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ers. The rusty crayfish, it appears, is taking
over by assimilation.

That's useful information for conserva-
tion, notes Christopher Taylor, a crayfish
systematist at the Illinois Natural History
Survey, because rusty crayfish and similar in-
truders are slowly pushing natives to extinc-
tion: Of the 340 species of crayfish found in
North America, about 30 may soon be com-
pletely eliminated by invaders, which usually
arrive in new lakes as bait brought by anglers.
“If we know how they are doing it,” says
Taylor, “maybe we can think of a way to
slow them down.”

Researchers noticed 2 decades ago that
some Wisconsin crustaceans are interme-
diate in color and in the size of various
body parts between the larger rusty cray-
fish—which first appeared in northern lakes
in the 1960s—and the blue crayfish. That
suggested to Lodge and his colleagues that
invading and local species sometimes inter-
breed. But rusty crayfish themselves vary
greatly in form, making it difficult to iden-
tify hybrids reliably. So the extent of hybrid-
ization remained unclear, and in any case,
hybrids were assumed to be less important
than other species-replacement mechanisms.

But when Perry collected specimens
from some Wisconsin lakes and analyzed
enzymes that serve as distinctive species
markers, he found that extensive hybrid-
ization is under way between rusty and blue
crayfish. Further comparisons revealed that
backcrosses between hybrids and rusty
crayfish were nearly as common as first-
generation hybrids, indicating that hybrids
are fertile and that they tend to mate with
rusty crayfish rather than with each other.
Together, the first-generation hybrids and
backcrosses accounted for 30% of the cray-
fish in one lake.

From laboratory observations, Lodge and
his colleagues had thought that most of the
interspecies matches would be between the
large, aggressive rusty males and the blue fe-
males. But when Perry examined the hybrids’
mitochondrial DNA—which is inherited
only from the mother—he found, to his
surprise, that 89% were offspring of the op-
posite match, between rusty females and na-
tive blue males. “We were looking for love in
all the wrong places,” he quips.

The apparent prowess of the hybrids may
be speeding the invasion. When Perry put
rusty and blue crayfish in tanks with simi-
larly sized hybrids, the hybrids beat both
species in competition for food—such as in-
sects and aquatic plants—and for shelter
under rock piles. “They are actually more
competitive than the invader,” says Perry.
“They're pretty nasty.” The crayfish inva-
sion may start with love, but it ends up in
war after all.

~Wade Roush
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MEETING BRIEFS

How Male Animals Gain an
Edge in the Mating Game

COLLEGE PARK, MARYLAND—In the midst of the East Coast's first summer heat wave, some
600 biologists gathered on 21 to 26 June here at the University of Maryland for the annual
meeting of the Animal Behavior Society. Among the many talks and symposia were provocative
discussions of the lengths male animals have gone—evolutionarily speaking—to find a mate.

Croaking With All Ears

“Jug-o’-Rum,” bellows the American bullfrog
on many summer evenings to court his mate.
The call has long been thought to radiate from
the large vocal sac that bulges from under the
frog’s chin. But Alejandro Purgue, who studies
animal acoustics at the University of Califor-
nia, Los Angeles (UCLA), has traced it to a
different part of the bullfrog’s anatomy: its ears.

“They are acting as loudspeakers,” am-
plifying the sound of the frog’s vocal cords,
says UCLA neuroethologist Peter Narins.
“I would never have guessed that in a mil-
lion years,” says Philip Stoddard, a neuro-
ethologist at Florida International Univer-
sity in Miami. And as Narins reported at the
meeting, the bullfrog isn’t the only frog that
speaks through its ears.

Purgue discovered this unexpected use for
bullfrog eardrums while trying to pin down
how the frogs use their vocal sacs. As he will
describe in an upcoming issue of the Journal
of Comparative Physiology, he designed a
sound-generating device that could be placed
inside a frog’s mouth to provide a reproduc-
ible sound for each test. He then turmed on
the sound and measured how various body
parts amplified it. The vocal sac did pick up
the vibrations, but a much stronger response
came from the eardrums.

These measurements imply that the frog
not only hears, but also calls, through its ears.
The ears account for 70% to 80% of the sound
output, he estimates, a finding Stoddard calls
“absolutely stunning.” The sac, for its part,
serves primarily to store the air used by the
vocal cords, says Purgue.

