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AsTRACT—We detected evidence of predation by the Sonora mud turtle (Kinosternon sonoriense) on
the Arizona alligator lizard ([Elgaria kingii nobilis) and the ground snake (Sonora semiannulata) at Montezuma
Well, Yavapai County, Arizona. Lizards have not been reported in the diet of K. sonoriense, and saurophagy is
rare in turtles of the United States, having been reported previously in only two other species:, the false map
turtle (Graptemys pseudogeographica) and the eastern box turtle (7errapene carolina). While the diet of K.
sonoriense includes snakes, ours is the first record of S. semiannulata as food of this turtle. Ophiophagy also is
rare in turtles of the United States with records for only five other species of turtles. Given the opportunistic
diets of many North American turtles, including K. sonoriense, the scarcity of published records of
saurophagy and ophiophagy likely represents a shortage of observations, not rarity of occurrence.

ResumeN—Evidencia de depredacién por la tortuga casquito de Sonora (Kinosternon sonoriense) en la
lagartija lagarto de Arizona (Elgaria kingii nobilis) y 1a culebra de arena (Sonora semiannulata) fue observada
en el Pozo Montezuma, condado de Yavapai, Arizona. Lagartijas no han sido reportadas en la dieta de K.
sonoriense, y saurofagia es rara en tortugas en los Estados Unidos, habiendo sido reportada solamente en
otras dos especies, Graptemys pseudogeographicay Terrapene carolina. Aunque la dieta de K. sonoriense incluye
viboras, el nuestro es el primer registro de S. semiannulata como comida de esta tortuga. Ofiofagia es
también rara en tortugas en los Estados Unidos, habiendo sido observada en s6lo cinco otras especies de
tortugas. Dadas las dietas oportunistas de muchas especies norteamericanas de tortugas, incluyendo K.
sonoriense, la escasez de expedientes publicados de saurofagia y ofiofagia representa mas probablemente
una escasez de observaciones, y no necesariamente la rareza de la ocurrencia.

SONORIENSE) WITH COMMENTS ON SAUROPHAGY AND OPHIOPHAGY IN
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Saurophagy, or a diet that includes lizards, is
unusual in North American turtles, as is ophio-
phagy, a diet that includes snakes. During a study
of the Sonora mud turtle (Kinosternon sonoriense)
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in Arizona, we observed evidence of predation
on the Arizona alligator lizard (Elgaria kingii
nobilis) and the ground snake (Sonora semiannu-
lata), prey items not reported previously for this
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turtle. We present details of our findings and a
review of saurophagy and ophiophagy in North
American non-marine turtles.

The study site was Montezuma Well, a large
natural-spring pool in Yavapai County, Arizona,
administered by the National Park Service as
part of Montezuma Castle National Monument.
The wetland possesses several unique limnolog-
ical characteristics, including the fact that fish
cannot survive in its waters due to the high
concentration of dissolved calcium carbonate
(COy; Blinn and Sanderson, 1989). We collect-
ed turtles using baited hoop traps and placed
them in plastic bins for processing. On 1 May
2007, two male Sonora mud turtles were placed
in a plastic bin at ca. 1000 h. Lengths of
carapace were 13.2 and 12.6 cm. After ca. 4 h,
the partially digested carcass of a lizard was
observed floating in the container. The remains
consisted of ca. 2 cm of the posterior body, with
hind legs, plus 5 cm of the tail. The anterior
end of the body appeared as though bitten off
with a clean cut. A lump of soft, dark-gray,
unidentified material partially covered the tail.
We identified the remains as an Arizona
alligator lizard based on the characteristic large,
rectangular scales on the dorsal and ventral
surfaces, a longitudinal fold of skin along the
side of the body, and narrow, wavy black cross
bands edged with white on the dorsum and
sides. We confirmed the identification by
comparison with preserved specimens at the
Museum of Northern Arizona in Flagstaff. The
regurgitated specimen measured 8-9 cm in
snout-vent length.

