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Drawn from color diapositives.

Field observations were made in 1986 in temporary
and permanent ponds in the savanna around Boa Vis-
ta (2°48'N, 60°12'W, 100 m elev.), Roraima, Brazil. More
that} ten P. brachyops males collected in these ponds
at night-were transported to the laboratory and tested
separately in a plastic chamber (50 x 40 x 8.cm) the
following morning. Each frog was tested just once.
The tests consisted of inhibiting escape by the frog
and stimulating it by tapping its back.

Pleurodema brachyops in Boa Vista has a reticulated,
gray dorsum with smooth skin, lumbar glands black
with small white markings, surrounded by an area of
blrflck. The inguinal region and hidden surfaces of the
thighs are bright orange. In the field at night, P.
brachyops males fled with a sequence of short jumps
when. approached. When caught and unable to jump,
they inflated the body exposing only partially the
lumbar glands and did not alter this posture when
further stimulated (Fig. 1a). One juvenile exhibited
the. same behavior after several trials, and also re-
malped immobile for a few seconds when I turned it
upside down. I never found a P. brachyops by day in
the field. In the laboratory, all P. brachyops males tested
exhibited deimatic behavior when first stimulated (Fig.
1b). Their posture consisted of inflating the body and
elevating the hindparts, thus displaying the lumbar
glands, the orange spots of the inguinal region and
posterior surfaces of the thighs. The head was low-
erec% a littte and the eyes were open. Glandular se-
cretions were not observed. When re-stimulated, the
posture was enhanced and when not, the posture was
abandoned after a few seconds and the frog fled.

. The deimatic behavior observed in P. brachyops con-
sists of at least five types of displays: body inflation,
hindparts elevation, noxious glands display, bright
color display, and eyespots display. These displays
are known in other frogs and are considered to be
1nl:1.midating to potential predators (for a review, see
Sazima and Caramaschi, 1986). Physalaemus nattereri,
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Pleurodema brachyops with (a) body infl. i i i

. : / y inflated (at night in the field) and (b) body infl; i

zizv;taecdi(, an‘:lhdmpl?lymg' noxious glands, eyespots, and bright colored markings (b(y Ziay il?l’ llir;)oarﬁg,ryh)mcc;llgigs
with small white markings; area surrounding glands is black; bright colored markings are S.tippleds‘
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Tapiel. Results of analysis of varianceof duration

,J. M. 1962. Batracios de Chile. Ed. Univ. Chile,
of tail undulation. Significant effects are in bold type.
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preventiva (“warning vibration’) en Pleurodema
¢hilenas. Inv. Zool. Chilenas 4:15-21.
orr, H. B. 1940. Adaptive coloration in animals.
_ Methuen, London.
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. eny of Pleurodema (Anura: Leptodactylidae): a bio-
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. geographic model. Occ. Pap. Mus. Nat. Hist. Univ.
ansas 64:1-46.
MUNDS, M. 198]. Defensive behaviour. In D.
" McFarland (ed.), The Oxford companion to animal
behaviour, pp. 121~129. Oxford Univ. Press, Ox-

whereas no attempts have been made to quantify in-
dividual variation in response to a single stimulus or
to determine whether salamanders respond differ-
ently to contact with predatory and non-predatory
species of similar taxa (i.e., snakes). In light of the
specificity of stimulus-response relationships already
demonstrated for some salamanders (Dodd and Bro-
die, 1976; Ducey and Brodie, 1983), this latter problem
is especially important since some studies of antipred-
ator behavior have been conducted using non-pred-
atory snake species as.a stimulus (Dodd, 1977; for
Coleonyx variegatus Johnson and Brodie, 1974).

The antipredator repertoire of Ambystoma jefferson-
ianum is known to include the production of noxious
skin secretions from glands concentrated in the tail
and tail undulating behavior presumably intended to
draw a predator’s attention to this area (Brodie, 1977).
When harassed, small and medium-sized individuals
raise the tail vertically and begin a rapid (but not
violent) undulation. Larger individuals hold the tail
straight out behind them or arched over so that the
tip touches the ground. During this display, the tail
is covered with a sticky white substance secreted from
the skin glands. This behavior has been observed in
response to attacks by snakes (Dodd, 1977; Ducey and
Brodie, 1983), shrews (Brodie, 1977) and humans
(Rand, 1954). In this paper, I examine A. jeffersonianum
for individual variation in antipredator response to
predatory and non-predatory snakes. Individual vari-
ation is one of the necessary conditions for any phe-

notypic trait to exhibit an evolutionary response to
selection (Arnold and Bennett, 1984).