His finding helped Narins begin to make
sense of another frog, Petropedetes parkeri,
which he had collected in Cameroon to study
its odd-shaped ear. Based on a textbook picture,
Narins had thought the frog had an enlarged
middle ear bone. Not until he and his col-
leagues caught one did he realize that the protu-
berance, called a papilla, wasn’tabone atall. “It
feels like a sponge,” says Narins.

The papilla develops only on males and
only during the mating season. Based on pre-
liminary acoustic analyses, Narins and his col-

plify its call with the help of eardrums (brown
spot) tuned by a protruding papilla (black).
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leagues now think it tunes the eardrum to reso-
nate at the dominant frequency in the frog’s E
call, amplifying it. The dominant frequency in
this frog’s call is slightly lower than the natural
resonating frequency of the eardrum itself. But
“when the papilla is there, [the eardrum]
matches the call more closely,” says Purgue.
“It looks like it’s a unique adaptation,” says
Andrea Simmons, a neuroscientist at Brown
University. She wonders, however, whether it
might not be used for a more traditional pur-
pose: tuning the frog’s hearing to specific fre-
quencies. “It might be an aid to hearing,”
Narins agrees. “But we haven’t tested that yet.”

L

Bowers as Barriers

Whereas peacocks court by flashing their
elaborate tails, male bowerbirds win females
by dancing on and around their bowers—
platforms or towers made of sticks. Biologists
who study these natives of Australia and New
Guinea have long thought that the bowers
help to wow the females by demonstrating the
males’ architectural prowess. But evolution-
ary biologist Gerald Borgia of the University
of Maryland, College Park, reported that they
serve a different purpose. His data suggest that
bowers can provide a kind of screen, allowing
the dancing and preening to be more vigorous
without frightening off the female.

By correlating features of the bowers with
the intensity of the males’ displays, says Rich-
ard Prum, a systematist at the University of
Kansas, Lawrence, Borgia found that “certain
bowers have evolved in certain ways [to] allow
males to display in a more energetic fashion.”
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Come see my etchings. A male bowerbird
built this walled avenue for courting females.

Thus, the male spotted bowerbird (Chlamydera
maculata) makes an unusually wide bower
with see-through straw walls and approaches
the female from behind them. “He’s using
the wall as a barrier,” says Borgia. In contrast,
in two species that build relatively small plat-
forms, “the display is much toned down.”

All for Sperm’s Sake

It'shard to miss a rooster crowing for his hens or
a stag proudly displaying his antlers. But males
also compete in more subtle ways to get their
genes into the next generation, as their sperm
vie to fertilize the female’s eggs. Extensive stud-
ies of a common insect pest, the Indian meal
moth, are now giving scientists a glimpse of the
lengths males may go to give their sperm an
edge. “The more I look, the more I find sophis-
tication,” says Matthew Gage of the University
of Liverpool in the United Kingdom.

At the meeting, Gage described how moths
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can size up females and beef up their sperm
counts accordingly. They can also change the
size of adult body parts to optimize their sperm’s
chances of success. Scientists have studied
sperm competition since 1970, but Gage’s stud-
ies show how thoroughly sperm competition
can shape the rest of the male’s life, says Gerald
Wilkinson, an evolutionary biologist at the
University of Maryland, College Park. “There
are life history consequences to male reproduc-
tive investment, just as there are in females,” he
says. “That hasn’t been well appreciated.”

Gage raised larvae in jars with one, five,
10, or 20 individuals per jar, adjusting the
amounts of food accordingly. When the lar-
vae emerged as adults, they were all about the
same overall size but were proportioned quite
differently, depending on the population of
the jars, he reported. Those raised alone or
with only four companions had small testes
and produced small amounts of ejaculate, pre-
sumably because they somehow sensed that
their sperm would face little competition from
other males mating with the same female. But
they had relatively large heads and thoraxes—
which contain the muscles and sensory sys-
tems needed to find mates. The moths from
uncrowded jars also developed faster and lived
longer, Gage notes, presumably because their
lower investment in sperm meant they could
afford to stock up more fat reserves to sustain
the nonfeeding adult stage.

In contrast, adult males from the more

crowded jars—where they might have easier
access to females but lots of sperm competi-
tion—had smaller heads and thorax muscles.
Instead, they had larger abdomens, presumably
to enhance their sperm-generating capacity,
and they provided females with larger packets
of sperm. But this investment apparently came
at a cost: These insects tended to die sooner
than their counterparts in uncrowded jars.

