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(Ablagerung von Harnsäure)
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Anzeichen sexueller Reife
(Anatomie und Verhalten)
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Gemüse/Salat

Anzeichen sexueller Reife
(Anatomie und Verhalten)
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RESEARCH

EFFECT OF SUPPLEMENTAL HEAT IN CAPTIVE
AFRICAN LEOPARD TORTOISES (STIGMOCHELYS
PARDALIS) AND SPURRED TORTOISES
(CENTROCHELYS SULCATA) ON GROWTH RATE AND
CARAPACIAL SCUTE PYRAMIDING
Mark L. Heinrich, MS, DVM, and Kaleb K. Heinrich, MS, DA

Abstract

Carapacial scute pyramiding (CSP) is common in captive-raised turtles and tortoises. Several dietary and
environmental hypotheses have been proposed to explain this phenomenon, but few have been
scientifically investigated. The effect of increased heat exposure on CSP and growth was examined in
juvenile African leopard (Stigmochelys pardalis) and spurred (Centrochelys sulcata) tortoises. Monthly
measurements of individual tortoise surface temperature, length, height, width, weight, and pyramid
height of treatment (heat) and control (no heat) groups for 2 years were higher in the treatment groups.
Allometric comparison further revealed increased pyramiding in the treatment group. Humidity and diet
did not differ between treatment and control groups. The results of this research investigation indicate
that growth rate and CSP appear to be directly related and both increase with excess nocturnal heat. The
significance of the atypical carapace growth and subsequent consequences for naturally occurring tortoise
populations, especially in the context of global climate change, is unknown but requires further
investigation. Copyright 2015 Elsevier Inc. All rights reserved.

Key words: Carapacial scute pyramiding; chelonian; deformity; pyramidal growth syndrome; shell; temperature

T
he order Chelonia is unique in the animal kingdom based on possession of an external shell
composed of the dorsal carapace, the intermediate bridge, and the ventral plastron.
Furthermore, chelonians are the only vertebrates whose limbs exist deep to their ribs. Shell
growth is manifested via dynamics lacking in other vertebrates. Developmentally, the ribs
become associated with carapacial dermis that eventually becomes the bony part of the shell.

The vertebral neural arches are also incorporated in the shell at the carapacial midline.1 Epidermal scutes
are formed long before ossification of the dermal layer of the shell.1 Although ossification of the ribs
begins embryologically, dermal plates of the carapace do not ossify until after hatch. Complete
ossification of the carapace may take several years in captive-raised tortoises (Heinrich ML, unpublished
data). Despite lack of a congruency between epidermal scutes and dermal bony plates, the dermal layer is
thought to play a major role in epidermal scute formation.1

Based on decades of knowledge accrued by
laypersons and curators of zoological and
educational institutions, many species of turtles
and tortoises have been successfully maintained

and reproduced in captivity. Subsequently, many
species are readily available to the general public
for captive care. With this influx of turtles and
tortoises hatched and raised in captivity, an

! 2015 Elsevier Inc. All rights reserved.
1557-5063/15/2101-$30.00
http://dx.doi.org/10.1053/j.jepm.2015.12.005

From the Carlsbad Animal Clinic and Living Desert Zoo and Gardens State Park, Carlsbad, NM USA; and the Department of Biology,
University of Mary Hardin-Baylor, Belton, TX USA.
Address correspondence to: Mark L. Heinrich, MS, DVM, Carlsbad Animal Clinic and Living Desert Zoo and Gardens State Park, Carlsbad,
NM 88220. E-mail: carlsbadac@gmail.com.

1 8 Journal of Exotic Pet Medicine 25 (2016), pp 18–25
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measurements of individual tortoise surface temperature, length, height, width, weight, and pyramid
height of treatment (heat) and control (no heat) groups for 2 years were higher in the treatment groups.
Allometric comparison further revealed increased pyramiding in the treatment group. Humidity and diet
did not differ between treatment and control groups. The results of this research investigation indicate
that growth rate and CSP appear to be directly related and both increase with excess nocturnal heat. The
significance of the atypical carapace growth and subsequent consequences for naturally occurring tortoise
populations, especially in the context of global climate change, is unknown but requires further
investigation. Copyright 2015 Elsevier Inc. All rights reserved.
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he order Chelonia is unique in the animal kingdom based on possession of an external shell
composed of the dorsal carapace, the intermediate bridge, and the ventral plastron.
Furthermore, chelonians are the only vertebrates whose limbs exist deep to their ribs. Shell
growth is manifested via dynamics lacking in other vertebrates. Developmentally, the ribs
become associated with carapacial dermis that eventually becomes the bony part of the shell.

The vertebral neural arches are also incorporated in the shell at the carapacial midline.1 Epidermal scutes
are formed long before ossification of the dermal layer of the shell.1 Although ossification of the ribs
begins embryologically, dermal plates of the carapace do not ossify until after hatch. Complete
ossification of the carapace may take several years in captive-raised tortoises (Heinrich ML, unpublished
data). Despite lack of a congruency between epidermal scutes and dermal bony plates, the dermal layer is
thought to play a major role in epidermal scute formation.1

Based on decades of knowledge accrued by
laypersons and curators of zoological and
educational institutions, many species of turtles
and tortoises have been successfully maintained

and reproduced in captivity. Subsequently, many
species are readily available to the general public
for captive care. With this influx of turtles and
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height of treatment (heat) and control (no heat) groups for 2 years were higher in the treatment groups.
Allometric comparison further revealed increased pyramiding in the treatment group. Humidity and diet
did not differ between treatment and control groups. The results of this research investigation indicate
that growth rate and CSP appear to be directly related and both increase with excess nocturnal heat. The
significance of the atypical carapace growth and subsequent consequences for naturally occurring tortoise
populations, especially in the context of global climate change, is unknown but requires further
investigation. Copyright 2015 Elsevier Inc. All rights reserved.
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Allometric comparison further revealed increased pyramiding in the treatment group. Humidity and diet
did not differ between treatment and control groups. The results of this research investigation indicate
that growth rate and CSP appear to be directly related and both increase with excess nocturnal heat. The
significance of the atypical carapace growth and subsequent consequences for naturally occurring tortoise
populations, especially in the context of global climate change, is unknown but requires further
investigation. Copyright 2015 Elsevier Inc. All rights reserved.
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that growth rate and CSP appear to be directly related and both increase with excess nocturnal heat. The
significance of the atypical carapace growth and subsequent consequences for naturally occurring tortoise
populations, especially in the context of global climate change, is unknown but requires further
investigation. Copyright 2015 Elsevier Inc. All rights reserved.
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Assessment of dual-energy x-ray absorptiometry 
for use in evaluating the effects of dietary 

and environmental management on Hermann’s 
tortoises (Testudo hermanni)
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Objective—To assess dual-energy x-ray absorptiometry (DXA) for evaluating effects of diet 
and environment on bone mineral density in Hermann’s tortoises (Testudo hermanni).
Animals—26 Hermann’s tortoises within 1 month after hatching.
Procedures—Group 1 was housed in an artificial setting and fed naturally growing veg-
etation. Group 2 was housed in an artificial setting and fed vegetables grown for human 
consumption. Group 3 was maintained in an outside enclosure and fed naturally growing 
vegetation. After 10 months, pyramidal growth, body weight, and adverse conditions were 
assessed. Bone mineral density (BMD) of the axial and appendicular skeleton, shell, verte-
bral column, and pelvis was measured via DXA.
Results—Group 2 had the highest mean ± SD body weight (65.42 ± 30.85 g), followed by 
group 1 (51.08 ± 22.92 g) and group 3 (35.74 ± 7.13 g). Mean BMD of the shell varied sig-
nificantly among groups (group 1, 0.05 ± 0.03 g/cm2tN��HSPVQ��������± 0.15 g/cm2tN��BOE�
group 3, undetectable). The BMD of the axial and appendicular skeleton, vertebral column, 
and pelvis did not differ significantly among groups. Pyramidal growth was highest in group 
1 and not evident in group 3.
Conclusions and Clinical Relevance—Tortoises raised in artificial conditions did not have 
deficits in BMD, compared with results for outdoor-housed hibernating tortoises. Supple-
mental calcium was apparently not necessary when an adequate photothermal habitat and 
plant-based diet were provided. Higher BMD of captive-raised tortoises was morphologi-
cally associated with a higher incidence of pyramidal growth in captive-raised groups. (Am 
J Vet Res������������o���
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ABBREVIATIONS
AAS Axial and appendicular skeleton
BMC Bone mineral content
BMD Bone mineral density
BSA Body surface area
DXA Dual-energy x-ray absorptiometry

Mortality rates attributable to nutritional and hous-
ing-induced disorders historically have been ex-

tremely high in captive tortoises.1–3 Information in 
several reports4–6 and the lack of evidence in necropsy 
surveys7,8 suggest that nutritional disorders such as 
calcium deficiencies and subsequent metabolic bone 
diseases are rare in wild chelonians. Although a consid-
erable amount of evidence-based information has been 
obtained on reptile physiology-biology9–11 and man-
agement,12,13 practitioners often offer a vast number of 
recommendations to reptile owners that are based on 
anecdotal information because of the lack of specific 
data. In juvenile chelonians, inadequate diets or inap-
propriate husbandry conditions often result in mineral 
deficiencies.14 However, pathophysiologic processes are 
still unknown15,16 and are usually extrapolated from in-
formation for other species.14,17

12-09-0303r.indd   918 5/23/2013   10:20:27 AM



Clinic for Zoo Animals, Exotic Pets and Wildlife

11/2/21

‘Pyramidenwachstum’

Page 53

918   AJVR, Vol 74, No. 6, June 2013

Assessment of dual-energy x-ray absorptiometry 
for use in evaluating the effects of dietary 

and environmental management on Hermann’s 
tortoises (Testudo hermanni)

Matteo Gramanzini, DVM; Nicola Di Girolamo, DVM; Sara Gargiulo, DVM, PhD; 
 Adelaide Greco, DVM, PhD; Natascia Cocchia, DVM, PhD; Mauro Delogu, DVM, PhD;  

Isabella Rosapane, DVM; Raffaele Liuzzi, PhD; Paolo Selleri, DVM, PhD; Arturo Brunetti, MD

Objective—To assess dual-energy x-ray absorptiometry (DXA) for evaluating effects of diet 
and environment on bone mineral density in Hermann’s tortoises (Testudo hermanni).
Animals—26 Hermann’s tortoises within 1 month after hatching.
Procedures—Group 1 was housed in an artificial setting and fed naturally growing veg-
etation. Group 2 was housed in an artificial setting and fed vegetables grown for human 
consumption. Group 3 was maintained in an outside enclosure and fed naturally growing 
vegetation. After 10 months, pyramidal growth, body weight, and adverse conditions were 
assessed. Bone mineral density (BMD) of the axial and appendicular skeleton, shell, verte-
bral column, and pelvis was measured via DXA.
Results—Group 2 had the highest mean ± SD body weight (65.42 ± 30.85 g), followed by 
group 1 (51.08 ± 22.92 g) and group 3 (35.74 ± 7.13 g). Mean BMD of the shell varied sig-
nificantly among groups (group 1, 0.05 ± 0.03 g/cm2tN��HSPVQ��������± 0.15 g/cm2tN��BOE�
group 3, undetectable). The BMD of the axial and appendicular skeleton, vertebral column, 
and pelvis did not differ significantly among groups. Pyramidal growth was highest in group 
1 and not evident in group 3.
Conclusions and Clinical Relevance—Tortoises raised in artificial conditions did not have 
deficits in BMD, compared with results for outdoor-housed hibernating tortoises. Supple-
mental calcium was apparently not necessary when an adequate photothermal habitat and 
plant-based diet were provided. Higher BMD of captive-raised tortoises was morphologi-
cally associated with a higher incidence of pyramidal growth in captive-raised groups. (Am 
J Vet Res������������o���


Received September 7, 2012.
Accepted November 26, 2012.
From the Italian National Research Council, Institute of Biostruc-

ture and Bioimaging, 80145 Naples, Italy (Gramanzini, Gargiulo, 
Liuzzi); CEINGE, Advanced Biotechnologies, Scarl, 80145 Na-
ples, Italy (Gramanzini, Gargiulo, Greco); the Clinica per Ani-
mali Esotici, Centro Veterinario Specialistico, 00137 Rome, Italy  
(Di Girolamo, Selleri); the Department of Advanced Biomedical Sci-
ences, School of Medicine, University Federico II, 80145 Naples, Italy 
(Greco, Brunetti); the Department of Clinical Veterinary Sciences and 
the Interdepartmental Center of Veterinary Radiology, School of Vet-
erinary Medicine, University Federico II, 80137 Naples (Cocchia); the 
Department of Veterinary Medical Sciences, School of Veterinary Medi-
cine, Bologna University, 40126 Ozzano Emilia, Italy (Delogu); and the 
Clinica Veterinaria del Bosco, 80055 Portici, Italy (Rosapane).

