Chapter

Nutrition in Captivity

INTRODUCTION

The goal of animal nutrition is the provision of nu-
trients in sufficient amounts to permit optimal growth
and reproduction, as well as reduction of nutrient-re-
lated health risks. These consequences are interre-
lated, since impaired growth and reproduction are of-
ten early signs of dietary imbalance. Only in cases of
severe or prolonged dietary imbalance are frank defi-
ciency signs normally encountered.

Unfortunately, nutrient deficiency is not unusual
in captive green iguanas. For example, metabolic
bone disease is a commonly seen problem that may
be related to inadequate dietary calcium, inverse cal-
cium:phosphorus ratios, and/or low intakes of di-
etary vitamin Dy (cholecalciferol). Inadequate expo-
sure to ultraviolet-B light (UV-B; 280-320 nm) plays
an especially critical role in green iguanas.

Another problem thought to relate to nutrient in-
take is visceral and/or articular gout entailing the
deposition of uric acid in soft tissues and in joints, re-
spectively. Since uric acid is the principal nitroge-
nous waste product in terrestrial reptiles such as
iguanas, it has been suggested that pathologic depo-
sition of urates outside the urinary tract may be a
consequence of excessive nitrogen loads, perhaps
coupled with an increase in blood solutes during de-
hydration and impaired renal function.

Digestive disorders, including bloat, diarrhea, and
torsion, may also reflect inappropriate diet, espe-
cially if iguanas are fed diets of such low fiber con-
tent that hindgut fermentation is abnormal. Intesti-
nal blockages that occurred in juvenile Galapagos
land iguanas (Conolophus subcristatus)! were be-
lieved to be due to excessive but infrequent feeding
of fibrous plant material, and the same may occur in
green iguanas.

Most of the descriptions of nutrient deficiencies or
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toxicoses in zoo and exotic animals come from clinical
case studies. This is true for mammals and birds as
well as for reptiles. ¢ Yet few experimental studies
have tested the effects of specific nutrients on reptiles,
including iguanas, and the diagnosis of deficiency or
toxicosis is typically based on analogous patholo-
gic findings for domestic mammals or birds. There is
great risk of error in this approach, especially when a
detailed evaluation of nutrient intakes is not under-
taken. For example, the assertion that excessive
amounts of dog or cat food will produce soft tissue min-
eralization in reptiles due to high vitamin D levels?®
fails to recognize that most dry dog and cat foods are
not particularly high in vitamin D (being lower than
many products marketed specifically for reptiles), that
soft tissue mineralization may be associated with vi-
tamin D deficiency rather than toxicity, and that the
greatest cause of vitamin D deficiency may be a lack of
UV-B light exposure, rather than dietary vitamin D
levels (see discussion below). We are not aware of any
controlled studies indicating that dog or cat foods are
harmful to reptiles per se. Anecdotally, two Chinese
box turtles (Cuora flavomarginata) in our care have
been fed a diet of canned cat food (with small amounts
of fruit) for 3 years to determine if they would develop
signs of nutrient deficiency or toxicity, but so far both
appear normal.

In this chapter we review the importance of nutri-
ents such as protein, fiber, calcium, phosphorus, and
vitamin D. These may often be imbalanced in the di-
ets fed to green iguanas by pet owners or zoo keepers
and may be associated with clinical problems. The
importance of ultraviolet light for vitamin D synthe-
sis is also discussed. Unfortunately, relatively few
scientific studies have addressed these issues, and
most of the data are buried in conference reports and
theses, or have yet to be published. We hope that the
synthesis of this information will be helpful in the
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evaluation and improvement of diets and husbandry
of both zoo and pet iguanas.

TRADITIONAL SALAD-TYPE DIETS

Green iguanas are herbivorous in the wild, eating
a variety of leaves, fruits, and flowers (see Baer,
Chapter 3). It is, therefore, common to offer iguanas
a salad-type diet that includes leafy greens, various
vegetables, and fruits. Insects, small vertebrates,
and other sources of animal protein are sometimes
added. In the 1980s iguanas at the National Zoolog-
ical Park were maintained on a “reptile salad” that
was made by mixing chopped fruits and vegetables
with soaked dog food kibble. Although the animals
appeared to be in good condition, two of four iguanas
developed bleeding oral lesions. Close observation
revealed that the hard centers of otherwise soft,
soaked kibble would lodge between the tongue and
palate, a problem that was corrected by longer soak-
ing. However, if dog or other dry foods are soaked ex-
cessively, soluble nutrients such as some vitamins
may leach out and not be consumed.

One of the problems of a salad-type diet is that an-
imals can self-select among the food items, and the
food items chosen may not be nutritionally complete.
This is most likely when diets are fed in excess
amounts and much of the food is not eaten, or when
large groups of animals are fed together and the
dominant individual can choose from the large vol-
ume of food presented. Unfortunately, there is little
evidence that captive animals presented with an ar-
ray of foods make sound nutritional choices, espe-
cially if some of the foods offered are particularly
palatable.” For example, an iguana selecting mostly
soft fruit such as bananas, apples, and grapes will
have an inadequate intake of calcium.

Attempts are often made to compensate for nutri-
tional inadequacies in salad-type diets by applica-
tion of a vitamin-mineral supplement. A supplement
will only counter a deficiency if the concentration of
the nutrient in the supplement is appropriate and if
the correct amount of supplement is ingested. In a
typical salad-type diet it is not practical to monitor
how much of the supplement adheres to the food ac-
tually ingested and, hence, supplement use is almost
always guesswork. Although healthy green iguanas
may self-select a calcium source such as oystershell
if it is offered separately, it is not known if this be-
havior results in a balanced diet.8 In one study, vita-
min D-deficient iguanas decreased calcium intake
even though the animals were probably in negative
calcium balance.?

Another problem with salad-type diets is that the
commercial fruits and vegetables used are apt to be
quite different in nutrient composition from the
foods eaten in the wild. Since humans prefer low-
fiber foods, most types of produce in the marketplace
contain relatively low fiber levels, typically about
5-28% neutral-detergent fiber (NDF)?-10, as com-
pared to more than 25% NDF in most of the foods
eaten in the wild.11-13 Commercial fruits are also typ-
ically low in calcium and protein, so that high fruit
diets are apt to be deficient in these and other nutri-
ents (see below). Leafy greens and other vegetables
may have a place in iguana diets, but in and of them-
selves are no replacement for a nutritionally com-
plete food.

THE DEVELOPMENT OF IGUANA DIETS FOR
USE IN CENTRAL AMERICA

In general, it is difficult to ascribe success or failure
in iguana husbandry to diet due to the inadequacy of
diet records, limited information on amounts con-
sumed, variation in solar or fluorescent exposure, and
repeated changes in other aspects of husbandry, such
as enclosure design, temperature, humidity, and num-
ber of cage mates. Thus the opportunity in 1986 to be-
gin nutritional consultation with a large-scale iguana-
rearing project at the Smithsonian Tropical Research
Institute (STRI) in Panama was very welcome,1214-16
The overall project, entitled “Alternatives to Destruc-
tion,” was funded by the W. Alton Jones Foundation
with the objective of developing local use of renewable
forest resources as an alternative to widespread defor-
estation of tropical rain forests. Local farming projects
included rearing iguanas for meat, farming pacas, and
developing forest vegetable gardens. The declines of
native iguana populations in Central America had
been attributed both to deforestation and overhunting,
since many local peoples prized iguana meat and eggs
taken from gravid females.17 If iguana-rearing proved
feasible and economical, it might not only reduce pres-
sure on wild populations, but could also serve as the
basis for community-oriented economic programs and
the development of a wildlife management ethic. The
model developed by Dr. Dagmar Werner, director of
the green iguana project, involved captive-breeding of
females, artificial incubation of eggs, and the head-
starting of young animals on artificial diets until they
reach sufficient size to deter postrelease predation.
Forest patches would serve as iguana pastures, and
the farmers would tend and value the forests as
sources of iguana meat, fruits, and building materials.

The success of this project depended, in part, on




finding an economical means of feeding hatchlings
and juveniles. The logistics and cost of acquisition,
refrigerated storage, and processing of a multitude of
ingredients for salad-type diets for thousands of
iguanas were clearly prohibitive. In preliminary tri-
als, Dr. Werner had determined that the growth
rates of iguanas fed on various meal-type ingredients
such as soybean meal, meat-and-bone meal, and fish
meal were very different. Our first objective was the
development of a meal-type diet that would be nu-
tritionally complete. At the time, zoo keepers and cu-
rators were skeptical that green iguanas would ac-
cept a dry diet, since their only experience had been
with the use of salad-type diets. The iguana diets we
formulated were similar in ingredients to pelleted
rabbit or horse feeds, but contained higher levels of
several nutrients that were labile or that might be
needed in higher amounts by iguanas, such as pro-
teins and vitamins A, C, D, and E. We were con-
cerned that a pelleted diet might be difficult for
hatchlings to consume, whereas the meal form could
be ingested by both licking and biting. Dr. Werner re-
ported good acceptance and improved growth on the
first diets tested. Subsequently a variety of diets
were developed to test growth and physiologic re-
sponses to different levels of nutrients such as pro-
tein, fiber, calcium, and vitamins in iguanas main-
tained in Panama, Costa Rica (where the colony
subsequently moved under the auspices of the Fun-
dacion Pro Iguana Verde), and at the National Zoo-
logical Park. These results, some of which have been
published,812.16.18-23 form the basis for much of this
chapter.

COMMERCIAL DIETS FOR GREEN IGUANAS

Many owners of pet iguanas experience the frus-
tration and disappointment of iguanas that fail due to
nutritional disorders. One is reminded of the former
popularity of dime store turtles (mostly hatchling red-
eared sliders, Trachemys scripta elegans) that would
live a few months before perishing of soft shell, inap-
petence, weakness, and tetany. In the 1950s and
1960s the public did not realize that the dried insects
being marketed as turtle food, such as dried ant pu-
pae, were poor sources of calcium and some other nu-
trients. The lesson to be learned, that a food marketed
for a pet reptile is not necessarily nutritionally suit-
able, is still valid. How many milliens of hatchling tur-
tles died of frank calcium deficiency then, or how
many young iguanas perish each year from metabolic
bone disease now, are not known.

The surge in ownership of pet iguanas following
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release of the movie Jurassic Park has been accom-
panied by a proliferation of commercial iguana feeds,
some from reputable feed manufacturers with staff
nutritionists and others from pet suppliers with lit-
tle expertise in diet formulation. The advantage of a
processed or manufactured diet is that it can be for-
mulated to contain all nutrients known to be needed
by the target species, but the disadvantage is that if
any nutrients are omitted or included at inappropri-
ate levels, the damage to captive iguanas may be
substantial, especially if other foods are not being of-
fered to them.

Realizing that no regulatory agency is regularly
scrutinizing either the composition of or advertising
claims for iguana feeds, we obtained and chemically
analyzed 31 different diets that were labeled for use
for green iguanas (Oftedal, Christopher, and Allen,
1997, unpubl. data; Table 4.1). These samples were
obtained in an opportunistic fashion from pet shops
and suppliers, and do not address container-to-
container or batch-to-batch variation of each prod-
uct. These products were obtained in 1997; some
may no longer be manufactured or their formula-
tions may have been changed. Nonetheless, they pro-
vide a snapshot of diets available at the time.

Commercial iguana diets may be frozen, canned,
pelleted, extruded, or in a meal or powder form. A
guaranteed analysis is provided with the diet label,
but may be misleading. For example, we found that
one manufacturer (Zoo Med, San Luis Obispo, CA)
produced two diets, Iguana Food, Juvenile Formula
and Iguana Food, Adult Formula. The guaranteed
analysis for the juvenile diet was a minimum of 24%
crude protein, while that for the adult diet was a min-
imum of 12%. By analysis, both diets complied with
these specifications, as they exceeded the minimum
levels, but in fact both diets contained about 27%
crude protein on a dry matter basis (DMB). Someone
wishing to feed a low-protein diet to adult iguanas
would be misled by these labels. A more serious in-
stance was a powdered diet (Zoo Menu Iguana Food,
Juvenile Formulation; Zoo Med Laboratories, San
Luis Obispo, CA) that was labeled as containing a
minimum of 23% protein, but by analysis contained
only 12.3% crude protein on a DMB. This discrepancy
was also noted by Donoghue?4 who reported a value of
14.0% crude protein. However, among diets we stud- -
ied this was exceptional; most of the diets contained
levels of protein and fat similar to or in excess of the
guaranteed minima.

