
Introduction

‘Kinked tail’ is a term used in veterinary practice to 
describe the synonymous atypical tail morphology 
seen with considerable frequency in pet cats and dogs 
(Pollard et al., 2015; Paninárová et al., 2016), but 
also in wild and captive lizards and snakes (Ulber, 
1986; Sant’Anna et al., 2013). Such malformations 
in squamates have primarily been reported in the 
herpetoculturist or veterinary literature (Wright, 2008), 

where malnutrition may lead to metabolic bone disease 
(MBD) and malformations or misalignments of the 
articulations between caudal vertebrae. Specifically, an 
improper balance of calcium and phosphorus in a captive 
animal’s food, compounded by improper heating of a 
terrarium, has been cited as a primary cause of reptilian 
caudal malformations (Kaplan, 2001). The abnormality 
is often brought to light when lizards climbing on the 
netting at the top of an enclosure are observed to exhibit 
a hanging tail, and it appears that the mode of kinking 
in these cases is a gravity-driven single kink – ‘tail 
buckling,’ as reported for Phelsuma by Greckhamer 
(1995) – or a vertically aligned dorsoventral undulation. 
Ultimately, caudal tail deformations could result from 
misalignment or malformation of caudal vertebral 
elements or ligamentous laxity in intervertebral joints.

Most observations of squamate tail-kinking in the 
literature only briefly mention abnormalities, especially 
when encountered in hatchlings or juveniles during 
developmental studies. Such observations include 
those made for Sceloporus undulatus (Bosc & Daudin, 
1801) by Angilletta et al. (2001), S. jarrovii Cope, 1875 
by Beuchat (1988), Amphibolurus muricatus (White, 
1790) by Harlow and Taylor (2000), Lacerta agilis 
Linnaeus, 1758 by Langford (1985), and Heteronotia 
binoei (Gray, 1845) by Kearney and Shine (2004). In 
these cases, the underlying causal factors of tail-kinking 
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remained inconclusive. While tail-kinking may have 
an underlying genetic basis (Angilletta et al., 2001), 
such tail deformities have been observed repeatedly 
in a variety of reptiles when eggs are incubated at 
suboptimal or declining temperatures. Examples of 
this were reported for Crocodylus novaeguineae5 
Schmidt, 1928  and Oedura monilis De Vis, 1888 by 
Bustard (1969), Python molurus (Linnaeus, 1758) by 
Vinegar (1974), Acritoscincus duperreyi (Gray, 1839) 
by Shine (2004), Crotaphytus collaris (Say, 1822) by 
Louth and Heatley (2020), and Timon lepidus (Daudin, 
1802) by Troidl (1997). While these studies provide 
valuable information on the prevalence, possible causal 
factors, and taxonomic breadth of the presence of tail-
kinking, this phenomenon has only been reported in a 
developmental context for captive reptiles or their eggs.

Observations of kinked tails in wild squamate 
populations are not common and their causal 
mechanisms are generally not understood, although 
pesticides have been identified as one potential trigger 
(Garcês and Pires, 2023). As part of their recent report 
of kyphoscoliosis in a wild-caught skink, Ctenotus 
fallens Storr, 1974, Bateman et al. (2022) reviewed 
the literature and listed 19 species for which caudal 
vertebral deformations had been observed in the wild. 
We were able to locate several additional published 
accounts of reptiles in which this condition has been 
observed in the wild (Table 1). An investigation of 
body-kinking in a wild specimen of Thamnophis radix 
haydeni (Kennicott, 1860) concluded that it was injury-
based, with the deformity occurring near a puncture 
wound to a vertebra that likely caused spinal cord 
damage and associated muscular dysfunction (termed 
“kypholordosis with scoliosis”; Smith and Fitzgerald, 
1983). Following the reports by Garin-Barrio et al. 
(2011) and Avila et al. (2013), ours is the third report 
presenting x-rays of the condition, but it is the first 
to examine in detail the internal anatomy associated 
of caudal vertebral deformity, which we term 
kyphoscoliosis (i.e., comprising both curvature in both 
frontal and sagittal planes) in a wild lizard population.

During a comprehensive survey of the herpetofauna 
of Timor-Leste (Kaiser et al., 2011; O’Shea et al., 2012, 
2015), the first author captured a skink of the genus

5 This species was divided into a southern and a northern species 
by Murray et al. (2019), with the populations south of New Gui-
nea’s Central Cordillera now known as C. halli. Unfortunately, 
Bustard (1969) made no mention of his collecting locality, so 
it is not possible to determine to which of the two species this 
record refers.

Sphenomorphus (Fig. 1A) and was struck by the 
meandering shape of the tail. Unlike the descriptions 
of the kinked-tail phenomenon in the literature, this 
individual was from a wild population, and its tail 
appeared to be variably kinked when viewed in both 
dorsal (top-down) and lateral (side-to-side) aspects. 
Since the caudal morphology of this individual 
was incongruent with tail regrowth or incomplete 
tail autotomy, we resolved to explore the vertebral 
conformation of the tail in order to establish a baseline 
of morphological data for this type of tail-kink in a 
natural population. We report our findings herein.

