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Resumen.— La cifosis es una condicién fisica definida como una deformidad dorsalmente convexa de la columna en el plano
sagital del animal, y en el caso de tortugas, se observa una curvatura o joroba en el caparazén. Durante los estudios de monitoreo de
la tortuga de poza Actinemys pallida en el Arroyo San Rafael, Baja California, encontramos dos individuos con cifosis. De 220 tortugas
capturadas en este sitio en varios afios, estas dos tortugas fueron las inicas que hemos encontrado con este tipo de malformacién, lo
que representa una prevalencia alta de esta condicién.

Palabras Clave.— Caparazén, malformaciones, tortugas.

Abstract.— Kyphosis is a physical condition defined as a dorsally convex deformity of the spine in the sagittal plane of the animal,
and in turtles, an exaggerated forward rounding or hump is observed in the turtle’s shell. During monitoring surveys of the
southwestern pond turtle Actinemys pallida in Arroyo San Rafael, Baja California, we found two kyphotic individuals. Of 220 pond
turtles captured at this site in several years, these two turtles were the only ones found with this type of malformation, representing

a high prevalence of this condition.
Keywords.- Carapace, malformations, turtles

Among the osteological malformations of vertebrates, kyphosis
is a physical condition defined as a dorsally convex deformity of
the spine in the sagittal plane of the animal, commonly known
as a "hump-back” (Rhodin et al., 1984). Even though osteological
abnormalities are rare in wild reptiles (Telemeco et al., 2013;
Lowenborg & Hagman, 2017; Valdedn et al., 2020), they are
more frequent in captivity as a consequence of deficient care,
especially related to nutrition and UV deficiencies (Mendyk,
2008).

However, kyphosis, as well as other spinal malformations can
develop at any time in wild animals (Frye, 1991) and can be caused
by teratogenic and environmental agents, such as exposure to
chemicals, abnormal temperatures, insufficient nutrients during
embryonic development, genetic predisposition, errors during
vertebral segmentation or ossification, among others (Frye, 1991;
Rothschild, 2009; Martin-del Campo et al., 2021). Kyphosis has
been recorded in many species of turtles from different families,
including marine (Martin-del Campo et al., 2021) and terrestrial
species (Wendolleck, 1904), but more frequently in freshwater
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turtles. Within the family Emydidae it has been reported in at
least 30 species (Plymale et al., 1978; Harding & Bloomer, 1979;
Mitchell et al., 2019; Jackson & Zappalorti, 2020). Here we
report the first case of kyphosis in Actinemys pallida from Baja
California, Mexico.

The southwestern pond turtle (A. pallida) is the only native
freshwater turtle in the state of Baja California. This species
ranges from the central coast south of San Francisco Bay area
in California to the northwestern Baja California (Legler & Vogt,
2013). Within Baja California, it is found in riparian habitats
from the US-Mexico border to Arroyo El Rosario (Grismer, 2002),
with a disjunct population in the central desert of Baja California
(Valdez-Villavicencio et al., 2016). It is a small to medium-sized
freshwater turtle with an average carapace length of 150-160
mm (Holland, 1994).

During monitoring surveys of A. pallida in Arroyo San Rafael,

Baja California (31.11893, -115.97129, 220 m elevation), a kyphotic
female turtle was captured on 17 March 2023. The specimen
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Figura 1. Ejemplares con cifosis de Actinemys pallida, hembra adulta (izquierda) y juvenil (derecha) del Arroyo San Rafael, Baja California, México. Fotos: Jorge H. Valdez.

Figure 1. Kyphotic adult female Actinemys pallida (Ieft), and a juvenile (right), from Arroyo San Rafael, Baja California, Mexico. Photos by: Jorge H. Valdez.

had the following measurements: carapace length = 120.3 mm,
carapace width = 93.8 mm, plastron length = 107.7 mm, and the
kyphotic carapace height was 52.0 mm (Fig. 1, Table 1).

On 09 June 2023, a second individual was captured. The
juvenile turtle had the following measurements: carapace length
=67 mm, carapace width = 59.3 mm, plastron length = 62.7 mm,
and the kyphotic carapace height = 30.2 mm (Fig. 1). Later, this
same individual was recaptured on 24 June 2023 in the same
pond, and the measurements were: carapace length = 69.6 mm,
carapace width = 60.6 mm, plastron length = 64.0 mm, and the
kyphotic carapace height=30.6 mm (Table 1). Except for the shell,
the head, limbs, and tail of each of the specimens, appeared to be
normal, and when they were released into the water, they swam
normally.

