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Who am I?
ǒ University of Illinois Urbana-Champaign ς Vet school

ǒ Milwaukee Emergency Center for Animals ς ER-only 

internship

ǒ Louisiana State University CVM ς zoological medicine 

internship 

ǒ University of California-Davis ς ACZM-approved 

residency (zoological companion animal focus)

ǒ VCA South Shore (Weymouth) Animal Hospital 

ǒ CCVS!
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Abbreviations

ÅCalcium = Ca

ÅPhosphorus = P

ÅCalcium:phosphorus ratio = Ca:P ratio

ÅUltraviolet B = UVB

ÅPreferred Optimal Temperature Zone = POTZ



Introduction & Metabolism Basics



Introduction to Reptile Nutrition

ÅNutrition requirements are species specific

ÅCurrent season or hormone concentrations play a role

ÅBrumation

ÅReproduction

ÅUtilization of feedstuffs is dependent on environmental husbandry

ÅTemperature

ÅHumidity

ÅCompared to free-ranging counterparts,decreased insect variability available in 
human care



DETAILED
HUSBANDRY
ASSESSMENT
IS
ESSENTIAL



Metabolism

Å1/10th energy requirements of mammals

ÅPOTZ important for utilization of feedstuffs & immune function

ÅTerrestrial reptiles typically stenothermal

ÅProvide thermal gradient in enclosure

ÅRaise temperatures towards higher end of POTZ when diseased



Specific Dynamic Action

ÅIncreased metabolism in response to 
feed intake

ÅWhole prey items

ÅIngestion of amino acids inPython 
regius & Python molurus

ÅIncreased O2 consumption

ÅIncreased heart rate

ÅIncreased cardiac size



Macro- & Micronutrients



Water
ÅMost important nutrient

ÅLarger tolerance for dehydration compared to 
mammals & avian species

ÅAid in conservation of total body water through 
higher humidity in enclosure

ÅSpecies specific

ÅTerrestrial reptiles

ÅPrimary nitrogenous waste product = uric acid 
(uricotelic)

ÅConserve water at renal tubule

ÅAquatic reptiles

ÅLarger percentage of nitrogenous waste as 
ammonia (ammoniotelic) or urea (ureotelic)



Water Sources

ÅDietary

ÅGreens

ÅPrey items

ÅMetabolic water

ÅEnvironmental

ÅWater available always

ÅBowl ς ensure animal will be able to 
access and escape from bowl

ÅMisters

ÅDrippers



Water Sources ςSoaking

ÅWarm water

ÅHeating element, reheat water

ÅDictate length of soak and frequency of soak

ÅCloacal absorption?

ÅBearded dragons administered furosemide

ÅActively drink water when soaked

ÅIncrease in body weight when drinking or soaking

ÅVoluntary or mandatory via caretaker

ÅEnsure animal can keep its head above water

ÅWater depth, tub angle for dull patients



Calcium

ÅTotal body calcium distribution

Å> 99% bone matrix (calcium hydroxyapatite)

Å< 1% ionized calcium,bound to albumen or other proteins

ÅIonized Ca = most accurate evaluation of calcium status



Calcium ς Dietary Sources

ÅLeafy greens ς chelated calcium

ÅBest calcium bioavailability

ÅResearch study on ground snake hatchling supplements

ÅCarnivorous species consuming whole prey do not require additional calcium 
supplementation



Calcium ς Dietary Sources (ŎƻƴΩǘ.)

ÅSupplementation

ÅIndependent of multivitamin supplement

ÅPhosphorus and vitamin D free powder

ÅCalcium carbonate ς 40% elemental availability

ÅCalcium citrate ς 21% elemental availability



Calcium ς Homeostasis

ÅVitamin D

ÅIncreases Ca absorption in the gut

ÅIncreases Ca resorption of the bone

ÅIncreases Ca resorption in kidney

ÅDecreases P secretion in the kidney

ÅParathyroid hormone

ÅCalcitonin

ÅIdeal Ca:P = 1.5-2:1

Hormone Ca P

Vitamin D ҧ ҧ

Parathyroid 
Hormone 
(PTH)