This manuscript represents a portion of a thesis submitted by Dr. 
Di Girolamo to the Department of Veterinary Sciences of Bologna 
University as partial fulfillment of the requirements for a Master of 
Science degree.

Presented in abstract form at the 18th Annual Conference of the As-
sociation of Reptilian and Amphibian Veterinarians, Seattle, August 
2011.

Address correspondence to Dr. Gramanzini (matteo.gramanzini@ibb.
cnr.it).

ABBREVIATIONS
AAS Axial and appendicular skeleton
BMC Bone mineral content
BMD Bone mineral density
BSA Body surface area
DXA Dual-energy x-ray absorptiometry

Mortality rates attributable to nutritional and hous-
ing-induced disorders historically have been ex-

tremely high in captive tortoises.1–3 Information in 
several reports4–6 and the lack of evidence in necropsy 
surveys7,8 suggest that nutritional disorders such as 
calcium deficiencies and subsequent metabolic bone 
diseases are rare in wild chelonians. Although a consid-
erable amount of evidence-based information has been 
obtained on reptile physiology-biology9–11 and man-
agement,12,13 practitioners often offer a vast number of 
recommendations to reptile owners that are based on 
anecdotal information because of the lack of specific 
data. In juvenile chelonians, inadequate diets or inap-
propriate husbandry conditions often result in mineral 
deficiencies.14 However, pathophysiologic processes are 
still unknown15,16 and are usually extrapolated from in-
formation for other species.14,17
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Risikofaktoren:

- weniger als 80% Grünfutter im
Sommer

- Haltung im Terrarium
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Zur Höckerbildung bei der Aufrucht von
Landschildkröten
Dr. mcd. Ronald WESER
rnit 2 Abb. vom Verfasser

Abstract
Thc wellknowtr problcnr of clcvclopntent of carapxce hunrps in captivity-lrred European and tropical
specic,s of l.rnd-inhrbiting turtles is discusscd lrrd analyzcd extcnsivcly. An experimeirt with a .arniuo-
rous dict rlc'courpanied by rnoist climatc conditiorrs for juvcnilcs resulted to full satisläction and sug-
gcsts a final solution.

Rcgelnräßig findct nritn itt cler Literirtur Hinweisc, wie Landschildkröten aufzuziehen seicn. Zusam-
menfassctrd kann mltt detr einschl:igigen Wcrken cntnchmen, daß juvenile Schildkröten Wärnre, UV-
Strahlung, Kalk und Vitamin D' benötigcn, unl nicht höckcrige Plnzerauszubilden. Daran kann auch
kein Zweifl'l rnchr bcstehcn. \Jfetrn man abcr trotz Kenntnis und Bcfolgung clieser Ratschliigc die Ergeb-
ttisse bctraclltct, so findct rnan woltl bei nahezu allcn Pflcgern eine rr'reIroderwerrigcrausgipr:igte HOk-
kcrbilclung bci jrrvcnilcn Ticrcn.

rc in cinem Mikroklinra luflralte n, dns wescntlich
külrler und feuchtcr ist nls wir die Aufzuclrttcrra-
ricn cinrichten, wenn wir atr dirs Mnkroklima süd-
lichcr I-äncler dcnke n.
\üUus wcrdcn die Ticre aber itr ihrer Deckung fies-
scn, und wic konrnrcn sie rnit dcn niedrigeren
Tcrnpcrlturen uncl clcr gcringen UV-Exp<lsition
zurccht? Wenn rn:rn;rnnirnnrt, dal3 sich dic Tiere
itr hoherrr Ma{3e von lrrsektcn urrd dercn Larven
.sowie von \üünncrn uncl Schncckcn crrrähren, dic
ja cbenso dicses Mikrolilinra bcvorzugcrr, sind die
obigerr Frngen leicht bclrutwortet. Diese protein-
rciclrc Nnlrrung ist iluch mit niedrigercr Körper-
te tnpemtur verdaulich. Fiir clie kohlchyclratrcichc
Ernrihrurrg der rclulten Tiere jedoclr sincl'höhere
"llc tri cbste nrpe ril turetru erForclerlich. Protcina b-
b:ru führt lber zu großcn Mengcn stickstoffhalti-
gcr Abbauproclukte. Dls f'cuchte Mikroklirna er-
le ichtert die Ausschcidr,rrrg dieser harnpfliclrtigen
S tick.stotiVerbi ndurrgen sichcr erh eblii h urrd ver-
hinclert nndcrer.scits dic Entwicklung z.B. der
Gicht, die wir gelcgentlich bei proteinreicher Er-
nährung adultcr Tierc bcobachtcrr. Ein Nrrh-
rrr ngs s pektru nl voll I nsekte rr,'Wi.i rnr e rn, e tc. d ii rf-
te ituch den Bedarf an Minerirlicn und, denkt man
nur an Laub- uncl Regenwürnrer, dcn Bedarf arr
aktivierterrr Vitrnrin D abdecken.
Au.sgeherrd von dieserr überlcgungcn setzte iclr
fri sclr c rwo rbene Te s t t tl o m n r.gi n a t i-S chl üpfl i nge
in dls Tcrrrrriurn, in denr ich nreirre Nachzuchten
von Tcrrapcnc nuicdnrl:rufziehe. Drrbei handelt es
sich um ein Glasbecken nrit einer 6- 10cnr dik-
ken Schicht f'euchten Sandes und feuchtcr Hobel-
.sprine. Das Substrflt ist teilweise mit Rindenstük-

Mithin, dicsc Fakt<lrcn sclreinen noch nicht aus-
rcicltctrd, uln dic irllgcmcin als Rrrchitis bczcich-
nctc Erschcinurrll zu vcrnreidcn. Dic Bczcich-
rtung "Rachitisn, also cinc Knochenwachstunls-
störurrg infblgc Vitirrnin D-Mangels, ist sichcr ftir
dic I'löckcrbilclung nicht girnz zutrcflbnd. Die
Verättderungcn, die wir schen, sind Stiirungcll all
dcn Wirch.stunrszoncn clcr .Schildcr- dicsc sincl
aber rriclrt iclcntisch rrrit clcn Wachstunrsz.onen
clcs knöchcnlcn Plnzcrs. Gcraclc ln dcn W:rch-
sttunszclncn dc.s Krrochcnpinzers nriifltcrr siclr
abcr die rachitischcrr Veränclcnrngcn z.eigen. Dics
ist nr.W. bisher kiruru untcrsucht.
Was wisscn wir lbcr über clic nrtürlichcn Bedin-
gungcn, in dencn juvcnilc Schilclkröten tufwaclr-
scrt? E,s licgcrr reichlich Berichte übcrdie Lcbens-
gcwohnheitcn von Schildkröten in ihren nlti^irli-
cltcn Vcrbrcitungsgcbietcn vor. Auffallend und
libereinstirruncnd ist in ihncn, chß ndulte und se-
nriadultc'f ierc gchrrrdcn uncl dcrcn Vcrhalterr be-
.sclrricben wird. Nirgcnclwo finde t sich jedoch ein
Ilinwcis ruf' sich sonncnde "UV-hungrigcn juve-
nilc Sclrildkrötcn, jrr in cinigclr Bcrichten wircl
:rusdrücklich vcrrncrkt, daß keine juvenilcn
Iixerrrpl;rrc gefirnden wurclen (2.8. STRATHE-
MANN l9tl6). rü(/o rrbcr [altel.sic[ dicse ]'icre nuf
rund wirs können wir für dic Aufzucht daraus ler-
ncn? Ich clenkc, wir könne n davon ausgchen, daß
die Jungtisrc cinc sclrr verstecktc Lebenswcise
lührcrr. Sic lurltcn siclr off'cnsichtlich in Gcbtisch,
unte r nicdrigcn Kr:iutcrn und in L:rubablage run-
gett seltr vcrdeckt, Dics wäre ein Grunrl warunr sic
dcn Beobachtcrn'vor Ort ntei.st entgchen. Dicscs
Verhaltcn würdc abcr lredcutcn, dnß sich die Tic-
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Zur Höckerbildung bei der Aufrucht von
Landschildkröten
Dr. mcd. Ronald WESER
rnit 2 Abb. vom Verfasser

Abstract
Thc wellknowtr problcnr of clcvclopntent of carapxce hunrps in captivity-lrred European and tropical
specic,s of l.rnd-inhrbiting turtles is discusscd lrrd analyzcd extcnsivcly. An experimeirt with a .arniuo-
rous dict rlc'courpanied by rnoist climatc conditiorrs for juvcnilcs resulted to full satisläction and sug-
gcsts a final solution.

