Snapping Turtle (Chelydra serpentina)
and the Alligator Snapping Turtle (Macrochelys temminckii;
Figure 7-8). The family ranges from Canada to South
America. These are large, semiaquatic turtles with an aggres-
sive disposition when disturbed. Macrochelys is restricted to

FIGURE 7-2 A, This Mata Mata (Chelus fimbriatus) is a bizarre-looking member of the side-neck turtles, suborder
Pleurodira. B, Members of the genus Phrynops, including this Hilaire’s Side-neck, are from South America.
(A, Photograph courtesy S. Monier; B, Photograph courtesy ]. Wyneken.)
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the southeastern United States. This species is unique among
the chelonians because of a worm-like fleshy appendage
on its tongue used to lure fish within striking range.
Overexploitation for food has decimated wild populations. It
is protected in some portions of its range. Both species eat a
wide variety of invertebrate and vertebrate species, including
other reptiles.

The true tortoises, Testudinidae, consist of 12 genera with
46 living species found throughout the tropic, subtropic, and
temperate zones of the world. These are all terrestrial species.
Many species are successfully maintained and reproduced
in captivity (Figure 7-9). Many are critically endangered or
threatened.

The last family, Platysternidae, is monotypic and repre-
sented by the Big-headed Turtle (Platysternon megacephalum)
(Figure 7-10). The Big-headed Turtle is found in small rocky
mountain streams in Southeast Asia. This species is one of

FIGURE 7-5 The Fly River or Pig-nosed Turtle (Carettochelys
insculpta) is an excellent swimmer because of its broad flipper-like
feet. (Photograph courtesy D. Mader.)

FIGURE 7-3 Free-swimming Green Seaturtle (Chelonia mydas). FIGURE 7-6 Spiny Softshell (Apalone spinifera). Softshells are a
(Photograph courtesy D. Mader.) widely distributed group of North American turtles with eight
subspecies. (Photograph courtesy ]. Tashjian.)

FIGURE 7-4 This Stinkpot (Sternotherus odoratus) shows typical FIGURE 7-7 The Southern Painted Turtle (Chrysemys picta dorsalis)
morphologic appearance of Musk Turtles in the family Kinosternidae. is representative of the largest group of turtles in the family
(Photograph courtesy S. Barten.) Emydidae. (Photograph courtesy D. Mader.)
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FIGURE 7-8 The Alligator Snapping Turtle (Macrochelys temminckii)
is capable of inflicting a severe bite if handled carelessly. (Photograph
courtesy J. Tashjian.)

FIGURE 7-9 The Desert Tortoise (Gopherus agassizii) is one of four
North American species of true tortoise. (Photograph courtesy J. Tashjian.)

FIGURE 7-10 The Big-headed Turtle (Platysternon megacephalum) is
an agile species known for its climbing abilities. (Photograph courtesy
D. Mader.)

the best climbers of the order. It prefers cooler temperatures,
12°C to 17°C (54°F to 63°F), than most turtles and is
carnivorous.?

CLINICAL ANATOMY
AND PHYSIOLOGY

Chelonians are vertebrates, but because they are significantly
different from other vertebrates, a brief review of their
anatomy and physiology is in order. Figures 7-11 and 7-12
illustrate the gross anatomy of the tortoise.

Musculoskeletal System

Turtles are immediately recognizable because of their shell.
The shell consists of an upper carapace and lower plastron
connected laterally by bony bridges. The carapace consists of
some 50 bones derived from ribs, vertebrae, and dermal
elements of the skin. The plastron evolved from the clavicles,
interclavicles, and gastralia (abdominal ribs).

The bony shell is covered by a superficial layer of keratin
shields called scutes. Scutes do not precisely overlap the
underlying bones of the shell. Instead they are staggered so
that the seams between scutes are not directly over bone
sutures. Both scutes and underlying bone are capable of
regeneration. Turtles produce new scutes with each major
growth period and retain or shed the scutes from the preced-
ing growth period.® In some species, scute growth zones or
rings can be used to estimate age. This technique requires
considerable expertise and is reliable only when a distinct
growth period is present, as in wild temperate turtles.® The
difficulty of estimating age from scute growth zones is fur-
ther appreciated when one considers that some species shed
scutes (particularly temperate aquatic turtles) and that multi-
ple growth zones can be produced per year. Continuous
growth is common in captivity, and growth zones can smooth
with age and wear. Therefore, contrary to popular belief,
the age of most turtles cannot be determined accurately by
counting so-called growth rings on the scutes.”

Scute terminology is useful to veterinarians to describe
shell lesions and surgical sites and to identify species.®
Nomenclature is easy to remember because scutes are named
for their adjacent body portion (Figure 7-13).

Shell modifications are numerous. The bones in the shells
of Leatherback Seaturtles, Softshells, and Fly River Turtles
have been reduced and the scutes replaced with tough leath-
ery skin; hence, the common names of the first two.2 Most
hatchling tortoises have fenestrae (openings) between carapa-
cial bones that fuse as the tortoise ages (provided bone
growth is normal). Some species, such as Pancake Tortoises,
Malacochersus torneiri, female and immature male giant
Asian River Turtles (Batagur baska, Kachuga kachuga, and
K. dhongoka),® and Softshell Turtles (Trionychidae) retain
these fenestrae (Figure 7-14).2

Many chelonians have hinges in their shell. These include
plastronal hinges in Box Turtles (Terrapene spp., Cuora spp.),
Spider Tortoises (Pyxix spp.), and Mud Turtles (Kinosternon
spp.), a caudal carapacial hinge in Hinged-back Tortoises
(Kinixys spp.), and slight caudal plastron mobility in female
Mediterranean Tortoises (Testudo spp.).
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FIGURE 7-13 Nomenclature of plastron and carapace scutes.

FIGURE 7-14 The Pancake Tortoise (Malacochersus tornieri) has a
flattened shell that allows it to escape predators and heat by retreating
into rock crevices. (Photograph courtesy |. Tashjian.)

In calculation of drug dosages, some practitioners subtract
33% to 66% of the body weight to compensate for shell weight.
Because bone is metabolically active, calculation of doses on
the basis of total body weight is more logical and practical.

Another remarkable feature of chelonians is that their pec-
toral and pelvic girdles are within the rib cage. The vertical
orientation of the pectoral and pelvic girdles buttresses the
shell and provides strong ventral anchors for the humerus
and femur.

With few exceptions, the appendicular bones are typical of
other vertebrates. Marine species and one freshwater species,
the Fly River Turtle, have increased the digits to form elaborate
forelimb flippers so that they can “fly” through water.

Alarge mass of muscles is associated with retraction of the
head and neck.” Large masses also run from the pectoral and
pelvic bones to the plastron and are visible radiographically.
Appreciating the plastronal boundaries of these muscles is
important when celiotomy is contemplated.

Integumentary System

The skin of chelonians varies from smooth and scaleless to
thickly scaled. A tendency toward thicker scales is seen
among the Testudinidae. Injections should be given through
finely scaled areas, with avoidance of areas with larger,
thicker scales that are difficult to penetrate. As with all
reptiles, skin is shed periodically, although in a much more
piecemeal fashion than in squamates. This is particularly
noticeable in aquatic turtles.

Respiratory System

The rigid shell makes respiration much different for cheloni-
ans compared with other vertebrates with expandable chests.
Chelonians breathe in and out through the nares. Mouth
breathing is abnormal. The glottis is located at the base of the
tongue. In cryptodiran turtles, the trachea is relatively short
and quickly bifurcates into two main-stem bronchi that open
directly into the surface of the paired lungs. The cranial bifur-
cation of the trachea enables chelonians to breath unimpeded
when the neck is withdrawn.!® The lungs attach dorsally to
the ventral surface of the carapace and ventrally to a mem-
brane that is weighted by attachments to the liver, stomach,
and intestinal tract. No true diaphragm separates the lungs
from other internal organs. Grossly, the lungs are large, parti-
tioned, saccular structures reminiscent of hollow porous
sponges. The lung surface is reticular and interspersed with
bands of smooth muscle and connective tissue. Although
lung volume is large, respiratory surface area is much less
than that of mammals but adequate for animals with a lower
metabolic rate.! Large lung volume provides an obvious
advantage as a buoyant organ for aquatic turtles.
Respiration involves many structures. Antagonistic pairs
of muscles essentially decrease or increase visceral volume
and thus lung volume.! This action is supplemented with
limb and head movements. Amphibians breathe in, in part,
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through positive pressure gular pumping. Turtles are capable
of gular pumping, but this assists olfaction, not ventilation.!!

In the submerged snapping turtle, inspiration is active and
expiration passive because of hydrostatic pressure that affects
visceral volume. On land, the opposite is true; inspiration is
passive, and expiration is active.!! Chelonians do not rely on
negative thoracic pressure for respiration. Thus, open fractures
of the shell, exposing lung, do not result in obvious respiratory
distress. Many factors make removing secretions or foreign
bodies from the lungs difficult for chelonians. These include
termination of the mucociliary elevator outside the glottis,
poor drainage through the bronchi, compartmentalization of
the lungs, large potential space within the lungs, and lack
of a complete muscular diaphragm to initiate coughing.'?
Consequently, pneumonia is often disastrous in chelonians.
During brumation (hibernation), cloacal bursae are used for
underwater respiration in pond, snapping, and side-necked
turtles.’® One study found that a quiet submerged Nile
Softshell (Trionyx triunguis) received 30% of its oxygen
through vascularized papillae in the pharnyx and the remain-
der through the skin.!*

Many Australian species are capable of oxygen absorption
through cloacal bursae, which allows for periods of longer
submersion, particularly in the winter. The champion of
cloacal respiration is the Fitzroy River Turtle, Rheodytes leukops,
which can pump water in and out of its cloaca 15 to 60 times
per minute.!> Underwater respiration may sustain aquatic
turtles during periods of low activity, but when they are
active, they still need to surface for air.” Turtles are capable of
long periods of apnea that makes induction of gas anesthesia
difficult without injectable preanesthetics or intubation
coupled with positive pressure ventilation.

Gastrointestinal System

Chelonians have large, fleshy tongues that are not able to dis-
tend from the mouth as in squamates. As a general rule, most
terrestrial species are herbivores, whereas aquatic species are
carnivorous or omnivorous; however, numerous exceptions
exist.”

Chelonians lack teeth and depend on the scissor-like
actions of their horny beak, or thamphotheca, for biting off
pieces of food that are swallowed whole. In captivity, peri-
odic rthamphothecal trimming may be needed. Underlying
calcium deficiency may produce deformity of the rham-
photheca. Salivary glands produce mucus to enable swallow-
ing of bite-sized pieces,'® but no digestive enzymes are used.
Aquatic turtles eat under water. The esophagus courses along
the neck. Passing a stomach tube with the neck extended
rather than retracted is easier except in very large tortoises.
However, the mouth is much easier to open with the head
retracted than if extended. Thus, passing a rigid or flexible
stomach tube without extending the head and neck is possible
(Figure 7-15).

The stomach lies along the ventral left side and has
gastroesophageal and pyloric valves. The small intestine is
relatively short (compared with mammals) and mildly con-
voluted and absorbs nutrients and water.!® The stomach,
small intestine, pancreas, liver, and gallbladder produce
digestive enzymes. The pancreas empties into the duodenum
via a short duct and has exocrine and endocrine functions
similar to other vertebrates. The pancreas is pale orange-pink

in color and may be in direct contact with the spleen or separate
in the mesentery along the duodenum.

The liver is a large, ventral, saddle-shaped organ that
spreads from side to side under the lungs. It has two major
lobes, envelops the gallbladder, and has indentations for the
heart and stomach. The liver is dark red; some species may be
normally pigmented with melanin.'® Pale yellow to tan color is
abnormal. The small intestine joins the large intestine at the ileo-
colic valve. The cecum is not well developed. The large intestine
is the primary site of microbial fermentation in herbivorous
tortoises. The colon terminates in the complex cloaca.

Gastrointestinal (GI) transit time is affected by many factors
including temperature, feeding frequency, and water or fiber
content of food. Captive diets generally move faster through
the GI tract than natural diets, especially in tortoises. For exam-
ple, GI transit times for Spur-thighed Tortoises (Testudo graeca)
kept at 28°C varied from 3 to 8 days when fed ad libitum lettuce
but increased to 16 to 28 days when fed thistles, grasses, and
dog food.'” Metoclopramide, cisapride, and erythromycin did
not significantly reduce GI transit time compared with water
in Desert Tortoises (Gopherus agassizii).1®

Genitourinary Systems

The kidneys of chelonians are located on the ventral caudal
carapace and posterior to the acetabulum, except in marine
turtles in which they are usually anterior to the acetabulum.!
The kidneys are metanephric.

Reptiles cannot concentrate urine, presumably because of
the absence of the loop of Henle.!® Soluble urinary nitrogenous

FIGURE 7-15 Insertion of an orogastric tube is possible, and often
easier and less stressful, with the animal’s head and neck withdrawn
into the shell rather than with an extended neck of an unwilling
patient. (Photograph courtesy D. Mader.)
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wastes, such as ammonia and urea, require relatively large
amounts of water for excretion. This is only practical for
aquatic and semiaquatic chelonians. Terrestrial chelonians
cannot afford to produce as much soluble nitrogenous
wastes. To conserve water, they produce more insoluble
urinary wastes, such as uric acid and urate salts, that can be
passed from the body in a semisolid state, requiring much less
water.”® These differences make detection of kidney disease on
the basis of mammalian markers of blood urea nitrogen and
creatinine difficult. Serum uric acid levels are sometimes, but
not consistently, increased with kidney disease.

Chelonians are different from other reptiles in that the
urogenital ducts empty into the neck of the bladder instead
of into the wall of the urodeum. The bladder is bilobed with
a thin, membranous, distensible wall.l? Terrestrial chelonians
often use the urinary bladder for water storage. The cloaca,
colon, and urinary bladder can reabsorb urinary water,'
which can have interesting effects on pharmacokinetics of
drugs excreted through the urinary system.

The paired gonads are located anterior to the kidney.
Fertilization is internal in chelonians. The upper part of the
oviduct secretes albumin for the passing ovum, and the lower
portion produces the shell. Male chelonians possess a single,
large, dark-colored, smooth, expansible penis. When not
erect, it lies in the ventromedial floor of the proctodeum and
is not used for urine transport. When engorged, the muscular
penis extends from the cloaca with a seminal groove for
transport of sperm (Figure 7-16). No inversion of the penis
occurs as it does in squamates.’

Sexual Dimorphism

Sexual dimorphism is known to occur in many chelonians.
Where present, differences can be seen in coloration, tail or
claw length, size, and shell shape.

Sexual dichromatism is especially common among the
Emydid and Geomydid turtles. Males and females may differ
in coloration of the head, iris, chin, or markings on the head.

A well-known example in the Eastern Box Turtle (Terrapene
carolina carolina) is the bright-red iris of males compared with
the yellow to reddish brown iris of females (Figure 7-17).
Some of these differences are observable only in males during
the breeding season. For example, during breeding season,
the head of the male Painted Terrapin, Callugar borneoensis,
changes from charcoal gray to white with a vivid red stripe
between the eyes.

Many male aquatic turtles have elongated foreclaws
that they use to court females. Claw length is dimorphic in
Trachemys, Pseudemys, Chrysemys, and Graptemys.> Male Box
Turtles have a thickened, curved inner rear claw to assist in
mating. Sexually mature female Leopard Tortoises, Geochelone
pardalis, have elongated rear claws, perhaps as an aid to nest

digging.

FIGURE 7-16 The muscular penis extends from the cranial base of
the cloaca. The seminal groove (red arrow) transports sperm during
copulation. (Photograph courtesy S. Barten.)

FIGURE 7-17 A, Note the brown iris color of the female Eastern Box Turtle ( Terrapene carolina carolina). B, The male
Eastern Box Turtle (Terrapene carolina carolina) has a bright-red iris. (A, Photograph courtesy D. Mader; B, Photograph
courtesy S. Barten.)
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FIGURE 7-18 One of the most consistent, distinguishing character-
istics between male and female turtles and tortoises is the length of
the tail. In the male, not only is the tail longer and broader but the
cloacal opening is beyond the margin of the carapace; in the female,
the cloacal opening is between the margins of the plastron and
carapace (see red arrows). (Photograph courtesy D. Mader.)

Perhaps the most obvious form of sexual dimorphism is
tail length and shell shape (Figure 7-18). In many species, to
facilitate intromission, mature males have longer, thicker
tails, a more distal vent, a concave plastron, and, if present, an
anal notch on the plastron that is narrower and deeper than
that of the female. In contrast, females have shorter tails that
abruptly taper posterior to the vent. The female vent tends to
be proximal to the carapace margin. The plastron in females
is usually flat, and the anal notch wider and shallower, per-
haps as an aid to oviposition. With the onset of sexual matu-
rity, these differences may allow for easy sex determination.
Often, however, these differences are subtle and sex determina-
tion is more difficult. By far the most reliable difference is that
the cloacal opening in males lies beyond the carapace. Males
sometimes evert their penis during defecation or caudal manip-
ulation. Little difference is seen in tail length between the sexes
in the Chaco Tortoise, Geochelone chilensis.?

A difference in size between the sexes is common among
cryptodiran turtles. In 70% of 50 taxa examined by Fitch,'
females were larger, especially in highly aquatic turtles.
Males were larger in 22% of the taxa, and in the remaining
8%, the sexes were equal in size. In taxa with larger males, the
size difference was less pronounced and generally involved
terrestrial forms. Males are larger than females in the follow-
ing taxa: Galapagos Tortoise, Geochelone nigra; Bowsprit
Tortoise, Chersina angulata; Desert Tortoise; Box Turtle,
Terrapene carolina; Bog Turtle, Clemmys muhlenbergii; Blanding's
Turtle, Emydoidea blandingii; Snapping Turtle; and Yellow Mud
Turtle, Kinostemon flavescens.

Circulatory System

Chelonians have typical reptilian three-chambered hearts
(see Chapter 10).

Renal portal systems (RPS) exist in chelonians, as in other
reptiles. The significance of this is debatable; however, drugs
may be given in the front half of the body to avoid the poten-
tial for renal toxicity or clearance if there are any questions
(see Chapter 11 for a detailed discussion of the RPS).

CAPTIVE CARE

General Considerations
Lighting

Sunlight is by far the best source of ultraviolet (UV) light
and should be provided for chelonians whenever practical.
Unfortunately, indoors, UV light in the 290 to 320 nm wave-
length is almost completely filtered by normal glass or plas-
tics. This can be avoided through open windows or with UV
transmissible windows or skylights (Acrylite OP-4 Acrylic
Sheet, CYRO Industries, Rockaway, NJ; Starphire, PPG
Industries Inc, Pittsburgh, Pa; or Polycast Solacyrl SUVT,
Spartech Polycast, Stanford, Conn). UV transmissible glass or
plastics allow for 60% to 75% UV transmission and are expen-
sive. Another option for animals housed indoors long term is
special broad-spectrum lights with some UV output between
290 and 320 nm (see Chapter 84). UV meters (UVX Radiometer,
UVP Inc., Upland, Calif) can be used to measure UV output.

Behavioral Thermoregulation

Chelonians are heliotherms, which means they seek sunlight
for heat. In captivity, a temperature gradient within the pre-
ferred optimal temperature zone (POTZ) is best so that the
chelonian can regulate its own body temperature.

For tortoises, the POTZ is 26°C to 38°C (79°F to 100°F) and
25°C to 35°C (77°F to 95°F) for aquatic and semiaquatic tur-
tles. Basking areas can be created with various incandescent
light bulbs with reflector hoods shining into the cage. In addi-
tion, one can place a heating pad underneath the cage in the
basking area. Incandescent 50-watt to 100-watt light bulbs,
250-watt infrared bulbs, or porcelain heating elements work
well. Chelonians should not be within the 18-inch focal heat-
ing range of infrared fixtures or severe burns occur.

Water for aquatic turtles can be heated with submersible
aquarium heaters. Provide barriers around submersible heaters
to prevent contact burns on the turtle. In larger setups, an in-line
heater can be plumbed to the filtration system. Room tempera-
ture can be thermostatically controlled with heating or cooling
systems. Ambient temperatures should be regularly monitored
with minimum-maximum thermometers. Indoor-outdoor vari-
eties allow ambient and basking temperature monitoring.
Noncontact temperature measurement guns (Raytek Ranger ST,
Total Temperature Instrumentation Inc, Williston, Vt) are also
useful to spot check temperatures throughout enclosures.

Predators

Predators, especially dogs, are fond of chewing on chelonians’
shells and appendages and can wreak havoc in a short time
(Figure 7-19). Small chelonians can be devoured without a trace.
Raccoons and opossums enter yards at night to prey on turtles.
Rats can chew on the limbs and heads of turtles even indoors.
Other mammals and birds, and even crocodilians, are also poten-
tial predators. Smaller terrestrial and aquatic chelonians should
always have screened outdoor cages.? In the southern United
States, fire ants, Solenopis, and in southern California, Argentine
ants, Linepithema, can attack and kill small tortoises. Certain
species, such as Snapping Turtles, large Softshells, and Big-
headed Turtles, may be quite aggressive to other turtles, includ-
ing conspecifics. Some male tortoises, such as Bowsprits, Desert,
and Spurred Tortoises can also be aggressive to other males.
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FIGURE 7-19 Severe dog-gnawing trauma is common in turtles.
(Photograph courtesy D. Mader.)

Brumation (Hibernation)

Brumation (hibernation) is recommended for temperate terres-
trial species, such as northerly distributed Box Turtles (Terrapene
carolina carolina, Terrapene c. triunguis, Terrapene ornata ornata),
several tortoise species (Testudo marginata, T. hermanni, most
T. graeca, T. horsfieldi, Gopherus agassizii, G. polyphemus, and
G. berlandieri), and many aquatic turtles. Terrapene bauri and
Terrapene c. major do not brumate (hibernate). Keep in mind that
within a given species animals from warmer microclimates may
not brumate (hibernate) at all. Some temperate species may
skip brumation (hibernation) in captivity, especially if the con-
ditions stay warm and the day length remains artificially long.
Others, particularly Box Turtles, stop eating in the early fall
regardless of artificial conditions. Brumation (hibernation) is
recommended for healthy specimens in good body weight.

To survive brumation (hibernation), the turtle must be in
good body weight and health. A physical examination several
weeks before brumation (hibernation) is advisable. Sick, conva-
lescing, or underweight turtles should not brumate (hibernate).
Weight gain over the summer is a prerequisite for brumation
(hibernation). Prebrumation (prehibernation) weight and
fecal checks are a good idea. Jackson's ratio® compares body
weight with carapace length and is a simple and accurate
method of determination of normal or healthy body weight for
Testudo graeca and T. hermanni. Sick tortoises are often below this
weight, and obese tortoises are above this weight. Mader and
Stroutenburgh? charted maximum carapace length, width,
and height against weight (compared with volume), which is
an excellent means of assessing the health status of California
Desert Tortoises (see discussion in nutrition, Chapter 18)
(Figure 7-20). More charts need to be produced for other species
of chelonians. Keep in mind that such charts are not foolproof
because some diseases can increase the weight of a patient.

Frye!® recommends preconditioning tortoises with
carbohydrate-rich foods, such as steamed winter squashes,
sprouts, alfalfa pellets, and mixed fruits (figs, melons, apples,
etc.), 6 weeks before the onset of brumation (hibernation).
Carrots and winter squashes are important to provide an ade-
quate supply of vitamin A during brumation (hibernation).

Most chelonians that brumate (hibernate) noticeably
decrease their food intake as brumation (hibernation)
approaches. Water should be constantly available before
brumation (hibernation); soaking encourages drinking. In
early October, or as soon as the turtle’s appetite noticeably

decreases in early fall, withhold food (but not water) for 1 to
2 weeks for smaller turtles and up to 3 weeks for larger tor-
toises but keep the turtle between 21°C to 27°C (70°F to 80°F).
This gives the turtle time to clear its GI tract of potentially fer-
mentable ingesta. After this, remove external heat sources
and allow the turtle to acclimate to room temperature of 16°C
to 21°C (60°F to 70°F). After a week at room temperature, the
turtle should be ready to enter the hibernaculum.

Chelonians can brumate (hibernate) indoors or outdoors.
Outdoor brumation (hibernation) is potentially more dangerous
because one has less control over environmental conditions. For
indoor brumation (hibernation), select an area that can be kept
between 2°C and 10°C (35°F and 50°F)® for the winter, such as a
basement, garage, back porch, crawl space, wine cellar, or north-
facing or east-facing closet, window, or wall. Use a minimum-
maximum thermometer to check temperatures several weeks
before brumation (hibernation). Persistent temperatures above
16°C (60°F) are not cool enough for brumation (hibernation), and
the turtle’s metabolism will be high enough that it will slowly
starve. Prolonged temperatures below 2°C (35°F) are too cold;
temperatures below freezing should be avoided. The ideal target
temperature is 5°C (41°F).2

An indoor hibernaculum can be set up with a large box,
crate, cooler, or aquarium with a foot of slightly humid peat-
based potting soil and a 3-inch to 6-inch layer of shredded
newspaper, shredded recycled cardboard, or dried leaves on
top. Make sure the hibernaculum is not resting directly on
cold cement. The turtle should burrow into the soil and
remain inactive. The soil should be humid enough that the
turtle does not dehydrate but is not wet.