ҧ Ҩ

Calcitonin Ҩ Ҩ



Vitamin D

ÅFat soluble vitamin

ÅRisk of toxicity if over-supplemented

ÅSources
ÅPlants
ÅAnimals or by-products
ÅNutrition supplements (1-2x/month)
Å+/- UVB irradiation

ÅProviding adequate UVB irradiation decreases amount of dietary vitamin D 
required
ÅEnsure UVB bulbs are being replaced routinely (manufacturers 

recommendation)



Vitamin D Activation



UVB Irradiation

ÅConsidered essential for almost all species studied

ÅImportant for various physiological functions

ÅImmune system, disinfection

ÅImprovement of the skin barrier

ÅUpregulation of melanin synthesis

ÅMost species studied utilize UVB

ÅBased on an increase in calcidiol(25-OH-Vit D) synthesis

ÅIncludes nocturnal species

ÅBall pythons?

ÅCutaneous conversion 7-dehydroxycholesterol --> cholecalciferol

ÅAppropriate temperature

ÅUVB 290-315 nm



UVB Sources & Considerations

ÅTypes of lightbulbs

ÅFluorescent

ÅMetal halide

ÅMercury vapor

ÅLED

ÅUse solarmeterto measure UVB irradiation at level of basking site

ÅDiscard bulb when level < 70% of original

ÅProvide direct access ς some materials block UV light

ÅGlass ς close to 100%

ÅPlastic ς close to 100%

ÅWire mesh screens ς best option ς 30-50%

ÅNot recommended to provide direct access ς risk of thermal burns



UVB Associated Risks

ÅHypomelanisticor albino morphs

ÅMay require lower UVB

ÅKeratitis

ÅPossible cutaneous neoplasia

https:// www.magonlineli
brary.com/doi/abs/10.12
968/coan.2014.19.7.379



UVB Sources & 
Considerations

Follow manufacturer 
recommendations for distance 
from the animal

Zoo Med Labs



UVB Sources & 
Considerations

Followmanufacturer
recommendations for distance 
from the animal

Zoo Med Labs



Vitamin A

ÅFat-soluble vitamin ς potential for over-supplementation and toxicity

ÅImportant for many physiological functions

ÅEpithelial cell health

ÅImmune system function

ÅReproduction

ÅEmbryonic development

ÅBone metabolism

ÅHematopoiesis

ÅVision
https:// to
fubud.co
m/blogs/ti
ps/vegan-
sources-
of-
vitamin-a



Vitamin A Synthesis & Utilization

ÅCarnivores consuming whole-prey do not develop deficiencies

ÅLiver of prey items contain adequate stores

ÅHerbivores are capable of synthesizing vitamin A

ÅRetinol and retinoic acid

ÅSpecies with higher risk of hypovitaminosis A

ÅEmydidae turtles

ÅInsectivorous squamates:chameleonidae, fat-tailed geckos, 
leopard geckos (?)

ÅControversial ability to convert̡  ŎŀǊƻǘŜƴŜ ǘƻ ǾƛǘŀƳƛƴ !

ÅRequire pre-formed vitamin A in diet



Vitamin A Sources

Å Ideal ratio of vitamin A : D : E = 100:10:1

ÅEnsure the supplement contains the proper form:ʲ ŎŀǊƻǘŜƴŜ Ǿǎ ǇǊŜ-formed 
vitamin A



Feeding Strategies



Carnivores

ÅProtein (25-60%), fat (30-60%), carbohydrate (<10%)

ÅAll snakes

ÅLizards: monitors, tegus

ÅChelonians: many turtles

ÅCrocodilians



Insectivores

ÅMany lizards, some turtles

ÅMany obligate carnivore adults are insectivores as juveniles



Omnivores

ÅProtein 15-40%, fat 5-40%, carbohydrate 20-75%

ÅProtein: carbohydrate proportion changes with age



Herbivores

ÅProtein 15-35%, fat < 10%, carbohydrate 50-75% (fiber = 15-40%)

ÅHindgut fermentation

ÅAll require UVB light

ÅChelonians

ÅCertain lizard species



Figure 9.5 Mader 2019

Green Iguana GI Tract



Feed Items



Vegetables

ÅUncooked leafy greens

ÅMinimize goitrogenic substances

ÅMinimize oxalic acid

goitrogens

oxalates



Hay & Flowers

ÅHay

ÅTimothy hay

ÅOrchard grass

ÅAlfalfa hay

ÅFlowers

TIMOTHY ALFALFAORCHARD

ROSE

DANDELION

HIBISCUS



Toxic Plants
ÅRamson (Allium ursinum)

ÅRhododendrons (Rhododendron spp.)