Gage found that both uncrowded and
crowded males also have another stratagem to
give their sperm a boost. “They are capable of
manipulating the material they are putting
into the female,” Wilkinson notes. They make
two kinds of sperm, one that can fertilize the
egg and one that cannot because it lacks DNA.
Gage suspects that the nonfertilizing sperm act
as “cheap filler,” giving the female the sense
that she has plenty of sperm and doesn’t need to
mate again. He found that males add more
filler, plumping up their sperm contribution,
when the receiving female is young and likely
to have more mating opportunities.

In addition, all males insert a larger packet
of sperm when the female is bigger, possibly to
get her to wait longer before she mates again,
or because her size indicates she has more eggs
to fertilize, Gage suggests. “Sperm competi-
tion is an incredibly potent and far-reaching
force, so it’s not surprising that males have
evolved cryptic, but sophisticated, systems to
be successful,” he concludes.

—Elizabeth Pennisi

Comet Origin of Oceans All Wet?

BLOIS, FRANCE—Comets are made largely
ofice, and over geologic history, vast numbers
of them have hit Earth. Even now, according
to a controversial proposal by University of
lowa, lowa City, physicist Lou Frank, minia-
ture comets might be quietly showering our
planet (Science, 30 May, p. 1333). Many plan-
etary scientists have surmised that most of the
water on Earth’s surface could have originated
in comets. But a close look at the water in two
recent comets challenges that conclusion.
At a planetary science meeting held here
last month, Tobias Owen of the University of
Hawaii's Institute for Astronomy reported
that he, Roland Meier, and their colleagues
had measured the ratio of ordinary water mol-
ecules to molecules containing deuterium, a
heavy isotope of hydrogen, in this spring’s
spectacular comet, Hale-Bopp. The group
picked up radio emissions from the deuterated
water with the James Clerk Maxwell Tele-
scope on Mauna Kea. The intensity of the
emissions, the Owen-Meier team found, indi-
cated that Hale-Bopp contains about three
deuterium atoms for every 10,000 atoms of
ordinary hydrogen. That's about twice the ra-
tio in seawater. But it agrees with measure-
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ments of last year’s comet Hyakutake, made by
Daniel Gautier of Meudon Observatory and
his colleagues and also announced at the
meeting, and with the decade-old observa-
tions from the flyby of comet Halley.

“These results show that you can’t make
the bulk of Earth’s oceans with water from
these sorts of comets,” which come from the
so-called Oort cloud in the farthest reaches of
the solar system, says Owen. Other planetary
scientists tend to agree. “The data are, at the
least, discouraging,” says Christopher Chyba
of the University of Arizona’s Lunar and Plan-
etary Laboratory. “Of course, there are cave-
ats: Other sorts of comets could have fur-
nished our water, billions of years ago.” David
Stevenson of the California Institute of Tech-
nology agrees: “I think the hypothesis is in
trouble, and comets are perhaps less impor-
tant than we thought in making the oceans.”

The processes responsible for the cloud of
primordial material that coalesced into the
solar system are thought to have enriched
deuterium in some regions and depleted it in
others. So planetary scientists are looking for
the source of Earth’s water in objects likely to
have formed in other parts of the cloud. At the

meeting, Francois Robert of the Natural His-
tory Museum in Paris announced support for
one potential source. He and his colleagues
have measured the deuterium-to-hydrogen
ratio in carbonaceous chondrites, meteorites
thought to date from the early days of the solar
system. The ratio varies by an order of magni-
tude, but the average is close to that in the seas
of Earth, suggesting that rocky, chondritelike
material—which contains traces of water—
could have been the wellspring of the oceans.

Frank, however, thinks the comet theory—
his variant of it, at least—is unscathed by the
new measurements. “Large comets [such as
Hale-Bopp] have nothing to do with the water
in our oceans,” says Frank, who believes that
the water arrived in swarms of tiny, fluffy ob-
jects, whose existence he has inferred from ul-
traviolet emission observed in Earth’s upper
atmosphere. These comets, he says, have mark-
edly different compositions from comet Hale-
Bopp and its ilk, and perhaps different deute-
rium-to-hydrogen ratios as well. Then again,
no one has yet made a definitive sighting of a
tiny comet, let alone measured its composition.

—Donald Goldsmith

Donald Goldsmith’s book, The Hunt for Life on
Mars, was recently published by Dutton.
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