Materials and Methods

Collection and initial processing. The individual was 
hand-captured during daylight hours on 4 February 2010 
near the Meleotegi River, Eraulo, Ermera Municipality, 
Timor-Leste (8.7813°S, 125.4547°E; elevation 
1222 m; Fig. 1B), during an active search of habitat 
bordering a riverbed (Fig. 1C). Specimen processing 
involved set photography using habitat materials in a 
90-cm Cubelite (Lastolite, Coalville, Leicestershire, 
United Kingdom), humane euthanasia by intracardiac 
injection with a 5% procaine solution (Livezey, 1958), 
fixation and initial transportation in 10% formalin to 
the laboratory at Victor Valley College, and permanent 
storage in 70% ethanol. The specimen was subsequently 
deposited in the Division of Amphibians and Reptiles, 
National Museum of Natural History, Smithsonian 
Institution, Washington DC, USA (USNM), where it 
was accessioned as USNM 579234. Identification of the 
specimen as S. melanopogon follows the diagnosis and 
description provided by Shea (2012).

Imaging and data sources. The specimen’s tail was 
photographed and measured, and digital radiographs 
were obtained using a Kevex PXS5-724EA emitter and 
a Varian PanScan 4030R receiver (60-kV target tube 
voltage) at the Museum Support Center of the U.S. 
National Museum of Natural History, Smithsonian 
Institution, Suitland, Maryland, USA. X-rays were 
obtained in both dorsal and left lateral views. We use 
the terminology for caudal vertebrae of Etheridge 
(1967). Due to the unusual nature of the malformation 
and scarce data availability of comparative data, we 
utilized both literature and online sources to obtain 
reference materials. We also conducted an informal 
survey of several herpetologists, who we thought might 
have familiarity with both skeletal anatomy and tail-
kinks.
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Table 1. Instances of caudal malformations (the “kinked-tail” pathology) in squamates, as reported from husbandry (H) and wild 
(W) environments.

Taxon Type Source 
LIZARDS   
Agamidae   

Agama anchietae Bocage, 1896 W Grogan, 1976 
Amphibolurus muricatus (White, 1790) H Harlow and Taylor, 2000 
Calotes emma Gray, 1845 W Ulber, 1986 
Calotes versicolor (Daudin, 1802) W Datta and Hasan, 2020 

Anolidae   
Anolis cybotes Cope, 1862 W Tiburcio et al., 2021 
Anolis sericeus Hallowell, 1856 W Domínguez-De la Riva and Carbajal-Márquez, 2016 

Chamaeleonidae   
Furcifer pardalis (Cuvier, 1829) W Gehring, 2009 

Crotaphytidae   
Crotaphytus collaris (Say, 1822) H Louth and Heatley, 2020 

Diplodactylidae   
Oedura monilis De Vis, 1888 H Bustard, 1969 

Gekkonidae   
Heteronotia binoei (Gray, 1845) H Kearney and Shine, 2004 
Lepidodactylus lugubris (Duméril & Bibron, 1836) W Chan et al., 1984 
Lygodactylus chobiensis Fitzsimons, 1932 W Simbotwe, 1983 
Phelsuma modesta leiogaster Mertens, 1973 W Gehring et al., 2010 

Iguanidae   
Amblyrhynchus cristatus Bell, 1825 W Martínez-Castro and Sánchez-Vialas, 2023 
Cyclura cychlura (Cuvier, 1829) W Owens and Knapp, 2007 

Lacertidae   
Iberolacerta cyreni (Müller & Hellmich, 1937) W Horváth et al., 2021 
Lacerta agilis Linnaeus, 1758 H Langford, 1985; Idrisova, 2018; Gordeev et al., 2021 
Podarcis pityusensis (Boscá, 1883) W Garin-Barrio et al., 2011 
Timon lepidus (Daudin, 1802) H Troidl, 1997 

Liolaemidae   
Liolaemus koslowskyi Etheridge, 1993 W Avila et al., 2013 

Phrynosomatidae   
Sceloporus formosus Wiegmann, 1834 W Castillo-Juárez et al., 2020 
Sceloporus grammicus Wiegmann, 1828 W Hernández et al., 2024 
Sceloporus jarrovii Cope, 1875 H Beuchat, 1988 
Sceloporus marmoratus Hallowell, 1852 W Chávez-Cisneros and Lazcano, 2012 
Sceloporus undulatus (Bosc & Daudin, 1801) W Mitchell and Georgel, 2005 
Sceloporus undulatus (Bosc & Daudin, 1801) H Angilletta et al., 2001 
Sceloporus vandenburgianus Cope, 1896 W Valdez-Villavicencio et al., 2016 

