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Abbreviations

ACalcium = Ca

APhosphorus = P

A Calcium:phosphorusatio =Ca:Patio
AUltraviolet B = UVB

APreferred Optimal Temperature Zone = POTZ




Introduction & Metabolism Basics




Introduction to Reptile Nutrition

A Nutrition requirements are species specific

ACurrent season or hormone concentrations play a role
ABrumation
AReproduction

A Utilization of feedstuffs is dependent on environmental husbandry
ATemperature
AHumidity

ACompared to freeanging counterpartsjecreased insect variability available in
human care
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Metabolism

A 1/10th energy requirements of mammals

APOTZ important for utilization of feedstuffs & immune function
ATerrestrial reptiles typically stenothermal
AProvide thermal gradient in enclosure

ARaise temperatures towards higher end of POTZ when diseased




Specific Dynamic Action

Alncreased metabolism in response

feed intake
AWhole prey items
Alngestion of amino acids Python
regius& Pythonmolurus
Alncreased O2 consumption
Alncreased heart rate
Alncreased cardiac size
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Macro- & Micronutrients




Water

AMost important nutrient

ALarger tolerance for dehydration compared to
mammals & avian species

AAid in conservation of total body water through
higher humidity in enclosure
A Species specific
ATerrestrial reptiles

APrimary nitrogenous waste product = uri
(uricotelic) ?

A Conserve water at renal tubule
A Aquatic reptiles

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




Water Sources

ADietary
AGreens
APrey items

AMetabolic water

AEnvironmental
AWater available always

ABowlc ensure animal will be able to
access and escape from bowl

AMisters
ADrippers
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Water SourcegSoaking

AWarm water
AHeating element, reheat water

ADictate length of soak and frequency of soak

ACloacal absorption?
ABearded dragons administered furosemide
AActively drink water when soaked

AVoluntary or mandatory via caretaker

AEnsure animal can keep its head above water
AWater depth, tub angle for dull patients




Calcium

ATotal body calcium distribution
A> 99% bone matrix (calcium hydroxyapatite)
A< 1% ionized calciurbpund to albumen or other proteins

Alonized Ca = most accurate evaluation of calcium status




Calciunt; Dietary Sources

ALeafy greensg chelated calcium
ABest calcium bioavailability
AResearch study on ground snake hatchling supplements

A Carnivorous species consuming whole prey do not require additional calcium
supplementation




Calciunx; Dietary Source€X2 yJ Q (i

A Supplementation
Alndependent of multivitamin supplement
APhosphorus and vitamin fdee powder
ACalcium carbonate 40% elemental availability
A Calcium citratez 21% elemental availability

4

Type of Calcium Can Be Important as not All are Absorbed Equally; Calcium Carbonate and Calcium Citrate are Best Absorbed

Ca Salt (1 gram) Elemental Calcium (mg) Percent Calcium Salt Absorbed or Elemental Ca Available
Ca carbonate 400 40%

Ca citrate 211 21%

Ca lactate 130 13%

Ca gluconate 93 9.3%

Ca glubionate 66 6.6%




Calciun; Homeostasis

AVitamin D
Alncreases Ca absorption in the gut

R
Alncreases Ca resorption of the bone
o)

Alncreases Ca resorption in kidney 5

ADecreases P secretion in the kidney
A Parathyroid hormone e @

A Calcitonin
AldealCa:P= 1.52:1




Vitamin D

AFat soluble vitamin
ARisk of toxicity if ovesupplemented
ASources

APlants

A Animals or byproducts
ANutrition supplements (2x/month)
A+/- UVB irradiation
AProv_idigg adequate UVB irradiation decreases amount of dietary vitamin D
require

AEnsure UVB bulbs are being replaced routinely (manufacturers
recommendation)




Vitamin D Activation

7-Dehydroxycholesterol

Vit D3 25-hydroxylase

Calcitriol
(1,12,dihydroxy-Vit D3)
Maintains Ca and P homeostasis

Cholecalciferol (Vit D3)

Calcidiol (25-
hydroxy-vitamin D3)

25(0OH)D3 |«
hydroxylase

&
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UVB Irradiation

AConsidered essential for almost all species studied

Almportant for various physiological functions
Almmune system, disinfection
Almprovement of the skin barrier
AUpregulation of melanin synthesis

A Most species studied utilize UVB
ABased on an increase @alcidiol(25-OH Vit D) synthesis
Alncludes nocturnal species
ABall pythons?

