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LET_TERS

International matters

Readers from around the world
discuss a bacterial pathogen of
corralline algae (right), AZT trials in
Thailand, Russian mathematics,
and the treatment of foreign faculty
in Japan. In other letters, Malthus
is invoked, the United Nations is
said to err, and biopolymer se-
guences are made available to all.

CLOD Spreading in the
Sea-Surface Microlayer

Mark M. Littler and Diane S. Littler (Re-
ports, 3 Mar., p. 1356) report spreading of
coralline lethal orange disease (CLOD), a
bacterial pathogen of coralline algae.
CLOD was initially observed in June 1993.
By June 1994, it had spread across 6000
kilometers of ocean. Littler and Littler write
that the biogeographic, seasonal, and abun-
dance data, combined with the predomi-
nant current patterns, led them to postulate
a current-borne northwesterly dispersal
from an eastern South Pacific source.

The authors make the standard assump-
tion that large-scale plankton dispersal is
controlled by current movement (1). How-
ever, the predominant current patterns in
the South Equatorial Current system do not
explain the CLOD dispersal patterns. Cur-
rents at the first three sites were southwest-
erly while the infection was shown to spread
toward the northwest, perpendicular to wa-
ter movement (see also, 2). Other possible
mechanisms for dispersal include atmo-
spheric transport and wind-driven transport
in the sea-surface microlayer (3, 4).

Prevailing mean annual winds in the
region are northwesterly at a speed of about
5 meters per second (2). If CLOD dispersal
were wind-borne, transport across 6000 ki-
lometers would require only 2 weeks. This
rapid transport and the difficulty of getting
an infective dose aerosolized and deposited
makes wind transport a similarly unlikely
mechanism for spreading CLOD.

Average surface drift—to-wind speed ra-
tios are 3.5 = 0.7% (4). Surface drift acts
parallel to the wind direction, regardless of
underlying current direction (5). For an
average wind speed of 5 meters per second,
surface drift of the microlayer over 6000
kilometers would take approximately 400
days. This is within 10% of the time report-
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ed by Littler and Littler, but does not take
into account the possibility of a favorable
current for the last 1000 kilometers that
would bring the values closer.

It appears from the data of Littler and
Littler that wind-induced surface drift is the
most probable mechanism of CLOD spread.
As such, their data reveal a unique mecha-
nism by which plankton inhabiting the mi-
crolayer are transported parallel to the
wind, across or against current patterns.
This theory is supported by reports showing
the accumulation of plankton in the micro-
layer by adsorption to bubbles (6), changes
in cell surface hydrophobicity, tactic re-
sponses (7), and redeposition after aerosol
formation (3). Coralline algae and reefs, as
near-surface ecosystems, should be particu-
larly susceptible to this pathogen introduc-
tion mechanism and appear to make a good
model for sea-surface microlayer transport
of pathogens and other microbes over long
distances and across water mass boundaries.

M. S. Hale

J. G. Mitchell

School of Biological Sciences,
Flinders University,
Adelaide, 5001, Australia
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Response: Hale and Mitchell shed some
light on the possible causes of the known
biogeographic range of CLOD. Our report
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recorded a distribution in 1994 that includ-
ed the Cook Islands, Fiji, the Solomon Is-
lands, and Papua New Guinea. Since then,
we have received documentation (I) that
CLOD also is common in the Samoa Is-
lands. As Hale and Mitchell note, all of
these except Papua New Guinea are exposed
to predominantly southwest current patterns
(2), whereas the island systems tend to be
oriented with respect to one another in a
southeast to northwest direction.

The observation of abundant CLOD in
the Cook Islands and Fiji in 1994, but not
recorded at the identical study sites during
1993 in Fiji, suggested to us a westward
dispersal from an unspecified eastern Pacific
source correlated with the predominant
westward South Equatorial Current pattern.
The sink rates we found for the larger
CLOD particles showed values that ap-
peared to be too rapid (0.8 to 1.6 centime-
ters per second) to support dispersal by cur-
rent movement alone. The concept of dis-
persal by sea-surface microlayer transport
(3, 4) under the influence of predominant
northwest winds acting at right angles to
the south-tending current patterns opens
the possibility of a CLOD source farther to
the south and may explain how CLOD
progressed northward and westward of the

Cook Islands.

Mark M. Littler

Diane S. Littler

Department of Botany,

National Museum of Natural History,

Smithsonian Institution,
Washington, DC 20560, USA
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Earth’s Carrying Capacity

Congratulations to Joel E. Cohen on his
clear and well-reasoned article “Population
growth and Earth’s human carrying capaci-
ty” (Articles, 21 July, p. 341). However,
arguments over the carrying capacity of the
Earth are ultimately sterile. None of us can
say what technological developments may or
may not come to pass in the years ahead, or
when, but the potential of population to dou-
ble every 20 years remains constant. If we
follow the advice of Malthus, and every per-
son is careful to limit the number of their
children to what is appropriate for the cir-
cumstances—having few children when

times are bad and perhaps more when times
are good—then however large the population
grows it should not be too much. If people do
not heed this advice, if they trust in Adam
Smith or some unborn scientist to supply the
means to support families that they do not
know how to provide for today, then some-
times they will win the gamble, but more
frequently not, and never in the long run.
Timothy Gawne
11513 Colt Terrace,
Silver Spring, MD 20902, USA

Cohen accurately quotes the United Nations
Development Programme’s Human Develop-
ment Report 1992 as stating that “in constant
1989 U.S. dollars, the absolute gap between
the top fifth and the bottom fifth [of the
world’s population, in income] rose from
$1864 in 1960 to $15,149 in 1989.” Howev-
er, this statement, which implies an eightfold
increase in the economic “gap” in constant
dollars, is simply wrong. The figures given
must be in dollars of the day, and thus vastly
overstate the increase in the “gap.”

The standard inflation indicator for U.S.
dollars increased more than fourfold be-
tween 1960 and 1989 (gross domestic prod-
uct price deflator of 108.5 in 1989 versus 26
in 1960) (1). Thus, if the “gap” in 1960 was
$1864 in 1989 dollars, it would have been