Rcgelnräßig findct nritn itt cler Literirtur Hinweisc, wie Landschildkröten aufzuziehen seicn. Zusam-
menfassctrd kann mltt detr einschl:igigen Wcrken cntnchmen, daß juvenile Schildkröten Wärnre, UV-
Strahlung, Kalk und Vitamin D' benötigcn, unl nicht höckcrige Plnzerauszubilden. Daran kann auch
kein Zweifl'l rnchr bcstehcn. \Jfetrn man abcr trotz Kenntnis und Bcfolgung clieser Ratschliigc die Ergeb-
ttisse bctraclltct, so findct rnan woltl bei nahezu allcn Pflcgern eine rr'reIroderwerrigcrausgipr:igte HOk-
kcrbilclung bci jrrvcnilcn Ticrcn.

rc in cinem Mikroklinra luflralte n, dns wescntlich
külrler und feuchtcr ist nls wir die Aufzuclrttcrra-
ricn cinrichten, wenn wir atr dirs Mnkroklima süd-
lichcr I-äncler dcnke n.
\üUus wcrdcn die Ticre aber itr ihrer Deckung fies-
scn, und wic konrnrcn sie rnit dcn niedrigeren
Tcrnpcrlturen uncl clcr gcringen UV-Exp<lsition
zurccht? Wenn rn:rn;rnnirnnrt, dal3 sich dic Tiere
itr hoherrr Ma{3e von lrrsektcn urrd dercn Larven
.sowie von \üünncrn uncl Schncckcn crrrähren, dic
ja cbenso dicses Mikrolilinra bcvorzugcrr, sind die
obigerr Frngen leicht bclrutwortet. Diese protein-
rciclrc Nnlrrung ist iluch mit niedrigercr Körper-
te tnpemtur verdaulich. Fiir clie kohlchyclratrcichc
Ernrihrurrg der rclulten Tiere jedoclr sincl'höhere
"llc tri cbste nrpe ril turetru erForclerlich. Protcina b-
b:ru führt lber zu großcn Mengcn stickstoffhalti-
gcr Abbauproclukte. Dls f'cuchte Mikroklirna er-
le ichtert die Ausschcidr,rrrg dieser harnpfliclrtigen
S tick.stotiVerbi ndurrgen sichcr erh eblii h urrd ver-
hinclert nndcrer.scits dic Entwicklung z.B. der
Gicht, die wir gelcgentlich bei proteinreicher Er-
nährung adultcr Tierc bcobachtcrr. Ein Nrrh-
rrr ngs s pektru nl voll I nsekte rr,'Wi.i rnr e rn, e tc. d ii rf-
te ituch den Bedarf an Minerirlicn und, denkt man
nur an Laub- uncl Regenwürnrer, dcn Bedarf arr
aktivierterrr Vitrnrin D abdecken.
Au.sgeherrd von dieserr überlcgungcn setzte iclr
fri sclr c rwo rbene Te s t t tl o m n r.gi n a t i-S chl üpfl i nge
in dls Tcrrrrriurn, in denr ich nreirre Nachzuchten
von Tcrrapcnc nuicdnrl:rufziehe. Drrbei handelt es
sich um ein Glasbecken nrit einer 6- 10cnr dik-
ken Schicht f'euchten Sandes und feuchtcr Hobel-
.sprine. Das Substrflt ist teilweise mit Rindenstük-

Mithin, dicsc Fakt<lrcn sclreinen noch nicht aus-
rcicltctrd, uln dic irllgcmcin als Rrrchitis bczcich-
nctc Erschcinurrll zu vcrnreidcn. Dic Bczcich-
rtung "Rachitisn, also cinc Knochenwachstunls-
störurrg infblgc Vitirrnin D-Mangels, ist sichcr ftir
dic I'löckcrbilclung nicht girnz zutrcflbnd. Die
Verättderungcn, die wir schen, sind Stiirungcll all
dcn Wirch.stunrszoncn clcr .Schildcr- dicsc sincl
aber rriclrt iclcntisch rrrit clcn Wachstunrsz.onen
clcs knöchcnlcn Plnzcrs. Gcraclc ln dcn W:rch-
sttunszclncn dc.s Krrochcnpinzers nriifltcrr siclr
abcr die rachitischcrr Veränclcnrngcn z.eigen. Dics
ist nr.W. bisher kiruru untcrsucht.
Was wisscn wir lbcr über clic nrtürlichcn Bedin-
gungcn, in dencn juvcnilc Schilclkröten tufwaclr-
scrt? E,s licgcrr reichlich Berichte übcrdie Lcbens-
gcwohnheitcn von Schildkröten in ihren nlti^irli-
cltcn Vcrbrcitungsgcbietcn vor. Auffallend und
libereinstirruncnd ist in ihncn, chß ndulte und se-
nriadultc'f ierc gchrrrdcn uncl dcrcn Vcrhalterr be-
.sclrricben wird. Nirgcnclwo finde t sich jedoch ein
Ilinwcis ruf' sich sonncnde "UV-hungrigcn juve-
nilc Sclrildkrötcn, jrr in cinigclr Bcrichten wircl
:rusdrücklich vcrrncrkt, daß keine juvenilcn
Iixerrrpl;rrc gefirnden wurclen (2.8. STRATHE-
MANN l9tl6). rü(/o rrbcr [altel.sic[ dicse ]'icre nuf
rund wirs können wir für dic Aufzucht daraus ler-
ncn? Ich clenkc, wir könne n davon ausgchen, daß
die Jungtisrc cinc sclrr verstecktc Lebenswcise
lührcrr. Sic lurltcn siclr off'cnsichtlich in Gcbtisch,
unte r nicdrigcn Kr:iutcrn und in L:rubablage run-
gett seltr vcrdeckt, Dics wäre ein Grunrl warunr sic
dcn Beobachtcrn'vor Ort ntei.st entgchen. Dicscs
Verhaltcn würdc abcr lredcutcn, dnß sich die Tic-
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Zur Höckerbildung bei der Aufrucht von
Landschildkröten
Dr. mcd. Ronald WESER
rnit 2 Abb. vom Verfasser

Abstract
Thc wellknowtr problcnr of clcvclopntent of carapxce hunrps in captivity-lrred European and tropical
specic,s of l.rnd-inhrbiting turtles is discusscd lrrd analyzcd extcnsivcly. An experimeirt with a .arniuo-
rous dict rlc'courpanied by rnoist climatc conditiorrs for juvcnilcs resulted to full satisläction and sug-
gcsts a final solution.

Rcgelnräßig findct nritn itt cler Literirtur Hinweisc, wie Landschildkröten aufzuziehen seicn. Zusam-
menfassctrd kann mltt detr einschl:igigen Wcrken cntnchmen, daß juvenile Schildkröten Wärnre, UV-
Strahlung, Kalk und Vitamin D' benötigcn, unl nicht höckcrige Plnzerauszubilden. Daran kann auch
kein Zweifl'l rnchr bcstehcn. \Jfetrn man abcr trotz Kenntnis und Bcfolgung clieser Ratschliigc die Ergeb-
ttisse bctraclltct, so findct rnan woltl bei nahezu allcn Pflcgern eine rr'reIroderwerrigcrausgipr:igte HOk-
kcrbilclung bci jrrvcnilcn Ticrcn.

rc in cinem Mikroklinra luflralte n, dns wescntlich
külrler und feuchtcr ist nls wir die Aufzuclrttcrra-
ricn cinrichten, wenn wir atr dirs Mnkroklima süd-
lichcr I-äncler dcnke n.
\üUus wcrdcn die Ticre aber itr ihrer Deckung fies-
scn, und wic konrnrcn sie rnit dcn niedrigeren
Tcrnpcrlturen uncl clcr gcringen UV-Exp<lsition
zurccht? Wenn rn:rn;rnnirnnrt, dal3 sich dic Tiere
itr hoherrr Ma{3e von lrrsektcn urrd dercn Larven
.sowie von \üünncrn uncl Schncckcn crrrähren, dic
ja cbenso dicses Mikrolilinra bcvorzugcrr, sind die
obigerr Frngen leicht bclrutwortet. Diese protein-
rciclrc Nnlrrung ist iluch mit niedrigercr Körper-
te tnpemtur verdaulich. Fiir clie kohlchyclratrcichc
Ernrihrurrg der rclulten Tiere jedoclr sincl'höhere
"llc tri cbste nrpe ril turetru erForclerlich. Protcina b-
b:ru führt lber zu großcn Mengcn stickstoffhalti-
gcr Abbauproclukte. Dls f'cuchte Mikroklirna er-
le ichtert die Ausschcidr,rrrg dieser harnpfliclrtigen
S tick.stotiVerbi ndurrgen sichcr erh eblii h urrd ver-
hinclert nndcrer.scits dic Entwicklung z.B. der
Gicht, die wir gelcgentlich bei proteinreicher Er-
nährung adultcr Tierc bcobachtcrr. Ein Nrrh-
rrr ngs s pektru nl voll I nsekte rr,'Wi.i rnr e rn, e tc. d ii rf-
te ituch den Bedarf an Minerirlicn und, denkt man
nur an Laub- uncl Regenwürnrer, dcn Bedarf arr
aktivierterrr Vitrnrin D abdecken.
Au.sgeherrd von dieserr überlcgungcn setzte iclr
fri sclr c rwo rbene Te s t t tl o m n r.gi n a t i-S chl üpfl i nge
in dls Tcrrrrriurn, in denr ich nreirre Nachzuchten
von Tcrrapcnc nuicdnrl:rufziehe. Drrbei handelt es
sich um ein Glasbecken nrit einer 6- 10cnr dik-
ken Schicht f'euchten Sandes und feuchtcr Hobel-
.sprine. Das Substrflt ist teilweise mit Rindenstük-

Mithin, dicsc Fakt<lrcn sclreinen noch nicht aus-
rcicltctrd, uln dic irllgcmcin als Rrrchitis bczcich-
nctc Erschcinurrll zu vcrnreidcn. Dic Bczcich-
rtung "Rachitisn, also cinc Knochenwachstunls-
störurrg infblgc Vitirrnin D-Mangels, ist sichcr ftir
dic I'löckcrbilclung nicht girnz zutrcflbnd. Die
Verättderungcn, die wir schen, sind Stiirungcll all
dcn Wirch.stunrszoncn clcr .Schildcr- dicsc sincl
aber rriclrt iclcntisch rrrit clcn Wachstunrsz.onen
clcs knöchcnlcn Plnzcrs. Gcraclc ln dcn W:rch-
sttunszclncn dc.s Krrochcnpinzers nriifltcrr siclr
abcr die rachitischcrr Veränclcnrngcn z.eigen. Dics
ist nr.W. bisher kiruru untcrsucht.
Was wisscn wir lbcr über clic nrtürlichcn Bedin-
gungcn, in dencn juvcnilc Schilclkröten tufwaclr-
scrt? E,s licgcrr reichlich Berichte übcrdie Lcbens-
gcwohnheitcn von Schildkröten in ihren nlti^irli-
cltcn Vcrbrcitungsgcbietcn vor. Auffallend und
libereinstirruncnd ist in ihncn, chß ndulte und se-
nriadultc'f ierc gchrrrdcn uncl dcrcn Vcrhalterr be-
.sclrricben wird. Nirgcnclwo finde t sich jedoch ein
Ilinwcis ruf' sich sonncnde "UV-hungrigcn juve-
nilc Sclrildkrötcn, jrr in cinigclr Bcrichten wircl
:rusdrücklich vcrrncrkt, daß keine juvenilcn
Iixerrrpl;rrc gefirnden wurclen (2.8. STRATHE-
MANN l9tl6). rü(/o rrbcr [altel.sic[ dicse ]'icre nuf
rund wirs können wir für dic Aufzucht daraus ler-
ncn? Ich clenkc, wir könne n davon ausgchen, daß
die Jungtisrc cinc sclrr verstecktc Lebenswcise
lührcrr. Sic lurltcn siclr off'cnsichtlich in Gcbtisch,
unte r nicdrigcn Kr:iutcrn und in L:rubablage run-
gett seltr vcrdeckt, Dics wäre ein Grunrl warunr sic
dcn Beobachtcrn'vor Ort ntei.st entgchen. Dicscs
Verhaltcn würdc abcr lredcutcn, dnß sich die Tic-
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Breitrandschildkröten (Testudo marginata) aufgezogen mit
Invertebraten-Nahrung und in feuchtem Milieu (Terrarium, feuchte
Schicht Sand und Hobelspäne)
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Zur Höckerbildung bei der Aufrucht von
Landschildkröten
Dr. mcd. Ronald WESER
rnit 2 Abb. vom Verfasser

Abstract
Thc wellknowtr problcnr of clcvclopntent of carapxce hunrps in captivity-lrred European and tropical
specic,s of l.rnd-inhrbiting turtles is discusscd lrrd analyzcd extcnsivcly. An experimeirt with a .arniuo-
rous dict rlc'courpanied by rnoist climatc conditiorrs for juvcnilcs resulted to full satisläction and sug-
gcsts a final solution.