A Cutaneous conversiondehydroxycholesterol-> cholecalciferol
A Appropriate temperature
AUVB 296315 nm




UVB Sources & Consideratio

ATypes of lightbulbs
AFluorescent
AMetal halide
AMercury vapor
ALED

AUsesolarmeterto measure UVB irradiation at level of basking site
ADiscard bulb when level < 70% of original

AProvide direct accesssome materials block UV light
AGlas<: close to 100%
A Plasticc close to 100%
AWire mesh screens best optionc 30-50%
ANot recommended to provide direct accesssk of thermal burns




UVB Associated Risks

AHypomelanistior albino morphs
AMay require lower UVB

AKeratitis
APossible cutaneous neoplasia




UVB Sources &
Considerations

Follow manufacturer
recommendations for distance
from the animal
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Vitamin A

AFatsoluble vitamirg potential for oversupplementation and toxicity

Almportant for many physiological functions
AEpithelial cell health
Almmune system function
AReproduction
AEmbryonic development
ABone metabolism
AHematopoiesis
AVision
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Vitamin A Synthesis & Utilization

A Carnivores consuming whofgey do not develop deficiencies
ALiver of prey items contain adequate stores

AHerbivores are capable of synthesizing vitamin
ARetinol and retinoic acid

ASpecies with higher risk of hypovitaminosis A S k=
AEmydidae turtles L

Alnsectivorous squamateshameleonidagfat-tailed geckos, N L
leopard geckos (?) BRRTEAL | L
AControversial abilitytoconveit Ol NR 1Sy S G2 GAGF YAY |

== ARequire preformed vitamin A in diet s e W




Vitamin A Sources

A Ideal ratio of vitamin A : D : E 81:10:1

A Ensure the supplement contains the proper foim: Ol N2 (i Sofmted Ja LIN
vitamin A




Feeding Strategies




Carnivores

AProtein (2560%), fat (3660%), carbohydrate (<10%)
AAll snakes

ALizards: monitors, tegus
AChelonians: many turtles
ACrocodilians




Insectivores

AMany lizards, some turtles

AMany obligate carnivore adults are insectivores as juveniles




Omnivores

AProtein 1540%, fat 540%, carbohydrate 205%
AProtein: carbohydrate proportion changes with age
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Herbivores

AProtein15-35%.fat < 10%, carbohydrate 506% (fiber = 18.0%)
AHindgut fermentation
AAll require UVB light
AChelonians

ACertain lizard species
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Feed Iltems




Vegetables oxalates

AUncooked leafy greens
AMinimize goitrogenic substances
AMinimize oxalic acid

goitrogens
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Hay & Flowers

AHay
ATimothy hay

AOrchard grass
A Alfalfa hay

AFlowers

CAPE COD
WETERINARY
EPECIALISTS



Toxic Plants

ARamsonAlliumursinun)

ARhododendrons (Rhododendron spp.)
A Grayanotoxins-> flaccid paresis

AOleanderserium oleander
AChinaberry treesMelia azedarach
ATree tobaccoNicotiana glauch
AToadstoolfAgaricomycetes

S
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Insects

A CricketsPDubiaroaches

AHornworms, mealworms, waxworms, superworms, earthworm:
AFlies, black soldier fly larvae

ANutrient analysis: larval vs adult life stages

ANormally deficient in calcium and Vitamins B, A, D, E Mt
ANormally excessive in phosphorus




Dusting & Gut.oading

ADusting
Almmediately before feeding

A Gutloading
ACommercial forms Gut LT B
A24-48 hours before feeding )

AEnsure insects have water available
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Gut Loading Resources

Digestibility of black soldier fly larvae (Hermetia illucens) fed to leopard geckos (Eublepharis 25 2020
macularius)

KL Boykin, RT Carter, K Butler-Perez, CQ Buck, JW Peters, KE Rockwell, ...