If low humidity is a problem indoors, consider monitoring
body weight and periodic soaking to prevent dehydration.
Chelonians can be awakened every 2 to 4 weeks and allowed
to drink or soak in shallow 24°C (75°F) water for 2 hours.?*
During soaking, the turtle’s eyes should reopen. If the turtle
appears healthy, let it dry off and then return it to the hiber-
naculum. If any signs of illness are present, warm the turtle
up to 27°C (80°F) and begin antibiotic treatment immediately.
Contrary to popular belief, disturbing turtles during bruma-
tion (hibernation) is not harmful.??

Species that naturally brumate (hibernate) in a given geo-
graphic area can brumate (hibernate) outdoors. Outdoor bru-
mation (hibernation) is not advisable in areas with severe
winters. For Box Turtles select an area sheltered from the wind
with 2 to 3 feet of loosened soil; loose soil near a foundation
works well. Spread a foot or two of loose leaves or hay over the
soil. Compost piles are not suitable for brumation (hibernation).
Be sure the area drains well and is not prone to flooding.

Tortoises can brumate (hibernate) outdoors in milder cli-
mates in artificial burrows or doghouses. A burrow can be
constructed with partially or fully buried concrete blocks
along the sides and 3¥-inch plywood on the top. Cover a
southern exposure entrance with a heavy tarp or opaque
plastic and place hay or straw inside. A simpler alternative is
a well-insulated dog house filled with a thick layer of leaves
or soil. Place a tarp or plastic over the entrance. Outdoor
hibernacula should be protected against freezing and flood-
ing. Low humidity is generally not a problem outdoors, but
turtles should still be encouraged to drink if active on
warmer days.

Typically, chelonians brumate (hibernate) outdoors for 5 to
6 months from mid-October until early April. Indoor bruma-
tion (hibernation) can be shorter, from early November to late
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FIGURE 7-20 A, B, and C, Measurements of length, height, and width in the California Desert Tortoise (Gopherus
agassizii) have proven to be an excellent means of assessing the animal’s overall health status. (See Chapter 18 for a
discussion on evaluating body condition.) (Photograph courtesy D. Mader.)

February or early March. Highfield”® recommends 8 to 10
weeks for small specimens and no longer than 12 to 14 weeks
for large specimens. Once the turtle becomes active in the
spring, it should be soaked in lukewarm water and start eat-
ing well within a week or two. Healthy tortoises should lose
less than 6% to 7% of their body weight over the winter bru-
mation (hibernation).? A loss of greater than 7% body weight
is indicative of disease.”

Brumation (hibernation) of juveniles is controversial.®
Some experts believe that turtles less than 3 to 4 years of age
should not brumate (hibernate). Much depends on the expe-
rience of the keeper and the stability of hibernaculum tem-
peratures. When in doubt, skipping brumation (hibernation)
for the first few years does no harm.

Box Turtles

Box Turtles®®?® are one of the most common reptile pets in
the United States (Figure 7-21). With proper care, they are
long-lived, with life spans of 30 to 40 years and perhaps much
longer. Unfortunately, they are among the most neglected
reptiles in captivity because most people just do not appreci-
ate how to care for them properly.

FIGURE 7-21 Box Turtles, such as this Eastern Box Turtle (Terrapene
carolina), are one of the most common reptilian pets in the United States.
(Photograph courtesy ]. Tashjian.)
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Several subspecies of Box Turtles are common in the pet
trade, including the Eastern Box Turtle, Terrapene carolina
carolina; Gulf Coast Box Turtle, Terrapene c. major; Three-toed
Box Turtle, Terrapene c. triungius; the Ornate Box Turtle, Terrapene
ornata ornata; and the Desert Box Turtle, Terrapene o. luteola.

Reproduction

Most species lay two to eight (normally four to six) eggs from
May through July. Multiple clutches are possible. Females can
store sperm and lay fertile eggs for up to 4 years after fertil-
ization. Eggs hatch in 2 to 3 months if fertile.

Outdoor Housing

During the late spring, summer, and early fall months, turtles
do best outdoors in a back yard or fenced enclosure. Provide
shade with dense shrubbery, dry leaves, or a wooden shelter so
the turtles can escape the hot sun when needed. Box Turtles
are good at digging under fences and escaping. Often this
explains the observation of so many proud novice Box Turtle
owners that “it just wandered into our yard.” The yard
perimeter should be carefully sealed with bricks, rocks,
boards, or buried fencing and periodically patrolled for
developing breaks. Box Turtles can also climb over fencing
less than 12 inches high.?’ Bring turtles indoors whenever the
temperature drops into the low 60°F range (15°C to 18°C)
unless brumation (hibernation) is anticipated.

Indoor Housing

Twenty-gallon aquaria are the minimum size for Box Turtles.
Consider larger aquaria or make larger cages out of plywood
(see tortoise care) or use concrete mixing containers available
in most hardware stores. Larger enclosures are always better.
The bottom of the cage should be filled with humid sub-
strates such as medium-to-large wood chips mixed with peat
moss, cypress mulch, or a sand and soil mixture. Drier sub-
strates promote skin cracking and poor health. Avoid sand,
gravel, clay cat litter, and crushed corn cob or walnut shells
because they can cause GI impaction. Substrates need to be
completely changed every few months, and feces need to be
scooped out weekly. A hide box that the turtle can get under
and out of sight is important. Many turtles prefer to sleep in
them. Loose-leaf litter can be spread in the cage.

Temperature

The indoor cage should get no colder than 15°C (60°F) at
night and gradually warm to 21°C to 27°C (70°F to 80°F)
during the day. A 75-watt to 100-watt incandescent bulb with
a reflector can provide a warm basking area at one end of the
cage between 27°C to 32°C (80°F to 90°F). Lights should be
turned off during the night, so supplemental heat from heat
tape or heating pads also should be provided under one half
of the cage if temperatures drop below 15°C (60°F). Hot rocks
do not work well for turtles because the rigid shell inhibits
conductive heat transfer.

Water

An easy-to-clean shallow water dish, big enough for the tur-
tle to get into, should always be available (Figure 7-22). Water
depth should be no deeper than the turtle’s chin when its
head is partially retracted. Turtles prefer to defecate in their
water bowl, so it should be cleaned several times per week.
Juvenile Box Turtles are often much more aquatic than adults.

FIGURE 7-22 Chelonians should have access to water at all times.

Box Turtles drown in deep water, such as in a swimming
pool. Highfield® notes that Terrapene c. bauri and Terrapene
c. triunguis are better swimmers than other Box Turtles and
even forage underwater.

Feeding

Box Turtles are much more carnivorous than most people
realize. Adult Eastern Box Turtles are opportunistic omnivores
that consume beetles, grasshoppers, millipedes, centipedes,
land snails, slugs, earthworms, spiders, sowbugs or pillbugs,
crayfish, carrion, fish, frogs, tadpoles, toads, small mammals,
birds, salamanders, lizards, snakes, smaller turtles, and plant
material such as mushrooms, strawberries, raspberries,
blackberries, blueberries, mulberries, tomatoes, and grasses.
Youngsters are primarily carnivorous. Ornate Box Turtles are
mainly insectivorous and consume dung beetles, caterpillars,
cicadas, and grasshoppers, but they also eat mulberries, leaves,
tender shoots, and carrion. Unlike other Box Turtles, Ornates
frequently use burrows and prefer more arid habitat such as
open prairie.

In captivity chronic nutritional problems are typical for
most Box Turtles yet difficult to appreciate. Nutritional dis-
eases can be avoided with a well-balanced diet that is contin-
ually varied (see Table 7-1 and carnivore-omnivore diet in
Tables 7-2 and 7-3). Interpret these guidelines liberally. Different
species have different dietary preferences. For instance, some
species, such as Ornate and Gulf Coast Box Turtles, are not
fond of vegetables. Wash fruits and vegetables, and chop all
items into bite-sized pieces.

Box Turtles have a continuous need for vitamin A-rich
foods. Liver (in whole mice or fish) is an excellent source of
vitamin A, as are rich yellow or dark orange—colored vegeta-
bles (carrots, sweet potatoes, butternut and winter squashes)
and dark leafy greens (dandelion greens and flowers, spinach,
turnip and mustard greens). Steaming (not boiling) hard
squashes makes them much more palatable and easier to chop.

Acclimatization

Most pet Box Turtles are wild-caught adults and may adapt
poorly to captivity, although some do well from the
start. Fall and winter are particularly difficult times to estab-
lish brumating (hibernating) species because they are not
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JELCWAN Box Turtle Diet?6-28,33,36,38,39

Items listed in italics often entice anorexic animals to eat. Adults
should be fed three or more times per week in the morning,
and juveniles fed daily. Juveniles tend to be much more
carnivorous than adults.® For every feeding, lightly dust food
with calcium lactate, carbonate, citrate, or gluconate.

Every 2 to 4 weeks, lightly dust food with multivitamins
(if vitamin-fortified foods are not available). Limit vitamin
D-fortified foods to less than 5% of the total diet.

50% Animal or High-Protein Foods. Earthworms, crickets,
grasshoppers, slugs, snails, pill bugs, cicadas, whole skinned
chopped mice, baby mice (pinkies), goldfish, waxworms,
mealwormes, silk moth larvae, other insects, low fat, adult,
soaked, dry dog chow, trout, or box turtle chow.

50% Plants (25% Fruits and 75% Vegetables)

25% Fruits. Tomatoes, strawberries, raspberries, blackberries,
mulberries, blueberries, apples, grapes, cherries, oranges,
peaches, pears, plums, nectarines, figs, melons (remove
seeds), bananas, mangos, and grapefruit.

75% Vegetables. Dark leafy greens (mustard, collard, radish,
beet and turnip greens or tops, kale, cabbage, dandelion
leaves, stems or flowers, spinach, bok-choy, pak-choi,
broccoli rape), red leaf or romaine lettuce (be careful not
to overfeed lettuces), Swiss chard, steamed chopped
squashes, sweet potatoes, shredded (not chopped) carrots,
thawed frozen mixed vegetables (peas, corn, carrots,
green beans, lima beans); alfalfa, radish, clover, or bean
sprouts; soaked alfalfa pellets, mushrooms, bell peppers,
broccoli, green beans, peas in the pod, okra, and prickly
pear (Opuntia spp.) cactus pads (shave off spines).

normally eating. If healthy, brumation (hibernation) is one
option; artificially increasing the photoperiod is another. If
healthy, new arrivals should be set up in as large a cage as
possible or placed outdoors if the weather is favorable. Box
Turtles are naturally secretive animals, and frequent handling
or watching deters them from settling into captivity. For
finicky eaters, try some of their favorite foods (listed in ital-
ics) and keep in mind that Box Turtles are particularly
attracted to red, yellow, and orange-colored foods. Live mov-
ing food often stimulates feeding; pinkies and earthworms
often entice the most recalcitrant specimens to feed. Box Turtles
are most active in early morning, or late afternoon, when it is
not too hot, so these are good times to try and feed them.
Rainstorms often increase activity; thus, spraying the cage
can stimulate appetite. Mix favored food items into salads
heavily at first then gradually decrease over a period of
weeks. Bad dietary habits can be difficult to overcome and
often require months to correct. Continue to offer foods even if
they are not eaten initially; as the turtle adjusts to a varied salad,
it gradually increases dietary diversity.

Tortoises

The true tortoises?®?® are all members of the family
Testudinidae. Testudinidae encompass 12 genera with 46 living
species found throughout much of the tropic, subtropic, and
temperate world. Many of these species are commonly found
in the pet trade.

The genus Gopherus includes four North American tor-
toises: Desert Tortoise, G. agassizii; Texas Tortoise, G. berlandieri;
Bolson Tortoise, G. flavomarginatus; and Gopher Tortoise,

I CWA A Herbivore and Carnivore-Omnivore
Gel Diets Used for Chelonians at the

Zoological Society of San Diego

Dr Mark Edwards formulated these diets from information
provided by the Tennessee Aquarium.

Components:

Turtle Brittle, Nasco International, Inc, 901 Janesville Avenue,
PO Box 902, Fort Atkinson, WI 53538; (920) 568-5565.

Leafeater Diet, Marion Zoological, Inc, 13803 Industrial Park
Boulevard, Plymouth, MN 55441.

Gelatin (dry, unsweetened).

Carrots, raw.

Greens, raw (kale, collard, dandelion, mustard).

Preparation (1 kg gel):

Carnivore-Omnivore Gel

200 g Nasco turtle brittle (ground)
45 g Knox gelatin

90 g chopped leafy greens

90 g chopped/grated carrot

575 g hot water

Herbivore Gel

65 g Nasco turtle brittle (ground)
110 g Leafeater (ground)

45 g Knox gelatin

90 g chopped leafy greens

90 g chopped/grated carrot

600 g hot water

1. Add prepared greens and carrots to high-power blender,
followed by all dry ingredients.

2. Add hot water to blender; immediately homogenize all
ingredients for 3 minutes. Mixture should be a thick liquid.

3. Pour into a shallow pan and allow gel to set up in
refrigerator. Cut gel with a knife or food processor to obtain
appropriately sized pieces. Feed free choice as the primary
diet; consumption varies by species. Remove uneaten gel
on a daily basis.

4. Additional items can be added to gels: mealworms, extra
chopped fruits or vegetables, crushed limestone, or oyster
shell for mollusc eaters. Gels can also be used as a vehicle for
medications.

Keep gels refrigerated and use within 7 days. Gels can be frozen
and stored in an airtight container for up to 3 months.

G. polyphemus. None are sold in the pet trade, but they are still
common pets (except Bolsons). Chronic upper respiratory
tract disease is a common problem in Desert and Gopher
Tortises. One must be aware of introducing this to other
turtles (see Chapter 73).

The genus Testudo consists of five species native to
Mediterranean Europe, Africa, and parts of the Middle East.
These include Hermann'’s Tortoise, T. hermanni; Marginated
Tortoise, T. marginata; Russian, Afghan, or Steppe Tortoise,
T. horsfieldi; Greek Tortoise, T. graeca; and Egyptian Tortoise,
T. kleinmanni. All Testudo tortoises (especially Russians) are
potential carriers of herpesvirus, so quarantine these carefully
before introducing them to other chelonians (see Chapter 57).

Most species of the genera Gopherus and Testudo are
temperate tortoises that brumate (hibernate). In contrast, the
genus Geochelone is pantropic and has the largest number of
species, and the largest tortoises, but they do not brumate
(hibernate). No adults are less than 25 cm in carapace length.?
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IR WECH Selected Nutrient Analysis (Dry Matter
Basis, Except Moisture)

Carnivore-

Nutrient Herbivore Gel = Omnivore Gel
Moisture (%) 77.5 75.4
Crude protein (%) 437 53.7
Crude fat (%) 45 52
Ash (%) 7.2 10.0
Crude fiber (%) 5.6 2.6
Calcium (%) 1.1 1.7
Phosphorus (%) 0.8 1.3
Sodium (%) 0.5 1.0
Magnesium (%) 0.1 0.2
Iron (ppm) 192.9 251.6
Zinc (ppm) 85.6 83.5
Manganese (ppm) 37.0 10.7
Thiamin (ppm) 44 4.0
Riboflavin (ppm) 6.1 8.0
Vitamin By, (ppb) 23.7 325
Niacin (ppm) 47 56
Vitamin A (IU/kg) 7941 11356
Vitamin D (IU/kg) 2317 4059
Vitamin E (IU/kg) 155.6 76.0

FIGURE 7-23 The Galapagos Tortoise (Geochelone nigra) is a com-
mon display animal in zoos and is also occasionally seen in private
collections. (Photograph courtesy D. Mader.)

South American Geochelone include the Red-footed Tortoise,
G. carbonaria; the larger Yellow-footed or Forest Tortoise,
G. denticulata; and the Chaco or Argentine Tortoise, G. chilensis.

The Galapagos Islands are home to a single giant species,
the Galapagos Tortoise with 12 subspecies. This is the largest
living species of tortoise; large specimens can weigh up to
263 kg.* Captive-born specimens are now available in the
reptile trade, although they are listed in Appendix 1 of the
CITES and are subject to permit requirements (Figure 7-23).

Another island species, the Aldabran Giant Tortoise,
G. gigantea, has been split into three species of Dipsochelys.
Dipsochelys is the second largest species of tortoise and
weighs up to 120 kg. They live on the Aldabra Atoll and have
been introduced on other islands in the Indian Ocean.
Aldabrans can be easily distinguished from Galapagos

FIGURE 7-24 African Spurred Tortoises (Geochelone sulcatta) are
rapidly becoming one of the most popular tortoise pets. They are fast
growing and reproduce well in captivity. (Photograph courtesy
D. Mader.)

FIGURE 7-25 Leopard Tortoises (Geochelone pardalis) are hardy,
prolific pets. (Photograph courtesy ]. Tashjian.)

tortoises by the more wedge-shaped head, a thicker more
domed carapace, and the presence of a single nuchal scute.

African Geochelone include two other large species, the
Spurred Tortoise, G. sulcata, and the Leopard Tortoise,
G. pardalis (Figures 7-24 and 7-25). Spurred Tortoises are the
largest mainland tortoises and can grow to 84 kg.” Given their
potential size and proclivity for burrowing, they are not a
good choice for suburban living. Spurred Tortoises are gener-
ally erroneously referred to as Spur-thighed Tortoises, which
refers to Testudo graeca iberia.

Leopard tortoises are a handsomely marked species with
a high-domed shell; some specimens exceed 40 kg in weight.*
Both Spurred and Leopards are fairly hardy and among the
most prolific of tortoises in captivity. In 2000, the United
States Department of Agriculture banned importation of
Spurred, Leopard, and Hingeback Tortoises into the United
States because they can carry ticks capable of introducing
heartwater disease and cowdriosis to ruminants.

Other Geochelone include the Indian Star Tortoise, G. elegans
(Figure 7-26), and a closely related species, the Asian Star
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FIGURE 7-26 The Indian Star Tortoise (Geochelone elegans) is a
beautifully marked species. (Photograph courtesy C. Innis.)

Tortoise, G. platynota. Several other species of Geochelone are
not commonly found in the pet trade.

The Burmese Brown Tortoise, Manouria emys, can also be
hardy and possibly one of the most prolific species. However,
wild imports are difficult to establish because they often
arrive in poor condition and heavily parasitized. Browns
favor moist tropical temperatures. Browns are the only
chelonians to construct mounds of vegetation to incubate
their eggs.

Outdoor Housing

Whenever possible, tortoises should be kept outdoors, even
if only for a small portion of the day or year. This allows
tortoises space to exercise, graze, and bask in the sun, which
is important for vitamin D synthesis. Well-acclimated adult
tropical tortoises can be housed outdoors when morning tem-
peratures are above 18°C (65°F) and midday temperatures
exceed 24°C (75°F). The tortoises should be brought in at
night when temperatures are below 18°C (65°F). Adult tem-
perate species tolerate temperatures 3°C (5°F) less than those
listed for tropical species. For small juveniles, temperatures
should always be above 24°C (75°F; see neonatal care).

Tethering a tortoise by a leg or through a hole in the shell
is not acceptable and is potentially harmful. Leg tethers can
cut into flesh and result in severe infection. Drilling a hole
through the shell should be considered inhumane.

When planning outdoor enclosures, several factors should
be considered. Desert species can tolerate higher temperatures
and drier enclosures than can tropical rainforest species.
Outdoor enclosures can be modified to suit the needs of
species. For tropical forest forms, such as Geochelone car-
bonaria, G. denticulata, Manouria emys, Kinixys, and Indotestudo,
densely planted enclosures are ideal. For grassland or desert
species, such as Gopherus and Testudo, Geochelone sulcata,
G. pardalis, and G. elegans, enclosures can be more sparsely
planted with shrubs and grasses. In either type of enclosure,
shelters should be provided for shade and retreat from the
elements. In areas with cool nights and warm days, insulated
shelters with supplemental heat can be used. Plywood shelters
can be insulated and heated with a fiberglass heating pad
or other heat source. The door can be weatherproofed with
overlying strips of thick clear vinyl.

Outdoor enclosures should have secure perimeters.
Tortoises generally pace at the perimeters and constantly try
to get through perimeters they can see through. Therefore,
solid barriers, such as wooden fencing or smooth concrete, at
tortoise eye level are preferable to open fencing. Chicken wire
can entrap and cut tortoise legs or necks and is not advisable.
If open fencing is used, Y,-inch by 3-inch, medium gauge,
welded wire (used for aviary construction) works well and is
rat proof. Ideally, one should bury 6 to 12 inches of perimeter
fencing to prevent underground escape.

Outdoor Hazards

See the predator section for more information. A potential
hazard is pesticide spraying. Do not spray tortoise enclosures
with pesticides. Instruct owners to have their neighbors
inform them when they apply pesticides so that their tor-
toises can be removed to a safer area.

Tortoises consume all the vegetation growing in their
enclosure. Therefore, toxic plants should be removed. Plant
toxicities are rare in tortoises. Most grasses, clover, perennial
legumes, dandelions, and weeds are suitable for browsing.
Tortoises also eat a variety of nonfood items in their cage.
Enclosures should be regularly examined for scraps of metal,
nails, wire, pieces of plastic, and other trash that blows in.
Tortoises also consume small rocks and pebbles; generally these
are no cause for concern unless present in large quantities.
Large amounts of gravel or sand can cause intestinal impaction.

Indoor Housing

Indoor housing is usually mandatory for a good portion of
the year, except in subtropical areas. Tortoises need more
space than most reptiles. The New York Turtle and Tortoise
Society recommends that the combined shell size of all tor-
toises present should not exceed a quarter of the floor surface
area available to the tortoises.?!

Aquariums, livestock troughs, concrete mixing containers,
aquaculture containers, sweater boxes, or wading pools can
be used for small tortoises. Cages can be constructed for
larger tortoises with ,-inch to ¥/,-inch plywood on the bottom
and two 2 X 12-inch planks stacked on one another or
plywood along the sides. The inner cage surfaces should be
caulked and sealed with an undercoat of water sealant and
two to three coats of polyurethane. Sealing exposed wood
surfaces facilitates cleaning and disinfecting. Allow the cage
to air out thoroughly (usually about a week) before placing
any tortoises in it. Melamine tends to warp when wet and is
no longer recommended. To prevent chilling, the cage bottom
should not be in direct contact with cold concrete; a gap
of 4 to 6 inches is advisable. An alternative to building a cage
is to convert a garage or unfinished room into a tortoise pen.

Ambient indoor temperature should be 24°C to 32°C (75°F
to 90°F) depending on the species. Rooms can be heated with
thermostatically controlled space heaters. A thermogradiant
should be provided with basking lights or heating pads (see

temperature section in general considerations).

Substrates

Juveniles are often maintained on alfalfa pellets, crushed oys-
ter shell, or newspaper and as they graduate to larger cages,
a mixture of medium-to-large conifer bark nuggets and peat
moss, cypress mulch, or top soil. Acceptable alternative
substrates include indoor-outdoor carpeting (be sure to avoid
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Adults should be fed three times per week minimum, and
hatchlings fed daily. For every feeding, dust food with
calcium lactate, carbonate, citrate, or gluconate. Every 2 to
4 weeks, dust food with multivitamins (if vitamin-fortified
foods are not available). To make salad, rinse, chop, and mix
two or three types of dark leafy greens, some thawed frozen
mixed vegetables, sprouts, and whatever other vegetables are
available. This mixture can be fed directly or stored in a large
sealable container and refrigerated for up to 6 days. Before
feeding, add freshly chopped fruits and occasionally (not
more than twice a month) some high-protein foods. Put the
salad on a flat board, piece of newspaper, paper or metal
plates, or trays. Disposable feeding trays cut down on
cleaning. Salad mixture that has been refrigerated should be
allowed to come to room temperature for 30 to 60 minutes
before feeding. Feed as much variety as possible!

95% Vegetables. Most vegetables should be dark leafy
greens (mustard, collard, radish and turnip greens or
tops, kale, cabbage), dandelions (leaves, stems, and
flowers), bok-choy, pak-choi, broccoli rape or rapina,
backyard grasses (especially Bermuda and timothy grass),
clovers, legumes, and weeds (freshly cut or as browse).
Feed less of spinach, Swiss chard, beet greens, red leaf or
romaine lettuce. Mulberry, hibiscus and grape leaves,
roses, nasturtiums, hibiscus, carnation and squash flow-
ers, cured moistened alfalfa or timothy hay, soaked alfalfa
pellets, thawed frozen mixed vegetables (peas, corn, car-
rots, green and lima beans), peas in the pod,

VLI E  Tortoise Diet?%27:28

cauliflower, green beans are good; as are alfalfa, clover,
radish, or soy bean sprouts, jicama, green peppers,
radishes, summer and winter squashes, and prickly pear
cactus (Opuntia spp.) pads (shave off spines).

<5% Fruits. Grapes, apples, oranges, pears, prickly pear fruit,
peaches, plums, nectarines, dates, all types of melons,
strawberries, raspberries, bananas, mangos, and
tomatoes. Increase to 20% for Red-Footed and
Yellow-Footed tortoises.