Rcgelnräßig findct nritn itt cler Literirtur Hinweisc, wie Landschildkröten aufzuziehen seicn. Zusam-
menfassctrd kann mltt detr einschl:igigen Wcrken cntnchmen, daß juvenile Schildkröten Wärnre, UV-
Strahlung, Kalk und Vitamin D' benötigcn, unl nicht höckcrige Plnzerauszubilden. Daran kann auch
kein Zweifl'l rnchr bcstehcn. \Jfetrn man abcr trotz Kenntnis und Bcfolgung clieser Ratschliigc die Ergeb-
ttisse bctraclltct, so findct rnan woltl bei nahezu allcn Pflcgern eine rr'reIroderwerrigcrausgipr:igte HOk-
kcrbilclung bci jrrvcnilcn Ticrcn.

rc in cinem Mikroklinra luflralte n, dns wescntlich
külrler und feuchtcr ist nls wir die Aufzuclrttcrra-
ricn cinrichten, wenn wir atr dirs Mnkroklima süd-
lichcr I-äncler dcnke n.
\üUus wcrdcn die Ticre aber itr ihrer Deckung fies-
scn, und wic konrnrcn sie rnit dcn niedrigeren
Tcrnpcrlturen uncl clcr gcringen UV-Exp<lsition
zurccht? Wenn rn:rn;rnnirnnrt, dal3 sich dic Tiere
itr hoherrr Ma{3e von lrrsektcn urrd dercn Larven
.sowie von \üünncrn uncl Schncckcn crrrähren, dic
ja cbenso dicses Mikrolilinra bcvorzugcrr, sind die
obigerr Frngen leicht bclrutwortet. Diese protein-
rciclrc Nnlrrung ist iluch mit niedrigercr Körper-
te tnpemtur verdaulich. Fiir clie kohlchyclratrcichc
Ernrihrurrg der rclulten Tiere jedoclr sincl'höhere
"llc tri cbste nrpe ril turetru erForclerlich. Protcina b-
b:ru führt lber zu großcn Mengcn stickstoffhalti-
gcr Abbauproclukte. Dls f'cuchte Mikroklirna er-
le ichtert die Ausschcidr,rrrg dieser harnpfliclrtigen
S tick.stotiVerbi ndurrgen sichcr erh eblii h urrd ver-
hinclert nndcrer.scits dic Entwicklung z.B. der
Gicht, die wir gelcgentlich bei proteinreicher Er-
nährung adultcr Tierc bcobachtcrr. Ein Nrrh-
rrr ngs s pektru nl voll I nsekte rr,'Wi.i rnr e rn, e tc. d ii rf-
te ituch den Bedarf an Minerirlicn und, denkt man
nur an Laub- uncl Regenwürnrer, dcn Bedarf arr
aktivierterrr Vitrnrin D abdecken.
Au.sgeherrd von dieserr überlcgungcn setzte iclr
fri sclr c rwo rbene Te s t t tl o m n r.gi n a t i-S chl üpfl i nge
in dls Tcrrrrriurn, in denr ich nreirre Nachzuchten
von Tcrrapcnc nuicdnrl:rufziehe. Drrbei handelt es
sich um ein Glasbecken nrit einer 6- 10cnr dik-
ken Schicht f'euchten Sandes und feuchtcr Hobel-
.sprine. Das Substrflt ist teilweise mit Rindenstük-

Mithin, dicsc Fakt<lrcn sclreinen noch nicht aus-
rcicltctrd, uln dic irllgcmcin als Rrrchitis bczcich-
nctc Erschcinurrll zu vcrnreidcn. Dic Bczcich-
rtung "Rachitisn, also cinc Knochenwachstunls-
störurrg infblgc Vitirrnin D-Mangels, ist sichcr ftir
dic I'löckcrbilclung nicht girnz zutrcflbnd. Die
Verättderungcn, die wir schen, sind Stiirungcll all
dcn Wirch.stunrszoncn clcr .Schildcr- dicsc sincl
aber rriclrt iclcntisch rrrit clcn Wachstunrsz.onen
clcs knöchcnlcn Plnzcrs. Gcraclc ln dcn W:rch-
sttunszclncn dc.s Krrochcnpinzers nriifltcrr siclr
abcr die rachitischcrr Veränclcnrngcn z.eigen. Dics
ist nr.W. bisher kiruru untcrsucht.
Was wisscn wir lbcr über clic nrtürlichcn Bedin-
gungcn, in dencn juvcnilc Schilclkröten tufwaclr-
scrt? E,s licgcrr reichlich Berichte übcrdie Lcbens-
gcwohnheitcn von Schildkröten in ihren nlti^irli-
cltcn Vcrbrcitungsgcbietcn vor. Auffallend und
libereinstirruncnd ist in ihncn, chß ndulte und se-
nriadultc'f ierc gchrrrdcn uncl dcrcn Vcrhalterr be-
.sclrricben wird. Nirgcnclwo finde t sich jedoch ein
Ilinwcis ruf' sich sonncnde "UV-hungrigcn juve-
nilc Sclrildkrötcn, jrr in cinigclr Bcrichten wircl
:rusdrücklich vcrrncrkt, daß keine juvenilcn
Iixerrrpl;rrc gefirnden wurclen (2.8. STRATHE-
MANN l9tl6). rü(/o rrbcr [altel.sic[ dicse ]'icre nuf
rund wirs können wir für dic Aufzucht daraus ler-
ncn? Ich clenkc, wir könne n davon ausgchen, daß
die Jungtisrc cinc sclrr verstecktc Lebenswcise
lührcrr. Sic lurltcn siclr off'cnsichtlich in Gcbtisch,
unte r nicdrigcn Kr:iutcrn und in L:rubablage run-
gett seltr vcrdeckt, Dics wäre ein Grunrl warunr sic
dcn Beobachtcrn'vor Ort ntei.st entgchen. Dicscs
Verhaltcn würdc abcr lredcutcn, dnß sich die Tic-

SAURIA, llcrlin-W., l98tl, l0 (3):23-25 23 6f"

Breitrandschildkröten (Testudo marginata) aufgezogen mit
Invertebraten-Nahrung und in feuchtem Milieu (Terrarium, feuchte
Schicht Sand und Hobelspäne) 
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By C. S. Wiesner and C. Iben

Summary

The carapaces of captive-raised tortoises (terrestrial chelonians of the zoological family
Testudinidae, often develop pyramidal-shaped osseous growth centrally within the horny
plates. With very few exceptions (e.g. Geochelone elegans, Psammobates sp.), this conical
growth pattern is considered to be pathologic. This very common defect is believed to be
an important indicator of the quality of captive tortoise management. This study was
designed to examine the effect of dietary protein level and environmental humidity on
the degree of pyramidal growth in the carapaces. Fifty recently hatched African spurred
tortoises (G. sulcata) were raised for 5 months under artificial conditions of varying
environmental humidity and dietary protein content (14% vs. 19% vs. 30% crude protein
in dry matter). Humps of the carapaces that developed and blood values of calcium,
phosphorus and haematocrit were measured and compared among groups. Dry
environmental conditions (24.3–57.8% and 30.6–74.8% relative humidity) produced
taller humps than humid conditions (45-99% relative humidity). Hump formation
differed significantly (p £ 0.001) between these three groups kept under different
humidity conditions. Variable dietary protein had a minor, positive impact on this
pathological formation of humps (pyramidal growth syndrome, PGS). Analysis of blood
(calcium, phosphorus and haematocrit) offered no further explanation as to the
development of the humps.

Zusammenfassung

Bei in Gefangenschaft gehaltenen Schildkröten entwickelt sich häufig im Zentrum der
Hornplatten des Rückenpanzers ein pyramidisch geformtes Knochenwachstum. Mit
wenigen Ausnahmen (z.B. Geochelone elegans, Psammobates sp.) wird dieses kegelförmige
Wachstum als pathologisch angesehen und es besteht die Annahme, dass dieses Wachs-
tumsverhalten ein Parameter zur Beurteilung der Haltungsbedingungen der Tiere ist. In
vorliegendem Versuch sollte der Einfluß der relativen Luftfeuchtigkeit sowie des
Rohproteingehaltes im Futter auf die Höckerbildung untersucht werden. Fünfzig
Schlüpflinge von afrikanischen Sporenschildkröten (G. sulcata) wurden fünf Monate lang
unter unterschiedlich feuchten Umweltbedingungen gehalten sowie mit Futtermitteln,
welche sich durch ihren Eiweißgehalt unterschieden (14% vs. 19% vs. 30% Rohprotein in
der Trockensubstanz), ernährt. Die während dieser Zeit gebildeten Panzerhöcker wurden
anschließend vermessen und die Kalzium, Phosphor- und Hämatokritwerte im Blut
untersucht und zwischen den Versuchsgruppen verglichen. Trockene Haltung (24.3–57.8%
bzw. 30.6–74.8% relative Luftfeuchtigkeit) führte zu stärkerer Höckerbildung als feuchte
Haltung (45–99% relative Luftfeuchtigkeit). Die Höckerbildung war zwischen den drei
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Summary

The carapaces of captive-raised tortoises (terrestrial chelonians of the zoological family
Testudinidae, often develop pyramidal-shaped osseous growth centrally within the horny
plates. With very few exceptions (e.g. Geochelone elegans, Psammobates sp.), this conical
growth pattern is considered to be pathologic. This very common defect is believed to be
an important indicator of the quality of captive tortoise management. This study was
designed to examine the effect of dietary protein level and environmental humidity on
the degree of pyramidal growth in the carapaces. Fifty recently hatched African spurred
tortoises (G. sulcata) were raised for 5 months under artificial conditions of varying
environmental humidity and dietary protein content (14% vs. 19% vs. 30% crude protein
in dry matter). Humps of the carapaces that developed and blood values of calcium,
phosphorus and haematocrit were measured and compared among groups. Dry
environmental conditions (24.3–57.8% and 30.6–74.8% relative humidity) produced
taller humps than humid conditions (45-99% relative humidity). Hump formation
differed significantly (p £ 0.001) between these three groups kept under different
humidity conditions. Variable dietary protein had a minor, positive impact on this
pathological formation of humps (pyramidal growth syndrome, PGS). Analysis of blood
(calcium, phosphorus and haematocrit) offered no further explanation as to the
development of the humps.