On 27 July 2007, we found a regurgitated
ground snake (Sonora semiannulata) floating in a
bin with two Sonora mud turtles soon after their
removal from a hoop trap in Montezuma Well.
Lengths of carapace of the turtles were 11.3 and
10.8 cm (both males). We identified the snake
based on a row of dark saddles on a dull-white
dorsum, flat crown, and non-countersunk lower
jaw. However, we could not remove this speci-
men from consideration as a western shovel-
nosed snake (Chionactis occipitalis), given simi-
larities between the species in morphology and
color pattern as juveniles. Previous sequencing
of the ND1 mitochondrial gene revealed sub-
stantial sequence variation between these spe-
cies (ca. 12-13% sequence divergence; Wood et
al., 2008; D. A. Wood, unpublished data). Based
on this variation and ND1 sequence data from
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this specimen, we were able to confirm identi-
fication of the species as S. semiannulata. The
specimen was deposited into the San Diego
Natural History Museum (SDNHM 72853).
Total length was 11-12 cm, which is the size of
a hatchling ground snake (Frost, 1983). Close
examination of the specimen revealed a cut-out
section in the body, 2.5 c¢cm posterior to the
snout; 3 cm of the body behind this was reduced
to a flap of skin.

While the Sonora mud turtle is primarily
carnivorous, it is an opportunistic forager. When
benthic food organisms are uncommon in
stream habitats, Sonora mud turtles tend to be
more omnivorous. Hulse (1974) studied two
populations in Arizona and reported that plant
material comprised 18.3% of total volume of the
diet in all samples. Animals comprised 81.7% of
the total volume and included several groups of
insects (Anisoptera, Coleoptera, Diptera, Ephe-
meroptera, Hemiptera, Megaloptera, Trichop-
tera, and Zygoptera), snails (Physa), fish (Agosia
chrysogaster), frogs (Rana pipiens), crayfish (Pro-
cambarus), and ostracods. Ligon and Stone
(2003) reported K. sonoriense feeding on the
red-spotted toad Bufo punctatus, and Stone et al.
(2005) observed a K. sonoriense capturing, killing,
and partially eating a black-necked garter snake
(Thammnophis cyrtopsis). Stone et al. (2005) ob-
served a Sonora mud turtle eating a northern
mockingbird (Mimus polyglottos), providing fur-
ther evidence of the opportunistic nature of
feeding in the species.

Unlike snakes, there is no previous record of
lizards in the diet of the Sonora mud turtle. Our
observation of a regurgitated, partially digested
E. k. nobilis represents the first evidence of
saurophagy in this turtle. Although our study
site is near the northern geographic limit of both
species, there is remarkable congruence in their
distribution in the United States (Brennan and
Holycross, 2006), providing ample opportunity
for predator-prey interactions. Similarly, S. semi-
annulata occurs throughout much of the range
of K. sonoriense. Both species of prey are relatively
common in the vicinity of Montezuma Well (C.
A. Schmidt et al., http://sbsc.wr.usgs.gov/files/
pdfs/ofr_2006-1163.pdf).

At the time of our analysis, the most recent
and complete review of diet in North American
turtles was by Ernst et al. (1994). Reports of
saurophagy and ophiophagy are rare in the 48
species of native non-marine turtles (Table 1).
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TaBLE 1—North American non-marine turtles with reptiles in their diet (Ernst et al., 1994). Nomenclature of
turtles follows Fritz and Havas (2007). Other common and scientific names of reptiles follow Crother et al. (2000).

Family Species Prey

Chelydridae Chelydra serpentina Other turtles including Chelydra, Kinosternon,
Sternotherus, Chrysemys, Pseudemys, Trachemys, and
Apalone. Snakes including Elaphe, Nerodia,
Regina, Thamnophis, and Agkistrodon.

Macrochelys temminckii Other turtles including Graptemys flavimaculata,

Pseudemys, Trachemys, Sternotherus, Macrochelys,
and Apalone. Small alligators (Alligator
mississippiensis) and snakes.

Trionychidae Apalone ferox Other turtles including Pseudemys and Sternotherus.
Snakes including Nerodia and Regina.