0 to 5% High-protein foods. Some genera (Kinixys, Chersina,
and Manouria) are more omnivorous and may benefit
from small amounts of high-protein foods. “High-protein
foods” is a descriptive term that should not be taken
literally. Many fruits and vegetables also have substantial
protein content. Generally these foods are limited to once
every 2 weeks in small amounts. These tortoises eat dry,
maintenance low-fat dog food, commercial tortoise
chows, whole mice, baby mice, and large carnivore diets.
Dry chows should be soaked in lukewarm water until
slightly soft. High-protein foods are widely assumed to
promote rapid growth in young tortoises, which may
result in pyramidal shell growth. These assumptions are
controversial. The high-protein, fat, and multivitamin
content of these foods can be dangerous in excess and
may promote hepatic lipidosis, particularly in strict
herbivores. In moderation, as a very small portion of the
diet, they are not likely to be harmful. Others believe
tortoises should not get any of these foods, thus the
listing as 0 to 5%.

frayed edges) or corrugated cardboard. Remove fecal mate-
rial from the enclosure several times per week, and replace
the substrate several times per year. For very large enclosures
and large species, smooth cement, top soil, or fine hay can be
used, provided the room stays warm. Avoid sand, gravel,
clay cat litter, and crushed corn cob or walnut shells. Many
tortoises are reclusive animals. As with outdoor enclosures, a
shelter or hide box should be provided.

Water

Water should constantly be available for indoor and outdoor
tortoises. Shallow plastic plant saucers work well for small
tortoises. Make sure the water is no deeper than chin deep or
the tortoise may accidentally overturn and drown. Larger
plastic containers, such as plant saucers or Pyrex cooking
pans, work well for medium-sized tortoises. For large tortoises,
one can notch the side of a plastic shoebox, or sink pan, and
tortoises will use them. Tortoises often defecate in their water;
thus, water bowls should be changed daily or every other
day, or whenever dirty. Tortoises outdoors also drink from
standing water, especially Desert Tortoises.

An alternative to water bowls is to soak the tortoises in
chin-deep water three times per week. This option is less
desirable in that invariably one occasionally forgets to soak tor-
toises. The resulting intermittent dehydration may contribute
to formation of uroliths and gout (see Chapters 49 and 54).

Feeding

Diets for captive tortoises are an area of considerable uncer-
tainty and variability. Wild tortoises often use forage of a
relatively low nutritional value. In captivity, diets tend to have
a much higher nutritional value that may not be beneficial in

the long run. Empirically, the authors have had success with
diets (see Tables 7-2, 7-3, and 7-4) that include 95% vegetables
(mainly dark leafy greens, grasses, and weeds), less than 5%
fruits, and 0 to 5% foods with a high protein content (except
in herbivorous species).

Reproduction

Female tortoises must be in prime condition before egg pro-
duction. This includes a well-balanced diet with adequate
calcium. Additional calcium should be provided for females
that produce large or multiple clutches. Chunks of cuttlebone
can be placed in the enclosure or on food, or the food can be
dusted with calcium. Small tortoises can be palpated in the
inguinal fossa for eggs; this is much more difficult in larger
tortoises. A large Leopard Tortoise can cause excruciating
pain to the forefinger foolhardy enough to be caught between
the shell and rear leg. Eggs show up well on radiographs. See
Table 7-5 for clutch sizes, frequency, and length of incubation
for common species of tortoises.

Gravid females feel heavier than normal and tend to be
more active, often pacing in the cage. Nest areas are often
selected in areas that get the most sun or late afternoon sun.
If the keeper is not present during egg laying, the nest can be
easily missed. A definite sign that a female has been digging
is dirt packed onto her hind feet and rear margins of shell.
Some females may excavate several nests before actually
laying eggs. Indoors, one must provide a nesting substrate at
least as deep as the female’s carapace length. Oxytocin, at
2 to 10 IU/kg subcutaneously or intramuscularly in the rear
legs, is effective in inducing oviposition within several hours
in females reluctant to lay. The nest should be carefully exca-
vated and the eggs removed for incubation.
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Clutches
Species Per Season Clutch Size
Gopherus agassizii® 2-3 2-14
G. berlandieri? NA 1-4
G. polyphemus 1 19
Geochelone carbonaria 1-3 1-5, 2-15
G. denticulata 1+ 1-8, 1-12
G. elegans 1-9 2-10
G. nigra 1-3 1-24, 8-17
G. gigantea 1-2 18-20, 4-5, 12-14
G. pardalis 3-5, 5-7 14-21, 5-30
G. sulcata 2 17-33
G. radiata 1-6 3-12
Kinixys homeana 1-2 4-7
K. belliana 1+ 2-7
Malacochersus tornieri 1-6,1-3 1-2,1-2
Manouria emys 2,1 23-51, 39-42
Testudo graeca 1-3 1-24, 2-7
T. hermanni 2 3-12, 2-12
T. horsfieldi 2-3,4 3-5
T. graeca ibera 2+ 4-12
T. marginata 2+ 8-10, 3-11

FEEWE Captive Reproductive Data on Common Species of Captive Tortoises

Incubation Length of
Temperature (°C) Incubation (d)
32-35 90-120
NA 90
NA NA
26-27.5 105-202
27-28 125-150
30 111-147, 120-150
25-31 97-200
29-40 97-113, 98-200
27-28 120-140
28 118-170, 212
28 121-271
27-28 110-140, 150
NA 90-110
25-30, 26-31, 28 113-221, 122-190, 117-188
26-28.9, 28 63-84, 66-71
25-31 97-200
30.5-31 56-72, 90
30.5 60-75
31 60-80
31 60-70

Reference 2 lists data from wild populations. Considerable variation may exist between captive and wild populations.

NA, Data not available.

Neonatal Care

Once the neonate has pipped the eggshell with its caruncle,
or eggtooth, it emerges from the shell within 1 to 4 days.
During this time, the neonate’s shell begins to unfold,
facilitating yolk absorption. As the neonate’s shell straightens
and the tortoise begins to move, the eggshell breaks
further.

Once out of the egg, the neonate may still have consider-
able yolk sac. The hatchling should be transferred to a
container, such as a plastic shoe or sweater box, with clean,
moist paper towels. The yolk sac slowly absorbs over the next
few days.

Once the yolk sac is fully absorbed and the umbilicus
sealed, the neonate can be transferred to a cage with previously
mentioned substrates. Hatchlings usually begin feeding
within 1 to 14 days of leaving the egg. Hatchlings are prone
to dehydration; therefore, shallow water bowls should con-
stantly be available. Make sure the water bowl is shallow or
the hatchling may overturn and drown. Plastic plant saucers
work admirably for water bowls. An alternative is to soak
neonates in shallow water three times a week. This option is
less desirable in that invariably one occasionally forgets to
soak tortoises.

Ultraviolet lights should be provided for 12 hours per day.
A thermal gradient should be provided. Ambient temperature
should not get colder than 24°C (75°F) at night and gradually
warm to 30°C (85°F) during the day. Temperatures cooler than
this are devastating to hatchling tortoises and can quickly lead
to respiratory problems, anorexia, and death. Temperate
young tortoises should be given a carefully controlled, shorter
brumation (hibernation) period or not hibernated at all for
several years (see Brumation [Hibernation] section).

Hatchlings can be fed the previously described ration
daily, finely chopped in a food processor. Hatchlings should
develop a firm shell in the first year. A clutch of siblings

commonly has different growth rates. Smaller timid individ-
uals may eventually need to be separated to ensure adequate
nutrition.

Aquatic Turtles

Aquatic turtles* 2832 are popular pets, but this does not mean
they are easy to care for. In fact, they can be among the most
labor intensive of all reptiles to maintain. Inadequate care
often results in problems for turtles. To effectively treat these
problems, the veterinarian must be able to evaluate and
correct captive care. Keep in mind that exceptions are seen to
most rules and no substitute exists for good information on
the natural history.

Taxonomy

The most common genera seen in the pet trade in the United
States include Trachemys spp. (Sliders), Chrysemys spp.
(Painted Turtles), Kinosternon spp. and Sternotherus spp. (Mud
and Musk Turtles), Graptemys spp. (Map Turtles), Clemmys spp.
(Wood and Pond Turtles), Apalone spp. (formerly Trionyx,
Softshell Turtles), Pseudemys spp. (River Cooters), Chelydra spp.
(Snapping Turtles), Malaclemys spp. (Diamond-back Terrapins),
Macrochelys spp. (Alligator Snapping Turtles), Chelus spp.
(Matamatas), Cuora spp. (Asiatic Box Turtles), Chinemys spp.
(Reeve's Turtle), Geoermyda spp. (Leaf Turtles), and Platysternon
spp. (Big-headed Turtles) (Figures 7-27, 7-28, and 7-29).

Housing

Housing requirements vary according to the size of the turtle
and the number being kept. A variety of enclosures can be
used from glass aquaria, plastic cement mixing containers,
stock watering tanks, and pond liners to elaborate outdoor
ponds. Outdoor enclosures should have some shade avail-
able. Never place a plastic or glass aquarium in full sun
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FIGURE 7-27 The Southern Painted Turtle (Chrysemys picta
dorsalis), a colorful, hardy animal, is common in the pet trade.
(Photograph courtesy D. Mader.)

FIGURE 7-28 Asian Box Turtles (Cuora flavomarginata) are fast
becoming a popular replacement for North American Box Turtles.
(Photograph courtesy D. Mader.)

because it could easily overheat. A rule of thumb for mini-
mum cage size is that the combined carapace size of all resi-
dents should not exceed 25% of the cage’s floor surface area.’!
Floor surface area does not include any inaccessible areas that
the turtle cannot rest on.

Water Quality

Water laden with bacteria and nitrogenous wastes smells and
can quickly infect turtle shell or kill turtles. Aquatic turtles
should have little odor (unless associated with feeding or
musk glands). Turtle odor suggests a major water quality
problem. Clean water is crucial to good health; several means
are available to assure this.

Frequent full water changes are one method of keeping
water clean. One can keep the water cleaner by feeding in a
separate container because most foods foul the water quickly.
If the turtles are fed in their regular enclosure, the water
should be changed within 12 hours of feeding messy foods.
Initially, some turtles may be reluctant to feed in the separate

FIGURE 7-29 The Spiny Turtle from Southeast Asia (Hosemys
spinosa) has been imported in large numbers during the past several
years. (Photograph courtesy R. Funk.)

container, but they can be acclimated to this over time. Using
the same water from the home container helps as does letting
new water sit for 24 hours before feeding.

The frequency of water changes depends on the stocking
density. For instance, for 3-inch or less than 4-inch turtles, a
10-gallon aquarium should be changed two to three times per
week and a 50-gallon aquarium once a week. Full water
changes are easier if no substrates are in the cage. Sand or
gravel makes cleaning much more difficult. For smaller
setups (10-gallon aquariums or less), one can carry the whole
setup to a sink or bathtub for rinsing. Keep in mind that
cleaning areas are a potential source of infectious bacteria,
such as Salmonella (see Salmonella section). The 10-gallon
storage container from Rubbermaid is easier to clean and
more durable than a 10-gallon aquarium and is excellent for
hatchlings.

For larger setups, one must drain the water. Portable elec-
tric submersible pumps can drain large volumes of water
quickly and make cleaning much less labor intensive. These
pumps are designed to drain swimming pools or flooded
basements and are found in hardware departments of major
department stores or pool supply stores. The Little Giant
Pump Company (www.littlegiant.com) makes an excellent
pump called the “Water Wizard,” model 5-MSP, for about
$65.00. Alternatively, one can use a siphon to drain the water,
but this requires much more time. If one has the luxury of
floor drains, one can install drains in the bottom of the cage,
attach a hose, and drain the cage by gravity. Refill larger
setups through a hose (with a nozzle) attached to a faucet.
Separate drainage and refill hoses make cleaning much more
convenient. When using a hose to drain or refill a cage, be
sure to carefully secure the end of the hose or inadvertent
flooding will occur.

Periodic scrubbing and rinsing of the cage well is impor-
tant to remove residual bacterial growth on all sides. Abrupt
changes in water temperature can kill turtles, so make sure
the water temperature after cleaning is similar to what it was
before cleaning. Thermometers facilitate this; with experience,
one can gauge this with one’s hand. Dechlorination of the
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water is generally not necessary; chlorinated water may help
keep bacterial levels down. Obviously, with biologic filtration
systems, water must be dechlorinated. Young turtles and
those not accustomed to chlorinated water initially squint
their eyes and have difficulty eating but quickly acclimate.

A partial alternative to the laborious task of full water
changes is biological or chemical filtration. Filtration can
decrease the time interval necessary for partial to full water
changes but should not completely eliminate them. The
authors’ early impressions of fish filtration systems, used
with turtles, was that filtration simply did not work.
However, our knowledge and design of filtration systems for
aquatic turtles have improved dramatically in the last few
years (see Highfield?® for a good review). Filtration is now
feasible, especially for larger setups. Keep in mind that turtles
produce considerably more solid fecal and urinary waste than
fish. Most retail aquarium supply stores sell filters designed
for biological breakdown of fish waste, not turtle waste. Even
if the water looks clean, it can still have a lot of nitrogenous
and bacterial waste in it. In general, select filters for turtles
that are designed for large fish or high stocking densities.

As with all filtration systems, good aeration of water
(through airstones or water agitated from falling into the sur-
face, such as with a waterfall) is important to support aerobic
bacterial growth in biological filters. For small setups, inter-
nal submersible filters are gaining in popularity. The best
filters for turtles are large combination biological and
mechanical filters, such as those designed for Koi fish, rapid
sand filters, propeller driven fluidized bead filters, and external
canister filters. In addition, ozone filtration and UV steriliza-
tion can be used. These types of filters tend to be expensive.

If the water level can be maintained within 8 inches of the
top of the tank, powerlifting hanging filters are less expensive
and simpler to maintain than canister filters but are also much
less effective because of lower flow rates and filtration surface
area. Under-gravel filters need a deep gravel bed (7.5 cm or
more) or the turtle may dig and expose the filter plate.”® Once
exposed, water bypasses most of the gravel as it follows
the path of least resistance, and the benefits of biological
filtration are decreased. Foam rubber filters are essentially
worthless. Disasters, such as die-offs, can result from poor
water quality, particularly with low levels of oxygen saturation.
Shell infections are the most common consequence of unclean
water.

For the most part, turtles can be maintained in water with
neutral pH. With exceptions for some species, knowledge of
natural history becomes useful. For instance, some South
American blackwater species, such as Red-headed River
Turtles, Podocnemis erythocephala; Snake-necked Turtle,
Hydromedusa tectifera; Red Side-neck Turtle, Phyrnops rufipes;
and other Phyrnops spp. need more acidic conditions.?

Water should be at least as deep as the width of the widest
turtle’s shell so that if overturned the turtle is able to right
itself and avoid drowning. Diamond-back Terrapins live in
brackish water and need addition of 2 tablespoons of aquar-
ium salt and mineral mix per gallon of water (5 g per L).

Temperature

Water and air must be warm; 24°C to 28°C (75°F to 82°F)
is recommended for most species. An incandescent 50-watt
to 150-watt light bulb, with reflector, directed toward the
basking area creates a hot spot for basking. Alternatively, one

can keep the room temperature within this range.
Submersible aquarium heaters are ideal for warming water.

Haul Out Area

A dry haul out area should be present so that turtles can
crawl out of the water, dry off, and bask. Basking is a means
of behavioral thermoregulation whereby turtles can achieve
their preferred optimum body temperature. Basking areas
can be as simple as a flat rock resting on submerged bricks or
a cinder block. More elaborate platforms can be built into the
cage above water level with access via a plastic ramp or piece
of wood. One also can use floating pieces of cork, hardwood
driftwood, or plastic floating platforms. Snapping Turtles and
Mata Matas do not need basking areas.

Nesting Areas
Nesting areas should be provided for adult females, even if
males are not present. If a sufficient nest area is provided,
dystocia may be avoided and oviposition stimulated. The
Columbus Zoo has a prodigious aquatic turtle breeding
program and believes that temporarily rigging a nesting area,
or shifting a gravid female to a cage with a nesting area, is far
less successful than keeping a nesting area present year round.>*
The nesting area should be approximately four to five
times larger than the carapace of the female. Nest medium
should be slightly moist sand or potting soil and two times
deeper than the length of the carapace. Nest area containers
can be made from a large plastic trash can cut in half or a vari-
ety of smaller plastic containers. The nesting area can double
as a basking area.

Feeding
A balanced diet with adequate calcium is crucial to good
health. A wide variety of foods should be provided (Table 7-6).
Whole fish are better than gutted fish and can be fed chopped
or whole. Most suppliers of feeder fish minimize their feed-
ing to ensure good water quality in overcrowded setups.
Ideally, fish should be well fed before being fed to turtles.
Freezing fish at —10°C (14°F) for more than 3 days may
eliminate transfer of some, but not all, parasites.®*® Goldfish
are not recommended because of the high incidence rate of
mycobacteriosis. Wild-caught sticklebacks and mosquito fish

JEVI WA Aquatic Turtle Diet?7:28,30,36

Feed adults one to three times per week; hatchlings daily. Feed
as much variety as possible.

Majority of the diet. Whole animals such as mice,
earthworms, Tubifex worms, slugs, snails, shrimp
(with shells) and thawed frozen guppies, trout, bait fish,
shiners, and freshwater smelt.

Minority of the diet. Turtle brittle (Nasco, Fort Atkinson,
Wis), trout or catfish chow (Ralston Purina), insects such
as crickets, waxworms, mealworms, flies, moths,
grasshoppers, small amounts of lean raw beef, liver,
gizzards, or chicken.

In older omnivorous species, gradually increase dark leafy
greens (kale, spinach, dandelion greens, romaine lettuce,
cabbage, watercress, endive, bok choy, escarole), yams,
carrots, duckweed, and fruits (apples, grapes, melons,
bananas).
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should not be fed because they are natural vectors for several
serious parasites.35%

Avoid large quantities of oil-laden species such as mack-
erel, and to a lesser extent smelt, that are known to induce
steatitis. Saltwater smelt can have high levels of thiaminase
(especially after freezing) that can induce thiamin or vitamin
B1 deficiency if fed exclusively. If fed in moderation, as part
of a balanced diet, frozen fish should not cause any problems.

Most aquatic turtles readily consume chopped, skinned
mice and pinkies. GI impactions have been seen in turtles
from fur, so skinned and chopped mice are recommended.
Mata Matas refuse mice that are not skinned but can be
trained to eat skinned mice. Older mice have more mineral-
ized bone and are an outstanding source of calcium and
phosphorus for shell growth. Mouse liver is also a good
source of vitamin A.

A variety of insects in moderation also are good (see
Table 7-6). Be aware that insects are calcium deficient.
Earthworms are widely available and nutritious; small turtles
often need them chopped. Some hatchlings do well with
Tubifex worms. Snails and slugs can be fed but are a potential
vector for trematodes. Desiccated invertebrates are nutrition-
ally inadequate and should not be fed.

Small amounts of lean raw beef, liver, gizzards, or chicken
occasionally can be fed but are severely calcium deficient
unless bone is present. Hamburger is not recommended
because it is calcium deficient and the high fat content leaves
a greasy film on the surface of the water.

Many sliders and pond turtles become more herbivorous
as they reach mature size and grow less rapidly. One can
gradually increase greens and fruits (see Tables 7-2 and 7-3)
for these species.

For larger collections, a prepared ration can be made by mix-
ing several ingredients together and binding them with unfla-
vored gelatin (see Table 7-3). Cut set gelatin into bite-sized
pieces or strips. The strips can be tightly wrapped in plastic
wrap, placed in self-sealing polyethylene plastic bags, and
frozen. Remove as much air as possible before freezing to min-
imize freezer burn.** Do not refreeze the ration once thawed.

As much variety as is possible is needed to ensure a
healthy diet. If a balanced diet with whole mice is provided,
multivitamin and mineral supplementation is not necessary.
Mineral blocks in the water do not help nutritionally.
Encourage owners to experiment with turtles but be aware
that it may take weeks to accustom turtles to new diets. Novel
items may initially be tasted and spit out and accepted later.
Persistence is important.

Neonatal Care
Hatchling aquatic turtles can be a challenge to raise. Avoid
crowding neonate turtles. The Rubbermaid 10-gallon storage
container works well for young turtles because it is easily
cleaned and the nontransparent sides may offer additional
security. Hatchlings may be shy and scramble for cover at
your approach and can be reluctant to feed. Provide hatch-
lings with cover to retreat under such as floating pieces of
cork, clay flower-pot pieces, plastic leaves (large enough that
they cannot be ingested), or a small board or flat rock over
bricks. Be certain that cage props are stable so that they do
not shift and trap young turtles underwater and drown them.
To coerce young turtles to feed, try small live insects such
as 2-week-old crickets, mealworms, waxworms, chopped

pink mice, small chopped earthworms, or Tubifex worms. As
the hatchlings begin to feed with more vigor, try a wider vari-
ety of foods. As soon as possible, try to get them eating finely
chopped adult mice, pinkies, and guppies, which are all good
sources of bone. UV lights, proper temperature, and a wide
variety of foods are important to prevent metabolic bone dis-
ease and ensure proper growth.

As much variety as is possible is recommended to ensure
a healthy diet for aquatic turtles. If a balanced diet with
whole mice is provided, multivitamin and mineral supple-
mentation is not necessary and could be detrimental in the
long run. Encourage owners to experiment with their turtles.
Reassure them that dietary changes are important, but
acceptance on the part of the turtle can take weeks. The
owner should not be discouraged if novel items are tasted
and spit out initially; it can take weeks for turtles to accept
new foods.

SPECIES INTERACTIONS

Some turtle species, such as Snapping Turtles, large Softshell
Turtles, Mud and Musk Turtles, and Big-headed Turtles are
aggressive toward other turtles. These species can cause
severe lacerations, or kill other species, and should only be
kept with others of the same species and size. Cannibalism is
known to occur in the Chelydridae, Emydidae, Kinosternidae,
and Trionychidae. In addition, many turtles can be carriers of
Entamoeba invadens, which can cause serious GI disease in
turtles and other reptiles.%”
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THOMAS LANE

EVOLUTION AND CLASSIFICATION

All living crocodilians belong to the clade called the
“archosaurs,” which, interestingly, also includes the birds.
The remaining two clades are the “chelonians,” the turtles
and tortoises, and the “lepidosaurs,” which includes the
lizard, the snakes, and the Tuatara. The 28 species and sub-
species of the crocodilians are divided into four subfamilies:
the Alligatorinae, the Crocodylinae, the Gavialinae, and the
Tomistominae (Table 8-1).

Many crocodilian species are considered to be either endan-
gered or threatened, and as such, the status of any species
can change over time. The Convention of International Trade
in Endangered Species (CITES) has established the parame-
ters for the inclusion of many species as being classified

JEERANl Crocodilians: Classification

Clade: Archosauria

Order: Crocodylia

Family: Crocodylidae

Genus

(No. of Species) Species

Alligator (2)

Subfamily

Alligatorinae

Alligator sinensis
Alligator mississippiensis
Caiman crocodilus
apaporiensis
Caiman crocodilus
crocodilus
Caiman crocodilus fuscus
Caiman crocodilus yacare
Caiman latirostris
Melanosuchus niger
Paleosuchus palpebrosus
Paleosuchus trigonatus

Caiman (5)

Melanosuchus (1)
Paleosuchus (2)

Crocodylinae  Crocodylus (14) Crocodylus acutus
Crocodylus cataphractus
Crocodylus intermedius
Crocodylus johnstoni
Crocodylus moreleti
Crocodylus mindorensis
Crocodylus niloticus
Crocodylus novaeguineae
Crocodylus palustris
Crocodylus palustris
kimbula
Crocodylus porosus
Crocodylus porosus porosus
Crocodylus rhombifer
Crocodylus siamensis
Osteolaemus osborni
Osteolaemus tetraspis

Osteolaemus (2)

Gavialis (1)

Tomistoma (1)

Gavialinae Gavialis gangeticus

Tomistominae Tomistoma schlegelii
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CITES-Appendix I or CITES-Appendix II. Appendix I
includes all species that are threatened by extinction, whereas
Appendix II includes: a, those that may become threatened
by extinction unless regulated; and b, other species similar to
those in Appendix Ila. (See Chapter 80 for more details
regarding CITES.)

The hides of most species of crocodilians are in demand
for the production of leather products. This worldwide
demand is the primary reason many crocodilian species have
been considered endangered in recent decades.

Crocodiles, alligators, caimans, and gharials are natural
resources that are undergoing worldwide management
efforts for the prevention of their extinction. Such successful
management programs include crocodilian farming, captive
breeding and rearing, artificial incubation of eggs, and the
stocking of habitats. In recent years, limited hunting seasons
with size and number limits has been successfully introduced
under the control and regulation of federal and state wildlife
management programs.

Members of the order Crocodylia are found in most tropi-
cal areas throughout the world.! They are the last survivors of
the archosaurs or “ruling reptiles” and are descendants of the
thecodonts of the early Triassic period of 200 million years
ago. Fossil records indicate very little change between those
that first appeared 160 million years ago and the modern
crocodilians. Modern-day alligators, caimans, and crocodiles
appear much as they did more than 65 million years ago.
Although the dinosaurs of the world have come and gone,
their crocodilian relatives are still with us and are likely the
longest living reptile on earth. They are also the largest living
reptiles in the world today.

The scientific names of members of the order Crocodylia
are based on rules and guidelines of the International
Commission of Zoological Nomenclature. Some taxonomists
consider some animals to be subspecies, and as such, they
are usually listed with a third name that is also lower case
(Table 8-2).

Extinct species of crocodilians were of the marine type,
probably reaching the size of 10 to 12 m. A crocodile of the
species Phobosuchus has been reported from the Cretaceous
straits of Texas and also Europe.?