Zusammenfassung

Bei in Gefangenschaft gehaltenen Schildkröten entwickelt sich häufig im Zentrum der
Hornplatten des Rückenpanzers ein pyramidisch geformtes Knochenwachstum. Mit
wenigen Ausnahmen (z.B. Geochelone elegans, Psammobates sp.) wird dieses kegelförmige
Wachstum als pathologisch angesehen und es besteht die Annahme, dass dieses Wachs-
tumsverhalten ein Parameter zur Beurteilung der Haltungsbedingungen der Tiere ist. In
vorliegendem Versuch sollte der Einfluß der relativen Luftfeuchtigkeit sowie des
Rohproteingehaltes im Futter auf die Höckerbildung untersucht werden. Fünfzig
Schlüpflinge von afrikanischen Sporenschildkröten (G. sulcata) wurden fünf Monate lang
unter unterschiedlich feuchten Umweltbedingungen gehalten sowie mit Futtermitteln,
welche sich durch ihren Eiweißgehalt unterschieden (14% vs. 19% vs. 30% Rohprotein in
der Trockensubstanz), ernährt. Die während dieser Zeit gebildeten Panzerhöcker wurden
anschließend vermessen und die Kalzium, Phosphor- und Hämatokritwerte im Blut
untersucht und zwischen den Versuchsgruppen verglichen. Trockene Haltung (24.3–57.8%
bzw. 30.6–74.8% relative Luftfeuchtigkeit) führte zu stärkerer Höckerbildung als feuchte
Haltung (45–99% relative Luftfeuchtigkeit). Die Höckerbildung war zwischen den drei
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Summary

The carapaces of captive-raised tortoises (terrestrial chelonians of the zoological family
Testudinidae, often develop pyramidal-shaped osseous growth centrally within the horny
plates. With very few exceptions (e.g. Geochelone elegans, Psammobates sp.), this conical
growth pattern is considered to be pathologic. This very common defect is believed to be
an important indicator of the quality of captive tortoise management. This study was
designed to examine the effect of dietary protein level and environmental humidity on
the degree of pyramidal growth in the carapaces. Fifty recently hatched African spurred
tortoises (G. sulcata) were raised for 5 months under artificial conditions of varying
environmental humidity and dietary protein content (14% vs. 19% vs. 30% crude protein
in dry matter). Humps of the carapaces that developed and blood values of calcium,
phosphorus and haematocrit were measured and compared among groups. Dry
environmental conditions (24.3–57.8% and 30.6–74.8% relative humidity) produced
taller humps than humid conditions (45-99% relative humidity). Hump formation
differed significantly (p £ 0.001) between these three groups kept under different
humidity conditions. Variable dietary protein had a minor, positive impact on this
pathological formation of humps (pyramidal growth syndrome, PGS). Analysis of blood
(calcium, phosphorus and haematocrit) offered no further explanation as to the
development of the humps.

Zusammenfassung

Bei in Gefangenschaft gehaltenen Schildkröten entwickelt sich häufig im Zentrum der
Hornplatten des Rückenpanzers ein pyramidisch geformtes Knochenwachstum. Mit
wenigen Ausnahmen (z.B. Geochelone elegans, Psammobates sp.) wird dieses kegelförmige
Wachstum als pathologisch angesehen und es besteht die Annahme, dass dieses Wachs-
tumsverhalten ein Parameter zur Beurteilung der Haltungsbedingungen der Tiere ist. In
vorliegendem Versuch sollte der Einfluß der relativen Luftfeuchtigkeit sowie des
Rohproteingehaltes im Futter auf die Höckerbildung untersucht werden. Fünfzig
Schlüpflinge von afrikanischen Sporenschildkröten (G. sulcata) wurden fünf Monate lang
unter unterschiedlich feuchten Umweltbedingungen gehalten sowie mit Futtermitteln,
welche sich durch ihren Eiweißgehalt unterschieden (14% vs. 19% vs. 30% Rohprotein in
der Trockensubstanz), ernährt. Die während dieser Zeit gebildeten Panzerhöcker wurden
anschließend vermessen und die Kalzium, Phosphor- und Hämatokritwerte im Blut
untersucht und zwischen den Versuchsgruppen verglichen. Trockene Haltung (24.3–57.8%
bzw. 30.6–74.8% relative Luftfeuchtigkeit) führte zu stärkerer Höckerbildung als feuchte
Haltung (45–99% relative Luftfeuchtigkeit). Die Höckerbildung war zwischen den drei
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Summary

The carapaces of captive-raised tortoises (terrestrial chelonians of the zoological family
Testudinidae, often develop pyramidal-shaped osseous growth centrally within the horny
plates. With very few exceptions (e.g. Geochelone elegans, Psammobates sp.), this conical
growth pattern is considered to be pathologic. This very common defect is believed to be
an important indicator of the quality of captive tortoise management. This study was
designed to examine the effect of dietary protein level and environmental humidity on
the degree of pyramidal growth in the carapaces. Fifty recently hatched African spurred
tortoises (G. sulcata) were raised for 5 months under artificial conditions of varying
environmental humidity and dietary protein content (14% vs. 19% vs. 30% crude protein
in dry matter). Humps of the carapaces that developed and blood values of calcium,
phosphorus and haematocrit were measured and compared among groups. Dry
environmental conditions (24.3–57.8% and 30.6–74.8% relative humidity) produced
taller humps than humid conditions (45-99% relative humidity). Hump formation
differed significantly (p £ 0.001) between these three groups kept under different
humidity conditions. Variable dietary protein had a minor, positive impact on this
pathological formation of humps (pyramidal growth syndrome, PGS). Analysis of blood
(calcium, phosphorus and haematocrit) offered no further explanation as to the
development of the humps.

Zusammenfassung

Bei in Gefangenschaft gehaltenen Schildkröten entwickelt sich häufig im Zentrum der
Hornplatten des Rückenpanzers ein pyramidisch geformtes Knochenwachstum. Mit
wenigen Ausnahmen (z.B. Geochelone elegans, Psammobates sp.) wird dieses kegelförmige
Wachstum als pathologisch angesehen und es besteht die Annahme, dass dieses Wachs-
tumsverhalten ein Parameter zur Beurteilung der Haltungsbedingungen der Tiere ist. In
vorliegendem Versuch sollte der Einfluß der relativen Luftfeuchtigkeit sowie des
Rohproteingehaltes im Futter auf die Höckerbildung untersucht werden. Fünfzig
Schlüpflinge von afrikanischen Sporenschildkröten (G. sulcata) wurden fünf Monate lang
unter unterschiedlich feuchten Umweltbedingungen gehalten sowie mit Futtermitteln,
welche sich durch ihren Eiweißgehalt unterschieden (14% vs. 19% vs. 30% Rohprotein in
der Trockensubstanz), ernährt. Die während dieser Zeit gebildeten Panzerhöcker wurden
anschließend vermessen und die Kalzium, Phosphor- und Hämatokritwerte im Blut
untersucht und zwischen den Versuchsgruppen verglichen. Trockene Haltung (24.3–57.8%
bzw. 30.6–74.8% relative Luftfeuchtigkeit) führte zu stärkerer Höckerbildung als feuchte
Haltung (45–99% relative Luftfeuchtigkeit). Die Höckerbildung war zwischen den drei
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Summary

The carapaces of captive-raised tortoises (terrestrial chelonians of the zoological family
Testudinidae, often develop pyramidal-shaped osseous growth centrally within the horny
plates. With very few exceptions (e.g. Geochelone elegans, Psammobates sp.), this conical
growth pattern is considered to be pathologic. This very common defect is believed to be
an important indicator of the quality of captive tortoise management. This study was
designed to examine the effect of dietary protein level and environmental humidity on
the degree of pyramidal growth in the carapaces. Fifty recently hatched African spurred
tortoises (G. sulcata) were raised for 5 months under artificial conditions of varying
environmental humidity and dietary protein content (14% vs. 19% vs. 30% crude protein
in dry matter). Humps of the carapaces that developed and blood values of calcium,
phosphorus and haematocrit were measured and compared among groups. Dry
environmental conditions (24.3–57.8% and 30.6–74.8% relative humidity) produced
taller humps than humid conditions (45-99% relative humidity). Hump formation
differed significantly (p £ 0.001) between these three groups kept under different
humidity conditions. Variable dietary protein had a minor, positive impact on this
pathological formation of humps (pyramidal growth syndrome, PGS). Analysis of blood
(calcium, phosphorus and haematocrit) offered no further explanation as to the
development of the humps.

Zusammenfassung

Bei in Gefangenschaft gehaltenen Schildkröten entwickelt sich häufig im Zentrum der
Hornplatten des Rückenpanzers ein pyramidisch geformtes Knochenwachstum. Mit
wenigen Ausnahmen (z.B. Geochelone elegans, Psammobates sp.) wird dieses kegelförmige
Wachstum als pathologisch angesehen und es besteht die Annahme, dass dieses Wachs-
tumsverhalten ein Parameter zur Beurteilung der Haltungsbedingungen der Tiere ist. In
vorliegendem Versuch sollte der Einfluß der relativen Luftfeuchtigkeit sowie des
Rohproteingehaltes im Futter auf die Höckerbildung untersucht werden. Fünfzig
Schlüpflinge von afrikanischen Sporenschildkröten (G. sulcata) wurden fünf Monate lang
unter unterschiedlich feuchten Umweltbedingungen gehalten sowie mit Futtermitteln,
welche sich durch ihren Eiweißgehalt unterschieden (14% vs. 19% vs. 30% Rohprotein in
der Trockensubstanz), ernährt. Die während dieser Zeit gebildeten Panzerhöcker wurden
anschließend vermessen und die Kalzium, Phosphor- und Hämatokritwerte im Blut
untersucht und zwischen den Versuchsgruppen verglichen. Trockene Haltung (24.3–57.8%
bzw. 30.6–74.8% relative Luftfeuchtigkeit) führte zu stärkerer Höckerbildung als feuchte
Haltung (45–99% relative Luftfeuchtigkeit). Die Höckerbildung war zwischen den drei
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By C. S. Wiesner and C. Iben

Summary

The carapaces of captive-raised tortoises (terrestrial chelonians of the zoological family
Testudinidae, often develop pyramidal-shaped osseous growth centrally within the horny
plates. With very few exceptions (e.g. Geochelone elegans, Psammobates sp.), this conical
growth pattern is considered to be pathologic. This very common defect is believed to be
an important indicator of the quality of captive tortoise management. This study was
designed to examine the effect of dietary protein level and environmental humidity on
the degree of pyramidal growth in the carapaces. Fifty recently hatched African spurred
tortoises (G. sulcata) were raised for 5 months under artificial conditions of varying
environmental humidity and dietary protein content (14% vs. 19% vs. 30% crude protein
in dry matter). Humps of the carapaces that developed and blood values of calcium,
phosphorus and haematocrit were measured and compared among groups. Dry
environmental conditions (24.3–57.8% and 30.6–74.8% relative humidity) produced
taller humps than humid conditions (45-99% relative humidity). Hump formation
differed significantly (p £ 0.001) between these three groups kept under different
humidity conditions. Variable dietary protein had a minor, positive impact on this
pathological formation of humps (pyramidal growth syndrome, PGS). Analysis of blood
(calcium, phosphorus and haematocrit) offered no further explanation as to the
development of the humps.

