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in
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crocodilus)in the central Venezuelan Ilanos. Her- and
(1984)
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mistakenly (Simons and Fel49:108-117.
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described
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genhauer, 1992)
VON DiORING, M. 1973a. The ultrastructureof lamellated mechanoreceptorsin the skin of reptiles. Z. a means by which red-backed salamanders place
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cloaca of P. cinereus,which they named the postcloacal gland. Their behavioral tests showed that
JOHN B. THORBJARNARSON, NYZS WildlifeCon- males
spent significantly more time investigatservation Society,Bronx, New York 10460. Subswabs rubbed over this gland (from other
ing
mitted 23 March 1992. Accepted 17 Nov.
to control swabs. They con1992. Section editors: D. Cundall and F. Irish. males) compared
sequently suggested that the postcloacal gland
(not the cloaca) is one source of territorial pheromones and that secretions from this gland are
placed on the substrate (by "postcloacal press")
and on fecal pellets as territorial advertisement.
We tested this inference by Simons and FelCopeia, 1993(4), pp. 1171-1174
genhauer (1992) as part of our larger experi? 1993 6y the American Society of
ment on the influence of territorial quality (food
Ichthyologists and Herpetologists
types) on agonistic behavior by territorial resiINTRASPECIFIC CHEMICAL COMMUNIdents and intruders. We knew from prior work
CATION BY A TERRITORIAL SALAMAN(Gergits and Jaeger, 1990) that individuals of
DER VIA THE POSTCLOACAL GLAND.P. cinereusoften nose tap each other during terAdults of the terrestrial red-backed salamander ritorial conflicts. We, therefore, hypothesized
(Plethodon cinereus: Plethodontidae) are terri- that, if the inference by Simons and Felgentorial, as demonstrated by experiments both in hauer is correct, then nose taps would be prefthe laboratory (Jaeger, 198 1;Jaeger et al., 1982) erentially directed toward the area of the opand in a natural habitat [under cover objects on ponent's body containing the postcloacal gland.
a forest-floor in Virginia (Mathis, 1990)]. Territories are advertised by pheromones (chemi- Materials and methods.-Adult males ofP. cinerecal signals) that are placed directly on the sub- us, all with tails intact (no autotomization), were
strate (Jaeger and Gergits, 1979) or on fecal collected at Hawksbill Gap off of Skyline Drive
pellets by males (Jaeger et al., 1986) and females
(Blue Ridge Mountains), Shenandoah National
(Horne and Jaeger, 1988). Pheromones allow Park, Virginia, in Sept. 1991. They were reindividuals to recognize each other uniquely
turned to the laboratory, housed individually in
(Jaeger, 1981) and to inform a potential in- petri dishes (14.0 x 1.5 cm) with one layer of
truder that a marked area contains a resident
damp filter paper, kept at 16 C with a 12L:12D
capable of defending it (reviewed in Jaeger,
photoperiod, and fed Drosophila virilis ad libi1986). Residents and intruders nose tap sub- tum until utilized in the experiment (Dec. 1991strates and fecal pellets (Jaeger, 1984), and ap- March 1992). We report here only those methods of the experiment applicable to testing the
parently pheromones thereon are conducted
from the nasolabial cirri (Jaeger, 1986) through
hypothesis stated above.
the nasolabial grooves and nares, stimulating
Males were grouped by snout-vent length
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TABLE

1.

INTRUDERS

OF TIMES THAT

NUMBER
TOUCHED

EACH OTHER

RESIDENTS

AND

WITH THEIR

NA-

(A) All touches combined (including
touches
repeated
by individuals)and (B) first touch
only, with chi-squarestatistic.Segment 4 containsthe
postcloacalgland.
SOLABIAL CIRRI.

Body segment
1
(head)

2
(foretrunk)

3
(hindtrunk)

4
(foretail)

5
(hindtail)

A. All touches
Resident
Intruder

8
8

4
2

3
3

20
30

19
8

B. First touch
Resident*
Intruder**

4
7

2
2

1
1

13
13

6
3

* X2 = 17.46, df = 4, P < 0.01, two-tailed, a = 0.05.
** X = 18.61, df = 4, P < 0.001, two-tailed, a = 0.05.