Guaranteed analyses are presented on an as-sold
(or fresh weight) basis (FWB), but this is not the
most useful means of comparing different diets. Two
diets with very different water content, such as a
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Table 4.1 Composition of manufactured iguana diets available via pet stores.!
Moisture (%) Crude Fat (%) Crude Protein (%)  Acid Fiber (%)

Phosphorus (%)

Diet Type

Calcium (%)

0.89 = 0.14
(0.69-1.15)

2.01 £0.17
(1.72-2.31)

1.1+ 1.89
(8-14)

13.4 +3.83
(7-21)

1.31 = 1.06
(0.2-3.4)

75.0 = 0.51
(70-78)

Canned
(n=3)

Diets were purchased from pet stores or pet store suppliers and include products marketed by American Reptile Inc. (Dry Ridge, KY),
Feather Gourmet (Sacramento, CA), Five Star Reptile Foods (Riverview, FL), Fluker Laboratories (Baton Rouge, LA), Kaytee Products
(Chilton, W1), UM Animal Farms (Pleasant Plain, OH), Mill Creek Farms, Ocean Nutrition Corp. (San Diego, CA), Pretty Bird International
(Stacy, MN), Premium Nutritional Products (Topeka, KS), Tetra Terrafauna (Reed's) (Morris Plains, NJ), Zeigler Bros./Farnam Companies
(Gardners, PA), and Zoo Med Laboratories (San Luis Obispo, CA). N refers to numbers of diets analyzed. Data are presented as mean
+ sem, with the range in parentheses. Moisture was determined by oven-drying, fat by extraction with petroleum ether in Soxhlet ex-
tractors, protein by the Kjeldahl procedure (TN x 6.25), acid fiber by the Van Soest acid-detergent fiber procedure, and calcium and
phosphorus by atomic absorption spectroscopy and the molybdovanadate method, respectively, after digestion in perchloric and ni-

tric acids . Values except moisture are expressed on a dry matter basis.
2Dry refers to diets that were pelleted, extruded, meal-type, or in powder form.

canned diet and a dry-pelleted diet (see Table 4.1),
will have very different protein levels on a FWB, but
on a DMB the relative amounts of protein may be
quite similar. Since captive animals can alter food in-
take to maintain energy intake, and hence eat more
of high-water diets, the amount of protein an animal
receives is related more to the percent of protein in
the dry matter than the percent protein on FWB. The
concentrations of nutrients on a DMB can be calcu-
lated as follows:

Nutrient content (DMB) =

100-Nutrient content (FWB)
(100-moisture content)

Unfortunately, the maximum moisture levels guar-
anteed on the label of iguana foods are not very pre-
cise. By analysis, iguana diets contain on average
about 5% less water than the declared maximum. If it
is not possible to determine moisture directly by ana-
lytic drying, we recommend using the average values
in Table 4.1 for the type of food: 80% for frozen diets,
75% for canned diets, and 5% for dry diets.

Even on a DMB, there were large differences
among manufactured iguana diets (see Table 4.1).
For example, protein levels varied from 7 to 30%, fat
from 0.2 to 7.5%, acid detergent fiber from 5 to 21%,
calcium from 0.9 to 3.7%, and phosphorus from 0.4 to
3.2% (see Table 4.1). Such variations can affect the
health and performance of green iguanas, as dis-
cussed below.

THE REQUIREMENT FOR
DIETARY PROTEIN FOR GROWTH

Protein is often a limiting dietary constituent for her-
bivores because relatively large amounts are needed
for tissue growth, whereas the amounts of protein in
most parts of most plants are relatively modest. In the
wild, reptilian herbivores may be able to maximize pro-
tein intake by selecting plant parts high in protein
(such as young leaves) or plant species that have rela-
tively high-protein contents (such as legumes).2> Ani-
mals with insufficient protein intakes are apt to have
retarded rates of growth, higher susceptibility to dis-
ease and impaired reproduction. Therefore, it is of con-
siderable practical importance to determine the pro-
tein requirements of green iguanas and to assure that
diets meet these needs.

Hatchling green iguanas appear to be particularly
sensitive to the concentration of dietary protein. In
collaboration with Dr. Dagmar Werner at STRI in
Panama, we measured the growth responses of
hatchling iguanas when fed diets formulated to vary
in protein concentration but to be similar in levels of
other nutrients. The ingredient composition and vi-
tamin and mineral premixes in the diets were simi-
lar to those in the medium fiber diet reported by Baer
et al.,23 except that the amounts of corn meal, soy-
bean meal, and alfalfa meal were varied to produce
target protein levels of 17, 22.5, and 28% (DMB), and
supplemental methionine was added to maintain a
balance of essential amino acids. By analysis, these



diets contained 0.67, 1.1, and 1.4% lysine, 0.24, 0.33,
and 0.36% cystine, and 0.43, 0.48, and 0.59% me-
thionine (DMB), respectively. Each diet was fed in
three cages containing 10 hatchlings each.

These diets were fed from hatching until an age of
3—4 months (Figure 4.1). Animals fed diets contain-
ing 17% protein (DMB) exhibited poor growth and
were both smaller and lighter at the end of the study
than were animals fed higher protein diets. The best
growth performance occurred with the highest pro-
tein level tested, 28% (see Figure 4.1). We conclude
that hatchling green iguanas require more than
22.5% protein for maximal growth; but since inter-
mediate protein levels were not tested, we do not
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Figure 4.1 The effect of dietary protein on snout-vent
length and body mass in young green iguanas. The igua-
nas were housed and fed in groups of 10 to which they were
assigned after hatching. Although all animals were fed the
experimental diets from shortly after hatching until an age
of 3-4 months, the ages of iguanas when measured varied
due to the spread of hatch dates. Data from O. Oftedal, D.
Werner, and M. Allen, 1987, unpublished.
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know whether animals fed an intermediate protein
level, such as 26% protein, would grow at a slower
rate than those fed 28% protein. These results reflect
diets with a balanced amino acid pattern; even higher
protein might be required for maximal growth if any
of the essential amino acids were limiting. Higher
protein concentrations may also be needed if diets are
high in potassium, since terrestrial reptilian herbi-
vores use nitrogen to excrete excess potassium in the
form of potassium urates.25:27 Conversely, measured
protein requirements are usually lower in mammals
when the diets are made of highly digestible proteins,
such as egg or milk proteins, and the same is likely
true in reptiles.

Rapid growth was a primary goal of the iguana-
rearing program in Panama, since early achievement
of large size makes an early release of young iguanas
possible, thereby reducing both the cost of feed and the
amount of labor required. Hobbyists and zoo staff may
not require maximal iguana growth, however, and
some fear that rapidly growing animals might mani-
fest behavioral or anatomic abnormalities. However,
we are not aware of any adverse consequences associ-
ated with rapid growth in iguanas, and did not observe
any in our studies. Juvenile iguanas reared on 28%
protein diets had high survival rates after release.

DO HIGH-PROTEIN DIETS LEAD TO GOUT?

Another concern is whether there are harmful ef-
fects of diets that are too high in protein. In terrestrial
reptiles the predominant waste product from protein
catabolism is uric acid, which circulates in the blood
primarily in ionic form as urate. In the kidneys, urate
is both filtered from the blood in the glomeruli and se-
creted in the tubules.?8 Urate excretion plays an im-
portant role in electrolyte balance because the urates
that precipitate as nitrogenous wastes are largely
potassium and sodium urates, with the former pre-
dominating in herbivorous lizards.2® It has been
shown in both chuckwallas (Sauromalus obesus) and
desert tortoises (Gopherus agassizii) that the amounts
of urates excreted increase as dietary potassium in-
creases.2627 Thus urate excretion depends on both pro-
tein and electrolyte intakes.

The concern about urate synthesis and excretion -
stems from the prevalence of visceral and articular
gout in iguanas and other lizards. Visceral gout in-
volves precipitation of urates on a variety of tissues
and membranes, especially the liver, kidneys, and
the pericardial sac and is usually only noted post-
mortem.3? Articular gout is usually progressive, in-



52 / Biology, Husbandry, and Medicine of the Green Iguana

volving painful accumulations of urates in the vicin-
ity of joints, and does not normally resolve upon ther-
apy. Frye30 acknowledged the importance of renal
failure (and hence failure to excrete urates) as a prin-
cipal cause of visceral gout in reptiles, but suggested
that visceral gout may also derive directly from high
protein intake. We are unaware of any controlled
studies that substantiate this claim in reptiles. Ull-
rey et al.3! argue that amino acid deficiency and im-
balance are much more likely responsible for ele-
vated circulating urate levels and gout in birds than
is a high protein intake. Insectivorous geckos are
also susceptible to gout, even though they normally
excrete urates in large amounts without complica-
tion. Thus it is not so much whether urates need to
be excreted but whether they precipitate in an ab-
normal way that determines whether gout appears.
If the precipitated urates in iguana gout are mono-
sodium urates, as in human gout, possible links to
electrolyte status may also warrant investigation.
The causes of both visceral and articular gout are
likely multiple, complicating efforts to relate gout to
dietary constituents such as protein, amino acids, or
purines. For example, gout may be secondary to re-
nal insufficiency or to dehydration. Reduction in di-
etary protein bears the risk of metabolic disturbance
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Figure 4.2 The effect of dietary protein on serum uric acid
(urate) levels in 3-year-old iguanas. Iguanas were switched
from diets containing 29% protein to either higher (35%) or
lower (17% and 26%) dietary protein levels, and after about
80 days on the new diets fasting iguanas were bled for serum
uric acid determination. The difference in serum urate lev-
els among diets was statistically significant. Data from M.
Allen, R. Montali, and O. Oftedal, 1995, unpublished.

due to inadequate amino acid intakes and is a rea-
sonable therapeutic response to observed gout only if
it actually results in a decline in circulating urate
levels. To examine the relationship of circulating
urate levels to dietary protein we switched 24 suba-
dult green iguanas at the National Zoological Park
from diets containing 29% crude protein on a DMB
to diets containing either 17, 26, or 35% crude pro-
tein, and maintained them on these diets for about
80 days. Changes in circulating serum urate levels
were evident (Figure 4.2): the lower dietary protein
level led to a drop in circulating urate levels, where-
as the higher dietary protein level led to an increase.
However, even the highest urate levels observed
were not very high, being within the typical range re-
ported for fed, hydrated reptiles (1-8 mg/100 ml),
birds (3—10 mg/100 ml), or humans (3—7 mg/100
ml).30.:32-34 Although much higher levels (up to nearly
30 mg/100 ml) have been observed in some reptiles,
these usually reflect postprandial rises in carnivo-
rous species or renal dysfunction.35.36

PROTEIN LEVELS IN PRACTICAL DIETS

Growth studies suggest that practical diets mar-
keted for juvenile green iguanas should contain at
least 22% protein and preferably 26% or more pro-
tein on a DMB. Of the 11 commercial diets that we
assayed that were labeled for juvenile iguanas, only
4 contained more than 22% protein on a DMB, and
one product (Zoo Menu Juvenile Iguana Food; Zoo
Med, San Luis Obispo, CA) contained only 12% pro-
tein which appears to be too low for normal growth
(see Table 4.1). This is consistent with the very low
growth rates of juvenile iguanas observed in studies
in which this product has been fed.2437 However,
Hamdoun and Fry3? noted somewhat better growth
for four iguanas fed Nutri’'guana (Feather Gourmet,
Sacramento, CA) that contains only 14% crude pro-
tein. Low growth has also been reported for iguanas
fed Land Turtle and Iguana Food (Tetra Terrafauna,
Morris Plains, NJ) which contains about 12% (our
data) or 14% protein?4 on a DMB. It is important to
remember that commercial diets are highly variable
in a wide range of nutrients (see Table 4.1), any of
which may influence performance as may palatabil-
ity and voluntary food intake. To be certain that a
commercial diet contains at least 22% protein on a
DMB, the guaranteed minimum protein level should
be no less than 4.5% for a frozen diet, 5.5% for a
canned diet, and 21% for a dry-type diet.

