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ABSTRACT—Most species of aquatic turtles have integumentary exocrine glands asso-
ciated with the bridge and variously referred to as Rathkes, musk, or scent glands. Rathkes
glands have been found in Terrapene species. Waagen found one or two pairs of axillary
musk glands in three of sixteen (19%) 7. carolina specimens. During the year 1997, 1999,
2000, and 2001 we recorded observations of odor production by hatchling three-toed box
turtles. Of 1,407 hatchlings examined, 315 (22.4%) produced a detectable odor. The hatch-
lings sampled came from 503 clutches laid by 60 different females. Overall, 41% of all
clutches produced at least one hatchling in which an odor producing capability was recorded.
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INTRODUCTION

Most species of aquatic turtles have integumentary exocrine glands as-
sociated with the bridge and variously referred to as Rathke’s, musk, or
scent glands. Waagen (1972) reviewed the morphology and evolution of
these glands, concluding that all the glands in turtles are homologous. His-
tologically, the glands have been shown to have the holocrine mode of
secretion (Solomon 1994, Zangerl 1941). Seifert et al. (1994) summarized
chemical studies of the gland’s secretions. The function of the secretions is
unknown, but several possibilities were discussed by Mason (1992), includ-
ing predator deterrence and sex and species recognition.

Glandular secretions may be released when the turtle is disturbed (Neill
1948b, Legler 1960, Goode 1967), and several authors have reported that
younger turtles seem to be more inclined to discharge secretions than adules
(Neill 1948a, Waagen 1972, Kool 1981). Several authors have reported a
foul smelling musk produced by box turtles of the genus Zerrapene (Neill
1948a, Norris and Zweifel 1950), including both young and adult 77 ornata
(Legler 1960).

Rathke’s glands have been found in Zérrapene species, including 7. or-
nata, 1. nelsoni, 1. coahuila and 1. carolina (Hottmann 1890, Legler 1960,
Waagen 1972). Waagen (1972) found one or two pairs of axillary musk
glands in three of sixteen (19%) 7. carolina specimens. The glands in the
shell of Zerrapene had ducts passing through an osseous canal formed by
the hyoplastral buttress and the third peripheral bone of the carapace. The
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FiGUre 1. The location of the orifice of the duct of the Rathke's gland.

external, slit-like orifice of the duct lies in the vicinity of the sulcus along
the inferior border of marginal scutes 3 and 4 (Fig. 1.

Neill (1948a) reported the production of an offensive odor by box
turtle hatchlings in Richmond County, Georgia, corresponding with the
Eastern Box lurtle, 77 ¢. carolina. We wanted to determine if three-toed
box turtle hatchlings, 7. ¢. triunguis, also produced a musk odor.

MATERIALS AND METHODS

From 1990 through 1995, we handled three-toed box turtle hatchlings
at our study site without noticing any odor (Messinger and Patton 1995).
In 1996, we began to measure the carapace of hatchlings with calipers; as
we did, they struggled vigorously and an occasional hduhlmg produced a
strong odor. During the years 1997, 1999, 2000, and 2001 we recorded
observations of odor production by hatchlings. For each hatchling, the pres-
ence or absence of odor, clutch, and morcher were recorded.

ResurLTs AND DISCUSSION

Over the four-year period, all hatchlings were handled in the process
of taking measurements. They often struggled while being held and cthis is
when the odor from the glandular discharge was noticed. This timing would
seem to lend support to the hypothesis that the secretion serves a defensive
function.
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Tasir 1. Odor production by hatchling three-toed box turdes, OPH = odor pro-
ducing hatchlings.

Number ol Number of OPH Clutches containing
Year hatchlings (%0 OPH) Number of clutches OPH Number of mothers
1997 206 34 (16.5%) 84 26.2% 20
1999 401 99 (24.7%) 133 51.1% 47
2000 360 100 (27.8%) 139 47.4% 46
2001 440 82 (18.6%) 147 36.7% 51
Toral 1,407 315 (22.4%) 503 41.0% 60

Of 1,407 hatchlings examined, 315 (22.4%) produced a detectable
odor (Table 1). The hatchlings sampled came from 503 clutches laid by 60
different females. Overall, 41% of all clutches produced at least one hatch-
ling in which an odor producing capability was recorded.

