EPERSPECTIVES

Foreign Invaders

Joel W. Hedgpeth

In this issue of Science, Carlton and Geller
(1) report the global dispersal of alien plank-
ton by inadvertent transport in the ballast
water of ships. Their analysis demonstrates,
among other things, that the modern giant
bulk cargo ship is an ideal medium for the
transfer of one harbor’s biota to another.
These ships carry enormous quantities of sea
or harbor water as ballast and can unload this
water in a few hours after arrival in port. The
temperature and salinity conditions of the
ballast water and the water of the destination
can sometimes be nearly the same, so in some
circumstances there is no environmental
shock for the new arrivals. What the shock
may be for the host biota only becomes ap-
parent later.

All sorts of organisms have been intro-
duced from the harbors of one continent to
the harbors of another. Several striking ex-
amples are from the west coast of the United
States. The Pacific coasts of Washington, Ore-
gon, and California have remark-

served in Suisun Bay, the upper arm of San
Francisco Bay, in 1985. This is an Asian
clam, Potamocorbula amurensis, an organism
that can thrive in salinities ranging from al-
most freshwater to at least 33 parts per thou-
sand. It may have arrived from China in bal-
last water as veliger larvae. As this clam
thrives on both diatoms and crustacean lar-
vae and has attained a density of more than
10,000 per square meter, it is capable of seri-
ously interrupting the basic food chain of
San Francisco Bay (3). Panic buttons have
been pushed and research projects set in
motion. Now, another invader may be com-
ing to the rescue. This newcomer is inordi-
nately fond of clams and mussels and is
known in its native European waters to “con-
trol distribution of mussels, sea urchins, and
dog-whelks” (4). This is the European green
crab Carcinus maenas (see figure), a small
(less than 3 inches broad) but voracious and
belligerent crab that can even bite people.

ably few estuarine regions. All
of them are in geologically young-
er regions than the estuaries of
the Atlantic and Gulf coasts, and
in California these regions are
subject to great variations in sal-
inity. In 1862, a great flood (so
large that it may not be dupli-
cated for another 1000 years)
turned San Francisco Bay fresh
for a week, drowned the legisla-
ture out of Sacramento, and
forced the estuarine mixing re-
gion out to sea beyond the Gold-
en Gate. This probably altered
the ecosystem of the bay. Then,
in 1867 the completion of the
transcontinental railroad made
it possible to transport live oys-
ters from the eastern seaboard to
San Francisco Bay. As a result, a dozen or so
organisms that lived on or among the clusters
of oysters found new homes in the bay, al-
though we were unable to naturalize the oys-
ter itself. Because of these events in the 19th
century and the lack of studies of any conse-
quence before 1912, we have no clear idea of
what the natural fauna of San Francisco Bay
was like before European settlement. Indeed,
as of 1979, there were at least 255 foreign
invertebrates in San Francisco Bay (2).

A new invader to the bay was first ob-
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cording to Dusty Chivers of the California
Academy of Sciences, when presented with
Potamocorbula, the green crab will eat them
“like pistachio nuts” (5). If this crab eats up
all the clams, what will happen next?

Freshwaters are not immune to foreign
invasion, although it may take the invadersa
bit longer to get here. The zebra mussel,
Dreissena polymorpha, a native of the Caspian
Sea, appeared in the Great Lakes in the sum-
mer of 1988. It may have traveled by ballast
water—possibly from the low-salinity Baltic
Sea or from England, where it has been natu-
ralized since 1824 and is a favorite food of the
Tufted Duck (5). By 1990 the numbers of
this small mussel had increased enormously
in Lake Erie, where it clings together in masses
by means of its byssus threads, clogs water
intake pipes, and sinks buoys by adhering to
them. It is impeding commerce by costing
industries millions of dollars simply to clean
it out of their intake pipes. It can resist expo-
sure for several days and attaches itself to
pleasure boats. Because of this it can be trans-
ported overland and is already invading the
Appalachians. There is no way to stop it from
crossing the Continental Divide. It is feared
that it may obliterate the unique freshwater
mussels of Appalachian streams (6,7).

As if their experience with rabbits and
cactus was not enough, Austra-
lians deliberately introduced the
tropical American toad Bufo
marinus to the sugar cane plan-
tations of their northern states
to eat up the native beetles that
were ruining the crops. Unfor-
tunately the toads are nocturnal
feeders and the beetles are abroad
by day, while the toads sleep un-
der rocks, boards, and burrows.
By night the toads flourish, re-
produce phenomenally well, and
eat up everything they can find.
The cane growers were warned
by Walter W. Froggart [sic!],
president of the New South
Wales Naturalist Society, that

The crabs that eat the clams. Carcinus maenas from San Francisco Bay.
[Photo by Carolyn Kott, courtesy of California Academy of Sciences]