Further evidence is needed to establish a link be-



tween high protein and gout. However, it may still be
prudent to reduce dietary protein for reptiles suffer-
ing from articular gout or renal disease, and for older
animals that are at risk of developing these condi-
tions. We believe that diets containing 15-17% crude
protein (DMB) should provide sufficient protein to
meet the maintenance protein needs of adult, nonre-
productive iguanas, while reducing serum urate lev-
els. It is not known if even lower protein levels can
be safely fed for long periods of time

The divergent goals of promoting growth of juve-
nile iguanas while moderating serum urate levels of
adult, nonreproductive iguanas suggest that differ-
ent diets may be appropriate for iguanas at different
stages of life. Of the commercial diets we assayed, 10
were marketed specifically for adult iguanas. These
diets ranged in protein concentration from 7 to 28%
(DMB), but 7 of the 10 contained 14-16% (Oftedal,
Christopher, and Allen, 1997, unpubl. data). Most of
these were dry-type diets with guaranteed crude pro-
tein levels of 12—14%. Although these levels might be
too low to support high egg production, they may be
suitable as maintenance rations for adult animals.

FIBER IN IGUANA DIETS

Fiber is found in the thickened cell walls of plants,
and as such provides both rigidity and resilience in
structures such as stems, leaves and flowers. Herbi-
vores in the wild often consume diets that are quite
high in plant fiber. For example, van Marken Licht-
enbelt!? observed that the foods consumed by green
iguanas in a semiarid habitat on Curacao averaged
16-20% acid-detergent fiber (ADF), which was only
slightly lower than the average (20-25% ADF) in the
available food. Like many herbivores, iguanas rely
on symbiotic microorganisms in the hindgut to digest
by fermentation the fibrous constituents that the di-
gestive enzymes of vertebrates are unable to at-
tack.9.11,38-39

Fiber comprises various chemical constituents, such
as cellulose, hemicellulose, and lignin, that can be sep-
arated by specific analytic methods.11:4041 Neutral-
detergent fiber (NDF) isolates the cell wall containing
cellulose, hemicellulose, and lignin, while ADF iso-
lates just the cellulose and lignin. However, a less pre-
cise fraction termed crude fiber has legal regulatory
definition and is thus the declared fiber constituent in
guaranteed analyses of pet foods. The crude fiber tech-
nique was developed in the last century as an approx-
imation of the indigestible residue in foods, but it fails
to distinguish characteristics of fiber that relate to its
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digestibility by symbiotic microorganisms.° In iguana
diets crude fiber tends to parallel, although at a lower
level, the concentration of ADF. For example, three
iguana diets formulated to contain 11, 16, and 20%
ADF were found to contain 6, 9, and 12% crude fiber,
respectively.23 The guaranteed crude fiber levels in
manufactured diets provide an approximate indica-
tion of the ADF or cellulose-plus-lignin.

Maintenance of normal digestive function in the
hindgut requires that sufficient amounts and types
of fibrous constituents be available to support the
microbial population. However, this fermentation
may become rampant if disrupted by a sudden influx
of rapidly fermentable substrates, such as sugars
and starches, leading to excessive gas production,
acidosis, and bloating. Although captive iguanas can
survive on low-fiber diets, we recommend that suffi-
cient fiber be included in the diet to reduce the risk
of digestive disorders. The amount of crude or ADF
needed to maintain normal digestive function in the
green iguana is not known, but by analogy to other
herbivores, a minimum acid-fiber level of 10% (or
about 6% crude fiber) is recommended.

There is also concern that iguanas as reptilian her-
bivores may not be able to tolerate very high fiber lev-
els, due to a low rate of fiber fermentation and a rela-
tively unspecialized digestive system. The many
small teeth with sharp cusps and the scissorlike mo-
tion of the jaws of iguanas are adaptations to the
shearing of plant material, but relatively little parti-
cle-size reduction occurs through chewing.*2 Bjorndal
et al.#3 demonstrated the importance of particle size
to digestion in aquatic turtles, presumably because
small particles have a greater surface area for attack
by microbial enzymes. Even when a feed based on
ground materials is fed, Baer et al.23 found that an
ADF of 20% (about 12% crude fiber) caused a reduc-
tion in energy retention and body mass gain by young
(2—-3 years) iguanas, with the net result that the igua-
nas had to consume considerably more food for each
gram of body weight gained (Figure 4.3). 1t is likely
that green iguanas are even less efficient when whole
plant materials are ingested. While it is not clear that
there are adverse health consequences of this ineffi-
ciency, the limited ability of iguanas to deal with fiber
suggests that diets with 20% or more ADF may not be
well utilized by young iguanas and should be avoided.
It is possible that adult iguanas are more tolerant of
high fiber levels, but even in the wild iguanas appear
to avoid high-fiber foods.!3 Contrary to the popular
view that animals in the wild are in harmony and op-
timal health, wild animals may have considerable dif-
ficulty in obtaining a nutritionally adequate diet.10
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Figure 4.3 The effect of dietary fiber concentration on the
amount of energy retained, body mass gain, and feed effi-
ciency of 2-3-year-old iguanas. Each bar represents the
mean of 24 animals. Data from Baer et al.23

CALCIUM METABOLISM AND
METABOLIC BONE DISEASE

Metabolic bone disease is a common occurrence
in captive green iguanas, both among pets and in
200s,3:%.6.30.44-46 glthough the purported causes have
rarely been substantiated in controlled studies and
should be viewed with caution. Unfortunately some
assertions have been repeated so frequently, despite
a lack of rigorous evidence, that they are widely ac-
cepted and form the basis for dietary recommenda-
tions and clinical therapies.

In fact, metabolic bone disease is a collection of
pathologic states involving calcium and phosphorus
metabolism and bony tissue. In vertebrates circulat-
ing calcium levels are normally tightly regulated by

the interacting effects of several regulatory hormones
that influence calcium absorption from the digestive
tract, calcium excretion in the kidneys, and calcium
deposition and withdrawal from bone, the major re-
pository of calcium in the body.4” Long-term imbal-
ances in calcium deposition versus withdrawal, whe-
ther due to dietary deficiency or hormonal imbalance,
produce pathologic changes in bone. The involvement
of diverse nutrients, metabolites, hormones, and or-
gans provides the opportunity for a wide range of eti-
ologies of both nutritional and nonnutritional origin.
For example, renal disease may influence the 1-
hydroxylation of calcidiol (25-hydroxy-vitamin Dj),
thereby altering concentrations of the active metabo-
lite calcitriol (1,25-dihydroxy-vitamin D), synthesis of
calcium-binding protein, intestinal uptake of calcium,
circulating levels of parathyroid hormone and calci-
tonin, activity of osteoblasts and osteoclasts, mobiliza-
tion of calcium from bone, and extent of bone mineral-
ization—all of which might be erroneously attributed
to calcium deficiency. Although nonnutritional causes
of bone disease are beyond the scope of this paper, it is
prudent to remember that a rigorous diagnosis of nu-
tritional deficiency (or toxicity) implies that nutrient
intakes have been evaluated in relation to nutrient re-
quirements or tolerances and that alteration of nutri-
ent intakes has been shown to resolve the condition.

Metabolic bone disease (MBD) is further compli-
cated by the diverse pathologic conditions that have
been described. Much of the terminology and under-
standing of processes are derived from human and
domestic animal medicine,44® and the extent to
which reptilian disease is similar in origin and out-
come remains to be clarified.?

Nutritional secondary hyperparathyroidism results
from the overproduction of parathyroid hormone
(PTH). This hormone regulates calcium homeostasis
by stimulating calcium mobilization from bone and
regulating calcium and phosphorus uptake and excre-
tion. In hypocalcemia caused by chronic dietary cal-
cium or vitamin D insufficiency, the parathyroid gland
attempts to compensate by releasing PTH which calls
for calcium mobilization from bone. Eventually rickets
or osteomalacia result.*® In humans with primary
(nonnutritional) hyperparathyroidism, soft tissue cal-
cification is seen as a result of rapid elevation of serum
calcium. Supersaturation of calcium and phosphorus
in body fluids occurs and results in calcium phosphate
crystal deposition in soft tissues.48

Fibrous osteodystrophy has been associated with
chronic calcium and/or vitamin D insufficiency and/or
calcium:phosphorus imbalances in mammals. This



condition is characterized by the replacement of bony
tissue with connective tissue (cartilage). “Big head” in
horses and “rubber jaw” in canines, primates, and
lizards are commonly reported clinical manifesta-
tions.4 In iguanas an increased diameter of the long
bones of the limbs is commonly observed.#* The spe-
cific etiology of this condition is not well understood. It
is thought that due to the structural defect of the bone,
the body attempts to compensate for the removal of
mineral matrix by replacement with connective tissue.

Rickets is the term used to describe the lack of min-
eralization of bone matrix in growing animals and
includes widening of the epiphyseal plate and meta-
physes, spontaneous fractures, decreased bone ash,
and decreased bone density. The condition has been
produced in controlled experiments in which diets
low in calcium but adequate in phosphorus have
been fed to growing geckos and iguanas5%5! and is
widely recognized and characterized in mammals,
including humans.48,52

Osteomalacia is a condition of mature bone in
which the rate of mineral resorption is faster than
the rate of mineralization. The bone becomes soft
and shows increased osteoid deposition at stress
points, such as at tendon insertions, bone angula-
tions, and curvatures. Bowed long bones, folding
fractures, loss of bone density, and thin cortices are
seen radiographically. In animals, both rickets and
osteomalacia result from inadequate dietary cal-
cium, an inverse ratio of calcium:phosphorus in the
diet, and/or inadequate exposure to sunlight in the
face of inadequate dietary vitamin D.4

Metastatic mineralization (extraskeletal calcifica-
tion) of soft tissue has been described in reptiles, in-
cluding green iguanas.253-55 Mineral appears in fibro-
elastic tissues, specifically the tunica media and
tunica intima of arteries and may be seen radi-
ographically. Renal tubules, lungs, the liver, skeletal
muscle, and intestines may also accumulate mineral.
Richman et al.5 confirmed by alizarin red stain that
the foci of mineral in green iguana tissues contained
calcium. In humans, irreversible calcification of soft
tissues occurs in hypervitaminosis D. Hypercalcemia,
muscular weakness, joint pain, and demineralization
of bone may also occur. In many cases vitamin D in-
toxication is fatal.58 However, in green iguanas we
found extremely low circulating concentrations of the
principal vitamin D metabolite (calcidicl) in animals
with extensive calcification of soft tissues.2153 In ad-
dition, these animals had pathologic fractures of long
bones and demineralized bone. An indirect method of
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evaluating PTH activity, monitoring cyclic AMP in
iguana plasma incubated with cultured bone cells, did
not indicate high PTH levels, suggesting that soft tis-
sue calcification was not due to hyperparathyroidism
in these animals.?* Although the pathogenesis of soft
tissue calcification is not well understood, these data
suggest that this syndrome may reflect vitamin D de-
ficiency rather than vitamin D toxicity in green igua-
nas. Given this evidence, it is not appropriate to diag-
nose vitamin D toxicity when soft tissue calcification
1s seen in reptiles unless supporting evidence such as
very high dietary vitamin D and circulating calcidiol
levels are available (see below).