Scincidae   
Acritoscincus duperreyi (Gray, 1839) H Shine, 2004 
Ctenotus fallens Stor, 1974 W Bateman et al., 2022 
Marisora brachypoda (Taylor, 1956) W Arrivillaga and Brown,2019 
Sphenomorphus melanopogon (Duméril & Bibron, 1839) W this study 

Teiidae    
Aspidoscelis marmoratus (Baird & Girard, 1852) W Rocha et al., 2023 

Tropiduridae    
Stenocercus guentheri (Boulenger, 1885) W Ramírez-Jaramillo, 2018 
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Results

External anatomy. USNM 579234 (SVL = 54, TL = 
101) was initially observed foraging in the leaf litter of 
a coffee forest, and its tail morphology did not appear 
to create any impediment to its movements. The tail 
exhibits five, primarily dorsoventrally oriented kinks 
(i.e., changes in direction) that impose upon the tail 
a wave-like external appearance (Figs. 1A, 2). No 
external puncture wounds or lacerations are visible 
at kink points in the tail, and there is no external 
appearance of tail breakage and regeneration in the tail 
area with kinks. There is an abrupt colour and scalation 
change in the tail immediately posterior to the kinked 
section, indicating that the distal portion of the tail is 
regenerated subsequent to a prior autotomic event. Tail-
kinking commences 24 mm posterior to the cloacal 
opening and continues for 24 mm. The deformity is 
most severe (most acute angle on the inner curvature of 
the kink) near the tail base and at about the mid-point 
of the tail, with the distal (regenerated) half of the tail 
showing no evidence of kinking (Fig. 1A).

Osteology. The x-rays of USNM 579234 reveal 
20 caudal vertebrae (CD), of which several show 
abnormalities. Four post-sacral, non-autotomic 
vertebrae with prominent transverse processes are 
followed by a series of elements with autotomy planes 
that have much smaller transverse processes, after 
which the tail terminates in a long, cartilaginous rod 
supporting the regenerated portion. The kinking begins 
at CD11 when viewed from the dorsal aspect (Fig. 3A, 
B) and at CD7 in lateral view (Fig. 3C) and continues 
to CD20. The regenerated tail portion begins posterior 
to the retained portion of CD21.

In dorsal view, the kinking first produces a slight 
rightward shift due to malformation of the joints on 
either end of CD11 (Fig. 3B). This is also the point 
where there is a significant dorsal bend in lateral view 
(Fig. 3C) that involves both CD11 and CD12. While 
CD13 occupies a level, horizontal position, CD14 
appears to have undergone anteroposterior compression, 
which results in a much more vertical orientation in this 
view. The sinusoidal pathway followed by CD15–20, 
without any intense white areas in the radiograph (Fig. 
3B), indicates that these two kinks lie entirely within the 
frontal plane. The lateral radiographic view (Fig. 3C) 
shows no longitudinal compression, with all vertebrae 
exhibiting similar white contrast. Two significant waves 
of kinking are apparent, with peaks at CD10 and CD15 
and valleys at CD7 and CD12. A third directional change 
occurs at C18, where the vertebra shows a slight sigmoid 
curvature at each end. All caudal vertebrae appear to be 
of similar dimension (length, width, size of transverse 
processes), but there are intrinsic differences in how they 
are bent and displaced. Tail-kinks generally seem to result 
from extremely curved individual caudal vertebrae at the 
observed kinks in the tail, as opposed to intervertebral 
bending (i.e., deformation of joints between one or 
multiple bones). The exception may be the joint between 
C7 and C8 which appears to show some angulation.

The deformation of bones also produces a 
deformation of soft tissues, such as muscle. Kinking 
does not produce the usual, gradual and even decline 
in the width of spaces between external surfaces and 
the column of vertebral bodies. Instead, some dorsally 
much-narrowed spaces are produced, such as at 
C10 and C15, and a lateral narrowing occurs at C18.

Table 1. cont.

Taxon Type Source 

SNAKES   
Colubridae   

Arizona elegans occidentalis Blanchard, 1924 W Alvarez et al., 2021 
Coronella austriaca Laurenti, 1768 W Najbar et al., 2022 
Natrix natrix (Linnaeus, 1758) H Idrisova, 2018 
Thamnophis sirtalis (Linnaeus, 1758) W Gray et al., 2001, 2003 