Crocodilians are well adapted to an amphibious environ-
ment, with a streamlined body and a vertically compressed
tail (Figure 8-1). The dorsal placement of the eyes and nostrils
combined with long powerful jaws serve well the aquatic and
predatory lifestyle of the crocodilian species of the world.
Other adaptions that are unique to the order Crocodilia are
the internal valvular mechanism of the nostrils that separates
the respiratory system from the oral cavity, the ability to con-
serve metabolic energy when necessary, and the osteodermal
armor, which has only minor differences among the species
(Figure 8-2). The skin consists of an outer epidermis and scales.
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Crocodilians

Common Name

Species

Alligator sinensis

Alligator mississippiensis
Caiman crocodilus

Caiman crocodilus apaporiensis-ss
Caiman crocodilus fuscus-ss
Caiman crocodilus yacare-ss
Caiman latirostris
Melanosuchus niger
Paleosuchus palpebrosus
Paleosuchus trigonatus
Crocodylus acutus
Crocodylus cataphractus
Crocodylus intermedius
Crocodylus johnstoni
Crocodylus moreleti
Crocodylus mindorensis

Chinese Alligator
American Alligator
Speckled Caiman

Rio Apaporis Caiman
Brown Caiman

Jacare

Broad-nosed Caiman
Black Caiman

Dwarf Caiman
Smooth-fronted Caiman
American Crocodile
Slender-nose Crocodile
Orinoco Crocodile
Johnstone’s Crocodile
Morelet’s Crocodile
Mindoro Crocodile

Crocodylus niloticus Nile Crocodile
Crocodylus novaeguineae New Guinea Crocodile
Crocodylus palustris Mugger Crocodile
Crocodylus palustris kimbula-ss Ceylonese MCugger

Crocodylus porosus
Crocodylus porosus porosus-ss
Crocodylus rhombifer
Crocodylus siamensis
Osteolaemus tetraspis

Saltwater Crocodile

Cuban Crocodile

Siamese Crocodile

West African Dwarf Crocodile

Osteolaemus tetraspis osborni-ss Congo Dwarf Crocodile
Gavialis gangeticus Gharial
Tomistoma schlegelii False Gharial

Indopacific Saltwater Crocodile

BRI Twenty-Eight Species and Subspecies of Living Crocodilians

Location Adult Length
East China 2m
Southeast United States 45m
South America 2m
Colombia, South America 1.8 m
Colombia to Mexico 1.8 m
Paraguay, South America 2m
Brazil and Paraguay 3.5m
Amazon drainage, South America 6m
Amazon and the Guinea 1.5m
Amazon drainage 2m
Florida, South America, West Indies 45m
West and Central Africa 23 m
Orinoco River, South America 55m
North Australia 23 m
Yucatan to Guatemala 2.3 m
Philippine Islands 23 m
Africa and Israel 5m
New Guinea 25m
India and Pakistan 35m
Ceylon 35m
Minikana, Ceylon 3.5m
Asia, Australia 6m
Cuba and Isle of Pines 3m
Borneo, Siam, Java 3.5m
West Africa 1.8 m
Africa 1.2m
India 6m
Malay Penisula, Sumatra, Borneo 45m

FIGURE 8-1 Crocodilians have long, sleek bodies covered with
hard, bony scales that keep them well protected. The tail is powerful
for propelling through water. When floating, the eyes, ears, and
nostrils are all that is exposed above water.

The scales are made up of thickened keratin of the
epidermis. Crocodilian scales are not shed periodically as in
some other reptilian species. The skin of the head is fused to
the cranial and facial bones. These scales grow as the animal
grows. The feet of the forelimbs have five digits, are not
webbed, and are smaller than the hind feet. The hind feet
have only four digits, are webbed, and have claws on the
inner three toes. The medial three toes of the front feet are
also clawed. All crocodilians have sharp conical teeth that do
not have a root system and are shed periodically throughout
life (Figure 8-3).

Crocodilians had existed in vast numbers throughout the
tropical areas of the world until the last 80 years. The two fac-
tors that led to the reduction in crocodilian numbers are the

FIGURE 8-2 Crocodilians all share similar osteodermal armor.
Scales, which are not shed as in other reptiles, consist of thickened
keratin. (Photograph courtesy D. Mader.)

worldwide demand for hides and meat and the widespread
destruction of habitat.

Only in recent years, as the modern world recognized its
obligation to endangered species, has crocodilian conserva-
tion received the necessary recognition and effort. Croco-
dilian conservation is now accomplished through the
management of certain wild populations and farm produc-
tion enterprises (Figure 8-4). A number of farms for a variety
of crocodilian species exist throughout the world for the eco-
nomic benefit of the owners and for conservation. The amaz-
ing fact is that crocodilians as unspecialized animals still
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FIGURE 8-3 All crocodilians have conical teeth without a root
system. These teeth are shed periodically throughout life. (Photograph
courtesy D. Mader.)
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FIGURE 8-4 Farming of alligators and other crocodilians requires
sufficient land and water areas and can enhance the value of
wetlands habitat.

survive as an active group while more specialized groups
have ceased to exist.

CROCODILIAN LIFE SPAN

Misconceptions abound about the size and age of crocodilians
both in written accounts and rumors among the general pop-
ulace. The wild tales of animals that are 1000 years of age or
more are just that—tales! A well-recognized fact is that many
reptiles have a more extensive life span than many common
domestic animals. However, a great many factors can affect
the longevity of any biologic species, and this is true also for
crocodilians.

The life span of crocodilians is subject to such factors as
the wild environment versus a captive situation. In the wild
environment, the mortality rate is variable depending on

JEREH Life Span and Longevity of

Crocodilians

Genus No. of Species Life Span (y)
Alligator 2 30-50
Caiman 5 12-20
Melanosuchus 1 5-10
Paleosuchus 2 15-30
Crocodylus 14 18-45
Osteolaemus 2 12-20
Gavialis 1 20+
Tomistoma 1 20+

available food, the numbers of animals in the location, and
the amount of predation that occurs from year to year. In
years when food is plentiful, population numbers and
growth rates may be optimum. In those years when habitat
or food sources become scarce, cannibalism may occur. Some
researchers claim that cannibalism among crocodilians is
rare, and others infer it is common. A third opinion on preda-
tion of wild populations is that it does not occur among adult
crocodilians and among siblings or family members. Parents
do not cannibalize offspring or members of the opposite sex
in the same size category. However, reports show that under
certain circumstances subadults do consume hatchlings and
juveniles and, in adults, predation occurs on subadults. Such
information concerning wild species is difficult to obtain.
Natural predation of crocodilians larger than 1.5 m by other
crocodilians is relatively rare. Reports do exist of predation
by lions, elephants, and hippopotamuses on Nile Crocodiles
(Crocodilus niloticus), and in South America, anacondas have
been known to kill small-size and medium-size caimans.

In captive populations, the life span and mortality rates
are dependent to a great extent on the animals’ environment
and diet over a period of time. Severe changes in air and
water temperature, water quality, noise influences, and diet
can exert an effect that serves to shorten the life span of these
animals. Shows that depict “alligator wrestling” have been
stated, but not documented, to serve to shorten the animal’s
natural life. The frequent placing of the animal on its back has
been theorized to deprive the brain of an adequate oxygen
and blood supply. To the author’s knowledge, this hypothesis
has not been subjected to adequate study or documentation.

Current knowledge concerning the life span of crocodil-
ians is limited and is related to known ages of animals that
have been maintained in captive environments. Table 8-3 lists
the ranges of life span of some species of crocodilians on the
basis of available information.

Subfamily Alligatorinae

The 10 species of the subfamily Alligatorinae include two
species of true alligators and five species of the genus Caiman,
two species in the genus Paleosuchus, and one species in the
genus Melanosuchus. The two species of alligators include the
American Alligator (Alligator mississippiensis) and the Chinese
Alligator (Alligator sinensis).

The American Alligator is likely the most studied crocodil-
ian of the entire family of Crocodylidae, probably because of
its ready accessibility combined with the interest in commer-
cial farming production that has occurred in the past 25 years.



Crocodilians 103

The American Alligator is found in swamps, marshes, and
lakes of the southeastern United States from the low areas of
both North and South Carolina, Georgia, Florida, and westward
to Texas. The range also includes the delta areas of Alabama
and Arkansas and most of the Louisiana delta. Alligators
have a broad, flat snout, and when the mouth is closed, only
the teeth of the upper jaw are visible. They also have a nasal
septum of bone that is not present in caimans. In adults, the
nuchal scales are relatively large and number four to six.
The Chinese alligator is a severely endangered species and
is found only in the valley of the lower Yangtze River in the
Anhwei and Kiangsi provinces of the People’s Republic of
China.? This species is highly protected by both Chinese and
United States law that prohibits importation. The endangered
state has occurred as a result of illegal hunting and loss of
habitat over time. The reproductive cycle is similar to that of the
American Alligator. A number of captive breeding programs at
zoos and wildlife refuges have been quite successful.
Caimans are closely related to alligators and include the
following three genera: Caiman (five species), Melanosuchus (one
species), and Paleosuchus (two species). They are located prima-
rily in the northern area of South America and in Central
America north to Mexico (Brown Caiman, Caiman crocodilus
fuscus). Their habitat includes swamps, marshes, lakes, and
freshwater streams. The Speckled Caiman (Caiman crocodilus)
species were imported at one time into the southern United
States for the pet trade. Caimans differ from alligators in that
the snout is not as wide but is still flat (Figure 8-5). The skin of
the caiman is not as useful for the hide trade because of the
osteoderm or bony plate in the belly scales. At one time,
juvenile caimans were stuffed and sold as curios to the tourist
trade. The largest caiman species is the Black Caiman
(Melanosuchus niger) at approximately 6 m, and the smallest
species is the Dwarf Caiman (Paleosuchus palpebrosus) at
1.5 to 2 m. The genus Paleosuchus consists of two species:
P. palpebrosus and P. trigonatus, which are frequently referred to
as Smooth-Fronted Caiman. The P. palpebrosus is commonly
noted as the Dwarf Caiman or Cuvier’s Smooth-fronted
Caiman as opposed to Schneider’s Smooth-fronted Caiman
(P. trigonatus). Cuvier’s Smooth-fronted Caiman has a short
broad snout; the snout of the Schneider’s Smooth-fronted
Caiman is comparatively longer and narrower. They are termed
smooth fronted because they lack the bony ridge between the
orbits that is common to all other caimans* (see Figure 8-5).

Subfamily Crocodylinae

Crocodilians are moderate to large in size and occur world-
wide in tropical areas. Most species exist in fresh water, but
some exist in marine and saltwater habitats in estuarine envi-
ronments. The shape of the snout varies from short and blunt
to long and narrow. Crocodiles can be differentiated from alli-
gators and caimans by the visibility of the fourth mandibular
tooth on each side of the mouth (Figure 8-6). These teeth fit
into depressions or grooves between the teeth of the maxilla.
(Members of the subfamily Alligatorinae have depressions on
the upper jaw for the fourth mandibular tooth, but the teeth
are not visible when the mouth is closed.) All members of
the Crocodylus spp. have lingual salt glands that are absent in
alligators and caimans. These lingual salt glands permit ionic
water balance maintenance in a saltwater environment. The
two Crocodylinae genera are Crocodylus and Osteolaemus.

FIGURE 8-5 Caiman snouts are narrower than those of alligators
but wider than those of crocodile species. Tapering of the snout gives
some species a crocodile look. Caimans are readily differentiated from
alligators by the bony ridge between eyes (arrow). (Photograph courtesy
D. Mader.)

FIGURE 8-6 Alligators and crocodiles look very much alike.
Crocodiles can be distinguished because the head is longer and more
triangular. Also, the crocodile has a visible fourth mandibular tooth
(arrow) on each side of the mouth.

Crocodylus acutus and Crocodylus porosus are the saltwater
species. The remainder are freshwater species in both the
Asian and North American continents. Osteolaemus spp. are
the Dwarf Crocodiles from Africa.

The Orenoco Crocodile (Crocodylus intermedius) has a lim-
ited distribution in the Orinoco river basin of Venezuela and
Colombia, South America. This animal is easily confused
with the American Crocodile (Crocodylus acutus) because of
its slender snout and size, which can exceed 5 m. The Nile
Crocodile has a distribution in Central and South Africa.

The Indopacific Crocodile (Crocodylus porosus) is probably
the largest member of the order Crocodylia. It has been
reported to reach a length of 7 m and is widely distributed
throughout the Pacific and Asian region. Although it is
termed a Saltwater Crocodile, the animal is frequently found
in freshwater environments. It is one of the most feared croc-
odilians because of its aggressive nature and reported attacks
on humans.

Osteonemus  tetraspis and the subspecies, the Dwarf
Crocodiles, are heavily armored small animals and are found
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FIGURE8-7 A, The Indian, or True, Gharial (Gavialis gangeticus) has
a long slender snout and a bulb-like nose. All of the teeth are the
same size, which differs from other crocodilians. Its diet is primarily
fish. B, The False Gharial (Tomistoma schlegelii) is similar to the True
Gharial in having a long slender snout but it is in a subfamily of its
own. (A, Photograph courtesy R. Funk.)

in the tropical forest areas of central and west Africa. It has
been reported to be primarily nocturnal, and only limited
information is found on its biology and habits.

The Siamese Crocodile (C. siamensis) is a medium-size ani-
mal with a very limited distribution in Southeast Asia. Some
reports indicate that this species is very close to extinction in
the wild.

Subfamily Gavialinae

The one surviving species of this family, Gavialis gangeticus,
also known as the Gharial, is considered the only true gavial
and occurs only in the upper reaches of the Indus, Ganges,
and Brahmaputra rivers of India and the Rapti-Narayani
River of Nepal (Figure 8-7, A). This species is considered
endangered. Most of the common day literature refers to this
species as “the Gharial,” although the scientific subfamily
and genus remain Gavialinae and Gavialis, respectively. A
distinctive long and slender snout identifies this Gharial from
other members of the crocodilian family except for the False
Gharial. When the mouth is closed, the fourth mandibular
tooth and all the anterior teeth are visible on the outside of the
jaw. In the True Gharial and the False Gharial (Tomistominae),
the mandibular symphysis is extremely long and extends
back to the level of the 14th or 15th mandibular tooth. This is
not so in the other species of crocodilians.

The major diet of this crocodilian is fish, which the Gharial
catches with rapid sideward swings of the jaw. The long jaws
contain 100 interlocking teeth that are the same size and
extremely sharp, which is efficient for catching fish and frogs.’

However, the long jaws are not well adapted for larger prey
specimens. The Gharial is not well adapted to land but is
adapted to a watery environment. The legs are weak, and on
land, the animal uses a “belly slide” rather than a high walk
like most other crocodilians. This belly slide movement on
land is accomplished by propulsion of the body with the hind
limbs.

Adult male Gharials have a conspicuous knob at the top of
their snouts termed the narial excrescence. The function of this
bulbous structure has not been determined. It is unlikely to be
connected with the sense of smell or with breathing. It contains
no apparent specialized cells and cannot be closed against
water. One theory is that the male uses this bulb as a resonator
during the breeding season. This nasal excrescence or bulb
develops in the male at about 10 years of age. It is primarily
cartilaginous, and the flaps on it allow the animal to make a
hissing sound on exhalation. This hissing sound appears to
be an important function during the breeding season.
Reproduction occurs in this species when the male reaches
approximately 4 m and the female reaches 2.5 m. Reproduction
usually occurs with courtship maneuvers in December and
breeding in January and February. Nesting occurs from late
March through April. The Gharial is a hole nester and deposits
between 35 and 50 eggs in a nest. Hatching of eggs occurs after
incubation of 60 to 90 days depending on locale and environ-
ment. Normally the females are not aggressive except during
this period when they guard the nest.

Subfamily Tomistominae

The subfamily Tomistominae includes a single species, the
False Gharials (Tomistominae schlegelii), that exists in the
swamps and rivers of the Malay Peninsula and the islands of
Java, Borneo, and Sumatra (see Figure 8-7, B). The False
Gharial is very similar to the True Gharial as it also has a long
slender snout and also is considered an endangered species.
Some confusion is seen in the phylogenetic relationship of the
subfamilies Tomistominae and Gavialinae. The confusion arises
because of the unresolved issue of whether Tomistominae is a
member of the Crocodylinae or the Gavialinae. Both classifi-
cations have been proposed at one time or another. Therefore,
we have for simplicity kept Tomistominae as a separate sub-
family until a clear morphologic relationship is presented.

This False Gharial is considered a freshwater crocodilian
and is found in fresh lakes, rivers, and swamps throughout
its limited habitat range. The long slender snout contains
from 80 to 100 sharp pointed teeth that interlock similar to
those of the True Gharial.

The primary differences between the True Gharial and the
False Gharial are in the body shape, nesting method, and
world location. The False Gharial has a heavier and stouter
body conformation, whereas the True Gharial is much slimmer
in body conformation. The narial excrescence of the mature
male Gharial does not occur in the False Gharial male.
The sizes of mature males and females of both species are
similar, with males reaching approximately 4 m in length
(13 feet) and females attaining a length between 2 and
2.5 m (8 feet).

The coloration of the False Gharial is also much darker,
with broad black bands, than the more northern counterpart.
The False Gharial is a mound nester (rather than a hole nester
like the True Gharial) and after laying eggs leaves the nest
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completely unguarded. This species shows no aggression and
does not appear harmful to humans.

SKELETAL SYSTEM

The crocodilian skull is elongated and composed of 30 fused
bones. All species of crocodilians have long, flattened, tooth-
lined skulls of various sizes and shapes. Both upper and
lower jaws have open-rooted teeth that are set in sockets via
connective tissue. The upper and lower jaws articulate at the
posterior aspect of the skull, which allows the wide opening
of the jaws. The muscles that open the jaw, the depressor
mandibular and the sternomandibularies, are quite weak,
and therefore, the jaws can be held closed with a medium
amount of effort (Figure 8-8). The muscles that close the jaws,
the temporalis and the pterygoideus internus and externus,
are very strong and close the jaws with extreme pressure. In
adult animals, attempting to open the mouth can be dangerous
because of this strength.® If one opens the mouth of an adult
that has recently died, a point comes where the temporalis
and the internus and the externus pterygoideus muscles are
stimulated to close with tremendous force. The stimulatory
effect may occur up to 24 hours after death.

The approximately 60 to 70 vertebrae consist of eight to
nine cervical, 10 to 11 thoracic, four to five lumbar, 32 to
42 caudal, and two to three sacral. The distinction between the
cervical, thoracic, and lumbar vertebrae is not clear, and dis-
agreement is found among authorities about the exact points
of change. Eight sets of true ribs and an additional eight pairs
of gastralia or floating ribs are found. These are not true ribs
but rather dermal bones in the ventral body wall superficial
to the rectus abdominis muscles. The so-called sacral ribs are
heavy bones that articulate with the transverse processes of
the sacral vertebrae. A difference of opinion exists among
authorities as to whether these are true ribs or merely thick-
ened transverse processes. They are not fused to the vertebrae
and so are frequently referred to as ribs. The pelvic girdle has
a short ilium, a narrow pubis, and a short wide ischium. The
front and hind limbs are anatomically similar to those of
mammals and attach in an analogous fashion. The femur is
longer than the humerus and holds the posterior portion of

FIGURE 8-8 The jaws can be easily taped shut to facilitate safe
handling. (Photograph courtesy D. Mader.)

the body higher than the anterior. The front limbs have five
digits with claws on the medial three digits, and the webbed
hind limbs have four digits that are longer than the front
limbs and also have claws on the medial three digits.

RESPIRATORY SYSTEM

The nostrils of all crocodilians are on a raised area at the end
of their snouts and can be closed with muscular flaps when
the animal submerges. The full development of a bony sec-
ondary palate is seen only in the crocodilians where the inter-
nal nostrils open at the back of the mouth in close proximity
to the glottis. The glottis is the opening into the larynx from
the pharynx. Valve-like flaps of tissue on the roof and floor of
the mouth just in front of the internal nostrils and glottis
enable the throat region to be sealed off from the oral cavity
during submergence (Figure 8-9, A, B). This permits the animal
to grab and hold prey underwater without drowning. The
long nasal passage above the elongated palate allows air to
pass through two openings in the pharynx, the posterior
nasal choanae, and enter the trachea and lungs. The animal is
also able to breathe via its nostrils even when the mouth is
open and full of water. Water that is taken into the mouth can
be swallowed but not inhaled.

The respiratory system is typical of most reptiles.
Crocodilians have well-developed lungs located in the
thoracic cavity. Air can be held in the lungs for an extended
period by closure of the glottic valve, allowing submer-
sion for extended periods. The lungs are nonlobulated and
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FIGURE 8-9 A and B, Crocodilians have an anatomic fold at the
back of the mouth, the gular fold, that allows the animal to breathe
even when its mouth is open under water. The throat flap keeps
water out of the lungs, enabling swallowing of food under water.
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highly vascularized. Crocodilians are dependent on their lungs
for respiration and gas exchange. Each lung is enclosed in the
thoracic cavity and has a large surface area for oxygen and
carbon dioxide exchange. Respiration is accomplished with
the intercostal muscles and the diaphragm. Some disagree-
ment exists about how long crocodilians can stay submerged.
Factors such as animal size, the water and air temperature,
amount of food in the stomach, and metabolic rate all have
a bearing on the time any one individual animal can stay
submerged.”

Crocodilians are well suited for their aquatic lifestyle.
They have the ability to float in the water with just their nos-
trils and eyes above the surface. The elevated nostrils allow
them to stay just below the surface of the water for great peri-
ods of time. The rate and depth of respiration increase with
activity and metabolism. The American Alligator is reported
to have a respiratory rate of 2.5 to 3 breaths per minute at
rest at 28°C.

CIRCULATORY SYSTEM

Crocodilians are the only reptiles with a four-chamber heart
(see Figure 10-5). Complete separation is seen of both the left
and right atria and the left and right ventricles. The ventricu-
lar septum contains a small foramen (foramen of Panizza).
This foramen is a high septal opening that connects the right
and left aortic trunks and permits the mixture of oxygenated
and deoxygenated blood. Crocodilians can make an adjust-
ment in peripheral blood flow in response to being submerged
for extended periods of time.

The foramen of Panizza permits the mixture of the right
ventricular and left ventricular blood on the basis of the
pressure in the left ventricle. When the animal is breathing,
the left ventricle pressure is greater than the right ventricle
pressure. A small amount of blood may go from the left side
to the right side, but this is likely of no consequence. When
the animal is submerged, the pressure in the lungs produces
pulmonary hypertension and decreases the flow of blood to
the lungs. This produces an increase in right ventricular
pressure. This increase in right ventricular pressure causes
the “opening” of the foramen and allows ventricular blood to
enter the abdominal aorta. When the animal returns to the
surface, the return of normal ventilation causes the reduction
in the pressure in the lungs and in the right ventricle. This
reduction allows the foramen to close so that only blood from
the left ventricle enters both branches of the aorta. This mech-
anism apparently allows crocodilians to remain submerged
for extended periods. By remaining inactive and using anaer-
obic metabolism, the lack of oxygen can be tolerated for as
much as 5 or 6 hours.®

Crocodilian circulation and hemodynamics are difficult
to determine in vivo. Therefore, much of the information
regarding circulation is a result of physiologic models, dissec-
tions, and theory. Determination of borderline chemistries is
also difficult on restrained animals and impossible on sub-
merged animals under natural conditions. The theory is that
the foramen of Panizza allows blood from the right ventricle
to enter the left ventricle and be diverted to the abdominal
aorta and this supposedly diverts deoxygenated blood from
the lungs to non-oxygen-sensitive areas such as the stomach
and liver. The oxygenated blood returning from the lungs to

the left side of the heart is directed to the brain and heart,
which are more oxygen sensitive. To date, no one has quanti-
fied the amount of blood that is shunted or the physiologic
mechanism that regulates the foramen.

Crocodilian heart rates are slow and are temperature
dependent. The rate at 10°C is 1 to 8 times per minute; at 18°C,
15 to 20 times per minute; and at 28°C, 24 to 40 times per
minute. At 34°C, a wide variation in heart rate occurs.
Irreversible cardiac damage occurs above 40°C.

NERVOUS SYSTEM

Crocodilians have small brains that account for less than 0.5%
of their total body weight. The dorsal roots of the first two
spinal nerves are absent but do occur on the remaining spinal
nerves. The spinal cord of crocodilians extends almost to the
tip of the tail. The dorsal and ventral caudal nerves leave the
spinal cord in the same way as the body trunk nerves because
of no cauda equina.®

Eye

Crocodilians are visually oriented and have eyes that are well
suited for both day and night vision. Because the eyes are
located high and lateral on the head, the eyes, like the nostrils,
remain above the surface of the water when the animal is sub-
merged. The eyes of caimans and alligators are more promi-
nent than those of crocodiles. The bony orbits of the skull
surround the eyes, and if the eyes are pressed, they sink into
the orbit. Frequently, when handling large crocodilians, tape
over the eyes and around the mouth is prudent. This lack of
vision causes disorientation in the animal and stops move-
ment and fighting.

The lateral placement of the eyes of crocodilians means
that the anterior binocular vision is not well developed. In the
American Alligator, the eyes are oriented to permit 25 degrees
of binocular vision.” However, when working with large croc-
odilians in a capture environment, approach directly from the
front is advisable and somewhat safer whenever feasible. The
lack of binocular vision means that the defensive mechanism
for the animal is better adapted to lateral approaches. In an
approach on any crocodilian from the side, the rapid defen-
sive movement of the head and tail is directed in the same
direction, with an attempt to strike the individual with the
head, tail, or both.

