motor program are apparent despite the
undifferentiated periphery and immatu-
rity of hindlimb motoneurons.

The early appearance of the pattern
generator for coordination between the
hindlimbs, activation of this pattern gen-
erator only during operation of the loco-
motor program for tail oscillations, and
the rigid phase and frequency locking
between bursts of primary and hindlimb
motoneurons all suggest that the two
pattern generators may be identical or
share common neuronal elements. How-
ever, the experiments are only sugges-
tive and do not rule out the possibility
that the tail and developing hindlimbs are
coordinated by separate, discrete mech-
anisms that are phase coupled and acti-
vated by a common source. In either
case, the late-developing bilaterally syn-
chronous bursting of the hindlimb moto-
neurons probably represents a modifica-
tion or addition to the mechanisms coor-
dinating alternate stepping.

A behavioral parallel to the sequence
of electrophysiological activity de-
scribed here is found in the successive
development of axial muscle flexions
during swimming, alternate stepping,
and then frog kicks (8). The sequential
appearance of lateral trunk flexions, lat-
eral trunk flexions accompanied by limb
movements, and limb movements with-
out lateral trunk flexions has been amply
documented in humans and other species
(9, 15). Thus, the results of further ex-
periments with this preparation may pro-
vide insights into the organization and
early development of locomotion in oth-
er vertebrate species.

DoNALD J. STEHOUWER*
PauL B. FARELT
Department of Physiology, School of
Medicine, University of North
Carolina, Chapel Hill 27514
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Thermoregulation and Mate-Selection in Fowler’s Toads?

Fairchild (/) has presented evidence
that large male Fowler’s toads (Bufo
woodhouseii fowleri) are more often
found in amplexus with females than are
small males. While patterns such as this
have previously been attributed to male-
male competition for mates (2), Fairchild
has chosen to explain this pattern as
resulting from female choice of larger
males. He has supported this assertion
with data showing that females more
frequently respond to recorded mating
calls of large males than to those of small
males (3). Thus, he has concluded that
the assumed mate selection is based on
the quality of calls made by males at the
breeding site; the quality of the calls is
influenced by both the size and body
temperature of the male toad (4). Fair-
child further suggests that males thermo-
regulate to make their calls more attrac-
tive to females. Specifically, he hypothe-
sizes that males choose colder nanocli-
mates in order to cause their calls to
sound like those of a larger male. How-
ever, we feel that the evidence presented
to support this hypothesis is inadequate.
We also believe the assertion that female
Fowler’s toads select large males with
which to mate is not supported by the
evidence presented.

Fairchild presented data [table 1 in (/)]
to show that larger males were found
significantly more often in cold environ-
ments. His analysis of the table gave a G
statistic of G(4) = 20.52, P < .005. Us-
ing the data reported, we calculate a G
statistic of G(2) = 3.15, P > .10. Thus,
while five out of eight large males were
found in cold environments, this pattern
could have occurred if males randomly
selected thermal environments.

A second line of evidence for thermo-
regulation was that males found in the
breeding pond were significantly larger
than those on adjacent banks. The breed-
ing pond was found to have a water
temperature of 20°C, whereas the air
temperature above the bank was 22°C.

Aside from the fact that this modest
difference in temperature was deter-
mined with a thermometer graduated to
only 1°C, the explicit assumption that
these measurements of the environment
reflect body temperature is not warrant-
ed (5). It seems likely that the high
thermal conductivity of water would
have caused toads swimming in water to
assume the temperature of their ambient
fluid, but toads on the bank should ex-
change energy with their environment by
convection, radiation, evaporation, and
conduction. Thermal radiation to the
cold night sky and evaporation easily
could have caused these toads to have
body temperatures more than 2 degrees
below that of the ambient air (5). Thus,
without measurements of body tempera-
ture, it seems that conclusions concern-
ing behavioral thermoregulation are pre-
mature.

Finally, the pattern of large males be-
ing found in the breeding pond is consist-
ent with several alternative hypotheses.
For example, dominant (larger) males
could exclude subordinants from suit-
able breeding sites which happen to be in
the water. Thus, while Fairchild suggests
that large males are found in the pond as
a result of their ‘‘selecting colder calling
sites,”” an alternative is that large males
are found in the pond because the pond
is the only adequate site for aquatic egg
laying (6). This alternative does not re-
quire the existence of behavioral thermo-
regulation to explain males being found
in the pond (7). Thus, alternative hypoth-
eses exist that could explain the pattern
of male-female associations and distribu-
tions of males around the pond, and none
of these hypotheses have been tested.

In conclusion, announcement of ‘‘the
first documented case of behavioral ther-
moregulation in mate selection by am-
phibians’’ seems unwarranted, and the
mechanism by which large male Fowl-
er’s toads are found in amplexus more
often than. small males is not resolved.
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Unfortunately, potentially spurious cor-
relations and inadequately analyzed data
have been substituted for sound scien-
tific methods in investigating these very
interesting questions.
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Department of Zoology and
Entomology, Colorado State
University, Fort Collins 80523

References and Notes

1. L. Fairchild, Science 212, 950 (1981).

2. N. D. Davies and T. R. Halliday, Nature (Lon-
don) 269, 56 (1977).

3. Larger males have a call that is lower in frequen-
cy than that of small males, and females are
apparently more strongly attracted to the calls of
larger males (/). Fairchild points out that a
male’s body temperature as well as his body size
can influence the frequency of his calls. But, a
female’s attraction to male calls depends both
upon the quality of the male’s call and also upon
her own body temperature (D. Pettus, personal
communication). Unfortunately, Fairchild did
not report the body temperatures of females.