PLoS One 15 (5), e0232496

Evaluation of vitamin A gut loading in black soldier fly larvae (Hermetia illucens) 22 2021
KL Boykin, MA Mitchell
Zoo biology 40 (2), 142-149

Evaluating the efficacy of alfaxalone in corn snakes (Pantherophis guttatus) 15 2021
K Rockwell, K Boykin, J Padlo, C Ford, S Aschebrock, M Mitchell
Veterinary anaesthesia and analgesia 48 (3), 364-371

Using a commercial gut loading diet to create a positive calcium to phosphorus ratio in 6 2021

mealworms (Tenebrio molitor)
K Boykin, A Bitter, MA Mitchell
Journal of Herpetological Medicine and Surgery 31 (4), 302-306

Determining the effects of serial injections of pregnant mare serum gonadotropin on plasma 6 2021
testosterone concentrations, testicular dynamics, and semen production in leopard ...

AK Mason, J Lee, SM Perry, KL Boykin, F Del Piero, M Lierz, MA Mitchell

Animals 11 (9), 2477

Preliminary evaluation of a novel insect-based sausage diet for juvenile corn snakes 6 2020

(Pantherophis guttatus)
KL Boykin, K Butler-Perez, CQ Buck, JW Peters, MA Mitchell
Journal of Herpetological Medicine and Surgery 30 (3), 129-136

Measuring the effects of a single dose of human chorionic gonadotropin (hCG) on plasma 5 2021

testosterone concentrations in leopard geckos (Eublepharis macularius)
AK Mason, SM Perry, K Boykin, MA Mitchell
Journal of Herpetological Medicine and Surgery 31 (3), 197-203

The value of black soldier fly larvae (Hermetia illucens) as a food source: a review 5 2021
K Boykin, MA Mitchell
Journal of Herpetological Medicine and Surgery 31 (1), 3-11
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Gut Loading Resourcés 2 yJ Q (

Characterizing the Roles of Life Stage and Season on the Prevalence of Select Viral 3 2025

Pathogens in Acheta domesticus Crickets on a Commercial Cricket Farm in the ...
KL Boykin, A Bitter, ZN Lex, J Tuminello, MA Mitchell
Veterinary Sciences 12 (3), 191

What veterinarians need to know about the newly-emerging field of insects-as-food-and-feed 3 2024
KL Boykin, MA Mitchell
Veterinary Sciences 12 (1), 12

Ocular findings in a group of healthy captive leopard geckos 3 2020
P Camacho-Luna, C Alling, K Boykin, CC Liu, RT Carter, AC Lewin
Veterinary ophthalmology 23 (3), 489-496

Assessing the nutritional value of black soldier fly larvae (Hermetia illucens) used for reptile 3 2019
foods

KL Boykin

Louisiana State University and Agricultural & Mechanical College

Effect of Commercial Diets on the Nutritional Value and Mortality Rates of Dubia Roaches 1 2025

(Blaptica dubia)
E Barras, KL Boykin, MG Aguilar, Z Lex, A Bitter, MA Mitchell
Journal of Herpetological Medicine and Surgery 35 (3), 176-191

-

A Preliminary Investigation of the Gastrointestinal Bacterial Microbiomes of Barred Owls (Strix 2025

varia) Admitted to a Wildlife Hospital
H Rhim, MG Aguilar, KL Boykin, K Zapanta, JA Krumbeck, MA Mitchell
Animals 15 (11), 1643

Dubia roaches (Blaptica dubia): food for insectivores made better by gut loading with a high 1 2024

calcium commercial diet
E Barras, K Boykin, G Aguilar, Z Lex, A Bitter, MA Mitchell
Journal of Herpetological Medicine and Surgery 34 (3), 184-192

—

Characterizing the roles of bacterial and viral agents in house crickets (Acheta domesticus) at 2024
commercial rearing facilities in the United States

KL Boykin




Pelleted and Manufactured Diets

A Contain all nutrients

A 2550% of herbivore diet

A Challenge enticing consumption by animal

A Check product labe] not all pellets are created equal




Nutritional Diseases




Nutritional Secondary Hyperparathyroidism
(NSHP) Introduction

AMost common nutritional disease of reptiles in ®
captivity
A Signalment
ATypically young animals L
ATortoises, leopard geckos, bearded dragons o
iguanas #eliny
AAnimals provided whole prey typically s
unaffected €g snakes) 4 A
A Etiology
Alnadequateg dietary Ca, vitamin D3, U‘
AUnbalanced; Ca:Patio
A Combination thereof
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NSHR, Pathophysiology
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NSHR, Mild and Moderate Clinical Signs