Pythonidae   
Python molurusa (Linnaeus, 1758) H Vinegar, 1974 

Viperidae   
Bothrops ammodytoides Leybold, 1873 W Feldman et al., 2025 
Bothrops jaracara (Wied-Neuwied, 1824) W Sant'Anna et al., 2013 
Crotalus durissus Linnaeus, 1758 W Sant'Anna et al., 2013 

a This abnormality may have been compounded by a hybrid parentage. Whereas the male of the kinked-tail embryo was a P. m. 
molurus, the female was a P. bivittatus-P. molurus hybrid. 
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Figure 1. (A) A kink-tailed male Sphenomorphus melanopogon (USNM 579234) from Eraúlo, Ermera Municipality, Timor-Leste. 
The red arrow indicates where the regenerated tail begins. (B) Map of Timor-Leste showing the position of the collecting locality. (C) 
Satellite image showing the meandering course of the Meleotegi River, with coffee forest starting just below the red locator symbol.
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Figure 2. The kinked tail of a wild-caught Sphenomorphus melanopogon (USNM 579234) from 
Ermera Municipality, Timor-Leste, in (A) dorsal and (B) ventral views shortly after euthanasia. 
After fixation in standard “lizard position” with the tail curved to optimize storage, we took 
additional images in lateral (C) and dorsolateral (D) views to show that kinking exists in both 
frontal and sagittal planes around the tail’s circumference.
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Figure 3. X-rays revealing the internal anatomy of the body and tail of a wild-caught Sphenomorphus melanopogon (USNM 
579234) from Ermera Municipality, Timor-Leste. (A) The entire specimen in dorsal, whole-body view. (B) Dorsal view of the tail, 
showing caudal vertebrae numbered consecutively up to the point of tail regeneration. (C) Lateral view of the tail. Numbering of 
vertebrae corresponds to (B). Scale in (A) = 10 mm.

The reduction in musculature at these points is likely to 
affect the curvature of the tail, fixing the kinks in position.

Discussion

Our report is the first to describe aspects of the internal 
anatomy associated with tail-kinking in a wild lizard 

population. We are aware that this single observation 
and our limited analysis (especially when it comes to 
the potential for more detailed examination of bone and 
joint structure) are merely a departure point for future 
research. However, we felt that a basic report could lead 
to more advanced research approaches.



Hinrich Kaiser et al.750

Based on external observations of kinked tails, the 
involvement of osteological abnormalities has naturally 
been suspected to underpin the morphology of kinking, 
but there have been no studies examining the specific 
internal morphology underlying tail-kinks. While we 
briefly report on this morphology here, we emphasize 
that this phenomenon may be more widespread in wild 
populations than previously thought.

Our observations show that the tail malformations 
in this lizard did not involve anterior, non-autotomic 
vertebrae but only autotomic vertebrae with single 
transverse processes (Etheridge, 1967). Given that the 
tail posterior to CD20 exhibits morphology consistent 
with regeneration (and therefore lacking vertebrae), it 
remains unknown whether any of the vertebrae lost at 
the autotomy event exhibited malformations associated 
with tail-kinking. While bone malformations would 
generally be considered disadvantageous in terms of 
natural selection, the level of kinking observed in this 
individual S. melanopogon did not appear to have 
any deleterious effects on the lizard, whose overall 
condition compared well with non-kinked specimens 
captured at the same site. Of course, it is unknown 
whether all individuals with kinked tails fare as well, or 
whether they succumb to their condition.

It has been suggested that in captivity, deficient diet 
and poor husbandry conditions (e.g., poor lighting, 
insufficient temperature, mineral deficiency) may 
lead to increased incidences of scale and skeletal 
malformations in both lizards and snakes (Vinegar, 
1974; Shine, 2004; Kaplan, 2001; Idrisova, 2018; Louth 
and Heatley, 2020). However, how often deficiencies 
occur or how they influence tail development in wild 
populations is poorly understood or reported upon.

While kinked tails in wild populations have been 
observed in many types of lizards and snakes (Table 
1), the causation and specific internal morphologies 
of these tail abnormalities were not resolved. Effects 
of temperature or humidity on the development 
of embryos in natural populations would require 
rigorous field experimental setup. Small population 
sizes leading to inbreeding have also been suspected 
as a cause of osteological deformities (Olsson et al., 
1996). However, such abnormalities often resulted in 
early death; based on its size our specimen is an adult. 
Furthermore, population sizes are still unknown for 
most reptiles in Timor-Leste.

Curvature of the centra of individual caudal vertebrae, 
as in this case, suggests that their distortion may result 
from plastic bone response (Bouvier and Hylander, 

1981; Russell et al., 1993), whereby the shape of a bone 
becomes altered over time, through bone remodelling, 
as a result of asymmetrical forces being imposed 
upon it. The eccentric placement of the vertebral 
column within the caudal tube that occurs at the sites 
of major bending (CD 9–11, 15–16, 17–19) could be 
an indication that the epaxial and hypaxial muscles are 
differentially developed on either side of the column. 
The implication of this would be that asymmetrical 
muscular forces are imposed upon the vertebrae in 
these regions, promoting distortion (curvature) of the 
centra. Given that vertebrae at critical locations in this 
lizard exhibit curvatures consistent with mechanical 
disturbances, potentially due to bone remodelling 
induced by asymmetrical loading on the centrum as a 
result of potential muscle atrophy at particular locations 
(the muscles are segmentally arranged), a future study 
should examine cross-sections of the tail to establish 
the relationship of the integument and muscles at 
malformed and “normal” stations along the tail.