These conditions, collectively termed metabolic bone
disease, originate as disturbances in calcium, phos-
phorus, and vitamin D metabolism due to dietary im-
balance.? Many cases undoubtedly result from grossly
inadequate diets, such as diets based on fruits, grains,
muscle meat, or insects, all of which are often very low
in calcium (e.g., <0.3%) of dry matter) and have
skewed Ca:P ratios (e.g., <1:2). While the exact cal-
cium and phosphorus requirements of growing green
iguanas have not been determined, they are probably
similar to mammalian herbivores which have a re-
quirement of 0.5-0.7% Ca and 0.3-0.4% P on a DMB.4!
Growing leopard geckos (Eublepharis macularius) re-
quire more than 0.61% calcium (but no more than
0.85% calcium) on a DMB to maintain positive calcium
balance.50 Egg production may entail even higher re-
quirements given that green iguanas produce on aver-
age of 35-43 eggs per clutch that may represent
30-40% of body mass.57 Given that calcium and phos-
phorus availability may be reduced by other dietary
constituents (such as oxalates and phytates), we rec-
ommend that diets should contain at least 1.1% cal-
cium and 0.6% phosphorus on a DMB. For example,
thousands of juvenile and reproductive iguanas in
Panama and Costa Rica have been fed various meal-
type diets containing 1.4—1.8% calcium and 0.5-0.8%
phosphorus without presenting clinical signs of MBD.
These animals were housed outdoors with solar expo-
sure. Most commercial iguana diets contain 1.5% or
more calcium (see Table 4.1), although three dry diets
(from one manufacturer) had levels of 0.8-0.9% cal-
cium and inverse Ca:P ratios. The three frozen diets all
had very high phosphorus levels and inverse Ca:P ra-
tios (see Table 4.1). :

CAN DIET PROVIDE SUFFICIENT VITAMIN D?

An appropriate level of dietary vitamin D is much
more difficult to determine, and yet may be critical in
that both deficiency and toxicity result in abnormal
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calcium and phosphorus metabolism, and long-term
feeding of vitamin D levels as low as 4000 IU per kg
diet can produce toxicity in some animals.5® The Na-
tional Research Council®® considers 2200 1U/kg as
the safe upper limit for diets for cattle, horses, sheep,
and swine.

Vitamin D was initially classified as a nutrient al-
though it is now known that it is a precursor for a
steroid hormone, calcitriol, that binds to nuclear re-
ceptors and affects gene transcription. This hormone
plays a central role in the regulation of calcium and
phosphorus uptake and metabolism; in vitamin D de-
ficiency animals have a reduced capacity to absorb di-
etary calcium and become calcium depleted. If exposed
to sufficient UV-B radiation, most terrestrial verte-
brates apparently synthesize enough vitamin D and
its metabolites to maintain calcium homeostasis.52 In-
deed, few natural foods contain much vitamin D.59

However, if removed from exposure to sunlight or
artificial sources of UV-B radiation, animals require
an external source of preformed vitamin D. Most ap-
pear to be able to use dietary sources, although in do-
mestic poultry and some New World primates vitamin
D, (ergocalciferol, found in some irradiated plants) is
much less potent than vitamin D, (cholecalciferol, syn-
thesized in irradiated animal skin). Since vitamin D

can be toxic, the effects of long-term ingestion of sup-
plemental vitamin D are of concern and in need of fur-
ther study.5® Excessive UV-B exposure is also damag-
ing to epidermal cells, although in animals that have
been studied this is not due to vitamin D toxicity. For
a comprehensive review of vitamin D in captive ani-
mals see Ullrey and Bernard.50

The thousands of green iguanas raised in Panama
and Costa Rica were fed diets containing 2000—-3000
1IU/kg (DMB), but these animals received direct ex-
posure to tropical sunshine. When animals derived
from the same colony were kept indoors at the Na-
tional Zoological Park without exposure to UV-B ra-
diation for 2 years, about one-fourth of them died
with histologic evidence of MBD. Most of the re-
maining animals were found by radiography to have
pathologic fractures of long bones in the limbs, even
though these animals were fed diets of very similar
nutrient composition, including about 3000 IU/kg vi-
tamin D; (Figure 4.4).182! Bone demineralization
was confirmed by reduced concentrations of calcium
and ash in fat-free dry bone of animals that died, as
compared to iguanas kept outdoors and fed nutri-
tionally complete diets in Costa Rica (Figure 4.5).
However, the diagnosis was complicated by evidence
of calcification of soft tissues such as the aorta, car-

Figure 4.4 Radiograph of a green iguana revealing a comminuted fracture of the right femur. The dense vertical
bars represent cerclage wires used to secure femoral fragments. This animal had been maintained on a diet con-
taining about 3000 IU/kg vitamin D, but had not received exposure to ultraviolet-B radiation for about 2 years. Ra-
diograph courtesy of L. Richman, Department of Pathology and M. Bush, Department of Animal Health, National
Zoological Park.
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Figure 4.5 Comparison of the calcium and ash concentra-
tions in femurs of green iguanas that were maintained in-
doors without exposure to ultraviolet-B radiation (no UV-
B) for about 2 years, or that were maintained outdoors
with exposure to full sunlight in Costa Rica (UV-B). The
bones were dried and extracted overnight with petroleum
ether prior to ashing; the ash was solubilized in hy-
drochloric acid prior to measurement of calcium by atomic
absorption spectrometry. Data from Oftedal and Jayaw-
ickrama, 1995, unpublished.

diac muscle, and gastric mucosa (Figure 4.6), which
at the time seemed analogous to signs of vitamin D
toxicosis in domestic animals.

Analysis of the circulating concentrations of calcid-
iol, the most abundant circulating metabolite of vita-
min D and an indicator of vitamin D status®2 revealed
extremely low concentrations in the animals that had
not been exposed to UV-B radiation for 2 years (Fig-
ure 4.7). All 10 animals tested had less than 5 ng/ml
calcidiol, and of these seven had undetectable (<1
ng/ml) levels.?! By comparison, two iguanas in out-
door enclosures in Costa Rica averaged nearly 150
ng/ml, while four iguanas in outdoor enclosures at the
Honolulu Zoo had more than 400 ng/ml (the highest
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Figure 4.6 Photomicrograph of cardiac muscle in a green
iguana revealing myofiber degeneration and extensive cal-
cification. The iguana had been maintained on a diet con-
taining about 3000 IU/kg vitamin D, but had not received
exposure to ultraviolet-B radiation for about 2 years. Pho-
tomicrograph courtesy of L. Richman, Department of
Pathology, National Zoological Park.

level measurable in the assay run). Many of the same
animals that had become vitamin D-deficient had
previously been used in fluorescent light exposure
studies, at which time they had had very high circu-
lating calcidiol levels (see Figure 4.7). When nine sur-
viving vitamin D-deficient animals were exposed to
experimental fluorescent bulbs with high UV-B out-
put, circulating calcidiol levels increased rapidly,
from less than 8 ng/ml to an average of 299 ng/ml af-
ter 27 days.20

It is remarkable that green iguanas could not sus-
tain circulating levels of vitamin D metabolites even
though they were consuming diets that were very
high (3000 JU/kg) in vitamin D. The vitamin D lev-
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Figure 4.7. Comparison of serum concentrations of the
vitamin D metabolite calcidiol (25-OH cholecalciferol)
among iguanas maintained with different exposures to
ultraviolet-B radiation. The different exposure histories
are as follows: No UV-B— no exposure to UV-B for about
2 years; CR—outdoor cages in Costa Rica with exposure to
full sun; HL—outdoor cages at the Honolulu Zoo with ex-
posure to full sun; Chr-50—indoor cage with two General
Electric Chroma-50 bulbs mounted immediately above
cage; BL—indoor cage with one General Electric black-
light and one Chroma-50 bulb mounted immediately above
cage; and EB—indoor cage with one Sylvania 2096 exper-
imental bulb and one Chroma-50 bulb mounted immedi-
ately above cage. Error bars represent standard errors. No
error bars are indicated for HL animals because all ani-
mals tested were higher than the highest standard (>400
ng/ml). Data from Allen et al.2!

els in the diets were confirmed by both chemical
(HPLC) and biologic (rat line test) tests (Oftedal,
1991, unpubl. data), so the possibility of a manufac-
turing error, such as omission of vitamin D from the
vitamin premix, can be discounted. The vitamin D
requirements of other animals that have been stud-
ied range from 140 to 2500 IU/kg,2! although some
primates may benefit from higher levels.6! It appears
that green iguanas are unable to utilize dietary vita-
min D, at least when supplied at normal levels of for-
tification. However, some vitamin D is absorbed
when large doses are given orally.29 Given the well-
known toxicity of large doses of vitamin D in other
species, frequent administration of large doses is not
advisable.

We conclude that green iguanas maintained with-
out exposure to UV-B radiation are extremely sus-
ceptible to vitamin D deficiency, and it is likely that
clinical signs appear even more quickly when low-
calcium diets are fed, or when animals are removed

from ultraviolet exposure at a very young age. Most
of the 31 commercial diets that we assayed appeared
to contain sufficient calcium (>1.1%), as long as they
are not diluted with great amounts of low-calcium
foods, such as most fruits, meat, or insects. However,
it is unlikely that any of them contain sufficient vi-
tamin D to prevent the onset of MBD.

THE CRITICAL IMPORTANCE
OF ULTRAVIOLET-B LIGHT

In green iguanas, prevention of MBD appears to re-
quire a sufficient dose of UV-B radiation. The energy
of UV-B radiation is necessary to fracture a bond in the
sterol ring structure of 7-dehydrocholesterol, a com-
pound found in the skin of many animals, including
basking lizards.6263 The product so formed, termed
previtamin D, undergoes a temperature-dependent
conversion to cholecalciferol or vitamin Dy. Vitamin D
then circulates to the liver, where it is converted to cal-
cidiol, which is the predominant circulating metabo-
lite. As needed, calcidiol is metabolized further to cal-
citriol in the kidney. This is the active form that binds
to nuclear binding sites and serves as a hormonal reg-
ulator of the synthesis of essential proteins, including
the calcium-binding protein needed for the uptake of
calcium by the intestines. In the absence of vitamin D
metabolites, dietary calcium cannot be efficiently ab-
sorbed, leading to calcium deficiency and metabolic
bone disease. In most animals the skin-derived supply
of vitamin D can be replaced by dietary vitamin D, but
this does not appear to be the case in the green iguana
and some other basking lizards.2!

The opportunity for thermoregulation within a de-
fined thermal gradient may be important since the con-
version of previtamin D to vitamin D is temperature-
dependent. The most effective means of providing
adequate UV-B exposure is the use of enclosures that
permit some outside access to direct sunlight. Staff at
some major zoos in temperate regions rotate iguanas
and other large basking lizards to outdoor cages dur-
ing the summer months, and hope that the vitamin D
synthesized is sufficient to last through the winter
months when the lizards are housed indoors. Iguanas
in outdoor cages should have access to shade and shel-
ter to allow them to self-regulate solar exposure and
prevent overheating.

All sunlight is not equivalent. The atmosphere ab-
sorbs most UV-B below 290 nm before it reaches the
earth’s surface, and even higher wavelengths are
substantially attenuated when the light path is long,
as when the sun is low in the sky. As a consequence
there are substantial latitudinal and diurnal varia-



tions in the UV-B irradiation of the earth’s surface,
with greater UV-B irradiation at midday, closer to
the equator and in midsummer.52.64 Thus, even if it
were possible to design open, heated enclosures suit-
able for winter use by iguanas, the UV-B benefit
would be minimal.

In some instances exposure of captive lizards to di-
rect natural sunlight is not possible. Although win-
dow glass and many plastic materials filter out UV-
B, it is possible to use a UV-B-transmitting plastic,
such as Solacryl™ UVT (Polycast Technology Co.,
Stamford, CT) in skylight frames. It is critical to ver-
ify that skylight materials transmit UV-B and not
just UV-A the longer wavelength band of ultraviolet
light that does not support vitamin D synthesis.
While such materials gradually lose their ability to
transmit UV-B, the effective life is measured in years
rather than months. At the San Diego Zoo, changes
in transmission of UV-B (at 295 and 300 nm) through
a 0.25-inch-thick, earlier version of a Polycast prod-
uct (New Polycast SUVT) were measured initially
and were found to transmit light at 74 and 81%, re-
spectively. Two years later transmission was found
to be 52 and 59%, respectively.®® Quantitative data
on longer term diminution in light transmission are
not available. Skylight placement relative to com-
pass direction and basking sites is probably also im-
portant, although there is little information on vita-
min D status of iguanas in cages with skylights.