ÅGrayanotoxins --> flaccid paresis

ÅOleanders (Nerium oleander)

ÅChinaberry trees (Melia azedarach)

ÅTree tobacco (Nicotiana glauca)

ÅToadstools(Agaricomycetes)

RAMSON

AZALEA RHODODENDRON

OLEANDER CHINABERRY TOBACCO TOADSTOOL



Insects

ÅCrickets, Dubia roaches

ÅHornworms, mealworms, waxworms, superworms, earthworms

ÅFlies, black soldier fly larvae

ÅNutrient analysis: larval vs adult life stages

ÅNormally deficient in calcium and Vitamins B, A, D, E

ÅNormally excessive in phosphorus



Dusting & Gut-Loading

ÅDusting

ÅImmediately before feeding

ÅGut-loading

ÅCommercial forms

Å24-48 hours before feeding

ÅEnsure insects have water available



Gut Loading Resources



Gut Loading Resources (ŎƻƴΩǘ.)



Pelleted and Manufactured Diets

ÅContain all nutrients

Å25-50% of herbivore diet

ÅChallenge ς enticing consumption by animal

ÅCheck product label ς not all pellets are created equal



Nutritional Diseases



Nutritional Secondary Hyperparathyroidism 
(NSHP) - Introduction
ÅMost common nutritional disease of reptiles in 

captivity

ÅSignalment

ÅTypically young animals

ÅTortoises, leopard geckos, bearded dragons, 
iguanas

ÅAnimals provided whole prey typically 
unaffected (eg: snakes)

ÅEtiology

ÅInadequate ς dietary Ca, vitamin D3, UVB

ÅUnbalanced ς Ca:P ratio

ÅCombination thereof



NSHP ς Pathophysiology

Inadequate 
husbandry

Ҩ /ŀ 
+ҧκb t

ҧ 
Parathyroid 
hormone

No negative 
feedback

Ca 
resorption 
from bones

Clinical 
signs



NSHP ς Mild and Moderate Clinical Signs

Mild
ÅWide, varied, nonspecific

ÅLethargy, weakness

ÅAnorexia, hyporexia

ÅLack of growth

Moderate
ÅParesis,plegia

ÅSplayed legs in chelonians

ÅMuscle fasciculations

ÅGastrointestinal ileus

Mader Ed 3

8 yr MI red-eared slider
< 250 grams



NSHP ς Severe Clinical Signs by System

Neurologic
ÅAtaxia,tremors, seizures

ÅTetany, flaccid paralysis

Musculoskeletal
ÅFibrous osteodystrophy

ÅPathologic + foldingfractures,bowing 
of long bones

ÅScoliosis, kyphosis, lordosis

ÅTranslucent teeth, may fall out

ÅChelonians ς 
shelldeformities,pliability,curving of 
the scutes, pyramiding



NSHP ς Severe Clinical Signs by System (cont.)

Gastrointestinal
ÅColonic +/- cloacal prolapse

ÅBloating

ÅIntestinal impaction

Reproductive
ÅOviductal prolapse

ÅPreovulatory (follicular) stasis

ÅPost-ovulatory stasis ς dystocia, egg 
retention, poor egg quality



NSHP ς Diagnosis

ÅAnamnesis, physical examination

ÅBiochemistry panel ς total Ca,P, Ca:P ratio

ÅIonized calcium

ÅBound calcium ς chelonians

ÅPlasma calcidiol ς NOT calcitriol

ÅRadiographs

ÅQuantitative CT or dual-energy X-ray 
absorptiometry



NSHP ς Treatment

ÅClient education on husbandry

ÅStabilize critical animals

ÅAddress seizures

ÅCalcium supplementation

ÅInjectable

ÅOral

ÅSunlight or UVB light

ÅNO Vitamin D3 or P supplementation

ÅStrict cage rest

ÅFracture coaptation ς analgesia!