Mild Moderate

AWide, varied, nonspecific AParesisplegia

ALethargy, weakness ASplayed legs in chelonians
AAnorexia, hyporexia AMuscle fasciculations

ALack of growth A Gastrointestinal ileus

8 yr Ml red-eared slider
< 250 grams




NSHR, Severe Clinical Signs by System

Neurologic Musculoskeletal
A Ataxia,tremors, seizures AFibrous osteodystrophy
ATetany, flaccid paralysis APathologic + foldinfractures,bowing

of long bones
AScoliosis, kyphosis, lordosis
ATranslucent teeth, may fall out

ACheloniang
shelldeformities,pliability, curving of
the scutes pyramiding




NSHR, Severe Clinical Signs by System (cont.)

Gastrointestinal Reproductive

A Colonic +f cloacal prolapse AOviductal prolapse

ABloating APreovulatory (follicular) stasis
AlIntestinal impaction APostovulatory stasig dystocia, egg

retention, poor egg quality




NSHR, Diagnosis

AAnamnesis, physical examination

ABiochemistry panet total Ca,P,Ca:Ratio
Alonized calcium
ABound calciunt chelonians
APlasmacalcidiolc NOT calcitriol

ARadiographs

AQuantitative CT or duadnergy Xray
absorptiometry




NSHR, Treatment

AClient education on husbandry
A Stabilize critical animals

AAddress seizures
ACalcium supplementation 4 L AR

Alnjectable

AOral

A Sunlight or UVB light
ANO Vitamin D3 or P supplementatio

A Strict cage rest
AFracture coaptatiorg analgesih
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NSHR, Prognosis

A Several prognostic indicators
AMultiple deficiencies

AParalysis, urinary
retention, obstipation

ADecreasing bone radiopacity
AHypocalcemia

A Small chelonians with soft shedls
anorexia at presentation
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Hypovitaminosis AdypovitA ¢ Pathophysiology
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HypovitAg Clinical Signs by System

Nonspecific Ocular
AWeight loss AObstructed or abscessed glands
AHyporexia anorexia ALeop_ard geckog periocular, on
ALethargy cranium |

AXerophthalmia

ADysecdysisf spectacle
AKeratitis, keratomalacia
ACorneal ulceration, scarring
ABlindness




HypovitAg Clinical Signs by System (cont.)

Oral Reproductive
Alrregular thickening of lips and AHemipenalplugsc
mouth Impaction, infection

AEspecially oral commissures
ALingual nodules

Integument
ADysecdysis
ADull coloration
ADiscoloration




HypovitAg Clinical Signs by System (cont.)

Respiratory Renal
AUpper respiratory infections AGout
APneumonia AlInsufficiency

AEspecially in chameleons

Aural
ATympanic or peraural abscessation

AEspecially in chelonians, chameleons,
leopard geckos




HypovitAc Diagnosis

AAnamnesis, physical examination
AResponse to therapy
A Skin biopsy, squamous metaplasia

AVitamin A values?
APostmortem liver biopsy




HypovitAg Treatment and Prognosis

AClient education on husbandry ARecovery can take weeks
AResponse to treatment SLOW ASevere corneal ulcers and blindness
A Careful removal of cellular debris in AEspecially for geckos

eyes

AMost caseg; oral supplementation

AHumangrade vitamin A gel cags
2000 IU/kg PO g74d x 24
treatments

A Severe casesinjectable vitamin A
beware ofoversupplementation




Toxicosesg Vitamins

AVitamin A

AEpidermal sloughing,
bullae,blisters

AWound care, fluid
support,analgesics
AVitamin D

AHypercalcemia
ARenal disease
A Metastatic calcification




Toxicosesg Firefly Ingestic-

APhotinussp. containinducibufagin

A Cardiotoxic

AFocal facial seizures, head shaking
AMouth gaping, lingual protrusion
ANausea, vomiting