Other hypotheses for the causes of tail-kinking 
include injury, mutations, parasitism, bacterial or fungal 
infections, or a lack of vitamins and minerals (e.g., 
hypovitaminosis A, calcium deficiency, phosphorous 
deficiency, MBD; Stahl, 2003). While not confirmed for 
lizards, mutations affecting the vertebrae of mice have 
been discovered (Hollander and Waggie, 1977), and 
mutations leading to spinal deformities in lizards may 
result in similar spine phenotypes. It is unclear whether 
any of these played a role in the tail-kinking observed 
in USNM 579234. Injury resulting from a predation 
attempt on this Sphenomorphus specimen cannot be 
ruled out, especially given the presence of a regenerated 
portion of the tail. It is likely that tail-kinking in wild 
populations is more prevalent than reported, and that 
this phenomenon exhibits significant variation in 
severity. Another aspect of tail malformation that has 
hitherto been considered unusual is tail furcation, which 
is now known to be observed in over 200 lizard species 
(Barr et al., 2020; Baum and Kaiser, 2024).

We believe that closer examination of museum 
specimens with tail deformities using x-rays, micro-
CT scans, and histological examinations to enable a 
more complete 3D-appreciation of tail morphology, 
as exemplified by Gordeev et al. (2021), will be 
helpful in revealing the osteological details of tail-
kinking more broadly. Closer examination of external 
and internal morphology of specimens that display 
kinked tails, particularly the twists and turns of bones 
and the role of joints in the condition, will likely help 
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determine the causal factors of this phenomenon and its 
potential impacts on fitness, which should be welcome 
information for clinical practitioners of exotic pet 
medicine. Lastly, as indicated by Bateman et al. (2022), 
kyphoscoliosis may in some circumstances be a useful 
biomonitoring indicator of reptile susceptibility to 
pollutants or extremes in incubation temperature. At a 
time where human influences may poison habitats and 
perturb global temperatures, we encourage our readers 
to report additional examples of kyphosis and scoliosis 
in wild squamate populations.

Acknowledgements. We are very grateful to Their Excellencies, 
the former President and current Prime Minister of Timor-Leste, 
Xanana Gusmão, the former Minister for the Council of Ministers, 
Ágio Pereira, and the former Senior Advisor in the Prime Minister’s 
Office, Claudia Abate-Debat, for making the necessary connections 
to allow our research in Timor-Leste to proceed. We also very much 
appreciate the support and friendship of the Director of National 
Parks, Manuel Mendes, whose office issued the necessary permits. 
For their tireless work during our field surveys, we thank our 
Timorese team members Venancio Lopes Carvalho, Agivedo Varela 
Ribeiro, Zito Afranio Soares, and Luis Lemos de Araujo, as well 
as the members of our Victor Valley College team (Jester Ceballos, 
Eric Leatham, Caitlin Sanchez, Dan Suzio, Marianna Tucci, and 
MJ Weil). We thank Stanley Cammack (Victorville, California, 
USA) for taking some of the measurements and providing a basic, 
external description of the tail. We also give thanks to Aaron Bauer 
(Villanova University, Villanova, Pennsylvania, USA), Wolfgang 
Böhme (Leibniz-Institut zur Analyse des Biodiversitätswandels, 
Museum Koenig, Bonn, Germany), Stephen Goldberg (Whittier 
University, Whittier, California, USA), and the late Gunther Köhler 
(Naturmuseum Senckenberg, Frankfurt, Germany) for supplying 
us with additional information for this manuscript. Our sincere 
thanks go to Philip Bateman, Curtin University, Bentley, Western 
Australia, Australia), Anthony Russell (University of Calgary, 
Calgary, Alberta, Canada), and Glenn Shea (University of Sydney, 
Sydney, New South Wales, Australia) for their excellent reviews of 
our manuscript. Specimen import and deposition greatly benefited 
from the expertise of Steve Gotte, Jeremy Jacobs, Roy McDiarmid, 
and Ken Tighe, all formerly at the USNM. Financial support from 
the Victor Valley College Foundation and the Associated Student 
Body at Victor Valley College was received in support of student 
travel, and JMB was supported by an NSF Postdoctoral Research 
Fellowships in Biology Program (NSF-DEB 2208959). This paper 
is Contribution No. 27 from the Tropical Research Initiative at 
Victor Valley College.

References

Alvarez, J.A., Peralta-García, A., Valdez-Villavicencio, J.H., 
Wilcox, J.T., González, N.S., Anderson, M.W., et al. (2021): 
An observation of multiple idiopathic kyphoscoliosis in 
a free-roaming California glossy snake (Arizona elegans 
occidentalis) in northwestern Baja California, México. Sonoran 
Herpetologist 34(3): 87–89.

Angilletta, M.J., Jr., Sears, M.W., Winters, R.S. (2001): Seasonal 
variation in reproductive effort and its effect on offspring size 
in the lizard Sceloporus undulatus. Herpetologica 57: 365–375.