Many zoos and hobbyists may have difficulty in
providing iguanas exposure to direct sun or sun fil-
tered through UV-B-transmissible skylights. The al-
ternative is to provide UV-B by an artificial light
source. Household incandescent bulbs do not emit
UV-B and are thus not useful in this regard, and
many fluorescent bulbs are also weak UV emitters.5
Bernard2° compared UV-B irradiation at a fixed dis-
tance (24 in or 61 cm) from 20 different fluorescent
bulbs, and concluded that most commercial bulbs
have such weak emission that they must be very
close to animals to be of any value. Blacklights have
high emission of UV-A but most have no more UV-B
than daylight fluorescent bulbs. One tested black-
light (Sylvania 350 BL) was higher in UV-B than
other bulbs that are commercially available, and
may be useful if combined with a daylight fluores-
cent bulb such as the GE Chroma-50. It is critical
that the radiation from these bulbs pass unfiltered to
the animals; intervening glass panes will block UV-
B. The lamp fixtures must also be set close to the
basking sites of the iguanas if the amount of energy
reaching the skin is to be sufficient to permit vitamin
D synthesis. For example, the basking sites of the
green iguanas in our study of three different fluores-

Nutrition in Captivity / 59

cent bulbs (see Figure 4.7) were 15 cm from the
bulbs, which remained on 12 hours per day. It is un-
likely that the circulating calcidiol levels would have
been as high if the animals had been much farther
from the bulbs.

We have subsequently maintained green iguanas
for more than 10 years and juvenile Komodo dragons
for more than 5 years under either GE Chroma 50
bulbs or a combination of GE Chroma 50 (or Sylva-
nia 50) and GE BL 40 (black light) (General Electric
Lighting, Cleveland, OH) lamps. All of these bulbs
are weak UVB emitters2%.60 but by installing them
sufficiently close (no greater than 55 cm, 22 in, above
cage floors and approximately 15-25 cm, 6-10 in,
from the top basking branch) and keeping them illu-
minated 12 hours per day, animals have maintained
circulating calcidiol concentrations that appear ade-
quate and have been clinically normal (Allen, 1995,
unpubl. data). Under these lighting conditions, met-
abolic bone disease has not reappeared in either
iguanas or Komodo dragons.

In relation to a point source of light, the amount of
incident energy on a surface declines in proportion to
the inverse of the distance to the source squared. In
other words, if the distance quadruples, the amount
of incident energy will drop to about one-sixteenth.
This creates a great problem in large naturalistic ex-
hibits, since weakly emitting fluorescent lights may
have no measurable impact on green iguanas at a
distance of many feet. In such cases installment of
UV-B-transmitting skylights may be the only option.
At the National Zoological Park, green iguanas de-
veloped severe metabolic bone disease in the large
Amazonia rainforest exhibit® because the installed
windowpane material does not transmit UV-B (only
UV-A), and the great size of the building made artifi-
cial lights ineffective. Despite their popularity, green
iguanas are no longer kept in this exhibit.

The development of a more powerful yet safe artifi-
cial source of UV-B radiation is still underway. The ex-
uberant claims of manufacturers who market bulbs
specifically for use with basking reptiles should be
treated with skepticism until it can be demonstrated
in controlled studies that these bulbs have greater ef-
ficacy than normal fluorescent bulbs in promoting vi-
tamin D synthesis in iguanas or other basking species.
Bernard?® found that an experimental bulb made
specifically for her research by Sylvania (Sylvania Ex-
perimental Reptile Lamp) had a correlated color tem-
perature and color rendering index similar to that of
the sun. The lamp emitted 78.3 uW/cm?2 at a distance
of 61 cm (24 in) with an energy distribution among UV-
B, UV-A, and visible light of 9.0%, 25.6%, and 65.4%,
respectively. Vitamin D synthesis in iguanas was sup-
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ported, and an exposure time of 8 hours at 61 cm (24
in) was safe, based on standards set by the National
Institute for Occupational Safety and Health.%® Un-
fortunately, this bulb is still not available commer-
cially.

One intriguing possibility for large exhibits is the es-
tablishment of preferred basking sites by strategic use
of heat sources, and then placement of UV-B-emitting
fluorescent bulbs in the immediate vicinity. The suc-
cess of this strategy will depend on the amount of time
green iguanas spend at these specific sites.

Many studies have demonstrated a positive re-
sponse after lizards are exposed to artificial UV-B
sources. However some iguanine lizards appear to cir-
culate higher concentrations of 25 hydroxy vitamin D
after exposure to natural sunlight®, In this recent re-
port the authors found that increases in 25 hydroxy D
were significantly greater after lizards were housed in
natural sunlight compared with those exposed to arti-
ficial lamps alone. The differences could obviously be
due to the lower intenstiy of the lamps as compared
with the energy provided by UV-B from the sun.

OTHER NUTRIENTS OF CONCERN

Amino Acids

The microbial populations found in the ruminant
stomach are able to synthesize amino acids and some
B vitamins which are passed to the intestinal tract.40
Since most absorption of these micronutrients occurs
in the small intestine it is unnecessary to provide di-
etary sources of these nutrients to ruminants. How-
ever, in the green iguana and other animals that fer-
ment plant fiber in the hindgut (colon and cecum),
the amino acids and vitamins are synthesized at a
site distal to absorption sites, and it is unlikely that
these contribute much to the nutrition of the host an-
imal. Thus, nutritionists typically add amino acids
and B vitamins to formulated diets for such species.
A special case may exist with hatchlings that ingest
adult feces, thus having an opportunity to utilize
amino acids and vitamins of microbial origin.8?

Amino acids are the building blocks of protein. An-
imals require specific amino acids in fixed propor-
tions to one another. In those domestic animals stud-
ied, 10-11 amino acids are considered essential,
although many nonessential amino acids have been
identified.*! Amino acids of practical importance in
the diets of herbivores, because of their low concen-
trations in many feed ingredients, include lysine,
methionine plus cystine, and tryptophan. In the ab-
sence of any data on the requirements of iguanas, we
have opted to use poultry estimates expressed as a

percentage of dietary protein.®® The amino acid re-
quirements of poultry have been extensively studied.
Some amino acids can partially substitute for others
so that recommended dietary levels may include
sums of two amino acids, such as methionine plus
cystine, or phenylalanine plus tyrosine.

When iguanas are fed protein in excess of need,
when amino acids are not balanced with respect to
need, or when dietary energy is insufficient for main-
tenance (causing tissue proteins to be catabolized for
energy), the amino acids are deaminated and most of
the nitrogen is incorporated into uric acid prior to
excretion. Part of the carbon skeleton of uric acid is
derived from the amino acid glycine. During rapid
growth in poultry glycine synthesis may not keep up
with the combined demand for protein synthesis and
uric acid synthesis with the result that the birds may
benefit from a dietary source of glycine, which is oth-
erwise nonessential.®%6% Whether iguanas ever grow
quickly enough to require dietary glycine is not known.
Since the amino acid serine can substitute for glycine,
the recommendation to include glycine in diets is usu-
ally expressed as the sum of glycine and serine.

Thiamin or Vitamin B,

Thiamin, or vitamin By, is an essential nutrient for
monogastric herbivores. In appropriately fed rumi-
nants, microbes in the rumen synthesize sufficient
amounts of thiamin to satisfy the host animal’s needs.
Thiamin functions in key energy-generating reactions
and in nerve transmission.”™ Deficiency signs are usu-
ally observed in reptiles fed dead fish, as some fish
species contain enzymes, thiaminases, which destroy
thiamin in postmortem tissues. Many foods are poor
sources of this vitamin, but the germ of cereal grains
are a good thiamin source. Thiamin deficiency should
not be seen in green iguanas fed a diet consisting of
mixed greens and a manufactured feed that has sup-
plemental thiamin added. The coccidiostat, ampro-
lium, 1s commonly used at low levels to inhibit bacter-
ial thiamin transport. If amprolium is fed at higher
levels chicks exhibit signs of thiamin deficiency and
poor growth.” Compared to mammals, poultry appear
to develop neuromuscular signs associated with thia-
min deficiency relatively rapidly. Polyneuritis in chick- -
ens occurred only after 3 weeks of feeding a thiamin-
deficient diet.®® Ataxia, muscle spasms, and paralysis
are common signs in chicks and adult birds. Opis-
thotonos, a retraction of the head, is a result of ante-
rior neck muscle paralysis. Thiamin is relatively sta-
ble and frozen foods do not lose appreciable amounts.
Since it is a water soluble nutrient, much thiamin may
be lost in the drip produced by thawing moist foods.



Dehydrated fruits treated with sulfites also have sig-
nificant losses of thiamin.

Vitamin A

Vitamin A, or retinol, is a fat-soluble nutrient es-
sential to maintenance of the integrity of epithelial
cells and for production of visual pigments necessary
for sight. Beta carotene and some other carotenoid
pigments in plants can serve as precursors of vita-
min A in herbivorous mammals and presumably also
in herbivorous reptiles. By contrast, the domestic cat
lacks an enzyme that cleaves beta-carotene to form
retinol and thus must receive a dietary source of
retinol.4! Clinical and pathologic signs resembling
vitamin A deficiency have been noted in reptiles, and
especially in young turtles fed dried insects.24% Signs
associated with suspected hypovitaminosis A include
squamous metaplasia and keratinization in the pan-
creas, kidney, and urinary bladder. Lesions of the eye
are particularly characteristic signs in laboratory
animals, and apparently in turtles.4® Although the
vitamin A requirements of reptiles have not been
studied, the high concentrations of carotenoids in
leafy greens make a deficiency unlikely when a
salad-type diet is fed, and vitamin A is invariably
added to commercial diets. However, because vita-
min A is toxic in relatively modest amounts, vitamin
A toxicosis should be suspected when diets are over
supplemented with vitamin preparations (see sec-
tion on supplements).

Vitamin C

The ability of animals to synthesize vitamin C
(ascorbic acid) varies greatly among vertebrates.
Many mammals possess L-gulonolactone oxidase
(GLO), the enzyme necessary for the production of
ascorbic acid, but anthropoid primates, many bats,
and the guinea pig do not. Of the reptiles studied, 11
species were found to have renal synthesis of ascor-
bic acid, via GLO, although the green iguana was not
examined.’! Although it is sometimes speculated that
mouth rot in snakes and lizards is due to vitamin C
deficiency,4® this has not been verified. Vosburgh et
al.”2 found that when vitamin C was included in a
diet fed to garter snakes their synthesis of vitamin C
declined, but ascorbic acid levels in tissues were not
changed. In a preliminary study of green iguanas, we
noted a modest growth response to the addition of vi-
tamin C to the diets of hatchlings (Oftedal and Allen,
1987, unpubl. data), but no deficiency signs were
noted in those without supplemental C. It is possible
that the growth response was due to other effects of

Nutrition in Captivity / 61

vitamin C, such as improved absorption of inorganic
iron. In willow ptarmigan (Lagopus lagopus), very
young chicks require a dietary source of ascorbic acid
since they are not able to synthesize it at a high
enough rate to meet tissue needs, whereas older birds
synthesize sufficient amounts and do not require a di-
etary source of vitamin C.7 Since it is not known if
hatchling or adult green iguanas can synthesize vita-
min C, diets should contain a source of this nutrient.
Fresh greens are usually good sources of vitamin C
and tend to be higher in vitamin C than most fruits.”
If greens are consumed as part of the diet of green
iguanas vitamin C intake should be sufficient. Some
commercial iguana diets also include vitamin C;
check the label for ascorbic acid or ascorbate as an in-
gredient.