Zusammenfassung

Bei in Gefangenschaft gehaltenen Schildkröten entwickelt sich häufig im Zentrum der
Hornplatten des Rückenpanzers ein pyramidisch geformtes Knochenwachstum. Mit
wenigen Ausnahmen (z.B. Geochelone elegans, Psammobates sp.) wird dieses kegelförmige
Wachstum als pathologisch angesehen und es besteht die Annahme, dass dieses Wachs-
tumsverhalten ein Parameter zur Beurteilung der Haltungsbedingungen der Tiere ist. In
vorliegendem Versuch sollte der Einfluß der relativen Luftfeuchtigkeit sowie des
Rohproteingehaltes im Futter auf die Höckerbildung untersucht werden. Fünfzig
Schlüpflinge von afrikanischen Sporenschildkröten (G. sulcata) wurden fünf Monate lang
unter unterschiedlich feuchten Umweltbedingungen gehalten sowie mit Futtermitteln,
welche sich durch ihren Eiweißgehalt unterschieden (14% vs. 19% vs. 30% Rohprotein in
der Trockensubstanz), ernährt. Die während dieser Zeit gebildeten Panzerhöcker wurden
anschließend vermessen und die Kalzium, Phosphor- und Hämatokritwerte im Blut
untersucht und zwischen den Versuchsgruppen verglichen. Trockene Haltung (24.3–57.8%
bzw. 30.6–74.8% relative Luftfeuchtigkeit) führte zu stärkerer Höckerbildung als feuchte
Haltung (45–99% relative Luftfeuchtigkeit). Die Höckerbildung war zwischen den drei
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Summary

The carapaces of captive-raised tortoises (terrestrial chelonians of the zoological family
Testudinidae, often develop pyramidal-shaped osseous growth centrally within the horny
plates. With very few exceptions (e.g. Geochelone elegans, Psammobates sp.), this conical
growth pattern is considered to be pathologic. This very common defect is believed to be
an important indicator of the quality of captive tortoise management. This study was
designed to examine the effect of dietary protein level and environmental humidity on
the degree of pyramidal growth in the carapaces. Fifty recently hatched African spurred
tortoises (G. sulcata) were raised for 5 months under artificial conditions of varying
environmental humidity and dietary protein content (14% vs. 19% vs. 30% crude protein
in dry matter). Humps of the carapaces that developed and blood values of calcium,
phosphorus and haematocrit were measured and compared among groups. Dry
environmental conditions (24.3–57.8% and 30.6–74.8% relative humidity) produced
taller humps than humid conditions (45-99% relative humidity). Hump formation
differed significantly (p £ 0.001) between these three groups kept under different
humidity conditions. Variable dietary protein had a minor, positive impact on this
pathological formation of humps (pyramidal growth syndrome, PGS). Analysis of blood
(calcium, phosphorus and haematocrit) offered no further explanation as to the
development of the humps.

Zusammenfassung

Bei in Gefangenschaft gehaltenen Schildkröten entwickelt sich häufig im Zentrum der
Hornplatten des Rückenpanzers ein pyramidisch geformtes Knochenwachstum. Mit
wenigen Ausnahmen (z.B. Geochelone elegans, Psammobates sp.) wird dieses kegelförmige
Wachstum als pathologisch angesehen und es besteht die Annahme, dass dieses Wachs-
tumsverhalten ein Parameter zur Beurteilung der Haltungsbedingungen der Tiere ist. In
vorliegendem Versuch sollte der Einfluß der relativen Luftfeuchtigkeit sowie des
Rohproteingehaltes im Futter auf die Höckerbildung untersucht werden. Fünfzig
Schlüpflinge von afrikanischen Sporenschildkröten (G. sulcata) wurden fünf Monate lang
unter unterschiedlich feuchten Umweltbedingungen gehalten sowie mit Futtermitteln,
welche sich durch ihren Eiweißgehalt unterschieden (14% vs. 19% vs. 30% Rohprotein in
der Trockensubstanz), ernährt. Die während dieser Zeit gebildeten Panzerhöcker wurden
anschließend vermessen und die Kalzium, Phosphor- und Hämatokritwerte im Blut
untersucht und zwischen den Versuchsgruppen verglichen. Trockene Haltung (24.3–57.8%
bzw. 30.6–74.8% relative Luftfeuchtigkeit) führte zu stärkerer Höckerbildung als feuchte
Haltung (45–99% relative Luftfeuchtigkeit). Die Höckerbildung war zwischen den drei
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Summary

The carapaces of captive-raised tortoises (terrestrial chelonians of the zoological family
Testudinidae, often develop pyramidal-shaped osseous growth centrally within the horny
plates. With very few exceptions (e.g. Geochelone elegans, Psammobates sp.), this conical
growth pattern is considered to be pathologic. This very common defect is believed to be
an important indicator of the quality of captive tortoise management. This study was
designed to examine the effect of dietary protein level and environmental humidity on
the degree of pyramidal growth in the carapaces. Fifty recently hatched African spurred
tortoises (G. sulcata) were raised for 5 months under artificial conditions of varying
environmental humidity and dietary protein content (14% vs. 19% vs. 30% crude protein
in dry matter). Humps of the carapaces that developed and blood values of calcium,
phosphorus and haematocrit were measured and compared among groups. Dry
environmental conditions (24.3–57.8% and 30.6–74.8% relative humidity) produced
taller humps than humid conditions (45-99% relative humidity). Hump formation
differed significantly (p £ 0.001) between these three groups kept under different
humidity conditions. Variable dietary protein had a minor, positive impact on this
pathological formation of humps (pyramidal growth syndrome, PGS). Analysis of blood
(calcium, phosphorus and haematocrit) offered no further explanation as to the
development of the humps.

Zusammenfassung

Bei in Gefangenschaft gehaltenen Schildkröten entwickelt sich häufig im Zentrum der
Hornplatten des Rückenpanzers ein pyramidisch geformtes Knochenwachstum. Mit
wenigen Ausnahmen (z.B. Geochelone elegans, Psammobates sp.) wird dieses kegelförmige
Wachstum als pathologisch angesehen und es besteht die Annahme, dass dieses Wachs-
tumsverhalten ein Parameter zur Beurteilung der Haltungsbedingungen der Tiere ist. In
vorliegendem Versuch sollte der Einfluß der relativen Luftfeuchtigkeit sowie des
Rohproteingehaltes im Futter auf die Höckerbildung untersucht werden. Fünfzig
Schlüpflinge von afrikanischen Sporenschildkröten (G. sulcata) wurden fünf Monate lang
unter unterschiedlich feuchten Umweltbedingungen gehalten sowie mit Futtermitteln,
welche sich durch ihren Eiweißgehalt unterschieden (14% vs. 19% vs. 30% Rohprotein in
der Trockensubstanz), ernährt. Die während dieser Zeit gebildeten Panzerhöcker wurden
anschließend vermessen und die Kalzium, Phosphor- und Hämatokritwerte im Blut
untersucht und zwischen den Versuchsgruppen verglichen. Trockene Haltung (24.3–57.8%
bzw. 30.6–74.8% relative Luftfeuchtigkeit) führte zu stärkerer Höckerbildung als feuchte
Haltung (45–99% relative Luftfeuchtigkeit). Die Höckerbildung war zwischen den drei
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Influence of environmental humidity and dietary protein on
pyramidal growth of carapaces in African spurred tortoises

(Geochelone sulcata)

By C. S. Wiesner and C. Iben

Summary

The carapaces of captive-raised tortoises (terrestrial chelonians of the zoological family
Testudinidae, often develop pyramidal-shaped osseous growth centrally within the horny
plates. With very few exceptions (e.g. Geochelone elegans, Psammobates sp.), this conical
growth pattern is considered to be pathologic. This very common defect is believed to be
an important indicator of the quality of captive tortoise management. This study was
designed to examine the effect of dietary protein level and environmental humidity on
the degree of pyramidal growth in the carapaces. Fifty recently hatched African spurred
tortoises (G. sulcata) were raised for 5 months under artificial conditions of varying
environmental humidity and dietary protein content (14% vs. 19% vs. 30% crude protein
in dry matter). Humps of the carapaces that developed and blood values of calcium,
phosphorus and haematocrit were measured and compared among groups. Dry
environmental conditions (24.3–57.8% and 30.6–74.8% relative humidity) produced
taller humps than humid conditions (45-99% relative humidity). Hump formation
differed significantly (p £ 0.001) between these three groups kept under different
humidity conditions. Variable dietary protein had a minor, positive impact on this
pathological formation of humps (pyramidal growth syndrome, PGS). Analysis of blood
(calcium, phosphorus and haematocrit) offered no further explanation as to the
development of the humps.

Zusammenfassung

Bei in Gefangenschaft gehaltenen Schildkröten entwickelt sich häufig im Zentrum der
Hornplatten des Rückenpanzers ein pyramidisch geformtes Knochenwachstum. Mit
wenigen Ausnahmen (z.B. Geochelone elegans, Psammobates sp.) wird dieses kegelförmige
Wachstum als pathologisch angesehen und es besteht die Annahme, dass dieses Wachs-
tumsverhalten ein Parameter zur Beurteilung der Haltungsbedingungen der Tiere ist. In
vorliegendem Versuch sollte der Einfluß der relativen Luftfeuchtigkeit sowie des
Rohproteingehaltes im Futter auf die Höckerbildung untersucht werden. Fünfzig
Schlüpflinge von afrikanischen Sporenschildkröten (G. sulcata) wurden fünf Monate lang
unter unterschiedlich feuchten Umweltbedingungen gehalten sowie mit Futtermitteln,
welche sich durch ihren Eiweißgehalt unterschieden (14% vs. 19% vs. 30% Rohprotein in
der Trockensubstanz), ernährt. Die während dieser Zeit gebildeten Panzerhöcker wurden
anschließend vermessen und die Kalzium, Phosphor- und Hämatokritwerte im Blut
untersucht und zwischen den Versuchsgruppen verglichen. Trockene Haltung (24.3–57.8%
bzw. 30.6–74.8% relative Luftfeuchtigkeit) führte zu stärkerer Höckerbildung als feuchte
Haltung (45–99% relative Luftfeuchtigkeit). Die Höckerbildung war zwischen den drei
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Influence of environmental humidity and dietary protein on
pyramidal growth of carapaces in African spurred tortoises

(Geochelone sulcata)

By C. S. Wiesner and C. Iben

Summary

The carapaces of captive-raised tortoises (terrestrial chelonians of the zoological family
Testudinidae, often develop pyramidal-shaped osseous growth centrally within the horny
plates. With very few exceptions (e.g. Geochelone elegans, Psammobates sp.), this conical
growth pattern is considered to be pathologic. This very common defect is believed to be
an important indicator of the quality of captive tortoise management. This study was
designed to examine the effect of dietary protein level and environmental humidity on
the degree of pyramidal growth in the carapaces. Fifty recently hatched African spurred
tortoises (G. sulcata) were raised for 5 months under artificial conditions of varying
environmental humidity and dietary protein content (14% vs. 19% vs. 30% crude protein
in dry matter). Humps of the carapaces that developed and blood values of calcium,
phosphorus and haematocrit were measured and compared among groups. Dry
environmental conditions (24.3–57.8% and 30.6–74.8% relative humidity) produced
taller humps than humid conditions (45-99% relative humidity). Hump formation
differed significantly (p £ 0.001) between these three groups kept under different
humidity conditions. Variable dietary protein had a minor, positive impact on this
pathological formation of humps (pyramidal growth syndrome, PGS). Analysis of blood
(calcium, phosphorus and haematocrit) offered no further explanation as to the
development of the humps.