ADyspnea, rapid death

ANo known effective therapy

mo2.lgswden \ dieddA niol @ e8eNNEL0




Obesity

ACommon in captivity

AOverrepresentatiorg varanids, bearded
dragons, red eared sliders, largmoids

AEtiology
ADecreases lifespan
Alncreases risk for other diseases

ATreatment
AGradual weight loss
A Caloric restriction
AExercise
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Hepatic Lipidosis

A Definition¢ pathologicaccumulation of lipid within
hepatocytes

A Etiologyc obesity, chronidyporexia

AClinical signg anorexia, lethargy, preovulatory stasis
altered mentation 3' 7~)"ﬁ,f§”~.‘., S SreNES Saeled iy

ADiagnosticg anamnesis, biochemistry panel, |mag|r : { v e
liver biopsy o< A CR T e N

ABetahydroxybutyrate in bearded dragons? S K SSUX
ATreatmentg nutritional support,hepatoprotectants .~ <. Cone S A

| B ‘”—~ B
APrognosig; guarded T e




Periodontal Disease

ALizards with acrodont dentition
ATeeth are not shed or replaced
AAgamidae, Chameleonidae

ATrauma,dessication of gingival tissue

A Periodontitis, stomatitis, osteomyelitis 7
ACleaning under heavy sedation/anesthesic. |
ACleaning at homegntibiotics as indicated !\, 20




Gout and Hyperuricemia

ADefinitionc K & LIS NJzZNA OSYA I Tt

A Etiologyc dehydration, nephropathies, high
protein diets

AClinical signg dehydration, joint swelling if
articular/pertarticular

ADiagnosig; radiographs, FNA is definitive w3
ATreatmentc allopurinol,analgesics, hydration § «

APrognosig; poor for advanced stages, viscera % .
gout

APrevention




Nutritional Support for Sick
Reptiles




Prior to Feeding

A Appropriate temperature
ACorrect dehydration
AFood is warmed (as indicated)
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Refeeding Syndrome

Hypokalaemia Starvation / Malnutrition
Hypomagnesaemia \
R A Hypop.hosphgl.aemia
APhysiologic anorexia NI F S S Thiamine defiency
alt and water
sSyn drome retention - oedema
A Signalment ill, starved cachectic I Protein. fat, mineral, electrolyte
. > and vitamin depletion - salt and
animal Refeeding water intolerance
_ syndrome }
APrevention

ARehydration for 24 days
ALimit to 1025% of calculated

7 AU T Glucose uptake Refeeding (switch to anabolism)
: ~ « T Utilization of thiamine
S 1 Uptake of K*, Mg?* & PO, /
b

requirements T Protein s piyoagen Byihesie  (CHO Nl sty SR
Alncrease over days to weeks \ ndl /

AMonitor electrolytes if possible

S
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Fluid Administration

AMaintenance = 10 ml/kg/d
Alsotonic fluids most commonly administered
ASoaking, SQ, IV, 10

AOther routes
Alntracoelomic
AOral fluids
ACloacal




Assist Feeding

AHand/tease feeding
A Syringe feeding
ARegular diet
ACommercial diets




A Stomach tube
ARed rubber catheter
ASpeculum r,
ALizards/snakes chelonians®
A~ 525 ml/kg
AEsophagostomy tube
A Chelonians

A Confirm placement with
contrast radiography or CT




Increasing Owner Compliance




Before the Appointment

AOnline husbandry forms
AFilled out ahead of time

APictures of enclosure, lightinggod,
supplements

Alncentivization




During the Appointment

ACompassion is key ATriage what is most important

ABudget time to review husbandry and for client tomodity first

nutrition AHighestpriority ¢ temperature,access

ATechnician to do at end while clinician © Water, humidity, watequality, UVB

is writing discharges/prescriptionsic  AMedium priority¢ nutrition, feeding

AHave clientriendly care sheets ready ~0cation, substrate

to go ALower priorityc exercise vs
AARAV has great care sheets cagerest,enrichment, cage size




After the Appointment

AFollow up phone call or email
ASchedule recheck appointment

AEncourage and support client
A Congratulate on the small wins




QUESTIONS?

Kyra Berg
. Z00.exotics@capecodvetspecialists.com
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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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