Crocodilians have a vertical slit-like pupil. This pupil
dilates in a medial-lateral direction, and this pupil position
remains vertical with the horizon even when the head is
raised or lowered. It is postulated that when the animal is
turned over on its back, it becomes disoriented because of
this particular eye configuration. The muscles of the eye,
the superior rectus, interior rectus, the internal rectus, and the
inferior oblique serve to allow retraction of the eye into the
orbit when the animal is threatened. Almost all crocodilians use
vision to capture prey that is out of the water, but such vision
under the water is limited and other sensations are used.

Crocodilian eyes, with more rods than cones, are well
adapted for night vision. The tapetum lucidum is well
developed; thus, one is able to locate the animals at night
when a spotlight is used. The eyelids and nictitating mem-
brane are well developed. The nictitating membrane is clear
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and covers the eye when the animal is under water. The
degree of vision under water for crocodilians is unknown.

Apparently, crocodilians are able to recognize prey on
land and in the water, their hatchlings, their environment,
specific nests, and people. In alligator breeding houses, the
daily caretaker is recognized as one individual. When two peo-
ple enter the premises or when a strong vocalization occurs,
such as people talking, the animals then become nervous and
dive into the water or crowd into corners.

Crocodiles also possess a highly developed sense of smell.
The raised nostrils at the end of the snout suggest an evolu-
tionary dependence on the olfactory sense. Odor sensing
likely has a role in food location. Olfactory nerve endings are
located in the anterior end of the nasal cavity. The role of food
odor in the raising and farming of crocodilians is unknown.
Likewise, the effect of glandular secretions on animals in
captivity or in the wild has not been thoroughly investigated.

Ear

The external auditory meatus are slit-like openings that are
closed by a fibrous flap and are protected by a dorsal shelf of
bone (Figure 8-10, A, B). The fibrous flap serves to close the
external opening when the animal submerges. The middle
ear is separated from the external ear by a tympanic mem-
brane. Crocodilians have a well-developed hearing mecha-
nism. They have only one bone in the middle ear, the stapes,
that conducts sound to the inner ear.® How well crocodilians
hear underwater is unknown and difficult to determine, but
some of their behavior patterns suggest that they do hear
when submerged. The possibility also exists that sounds and
vibrations are detected underwater by the integumentary
sense organs (ISO) located in the scales. The ability of croco-
dilians to detect sounds above water is well developed. A
variety of sounds are used by crocodilians, such as grunts by
hatchlings and hissing or snarling sounds when threatened.
A characteristic bellowing sound is used during the mating
season. Evidence of this is found in their behavior when
strange sounds occur and in their ability to respond to vocal-
izations at specific times, such as the breeding season or
when hatchlings are in the nest. It is not unusual for females
to become disturbed when hatchlings are stimulated to make
grunting sounds.

Homing Instinct

Crocodilians possess the homing ability or orientation to
return home, but some limitation exists to the distance inter-
val. This type of behavior is important in farm situations when
animals raised in an area escape from the ponds. Frequently,
when animals have been raised in captivity and then escape,
they return to the area. Animals that have been brought into
captivity from the wild, especially young adults, attempt to
leave and return to their previous habitat. Homing has been
studied in the American Alligator, the Saltwater Crocodile,
the Spectacled Caiman, and the Freshwater Crocodile. Webb
and associates’ documented that the C. johnstoni was capable
of returning to its habitat after being moved upstream a dis-
tance of 19 miles. After 15 months, from a group of 17 translo-
cated animals, seven were located at the original capture site
and one was midway between the capture site and the release
site. None were at the release site.’

FIGURE 8-10 A, Crocodilians have a fibrous flap that covers the
external ear opening when the animal submerges. B, The ear flap on
this alligator was avulsed after an encounter with an automobile.

(Photographs courtesy D. Mader.)

DIGESTIVE SYSTEM

Crocodilians are carnivorous predators, and their diet is vari-
able depending on the species and the habitat. In the natural
setting, crocodilians cease feeding at temperatures below
25°C or above 35°C. In farming operations, the temperatures
are maintained in grow-out houses to encourage feeding and
an active metabolic rate. The digestive system of crocodilians
consists of the oral cavity, oropharynx, esophagus, stomach,
small intestine, large intestine, colon, and cloaca.

The teeth of crocodilians are of a conical shape and are
similar in their shape and size. Each tooth resides in a socket
in the jawbone and is attached by connective tissue. Radiologic
studies have indicated that each tooth has a life span of about
2 years and is lost as replacement teeth emerge. The replace-
ment tooth develops from the germinal tissue in the tooth
socket and migrates through the cylinder space of the mature
tooth that is eventually dislodged. In aged animals, a perma-
nent loss of some teeth may occur. The teeth and jaws of croc-
odilians are strong and are designed for grasping and tearing
of prey. No provision is made for chewing or grinding of
food. Tooth replacement decreases with the increasing age of
the animal.
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The tongue is attached to the floor of the mouth along the
entire ventral surface, thereby preventing any protrusion of
the organ. The posterior margin of the tongue is elevated into
a large transverse fold that serves to partially shut off the oral
cavity from the pharynx. Two large transverse folds (velum
palatinum) from the bony palate between the oral cavity and
the pharynx meet the transverse fold from the base of the
tongue and serve to completely separate the oral cavity from
the pharynx. Swallowing is accomplished by raising the
snout after food is in the mouth. The tongue, because it is
firmly attached to the mouth floor, has no part in moving
food into the esophagus. The esophagus is a distensible organ
with longitudinal folds of mucous epithelium and terminates
at the cardiac sphincter of the stomach.

The crocodilian stomach is divided into two distinct
regions, the corpus and the pars phylorica. The distinction is
clear as the corpus forms the area that is comparable with
an avian gizzard. This corpus or cardiac region also contains
numerous glands that secrete mucus into the stomach. A
thick collar of muscle and spongy tissue appears to serve as
the gizzard and together with gastroliths is responsible for
grinding the food into small particles in preparation for pas-
sage into the pyloris region.'” The gastroliths or gizzard
stones are a universal finding in large crocodilians in the
wild. In farm-raised animals, foreign objects are seldom
found in the highly muscular portion that serves to grind
food. The stomach has a high acidic secretion and is capable
of digesting the wide variety of dietetic materials consumed
by the animal. Crocodilians swallow their food without
chewing; therefore, the gizzard portion of the stomach serves
a vital need in digestion. The stomach is separated from the
small intestine by the thick pyloric sphincter.

The stomach has the most acidic environment of any verte-
brate, which allows for the efficient digestion of the unchewed
food. According to Coulson and Hernandez,! crocodilians
have shifts in plasma pH levels on a frequent basis. They state
that because of the high production of concentrated
hydrochloric acid in the stomach, a shift of chloride ion from
the plasma leaves a large amount of sodium to react with
plasma carbonic acid. This results in large amounts of sodium
bicarbonate, and they refer to this as the alkaline tide. Thus, a
profound plasma alkalemia in crocodilians is associated with
food ingestion. Digestion in the high-acid environment of
the stomach must be highly efficient because mastication is
minimal and whole segments or pieces of food are ingested.
Appetite in crocodilians depends to a great extent on the
environmental temperature. The most efficient temperatures
for ingestion and digestion are between 25°C and 35°C.
American Alligators in farm-raised conditions have been
observed to not eat when the temperature is lower than 22°C.
Temperatures above 35°C cause an undue amount of stress in
crocodilians and cause inappetence as well.

The small intestine is supported by a dorsal mesentery,
which also contains the spleen and ends at the ileocolic
sphincter. The large intestine, although short, has a diameter
at least two times the diameter of the small intestine. It is sep-
arated from the small intestine by the ileocolic sphincter and
from the cloaca by a thick anal sphincter. The liver is divided
into two lobes, and the gallbladder is contiguous with the
liver. Three hepatic ducts join to form the common bile duct.
The anus is the opening of the large intestine to the cloaca.
The cloaca is the termination of the digestive, urinary, and
genital system. The cloaca is divided into three chambers: the

coprodeum, or anterior portion, is where the large intestine
empties and feces are collected; the urodeum, the middle area,
is the area of duct openings and the attachment of the penis;
and the proctodeum, the posterior area, serves as the collec-
tion area for digestive and excretory waste before discharge.
The cloaca opens externally through the longitudinal vent.

INTEGUMENTARY SYSTEM

The skin of all species of crocodilians is composed of separate,
rough, leather-like scales. The separate scales are joined by
elastic connective tissue. The skin on the head is fused tightly
to the underlying bony skull. The dorsal hide is cornified and
lies above bony plates (see Figure 8-2). Some crocodilian scales
may appear to overlap, but they are distinct structures that
form a continual epidermis. The skin of the back on the dorsal
side of crocodilians is heavily cornified and has bony plates or
osteoderms underneath. This part of the skin is not desirable
in the leather trade. The lateral and ventral body covering are
the areas of the skin that are used for manufacturing leather.

Each species has characteristic scales. The scales just pos-
terior to the occipital area and the scales over the nuchal area
are different to a greater or lesser degree for each species. The
arrangement and number of scales or scutes is important in
species identification. The tail has a double row of triangular
scales that merge into a single row midway of the length. Two
species of caimans and four species of crocodiles have bony
plates in the ventral abdominal scales, which makes these
skins of low economic value; therefore, they are not farmed or
raised commercially to any extent.

Crocodilians possess two glands on the underside of the
jaw for which the purpose is unclear. Also, two glands in the
cloaca emit a musk-type odor. The excretion of these cloaca
musk glands is likely used for mating and possibly defense.!?

The crocodilian skin contains chromatophores or pigment
cells. Skin color varies from black to gray to light brown or
off green depending on the species. The abdominal and lateral
sides tend to be lighter than the back and head. Hatchlings
and young juveniles may have bands of light coloration, but
this tends to disappear in adults. The ISO occur in the scales
of all members of the Crocodylinae and Gavialinae families
but are absent in the Alligatorinae. The purpose of the ISO
is not definitely known, but it is theorized that they serve
a sensory purpose related to underwater vibrations.

REPRODUCTIVE SYSTEM

Female

The ovaries of female crocodilians are located internally at
the anteromedial border of each kidney. Each ovary is sus-
pended by the mesovarium and is a solid, flat, convoluted
gland with an inner medullary area composed of connective
tissue, blood and lymphatic vessels, smooth muscle, and
nerve fibers. The oviduct consists of the ostium, a muscular
portion, an isthmus, and a uterine segment. The ostium is the
funnel-like opening to the oviduct and is located anterior to
the ovary. The muscular position is slightly convoluted with
alveolar glands and ciliated columnar epithelium. The isthmus
is much less glandular and muscular. The uterine segment
consists of columnar epithelium with both muscular and
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glandular tissue. The oviducts in crocodilians are generally
long to accommodate the large number of eggs. The oviducts
open close together through the ventral wall of the posterior
cloaca just anterior to the clitoris. The clitoris is similar in
appearance to the penis but smaller.

Male

In the male crocodilian, the testes are elongated thin glands
covered by a thick tunic and are suspended at the medial bor-
der of each kidney by the mesorchium. They lie on each side
of the postcaval vein. The ductus vas deferens extend from the
posterior end of the testes to the ventral surface of the cloaca
where they open at the base of the penis. The penis is located
on the ventroposterior surface of the cloaca near the vent. The
dorsal surface of the penis has a single open groove that
serves for conduction of spermatozoa. The penis is not elon-
gated significantly during copulation. Two thick fibrous
plates, the crus penis, are located at the base of the penis. The
penile groove is the result of the fusion of the crus penis. The
penis is primarily cartilaginous and has little erectile tissue
(Figure 8-11). The penile groove is lined with cavernous tissue
and the engorgement of this tissue may serve to move semen
along the penile groove during copulation. Two accessory
ducts are located bilaterally just distal to the fusion of the crus
penis. The emission of accessory duct fluid during engorge-
ment of the erectile tissue suggests a contribution to semen
volume and sperm transport. The structure of the penis pro-
vides for sealing the cloaca when spermatozoa and accessory
duct fluid are released at the openings of the oviducts.

REPRODUCTIVE ACTIVITY

Female

The reproductive cycle of most crocodilians is similar. The time
of year and length of various stages of the reproductive cycle
are somewhat variable depending on the species, habitat, and
hemisphere of location. The reproductive cycle of the

FIGURE 8-11 The ventral groove of the copulatory organ of the
American Alligator (Alligator mississippiensis). Cartilaginous crura
converge to form the groove.

American Alligator has received considerable investigation
in Florida and Louisiana and is used here to illustrate cyclic
activity. Captive female alligators are capable of reproduction
at 7 years of age. Females in the wild are reported to begin
laying eggs at approximately 10 years of age. The develop-
ment of the ovarian cycle in adult female alligators occurs
once each year between March and May in the Northern
Hemisphere. The introduction of reproductive activity is
mediated via the pituitary hormones: follicle-stimulating
hormone (FSH) and luteinizing hormone (LH). Stimulation of
the pituitary gland results in an increase in gonadotropin
hormone, which acts on the ovary. The increase in ovarian
activity consists of follicular growth and an increase in
estradiol and testosterone production. Vitellogenin, the yolk
precursor protein, is produced as a result of the secretion of
pituitary gonadotropin. Blood plasma collected from female
alligators at this time of year has a characteristic white
appearance as a result of the circulating vitellogenin.!314

After activation of the ovary by FSH, the ovary produces
estrogen, which is necessary for vitellogenesis. Vitellogenin
travels via the vascular system to the developing follicles and
is converted into yolk. The process of vitellogenesis results
in the accumulation of yolk in preovulatory follicles. Yolk is a
complex of protein, phospholipid, and fat within the ovum,
which sustains the embryo during development. After ovula-
tion, the plasma loses the white appearance and is similar to
the plasma of males and nonreproductive females.

In the alligator, a hierarchy of follicle groups develops, with
each group representing a clutch. The clutch to be fertilized
may contain as few as 20 follicles or as many as 80 follicles.
Approximately 40 eggs per clutch is considered an average
and is most frequently reported. The stimulus for pituitary
activity has been the subject of much study and speculation.
The environmental conditions considered to be the stimulat-
ing factors that cause the initiation of pituitary activity are an
increase in day length and an increase in water temperature
in the Northern Hemisphere.

Observations support the concept that extraretinal photo-
receptors may constitute part of an integrated photoendocrine
system. Increasing day length in synergy with increasing
water temperature is believed necessary for reproductive
synchronization.

Another important factor in the reproductive capability of
the female is diet. Dietary inadequacies or vitamin and min-
eral deficiencies adversely affect the ability of the female croc-
odilian to respond to pituitary stimulation and ovarian
activity. Alligators and most of the crocodilian species go
through a refractory period after ovulation. (An exception to
this is the Indian Mugger [Crocodylus palustris], which produces
two clutches per year under natural conditions.)

Evidence of the postovulatory refractory period exists
because attempts to induce follicle development and ovula-
tion with gonadotropin hormones have been unsuccessful.
Likely both a reduced photoperiod and a decrease in water
temperature are necessary for a variable period of time to
enable the system to be responsive.

Male

Spermatogenesis occurs within the seminiferous tubules of
the testes. Before the breeding season, the testes increase
in vascularity. In the Northern Hemisphere, the production of
spermatozoa begins in March, reaches a peak in mid-April to
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mid-May, and ends in July. During the latter part of June,
spermatogenesis is declining and connective tissue forms
between the seminiferous tubules. By July, the seminiferous
tubules are inactive and the testes are decreased in size. The
testes remain in this regressed state until the following year.
No evidence exists of prolonged sperm storage in crocodilians.
The same factors that stimulate the female also affect the male.
The increase in ambient temperatures and photoperiods is
considered necessary for the initiation of the spermatogenic
cycle on an annual basis.

Behavior During Reproduction

Crocodilians display advanced behavior patterns during the
mating season. For most species, courtship behavior is
extremely strong and dramatic over an extended period of
time. The increased behavioral activity of the American
Alligator has been described by Vliet.!®

The two activities that are most observable in crocodilians
are roaring or bellowing and head slapping (Figure 8-12).
These displays are considered to be an important method of
communication among members of a group. Such activities
are increased dramatically during the breeding season;
for both animals in the wild and those in farm ponds. Animals
in zoos or close confinement pens only occasionally demon-
strate such activity.

In breeding ponds or the wild habitat, the bellowing of
one individual serves to stimulate the bellowing of others.
This is most noticeable during the courting and breeding
season. Both males and females engage in the bellowing and
head-slapping performance. This behavior has been postu-
lated as serving to synchronize some group activity and as
indicating size and sex of members within the group. During
a bellowing sequence, the animal holds its head above water
and the tail is arched out of the water.

Mating

The female crocodilian must mate during the breeding season
each year for fertilization to occur. The storage of spermatozoa
does not occur. The greatest activity involving courtship and

FIGURE 8-12 Bellowing and head slapping is a common activity
at the beginning of the mating season and is shown by raising of the
head and tail in this characteristic fashion.

copulation occurs in the early morning hours. This is in
contrast to the act of nest building and egg deposition that
most often occurs during the nighttime.

Copulation follows the intense physical contacts dis-
played during the courtship period. The male approaches
the female from behind and moves up over her body. Once
mounted, the male must roll to one side to bring the base of
his tail in juxtaposition with that of the female. When in the
cloaca, the shaft of the penis is arched with the glans project-
ing posterior with the penile groove situated along the con-
vex side of the arch. In the Northern Hemisphere, mating
occurs during the latter part of May and early June. Multiple
copulatory acts within a short period of time may occur.

Nesting and Egg Laying

Some species of crocodilians deposit their egg clutch in exca-
vated holes, and others build mounds of surrounding vegeta-
tion. Crocodilian eggs contain the embryo, yolk, and albumen
and are enclosed in shells that are incubated outside of the
body. Females in the process of laying eggs become rela-
tively docile. On completion of the egg-laying process, the
female may become extremely broody and guard the nest
(Figure 8-13, A, B).1® The aggressiveness displayed by females
at the nest site is extremely variable among individuals and
among species. Egg collection from nests on farming and
ranching operations is a common procedure.

After laying, the embryo orients toward the top of the egg. If
a crocodilian egg is rotated after the embryo has attached to the
yolk, a high propensity exists for early embryonic death. The
critical period for egg handling is between day 1 and 15 after
laying. For this reason, egg collectors always mark eggs on the
top as they remove them from the nest. The period necessary
for incubation of eggs is related to the temperature. In areas
where temperatures are lower, the hatching of eggs requires a
longer period of time. Average incubation time ranges from
40 to 100 days depending on the species and hemisphere.

Gender Determination

Crocodilian gender determination is not dependent on sex
chromosomes. Temperature-dependent sex determination
(TDSD) is now a well-established phenomenon in crocodil-
ians. By the alteration of the temperature of eggs during incu-
bation, the gender can be determined. TDSD has been shown
in six species of crocodilians, and likely the same principle
will be proven in the other species because they all lack sex
chromosomes.

Temperature-dependent sex determination was first
reported in the American Alligator in 1982.17 The incubation
temperature range is 28°C to 34°C. Temperatures greatly above
34°C result in a high proportion of embryonic deaths. In all
species, when the incubation temperature is low (28°C to 30°C),
the results are all females of the species. In the Common
Caimans (Caiman crocodilus) and the American Alligator, males
result from incubation temperatures of 32°C to 34°C. In croco-
diles, the production of females predominates at temperatures
of 33°C to 34°C. Male crocodiles predominate between 31°C
and 33°C (Figure 8-14). The period of temperature sensitivity
begins early in the embryonic development and continues
throughout the first half of the incubation period. The small
differences of 0.5°C to 1°C have a direct bearing on gender
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FIGURE 8-13 A, Female alligators prepare nests of dirt and decaying vegetation above ground. B, Most females guard
their nests and stay in the vicinity until hatching occurs. Each nest may contain between 20 and 70 eggs, 50 to 90 mm in
length. They hatch in approximately 65 days aided by heat generated by decaying vegetation making up the nest.

determination. In the wild populations, the climatic conditions
in any given year combined with the next selection site have a
great bearing on the sex of hatchlings that emerge from the
nest (Figure 8-15). Specific temperature regulation is not yet a
common practice on crocodile and alligator farms where eggs
are collected for artificial incubation.

Birth Defects

Although birth defects do occur in any species, less available
information is found regarding crocodilian birth defects,
likely because of the almost certain mortality in most
instances. The American Alligator, because of the large com-
mercial production farms, has supplied the most information
regarding birth defects. Serious birth defects include spina
bifida, scoliosis, hydrocephalus, microphthalmia, and limb
abnormalities.

A number of contributing factors can cause these defects
and developmental malformations. Also, a higher percentage
of birth defects is documented in the eggs from very young
and older females. This is not unusual as this occurs in many
species.

The factors that likely contribute to these defects include
environmental conditions during egg incubation and mater-
nal diet during the egg development stage. Female alligators
fed a primarily fish diet have been reported to have more
birth defects than those females that are fed a red meat diet.
This is the result of the fish diet being deficient in vitamin E,
a fat-soluble vitamin, and also a deficiency of trace minerals.

Nesting or incubation temperatures that are at the extreme
ranges can also contribute to malformations. The result may
be early embryonic death in the egg, hatchlings that hatch
and are unable to survive, or a hatchling that survives but
lacks the ability to grow and is stunted.

Mark W.J. Ferguson'” has reported that incubation temper-
ature does affect pigmentation patterns in American Alligators.
Those incubated at 33°C have one extra stripe when com-
pared with those incubated at 30°C. Ferguson has done

Male and
All Female All Male
| | Female |
A 28°C 29°C 30°C 31°C 32°C 33°C 34°C
Male and Female and
All Female
Female Male
| |
B 28°c  29°C 30°C 31°C 32°C 33°C 34°C

FIGURE 8-14 Temperature-dependent sex determination. A, Caiman
and alligator eggs incubated at low temperatures produce females,
and the upper extreme of incubation temperature results in males. A
gradient of 31°C to 32°C results in production of both genders.
B, Crocodiles follow the same pattern in the lower incubation range
with females. At a high temperature range, some male production
occurs, but predominance is with females. The opposite is true for the
midrange, where males predominate over females.

FIGURE 8-15 In wild populations, climatic conditions in any given
year combined with nest selection site have great bearing on the
gender of hatchlings that emerge from the nest.
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extensive work with alligator embryos and reports that the
alligator embryo is much more easily manipulated than
mammalian embryos. Thus, they make good models for bio-
medical research in areas of sex determination, embryonic
development, and certain birth defects.

LOCOMOTION

All crocodilians are well adapted for both an aquatic environ-
ment and a land environment. In the water, the limbs are car-
ried against the body for efficiency but may be used to change
direction. The tail, with its large muscle mass, is flattened
laterally and is the main organ of propulsion in the water
through lateral movement.

The limbs of most crocodilians are relatively small in rela-
tion to the size of their body. However, with the exception
of the Gharial, these limbs are very effective for movement,
which means that these animals can travel effectively on land
and in the water. On land, as quadrupeds, crocodilians are
capable of walking upright on all four legs. Three modes of
land travel have been described: the high walk, the gallop,
and the belly run.

In the high walk, the animal straightens the legs with its
body completely off the ground and then strides in a leisurely
fashion. Usually in this position, the posterior portion of the
tail remains in contact with the ground as the animal moves.
The hind legs appear to carry most of the weight. This mode
of movement is usually used when the animal is exiting from
water onto land or when moving on land. The animal does not
move rapidly in this position but can traverse considerable
distances.

The gallop is used for bursts of speed over short distances.
In this movement, the reptile uses its front limbs to push
forward and brings the hind limbs forward under the body.
Most crocodilians are capable of great bursts of speed but
only for a short distance. The exception to this is the Gharial,
which has weak legs and can only move on land by crawling
on its abdomen.

The belly run is commonly seen when the animal desires
to move rapidly in an escape mode. The animal moves from
side to side on its abdomen while making rapid rowing
movements with its limbs. This type of movement is most
commonly seen when crocodilians are entering water or
going down steep banks. This movement is also used when
the animal slips quietly into the water.

Juvenile and young adult crocodilians of many species are
also capable of climbing. Instances of animals climbing as
much as a 1-m fence have been recorded. This is especially so
when young adults are captured in the wild, brought into
captivity, and placed in a confined area.

The front feet have five toes, the inner three of which are
clawed. The front limbs are smaller than the hind limbs. The
hind feet have four webbed toes; the inner three toes are
clawed. Although the hind feet are webbed, they are not used
for swimming. When the crocodilian is startled, it can move
the hind feet in a forward and upward pattern that causes the
animal to go silently backward in a dive beneath the surface.
Crocodilians are able to dive and stay underwater for long
periods. They are also capable of moving underwater with-
out causing surface disturbances. Therefore, the number of
animals should be accounted for if people are going to be in

the water of ranch and farm ponds where adult animals are
maintained.

IDENTIFICATION

Identification of individual animals in a group of captive croc-
odilians is frequently advantageous. The use of collars, bands,
or tattoos is considered unsatisfactory in most instances
because collars and bands are frequently lost from the activ-
ity of the animals. The use of tattoos and banding is painful
to the animal and produces enormous stress. Also, these
marks tend to be of short duration even while disfiguring the
animal.