Kinosternidae Sternotherus minor Other turtles including Sternotherus minor and
Trachemys scripta.

Emydidae Glyptemys muhlenbergii Dead water snakes.

Glyptemys insculpta
Graptemys pseudogeographica
Terrapene carolina

Trachemys scripta

Other turtle eggs.

The lizard Eumeces.

The lizard Phrynosoma and eggs of the turtle
Chelydra serpentina.

Turtle scutes and the snake Nerodia.

Although reptiles occasionally are reported in
the diet of turtles, only two other species are
known to be saurophagous, the eastern box
turtle (Terrapene carolina) and false map turtle
(Graptemys pseudogeographica). Other species of
turtles that frequently are considered to be
more predacious (e.g., the snapping turtle,
Chelydra serpentina) have not been recorded
eating lizards. Both Terrapene and Graptemys are
omnivores like K. sonoriense, but no North
American species of turtle consumes lizards
often enough to be considered saurophagous
specialists. Instead, all three species of turtles
listed in the previous sentence are considered to
be opportunistic omnivores, although some
populations of K. sonoriense tend toward carni-
vorory (Hulse, 1974). Five other species are
reported to eat snakes (Table 1). Given the
catholic and opportunistic diets of so many
North American turtles, the paucity of pub-
lished records of saurophagy and ophiophagy
likely represent a shortage of observations, not
necessarily rarity of occurrence.

Early versions of the manuscript were read by K.
Hart and E. Nowak, J. Marcos-Iga graciously translat-
ed our abstract, and A. Holycross assisted with
identification of the partially digested snake. Special
thanks to C. Schwalbe for assisting us with this
manuscript.

LITERATURE CITED

BN, D. W., anp M. W. Sanperson. 1989. Aquatic
insects in Montezuma Well, Arizona, USA: a
travertine spring mound with high alkalinity and
dissolved carbon dioxide. Great Basin Naturalist 49:
85-88.

Brennan, T. C., axp A. T. HoLycross. 2006. A field guide
to amphibians and reptiles in Arizona. Arizona
Game and Fish Department, Phoenix.

CROTHER, B. I. (editor). 2000, Scientific and standard
English names of amphibians and reptiles of North
America north of Mexico, with comments regarding
confidence in our understanding. Society for the
Study of Amphibians and Reptiles Herpetological
Circular 29:1-82.

Ernst, C. H., J. E. Lovich, axp R, W. BArRBOUR. 1994.
Turtles of the United States and Canada. Smithso-
nian Institution Press, Washington, D.C.

Fritz, U., AND P. Havas. 2007. Checklist of chelonians of
the world. Vertebrate Zoology 57:149-368.

Frost, D. R. 1983. Sonora semiannulata. Society for the
Study of Amphibians and Reptiles, Catalogue of
American Amphibians and Reptiles 333:1-4.

Hutsk, A. C. 1974. Food habits and feeding behavior of
Kinosternon sonoriense (Chelonia: Kinosternidae).
Journal of Herpetology 8:195-199.

Licon, D. B., ano P. A. Srtone. 2003. Kinosternon
sonoriense (Sonoran mud turtle). Predator-prey.
Herpetological Review 34:241-242.

StoNE, P. A., M. E. Baps, B. D. StaniLa, G. W. KERSEY, AND
Z. S. StonNe. 2005. Kinosternon sonoriense (Sonoran



138 The Southwestern Naturalist vol. 55, no. 1

mud turtle). Diet. Herpetological Review 36:
167-168.

Woop, D. A, J. M. Mzik, A. T. HoLycross, R. N. FISHER,
AND A. G. VANDERGAST. 2008. Molecular and pheno-
typic diversity in Chionactis occipitalis (western
shovel-nosed snake), with emphasis on the status

of C. o. klauberi (Tucson shovel-nosed snake).
Conservation Genetics 9:1489-1507.

Submitted 21 August 2007.  Accepted 1 June 2009.
Associate Editor was Geoffrey C. Carpenter.