(SVL) and then were randomly paired, within
groups, such that a future territorial resident
and future intruder differed by no more than
2 mm SVL. We, thus, attempted to eliminate
body size as an asymmetry in the forthcoming
territorial contest (Maynard Smith and Parker,
1976). Each member of a pair was placed in a
separate, but identical, chamber (31.5 x 17.0
x 1.0 cm) with a sheet of damp paper towel on
the substrate and a glass lid. The future intruder was fed Drosophila virilis; the future resident
was fed ants (Solenopsismolesta) or termites (Reticulitermes)or a combination of both, thus varying territorial quality for the resident (Walls et
al., 1989). For purposes of testing our hypothesis, we do not differentiate among these feeding regimens. The salamanders were fed every
second day in their chambers, were kept on a
positive energy budget, and were maintained
for six days at 16-21 C on a 12L:12D photoperiod. Six days provided adequate time for the
salamanders to establish territories by marking
them with pheromones (Jaeger, 1981).
On the sixth day (1400-1800 h), the resident
was removed from and returned to his own
chamber, being placed under a habituation lid
(5.0 x 1.0 cm) on a randomly chosen end of
the chamber; the intruder was removed from
his chamber and was placed in the resident's
chamber under an identical habituation lid on
the opposite end of the chamber. After 15 min
of habituation, the two males were released, and
we monitored their interactions for 30 min. We
conducted 51 paired trials.
We noted each time that a resident touched
the intruder, or that the intruder touched the
resident, with his nasolabial cirri (termed
"touch"). We also noted the area of the oppo-

nent's body that was touched. To do this, we
visually partitioned the body into five equal segments: (1) from the snout to the posterior articulation of the front limbs with the body, (2)
progressively to the midtrunk, (3) to posterior
of the cloaca, (4) to the proximal half of the tail
(which contains the postcloacal gland), and (5)
to the distal half of the tail. Our prediction,
based on Simons and Felgenhauer (1992), was
that most touches would occur at segment 4.
We also recorded as "contact" any physical
meeting of the resident and intruder (excluding
a bite), whether or not it involved the nasolabial
cirri. We could then investigate whether contacts were related to the propensities of the 51
paired residents and intruders to bite. Such a
comparison could not be made with "touch"
per se, because the 26 paired contests involving
touch yielded insufficient bites for analyses.
Results.-The 51 paired trials yielded a total of
54 touches with the nasolabial cirri by residents
toward intruders and 51 such touches by intruders toward residents (Table lA). The residents showed preferences for touching both
segments (4 and 5) of the intruders' tails whereas the intruders showed clear preferences for
touching the proximal segment (4) of the residents' tails. These data cannot be analyzed statistically due to multiple touches by some individuals, so we recast the data to reflect only
the first touch by a resident toward his intruder
or by an intruder toward the resident.
There were 26 first touches by the residents
and 26 first touches by the intruders (Table 1B).
Using one-sample chi-square tests (Siegel, 1956),
the residents exhibited a significant deviation
from equiprobable touches to the five segments
of the bodies of intruders; segment 4 received
50% of the first touches. The intruders also
deviated significantly from equiprobable first
touches, and segment 4 received 50% of those
touches as well. These data suggest that both
residents and intruders prefer to investigate with
their nasolabial cirri that portion of the opponent's body containing the postcloacal gland.
Our observations indicated that at least six
intruders attempted to come into intimate contact with the postcloacal glands of residents.
These individuals, when touching segment 4
with their nasolabial cirri, shoved their snouts
under the tails of the residents, as if trying to
lift the tails, and placed their snouts at the position of the postcloacal gland. Two individuals
continued to hold their snouts in this position
when the residents moved away, following in
parallel snout-to-gland for several seconds.
Residents bit (1-35 times) in 37% of the trials

This content downloaded from 147.26.11.80 on Wed, 12 Nov 2014 12:39:14 PM
All use subject to JSTOR Terms and Conditions
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whereas intruders bit (1-46 times) in 10% of
the trials (Table 2A-C), and contacts occurred
in 75% of the trials (Table 2A-B, D). Both residents and intruders deviated from equiprobable distributions of behavior patterns shown in
Table 2. The important points are that (1) 25%
of the residents and 24% of the intruders failed
to engage in contact (Table 2C, E) and (2) if a
contact occurred early in the contest, it resulted
in a bite 10% of the time (Table 2A) and no
bite 51% of the time (Table 2D) for residents
and for intruders 4% and 69%, respectively. It
was relatively rare that a resident or intruder
would bite first and then engage in contact (14%
and 2%, respectively: Table 2B), but residents
were seven times more likely to launch such a
lightning attack. We infer, then, that a contact
(which often involved a touch with the nasolabial cirri) tended to reduce escalation of a territorial conflict to the biting stage.

TABLE

HERPETOLOGY
2.

INTERACTION

1173

OF CONTACT

AND BITING.