Zusammenfassung

Bei in Gefangenschaft gehaltenen Schildkröten entwickelt sich häufig im Zentrum der
Hornplatten des Rückenpanzers ein pyramidisch geformtes Knochenwachstum. Mit
wenigen Ausnahmen (z.B. Geochelone elegans, Psammobates sp.) wird dieses kegelförmige
Wachstum als pathologisch angesehen und es besteht die Annahme, dass dieses Wachs-
tumsverhalten ein Parameter zur Beurteilung der Haltungsbedingungen der Tiere ist. In
vorliegendem Versuch sollte der Einfluß der relativen Luftfeuchtigkeit sowie des
Rohproteingehaltes im Futter auf die Höckerbildung untersucht werden. Fünfzig
Schlüpflinge von afrikanischen Sporenschildkröten (G. sulcata) wurden fünf Monate lang
unter unterschiedlich feuchten Umweltbedingungen gehalten sowie mit Futtermitteln,
welche sich durch ihren Eiweißgehalt unterschieden (14% vs. 19% vs. 30% Rohprotein in
der Trockensubstanz), ernährt. Die während dieser Zeit gebildeten Panzerhöcker wurden
anschließend vermessen und die Kalzium, Phosphor- und Hämatokritwerte im Blut
untersucht und zwischen den Versuchsgruppen verglichen. Trockene Haltung (24.3–57.8%
bzw. 30.6–74.8% relative Luftfeuchtigkeit) führte zu stärkerer Höckerbildung als feuchte
Haltung (45–99% relative Luftfeuchtigkeit). Die Höckerbildung war zwischen den drei
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Zoo Biology 31: 705–717 (2012)

RESEARCH ARTICLE

Variation in Growth and Potentially
Associated Health Status in Hermann’s
and Spur-Thighed Tortoise (Testudo
hermanni and Testudo graeca)
Julia Ritz,1 Marcus Clauss,1∗ W. Jürgen Streich,2 and Jean-Michel Hatt1

1 Clinic for Zoo Animals, Exotic Pets and Wildlife, Vetsuisse Faculty, University of
Zurich, Winterthurerstrasse, Zurich, Switzerland
2 Leibniz Institute of Zoo and Wildlife Research (IZW), Berlin, Germany

Captive reptiles often show higher growth rates than in the wild, possibly due to
higher feeding intensity. Although health problems are usually linked to inappro-
priate diets, fast growth itself, such as triggered by appropriate diets fed in high
amounts, has traditionally also been considered unfavorable for tortoises. We doc-
ument growth rates (based on age and mass) from private Testudo hermanni and
T. graeca breeders, which are generally higher than those reported for free-ranging
specimens, but show enormous variation. Tortoise patients presented to an exotics
clinic also covered the whole growth rate spectrum. To test whether fast growth was
associated with diseases, the age–body mass relationship of these patients was tested,
in a retrospective evaluation, for additional influence factors, such as dietary history
and occurrence of certain diet and growth-related diseases. No indication was found
that animals particularly heavy for their age were more prone to diet/growth-related
disorders. In general, tortoises fed diets with meat/grain were heavier for their age
than tortoises fed more appropriate diets; dietary history was not related to a partic-
ular disease. The results suggest the age–body mass relationship may not be suitable
for testing effects of fast growth; an age–body length relationship would be more
appropriate. Animals presented for a diet/growth-related disorder were younger
than animals presented for other reasons; there was a significant negative correla-
tion between the severity of pyramiding and age, suggesting that growth-related
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suisse Faculty, University of Zurich, Winterthurerstrasse 260, CH-8057, Zurich, Switzerland.
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RESEARCH ARTICLE

Variation in Growth and Potentially
Associated Health Status in Hermann’s
and Spur-Thighed Tortoise (Testudo
hermanni and Testudo graeca)
Julia Ritz,1 Marcus Clauss,1∗ W. Jürgen Streich,2 and Jean-Michel Hatt1

1 Clinic for Zoo Animals, Exotic Pets and Wildlife, Vetsuisse Faculty, University of
Zurich, Winterthurerstrasse, Zurich, Switzerland
2 Leibniz Institute of Zoo and Wildlife Research (IZW), Berlin, Germany

Captive reptiles often show higher growth rates than in the wild, possibly due to
higher feeding intensity. Although health problems are usually linked to inappro-
priate diets, fast growth itself, such as triggered by appropriate diets fed in high
amounts, has traditionally also been considered unfavorable for tortoises. We doc-
ument growth rates (based on age and mass) from private Testudo hermanni and
T. graeca breeders, which are generally higher than those reported for free-ranging
specimens, but show enormous variation. Tortoise patients presented to an exotics
clinic also covered the whole growth rate spectrum. To test whether fast growth was
associated with diseases, the age–body mass relationship of these patients was tested,
in a retrospective evaluation, for additional influence factors, such as dietary history
and occurrence of certain diet and growth-related diseases. No indication was found
that animals particularly heavy for their age were more prone to diet/growth-related
disorders. In general, tortoises fed diets with meat/grain were heavier for their age
than tortoises fed more appropriate diets; dietary history was not related to a partic-
ular disease. The results suggest the age–body mass relationship may not be suitable
for testing effects of fast growth; an age–body length relationship would be more
appropriate. Animals presented for a diet/growth-related disorder were younger
than animals presented for other reasons; there was a significant negative correla-
tion between the severity of pyramiding and age, suggesting that growth-related
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RESEARCH ARTICLE

Variation in Growth and Potentially
Associated Health Status in Hermann’s
and Spur-Thighed Tortoise (Testudo
hermanni and Testudo graeca)
Julia Ritz,1 Marcus Clauss,1∗ W. Jürgen Streich,2 and Jean-Michel Hatt1

1 Clinic for Zoo Animals, Exotic Pets and Wildlife, Vetsuisse Faculty, University of
Zurich, Winterthurerstrasse, Zurich, Switzerland
2 Leibniz Institute of Zoo and Wildlife Research (IZW), Berlin, Germany

Captive reptiles often show higher growth rates than in the wild, possibly due to
higher feeding intensity. Although health problems are usually linked to inappro-
priate diets, fast growth itself, such as triggered by appropriate diets fed in high
amounts, has traditionally also been considered unfavorable for tortoises. We doc-
ument growth rates (based on age and mass) from private Testudo hermanni and
T. graeca breeders, which are generally higher than those reported for free-ranging
specimens, but show enormous variation. Tortoise patients presented to an exotics
clinic also covered the whole growth rate spectrum. To test whether fast growth was
associated with diseases, the age–body mass relationship of these patients was tested,
in a retrospective evaluation, for additional influence factors, such as dietary history
and occurrence of certain diet and growth-related diseases. No indication was found
that animals particularly heavy for their age were more prone to diet/growth-related
disorders. In general, tortoises fed diets with meat/grain were heavier for their age
than tortoises fed more appropriate diets; dietary history was not related to a partic-
ular disease. The results suggest the age–body mass relationship may not be suitable
for testing effects of fast growth; an age–body length relationship would be more
appropriate. Animals presented for a diet/growth-related disorder were younger
than animals presented for other reasons; there was a significant negative correla-
tion between the severity of pyramiding and age, suggesting that growth-related
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RESEARCH ARTICLE

Variation in Growth and Potentially
Associated Health Status in Hermann’s
and Spur-Thighed Tortoise (Testudo
hermanni and Testudo graeca)
Julia Ritz,1 Marcus Clauss,1∗ W. Jürgen Streich,2 and Jean-Michel Hatt1

1 Clinic for Zoo Animals, Exotic Pets and Wildlife, Vetsuisse Faculty, University of
Zurich, Winterthurerstrasse, Zurich, Switzerland
2 Leibniz Institute of Zoo and Wildlife Research (IZW), Berlin, Germany

Captive reptiles often show higher growth rates than in the wild, possibly due to
higher feeding intensity. Although health problems are usually linked to inappro-
priate diets, fast growth itself, such as triggered by appropriate diets fed in high
amounts, has traditionally also been considered unfavorable for tortoises. We doc-
ument growth rates (based on age and mass) from private Testudo hermanni and
T. graeca breeders, which are generally higher than those reported for free-ranging
specimens, but show enormous variation. Tortoise patients presented to an exotics
clinic also covered the whole growth rate spectrum. To test whether fast growth was
associated with diseases, the age–body mass relationship of these patients was tested,
in a retrospective evaluation, for additional influence factors, such as dietary history
and occurrence of certain diet and growth-related diseases. No indication was found
that animals particularly heavy for their age were more prone to diet/growth-related
disorders. In general, tortoises fed diets with meat/grain were heavier for their age
than tortoises fed more appropriate diets; dietary history was not related to a partic-
ular disease. The results suggest the age–body mass relationship may not be suitable
for testing effects of fast growth; an age–body length relationship would be more
appropriate. Animals presented for a diet/growth-related disorder were younger
than animals presented for other reasons; there was a significant negative correla-
tion between the severity of pyramiding and age, suggesting that growth-related
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Associated Health Status in Hermann’s
and Spur-Thighed Tortoise (Testudo
hermanni and Testudo graeca)
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1 Clinic for Zoo Animals, Exotic Pets and Wildlife, Vetsuisse Faculty, University of
Zurich, Winterthurerstrasse, Zurich, Switzerland
2 Leibniz Institute of Zoo and Wildlife Research (IZW), Berlin, Germany

Captive reptiles often show higher growth rates than in the wild, possibly due to
higher feeding intensity. Although health problems are usually linked to inappro-
priate diets, fast growth itself, such as triggered by appropriate diets fed in high
amounts, has traditionally also been considered unfavorable for tortoises. We doc-
ument growth rates (based on age and mass) from private Testudo hermanni and
T. graeca breeders, which are generally higher than those reported for free-ranging
specimens, but show enormous variation. Tortoise patients presented to an exotics
clinic also covered the whole growth rate spectrum. To test whether fast growth was
associated with diseases, the age–body mass relationship of these patients was tested,
in a retrospective evaluation, for additional influence factors, such as dietary history
and occurrence of certain diet and growth-related diseases. No indication was found
that animals particularly heavy for their age were more prone to diet/growth-related
disorders. In general, tortoises fed diets with meat/grain were heavier for their age
than tortoises fed more appropriate diets; dietary history was not related to a partic-
ular disease. The results suggest the age–body mass relationship may not be suitable
for testing effects of fast growth; an age–body length relationship would be more
appropriate. Animals presented for a diet/growth-related disorder were younger
than animals presented for other reasons; there was a significant negative correla-
tion between the severity of pyramiding and age, suggesting that growth-related
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Variation in Growth and Potentially
Associated Health Status in Hermann’s
and Spur-Thighed Tortoise (Testudo
hermanni and Testudo graeca)
Julia Ritz,1 Marcus Clauss,1∗ W. Jürgen Streich,2 and Jean-Michel Hatt1

1 Clinic for Zoo Animals, Exotic Pets and Wildlife, Vetsuisse Faculty, University of
Zurich, Winterthurerstrasse, Zurich, Switzerland
2 Leibniz Institute of Zoo and Wildlife Research (IZW), Berlin, Germany

Captive reptiles often show higher growth rates than in the wild, possibly due to
higher feeding intensity. Although health problems are usually linked to inappro-
priate diets, fast growth itself, such as triggered by appropriate diets fed in high
amounts, has traditionally also been considered unfavorable for tortoises. We doc-
ument growth rates (based on age and mass) from private Testudo hermanni and
T. graeca breeders, which are generally higher than those reported for free-ranging
specimens, but show enormous variation. Tortoise patients presented to an exotics
clinic also covered the whole growth rate spectrum. To test whether fast growth was
associated with diseases, the age–body mass relationship of these patients was tested,
in a retrospective evaluation, for additional influence factors, such as dietary history
and occurrence of certain diet and growth-related diseases. No indication was found
that animals particularly heavy for their age were more prone to diet/growth-related
disorders. In general, tortoises fed diets with meat/grain were heavier for their age
than tortoises fed more appropriate diets; dietary history was not related to a partic-
ular disease. The results suggest the age–body mass relationship may not be suitable
for testing effects of fast growth; an age–body length relationship would be more
appropriate. Animals presented for a diet/growth-related disorder were younger
than animals presented for other reasons; there was a significant negative correla-
tion between the severity of pyramiding and age, suggesting that growth-related

∗Correspondence to: Marcus Clauss, Clinic for Zoo Animals, Exotic Pets and Wildlife, Vet-
suisse Faculty, University of Zurich, Winterthurerstrasse 260, CH-8057, Zurich, Switzerland.
E-mail: mclauss@vetclinics.uzh.ch

Received 28 September 2011; Revised 22 November 2011; Accepted 30 November 2011

DOI 10.1002/zoo.21002
Published online 30 January 2012 in Wiley Online Library (wileyonlinelibrary.com).