Many farms and ranches use digit clipping or tags, tail
notching, head tags, and microchips to identify individual
animals (Figure 8-16, A-D). In present circumstances, digit
clipping and tail notching are usually considered unsatisfac-
tory. These procedures are painful and have the potential to
cause infections. Also, the disfigurement of the animal is not
desirable for animals on public display. These procedures can
be accomplished correctly in young animals but are not
always readily observable in adults.

Tags

Tags are commonly used for identification. Toe tags are used
for hatchling alligators and crocodiles and are placed on the
web of a hind foot. These are good only for a limited time, up
to 1 year, and are frequently lost. The use of swine ear tags
has been accomplished in the dorsal area of the mid-tail of
larger animals. Although animals can be identified, they must
be out of water to do so. The tags can also be lost or bitten off
by other animals.

Another method that has been successfully used on some
farms is the placement of a tag on the head. This method was
devised and originated by the author for easy identification
of animals in attractions and farm situations. The numbered
half of the common swine tag can be attached to the head by
passing a stainless steel surgical wire around the jugal bone
midway between the eye and the auditory meatus. The jugal
bones are elongated bones that form the lateral borders of the
orbits. Each forms a part of the postorbital bar that separates
the orbit from the lateral temporal fossa. The advantage of
this method is that the tags are inexpensive, easily attached,
and visible from a distance of 10 to 20 ft. The variety of tag
colors allows the left or right side of the head to be used,
depending on parameters of gender, clutch group, or age. The
disadvantage of the head-tagging method is that the wire
must be securely fastened or the tags come off. Also, if the
wire is too tight, the jugal bone is weakened and scarred.

Transponders

The use of implanted microchip transponders offers a more
expensive but satisfactory method of identification. The
author has used microchips successfully in a group of
alligators, which were still effective more than 1 year later.
The main disadvantage of the transponder is that the scanner
must be within a few centimeters of the microchip. The
transponder is implanted with a needle in the 12-gauge
range. The most satisfactory area for implantation is just
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FIGURE 8-16 Identification methods. A, Tail-notching method, which is now only rarely practiced. B, Toe tag,
which is satisfactory for hatchlings and young reptiles. C, Head tag, which can be used in young adults and larger
crocodilians. Head tags allow identification even when the animals are in water. D, Microchips (transponders) are

implanted with a 12-gauge needle. The most satisfactory area for implantation is just posterior to the dorsal plate of
the head.

posterior to the dorsal plate of the head. These transponders
have not been approved by the United States Food and Drug
Administration for use in food animals, and some crocodilians
are raised specifically for meat and hides. The application of
hot branding or freeze branding on the jaw or the head has
not proved to be satisfactory in crocodilians.

BEHAVIORS

Crocodilian behavior has fascinated man for several centuries.
This can be attested to by the great variety of legends and
myths about alligators and crocodiles that persist even today.
Many of these myths are a result of partial fact and assumptive
observation over a period of time. Much of this information,
though incorrect, has affected the way the general public has
feared and, therefore, treated crocodilians in the past.>®
Animals in the wild are shy and elusive and difficult to
study. Much of what is currently known about crocodilian
behavior is based on the studies and observations of captive
animals in artificial or seminatural environments. These animals

seem to have a great array of behaviors even though they also
exhibit extensive periods of inactivity.

Most of this information has been generated within the
last 25 years and is a result of the widespread effort in popu-
lation management and species conservation. Although all
adult crocodilians are considered solitary predators, a com-
plex set of behaviors is inherent to ectotherms. Factors that
affect the type and degree of behavior are age, size, habitat,
food source, season of year, and population density. Behaviors
such as vocalization, aggressiveness, movement, dominance
or submissiveness, and thermoregulation are all shown,
depending on the previous factors.

Movements in and out of water are primarily for heat
seeking or heat avoidance. This thermal regulatory mecha-
nism is well developed in hatchlings and young crocodilians.
These animals tend to form social groups, and no evidence is
found of social dominance such as occurs in older animals.

Young crocodilians prefer to hide under any available
cover, and in captivity, this causes them to pile together in
groups in corners of the pens. In certain instances, this
may result in suffocation or drowning of young hatchlings.
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For this reason, special consideration is given to construction
of pens and enclosures on crocodilian farms and public dis-
plays. An increased interest has been seen in the construction
of round pens for the production of farm-raised crocodilians,
and this has in many instances lessened the mortality of the
young animals.

Alligators and caimans are much more vocal than most of
the crocodile species. Hatchlings in all species are noted for
their characteristic grunting, which appears to be a contact
call. This grunting activity is a response to any stimulus and
may also occur spontaneously.

Communication has been reported to begin in the egg.
Eggs of both A. mississippiensis and C. acutus responded to
sounds coming from nearby eggs during the last 2 weeks of
incubation. Such communication has been theorized to help
to synchronize the hatching of the entire clutch.

The social order within a group of alligators or crocodiles
depends not only on vocal sounds but also on postures,
odors, and physical contact. Some behaviors such as territorial
dominance and courtship displays are somewhat species spe-
cific. Parental care at hatching and posthatching are universal
traits in the wild. In captivity, however, some species such as
A. mississippiensis become accustomed to repeated approaches
to the nest and do not display a protective behavior. C. porosus
is reported to aggressively defend the nest at all times.

THERMOREGULATION
IN CROCODILES

The thermoregulatory mechanism is fairly well developed in
crocodilians. This is true even for very young hatchlings.
Crocodilians are considered ectotherms or poikilotherms,
which refers to the fact that external sources of heat regulate
their body temperature.

Behavior is the primary method that they use to control
body temperatures. Studies indicate that heat exchange is
influenced by heat conduction in the water and solar radia-
tion in the air. Water is important because it serves as a heat
reservoir and as a cooling medium. Methods of body temper-
ature regulation are accomplished both in water and on land
through heat-seeking or heat-avoidance behavior.

Significant differences are seen in the body temperatures
of different species, and this accounts for changes in some
behavior. As an example, alligators in temperate climates
have a different thermal selection method than those species
of crocodilians that are native to more tropical areas of the
world. In captivity, the animals select the temperature best
suited to their needs at any particular time."

Thermophile or heat seeking occurs in all crocodilians after
feeding. This increase in body temperature apparently benefits
the animal by increasing the rate of digestion and absorption.
The thermoregulatory mechanism is influenced by both inter-
nal and external factors. Internal factors include age, size, nutri-
tional status, and infection. External factors include climatic
conditions, circadian rhythms, social interactions, and repro-
ductive status. Even though environmental temperature has an
influence on their body temperature, crocodilians select behav-
ior that enhances their activity in relation to the environment.

Evidence also shows that the particular temperature of
incubation of an embryo may have an effect on selected body
temperature later in life. The temperature range between 25°C
and 35°C appears to be the most suitable for crocodilians in

captivity. In these situations, captive facilities must have a vari-
ety of thermal environments that allow the animal to regulate
body temperature. Sufficient water, dry area, shade, and access
to heat should be available to allow the animals to acclimate
easily. Maintaining crocodilians at constant temperatures and
not providing an environment for thermal selection can be
hazardous to the health of the animals. Temperatures below
25°C cause a low metabolic rate, resulting in limited food
intake and reduced growth. Temperatures that are constantly
high can result in stress and fighting within the group.

Lang?® has reported that when A. mississippiensis are fed,
they select the warmer area to increase mean body tempera-
ture. When not fed, the same animals move to a cooler area of
the environment for lower body temperature.

Coulson and Hernandez! reported that digestion and
absorption took twice as long at 20°C as they did at 28°C in
A. mississippiensis. Diefenbach?! also reported that passage of
food through the digestive system was three times faster at
30°C than at 15°C in Caiman crocodilus. This selection in body
temperature differential appears to occur in captive A. missis-
sippiensis hatchlings and juveniles when given the opportu-
nity. Adults living in the wild or in outside captive facilities
also display this selection process. They come out of the
water to bask in the sun. At this time, they may lie with their
jaws open in an effort to obtain evaporative cooling of the
head (Figure 8-17). Heating and cooling are accomplished by
entering and leaving the water. Temperature compensation is
also accomplished by adjustment of the metabolic rate.

Thermal selection also appears important in the mainte-
nance of immune status and disease control. New hatchlings
and youngsters with infections seek higher temperatures.
Exposure to constant high temperatures of 33°C and above
causes weight loss unless the animal is able to feed readily.
Cooler temperatures cause a decrease in immune status and
inhibit the desire for food. The requirement for heat is greater
in hatchlings and juveniles than in adults. An experimental
infection reported by Lang® caused an increase in selected
body temperature within a short time and returned to normal
by day 4. Increases in body temperature ranged from +1.6°C
to +7.8°C. None of the animals showed ill effects in growth or
behavior as a result.

In another study, Glassman and Bennett?? reported that
A. mississippiensis subjected to an induced infection and held
at constant temperatures responded to the infection with
increased white blood cells. The animals were maintained at
25°C, 30°C, and 35°C. The animals held at 30°C displayed the
greatest hematologic response and recovered. Infected animals
held at 35°C succumbed within 3 weeks, which was attributed
to the stress of high temperature and an ineffective immune
response.

Behavioral fever, which has been reported in other reptile
species, appears to be an important factor in survival.
However, an adequate thermal gradient must be available
for the optimum immune response, which is temperature
dependent. When temperatures are maintained at a constant,
the stress combined with a reduced antibody response can
lead to stunted growth or a high mortality in the group.

OSMOREGULATION

All members of the crocodilian species possess salt-excretory
lingual glands, even those that are freshwater inhabitants.
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FIGURE 8-17 Crocodilians come out of the water to bask in the sun.
They may lie with their jaws open in an effort to obtain evaporative
cooling of the head. (Photograph courtesy D. Mader.)

No totally marine species exist, but two species, the Saltwater
Crocodile and the American Crocodile, are capable of spend-
ing a good deal of time in saltwater estuaries and are reported
to travel great distances in the ocean. The lingual glands of
members of Alligatorinae are much simpler in structure and
have little ability to concentrate or secrete salt as compared
with the other subfamilies.?3?

Periodic submergence in water is necessary for all croco-
dilians to counteract water loss. Water intake consists of inci-
dental drinking and drinking when feeding. Water is also
absorbed through the skin. Small crocodilians such as hatch-
lings and juveniles may lose up to 20% of body weight per
day through dehydration. Daily movement between land
and water is necessary to maintain the correct osmoregula-
tion. Loss of sodium in fresh water is fairly low, and the main
route of sodium loss is through the skin. Evaporative water
loss occurs from the respiratory tract, the mouth, and the
skin. The kidney and cloaca are the primary route for the
excretion of nitrogenous waste but not for salt excretion.
Some salt and water absorption is reported to occur in the
cloaca. In dehydrated crocodilians, the nitrogen excretion
occurs via uric acid. The kidneys are not able to regulate
water and salt reabsorption.

The ability of crocodilians to tolerate saltwater is the result
of their ability to retain water, the low rate of sodium absorp-
tion, and the sodium excretion ability. Alligators and caiman
with their less-developed lingual glands are less tolerant of
saltwater but can survive for a considerable time in a salt-
water environment. This is probably because of their efficiency
in regulation of water loss and sodium absorption.

Hatchling crocodilians of all species, because of their
increased body surface in relation to body weight, are
more susceptible to exposure to saltwater. Young crocodiles
have a greater rate of water loss than larger crocodiles, and
osmoregulation via behavior and movement between a dry
and wet environment is especially important.

C. johnstoni and C. niloticus are noted for their ability to
occupy esturine environments and spend time in saltwater.
Apparently the salt-excreting lingual glands of these species

FIGURE 8-18 The diet of captive animals is highly variable,
depending on the facility and the available food supply. Horse meat,
beef, poultry, and nutria are potential food sources.

are quite efficient. None of these estuarine species produce
young in saltwater.

FEEDING AND NUTRITION

All crocodilians are indiscriminate carnivores that can con-
sume live animals and carrion (Figure 8-18). In the wild envi-
ronment, crocodiles and alligators are opportunistic hunters
and efficient predators. Biochemical studies indicate that
plant protein is not assimilated or digested. Most crocodilians
are nocturnal in their native habitat.

Environmental temperature is also important in feeding
behavior and the digestive process. Most crocodilians cease
feeding when the temperature is below 25°C. The optimal
feeding temperature is considered to be between 25°C and
35°C. When environmental temperature conditions become
greater than 35°C, a stress is placed on the system and feeding
is decreased. Prey size increases with age, and body size in
relation to habitat.

Hatchling crocodilians’ diet is primarily insects and a vari-
ety of small fishes. As the animals grow and become larger,
the prey size increases and can include birds, larger fish,
other reptiles, and even mammals for the larger adults. The
American Alligator is reported to readily eat red meat, white
meat, and fish. Switching from fish to red meat occurs quickly,
but the reverse switch requires a period of fasting before the
fish is accepted.®

Evolution has been generalized to have allowed the devel-
opment of a narrow versus a broad snout based on the food
availability in a particular natural environment. An example
of this is the Gharial and the False Gharial with their narrow
jaws designed for fish eating. However, studies of False
Gharials feeding on primates suggest this generalization may
not be valid.?

Digestion is temperature dependent to an extent and is
compatible with the low metabolic rate. As the temperature
increases, so does the metabolic rate. When food is plentiful
and the animal can gorge itself, the digestive process may
require 4 or 5 days. Many facilities with captive animals use
a feeding regime of once or twice per week. In some alligator
farming operations, this practice is used for breeding animals
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during the nonbreeding season. In farming operations where
growth and production are of a primary concern, daily or
every other day feeding schedules are more common.

Cannibalism has been reported both in wild animals and
in captive situations. In the wild, such cannibalism is rela-
tively rare as the number of captured animals with missing
toes, legs, or tails is not great in comparison with the total
number of animals. In captive situations, aggressive behavior
and fighting are not uncommon if the animals are over-
crowded. The ideal density, animals per square foot, has not
been determined. Frequently, on farming operations, the den-
sities are so great as to prevent adequate movement into and
out of the water. In these situations, the fighting results in
wounds and scars that decrease the value of the animal. In
captive situations where animals are on public display, atten-
tion must be given to the total area and the number of animals
that can be aesthetically contained.

Crocodilians are extremely efficient in the food conversion
ratio. The highly acidic secretion of the stomach enables the
digestion of a wide variety of protein materials. Most of the
energy derived from digestion is stored as fat throughout
the body. Fat stores include the tail, along the back, in the jowl
area, and in the abdominal cavity. This fat storage capability
allows the animal to survive, when necessary, for long peri-
ods without food.

In captive situations where animals are in a growth phase,
the rate of growth can approach 0.3 m or more under the ideal
environmental conditions. In the wild, this does not occur.
Animals with good nutrition in grow-out facilities attain a
length of 1.5 to 2 m between the second and third year of age.
As animals attain a length of more than 2 m, the rate of growth
decreases and the food conversion ratio increases.

The diet of captive animals is highly variable, depending
on the facility and available food supply. In certain farming
areas, nutria is used when available.?”28 In other areas, horse
meat, beef, and poultry are food sources. The crocodilian can
use this material when it is not acceptable for human con-
sumption. Other sources of food include fish offal and a com-
mercially prepared pellet. The nutritional requirement of
crocodilians in select environments or different stages of
growth has not been well studied. Most feeding regimens
and supplements are based on theoretic assumptions of the
crocodilians’ relationship to birds or to carnivorous animals.
More work is necessary to determine the exact nutritional
requirements of crocodilians.

RESTRAINT OF CROCODILIANS

The methods and requirements for the handling and restraint
of crocodilians vary, depending on the size and the procedure
to be accomplished. Animals from the hatchling stage up to
0.8 m can be physically restrained with one hand to hold the
mouth closed and the other hand to control the lower body and
tail. The muscles used to open the mouth are relatively weak, so
the mouth is easily held closed (Figure 8-19). Gloves should be
worn especially when handling crocodiles because the teeth
that are exposed even when the jaws are closed can cause
wounds to the handler. The tail must be controlled at all times
to prevent vigorous lashing that is dangerous and can cause
injury to the animal and to humans. In small animals, control
can be maintained by grasping the head and cervical area if

FIGURE 8-19 Proper restraint of the head of a crocodile. The snare
restrains the head and neck while a strong, experienced handler sits
on the animal’s back. A bite block is placed in the mouth. The block
and the jaws are taped securely. Finally, the eyes are covered to help
calm the animal. (Photograph courtesy G. Diethelm.)

one wishes to examine the oral cavity. Animals between 1 and
3 m can be caught and handled with a catch pole and snare.
The nature of the animal is to roll or twirl once the snare is
around the neck. One must be prepared to rotate the snare to
prevent injury or strangulation of the animal. The tail should
be grasped as soon as possible because this serves to immobi-
lize the animal to some extent until the mouth can be securely
closed. The head can be swiftly moved from side to side even
with a snare around the neck. One can then pin the head
manually and secure the mouth with tape. Placing tape or a
towel over the eyes tends to disorient and quiet the animal if
the intended procedure is quite involved.

Caimans and alligators more than 3 m in length can be
quite dangerous, and handling such animals requires the
coordinated effort of two or three experienced individuals.
These animals can be manually restrained by having one per-
son control the head and the others control the tail and the
hind legs. If the animal must be transported or restrained for
a period of time, both the front and hind feet may be secured
to the body by tying over the back.

Large crocodiles of any species are extremely dangerous
to handle (more so than alligators). These animals are fast
and more aggressive than alligators or caimans. Special nets
and ropes should be used to secure these animals before any
attempt is made to tape the mouth. In large crocodiles, tying
the jaws shut with rope and then taping the jaws together
may be prudent. The tail must be controlled because the
flailing of the tail can cause severe injury. Crocodiles have
exposed teeth on each side of the head. The swinging of the
head from side to side can also cause severe injury. A pole
snare around the neck and another around the jaw plus control
of the tail and feet are necessary before tape can be applied to
the jaws.

Transportation of these animals can be accomplished in
crates or cages, depending on the size and circumstances.
One must use caution because overheating is possible, espe-
cially if the animals continue to thrash about with the mouth
closed. Removal of the tape from the eyes or mouth can also
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be dangerous. The usual procedure is to place a tie or rope
around the tape on the ventral side of the jaws between
the mandibles. A quick pull from a distance, after the other
restraints have been removed, allows the animal to move off.
Occasionally an animal escapes after all the restraints except
the mouth tape are removed. In these instances, the animal
must be recaptured to remove the tape to prevent starvation.
Recapture is usually much more difficult.

The handling of large crocodilians in captivity is best
accomplished by chemical injection whenever possible.
Gallamine triethiodide is a muscle relaxant that is fre-
quently used. Succinylcholine chloride has also been used in
A. mississippiensis,? C. crocodilus, C. acutus, C. palustris, C. porosus,
and C. johnstoni. Ketamine hydrochloride is an anesthetic and
has also been used as an immobilization agent. Loveridge
and Blake® reported that ketamine was unsatisfactory and
unsuitable for C. niloticus.

One must remember that drug suitability and dosage differ
for different species. Also, the environmental temperature has
an effect on drug absorption, metabolism, and excretion in
each individual animal. The following dosage chart is a guide-
line only, and the clinician is advised to consider the above
factors in relation to the particular species of crocodilian:

Gallamine triethiodide: 0.5 to 2 mg/kg
intramuscularly (IM)

Succinylchlorine chloride: 0.25 to 1.2 mg/kg IM

Ketamine hydrochloride: 50 mg/kg IM

Neostigmine methylsulfate at a dose of 0.03 to 0.06 mg/kg
is used as an antidote to gallamine; however, some undesirable
side effects have been reported with its use. The preferred
method is to allow the animals to recover on their own. The
animals must be kept warm, but do not allow the body tem-
perature to go above 32°C. Care should be given at all times
to maintain the airway and not block the nostrils.

A syringe should be used to administer drugs to crocodil-
ians in captivity.3! Dart guns can be used, but a pole syringe
is much more satisfactory in most instances because penetra-
tion of the skin in a muscular area is not a problem. Once the
drug has taken effect, the animal should have the mouth
taped shut and be blindfolded.
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REPTILES

DALE DENARDO

Stress and its detrimental effects on animal health are well
known to the herpetocultural community. The phrase “died
of stress” is frequently spoken by both owners and veterinar-
ians and is often used for deaths in which no clear cause can
be identified (Figure 9-1). Death from stress is particularly
common for animals that were only recently acquired, espe-
cially from the wild (directly or through a commercial
importer). Although stress may well play a vital role in many
of these deaths, one should not blindly attribute death to
stress. Such an action oftentimes fails to reveal the true cause
of the problem and therefore can increase the chance of recur-
rence in the future.

WHAT IS STRESS?

Stress is usually used in broad terms and therefore often lacks
a clear definition. Although most people can identify a stressful
situation, few have a clear concept of the physiologic basis of
the body’s stress response. Of utmost importance is the realiza-
tion that stress is not simply a tangible thing or condition but
rather the perception or physiologic response to such a stim-
ulus.! Thus, whether a stimulus induces a stressful response
or not can vary among individuals and over time. What may
be deemed a stressful situation by one individual may not be
stressful to another individual or to that same individual at
another time. For example, a rattlesnake (or merely its pic-
ture) invokes an intense stress response from a person who
fears snakes,? but an experienced herpetophile might react

STRESS IN CAPTIVE

with indifference or even euphoria. Furthermore, with
increased exposure to rattlesnakes, an ophidophobic person
likely adapts and eventually does not respond stressfully to
the same situation in the future.

A stimulus that evokes a stress response is called a stressor.
Broadly, stressors can be divided into two categories.?
Physiologic stressors are those stimuli that induce hardship
on the animal’s ability to maintain homeostasis and include,
but are not limited to, temperature extremes, food or water
limitations, and oxygen deprivation. Clearly, any of these
conditions can compromise normal body function and jeop-
ardize survival. Physiologic changes are necessary to cope
with such conditions.

Contrarily, psychologic stressors are those stimuli that do
not pose a direct challenge to body physiology but rather may
be indicative of imminent physiologic challenge. Social domi-
nance, novel environments, confinement, and unmanageable
situations can all induce a stress response without actual
physiologic insult. For example, a child at school might initi-
ate a stress response on the approach of the school bully.
Although the bully’s approach induces no harm and the inter-
action may pass without confrontation, the stress response
prepares the individual for the possibility of physical insult
(such as would occur should a fight ensue). Unfortunately,
because psychologic stressors are perceptions of potential
physiologic insult, misperception of danger from inoffensive
stimuli can lead to an unnecessary initiation of the stress
response. Phobias are simply misperceptions of innocuous
stimuli that, as a result, stimulate the stress response.
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FIGURE 9-1 Stress of captivity, or “maladaptation syndrome,” is
often blamed for inexplicable death in captive reptiles. This origi-
nally wild-caught chameleon never adapted to caged life, refusing to
eat and eventually succumbing to starvation. (Photograph courtesy
D. Mader.)

WHY HAVE A STRESS RESPONSE?

One common misconception is that the stress response is
detrimental to the individual. In actuality, the stress response
is adaptive in that it physiologically prepares the individual
for what has been perceived as a difficult situation. Both
physical and psychologic stressors can indicate physiologic
challenge. By making physiologic adjustments, the individual
maximizes its chances of survival through a bad situation.
Physiologic challenges, no doubt, vary among stressors, and
therefore, the body’s responses vary. However, common basic
physiologic adjustments are made regardless of the specifics
of the stressor. These common changes are induced by the
stress response. A stressful situation typically requires the
body to expend energy to cope with the physiologic chal-
lenge. Thus, the stress response is oftentimes referred to as a
"fight-or-flight response.” An organism must prepare itself to
either cope with the challenge (i.e., fight) or distance itself
from the challenge (i.e., flight). Either way, the individual likely
needs to spend energy, and so one common need during all
stressful situations is mobilization of energy reserves and
reduction of energy utilization. The stress response diverts
mobilized energy to those physiologic systems that are essen-
tial for life and reduces energy access to those systems that
can be temporarily shut down.

HOW IS THE STRESS RESPONSE
REGULATED?

The stress response is governed by a myriad of neural and
hormonal inputs.*® Once a stimulus is perceived as stressful,
the brain triggers a neuroendocrine response that is com-
posed of both an acute and a more chronic phase. The acute
phase is regulated by the sympathetic nervous system and
has direct action on most body tissues. Its signal throughout
the body is enhanced by the stimulation of the adrenal
medulla to rapidly release epinephrine. This combination of
central nervous system activation and rapid hormonal release
leads to a rapid and intense response.

In addition to the activation of the sympathetic nervous
system, a perceived stress induces a slower onset but longer
acting endocrine pathway: the hypothalamic-pituitary-adrenal
(HPA) axis. Briefly, the HPA axis begins with the release of
corticotropin-releasing factor (CRF) from the hypothalamus.
CRF travels via the hypothalamic-pituitary portal system
directly to the anterior pituitary where it stimulates the
release of adrenocorticotropic hormone (ACTH). ACTH trav-
els through the systemic blood circulation with its primary
action the stimulation of the adrenal cortex to produce and
release glucocorticoids. The predominant glucocorticoid in
reptiles is corticosterone,® and an elevated serum corticosterone
level is often used as an indicator that an animal has experi-
enced stress. Stress or artificially increased corticosterone levels
influence whole-body physiology and behavior by acting on
numerous target organs. Glucocorticoids potentiate their
effect by altering the circulating levels of sex steroid’'® and
other hormones."! Combined, the direct and indirect effect of
the sympathetic nervous system, epinephrine, and corticos-
terone rapidly induces substantial changes in physiologic
condition that can be long lasting.