The numberof times that residentsand intruders(A)
contacted before biting, (B)bit before contact, (C)bit
with no other contact before or after, (D) contacted
with no bite before or after, and (E)neither contacted
nor bit. Residents (n = 51) and intruders (n = 51)
were counted only once per trial.
Number of behaviors by

A.
B.
C.
D.
E.

Contact before bite
Bite before contact
Bite, no other contact
Contact, no bite
No contact, no bite

Resident*

Intruder**

5
7
7
26
6

2
1
2
35
11

* X2 = 30.85, df = 4, P < 0.001, two-tailed, a = 0.05.
** 2 = 81.84, df = 4, P < 0.001, two-tailed, a = 0.05.

cinereus. Simons and Felgenhauer (1992) reported that males also responded to secretions
from the serous glands on the shoulder, to fecal
material taken directly from the colon, and to
secretions from the urinary collecting ducts.
Thus, chemical communication in this species
may be complex, with the postcloacal gland providing only a subset of information concerning
territorial ownership.

Discussion.-Our data demonstrate that territorial male residents and intruders ofP. cinereus
aim their chemosensory investigations of each
other at that portion of the body containing the
postcloacal gland. This provides support for the
assertion by Simons and Felgenhauer (1992) that
the postcloacal gland in this species is involved
-We thank R. Simons and S.
in territorial advertisement. Furthermore, our Acknowledgments.
data suggest that early contact (which may in- Wise for their comments on a previous draft of
volve pheromonal evaluation) between resi- this manuscript and the officials at Shenandoah
dents and intruders lessens the likelihood of National Park for permission to collect the salamanders used in this study. The research was
biting, especially by intruders.
Simons and Felgenhauer (1992) suggested that supported by grant 4688-91 to RGJ from the
the secretions from the postcloacal gland may National Geographic Society and by the Gradprovide individually unique signals, such that uate Student Organization of the University of
each salamander may have a different odor. In Southwestern Louisiana.
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THERMOPHILY
IN
POSTPRANDIAL
ROUGH GREEN SNAKES (Opheodrys aestivus).-Body temperature (Tb) varies with nutritional status in some reptilian species but not
in others (Lillywhite, 1987; Sievert, 1989). Data
on postprandial thermophily in snakes is limited
to a few genera (Sievert, 1989). These snakes
ingest large meals and then do not feed for
several days or longer. We wanted to determine
whether a snake that eats on a more frequent

basis, such as Opheodrysaestivus, would exhibit
postfeeding thermophily. Unlike snakes that ingest large meals and experience extremes ranging from recent feeding to an extended fast,
86.7% of 0. aestivus in the field had recently fed
(Plummer, 1981). Although these feeding habits are atypical for snakes (Plummer, 1991), we
hypothesized that the thermal behavior of 0.
aestivus would be similar to that of other snakes
and that they would display postprandial thermophily.
Rough green snakes (0. aestivus) are diurnal,
arboreal, and eat small, frequent meals consisting mainly of arthropods (Plummer, 1981). We
determined the effect of feeding on Tb, and the
effect of time of day on temperature selection
in both fed and fasted 0. aestivus. We hypothesized that 0. aestivus would elevate its Tb after
feeding and maintain constant TbS throughout
a 24-h period in a thermal gradient.
Materials and methods.-Opheodrys aestivus (22.0
? 2.6 g) were captured in Charleston County,
South Carolina, and maintained in the laboratory on a 12L/12D photoperiod (centered at
1200 EST) at 25 ? 1 C for three months. Snakes
were fed gray crickets (Acheta domestica)every
other day and given water ad lib.
Before scotophase on the day prior to the
experiment, each snake was placed in a linear
thigmothermal gradient and was allowed to habituate to the gradient. Each gradient was 150
cm long, 20 cm wide, and covered with a clear
acrylic lid. The floor of the gradient was a 0.3
cm aluminum plate. Floor temperature ranged
from 12 ? 3 C at one end to 45 ? 1 C at the
other. An overhead fluorescent light source was
on the same photoperiod to which the snakes
were acclimated.
On the day of the experiment, a flexible
Chromega-Alomega [(TM), Omega Engineering, Inc.] thermocouple was inserted 2 cm into
the snake's cloaca, and the exiting wire was taped
to the snake's tail. Cloacal temperatures were
recorded at 10-min intervals for 24 h starting
between 1000 and 1400 h. Only one snake was
in a thermal gradient at a time. Cloacal temperatures were recorded on a Kane-May 1242
Digital Data Logger.
Snakes were not given food for five days prior
to the experiment. Seven snakes were in a postabsorptive state during the experiment, and
seven snakes were fed to satiation one to two h
before the experiment. Each snake ate at least
two adult crickets. The mean number of food
items in the stomachs of wild O. aestivus is three
(Plummer, 1981). All snakes were provided with
water throughout the experiment. Data were
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