C© 2012 Wiley Periodicals, Inc.

0

1000

2000

3000

4000

0 5000 10000 15000 20000

B
od

y 
m

as
s

(g
)

Age (d)

Breeder
Patients

0

1000

2000

3000

4000

0 5000 10000 15000 20000

B
od

y 
m

as
s

(g
)

Age (d)

Breeder
Patients

effect on age-mass relationship:
- diet
- parasites

T. hermanni T. graeca



Clinic for Zoo Animals, Exotic Pets and Wildlife

0

500

1000

1500

2000

2500

0 2000 4000 6000 8000

B
od

y 
m

as
s 

(g
)

Age (d)

Breeder
Patients

11/2/21

‘Pyramidenwachstum’

Page 78

Zoo Biology 31: 705–717 (2012)
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Variation in Growth and Potentially
Associated Health Status in Hermann’s
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Captive reptiles often show higher growth rates than in the wild, possibly due to
higher feeding intensity. Although health problems are usually linked to inappro-
priate diets, fast growth itself, such as triggered by appropriate diets fed in high
amounts, has traditionally also been considered unfavorable for tortoises. We doc-
ument growth rates (based on age and mass) from private Testudo hermanni and
T. graeca breeders, which are generally higher than those reported for free-ranging
specimens, but show enormous variation. Tortoise patients presented to an exotics
clinic also covered the whole growth rate spectrum. To test whether fast growth was
associated with diseases, the age–body mass relationship of these patients was tested,
in a retrospective evaluation, for additional influence factors, such as dietary history
and occurrence of certain diet and growth-related diseases. No indication was found
that animals particularly heavy for their age were more prone to diet/growth-related
disorders. In general, tortoises fed diets with meat/grain were heavier for their age
than tortoises fed more appropriate diets; dietary history was not related to a partic-
ular disease. The results suggest the age–body mass relationship may not be suitable
for testing effects of fast growth; an age–body length relationship would be more
appropriate. Animals presented for a diet/growth-related disorder were younger
than animals presented for other reasons; there was a significant negative correla-
tion between the severity of pyramiding and age, suggesting that growth-related
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sinnvoll), Geschlechtsreife variabel
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- gute Gesundheit vermutlich bei verschiedenen Wachstumsraten möglich (biologisch
sinnvoll), Geschlechtsreife variabel

- reines Pyramiding wahrscheinlich ausgelöst durch ‘trockene’ Haltung (geringe
Luftfeuchtigkeit); solche Haltung hat oft auch andere Mängel; evtl. geringere
Lebenserwartung

- Mischformen bei gleichzeitigem Auftreten von Calcium-Mangel (metabolic bone 
disease)
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Calcium-arme Nahrungsmittel:

- Obst / buntes Gemüse
- Samen / Körner / Getreide
- reines Fleisch
- Insekten
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Calcium-arme Nahrungsmittel:

- Obst / buntes Gemüse
- Samen / Körner / Getreide
- reines Fleisch
- Insekten

Lösungen:

- Grünfutter / nur wenig zu Alleinfutter
- meiden
- ganze Beutetiere / Alleinfutter
- gut loading / dusting
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Pflanzenfresser können in der Regel ß-Carotin in Vitamin A umwandeln

Viele Faunivoren können dies nicht und benötigen direkt Vitamin A

Insekten: wenig ß-Carotin / Vitamin A

viele (v.a. fettreiche) Samen: wenig ß-Carotin 
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Reptilien & Ziervögel – andere
Mangelerkrankungen
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Full Scientific Report

Introduction

Goiter (follicular thyroid hyperplasia) has been reported in 
its congenital and acquired forms, in human beings and in 
most domestic6 and some wild mammalian and avian spe-
cies,17 with widely varying interspecies frequency. Goiter is 
often the result of dietary iodine deficiency7 but has also 
been attributed to consumption of goitrogenic substances,13 
toxicity by iodine and other substances,11 and to hereditary 
factors, including autosomal recessive inheritance in goats.20 
It remains endemic in some areas because of a lack of, or 
despite, iodine supplementation.21

Goiter outbreaks have been reported in human beings,10 
albeit with decreasing frequency, but are infrequently 
reported in other species. Such reports include outbreaks in 
cattle in Japan32 and in sheep in Slovakia16 and Australia.8 
Outbreaks accompanied by high mortality are rare in any 
species and, to the best of the authors’ knowledge, outbreaks 
of goiter have not been described previously in any avian 
species. Goiter has been reported in psittacines (budgerigars 
and cockatiels) in the form of individual cases,25,28,30 and 
anecdotal evidence suggests that psittacines are more sus-
ceptible to goiter22,23,27 than other avian species, with a few 
reports suggesting that the prevalence of goiter in these birds 

is higher than in other avian species.3,4,12 However, these 
reports lack epidemiologic analysis and/or interspecies prev-
alence comparisons. For example, a 1963 study on 129 bud-
gerigar submissions reported that 23.8% of the birds died as 
a result of thyroid dysplasia attributed to iodine deficiency in 
the seed mixtures; however, these birds were exclusively 
individual pet submissions examined in one center over time 
and no data on other avian species was provided.4 In another 
analysis of 257 individual budgerigar postmortem examina-
tions, the most common disease reported was neoplasia of 
the gonads, kidneys, and fat, while hepatitis and focal hepatic 
necrosis, thyroid dysplasia, and septicemia were also com-
mon2 but less frequent. A Berlin Zoo study of 3,314 postmor-
tem examinations of zoo birds from 18 avian orders allowed 
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An outbreak of thyroid hyperplasia 
(goiter) with high mortality in budgerigars 
(Melopsittacus undulatus)

Panayiotis Loukopoulos, Adrienne C. Bautista, Birgit Puschner,  
Brian Murphy, Beate M. Crossley, Ian Holser, Lucy Gomes,  
H. L. Shivaprasad, Francisco A. Uzal1 

Abstract. An outbreak of goiter with high morbidity and mortality in a flock of budgerigars (Melopsittacus undulatus) in 
California is described. Forty-five out of 400 adult birds exhibited signs of illness, weight loss, and enlargement in the crop 
area; 15 of the 45 birds died over a 2–3-month period. Diet consisted of a commercial mixture with the addition of broccoli, 
whole oats, and carrots, but no minerals or supplements. Six budgerigars were subjected to necropsy; all 6 birds had severely 
enlarged thyroid glands. Thyroid follicular hyperplasia was histologically observed in all birds examined, while granulomatous 
thyroiditis and microfollicular adenoma were observed in 2 birds, respectively. Virological, bacteriological, parasitological, 
and heavy metal analyses were negative or within normal limits. The total iodine in the thyroid glands of affected birds was 
measured by inductively coupled plasma–mass spectrometry. Following iodine supplementation and removal of broccoli from 
the diet, the owner reported weight gain and a reduced death rate among clinically affected birds; no additional birds became 
sick. The presence of broccoli with its iodine-binding ability and the complete lack of added minerals in the diet of these 
animals were thought to be the predisposing factors for the outbreak in the present study. Outbreaks of goiter accompanied by 
high mortality are rare in any species and, to the best of the authors’ knowledge, have not been described previously in any 
avian species. Recognition of this condition may help improve medical, welfare, and trade standards concerning this species.

Key words: Budgerigars; goiter; iodine deficiency; outbreak; psittacine; thyroid hyperplasia.
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whole oats, and carrots, but no minerals or supplements. Six budgerigars were subjected to necropsy; all 6 birds had severely 
enlarged thyroid glands. Thyroid follicular hyperplasia was histologically observed in all birds examined, while granulomatous 
thyroiditis and microfollicular adenoma were observed in 2 birds, respectively. Virological, bacteriological, parasitological, 
and heavy metal analyses were negative or within normal limits. The total iodine in the thyroid glands of affected birds was 
measured by inductively coupled plasma–mass spectrometry. Following iodine supplementation and removal of broccoli from 
the diet, the owner reported weight gain and a reduced death rate among clinically affected birds; no additional birds became 
sick. The presence of broccoli with its iodine-binding ability and the complete lack of added minerals in the diet of these 
animals were thought to be the predisposing factors for the outbreak in the present study. Outbreaks of goiter accompanied by 
high mortality are rare in any species and, to the best of the authors’ knowledge, have not been described previously in any 
avian species. Recognition of this condition may help improve medical, welfare, and trade standards concerning this species.
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Introduction

Goiter (follicular thyroid hyperplasia) has been reported in 
its congenital and acquired forms, in human beings and in 
most domestic6 and some wild mammalian and avian spe-
cies,17 with widely varying interspecies frequency. Goiter is 
often the result of dietary iodine deficiency7 but has also 
been attributed to consumption of goitrogenic substances,13 
toxicity by iodine and other substances,11 and to hereditary 
factors, including autosomal recessive inheritance in goats.20 
It remains endemic in some areas because of a lack of, or 
despite, iodine supplementation.21

Goiter outbreaks have been reported in human beings,10 
albeit with decreasing frequency, but are infrequently 
reported in other species. Such reports include outbreaks in 
cattle in Japan32 and in sheep in Slovakia16 and Australia.8 
Outbreaks accompanied by high mortality are rare in any 
species and, to the best of the authors’ knowledge, outbreaks 
of goiter have not been described previously in any avian 
species. Goiter has been reported in psittacines (budgerigars 
and cockatiels) in the form of individual cases,25,28,30 and 
anecdotal evidence suggests that psittacines are more sus-
ceptible to goiter22,23,27 than other avian species, with a few 
reports suggesting that the prevalence of goiter in these birds 

is higher than in other avian species.3,4,12 However, these 
reports lack epidemiologic analysis and/or interspecies prev-
alence comparisons. For example, a 1963 study on 129 bud-
gerigar submissions reported that 23.8% of the birds died as 
a result of thyroid dysplasia attributed to iodine deficiency in 
the seed mixtures; however, these birds were exclusively 
individual pet submissions examined in one center over time 
and no data on other avian species was provided.4 In another 
analysis of 257 individual budgerigar postmortem examina-
tions, the most common disease reported was neoplasia of 
the gonads, kidneys, and fat, while hepatitis and focal hepatic 
necrosis, thyroid dysplasia, and septicemia were also com-
mon2 but less frequent. A Berlin Zoo study of 3,314 postmor-
tem examinations of zoo birds from 18 avian orders allowed 
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