EFFECTS OF STRESS ON THE
VARIOUS BODY SYSTEMS

As stated earlier, the role of the stress response is to maximize
energy availability to vital body systems. Therefore, the stress
response stimulates the mobilization of body reserves
(e.g., lypolysis, gluconeogenesis)!? and alters cardiovascular
function.’®*In addition, the stress response is a potent inhibitor
of systems that are nonessential. Specifically, growth!* and
reproduction’® are oftentimes dramatically inhibited during
times of stress. Although these processes are critical to long-
term survival and fitness, they are nonessential for day-to-
day survival.

The effect of the stress response on the immune system is
complex; however, typically the inflammatory response and
antibody production are inhibited.!? Such changes minimize
energy utilization and enhance immediate performance (e.g.,
reduced inflammation increases locomotor ability). Immune
suppression also increases the incidence of disease, though.

The stress response also has a substantial effect on behav-
ior. Behaviors that are energy demanding such as aggression
are usually drastically inhibited. However, behavioral
changes can be complex. Corticosterone inhibits reproductive
behaviors that consume substantial amounts of energy, such
as aggression®!® and territory maintenance,!® yet copulation
itself is unaffected.!” For males, copulation is a relatively low-
energy behavior with high fitness value, so with copulatory
behavior maintained, stressed males remain able to produce
offspring during challenging times. However, without the
supportive behaviors associated with male-male competi-
tion, such opportunities for reproduction are likely to be rare.

The role of corticosterone in female reproduction appears
complicated. Captivity-induced stress inhibits estrogen and
therefore inhibits the production of vitellogenin.'” This effect
is likely the reason for the oftentimes inability to breed
recently collected or purchased reptiles. However, corticos-
terone levels are frequently elevated during at least some
stages of reproduction in wild female reptiles,’¥2° and this
elevation is positively correlated with reproductive output.?
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In fact, treatment with exogenous corticosterone implants
increases reproductive ou’tput.21 Therefore, corticosterone
likely plays a constructive role in female reproduction rather
than simply reflecting the stressful nature of reproduction.
Corticosterone may simply increase the mobilization of
energy reserves so that stored energy can be transferred into
reproductive effort,'%® or corticosterone may have a more
specific role in the regulation of the reproductive cycle. For
example, in rats, corticosterone increases the secretion of
follicle-stimulating hormone.??

WHEN DOES THE STRESS RESPONSE
BECOME NONADAPTIVE?

Although the stress response is clearly an adaptive process, it
also can lead to the death of an individual. Exposure to stres-
sors is a common occurrence, and the stress response has
evolved to help manage such situations. The stress response
adjusts an individual’s physiology to cope with a given situ-
ation, but this adjustment is designed to be relatively short
term. The dramatic physiologic effects of the stress response
provide a state in which the individual can overcome the
stimuli or distance itself from it in a relatively short time
frame. However, the extreme mobilization of energy and
inhibition of other body systems cannot be supported for a
lengthy period without detrimental effects. Repeated expo-
sure to a stimulus leads to long-term adjustments in body
physiology and or perception, and thus tolerance evolves of
a stimulus previously recognized as a stressor. This process of
acclimation applies to both physical and psychological stres-
sors. For example, exposure to a temperature 10°C warmer
than normal might induce a stress response in an animal, but
a slow increase of the ambient temperature over a period of
time allows for physiologic adjustments that lead to tolerance
of this once stressful condition. Similarly, sudden changes in
the social structure of a group of animals can lead to stress,
but over time the animals within that group may adjust to the
new structure. The concept of dominance and subordination
reflects this adjustment.

THE STRESS OF CAPTIVITY

Reptiles live in a vast array of habitats throughout the world.
Although environmental conditions vary greatly, each
species has evolved behavioral and physiologic mechanisms
that enable individuals to use the environment to meet both
short-term and long-term needs. We may view many habitats
as harsh or uninhabitable, but reptiles have evolved to a point
where such conditions are not only bearable but perhaps
optimal for physiologic performance. Captivity alters the bal-
ance between the environment and physiology. Inappropriate
captive conditions may prohibit an animal from meeting its
physiologic needs. Temperatures may be too hot or too cold,
humidity too high or too low, or caloric intake insufficient.
Each of these conditions, and others, can lead to physical
stresses to a captive reptile. If unaltered, these conditions can
lead to chronic stress and eventual decline of the individual.

Even when captivity provides proper physical conditions,
no assurance exists that an animal may thrive in captivity.
Not only should physical conditions be proper, but also they

FIGURE 9-2 Although these two wild iguanas are seen near each
other in a tree, it is likely a quest for prime basking space, NOT com-
panionship, that brings them together. (Photograph courtesy D. Mader.)

should be provided in a means that is functional for the animal.
An incandescent light as the sole heat source to a nocturnal
animal, water in a bowl to a species that naturally only gets
water from lapping morning dew, or inappropriate food
items are all examples of providing for the animal’s physio-
logic needs in an inappropriate manner that can lead to phys-
ical stress.

Even when reptiles are held in conditions that properly
provide for physiologic needs, captivity can be quite stressful.
Complex and generously sized enclosures rarely duplicate the
complexity and size of the animal’s natural home range. Thus,
captivity clearly limits an animal’s normal activity. Escape
behaviors, foraging activity, and mate searching activity are
all altered by captivity. Therefore, confinement in itself is usu-
ally a stressful situation.*?* However, this effect can be elimi-
nated as the animal acclimates to the confinement.?>

Another potential stressor that is unavoidable in captivity is
handling. Handling leads to increases in both corticosterone??”
and adrenal catechloamines (epinephrine and norepineph-
rine).?® In nature, direct restraint is usually closely tied to con-
sumption by a predator, so handling as a stressor of reptiles
is not surprising. As with confinement, reptiles likely can
acclimate to handling as many long-term captive reptiles do
not show a stress response to handling.?

Psychologic stress can also be induced by inappropriate
social housing. Many reptile species are solitary, yet they are
often group housed in captivity (Figure 9-2). A common mis-
take of novice herpetoculturists is to wrongly anthropomor-
phize the need to prevent loneliness in reptiles by cohousing
them with another animal. Even species labeled as social
normally are separated by territorial boundaries, and such a
social arrangement can rarely be established in a captive set-
ting. The importance of social interactions, whether the result
be positive or negative, is unknown but clearly the complexity
of social interaction seen in nature can rarely be duplicated in

captivity.
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Considering the dramatic changes between the natural
and artificial environments, that so many animals survive the
transition from the wild to captivity is somewhat surprising.
Acclimation allows animals to adapt to novel environments
provided the changes are reasonable and not too abrupt.
Unfortunately, this situation is not always the case with com-
mercially imported animals. Captive-born animals have much
less dramatic environmental changes when they are trans-
ferred to a new owner, but change does occur and should be
acknowledged.

HOW IS STRESS IMPORTANT
TO REPTILE MEDICINE?

Because the stress response leads to a wide range of dramatic
physiologic changes, veterinarians must understand and con-
sider the role of stress relative to the patient’s condition. A
thorough understanding of stress and the physiologic changes
associated with stress is vital for client education and patient
treatment. In assessment of a case, stress should not be
broadly blamed for an animal’s decline, but also the contribu-
tion that stress may have made cannot be overlooked. A care-
ful assessment must consider the animal’s history, the current
husbandry, physiologic changes associated with stress, and
physiologic changes associated with any disease state that is
present (e.g., bacterial infection, parasite infection, trauma).
Treatment regimes must incorporate both the immediate
treatment of the disease and the reduction or elimination of
any stressors in the animal’s home environment. Without
consideration of both, long-term improvement in the animal’s
condition is unlikely.

In addition to recognizing the role of stress in the etiology
of a patient’s condition, veterinarians must recognize the
potential for stress associated with medical care. Medical
treatment can provide great benefits to an ill reptile, but it
also unavoidably includes many potentially stressful stimuli.
Minimally, animals need to be transported to the veterinary
practice and handled for examination and treatment.
Diagnostic procedures are also potential stressors. As discussed
previously, stress is not the actual condition or event but
rather the animal’s perception of that experience. Therefore,
the extent to which an animal is stressed during veterinary
care depends on the state of the animal and how well it has
acclimated to the captive environment. Historical information
can aid in predicting the degree to which stimuli may induce
the stress response in a patient. Recent acquisitions are more
likely to perceive manipulations as stressors than are animals
that are well established. Regardless, all manipulations asso-
ciated with both diagnosis and treatment must be evaluated
in terms of their potential for inducing stress versus their
potential medical benefit.

Physiologic changes induced by the stress response (i.e.,
energy mobilization, alteration of the immune response) can
be catastrophic to an already compromised animal. Therefore,
minimization of stress associated with the trip to the veteri-
narian is critical. Animals should be transported to and from
the veterinarian by a means that minimizes stress. Usually, a
reptile travels best in a tightly confined dark enclosure rather
than in an open cage where the animal can see the world
whizzing by and be consistently jarred from its position. A
dark confined enclosure (e.g., a small opaque box with a towel

haphazardly folded in it) mimics a refuge where most reptiles
escape to during threatening times. Thus, an animal more
likely accepts an altered environment when it feels safely hid-
den from danger.

In addition, stress must also be minimized during exami-
nation and treatment. Most veterinarians have had experi-
ences where patients are presented with chronic problems
only to die acutely after the initiation of treatment, be it thera-
peutic or surgical. Proper preparation minimizes the duration
of stress associated with handling. All instruments and
equipment necessary for physical examination and possible
treatments should be ready before an animal is removed from
its transport enclosure.

One must also remember that other veterinary patients
(e.g., dogs, cats) represent potential predators to most reptiles
and that their presence can be detected with a keen sense of
smell. Snake odor induces behavioral changes in rodents,* so
one should reasonably expect that predator odors have an
effect on snakes. Therefore, examination of reptile patients in
a dedicated room or in a room that been properly sanitized
since the last patient is optimal.

SUMMARY

Although the stress response is an adaptive response that
maximizes immediate survival, it jeopardizes long-term
survival, especially of compromised individuals. Critical to
optimal veterinary care to reptiles is an understanding of the
physiology of stress and the potential of seemingly innocuous
stimuli to induce a stress response.
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PHYSIOLOGY

MICHAEL J. MURRAY

A working knowledge of the anatomy and physiology of the
reptilian cardiovascular and pulmonary systems is vitally
important to the clinician. The reptile heart, although often
described as “primitive” in comparison with the avian or
mammalian organ, is actually quite complex in its structure
and function. The physiologic changes that occur during var-
ious respiratory and environmental events are quite profound
and appear to be ideally suited to the normal environment of
the species of concern. An understanding of these changes
during normal activity facilitates interpretation of a variety of
clinical signs associated with cardiovascular disease. In addi-
tion, this understanding helps in the avoidance of serious
consequences should important vital parameters, such as
ventilation, be overlooked during anesthetic interventions or
disease states.

CARDIOVASCULAR ANATOMY

The cardiovascular anatomy of reptiles varies with
taxon. Each major structural pattern is discussed within
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FIGURE 10-1 Snake heart. A, Dorsal view; B, ventral
view. (Diagrams courtesy |. Wyneken.)
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taxonomic context. No single model exists for a generalized
reptilian heart or ciruclation. However, two basic patterns
of reptilian heart structure are seen. The first is found in
squamates and chelonians, and the second is found in
crocodilians.

NONCROCODILIAN REPTILES

The heart of the snake, lizard, and chelonian is essentially a
three-chambered structure with two atria and one ventricle
(Figures 10-1 to 10-3). Although this tends to suggest the poten-
tial for the mixing of well-oxygenated and poorly oxygenated
blood from the lungs and systemic circulation, respectively,
a series of muscular ridges and the timing of ventricular
contractions tend to functionally separate the ventricle.

The right atrium receives deoxygenated blood returning
from the systemic circulation via the sinus venosus, a large
chamber located on the dorsal surface of the atrium. The wall
of the sinus venosus is muscular but not as thick as the
atrium. The sinus venosus receives blood directly from the
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following four veins: (1) right precaval vein; (2) left precaval
vein; (3) postcaval vein; and (4) left hepatic vein.! The left
atrium receives oxygenated blood from the lungs via the left
and right pulmonary veins.

The solitary ventricle is divided into three subchambers:
the cavum pulmonale, the cavum venosum, and the cavum
arteriosum. The cavum pulmonale is the most ventral chamber
and extends cranially to the ostium of the pulmonary artery.
The cavum arteriosum and cavum venosum are situated dor-
sal to the cavum pulmonale and receive blood from the left
and right atria, respectively. The cavum venosum gives rise at
its most cranial and ventral aspect to the left and right aortic
arches (Figure 10-4).
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A muscular ridge separates the cavum pulmonale from
the cava arteriosum and venosum to some extent. The cava
arteriosum and cava venosum are a continuous chamber
connected by an interventricular canal.

The single-cusped atrioventricular valves arise from the
cranial aspect of the interventricular canal. They are anatom-
ically aligned in such a fashion that they partially occlude the
interventricular canal during atrial systole. Their function
during ventricular systole is the prevention of regurgitation
of blood from the ventricle into the atria.

The series of muscular contractions and subsequent pres-
sure variations within the noncrocodilian heart is timed in such
a fashion as to create a functionally dual circulatory system.
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FIGURE 10-4 General circulation in the noncrocodilian reptile.

Atrial systole causes blood to flow into the solitary ventricle.
The position of the atrioventricular valves across the inter-
ventricular canal results in systemic blood from the right
atrium filling both the cavum venosum and the cavum
pulmonale. Concurrently, pulmonary blood courses from the
left atrium into the cavum arteriosum. The ventricular systole
is initiated by the contraction of the cavum venosum.
Sequential contraction of the cavum venosum and cavum
pulmonale results in the propulsion of blood from these two
areas of the ventricle into the low-pressure pulmonary circuit.

As systole proceeds, the cavum arteriosum initiates its
contraction. This forces blood through the partially con-
tracted cavum venosum and into systemic circulation via the
left and right aortic arches. Ventricular contraction tends to
bring a muscular ridge into close apposition with the ventral
ventricular wall, thereby creating a barrier against the flow of
blood from the cavum arteriosum into the cavum pulmonale.?
Left and right atrioventricular valves prevent the regurgita-
tion of ventricular blood into the atria.

The preceding series of events is applicable only during
normal respiration. Such a blood flow system tends to create
a left-to-right shunt on the basis of pressure differentials.
During diving or other instances in which the pulmonary
resistance and pressure are elevated, a right to left shunt
occurs. Normal respiration in the Red-eared Slider (Trachemys
scripta elegans) results in the blood flow favoring the

pulmonary circulation, which receives 60% of the cardiac
output; the remaining 40% enters the systemic circulation.
During diving, the pulmonary circulation tends to be
bypassed with most of the blood entering the systemic
network.? Under such circumstances, the pressure of the
pulmonary bed exceeds that in the periphery; therefore,
blood enters the lowest pressure circuit available, the aortic
arches. In lizards, this is primarily distributed through the
left aortic arch.?

CROCODILIANS

The crocodilians have a cardiac structure quite similar to
that of birds and mammals, except for the presence of the
foramen of Panizza, a small aperture in the interventric-
ular septum that separates the left and right ventricles, and
a left aortic arch, which originates from the right ventricle
(Figure 10-5).

The cardiac structure is essentially dual in nature. A small
amount of mixing of oxygenated and deoxygenated blood
may occur through the foramen of Panizza or in the dorsal
aorta at the confluence of the left and right aortic arches.
In normal breathing circumstances, such mixing does not
occur because the pressures in the systemic side of the circu-
latory system exceed those in the pulmonary circuit. A left
to right shunt does occur through the foramen of Panizza,
and a small amount of oxygenated blood enters the right
ventricle.

During diving or under other conditions that elevate pul-
monary vascular resistance, the pressures within the pul-
monary artery are significantly elevated. As a result, blood is
diverted from its normal course through the pulmonary bed
into the systemic circulation. Blood then enters the left aortic
arch rather than the pulmonary artery. Speculation exists that
the source of the high pulmonary resistance during diving
that causes the right-to-left shunt resides in the outflow tract
of the right ventricle itself.? The right ventricle has a separate
“chamber,” the subpulmonary conus, which as a result of its
delayed depolarization and cog-like tooth-bearing valves,
controls the flow of blood into the pulmonary vascular bed.*

The presence of right-to-left shunts during periods of
apnea and elevated pulmonary vascular bed resistance
may have significant clinical importance. Anesthetized or
apneic reptiles without ventilatory support may not follow
expected inhalant anesthetic protocols. The pulmonary
bypass may result in inadequate transfer of anesthetic
gases, such as isoflurane, to the systemic circulation for
proper anesthetic management. The importance of prolonged
right-to-left shunts, as may occur during chronic inflamma-
tory disease of the lungs, has yet to be investigated.
Significant changes within the cardiovascular system would
not be surprising.

Renal Portal System

The renal portal system is a component of the venous system
of reptiles that has raised numerous questions with potential
clinical significance. The function of the renal portal system
is to ensure adequate perfusion of the renal tubules when
blood flow through the glomerulus is decreased as a water-
conservation mechanism.
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The afferent renal portal veins do not perfuse the
glomeruli; instead, they supply the proximal and distal con-
voluted tubules with blood. Like their mammalian counter-
parts, the reptilian tubular cells are also perfused by afferent
arterioles leaving the glomeruli. Unlike the mammal, how-
ever, the reptile does not have a loop of Henle and therefore
cannot concentrate urine. As a result, with the influence or
arginine vasotocin, water is conserved by decreasing the
afferent blood flow to the glomerulus. When this glomerular
blood supply is decreased, the renal portal system is vitally
important in supplying blood to the tubules to prevent
ischemic necrosis.

Studies have shown that a great deal of variation exists in
the anatomy of the renal portal system between reptilian
orders and even within suborders.® For a thorough discussion
of the renal portal system, see Chapter 11.

CARDIOVASCULAR PHYSIOLOGY

The heart rate of the reptile is dependent, often in a very com-
plex fashion, on a number of variables, including body temper-
ature, body size, metabolic rate, respiratory rate, and sensory
stimulation.® The cardiac muscle has an inherent maximal
efficiency, as measured by maximal twitch tension, within the
species’s preferred optimal temperature zone (POTZ).2 In
general, increased activity causes an increased heart rate.
Such increases may actually exceed three times the animal’s
resting heart rate. In general, an inverse relationship exists
between body size and heart rate at any given temperature.

Interesting variations in heart rate at a given environmental
temperature are dependent on the temperature status of the
reptile. Typically, animals that are warming up have higher
heart rates than animals that are cooling down. Elevation of
the heart rate during warm basking periods tends to maxi-
mize the rate of heat gain. Depression of the heart rate as
environmental temperature decreases tends to slow the rate
of heat loss from the reptile.
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At lower temperatures, the cardiac output appears to be
maintained by an increase in stroke volume.> The elevated
heart rate associated with higher temperatures appears to have
a complex relationship with metabolic rate. Theoretically, the
increased heart rate should permit an increased oxygen
transport. Studies of the oxygen pulses (mL O, consumed/
heartbeat/g body weight) of various species suggest that no
consistent pattern is found in the relationship between stroke
volume, oxygen extraction, and heart rate as the need for
increased oxygen in the face of an elevated metabolic rate.?
Multiple mechanisms for increased oxygen delivery during
periods of increased metabolism are suspected to be identi-
fied for a variety of reptilian species. Of particular signifi-
cance is the fact that heart rates tend to elevate during active
respiration and decrease during periods of apnea. This
elevated heart rate coincides with the decreased pulmonary
resistance and subsequent increased pulmonary blood flow.
Increased pulmonary blood flow during the period of increased
respiratory activity tends to maximize the efficiency of the
gas exchange system.

The cardiovascular system is critically important in the ther-
moregulation of the reptile. As previously stated, heart rates
tend to elevate as the animal warms and decrease as the animal
cools. Although the exact control mechanism is not definitively
known, cardiovascular changes are known to occur before
alterations in the body core temperature are realized, suggest-
ing a role for cutaneous thermal receptors or baroreceptors.

As the skin is heated, a cutaneous vasodilatation is noted.
The pooling of peripheral blood tends to drop the central
blood pressure. The declining peripheral vascular resistance
supports the development of a right-to-left cardiac shunting
of blood. Blood pressure is thereby maintained at a level ade-
quate to supply blood to the brain and major sense organs via
the right aortic arch. Meanwhile, pooled cutaneous blood is
returning to central circulation, thereby elevating the body
core temperature.

The decreased heart rate that accompanies cooling of the
skin facilitates the conservation of body heat. Skin cooling



Section III  ANATOMY, PHYSIOLOGY, AND BEHAVIOR

causes cutaneous vasoconstriction and a relative vasodilatation
of the vascular network within the muscle. Pooling of blood
in this way tends to slow the loss of heat.

As seen in birds and mammals, cardiovascular changes are
important in reptiles during diving. Reptiles have a distinct
advantage over their warm-blooded diving counterparts:
the ability to use an alternative metabolic pathway during
periods of decreased oxygen, anaerobic glycolysis. Definite
species differences are seen in the ability to tolerate anaero-
biosis. Some lizards may only survive for 25 minutes without
oxygen, whereas certain tortoises may exceed 33 hours.? The
primary difference lies in the varying tolerance of the myocar-
dium to hypoxia.

Typically, a bradycardia occurs during most instances of
diving or submergence. In crocodilians, the bradycardia is
induced by vagal inhibition of the heart with some influence
by thoracic or intrapulmonary pressure.® During the dive, a
sympathetically mediated vasoconstriction of the vascular
bed of the skeletal muscle occurs, often to the point of ischemia.
This elevation of peripheral resistance tends to support blood
pressure for vital organ function.

Right-to-left cardiac shunting of blood occurs as the oxy-
gen supply within the pulmonary parenchyma is exhausted.
As the dive progresses, the right to left shunt predominates
with almost complete bypass of the pulmonary circuit. Total
cardiac output may fall to a level approaching only 5% of the
predive level. It is this ability to minimize the work load on
the heart by only supplying a limited portion of the systemic
vasculature that provides the reptile with a distinct advan-
tage over diving birds and mammals. The bradycardia asso-
ciated with the dive is rapidly reversed with the first postdive
breath; certain species even demonstrate an “anticipatory”
elevation of the heart rate before surfacing.

The characteristics of the circulatory system as applied to
gas exchange at the cellular level are applicable to any discus-
sion of reptilian cardiology. Although the topic may appear
rather esoteric, alterations in cardiac or pulmonary function
as presented clinically may have profound effects on the
circulatory system’s ability to deliver oxygen and collect
carbon dioxide.

Consistent with other more commonly encountered clini-
cal species, the hemoglobin molecule is the compound
responsible for the respiratory properties of the blood.
Although the specific structure of reptilian hemoglobin has
not been completely described, it is most likely very similar
to that of other vertebrates. However, a number of significant
differences do exist in the tendencies for hemoglobin to hold
onto or unload oxygen. These variations have not shown
any consistent pattern in relationship to environmental
requirements or within the reptilian class.

In general, the affinity of the blood for oxygen is depend-
ent on the reptile’s species, age, body size, and temperature.
In the whole animal, the total oxygen store is a function of the
hematocrit, and the volume of blood. The oxygen-carrying
capacity of the blood, a measure of the blood’s ability to carry
oxygen, is dependent on the number of red blood cells per
unit volume (hematocrit). Published oxygen capacities in
reptiles typically range from 5% to 11% in turtles, from 6% to
15% in crocodilians, from 8% to 12% in snakes, and from 7%
to 8% in lizards.

Oxygen dissociation curves reveal the pressures (a measure
of concentration) of oxygen that produce saturation or partial

saturation of the hemoglobin. The hemoglobin molecules are
responsible for the respiratory properties and color of the
blood. These curves indicate how much oxygen is retained by
the hemoglobin under specified conditions. Their shapes
reflect how blood oxygen affinities are affected by tempera-
ture, pH, carbon dioxide, metabolites of glycolysis (DPG),
and erythrocyte organic phosphates and by ions such as Na*,
K", Mg,", CI"and SO,

Ontogenetic stage can impact oxygen saturation if hemo-
globins change from those of neonates to those of adults.
Oxygen dissociation curves are to be shifted right (meaning
that the blood has a lower oxygen affinity, making delivery of
oxygen easier) when metabolic rates are high. In reptiles, the
oxygen dissociation curves are highly variable. Generalities
about reptile O, dissociation curves are difficult to make
because of the influences of variable temperature (and meta-
bolic rate) and the other factors list previously.

Different reptiles have different forms of hemoglobins,
and for some species, embryonic hemoglobins may have dif-
ferent oxygen affinity properties compared with adults.
Hemoglobins differ in how they load and unload oxygen.
These differences are often not detected at the clinical level
within a species but are important to keep in mind to avoid
“overextrapolating” from one species to another.

Oxygen affinity is a measure of how easily the hemoglobin
gives up oxygen to tissues. Hemoglobins with higher affini-
ties give up oxygen less readily. Low affinity means that
the blood gives up oxygen readily. Reptiles generally have
lower oxygen affinities than mammals. This adaptation
allows reptiles to deliver oxygen to tissues even at very low
blood oxygen levels.

During exercise or stress, reptiles can experience a meta-
bolic acidosis that results from lactic acid production. This
change in blood pH reduces blood oxygen affinity through
the Bohr effect, which makes the blood hold less oxygen and
makes oxygen release to tissues more readily.