Thirteen adult Ambystoma jeffersonianum were col-
lected near the E. N. Huyck Preserve in Albany Co.;
New York in early April 1982. The subjects were
housed individually in plastic containers 7 cm deep
x 15 cm in diameter and maintained on a 121:12D
photoperiod at 23-25°C for the duration of the study.
Testing was conducted in the housing chambers.

Salamander responses to snake tongue-flicks were
examined using three snakes (all long-term captives):
one common garter snake (Thamnophis sirtalis), aknown
amphibian predator, and one corn snake (Elaphe gut-

tata) and one rosy boa (Lichanura trivirgata), neithexr

of which is known to prey on amphibians (Wright
and Wright, 1957). To-avoid incidental body contacts,

snakes were hand held and allowed to tongue-flick a

salamander only once per trial.

Response ‘to tongue-flicks by each of the three
species of snakes were observed for contacts to the
head, body and tail, yielding a total of nine trials for
each salamander. Trials were conducted each day for
nine consecutive days. The order of testing was ran-
domized using a random numbers table (Wonnacott
and Wonnacott, 1984).

A response to a tongue-flick was classified as pos-

M. S., AND S. J. GorzuLa. 1979. Check-
habiting frogs of the E1 Man-
teco region with notes on their ecology and de-
scription of a new species of treefrog (Hylidae,
Anura). Zool. Meded. 54:183-216.
Ma, 1., AND U. CARAMASCHE. 1986. Descrigio de
Physalaemus deimaticus, sp. 1., € observagdes sobre
b o comportamento deiméatico em P. nattereri
(Steindn.)—Anura, Leptodactylidae. Rev. Biol.
13:91-101.
ATON, M. A, AND J. R. DIxoN. 1977. The herpe-
tofauna of the Central Llanos of Venezuela: note-
_worthy records, a tentative checklist and ecolog-
jcal notes. J. Herpetol. 11:17-24.

P. deimaticus (Sazima and Caramaschi, 1986), Pleuro-
dema thaul (Cei and Espina, 1957), and P. bufonina (Cej,
1962) exhibit all these displays, but'they lack brigh!l:
colgred thighs, which are found in other frogs in
whm}} some of these displays occur (e.g., Dendrobates
flavopictus and Leptodactylus labyrinthicus, 1. Sazima, pers
comm.). Pleurodema brachyops is unique in presentiné
all of these displays. Aithough the deimatic behavior
of these frogs can be considered a-complex behavioral
pattern, its evolution may have occurred in relatively
sm}ple steps (Sazima and Caramaschi, 1986) as each
9f its components alone or in combination is found
in several frog families (Bufonidae, Dendrobatidae,
Lep.todactylidae, and Sooglossidae; Cott, 1940; Cei and,
Espina, 1957; Cei, 1962; Bajger, 1980; Sazima and Ca- MUND D. BRODIE, I1L, 940 E. 57th Street, Depariment
ramasch{, 1986; 1. Sazima, pers. comm.; pers. obs.). The {ology, University of Chicago, Chicago, Illinois 60637,
observ.atwns presented here and the visual nature of A ' v
the deimatic displays observed in P, brachyops suggest
that these displays occur only by day. This could ex-
plain the lack of observation of this behavior in nat-
ural field conditions (Duellman and Veloso, 1977; this
pape}‘). Although P. brachyops is 2 nocturnal breeding
species (Staton and Dixon, 1977; Hoogmoed and Gor-
zgla, 1979; pers. obs.), the combination of these five
f:hsplay components suggests that there is predation
mt poisible diurnal activities and/or in its diurnal
retreat.
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adividual Variation in Antipredator
sponse of Ambystoma jeffersonianum
to Snake Predators

alamanders are known to employ a wide variety
both morphological and behavioral antipredator
chanisms (Brodie, 1973, 1977). Several of these de-
ve mechanisms may occur in the repertoire of a
gle species, either simultaneously or alternatively
odd and Brodie, 1976; Brodie, 1977; Dodd, 1977;
niold, 1982). A suite of antipredator characters can
we additive (Arnold, 1982) or synergistic (Johnson
Brodie, 1972, 1975) effects. In some cases, sala-
anders respond with alternative mechanisms de-
nding upon the predator species or upon the type
encounter (e.g., tongue-flick vs. body contact with
snake) (Dodd and Brodie, 1976; Ducey and Brodie,
83). Ducey and Brodie (1983) have suggested that
ch intraspecific variation in defensive behavior is
aintained by both the diversity of predators and the
ival advantage to individuals that react appro-
tely to different types of encounters with the same
dator.
traspecific variation in salamander antipredator
hanisms has been observed in different contexts,
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