Arrivillaga, C.R., Brown, T.W. (2019): Kyphosis in a free-living 
Marisora brachypoda (Squamata: Scincidae) from Utila Island, 
Honduras. Herpetological Bulletin 148: 43–44.

Avila, L.J., Medina, C.D., Morando, M. (2013): Natural 
history notes. Liolaemus koslowsky. Scoliosis and kyphosis. 
Herpetological Review 44(1): 144–145.

Barr, J.I., Somaweera, R., Godfrey, S.S., Gardner, M.G., Bateman, 
P.W. (2020): When one tail isn’t enough: abnormal caudal 
regeneration in lepidosaurs and its potential ecological impacts. 
Biological Reviews 95(5): 1479–1496.

Baum, T.J., Kaiser, H. (2024): Tail furcations in lizards: a revised 
summary and the second report of tail duplication in the 
Western Fence Lizard, Sceloporus occidentalis Baird & Girard, 
1852. Herpetology Notes 17: 459–475.

Bateman, P.W., Benken, R., Glowacki, R., Davis, R.A. (2022): A 
most unusual tail: scoliosis in a wild Australian skink, and reported 
incidences and suggested causes of similar malformations 
amongst squamates. Austral Ecology 47(3): 723–728.

Beuchat, C.A. (1988): Temperature effects during gestation in a 
viviparous lizard. Journal of Thermal Biology 13(3): 135–142.

Bouvier, M., Hylander, W.L. (1981): Effect of bone strain on 
cortical bone structure in macaques (Macaca mulatta). Journal 
of Morphology 167(1): 1–12.

Bustard, H.R. (1969): Tail abnormalities in reptiles resulting from 
high temperature egg incubation. British Journal of Herpetology 
4(5): 121–123.

Castillo-Juárez, J.L., Vásquez-Cruz, V., Taval-Velázquez, L.P. 
(2020): Primer registro de cifoescoliosis en Sceloporus 
formosus (Squamata: Phrynosomatidae) en Veracruz, México. 
Cuadernos de Herpetología 34(2): 257–259.

Chan, J.G., Young, L.L., Chang, P.R.K., Shero, C.M., Watts, C. 
(1984): Morphological anomalies of two geckos, Hemidactylus 
frenatus and Lepidodactylus lugubris, and the toad, Bufo 
marinus, on the island of Hawaii. In: Proceedings of the Fifth 
Conference in Natural Sciences Hawaii Volcanoes National 
Park, p. 41–50. Smith, C.W., Ed., Hilo, Hawaii, USA, 
University of Hawaii at Hilo.

Chávez-Cisneros, J.A., Lazcano, D. (2012): Natural history 
notes. Sceloporus marmoratus (Northern rose-bellied lizard). 
Kyphosis and Scoliosis. Herpetological Review 43: 140.

Datta, A.K., Hasan, M.K. (2020): A malformed oriental garden 
lizard Calotes versicolor from north-east Bangladesh. 
Herpetological Bulletin 152: 34–35.

Domínguez-De la Riva, M.A., Carbajal-Márquez, R. (2016): 
Norops sericeus (Hallowell, 1856). Kyphosis and scoliosis. 
Mesoamerican Herpetology 3: 725–726.

Etheridge, R. (1967): Lizard caudal vertebrae. Copeia 1967(4): 
699–721.

Feldman, M., Ovallez, F.V., Osorio, Y.M., Villafañe, J.L., Damiani, 
N.E., Carrasco, P.A., Alés, R.G. (2025): Un caso de cifoescoliosis 
encontrado en una víbora silvestre Bothrops ammodytoides 
(Serpentes: Viperidae) de los Andes centrales de Argentina. 
Revista Latinoamericana de Herpetología 8(2): e1202.

Garcês, A., Pires, I. (2023): Teratological effects of pesticides 
in reptiles – a review. In: Bird and Reptile Species in 



Hinrich Kaiser et al.752

Environmental Risk Assessment Strategies, p. 97–109. 
Liwszyc, G.E., Larramendy, M.L., Eds., London, UK, Royal 
Society of Chemistry.

Garin-Barrio, I., Sanz-Azkue, I., Gosá, A.L., Bandrés, A.N. (2011): 
Un caso de cifosis en Podarcis pityusensis (Boscá, 1883), 
lagartija introducida en el peñón de Gaztelugatxe (Bizkaia). 
Munibe (Cienc Nat-Natur Zientziak) 59: 103–109.

Gehring, P.S. (2009): A remarkable case of malformation in a 
free-living individual of Furcifer pardalis (Cuvier, 1829) from 
northern Madagascar. Herpetology Notes 2: 223–225.

Gehring, P.S., Crottini, A., Glaw, F., Hauswaldt, S., Ratsoavina, 
F.M. (2010): Notes on the natural history, distribution and 
malformations of day geckos (Phelsuma) from Madagascar. 
Herpetology Notes 3: 321–327.

