diminished during hypothyroidism in
adult rats. The spontaneous discharge
rate of Purkinje neurons is determined to
a large extent by the tonic inhibitory
noradrenergic afferents originating in the
nucleus locus coeruleus (13). Thus, an
increased spontaneous discharge in the
Purkinje neurons of hypothyroid rats is
consistent with the diminished respon-
siveness of such neurons to norepineph-
rine. A hypoactive afferent projection
from the locus coeruleus is ruled out by
several studies on the peripheral and
central nervous systems (5, 14, 15) dem-
onstrating an increased amount of nor-
epinephrine discharged at the sympa-
thetic nerve endings during hypothyroid-
ism, Thus, alterations in postsynaptic
function could conceivably lead to the
electrophysiological changes reported
here (6, 15). B-Receptors might be al-
tered in number or in their affinity or
functional coupling with adenylate cy-
clase. In fact, diminished B-receptor
binding (with no change in affinity) dur-
ing hypothyroidism has been demon-
strated (3, 15). In peripheral tissues, par-
allel changes in adenylate cyclase activi-
ty have been reported (/6). Our electro-
physiological studies agree well with
previous observations (3, 6, 15, 16). In
another study (2), the activity of cyclic
AMP phosphodiesterase (E.C. 3.1.4.17)
did not change in the cortices of hypo-
thyroid rats. The studies we report here
suggest tha. the subsensitivity occurring
during hypc:hyroidism resides in the
B-receptor-adenylate cyclase complex.
Furthermore, our results and those of
others (3, 6, 15) suggest that T; may
decrease the number of B-receptors
which might thus account for the subsen-
sitivity of Purkinje neurons to norepi-
nephrine.
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Bat Predation and the Evolution of

Frog Vocalizations in the Neotropics

Abstract. Bat predation has probably had an important influence on the evolution
of frog vocalizations in the Neotropics. The rate at which fringe-lipped bats capture
frogs is significantly higher when the frogs are calling. These bats respond to a wide
variety of calls from edible frogs, and, when simultaneously presented with a choice,
choose the recorded call of a palatable species over that of a poisonous species and
the call of a small species over that of one too large to capture. Thus the selective
advantages of loud, rapid mating calls in anurans are balanced by an increased risk

of predation.

Many animals use conspicuous vocal-
ization to attract mates. The benefits are
obvious, but biologists have long sus-
pected that this also leads to increased
vulnerability to sound-responsive preda-
tors (I, 2). Although such counterselec-
tion is believed to influence the evolution
of vocal advertisement (3), documenta-
tion is rare (2) and is entirely lacking for
vertebrates. In this report we show that
the fringe-lipped bat (Trachops cirrho-

sus) uses acoustic cues to capture calling
frogs, and we consider the possible role
of call-responsive predators in the evolu-
tion of anuran calling and courtship be-
havior.

On 35 nights from January to June -
1980 we visited 14 frog breeding sites on
Barro Colorado Island, Panama (4). Tra-
chops cirrhosus was observed hunting
on each night. Seven of the nights were -
spent at a breeding pond of the frog

Table 1. Responses of T. cirrhosus to playbacks of the advertisement calls of four anuran

species.
In cage In field
Species
Bats tested Responses Sites visited Responses
Hyla boulengeri 5 35 6 66
Bufo typhonius 5 5 6 3
2 42.81 (10), P < .005 70.63 (12), P < .005
Physalaemus pustulosus 5 36 3 26
Leptodactylus pentadactylus 5 1 3 2
X 47.15 (10), P < .005 31.52 (6), P < .005

Table 2. Responses of T. cirrhosus to the recorded advertisement calls of two anuran species

played at different repetition rates and volumes.

Species ‘‘calling”’ Bats tested Responses
Physalaemus pustulosus
1.6-second interval between calls 3 22
3.2-second interval between calls 3 2
2 22.62 (6), P < .005
Centrolenella fleischmanni
1.6-second interval between calls 3 18
6.4-second interval between calls 3 1
: 22,19 (6), P < .005
Physalaemus pustulosus
78 dB SPL 2 13
74 dB SPL 2 2
X 14.14 (4), P < .01
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Physalaemus pustulosus, where the bats
were seen hunting during 10 percent of
the observation time (5). They caught a
total of 95 frogs. Hourly catches aver-
aged 6.3 frogs but ranged from 2.5 to
12.1, depending on the frogs’ calling be-
havior. We divided the choruses of P.
pustulosus into four categories and
counted the number of bat visits per
capture for each category: (i) full chorus,
1.8 (68 total visits); (ii) partial chorus, 2.3
(61); (iii) few calling, 3.4 (81); and (iv)
none calling, 42.7 (128). The bats were
least successful when no frogs were call-
ing [x2 (2) = 46.32, P < .005].