Apparently, this condition does not affect the turtles in terms
of reproduction (in the case of females) or even their mobility,
both in water and on land (Moldowan et al., 2015). For example,
reproduction has been reported in Trachemys scripta with severe
kyphoscoliosis (Enge et al. 2022b) and several egg clutches in
kyphotic Chrysemys picta was also documented (Moldowan et
al. 2015). Both kyphotic specimens of Actinemys pallida found in
this study appeared to be healthy and possessed a body mass like
other turtles with similar carapace length (Enge et al., 2022a;
Table 1). An increase in length and body mass in kyphotic turtles
could be slower in some species (Selman & Jones, 2012), or more
rapid in others (Wilhoft, 1980). In this report, the recaptured
juvenile A. pallida in our study site showed a growth similar to
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non-kyphotic turtles, with a weight and carapace length similar
to other turtles of similar size (Table 1).

Of 220 pond turtles captured at this site in several years, these
two turtles were the only ones found with kyphosis, representing
an incidence of this condition of 0.9%. Previous records on
turtles have found prevalence’s range from 0.04 to 1% (Rhodin et
al., 1984; Trembath, 2009; Moldowan et al., 2015). The incidence
at our site is consider high and warrant a need to monitor the
population. When reviewing the literature, 18 reports were found
where cases of kyphosis had a higher incidence in females than
in males (19 and 6 respectively). Lynn & Ullrich (1950) suggested
multiple potential causes for shell anomalies, due to moisture
changes in the late stages of development in the nest, which can
cause significant changes in the anatomy of the plastron, the
carapace, and even the shape of the head.

Other causes may lead to deformed, raised plaques that form
due to an excess of protein in the diet, or raised plates that form
due to renal or nutritional osteodystrophy (Rothschild et al.,
2013). Although it is not known if there is a direct relationship
between this malformation and sex, it is likely that females are
more susceptible to suffering from these malformations related
to development during incubation in the nest, since being at
higher temperature, the eggs may suffer from desiccation (Lynn
& Ullrich, 1950). However, we cannot be sure which variables
cause kyphosis on turtles at this site, so if more individuals
appear, it will be necessary to determine its cause and effects in
the population.
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Tabla 1. Datos morfométricos de Actinemys pallida en condicion normal y con cifosis en el Arroyo San Rafael, Baja California, México. Medidas de altura del caparazon de tortugas con

cifosis en negrita. El asterisco indica la recaptura del sequndo ejemplar capturado.

Table 1. Morphometrics of normal and kyphotic Actinemys pallida from Arroyo San Rafael, Baja California, Mexico. Carapace height measurements of kyphotic turtles in bold. The asterisk

indicates the recapture of the second captured specimen.

Sex Carapace Carapace with
length (mm) (mm)

Female 120.3 93.8
Female 19.2 87.3
Male 120.0 86.5
Male 120.3 90.2
Female 1221 94
Female 123.2 90.9
Female 1247 90.8
Male 125.5 88.8
Juvenile 67.0 59.3
Juvenile 68.6 59.4
Juvenile 68.1 56.8
Juvenile* 69.6 60.6
Juvenile 7.6 58.6

Acknowledgements.- We thank to Elisa Luna, Joel Hernindez
and Norma S. Gonzilez for field assistance. To Jeff Alvarez
for his valuable review of the English, and comments on the
manuscript. We also thank to Ana Gatica and two anonimous
reviewers for their suggestions that improved the manuscript.
Financial support was provided by the Western Pond Turtle
Range-wide Conservation Coalition. The scientific permit
(SPARN/DGVS/03979/23) was issued by the Direccién General de
Vida Silvestre of México to JHVV.

CITED LITERATURE

Enge, K.M., T.M. Thomas & G. R. Johnston. 2022a. Macrochelys
suwanniensis Kyphosis. Herpetological Review 53:122-123.

Enge, K.M., B. Clemons, G.R.Johnston & L. Straub. 2022b. Trachemys
scripta scripta Kyphosis. Herpetological Review 53:315.

Frye, F.L. 1991. Biomedical and Surgical Aspects of Captive Reptile
Husbandry. Krieger Publishing Company. Malabar, Florida,
USA.

REVISTA LATINOAMERICANA DE HERPETOLOGIA Vol.07 No.01/ Enero-Marzo 2024

) ::ia;rhatp(a;; ) Plast::::)ength Mass (g)
52 107.7 267.2
39.5 105.1 2217
36.1 101.1 211.6
Hold 102 215.1
40.4 109.6 254.4
401 1.6 272.4
42.2 108.4 2515
39 106.6 218.9
30.2 62.7 55.4
23.5 63.3 50.5
23.3 58.7 45
30.6 64 60.5
24.7 60.9 54.8

Grismer, L.L. 2002. Amphibians and Reptiles of Baja California,
including its Pacific Islands and the Islands in the Sea of Cortés.
University of California Press. Berkeley, California, USA.