Gordeev, D.A., Korost, D.V., Ananjeva, N.B. (2021): New 
anomalies and pathologies in the caudal region of the lizard’s 
axial skeleton. Proceedings of the Zoological Institute RAS 
325(4): 447–456.

Gray, B., Smith, H.M., Woodling, J., Chiszar, D. (2001): Some 
bizarre effects on snakes, supposedly from pollution, at a site in 
Pennsylvania. Bulletin of the Chicago Herpetological Society 
36: 144–148.

Gray, B., Smith, H.M., Chiszar, D. (2003): Further anomalies in 
the litters of a garter snake from a hazardous waste site. Bulletin 
of the Chicago Herpetological Society 38: 4–6.

Greckhamer, A. (1995): Schwanzanomalien bei Geckos der 
Gattung Phelsuma Gray, 1825. Herpetozoa 8: 35–42.

Grogan, W.L. (1976): Scoliosis in the African lizard, Agama a. 
anchietae (Bocage) (Reptilia, Lacertilia, Agamidae). Journal of 
Herpetology 10(3): 262–263.

Harlow, P.S., Taylor, J.E. (2000): Reproductive ecology of the 
jacky dragon (Amphibolurus muricatus): an agamid lizard with 
temperature‐dependent sex determination. Austral Ecology 
25(6): 640–652.

Hernández, R.B.P., Coronel, M.M., Barrera, L.E.G., Tellez, 
D.R. (2024): Cifoescoliosis en Sceloporus grammicus 
(Phrynosomatidae) en la Sierra de Santa Catarina, Ciudad de 
México. Revista Latinoamericana de Herpetología 7(3): e963.

Hollander, W.F., Waggie, K.S. (1977): Meander tail: a recessive 
mutant located in chromosome 4 of the mouse. Journal of 
Heredity 68(6): 403–406.

Horváth, G., Martín Rueda, J., Herczeg, G. (2021): A case of 
kyphosis in adult male Cyren’s rock lizard Iberolacerta cyreni. 
Herpetological Bulletin 155: 40–42.

Idrisova, L.A. (2018): The effect of incubation temperature on 
deviations of pholidosis and malformations in grass snake 
Natrix natrix (L. 1758) and sand lizard Lacerta agilis (L. 1758). 
KnE Life Sciences 4: 70–74.

Kaiser, H., Lopez Carvalho, V., Ceballos, J., Freed, P., Heacox, S., 
Lester, B., et al. (2011): The herpetofauna of Timor-Leste: a first 
report. Zookeys 109: 19–86.

Kaplan, M. (2001): Kinks and bends in tails. Herp Care Collection. 
Available at: http://www.anapsid.org/tailkinks.html.

Kearney, M., Shine, R. (2004): Developmental success, stability, 
and plasticity in closely related parthenogenetic and sexual 
lizards (Heteronotia, Gekkonidae). Evolution 58(7): 1560–1572.

Langford, M. (1985): Husbandry and captive breeding of the Sand 
Lizard (L. agilis) as an adjunct to habitat management in the 

conservation of the species in Britain. British Herpetological 
Society Bulletin 13: 28–36.

Livezey, R.L. (1958): Procaine hydrochloride as a killing agent for 
reptiles and amphibians. Herpetologica 13: 280.

Louth, B.J., Heatley, J.J. (2020): Husbandry and captive propagation 
of Eastern Collared Lizards (Crotaphytus collaris). Journal of 
Herpetological Medicine and Surgery 30(4): 210–223.

Martínez-Castro, A., Sánchez-Vialas, A. (2023): Kyphoscoliosis 
in a Marine Iguana, Amblyrhynchus cristatus Bell, 1825, from 
Isabela, Galápagos Islands. Herpetology Notes 16: 657–660.

Mitchell, J.C., Georgel, C.T. (2005): Natural history notes. 
Sceloporus undulatus undulatus (Eastern fence lizard). 
Kyphosis and Scoliosis. Herpetological Review 36(2): 183–
184.

Murray, C.M., Russo, P., Zorrilla, A., McMahan, C.D. (2019): 
Divergent morphology among populations of the New Guinea 
Crocodile, Crocodylus novaeguineae (Schmidt, 1928): 
diagnosis of an independent lineage and description of a new 
species. Copeia 107(3): 517–523.

Najbar, B., Najbar, A., Sapikowski, G., Kolenda, K., Skawiński, 
T. (2022): Developmental anomalies in the smooth snake, 
Coronella austriaca Laurenti, 1768 (Squamata, Colubridae) 
from Poland. Herpetozoa 35: 115–120.

O’Shea, M., Sanchez, C., Kathriner, A., Lopes Carvalho, V., Varela 
Ribeiro, A., Afranio Soares, Z., et al. (2012): First update to 
herpetofaunal records from Timor-Leste. Asian Herpetological 
Research 3: 114–126.