Captive T. cirrhosus responded to re-
corded advertisement calls from a vari-
ety of edible leptodactylid and hylid
frogs. To test the hypothesis that fringe-
lipped bats do not merely respond to any
sound but discriminate among frog calls,
we simultaneously presented the adver-
tisement calls of an edible frog, Hyla
boulengeri, and a poisonous toad of simi-
lar size, Bufo typhonius. Five bats were
tested in a flight cage, with eight trials
per individual (6). As shown in Table I,
the bats preferred the call of H. boulen-
geri. In field tests at six widely distribut-
ed sites on Barro Colorado Island, bats
again preferred the H. boulengeri call
over that of B. typhonius (7).

To ascertain the effect of prey size, we
simultaneously presented the advertise-
ment calls of P. pustulosus (maximum
snout-to-vent length, 35 mm) and Lepto-
dactylus pentadactylus (200 mm). The
latter is too large to be captured by T.
cirrhosus. The advertisement calls of
these two species have approximately
the same frequency range (200 to 1000
Hz). The calls were presented at the
same intensity, even though L. penta-
dactylus produces a louder call. Five
caged bats preferred the call of P. pustu-
losus, and bat responses in the field were
similar (Table 1) (7).

We also sought to determine whether
T. cirrhosus predation is affected by call
repetition rate and volume (Table 2).
When three fringe-lipped bats in the
flight cage were simultaneously present-
ed with P. pustulosus advertisement
calls played at 1.6-second intervals
(about normal) and 3.2-second intervals,
the bats preferred the faster call rate.
Three additional T. cirrhosus preferred
Centrolenella fleischmanni calls played
at rates of 1.6- versus 6.4-second inter-
vals (about normal). When simulta-
neously presented with P. pustulosus
advertisement calls at intensities of 74
and 78 dB SPL at 1 m, two bats both
preferred the louder call.

In the absence of counterselection
forces, one would expect male anurans

to make themselves as conspicuous and
locatable as possibie when attempting to
attract mates (8). Nevertheliess, with the
exception of poisonous or unusually
large species such as B. typhonius and L.
pentadactylus, few neotropical anurans
do so. Clearly the selective advantages
of sexual advertisement are balanced by
the increased risk of predation. Thus we
suggest that predation has had an impor-
tant influence on the evolution of frog
vocalizations in the Neotropics.
MerLIN D. TUTTLE
Vertebrate Division, Milwaikee Public
Museum, Milwaukce. Wisconsin 53233
MicHAEL J. RYAaN
Section of Neurobicslogy and Behavior,
Langmuir Laboratory, Cornell
University, Ithaca, New York 14850,
and Smithsonian Tropical Research
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Thyrotropin-Releasing Hormone Effects in the Central

Nervous Systein: Dependence on Arousal State

Abstract. Thyrotropin-releasing hormone was microinjected into the dorsal hippo-
campus of grounda squirrels (Citellus lateralis) when they were at different levels of
arousal, as assessed by electrophysiological and behavioral criteria. When adminis-
tered to the awake animal, ihyrotropin-releasing hormone produced dose-dependent
decreases in body temperature accompanied by behavioral quieting and reductions
in metabolic rate and eleciromyographic activity. The magnitude of these effects was
greater when the peptide was microinjected during a period of behavioral activation.
In contrast, administration of the peptide during slow wave sleep produced increused
thermogenesis, an tnerease in electromyographic activity, and an increase in the
amount of electioencephalographic desynchronization.

Thyrotropin-releasing hoimone (TRH),
traditionally recognized for its abiiity to
release thyrotropin from the pituitary
gland, is now known to be widely distrib-
uted throughout the brain (7), and to
affect several physiclogical and behav-
ioral processes indepenident of its action
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on the pituitary (2). For example.
changes occur in body temperature. res-
piration, blood pressure, electroenceph-
alogram (EEG), and motor activity after
central nervous system (CNS) adminis-
tration of TRH in conscious animals (3).
In addition, TRH reverses the hypother-
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