Oxygen dissociation curves have been studied for a num-
ber of species. They have not shown any consistent pattern;
however, several general concepts for individual groups of
reptiles may be postulated.

In the lizards, as expected, the more active species (e.g.,
teids, anguids) have lower oxygen affinities. Higher oxygen
affinities are seen in the slower or “sit-and-wait” predator
species (e.g., chameleontids, gekkonids). Iguanid lizards
(including Iguana iguana, Anolis, Ctenosaura) served as the
baseline for comparison. A reported positive relationship
exists between body size and oxygen affinity in iguanid lizards,
measured at their preferred body temperatures. However,
this measure is confounded by behavioral differences in the
species and may not be clinically relevant.

In the chelonian, a significant difference appears to exist
between aquatic and terrestrial species. In general, aquatic
species have a lower oxygen affinity (i.e., they tend to unload
oxygen more easily). Some turtles that live under typically
hypoxic conditions have blood-buffering mechanisms that
delay the Bohr effect. This may be an adaptation to the need
for maximum unloading during the periods of submergence
of these species. An unexpected exception to this rule is the
Mud Turtle (Kinosternum subrubrum), whose O, dissociation
curve is similar to that of a terrestrial turtle.

Snakes have a dissimilar pattern from turtles. When the
aquatic Elephant Trunk Snake (Acrochordus javanicus) and
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the arboreal and terrestrial Boa Constrictors (Constrictor
constrictor) were compared, the oxygen affinity was the oppo-
site. The aquatic snake had a higher oxygen affinity than its
terrestrial counterpart.

This difference may be in part the result of a greater Bohr
effect seen in the aquatic snake. The role of this increased
Bohr effect appears to facilitate increased oxygen availability
during the apneic period of submergence when blood CO,
levels increase. A dual system of blood respiration as seen in
this species permits it to unload oxygen during the appropri-
ate time, submergence, and load oxygen when it is most read-
ily available, during ventilation.®

In snakes, the oxygen affinity tends to decrease with age,
yet the oxygen capacity (the volume percentage of oxygen
bound by fully saturated blood) increases as the snake
matures. The effect of size on oxygen affinity is variable;
whereas it decreases with body size in snakes (as they age),
it increases with body size in lizards.

As one might expect, the oxygen-carrying capacity is at its
maximum when reptiles are within their POTZ, the time of
highest demand.® In snakes, which are episodic feeders, oxy-
gen affinity goes down and oxygen consumption increases
dramatically during postprandial digestion (a process that
can be metabolically demanding).”

Not only does the oxygen consumption increase in carni-
vores after a large meal, so does heart size. Anderson et al”
report that in Burmese Pythons (Python molurus bivitattus),
metabolic rates increase up to 40% after eating. This increase
in metabolism has been shown to last for up to 14 days.

To support this increase in metabolism, the python
heart experiences a normal hypertrophy over the 48 hours
immediately after ingestion of a meal. The reported 40%
increase in cardiac mass is in response to an increased
gene expression of muscle-contractile proteins. Heart size
returns to normal once digestion of the current meal is
complete.”

RESPIRATORY ANATOMY AND
PHYSIOLOGY

A basic understanding of the normal anatomy and physiol-
ogy of the reptilian respiratory tract is vitally important to the
clinician. Although the basic structure and function of the
lung has been relatively conserved between orders, impor-
tant differences with clinical implications are found among
the various groups of reptiles. Failure to completely under-
stand reptilian pulmonary anatomy and physiology is likely
to interfere with successful medical management of disease,
such as pneumonia, and also impact management and moni-
toring of the anesthetized reptile.

Anatomy of the Respiratory Tract

The reptilian respiratory tract is anatomically and physiolog-
ically radically different from that of the mammal. Significant
differences exist also among the various reptile orders and
among species within an order. This is especially apparent in
comparison of terrestrial and aquatic species. An attempt is
made here to familiarize the clinician with the clinically
important features of reptilian respiratory anatomy and phys-
iology of the chelonians, lizards, snakes, and crocodilians.

When appropriate, comments concerning intraorder differ-
ences are made.

Chelonians

The chelonian glottis is located at the base of the muscular
fleshy tongue in a relatively caudal portion of the oropharynx
(Figure 10-6, A). This location poses significant clinical prob-
lems in attempts to access the lower respiratory tract through
the oral cavity in the awake individual. The trachea with its
complete cartilaginous rings bifurcates after coursing a rela-
tively short distance down the neck (Figure 10-7). The paired
bronchi then enter the lung from a dorsal position within the
rigid shell.

Chelonians have paired sac-like lungs (Figure 10-8). The
air exchange structures, called falveoli (as opposed to alveoli
in mammals) open into an open air space within the lung into
which the bronchi terminate.® The gross anatomy of the lung
reveals a structure with internal ridging and septae similar to
the cross section of a sponge (see Figure 65-13).° The gross
anatomy of the turtle’s lower respiratory tract is clinically sig-
nificant. Inflammatory exudates, particularly those associ-
ated with infectious disease, tend to accumulate in the
dependent portion of the lung. This location precludes timely
elimination through the bronchi and trachea as one expects in
the mammalian patients.

Turtles accomplish the movement of respiratory gases
across the gas exchange surface through a variety of meth-
ods. These differences vary depending on species and also
on whether the animal is aquatic or terrestrial. In general,
both inspiration and expiration are active processes. One
must note, however, that the aquatic environment tends
to make expiration a more passive process, and in some
species, the terrestrial environment makes inspiration more
passive. Although chelonians have no true diaphragm, most
possess a membranous diaphragm-like structure that par-
tially separates the thoracic and abdominal cavities called
the septum horizontale.!® This separation is not seen in the
marine seaturtles (see Figure 65-14).

In the “classic aquatic turtle,” four groups of muscles
are involved in the respiratory cycle. Contraction of the
diaphragmaticus and transversus abdominis muscles tends
to compress the coelomic cavity, thus causing expiration. The
testocoracoideus and obliquus abdominis muscles expand
the cavity and cause inspiration.™

Interestingly, the repeated gular movements often
interpreted by owners as respiratory in nature have no corre-
lation with the respiratory cycle and are actually olfactory in
function.” Significant differences have been noted in studies
of the Greek Tortoise (Testudo graeca), a terrestrial chelonian.
In this species, movements of the pectoral girdle are the
primary muscles of respiration. Inspiration occurs with
contraction of the serratus and obliquus abdominis muscles;
expiration occurs with contraction of the transversus
abdominis and pectoralis muscles."

Lizards

The glottis of the lizard is variable in its location within the
oral cavity. In many species, particularly carnivorous species,
the glottis is found in the rostral aspect of the mouth (see
Figure 10-6, B). In others, it is located ventrally, at the base of
the fleshy tongue. The tracheal rings of the lizard, like those
in the snake, are incomplete. Unlike in the turtle, the trachea
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FIGURE 10-6 A, The turtle and tortoise
glottis is situated behind the fleshy tongue.
B, The position of the lizard glottis varies
depending on species and can range from a
rostral position that is readily visualized, as
seen in this monitor, to a more caudal loca-
tion behind the fleshy tongue, as is seen in
the turtles. C, The snake glottis is located
cranially on the floor of the oral cavity just
caudal to the tongue. D, The crocodilian
glottis is covered by a fleshy epiglottal flap,
the velum palati, that allows the animal to
remain partially submerged with the mouth
open but still keep the nostrils above water
to permit breathing. (A, C, D, Photographs
courtesy D. Mader; B, Photograph courtesy
S. Barten.)

does not bifurcate in the cervical region but remains a single
structure until it enters the thoracic cavity near the base of the
heart.

An exception to this is seen in some Old World Chameleons.
Some chameleons have an accessory lung that is located in
the ventral cervical region, cranial to the pectoral girdle
(Figure 10-9). The function of this structure is not known, but
it can be a site where pathology develops. Inflammatory exu-
dates, parasites, and fluids can collect in this region, resulting
in consolidation of the airspace (see Figure 65-17).

Here the trachea divides into the left and right bronchi.

The lungs of the lizard are approximately equal in size
and volume and have an architectural structure similar to
that seen in other reptiles (Figures 10-10 and 10-11). In many
lizards, gas exchange occurs in the cranial portion of the lung.
The caudal extension of the lung is analogous to the avian
air sac. This is clinically important because inflammatory
debris may accumulate within this nonrespiratory portion
of the lung. Because this region is poorly vascularized,

infectious material may persist and be relatively unaffected by
parenteral antimicrobials.

As described in turtles, both inspiration and expiration
are active processes in the lizard. In most species, both are
facilitated by the intercostal muscles. Some species use
smooth muscle within the lung to aid in the inspiratory
process.!! Most species complete the expiratory-inspiratory
cycle with a nonventilatory period of varying length.

Some lizards, such as the monitors, possess a membranous
separation between the heart and lungs and the rest of the
coelomic viscera, which provides a separation similar to that
seen by the diaphragm between the thorax and abdomen in
mammals (Figure 10-12). This membrane has no respiratory
function.

Snakes

The glottis of the snake is situated rostrally in the oral cavity,
thereby permitting active respiration during food consumption.
This also permits direct visualization and intubation of the
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FIGURE 10-7 The turtle has a trachea that bifurcates into a left and
right lung at the thoracic inlet, much the same as in a mammal. The
chelonian trachea has complete cartilaginous rings. (Photograph
courtesy D. Mader.)

FIGURE 10-8 Chelonians have paired lungs similar to those seen in
mammals. Magnetic resonance imaging of a turtle shows the lateral
symmetry and shows the complete separation between the two lobes.
(Photograph courtesy D. Mader.)

FIGURE 10-9 Most lizards have paired lungs similar to mammals.
Some Old World Chameleons, such as this Jackson’s Chameleon
(Chamaeleo jacksoni), also have an accessory lung lobe in the ventral
cervical region, just cranial to the pectoral girdle (yellow arrows).
(Photograph courtesy D. Mader.)

FIGURE 10-10 Lizards have paired, generally symmetrical lungs.
The lungs are more like hollow sacs than like the typical mammalian
alveolar lung. The image on the left shows the lung deflated, and the
image on the right shows the lung during maximum inflation. No
diaphragm exists in reptiles, so the view on the right is what is seen
during a coeliotomy. Extreme care must be taken to ensure that the
lungs are not overinflated during anesthetic ventilatory efforts; over-
inflation results in rupture of the delicate tissue. (Photograph courtesy
D. Mader.)
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FIGURE 10-11 A, The normal lizard lung is a hollow, sac-like, diaphanous structure with most of the respiratory
surfaces (falveoli) located toward the center of the structure. B, The peripheral margins function more like an air sac.

(Photographs courtesy D. Mader.)

trachea in most snakes, even when awake (see Figure 10-6, C).
The trachea, with its C-shaped incomplete tracheal rings, enters
the lung at a level near the base of the heart (Figure 10-13).
Some species have a “tracheal lung” that is located on the
dorsal aspect of the trachea (see Figure 32-19). This structure
is suggested to permit gas exchange when the lung has been
compressed by ingested prey.®

Most snakes have only one functional lung, with the left
side being vestigial or absent. In the more primitive species,
such as the boids, both lungs are present, but the left is smaller.
The lungs of most snakes are divided into two portions. The
first one third to one half is a typical functioning reptile lung.
The caudal portion is a relatively avascular sac-like structure
similar to the avian air sac. The cranial, or alveolar lung, is
typically located starting at 20% and ending at approximately
40% of the snout to cloaca length (Figure 10-14).!2 The caudal,
or membranous, lung extends posteriorly for a variable
length, potentially to the level of the cloaca, depending on the
species.

The respiratory cycle of the snake involves both active
and passive components. The expiration is controlled by
dorsolateral (muscularis transversus dorsalis and mus-
cularis costalis internus superior) and ventrolateral (mus-
cularis transversus abdominis and muscularis obliquus
abdominis internus) muscle sheets. Relaxation of the expi-
ratory muscles results in the first component of inspiration,
a passive process. Elevation of the ribs caused by contrac-
tion of muscularis levator costarum and retractor costarum
decreases intrapulmonary pressure, resulting in the active
component of inspiration. The final portion of the respi-
ratory cycle, passive expiration, occurs as a result of the
relaxation of the inspiratory muscles and the recoil of
the lung.!

Crocodilians

The glottis of the crocodilians is located caudal to the promi-
nent epiglottal flap (velum palati; see Figure 10-6, D; see also
Figure 8-9). This membrane at the back of the mouth in con-
junction with the basihyal valve permits respiration while
the animal is partially submerged, despite an open mouth,
by sealing off the oral cavity. These species have a coelomic

FIGURE 10-12 Although reptiles lack a functional diaphragm, the
crocodilians have a membranous separation between the heart and
lungs and the coelomic viscera. This image from a monitor lizard
(Varanus sp.) shows a similar structure. The lung (L) and heart (H)
can be seen through the membrane (M). The liver (Li) is on top of the
membrane on the lower left side of the image. (Photograph courtesy
D. Mader.)

FIGURE 10-13  Snakes have a C-shaped trachea that courses through
the entrance to the lung. (Photograph courtesy D. Mader.)

cavity that is bisected by a muscular septum analogous to
the diaphragm. The cranial aspect of the liver is attached
to this structure. Caudally, the liver is connected to the pelvic
girdle by a pair of muscles, the diaphragmaticus. Contraction
of these muscles, combined with the action of the intercostal
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FIGURE 10-14 Most snakes have a single, long, tube-like lung, usually
with the right side being the functional side. The cranial one third to
one half of the lung (top image) serves as a functional respiratory
exchange organ (the nonhyperinflated portion on the left side of the
frame). Then, the lung tissue transitions into a membranous, nonres-
piratory air sac (middle image). The air sac is diaphanous and balloon-
like. The purpose for this transition is not known, but one theory
suggests that it serves as a mechanism for internally warming an
animal during thermoregulation by inhaling large quantities of
warm air. (Photographs courtesy D. Mader.)

muscles, supports active inspiration, often referred to as
the “hepatic piston.”!> Active expiration occurs as a result
of constriction of the body cavity by transverse muscles.!!
The lung of the crocodilian is more complex than that of
the other reptiles. Parabronchi further divide the lungs into a
series of chambers.!?

Despite the tremendous variation in the gross anatomy
of the reptilian respiratory tract, the microscopic anatomy
is quite consistent. The trachea is lined with a pseudostrat-
ified, ciliated, columnar epithelium with varying numbers
of goblet cells. The ciliated epithelium disappears on
leaving the largest airways and is transformed into a more
squamous profile.!* The reticular falveolar lung is composed
of thin-walled capillaries sandwiched between the epithelial
cells of the falveolus. The caudal avascular lung of the snake
is lined with a simple squamous epithelium.

Respiratory Physiology

In discussion of respiratory physiology, one must consider
the three components of the respiratory mechanism: first,
the movement of respiratory gases from the environment
across the gas exchange surface; second, the movement of
oxygen (O,) and carbon dioxide (CO,) across the respiratory
epithelium; and third, the circulation of the O,-bearing and
COy-bearing blood from the lungs to the tissues and the
subsequent diffusion of the gases to the cellular level.

FIGURE 10-15 Several species of amphibians and reptiles are capable
of nonrespiratory gas exchange. The aquatic Softshell Turtle (Apalone
spp.) has both integumentary (through the shell) and buccopharyn-
geal gas exchange. These adaptations allow the animal to remain
submerged for prolonged periods. (Photograph courtesy D. Mader.)

Reptiles, as previously shown, have unique systems for the
assimilation and elimination of respiratory gases. Although
the techniques for these processes are quite varied within
the reptile class, the remainder of the respiratory process is
rather consistent.

Of particular clinical significance is the reptile’s ability to
function with anaerobic metabolism. The unique buffering
systems present within the reptile circulatory system are
able to handle the accumulation of lactic acid and hydrogen
ions, which accumulate during these periods of anaerobiosis.
This ability tends to facilitate the concealment of severe res-
piratory disease until it has advanced to a level beyond the
compensatory abilities of the patient.

Reptiles are not limited to gas exchange through the pul-
monary falveoli. Many aquatic species have shown an ability
to exchange respiratory gases through the integument.
Turtles, such as the Softshelled Turtle (Apalone spp.), may
obtain up to 70% of their oxygen uptake during submergence
through the leathery shell (Figure 10-15).1

The buccopharyngeal membranes also serve as a respira-
tory exchange surface in a variety of reptiles. The highly vas-
cularized pharyngeal papillae are able to extract dissolved
oxygen from the aquatic environment. The softshells are able
extract sufficient oxygen by buccopharyngeal and cutaneous
exchange during long-term submergences, such as during
hibernation.

Numerous species of lizards are also capable of use of
some degree of pharyngeal or cutaneous respiration.

As mentioned, certain snake species have a unique saccu-
lar diverticulum of open tracheal rings that acts as a “tracheal
lung” for gas exchange when gastric contents preclude
normal pulmonary function (see Figure 32-19).

Respiration in the poikilothermic reptile tends to be
controlled by oxygen partial pressure (PO,), CO,, and tem-
perature. As temperature increases, so does the body’s
demand for oxygen. This demand is generally not met
by an increased respiratory rate but by an increased
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FIGURE 10-16 Placement of a reptile with severe pulmonary disease
in an oxygen chamber may be detrimental because increased oxygen
concentrations may actually depress respiratory efforts. (Photograph
courtesy D. Mader.)

tidal volume." Likewise, hypercapnia (an increase in CO,)
also causes an increase in tidal volume, whereas hypoxia
causes an increase in respiratory rate. In reptiles, the stimulus
to breath comes from low blood oxygen concentration.

This mechanism has limits, however, and in the face of
significant pulmonary pathology, the ability of the patient to
increase its functional tidal volume is compromised by
inflammatory debris, cellular infiltrates, and loss of normal
tissue elasticity.

Clinically significant is the fact that high oxygen—tension
environments tend to suppress the reptile’s spontaneous
respiratory rate. Although the absence of a diaphragm and
poor bronchociliary transport mechanism tend to inhibit
the movement of inflammatory exudates from the lung,
prolonged exposure to an environment of enriched oxygen
tension may further inhibit this limited capacity by suppress-
ing ventilation. Therefore, the use of hospital oxygen cages
should be reserved for those cases in which hypoxemia is
present or strongly suspected (Figure 10-16). The relative
inefficiency of the lungs combined with the reptile’s tendency
to shift to anaerobic metabolism is clinically important in
cases of pulmonary pathology.

Significant respiratory disease may result in an increase
in pulmonary vascular resistance. Because this change tends to
mimic the resistance changes that occur during apnea or diving,
changes in cardiac output occur. During normal respiration,
the noncrocodilian reptile heart directs most deoxygenated

blood into the pulmonary artery. The increased pulmonary
vascular resistance, which accompanies diving, and apnea
cause blood to be preferentially shunted away from the lungs
into the systemic circulation. The shunting that may occur
from pulmonary pathology could decrease the oxygen deliv-
ery to peripheral tissues. Serious, life-threatening acidosis
may result from overwhelming the blood’s buffering systems
as anaerobiosis becomes prolonged.
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GROSS ANATOMY

The reptilian urinary tract consists of paired kidneys, each
connected to the urinary bladder or cloaca by a ureter.
Depending on the species, a urinary bladder may be present
and also enters (via the urethra) into the cloaca (Table 11-1).
Although technically not part of the urinary system, the
reproductive system (ovaries and testes) is also connected to
the urinary tract via the cloaca and is discussed here in its
relationship to the urinary tract.

Unlike mammals, reptiles do not have separate external
orifices for the discharge of urinary and digestive waste prod-
ucts. The end products of the digestive and urinary tract and
reproductive system all enter a single chamber, the cloaca, and
are discharged through a single opening, the vent (Figure 11-1).
The term “cloaca” is derived from Latin origins and means
“sewer.”

The cloaca is divided into three regions. The coprodeum is
the most anterior section and receives the waste products of
digestion from the rectum. The middle section, or urodeum,
receives the ureters, urinary bladder, and genital ducts. In
some species, the genital ducts and ureters penetrate the
urodeum separately, but in others, they fuse before entering
the urodeum (Figure 11-2). Posterior to the urodeum is the last
section, or proctodeum, which is the final stop before waste
and reproductive products are discharged to the exterior
through the vent.

Order Squamata: Suborder Sauria

In most lizards, the kidneys are located deep in the pelvic
canal (Figure 11-3). Monitors are the exception, and their
kidneys rest in the caudal coelom (Figure 11-4).! The kidneys
are paired, symmetrical, elongated, slightly lobulated, and
flattened dorsoventrally. In many species, the caudal aspect
of the kidneys is fused (Figure 11-5). The kidneys are fully
separate in the Water Monitor (Varanus salvator) and some
Chameleons (Figure 11-6).2

A fully developed bladder, connected to the urodeum by
a urethra, is present in the Slow Worms, iguanas, geckos,
chameleons,? and the Blue-tongued Skink (Tiliqua scincoides;
Figure 11-7).> A rudimentary bladder exists in the Teiidae,
which include the ameivas, tegus, and whiptails. The bladder
does not connect to the ureters. Some monitors, such
as the Water Monitor, do not have a bladder.?* However,
a bladder is present in the Savannah Monitor (Varanus exan-
thematicus; D. Mader, personal communication).

The vent appears as a fold of skin on the ventral side of the
tail, just caudal to the attachment of the tail base to the pelvic
girdle. Depending on the species, it may be slit-like, with the
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opening running transversely across the tail base, or round,
placed centrally just caudal to the pelvis. The vent is covered
by multiple single scales in iguanas, a single large scale on the
anterior and posterior margin in skinks, or fleshy soft skin
in geckos. In males, two copulatory structures, the hemipenes,
open on either side of the vent. They are tucked caudally
into the tail and evert when engorged during mating (see
Figure 11-6).

Arterial blood is supplied by a variable number of renal
arteries that branch off the aorta. Lizards, like all reptiles,
have a renal portal system (Figure 11-8).5 Blood flows from
the tail via the caudal vein and the hind legs via the iliac veins
and then enters two afferent renal portal veins that convey
the blood to the kidneys. In the kidneys, the blood enters
a series of capillaries that perfuse the renal tubule cells. From
there, the blood leaves the kidneys via the efferent renal
portal veins. These fuse to form the postcaval vein, which
conveys the blood back to the heart. Pelvic veins connect to
the iliac veins before their attachment with the afferent renal
portal veins and can divert blood around the kidneys into the
single ventral abdominal vein. From here, the blood flows
to the liver (Figure 11-9).

Suborder Serpentes

Snake kidneys are paired, flattened, and elongated organs
that contain 25 to 30 lobules,® except for the Dwarf Boas
(Trophidophis spp.) and the Rough Boas (Trachyboas spp.)
whose kidneys are not lobulated.? The right kidney lies cra-
nial to the left (Figure 11-10).! Studies have calculated the
position of snake kidneys as a proportion of the distance
between the snout and the cloaca. For boids, this is 0.76 to
0.84; for colubrids, 0.84 to 0.96; for elapids, 0.80 to 0.92; and
for crotalids, 0.84 to 0.96.%7 The kidneys occupy approxi-
mately 10% to 15% of the snake’s body length.

SELICREBNE Reptile Species with Urinary Bladders?’
Rudimentary

With Bladders Bladders No Bladders

Chelonians Snakes

Rhynchocephalia Crocodilians

Lizards

Iguanidae Agamidae Anguidea

Lacertidae Teeidae

Some Varanidae Some Varanidae

Chamaeleonidae

Gekkonidae

Scincidae

135
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FIGURE 11-1 Cloacal anatomy of the female lizard and the male turtle shows the relationships of the kidneys,
ureters, bladder, and reproductive sytems.



Renal Anatomy and Physiology

FIGURE 11-2 Urodeum of a male snake shows the ureteral papilla.
(Photograph courtesy D. Mader.)

A ureter connects each kidney to the urodeum. No urinary
bladder exists.! Urine is stored either in the distal colon or in
flared ends in the distal end of each ureter, just before they
enter the urodeum.

The vent is linear, with the slit-like opening running trans-
versely across the tail base. Because no outwardly discernible
pelvic girdle is found, except in boids, the vent is considered
the beginning of the tail. A single scale covers the vent
in boas, with paired scales in pythons. A pair of hemipenes,
similar to that in lizards, is present (Figure 11-11).

Arterial blood supply is the same as for the Sauria. The
venous blood flow is also similar except for the absence of
iliac veins (Figure 11-12). Blood is able to bypass the kidneys
through the mesenteric vein, which receives connections
directly from the afferent renal portal veins (note: this vein is
not pictured in Figure 11-12). The mesenteric venous blood is
carried to the liver. The abdominal vein is present but is only
connected to the afferent renal portal veins in the African
Rock Python (Python sebae). In other species, it has its origin
in the fat bodies.>

Order Rhynchocephalia

The kidneys of the Tuatara (Sphenodon punctatus) are similar to
those of lizards. They are paired, single-lobed, and crescentic

FIGURE 11-3 Normal kidneys in a Green Iguana (Iguana iguana).
Note how the kidneys are completely within the bony pelvis. In a
healthy animal, the normal kidney is not visible on either a ventral or
a lateral radiograph. (Photograph courtesy D. Mader.)

in outline, tucked high up in the dorsal wall of the pelvic
canal (R. Jakob-Hoff, personal communication). The two
kidneys meet posteriorly, but they do not fuse.? The blood
supply is a