Mader Ed 3

Mader Ed 3



NSHP ς Prognosis

ÅSeveral prognostic indicators

ÅMultiple deficiencies

ÅParalysis, urinary 
retention,obstipation

ÅDecreasing bone radiopacity

ÅHypocalcemia

ÅSmall chelonians with soft shells ς
anorexia at presentation



Hypovitaminosis A (HypovitA) ς Pathophysiology

Retinoic acid

Keratinocytes 
into mature 
epidermal 

cells

Maintenance 
of normal 
epithelium

Chronic 
deficiency

Hyperkeratosis 
and squamous 

metaplasia
Clinical signs



HypovitA ς Clinical Signs by System

Nonspecific
ÅWeight loss

ÅHyporexia, anorexia

ÅLethargy

Ocular
ÅObstructed or abscessed glands

ÅLeopard geckos ς periocular, on 
cranium

ÅXerophthalmia

ÅDysecdysis of spectacle

ÅKeratitis, keratomalacia

ÅCorneal ulceration, scarring

ÅBlindness

Mader Ed 3



HypovitA ς Clinical Signs by System (cont.)

Oral
ÅIrregular thickening of lips and 

mouth

ÅEspecially oral commissures

ÅLingual nodules

Integument
ÅDysecdysis

ÅDull coloration

ÅDiscoloration

Reproductive
ÅHemipenal plugs ς 

impaction, infection

Mader Ed 3

Aiden Masri



HypovitA ς Clinical Signs by System (cont.)

Respiratory
ÅUpper respiratory infections

ÅPneumonia

ÅEspecially in chameleons

Renal
ÅGout

ÅInsufficiency

Aural
ÅTympanic or peri-aural abscessation

ÅEspecially in chelonians, chameleons, 
leopard geckos



HypovitA ς Diagnosis

ÅAnamnesis, physical examination

ÅResponse to therapy

ÅSkin biopsy ς squamous metaplasia

ÅVitamin A values?

ÅPost-mortem liver biopsy Mader Ed 3
Mader Ed 3



HypovitA ς Treatment and Prognosis

ÅClient education on husbandry

ÅResponse to treatment is SLOW

ÅCareful removal of cellular debris in 
eyes

ÅMost cases ς oral supplementation

ÅHuman-grade vitamin A gel caps ς 
2000 IU/kg PO q7-14d x 2-4 
treatments

ÅSevere cases ς injectable vitamin A ς 
beware of oversupplementation

ÅRecovery can take weeks

ÅSevere corneal ulcers and blindness

ÅEspecially for geckos



Toxicoses ς Vitamins

ÅVitamin A

ÅEpidermal sloughing, 
bullae,blisters

ÅWound care, fluid 
support,analgesics

ÅVitamin D

ÅHypercalcemia

ÅRenal disease

ÅMetastatic calcification
Mader Ed 3

Mader Ed 3



Toxicoses ς Firefly Ingestion

ÅPhotinussp. containing lucibufagin

ÅCardiotoxic

ÅFocal facial seizures, head shaking

ÅMouth gaping, lingual protrusion

ÅNausea, vomiting

ÅDyspnea, rapid death

ÅNo known effective therapy



Obesity

ÅCommon in captivity

ÅOverrepresentation ς varanids, bearded 
dragons, red eared sliders, larger boids

ÅEtiology

ÅDecreases lifespan

ÅIncreases risk for other diseases

ÅTreatment

ÅGradual weight loss

ÅCaloric restriction

ÅExercise



Hepatic Lipidosis

ÅDefinition ς pathologicaccumulation of lipid within 
hepatocytes

ÅEtiology ς obesity, chronichyporexia

ÅClinical signs ς anorexia, lethargy, preovulatory stasis, 
altered mentation

ÅDiagnostics ς anamnesis, biochemistry panel, imaging, 
liver biopsy

ÅBeta-hydroxybutyrate in bearded dragons?