Vitamin E

In reptiles, vitamin E deficiency most commonly
occurs in carnivorous species that are fed fish from
which much of the vitamin E has been lost due to ox-
idation.”® For example, steatitis in alligators has
been attributed to vitamin E deficiency.”® Vitamin E
deficiency has not been well documented in green
iguanas, although Farnsworth et al.”” reported im-
provement in a green iguana treated with a vitamin
E and selenium preparation. The animal presented
with a history of lethargy, depressed appetite, rigid
flexion of the carpal joints, spasmodic contractions
and fasciculations of the limbs, and apparent muscle
weakness, but was radiographically normal and did
not respond to IP calcium gluconate or oral calcium
supplementation. One unusual dietary feature of
this iguana was the inclusion of a commercial mink
food which may have been high in polyunsaturated
fish oils that easily become rancid, with loss of vita-
min E activity. After injection with sodium selenate
and alpha-tocopheryl acetate, the clinical signs re-
gressed to normal. Such a case history is more sug-
gestive than definitive, as neither muscle histology,
dietary vitamin E intake, nor circulating vitamin E
(alpha-tocopherol) levels were examined.

Unfortunately, circulating levels of alpha-tocopherol
may have limited diagnostic value because of the lack
of substantiated normal values for green iguanas, the.
large range of normal values among species (from
<0.5 to 30 pg/ml),’® the relatively large variation
among samples collected at short intervals (e.g., a co-
efficient of variation of 17% among samples taken at
3-hour intervals over 72 hours in horses?™), and the
preferential release from stores.80

However, there 1s some evidence that circulating
levels in iguanas respond to dietary intake. In an
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attempt to evaluate different forms of vitamin E as
dietary ingredients, Pappas et al.8! monitored circu-
lating alpha-tocopherol in several mammalian her-
bivores and in green iguanas. Iguanas were fed diets
containing 441 mg/kg of dl-alpha-tocopheryl ace-
tate, the most commonly used dietary form, or equimo-
lar amounts of d-alpha-tocopheryl acetate, d-alpha-
tocopherol, or d-alpha-tocopheryl polyethylene glycol
1000 (TPGS), a water soluble form of the vitamin.
Serum alpha-tocopherol in the iguanas was measured
after 21 days and again at 82 days. Iguanas fed d-
alpha-tocopherol or d-alpha-tocopheryl acetate had
higher alpha-tocopherol levels in blood (approximately
16 and 17 pwg/ml serum) at 82 days as compared to
baseline and to dl-alpha-tocopheryl acetate or to TPGS
at 82 days. As normal values are not known, this in-
crease may or may not have health implications. The
iguanas that were fed dl-alpha-tocopheryl acetate, the
commonly used supplemental form of vitamin E in for-
mulated feeds for domestic animals, had circulating
levels of alpha-tocopherol of 12 pg/ml.

With the recognition that nondomestic animals
may have higher vitamin E requirements than do-
mestic animals,* we recommend including a rela-
tively high level of vitamin E (150 IU/kg) in iguana
diets. One IU is equivalent to 1 mg of dl-alpha-
tocopheryl acetate or 0.67 mg d-alpha-tocopherol.
Many fresh greens have moderate concentrations of
alpha-tocopherol, ranging from 3 in lettuce (variety
not stated) to 25 in spinach (mg/kg FWB).78 A feed-
ing program that combines an appropriate manufac-
tured feed and moderate amounts of greens should
be adequate to meet vitamin E requirements of the
green iguana.

Minerals Required in Trace Amounts

A number of trace elements are required by birds
and mammals for a variety of functions, including as
components of enzymes, hormones, or other metabol-
ically active proteins (e.g., iron in hemoglobin, copper
in ceruloplasmin, manganese in pyruvate carboxy-
lase, zinc in alkaline phosphatase, iodine in thyrox-
ine, and selenium in glutathione peroxidase).8283 It is
thus certain that they are also required by reptiles
such as the green iguana, and it is likely that the
amounts required (as ppm or mg per kg diet) are sim-
ilar to studied birds and mammals. Type of diet may
be as important as the species being fed in determin-
ing an appropriate dietary level, since a number of
factors in feed ingredients can reduce (e.g., phytate,
oxalate, and calcium) or enhance (e.g., vitamin C)
trace element absorption from the digestive system.

We recommend that trace elements be included in di-
ets at a level that would meet the highest reported re-
quirement of other vertebrates. For example, we con-
sider 70 ppm manganese to be appropriate for iguana
diets since species of poultry are known to require
60-70 ppm during growth, even though cattle, sheep,
and horses require 30—40 ppm and omnivorous and
carnivorous mammals even less.41:65 Copper is par-
ticularly problematic because of its toxicity even at
relatively low levels in some species. For example,
sheep require about 10 ppm dietary copper (or even
higher if dietary molybdenum is elevated) but can de-
velop chronic copper toxicosis involving increasing
tissue copper followed by a hemolytic crisis when in-
gesting diets with as little as 30—40 ppm.82.84.85 Great
caution should be exercised when using vitamin-min-
eral supplements containing copper not to exceed ap-
propriate use rates (see below).

Water

Water may be a critical need for iguanas main-
tained on dry diets. Some iguanas may not drink
standing water unless trained to do so. Others ap-
pear to relish a large dish of water and may soak
themselves and drink. For animals that do not drink
free water, particularly those on dry diets, misting
the iguana and cage “furniture” once or twice daily is
recommended to raise humidity. Iguanas may also
lap water droplets from surfaces.

RECOMMENDED NUTRIENT LEVELS
FOR IGUANA DIETS

In formulating a nutritionally complete feed it is
necessary to establish target nutrient levels that will
meet the estimated nutrient requirements of igua-
nas and include a sufficient safety margin to com-
pensate for poor utilization of some nutrients as well
as nutrient losses that occur during the manufacture
and storage of the diet. As the nutrient requirements
of reptiles and other nondomestic animals are mostly
estimated by comparison to better-studied domestic
animals,?! a further safety margin representing pos-
sible interspecies differences needs to be incorpo-
rated. Thus a well-designed iguana diet will invari-
ably be higher in a number of nutrients than are
diets for domestic animals such as rabbits, horses, or
dogs, even though the underlying process of formu-
lating and manufacturing such diets is similar.

The levels of nutrients that we recommend for
iguana diets are listed in Table 4.2. For most nutri-
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Table 4.2 Recommended nutrient levels? for green iguana diets.

Nutrient Dietary Level (% or per kg feed) Daily Amount {per kg BM)
Amino acids? — — —

Arginine 1.4 % 98 mg
Glycine + Serine 0.9 % 63 mg
Histidine 0.5 % 35 mg
Isoleucine 1.0 % 70 mg
Leucine 1.75 % 123 mg
Lysine 1.4 % 98 mg
Methionine 0.45 % 32 mg
Methionine + Cystine 0.95 % 67 mg
Phenylalanine 0.9 % 63 mg
Phenylalanine + Tyrosine 1.6 % 112 mg
Threonine 0.95 % 67 mg
Tryptophan 0.24 % 17 mg
Valine 1.2 % 84 mg

Linoleic acid

Crude fiber 6-10 % 42 mg
Acid detergent fiber % 70 mg

Calcium 1.1 % 77 mg

Phosphorus 0.6 % 42 mg
Potassium 0.5 % 35 mg
Sodium 0.2 % 14 mg
Magnesium 0.15 % 1 mg
Iron 100 mg 0.7 mg
Copper 10 mg 0.07 mg
Manganese 70 mg 0.49 mg
Zinc 80 mg 0.56 mg
lodine 0.6 mg 0.004 mg
Selenium 0.3 mg 0.002 mg
Vitamin A 8,000 U 56 1V]

Vitamin D3 — —

Vitamin E 150 1V 1.1 U

Vitamin K 2 mg 0.14 19]

Vitamin C4 200 mg 1400 ©g
Thiamin 5 mg 35 rg
Riboflavin 5 mg 35 ng
Pantothenic acid 25 mg 175 1.g

continued on the next page
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Table 4.2 (continued)

Nutrient

Dietary Level (% or per kg feed)

Daily Amount (per kg BM)

Niacin 90 mg 630 ng
Pyridoxine (Bg) 6 mg 42 wg
Folic acid 0.8 mg 5.6 ng
Biotin 0.25 mg 1.8 ng
Vitamin B,, 25 rg 0.18 ng
Choline 1200 mg 8400 ©ng

1Expressed on a dry matter basis.

tein as in the 26% protein diet.

4Vitamin C may be provided by provision of leafy greens.

ZThe recommended protein and amino acid levels have been demonstrated to support high growth rates and good health of hatch-
ling and young (<6 months) juveniles; for subadults, protein levels of 22% may be adequate, and for nonreproductive adults protein
levels of 15-17% may suffice. For lower protein diets, amino acid levels should be adjusted to maintain the same ratio to dietary pro-

3No dietary level of vitamins D, or D, has been shown to prevent vitamin D deficiency and hence iguanas should always be provided
with ultraviolet-B radiation to permit vitamin D synthesis (see text).

Abbreviations: IU = International Units, kg = kilogram, mg = milligram, j.g = microgram.

ents actual requirements will be lower, so a diet con-
taining lower levels will not necessarily produce nu-
tritional deficiency but since precise requirements
are not known use of lower levels entails greater risk.
We have developed these target levels by comparison
to known requirements for domestic mammals and
birds, as well as based on experience in formulating
diets for a wide variety of zoo animals. Diets made ac-
cording to these specifications have been used for
many years with iguanas without evident nutritional
problems other than metabolic bone disease attribut-
able to lack of ultraviolet light and correctable by pro-
vision of artificial sources of UV-B radiation. We do
not include a recommended level of vitamin D, since
we are unaware of any dietary level of this nutrient
that has been demonstrated to prevent vitamin D de-
ficiency and yet be safe for long-term feeding. Recog-
nizing that older iguanas do not likely need as much
protein as hatchlings, we have included two interme-
diate levels: 1) =22% for subadults and 2) 15-17% for
nonreproductive adults. The amino acid levels can be
reduced to a corresponding degree, maintaining the
ratio of amino acid: protein for each amino acid.

Baer et al.?3 demonstrated that food intake in
iguanas was proportional to body weight, with an av-
erage dry matter intake of about 0.7% of body mass
per day, regardless of dietary fiber content. Assum-
ing a daily dry matter intake of 7 g per kg body mass
(BM), the recommended dietary levels can be con-
verted to recommended daily amounts per kg BM
(see Table 4.2) which is useful in determining appro-
priate rates at which to use vitamin and mineral
supplements (see below).

The recommended dietary levels in Table 4.2 can be
used as benchmarks against which iguana diets can
be compared. Unfortunately, neither the guaranteed
analysis nor other label information on commercial
diets are sufficient for evaluation, and laboratory
analysis for such a broad range of nutrients is very
costly. Diet manufacturers are usually unwilling to
provide calculated or assayed levels of all nutrients,
as they regard such information proprietary, but they
may be willing to divulge information on specific nu-
trient levels upon request or to assure that nutrient
levels meet or exceed those listed in Table 4.2.

We are aware of two diets that are commercially
available that meet these standards (Table 4.3), al-
though they are not sold through pet shops. Institu-
tions such as zoos can purchase these products directly
from the manufacturers: Zeigler Bros., Gardners, PA
and Marion Zoological, Plymouth MN. Herpetological
associations may also be able to buy in bulk for their
members.

Of the 31 pet store diets that we purchased and as-
sayed for major constituents and major minerals,
two met the nutrient standards of Table 4.2 with re-
gard to those nutrients assayed (see Table 4.3), and
an additional five met the lower protein standard for
subadults. However, there is no certainty that levels
of vitamins or trace minerals are appropriate in all
of these diets. In general, large, reputable companies
that employ nutritionists are likely to manufacture
a nutritionally balanced diet, whereas very small
businesses may or may not have access to the ex-
pertise to produce nutritionally balanced products. If
there is a question about a specific product, we ad-



stituents, amino acids, minerals, and vitamins:!

Table 4.3 Commercial diets that meet nutrient recommendations.