4. The frequency of the male’s calls directly corre-
lates with body temperatures of toads. Fair-
child’s hypothesis suggests that small males
could sound larger by selecting a nanoclimate in
which body temperature would be lower than
that of large males.

. C. R. Tracy, Ecol. Monogr. 46, 293 (1976).

. R. D. Howard, Evolution 32, 850 (1978).

. R. D. Howard suggested several additional
hypotheses that are consistent with existing data
and the idea that small males are found sur-
rounding the breeding pond as a way of compet-
ing with large males for mates (personal commu-
nication).

8. We thank R. D. Howard for sharing his ideas
with us as we prepared this comment and J. P.
Hailman and J. S. Turner for critically reading
this manuscript. Supported in part by a Colora-
do State University graduate fellowship and aJ.
S. Guggenheim Foundation fellowship.

* Present address: Department of Zoology, Uni-
versity of Wisconsin, Madison 53706.

6 July 1981; revised 20 April 1982

NN

To explain large male mating success
in Fowler’s toads in terms of male com-
petition, Christian and Tracy (/) have
extrapolated mechanisms from other
species and, in so doing, made invalid
assumptions about Fowler’s toads. I
have rarely observed displacement at-
tempts by Fowler’s toads as described
by Davies and Halliday (2) for common
European toads, although I commonly
observe such behavior in American
toads. Furthermore, Davies and Halli-
day (2) did not find that mated males
were larger than unmated males. They
found that common European toads
mate assortatively, that is, large males
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mate with large females and small males
mate with small females. Mate selection
in common European toads and in Fowl-
er’s toads is very different.

Citing Howard’s bullfrog work (3),
Christian and Tracy also suggest that
large males may exclude smaller males
and defend ‘‘suitable breeding sites.”
Bullfrogs are truly aquatic, territorial,
permanent pond residents; Fowler’s
toads are not. Unlike bullfrogs, nearly all
male Fowler’s toads call; there is little
movement once the chorus begins; and
Fowler’s toads do not defend extensive
egg deposition territories as bullfrogs do.
Bullfrogs and Fowler’s toads are clearly
quite different.

The simplest explanation of large male
mating success is that female choice is an
important part of mate selection. Some
male competition hypotheses may be
sufficient and necessary for other anuran
species, but for Fowler’s toads, such
hypotheses are rarely sufficient because
males have little contact with one anoth-
er and do not defend egg deposition
sites. Furthermore, these hypotheses are
never necessary given the demonstrated
auditory discriminatory ability of fe-
males. My hypothesis is sufficient and,
in the absence demonstrated male com-
petition, necessary to explain mate se-
lection in Fowler’s toads.

Christian and Tracy are right to ques-
tion the significance of the G-statistic in
Table 1. That statistic referred to an a
posteriori test used, not as a first line of
evidence as they suggest, but merely to
support the more robust a priori test
concerning behavioral thermoregulation
presented in [figure 1 in (4)].

In the latter case, however, they sug-
gest that convection, radiation, evapora-
tion, and conduction all act to reduce
body temperatures of bank males but
have minor effects on pond males. In
other words, they suggest that an opera-
tive temperature model of heat exchange
should be applied to bank males, but that
an ambient temperature model is suffi-
cient for pond males. Apart from the
problem of mixing models, the fact is
that the dorsal surfaces of both bank and

pond males were wet and exposed to air -
and thus to the same thermal environ-

ment. Only the thermal environment of

the ventral surfaces of pond and bank

males differed.

For ventral surfaces, an operative
temperature model is no better than an
ambient temperature model. Factors af-
fecting the components of heat exchange
in an operative temperature model are
wind speed (negligible at night), long-
wave radiation not from the ‘‘cold night
sky’’ but from the bank which was at or
near ambient temperature, shortwave ra-
diation (nonexistent at night), and ambi-
ent temperature. Thus, ambient tem-
perature (water temperature for pond
males and air temperature for bank
males) is the only appreciable factor af-
fecting the operative temperature of ven-
tral surfaces of either pond or bank
males.

The best estimate of the important
parameter, body temperature, would be
a direct measurement. But for small,
ectothermic animals, such as Fowler’s
toads, direct measurements can be mis-
leading. For example, Brown and Brown
(5) found body temperature less reliable
than either air or substrate temperature
in predicting call characteristics of spring
peepers. Consequently, I used air and
substrate temperatures as predictors of
body temperature. To argue that air and
substrate temperatures are not accurate
predictors of body temperature conflicts
with past work (6).

LiNncoLN FAIRCHILD
Department of Zoology, Ohio State
University, Columbus 43201
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