Harding,].H. & T.]. Bloomer. 1979. The wood turtle, Clemmys insculpta
... a natural history. Bulletin of the New York Herpetological
Society 15:9-26.

Holland, D.C. 1994. The western pond turtle: habitat and history.
Final report to U.S. Department of Energy. Portland, Oregon,
USA.

Jackson, D.R. & R.T. Zappalorti. 2020. Pseudemys nelsoni and P.
rubriventris Kyphosis and kyphoscoliosis. Herpetological Review
51:113-114.

Legler, .M. & R.C. Vogt. 2013. The Turtles of Mexico: Land and
Freshwater Forms. University of California Press, Berkeley,

California, USA.

Lowenborg, K. & M. Hagman. 2017. Scale asymmetries and lateral
rib duplication in snakes: correlates and effects on locomotor

- 35 -



performance. Biological Journal of the Linnean Society 120:189-
194.

Lynn, G.W. & M.C. Ullrich. 1950. Experimental production of shell
abnormalities in turtles. Copeia 1950:253-262..

Martin-del Campo R., M. F. Calderén-Campuzano, I. Rojas-
Lleonart, R. Briseflo-Duefas & A. Garcia-Gasca. 2021. Congenital
malformations in sea turtles: puzzling interplay between genes
and environment. Animals 11:444.

Mendyk, RW. 2008. Remarks on osteological deformities in a
captive-bred emerald tree Monitor, Varanus prasinus. Biawak
2:72-79.

Mitchell, J.C., PV. Lindeman, M. Welc, K. Bosma, G.]. Brown,
W. Selman & J.B. Iverson. 2019. Graptemys flavimaculata, G.
geographica and G. gibbonsi Kyphosis. Herpetological Review
50:353-354.

Moldowan, P.D., M.G. Keevil, N. Koper, R.]. Brooks & J.D. Litzgus.
2015. Growth, sexual maturity, and reproduction of a female
midland painted turtle (Chrysemys picta marginata) afflicted with
kyphosis. Chelonian Conservation and Biology 14:157-160.

Plymale, H. H., C. G. Jackson & G. Collier. 1978. Kyphosis in
Chrysemys scriptayaquia (Testudines: Emydidae) and other turtles.
Southwestern Naturalist 23:457-462.

Rhodin, A. G., P. H. Pritchard & R. A. Mittermeier. 1984. The
incidence of spinal deformities in marine turtles, with notes on
the prevalence of kyphosis in Indonesian Chelonia mydas. British
Journal of Herpetology 6:369-373.

Rothschild, B. 2009. Scientifically rigorous reptile and amphibian
osseous pathology. Lessons for forensic herpetology from
comparative and paleo-pathology. Applied Herpetology 6:47-79.

REVISTA LATINOAMERICANA DE HERPETOLOGIA Vol.07 No.01/ Enero-Marzo 2024

Valdez-Villavicencio et al. Kyphasis in Actinemys pallida from Baja California

Rothschild, B.M., H.P. Schultze & R. Pellegrini. 2013. Osseous and
other hard tissue pathologies in turtles and abnormalities of
miner deposition. Pp. 501-534. In R.B. Brinkman, P.A. Holroyd
& ].D. Gardner (Eds.), Morphology and Evolution of Turtles.
Springer, New York, USA.

Selman, W. & R.L. Jones. 2012. Growth in kyphotic ringed
sawbacks, Graptemys oculifera (Testudines: Emydidae). Chelonian
Conservation and Biology 11:259-261.

Telemeco, R.S., D.A. Warner, M.K. Reida & F.J. Janzen. 2013.
Extreme developmental temperatures result in morphological
abnormalities in painted turtles (Chrysemys picta): a climate
change perspective. Integrative Zoology 8:197-208.

Trembath, D.F. 2009. Kyphosis of Emydura macquarii krefftii
(Testudines: Chelidae) from Townsville, Queensland, Australia.
Chelonian Conservation and Biology 8:94-95.

Valdeén. A., C. Ayres, V. Rada, A. Bafieres & A. Martinez-Silvestre.
2020. First case of lordosis in a wild- caught European pond turtle
(Emys orbicularis). North-Western Journal of Zoology 16:242-244.

Valdez-Villavicencio, J.H., A. Peralta-Garcia, P. Galina-Tessaro &
B.D. Hollingsworth. 2016. Notes on the reproduction of the
southwestern pond turtle Emys pallida in Baja California, México.
Revista Mexicana de Herpetologia 2:36-39.

Wilhoft, D.C. 1980. Kyphosis in the snapping turtle Chelydra

serpentina. Bulletin of the New York Herpetological Society 15:15-
26.

-36-