For all females that produced at least 10 hatchlings, the percentage of
odor producing hatchlings per female ranged from 4.2% to 53.8% with a
modal range of 15-21% (Fig. 2).

Other than presence or absence of odor production, we made several
other observations about the timing of the ph«_nomenon The youngest
stage at which a musk odor was detected was in neonates that had pipped
the eggshell, but prior to emergence of the hatchling. Although we have
handled all life stages extensively, we have not detected odor discharge in
any specimens other than hatchlings no more than a few days old.

Under the assumprions that musk odor production is indicative of the

I F
presence of Rathke’s glands, and that we detected the odor producing ca-
pability when present, we can compare our resules with the observations by
Waagen (1972). He found the glands in 19% of the 7. carolina he examined
by disscction (presumably adules). Since we detected the presence of musk
odor in 22.4% of box turtle hatchlings examined, we expect that only about
22% of 1. ¢. trinngnis hatchlings have Rathke’s glands, and that the glands
do not completely degenerate as the turtles grow older, but do apparenty
become inactive.

Number of Females
(-]

1-7  8-14 15-21 22-28 29-35 36-42 43-49 50-56
Offspring Producing Odor (%)

FIGURE 2. The percentage of odor producing hatchlings produced by various females.



Patton et al.: Odor production in hatchling three-toed box turtles 25

ACKNOWLEDGMENTS

We thank Melinda Matthews of the library at The University of Lou-
isiana at Monroe for help in obtaining literature and Senator Robert ].
Barham for his crucial help in this study and the Louisiana Department of
Wildlife & Fisheries for Scientific Collecting Permits LNHP-97-034; 99-
031; 00-035; 01-080.

LITERATURE CITED

GOODE, J. 1967. Freshwater tortoises of Australia and New Guinea. Lansdowne Press, Mel-
bourne. 154 p.

Horrmann, C.K. 1890. Klassen und Ordnungen des Thier-Reichs. Bd. 6, Ab. 3, Reptilien.
1. Schildkréten. Winter, 1.eipzig, 442 p., 48 pls., 1 woodcut.

Koot, K. 1981. Is the musk of the long-necked turtle, Chelodina longicollis, a deterrent to
predators? Aust. J. Herp. 1:45-53.

LEGLER, J.M. 1960. Natural history of the ornate box turtle, Térrapene ornata ornata Agassiz.
Univ. Kansas Publ., Mus. Nat. Hist. 11:527-669.

Masox, R'T. 1992, Repilian pheromones. Pp. 114-228. In C. Gans and D. Crews (Eds.),
Biology of the reptilia, Vol. 18, Physiology E; hormones, brain and behavior. University
of Chicago Press, Chicago, Illinois.

MessINGER, MLA. aND G.M. PaTTON. 1995. Five year study of nesting of captive Terrapene
carolina triunguis. Herpetol. Rev. 26:193-195.

N, W.T. 1948a. Odor of young box turtles. Copeia 1948:130.

NEriLL, W.T. 1948b. Use of scent glands by prenatal Sternotherns minor. Herpetologica 4:
148.

Norris, K.S. anp R.G. Zweieer . 1950. Observations on the habits of the ornate box turtle,
Terrapene ornata (Agassiz). Nat. Hist. Misc. 58:1-4.

Seieert, W.E., Jr., S.W. Gorre, T.L. LETo, anp PJ. WrLpbon, 1994, Lipids and proteins
in the Rathke’s gland secretions of the North American mud turtle (Kinosternon sub-
rubrum). Comparative Biochemistry and Physiology 109B:459-463.

SOLOMON, S.I 1984, The characterization and distribution of cells lining the axillary gland
of the adule green turtle (Chelonia mydas 1.). ]. Anat. 138:267-279.

WaackN, G.N. 1972, Musk glands in recent turtles. M.S. Thesis. University of Utah, Salt
Lake City, Utah.

ZANGERL, R. 1941. A scries of lateral organs found in embryos of the snapping turtle
(Chelydra serpenting). Papers Michigan Acad. Sci., Arts, Lett, 26:339-341.