Diets that, by calculation and/or analysis, meet recommendations for juvenile or subadult iguanas for major con-

Zeigler Iguana Diet, NZP Version 7 (25% CP), Zeigler Bros., Gardners, PA.
Marion Reptile Food for herbivorous reptiles, Marion Zoological, Inc., Plymouth, MN

Diets that, by analysis, meet recommendations for juvenile iguanas for major constituents and major minerals:2
Zoo Med Jjuvenile Formula Iguana Food, Zoo Med, San Luis Obispo, CA
Five Star Iguana Diet, Five Star Reptile Foods, Riverview, FL

Diets that, by analysis, meet recommendations for subadult iguanas for major constituents and major minerals:3
Zeigler/Farnam Iguana Diet, Zeigler Bros., Gardners, PA
Reed’s iguana and Tortoise Food, Tetra Terrafauna, Morris Plains NJ
Reed’s iguana and Tortoise Food, Juvenile, Tetra Terrafauna, Morris Plains, NJ
Mill Creek All Natural iguana Food, Mill Creek Farms
Nutri-Grow Herbisaur, American Reptile inc., Dry Ridge, KY
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Recommended nutrient levels as in Table 4.2.

Ca:P ratio 1.0-3.0.

=0.6%, Ca:P ratio 1.0-3.0.

2Nutrient concentrations (DMB) as follows: protein =26%, fat =3%, acid-detergent fiber 10-18%, calcium =1.1%, phosphorus =0.6%,

3Nutrient concentrations (DMB) as follows: protein 22-26%, fat =3%, acid-detergent fiber 10-18%, caicium =1.1%, phosphorus

vise contacting the company and asking to speak to
the nutritionist who developed the product. This
should be g person with an advanced degree in ani-
mal nutrition or feed manufacturing, and with prior
experience in diet formulation.

USE OF PRODUCE

Although research has shown that iguanas will
breed successfully, grow well, and live for many
years on nutritionally balanced manufactured diets,
there is a natural tendency of hobbyists and zoo
keepers to want to feed produce. Produce is often
palatable to iguanas, and may be helpful in inducing
them to eat commercial products. For example, moist
leafy greens can be coated with a meal-type diet or
ground up pellets to accustom them to these prod-
ucts. Feeding palatable foods also has the advantage
that animals may come to the front of the cage where
they be more carefully observed for any evidence of
injury, disease, weight loss, etc. Produce can also be
a valuable source of vitamin C and other labile vita-
mins that may deteriorate in a manufactured feed
during storage. High-moisture produce may be an
important water source for animals fed dry diets.

Excessive use of produce may lead to nutrient im-
balances, however. Salad-type diets that have been
commonly used for iguanas and other herbivorous

reptiles are typically low in protein, calcium, trace
minerals and some vitamins (Tables 4.4, 4.5). Two of
the diets (A and B) included in Table 4.4 included
eggs, dog food, feline diet, and/or rabbit diet in an at-
tempt to address low protein and mineral levels, but
they also contained fruits and tubers, which are low
in these nutrients. Largely due to the inclusion of a
vitamin/mineral supplement at about 1% of the diet
(as-fed basis), diet B had higher levels of many mi-
cronutrients as compared to unsupplemented diet A.
The composition of the supplement is critical to the
overall composition of the offered diet. In the case of
diet B, the supplement Pervinal improved the levels
of many nutrients such as calcium, phosphorus,
sodium, copper, niacin, and vitamins A and B,; yet
other nutritional imbalances were not corrected (see
Table 4.5). Diet C is a hypothetical diet representing
a mix of leafy material with flower buds (broccoli),
immature seed pods (green beans), and a nonstarchy
tuber (carrots), but without sweet fruits, animal
products, or supplements. Although this diet is more
balanced than diets A and B, it is still marginal in
calcium and low in some trace elements and vita-
mins. The lack of preformed vitamin A may not be a
problem as the green iguana can probably convert
abundant beta-carotene and perhaps some other
carotenoids into vitamin A as do other herbivores.
Animals in captivity are invariably fed a much
narrower range of plants than they ingest in the wild
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Table 4.4 Salad-type diets fed to herbivorous
reptiles at two major US zoos in the 1980s
(Diets A and B) and hypothetical salad-type
diet based largely on greens (Diet C).

Amounts in Diet (g)

Food Item Diet A Diet B Diet C

2. Other vegetables

Broccoli — — 150
Beans, green 65.7 184.0 150
Carrot — 103.9 100
Sweet potato 27.5 190.0 —

4. Other items

Egg, whole, cooked 36.3 28.3 —
Canned dog food — 11.0 —
Rabbit chow 5.5 — —
Frozen feline diet 18.1 — —
Pervinal — 10.9 —
Total 1000 1000 1000

(see Baer, Chapter 3), and it is common for a few
types of produce to predominate, such as lettuce,
kale, cabbage, spinach, carrots, or apples. While
modest quantities of any particular type of produce
may not be harmful, a preponderance of one or a few
plant materials increases the likelihood of nutri-
tional imbalance and unintended physiologic effects.
For example, spinach, rhubarb, beet greens, prickly
pear, and some garden weeds such as sorrel (Oxalis
spp.), dock (Rumex spp.), and purslane (Portulaca
oleracea), contain high levels of oxalic acid salts (ox-
alates).86.87 In humans and studied animals, high
intakes of oxalate (2-30 g) cause a local corrosive ef-
fect, followed by systemic effects involving cardio-
vascular, neuromuscular, and nervous systems, and
finally renal impairment. Oxalates may reduce the
intestinal absorption of calcium, cause a drop in cir-
culating calcium levels and precipitate as crystals in
the kidneys. Excessive oxalate intakes from forages
can be lethal, although there appear to be differences

among species in their susceptibility to oxalate poi-
soning.86.87

Most vegetables consumed in western countries
have low to moderate levels of oxalates and many
supply some calcium. The effect of high-oxalate, low-
calcium diets on green iguanas is not known. Given
that problems associated with calcium homeostasis
are widely reported in iguanas, we recommend that
foods such as spinach, rhubarb, and parsley which
contain significant amounts of oxalate (97—-780 mg/
100 g, FWB) should be avoided. Intermediate oxalate
levels occur in runner beans (7-62 mg/100g), carrots
(7-23 mg/100g), and celery (13-18 mg/100 g, FWB).87
Since ascorbic acid is a precursor of oxalic acid in
some animals and in humans, oxalate stone forma-
tion has been attributed to excessive dietary supple-
mentation with ascorbic acid. Although healthy hu-
mans can tolerate up to 10 g of ascorbic acid per day,
patients with renal insufficiency are advised to re-
strict vitamin C intake to 100-200 mg/day. The ef-
fects of high dietary vitamin C levels in the green
1guana have not been studied.

We conclude that oxalate-rich foods should be used
in moderation. The same warning applies to plants
that are rich in glucosinilates, including many plants
in the family Brassicaceae, such as kale, cabbage,
brussel sprouts, Swiss chard, kohlrabi, rutabaga,
broceoli, and radishes. In humans, rabbits, livestock,
and other mammals, high intakes of glucosinilates
can result 1n the enlargement of the thyroid (goiter)
and impairment of its function.86:89 Hypothyroidism
has been reported in tortoises? % with the suggestion
that ingestion of goitrogenic plants may have con-
tributed. Wallach and Hoff 4> reported an iguana,
Cyclura cornuta, with a thyroid gland 20 times the
size of that in a normal animal, but dietary informa-
tion was not provided. Whether a goitrogenic effect
occurs in green iguanas is not known, but warrants
study. While plant materials such as kale, cabbage,
and broccoli are routinely included in iguana diets
without adverse effects, these should not be the sole
produce items used.

We recommend that produce used in iguana diets
be limited to leafy greens and nonstarchy vegetables
as in diet C; fruits are best avoided. A variety of items
1s more likely to counteract the nutritional deficits or
imbalances in any particular item, and may enhance
the interest of iguanas in their food. For example,
iguanas are partial to fresh dandelion and hibiscus
flowers and may be attracted to colors. In general, pro-
duce should represent no more than 50% of the diet,
on a fresh weight basis, with the remainder being one
or more rationally formulated commercial diets.
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Table 4.5 Calculated nutrient concentrations in salad-type diets listed in Table 4.4 as compared to recommended
nutrient levels from Table 4.2.1

Respective % of
Recommendation for

Selected Nutrients Diet A Diet B Diet C Juvenile Iguana
Crudeprotein, % . ~ 104 123 287 0 . 47-56-96
Crude fiber, % 4.1 438 11.2 68 - 80 - 187

: E 9 27-55-82

33 83 - 100

>24 40 67 >160

Manganese, ppm 15 13

Vitamin E, IU/kg

>30 >42 70 >20

'52-990-2473

Thiamin, ppm

60 - 220 - 160

Riboflavin, ppir L8 1 100 - 380 - 280

Pantothenate, ppm 15 32 60 -130- 150
Nracm,ppm 006 122-118-91

Folic acid, ppm 1.75 1.75 220 - 220 - 850
Vitamin B,,, ppb. T - 10-108-0

"If nutrient levels are not known for several lngred|ents the number is preceded by >

ARE VITAMIN AND MINERAL
SUPPLEMENTS BENEFICIAL?

Nutritional supplements should be necessary only
if the vitamin and trace mineral concentrations in the
commercial diets being fed are unknown or if such
products are used more than 6 months after the date
of manufacture, since substantial vitamin losses can
occur. However, in such cases it is critical that the ap-
propriate amount of supplement is used. Overuse of
supplements is a major problem, since many people
erroneously assume that a little more of a good thing
won’t hurt. Excesses of vitamin A, vitamin D, calcium,
phosphorus, copper, and other trace minerals can pro-
duce toxicosis or unintended adverse effects on other
nutrients. Unfortunately, most manufacturers of sup-
plements for reptiles simply suggest that their sup-
plements be sprinkled on food, without giving recom-
mended dosages. This invites abuse.

A reasonable approach would be to define the nu-

trients of concern as those that are easily lost during
the manufacture and storage of diets (e.g., vitamins
A, B, B}y, C, and thiamin) and those that may be de-
ficient 1n produce and/or in feeds (e.g., trace miner-
als), and to provide a proportion of daily require-
ments for these through a supplement. As a general
rule supplements should be used only as a safety net
and not as a replacement for a balanced diet based
on a formulated feed and greens. However, the
amount of supplement added must be measured ac-
curately if the risk of unintended poisoning is to be
minimized. The appropriate amount will depend on
the nutrient concentrations in the supplement.
Very large differences in the nutrient concentra-
tions in commercial vitamin-mineral supplements are
evident in Table 4.6, in which nutrient amounts are
presented per gram (g) of supplement. The rather dif-
ferent numbers provided by Donoghue and Langen-
berg®! for some of the same supplements may reflect
calculation error. Values calculated from information
on product labels and inserts are only as accurate as
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Table 4.6 Nutrient amounts in several commercial vitamin and mineral supplements, expressed per g supplement.1

Supplement: Pervinal Vionate  Centrum ProBalance Canine Formula VMA  Herptivite  Reptivite
Form: powder  powder tablets powder powder powder powder
Calcium, mg 45.4 104 108 13 18 44 21
Phosphorus, mg 42 48 83 10 14 22 106
Potassium, mg 20.8 — 27 19 3.5 33 18
Sodium, mg 16.8 10 — — — 1.1 16
Magnesium, mg 2.9 0.42 67 0.12 3.5 0.2 2.6
Iron, mg 0.72 0.55 10 1.3 3.5 7.7 0.44
Copper, mg 0.11 0.055 1.3 0.12 — 0.33 0.44
Manganese, mg 0.07 0.076 1.7 0.054 3.5 0.66 0.08
Zinc, mg 0.1 — 10 1.9 3.5 0.66 0.44
lodine, mg 0.002 0.022 0.10 0.024 0.04 0.08 0.002
Selenium, mg — — 0.017 0.002 — — —
Vitamins - R b ol b i s
Vitamin A, IU 520 220 3340 198 2640 14702 220
Vitamin D, U 104 22 267 16 176 220 23
Vitamin E, IU 0.5 0.12 20 2.4 3.5 11 0.22
Vitamin K, mg — — 0.02 0.022 0.07 0.04 —
Vitamin C, mg — 25 40 11 53 4.4 3.1
Thiamin, mg 0.13 0.039 1.0 0.064 1.8 1.8 0.17
Riboflavin, mg 0.27 0.079 1.1 0.14 1.8 1.1 0.27
Pantothenate, mg 0.1 0.1 6.7 0.64 1.8 0.66 1.9
Niacin, mg 1.1 0.28 13 0.55 5.3 6.6 0.66
Vitamin B, mg 0.026 0.010 1.3 0.064 1.8 1.1 0.07
Folic Acid, mg — 0.002 0.27 0.008 4.23 0.07 0.1
Biotin, pg — — 20 17 1.1 0.88 26
Vitamin B,,, pg 0.4 0.15 4.0 1.33 88003 7.9 6.7
Choline, mg 6 5.7 — 10 3.5 8.8 —
'Data obtained from product labels for the following: Pervinal Nutritional Supplement, St. Aubrey, B in 1 Pet Products, Inc., Brent-
wood, NY; Vionate Vitamin Minera! Powder for Pets, ARC Laboratories, Atlanta, GA; Centrum tablets, Lederle, American Cyanamid
Co., Pearl River, NY (1 tablet = 1.5 g); ProBalance Canine, Escondido, CA (1 scoop = 6.0 g); Formula VMA, Mardel Laboratories, Inc.,
Glendale Heights, IL; Herptivite, Rep Cal Research Labs, Los Gatos, CA; Reptivite, Zoo Med, San Luis Obispo, CA.