It is a veteran traveler (it has reached Austra-
lian and South African waters) and is related
to our eastern blue crab. Carcinus maenas was
first noticed in the southern part of San Fran-
cisco Bay in 1990, and in a very short time
has spread throughout most of the bay. In-
deed, the green crab has a frighteningly ef-
ficient reproductive capacity. Like all brachy-
uran crabs, the female has a special pouch-
like arrangement for holding viable sperm for
a year and may spawn fertile egg masses sev-
eral times from a single mating. It is no won-
der that it has managed to populate most of
the bay in 2 or 3 years. The latest news is that
it is moving upstream toward freshwater. Ac-
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the introduction was not a good
idea and that the toads would
eat the native ground fauna. He
was immediately denounced as an ignorant,
meddlesome crank. He was also dead right.
Released on the subcontinental mass of Aus-
tralia, Bufo marinus thrived, multiplied, and
ate everything but the cane beetles. And now
the toads are called cane toads in Australia
and nobody knows what to do about them.
The sugar cane growers use benzene hexachlo-
ride, and the beetles are held at bay (8).

All things considered, man, whether by
intent or inadvertence, is the principal agent
responsible for introducing organisms of all
sorts to North America and elsewhere. The
colonists brought Kentucky bluegrass from
England, and the Spaniards brought the for-



age plants of California that have replaced
the native bunch grasses. Captain Cook on
his second expedition in 1773 introduced
pigs to New Zealand (where they are still
called “Captain Cookers”) (9). Recently a
predacious terrestrial planarian from New
Zealand has appeared in Scotland; this pla-
narian may cause problems because its pre-
ferred diet is earthworms (10). Is this New
Zealand’s revenge? New Zealand itself has
had its share of introduced species. Some-
body planted those Port Orford cedars at
the Christchurch airport. Those Monterey
cypresses that adorn the town square of Punta
Arenas around the statue of Magellan must
have also had some help. Earnest bird lovers,
wanting to feel at home in the New World,
brought us English sparrows and starlings,
and we have returned the compliment with
the gray squirrel and raccoon. Some of these
introductions are pleasant reminders of far-
away places, but many are detrimental to
their new ecosystems. It is to be hoped that
all our bays and estuaries will not become so
much alike in their flora and fauna that there
is no interest in traveling to see strange and
interesting things (like little blue soldier
crabs in Australia). But we must also hope
that the bureaucrats do not spin a web of
regulations more entangling than the
ornithologist’s mist nets and thereby de-
feat their own good intentions.
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Molecular Muscle

Edwin W. Taylor

It is almost 40 years since the sliding
filament model of muscle contraction
(in which muscle filaments move past
one another) was proposed indepen-
dently by A. F. Huxley and R. Nie-
dergerke (1) and by H. E. Huxleyand].
Hanson (2). There followed 20 years of
progress in structural, mechanical, and
biochemical studies—the synthesis of
which led to the idea that the thick
and thin filaments slide past one an-
other by means of rotating crossbridges
(3). Thin filaments consist mainly of
the globular protein actin, and thick
filaments mainly of myosin, a long pro-
tein with a prominent “head.” This
model has been considered to be basi-
cally correct, with perhaps only a few
details to be filled in, and certainly suit-
able for entry into standard textbooks.
Now in this issue of Science, Rayment
and co-workers take our understanding
of muscle contraction to a new level of
sophistication by reporting the three-
dimensional structure of the myosin head
at 2.8 A and then using this structure
and other existing data to propose a
model of the actomyosin complex that
begins to explain the molecular move-
ments that underlie muscle contraction.

The essence of the sliding filament
model is that the myosin head binds to
the actin filament in one orientation,
rotates to a second orientation, possi-
bly a 45° change, and then detaches: The
cycle is driven in one direction by coupling
these transitions to the steps of adenosine
triphosphate (ATP) hydrolysis. The rotation
need not involve the whole head but requires
only a part, which could be accomplished by
a bending of the protein structure. In either
case, part of the free energy of ATP hydroly-
sis is stored mechanically as a “stretched
spring” in the head or, alternatively, in the
connection of the head to the myosin fila-
ments.

In the 20-year effort to fill in these details
we have learned a great deal about muscle
contraction and cell motility, but we have
been unable to satisfactorily determine how
actin and myosin actually interact. What has
been lacking is the three-dimensional struc-
tures of the proteins. In 1990, the structure of
the actin monomer was obtained, and a mod-
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Striated muscle. Magnification, x23,800. [Photograph
by D. W. Fawcett/Visuals Unlimited]

el was proposed for the packing of monomers
in the actin filament (4, 5). Now that
Rayment et al. have described the three-di-
mensional structure of the myosin head at
2.8 A resolution (6), they have also been
able to propose a model of the actomyosin
complex in which the conformational
changes during contraction can be discussed
in terms of the molecular structure (7).

We have waited a long time for this struc-
ture of myosin and the model of actomyosin.
Now that we have these, what can we expect
to learn? First, we should now be able to
synthesize the information that has been ac-
cumulated on actin and myosin. Indeed, a
test of the correctness of the structure is its
consistency with this extensive evidence. The
new results pass this test easily. Affinity la-
beling, crosslinking, energy transfer, and im-
age reconstruction of the actomyosin com-
plex had provided a low-resolution model in
which the substrate and actin binding sites
and the relative positions of some side chains
had been determined (8, 9). There is surpris-
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