O’Shea, M., Sanchez, C., Kathriner, A., Mecke, S., Lopes 
Carvalho, V., Varela Ribeiro, A., et al. (2015): Herpetological 
diversity of Timor-Leste: updates and a review of species 
distributions. Asian Herpetological Research 6(2): 73–131.

Olsson, M., Gullberg, A., Tegelström, H. (1996): Malformed 
offspring, sibling matings, and selection against inbreeding 
in the sand lizard (Lacerta agilis). Journal of Evolutionary 
Biology 9(2): 229–242.

Owens, A.K., Knapp, C.R. (2007): Natural history notes. Cyclura 
cychlura cychlura (Andros iguana). Scoliosis; kyphosis. 
Herpetological Review 38: 554.

Paninárová, M., Stehlík, L., Proks, P., Vignoli, M. (2016): 
Congenital and acquired anomalies of the caudal vertebrae in 
dogs: radiographic classification and prevalence evaluation. 
Acta Veterinaria Hungarica 64(3): 330–339.

Pollard, R.E., Koehne, A.L., Peterson, C.B., Lyons, L.A. 
(2015): Japanese Bobtail: vertebral morphology and genetic 
characterization of an established cat breed. Journal of Feline 
Medicine and Surgery 17(8): 719–726.

Ramírez-Jaramillo, S.M. (2018): Primer reporte de cifoescoliosis 
en Stenocercus guentheri (Iguania: Tropiduridae), Andes Norte 
de Ecuador. Cuadernos de Herpetología 32(1): 55–57.

Rocha, A., Jimenez, M., Montoya, M., Mata-Silva, W. (2023) 
Primer registro de escoliosis en el huico marmoreo, Aspidoscelis 
marmoratus (Baird & Girard, 1852). Revista Latinoamericana 
de Herpetología 6(3): e781.

Russell, A.P., Thomason, J.J., Hanken, J., Hall, B.K. (1993): 
Mechanical analysis of the mammalian head skeleton. In: The 
Skull. Volume 3. Functional and Evolutionary Mechanisms, p. 
345–383. Hanken, J., Hall, B.K., Eds., Chicago, Illinois, USA, 
University of Chicago Press.



A Kinked Tail in Sphenomorphus melanopogon 753

Accepted by Anamarija Žagar

Sant’Anna, S.S., Grego, K.F., Lorigados, C.A., Fonseca-Pinto, 
A.C., Fernandes, W., Sá-Rocha, L.C., Catão-Dias, J.L. 
(2013): Malformations in neotropical viperids: qualitative 
and quantitative analysis. Journal of Comparative Pathology 
149(4): 503–508.

Shea, G.M. (2012): On the identity of the type species 
of Sphenomorphus (Squamata: Scincidae): Lygosoma 
melanopogon Duméril and Bibron 1839, with a note on a new 
scalation character of the pes in Sphenomorphus. Zootaxa 3490: 
1–29.

Shine, R. (2004): Seasonal shifts in nest temperature can modify 
the phenotypes of hatchling lizards, regardless of overall mean 
incubation temperature. Functional Ecology 18: 43–49.

Simbotwe, M.P. (1983): A report on scoliosis in the diurnal gecko 
Lygodactylus chobiensis Fitzsimons 1932 inhabiting Lochinvar 
National Park, Zambia. Journal of the Herpetological 
Association of Africa 29(1): 18.

Smith, H.M., Fitzgerald, K.T. (1983): Trauma-induced 
developmental vertebral displacement (rhoecosis) in a garter 
snake. Herpetological Review 14(3): 69–72.

Stahl, S.J. (2003): Pet lizard conditions and syndromes. Seminars 
in Avian and Exotic Pet Medicine 12(3): 162–182.

Tiburcio, C.R., González, Y., Sisa, J.F., Reyes, F.O. (2021): 
Registro de anormalidad morfológica en Anolis cybotes 
(Squamata: Dactyloidae), en un ejemplar de Santo Domingo, 
República Dominicana. Novitates Caribaea 18(17): 199–202.

Troidl, S. (1997): Knickschwänze bei Nachzuchten der 
Perleidechse. Die Eidechse, Bonn 8(2): 62.

Ulber, T. (1986): Ein Beitrag zur „Knickschwanz”-Problematik 
bei Calotes Cuvier, 1817. Sauria 8(3): 21–22.

Valdez-Villavicencio, J.H., Hollingsworth, B.D., Galina-Tessaro, 
P. (2016): Sceloporus vandenburgianus (Cope, 1896). Kyphosis 
and scoliosis. Mesoamerican Herpetology 3(2): 488–490.

Vinegar, A. (1974): Evolutionary implications of temperature 
induced anomalies of development in snake embryos. 
Herpetologica 30(1): 72–74.

Wright, K. (2008): Two common disorders of captive 
bearded dragons (Pogona vitticeps): nutritional secondary 
hyperparathyroidism and constipation. Journal of Exotic Pet 
Medicine 17(4): 267–272.