ÅTreatment ς nutritional support, hepatoprotectants

ÅPrognosis ς guarded



Periodontal Disease

ÅLizards with acrodont dentition

ÅTeeth are not shed or replaced

ÅAgamidae, Chameleonidae

ÅTrauma,dessication of gingival tissue

ÅPeriodontitis, stomatitis, osteomyelitis

ÅCleaning under heavy sedation/anesthesia

ÅCleaning at home,antibiotics as indicated



Gout and Hyperuricemia

ÅDefinition ς ƘȅǇŜǊǳǊƛŎŜƳƛŀ ґ Ǝƻǳǘ

ÅEtiology ς dehydration, nephropathies, high 
protein diets

ÅClinical signs ς dehydration, joint swelling if 
articular/peri-articular

ÅDiagnosis ς radiographs, FNA is definitive

ÅTreatment ς allopurinol,analgesics, hydration

ÅPrognosis ς poor for advanced stages, visceral 
gout

ÅPrevention

http:/ /eclinpath.com/december-2016-case-of-the-month/ randy-gout-50x-1-with-
arrows/



Nutritional Support for Sick 
Reptiles



Prior to Feeding

ÅAppropriate temperature

ÅCorrect dehydration

ÅFood is warmed (as indicated)



Refeeding Syndrome

ÅPhysiologic anorexiaґ ǊŜŦŜŜŘƛƴƎ 
syndrome

ÅSignalment ς ill, starved,cachectic 
animal

ÅPrevention

ÅRehydration for 2-4 days

ÅLimit to 10-25% of calculated 
requirements

ÅIncrease over days to weeks

ÅMonitor electrolytes if possible
https:// www.researchgate.ne t/publication/6138422_Nutrition_in_clin ical_practice_-
_The_refeeding_syndrome_Illustrative_cases_and_guidelines_for_prevention_and_treatment/figures?lo=1



Fluid Administration

ÅMaintenance = 10-30 ml/kg/d

ÅIsotonic fluids most commonly administered

ÅSoaking, SQ, IV, IO

ÅOther routes

ÅIntracoelomic

ÅOral fluids

ÅCloacal

http:/ /ojaisulcataproject.org/hydration.html



Assist Feeding

ÅHand/tease feeding

ÅSyringe feeding

ÅRegular diet

ÅCommercial diets



Gavage Feeding/Esophagostomy Tube

ÅStomach tube

ÅRed rubber catheter

ÅSpeculum

ÅLizards/snakes> chelonians

Å~ 5-25 ml/kg

ÅEsophagostomy tube

ÅChelonians

ÅConfirm placement with 
contrast radiography or CT

Mader Ed 3



Increasing Owner Compliance



Before the Appointment

ÅOnline husbandry forms

ÅFilled out ahead of time

ÅPictures of enclosure, lighting,food, 
supplements

ÅIncentivization



During the Appointment

ÅCompassion is key

ÅBudget time to review husbandry and 
nutrition

ÅTechnician to do at end while clinician 
is writing discharges/prescriptions,etc

ÅHave client-friendly care sheets ready 
to go

ÅARAV has great care sheets

ÅTriage what is most important 
for client tomodify first

ÅHighest priority ς temperature,access 
to water, humidity, waterquality, UVB

ÅMedium priority ς nutrition, feeding 
location, substrate

ÅLower priority ς exercise vs 
cagerest,enrichment, cage size



After the Appointment

ÅFollow up phone call or email

ÅSchedule recheck appointment

ÅEncourage and support client

ÅCongratulate on the small wins



QUESTIONS?
Kyra Berg

zoo.exotics@capecodvetspecialists.com

mailto:zoo.exotics@capecodvetspecialists.com


NOTICE

CE credit certificates & presentation slides will be 

emailed to you. If you do not receive an email with 

this information within a week, contact Nichole - 
nicholemanfredi@capecodvetspecialists.com
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