2Supplied as betacarotene (0.88 mg/g); biological activity of 50% (as compared to retinol) assumed.

3Concentrations listed as 250 mg vitamin B,, per ounce and 120 mg folic acid per ounce on label. This is likely an error in units which
should read micrograms per ounce, such that per g concentrations would be 0.0042 mg/g folic acid and 8.8 ng/g vitamin B,,.

these sources. For example, label information for For-
mula VMA (Mardel Laboratories, Glendale Heights,
IL) lists folic acid and vitamin B,, concentrations as
120 and 250 mg per ounce, which are improbably
high; the correct units are probably micrograms per
ounce. Even if these data are excluded, there 1s a 40-
fold or greater range in concentrations of a number of
nutrients, including magnesium, manganese, zinc, 10-
dine, vitamin E, thiamin, pantothenate, vitamin B,

folic acid, and vitamin B,,. The nearly 20-fold differ-
ence in vitamin A and the nearly 25-fold difference in
copper are of particular concern as these nutrients
can be toxic at relatively low levels. Indiscriminate
substitution of one supplement for another could
cause major changes in the composition of a diet.
How then does one determine how much to use? In
our view, the greatest risk with supplement use in
most animals is vitamin A toxicosis, both because of




the toxicity of retinol and related vitamin A com-
pounds and because of the high levels that are often
included in supplements. The National Research
Council®8 concluded that the safe upper level for vi-
tamin A in animal feeds was 15,000-25,000 1U/kg for
several species of fish (trout and salmon), birds
(growing chickens, turkeys, geese, and quail), and
mammals (rabbits, horses, and growing swine), al-
though higher levels are apparently tolerated by cat-
tle, goats, sheep, and cats. Thus chronic intake of
vitamin A levels much above 2-3 times the recom-
mended dietary level of 8000 IU/kg (Table 4.2) could
produce toxicosis in some vertebrates, and possibly
in iguanas or other reptiles. The most characteristic
signs of hypervitaminosis A in animals are skeletal
malformation, spontaneous fractures and internal
hemorrhage, but a variety of other signs may also be
present, including fatty infiltration and impaired
function of the liver and kidneys.?® To minimize the
risk of hypervitaminosis A we recommend that the
amount of a vitamin-mineral supplement used
should be restricted to that amount that will meet
(but not exceed) the recommended level of vitamin A.

We have calculated the amounts of various sup-
plements that will supply 56 IU of vitamin A, the rec-
ommended daily amount per kilogram body mass
(see Table 4.2). The amount of supplement to be used
for a 1-kg iguana varies from 16 to 560 mg (Table
4.7). The likelihood of oversupplementation is par-
ticularly great with products that are very high in vi-
tamin A (>1100 1U/g) as the very minute amounts
recommended (<50 mg per kg iguana) are impracti-
cal to measure. For example, a 1-kg iguana should
receive only about 1/100 of a Centrum tablet which
weighs about 1.5 g. For this reason, we do not rec-
ommend use of supplements with several thousand
1U vitamin A per gram, such as Centrum and For-
mula VMA. Although the Herptivite has a calculated
vitamin A activity of nearly 1500 1U/g, this is pro-
vided as beta-carotene, which is unlikely to produce
toxicosis.

The benefit from a supplement will depend in part
on the contributions of other nutrients when the max-
imal daily amount of supplement is used. In Table 4.7
the amounts of minerals and vitamins supplied by var-
ious supplements at this use rate are expressed as a
percentage of the recommended daily amounts for
these nutrients (as listed in Table 4.2). Since these
supplement amounts were calculated to supply the
recommended daily amount of vitamin A, the percent-
ages for vitamin A are of course 100 for all supple-
ments. We arbitrarily define a supplement as a “poor,”
good,” or “excellent” source of a nutrient if it supplies
<25%, 25-75%, and >75% of the recommended daily
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amount (see Table 4.2) for that particular nutrient. On
this basis Pervinal, Centrum, Formula VMA, and
Herptivite are poor sources of macrominerals and
many trace minerals although they are good or excel-
lent sources of many vitamins. Vionate is a good source
of calcium, phosphorus, and some vitamins but not of
most trace minerals (except iodine) or vitamin E.
ProBalance Canine and Reptivite are good or excellent
sources of most nutrients although ProBalance Ca-
nine is a poor source of manganese and vitamin B ,,
while Reptivite is a poor source of manganese and
vitamin E. All of the supplements were poor sources of
manganese. The high copper level of Reptivite is a
matter of concern if this supplement is used in
amounts much greater than 250 mg/kg per day.

Other supplements marketed for use with herbiv-
orous reptiles include the following: vitamin supple-
ments such as Nekton-Rep (Nekton USA, Clearwa-
ter, FL), Reptisol (Tetra Terrafauna, Morris Plains,
NJ), and Biovite Plus (Ocean Nutrition Corp., San
Diego, CA); calcium-phosphorus supplements with
added vitamins such as Reptical (Tetra Terrafauna,
Morris Plains, NdJ), Reptovit (Tetra Terrafauna, Mor-
ris Plains, NdJ), and 2:1 Calcium/Phosphorus Pow-
dered Supplement with Vitamins (Ocean Nutrition
Corp., San Diego, CA); and multimineral supple-
ments such as Miner-All 0 (Sticky Tongue Farms,
Menifee, CA). While some of these may have value
in specific circumstances, we prefer supplements
that have both labile vitamins and trace minerals,
as these are the nutrients apt to be limiting in a diet
based on a commercial feed and leafy greens. As with
multiple vitamin and mineral supplements, the
amounts used should be small to minimize the risk
of vitamin A and copper toxicoses.

SUMMARY OF RECOMMENDATIONS

1) Diagnosis of a nutritional deficiency or toxicosis
should include an evaluation of nutrient intakes
in relation to estimated requirements or recom-
mended levels.

2) With the advent of nutritionally balanced iguana
feeds, it is no longer necessary or advisable to feed
salad-type diets as these are often nutritionally
imbalanced.

3) Dry formulated feeds have proven effective in
rearing and breeding iguanas over many years
and, if nutritionally complete, can be fed as the
sole food.

4) The choice of a commercial iguana feed must be
made carefully because various products differ
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Table 4.7 Amount of supplement to supply the recommended daily amount of vitamin A for a 1-kg green iguana,
and the percentages of recommended levels of other nutrients contained in this amount.’

Amount (mg) 110 250 16

Calcium 6 35 2

Supplement: Pervinal Vionate  Centrum  ProBalance Canine  Formula VMA  Herptivite Reptivite
Form: powder powder tablets powder powder powder powder
280 21 38 250

5 0.5 2 70
Phosphorus 1 29 3 0.7 2 64
Potassium 6 — 1 15 0.2 0.4 13
Sodium 13 19 — — — 0.3 30
Magnesium 3 1 11 0.3 0.7 0.1 6
ron 11 20 29 52 1 42 16
Copper 17 20 31 47 — 18 160
Manganese 2 4 6 3 15 5 4
Zinc 2 — 31 95 13 5 20
lodine 5 133 40 161 18 70 13

Selenium

Pty 232
Vitamin A

Vitamin E 5 3 31 63 7 5
Vitamin K — — 2 45 — — —
Vitamin C — 45 48 224 8 12 56
Thiamin 1 29 49 52 107 192 120
Riboflavin 82 57 54 113 107 120 200
Pantothenate 6 16 64 104 21 14 272
Niacin 19 1 35 25 18 40 27
Vitamin By 7 6 52 43 89 100 41
Folic Acid — 10 80 42 16002 45 480
Biotin — — 19 269 1.3 2 384
Vitamin B,, 25 22 39 216 1070002 168 973
Choline 8 17 — 32 0.9 4 —

Percentages are calculated as: Nutrient % = 100 - (nutrient amount in stated supplement amount)/(recommended daily nutrient
amount per kg body mass) where the recommended daily amounts are those in Table 4.2.

2These high values may reflect an error in labeling (see Table 4.6).

greatly 1n nutrient composition and some appear
to be nutritionally inadequate.

5) Because of their high protein requirement for
growth, juvenile iguanas should be fed a diet con-
taining about 26% protein on a DMB.

6) Feeding of a lower protein (about 15~17% DMB)
diet is advisable for older iguanas susceptible to
renal disease or afflicted by articular gout, but
there is no convincing evidence that high protein
diets predispose 1guanas to gout.

7) Diets for juvenile green iguanas should contain a

moderate amount of fiber (10-18% acid detergent
fiber or 6-10% crude fiber), although adult iguanas
may be able to tolerate somewhat higher levels.

8) Diets should contain at least 1.1% calcium and 0.6%
phosphorus (DMB), and a Ca:P ratio of 1:1 to 3:1.

9) Exposure to ultraviolet-B (UV-B) light appears to
be essential if iguanas are to maintain adequate
circulating levels of vitamin D metabolites, and if
they are to avoid vitamin D deficiency with conse-
quent MBD and metastatic mineralization (ex-
traskeletal calcification).
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10) Midday sunlight is an excellent source of UV-B,
but relatively few window materials permit UV-
B transmission; due to atmospheric absorption
of UV-B, solar exposure is likely ineffective in
winter months in temperate zones.

11) An adequate amount of UV-B irradiation can be
achieved using weakly-emitting fluorescent bulbs
if these are placed close to the preferred basking
sites and if daily exposure times are long (12
hours).

12) Reliance should not be placed on dietary vitamin
D sources because dietary vitamin D appears to
be ineffective in preventing MBD.

13) As soft tissue calcification can occur in vitamin
D-deficient green iguanas, this finding is not in
itself diagnostic of vitamin D toxicosis as is some-
times reported.

14) Specific concentrations of other vitamins and
minerals are recommended for iguana diets based
on both theoretical considerations and practical
experience in feeding formulated diets to large
numbers of iguanas; examples of diets that meet
these recommendations are provided.

15) Produce can enhance diet palatability, provide a
source of vitamin C and other vitamins, and be
a source of water, but it should not be used in ex-
cess or nutritional imbalance may result.

16) Offered produce should be limited to a variety of
leafy greens, flowers, and nonstarchy vegeta-
bles; fruit, starchy tubers and high-oxalate foods
(such as spinach, rhubarb, and parsley) should
be used sparingly, if at all.

17) Vitamin and mineral supplements should not be
necessary if a well-balanced commercial diet is
fed with modest amounts of produce.

18) If a supplement is used, the amount provided
should be restricted to that amount that sup-
plies the daily requirement for vitamin A, but at
this level many supplements are poor sources of
other vitamins or trace minerals.

19) If dry diets are used as a primary food, fresh wa-
ter should be available at all times; iguanas that
are reluctant to drink should be misted daily or
soaked several times per week.
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