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missing area below T, in contrast with the data.
The impurity model seems to us to be unphysi-
cal, but (32) is important because it draws at-
tention to the interplane FF correlator and
shows explicitly that the ¢ axis sum rule is less
robust than the in-plane one.

The general arguments we present are con-
firmed by calculations of o (w,T). The crucial
ingredient in these calculations is the in-plane
electron self energy which represents the non-
trivial in-plane physics. We have investigated a
variety of model self energies; the results will
be published elsewhere.

To conclude, we review several qualitative
features of the data in light of our results. In
underdoped cuprates, the formation of the pseu-
dogap does not lead to an increase in o (w) at
any observed frequency. If the pseudogap were
due to an incipient density wave instability,
spectral weight lost below the gap would reap-
pear as a peak in o (w) just above the gap, in
contradiction with the data. On the other hand,
we show that superconducting pairing without
long-ranged order leads to the observed behav-
ior. Our results therefore provide additional
strong evidence that the pseudogap is caused by
superconducting pairing and not by an incipient
density wave. Second, the fact that the spectral
weight restored at 7 — 0 does not compensate
all of the weight lost by gap formation in un-
derdoped YBa ,Cu,O , but yet compensates it
in YBa,Cu,O,, directly implies that in
YBa ,Cu,Og g, fluctuations reduce the value of
the T = 0 interplane F}F,,, correlator below
the value of the same-plane correlator F.F,
while in YBa,Cu,Og they do not. There is
other evidence (30) that YBa,Cu,O , has ex-
ceptionally large 7 = 0 fluctuations. A system-
atic comparison in a range of compounds of
fluctuation strengths deduced from ¢ axis con-
ductivity and from other measurements would
be interesting.
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Decreased Rates of Alluvial
Sediment Storage in the Coon
Creek Basin, Wisconsin,
1975-93

Stanley W. Trimble

The total measured rate of alluvial sediment accretion in the agricultural Coon
Creek Basin for the period 1975-93 was only about 6 percent of the rate that
occurred in the 1930s, but the distributed changes within the basin were highly
variable and systematic. Sediment yield (efflux), however, remained relatively
constant despite large stream and valley changes within the basin. These
observations demonstrate (i) that sediment sources, sinks, and fluxes vary
widely over time and space and (ii) that, although improved soil conservation
measures have decreased soil erosion, the downstream effects are complex.

Erosion and sediment yield in any stream
basin are rarely in a steady state. For moni-
toring environmental change, it is thus nec-
essary to construct a sediment budget that
accounts for storage fluxes within the basin
during any time period (/). Here, I present
results from a long-term study, attempting to
account for the sediment budget over the
140-year period of European agriculture in
Coon Creek, a typical agricultural basin of
360 km? in the Driftless Area of Wisconsin
(Fig. 1). Measurements are largely based on
surveyed and monumented stream and valley
cross sections that have also received exten-
sive stratigraphic studies for the agricultural
period (2, 3). Over 150 such cross sections
have been installed since 1938, of which 92
were recovered and resurveyed (see supple-
mental data, available at www.sciencemag.
org/feature/data/1041853.shl). These resur-
veys were done from 1991 to 1995, but most
were done in 1993; therefore, 1993 is used as
the median date. Sediment yields were calcu-
lated by standard extrapolation techniques
from measurements on the Grant River at
Burton, Wisconsin, a similar basin ~90 km

Department of Geography and Institute of the Envi-
ronment, University of California, 1255 Bunche Hall,
Los Angeles, CA 90095-1524, USA.

south of Coon Creek (U.S. Geological Survey
District Office, Madison, WI).

The major change in the sediment budget
from earlier periods (Fig. 1) is the overall
decrease in rates of storage, a trend that start-
ed in the 1940s and is directly attributed to
improvements in agricultural land manage-
ment (3, 4). From 1853 to 1938, an average
of 405 X 10 Mg year™! of sediment went
into storage (2, 3). This was reduced to 209 X
10® Mg year™! from 1938 to 1975 and then
reduced to 80 X 10°> Mg year™! from 1975 to
1993. These averages, however, disguise
some striking shorter term rates. In the 1920s
and 1930s (the period of maximum erosion
and sediment storage), alluvial sediment ac-
cumulation in the basin was ~1260 X 103
Mg year™! (3, 4). The recent (1975-93) rate
of 80 X 10° Mg year™! is only ~6% of that
highest rate. This decrease was due to im-
provements in land use and not due to a
change in climate. Indeed, most of the period
1975-93 was wetter than average, with many
large storms (5). A basin-wide 100-year
flood occurred in 1978, and 1993 was also
extremely wet.

Whereas sediment fluxes (sources and
amounts) have changed drastically over the
past 140 years, efflux, or sediment yield, has
held relatively steady. This result demon-
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strates how poorly sediment yield can relate
to sediment fluxes within a basin and thus
how reliance on sediment yield monitoring
can lead to erroneous conclusions about ero-
sional processes within a basin (/-4, 6).

There are also substantial distributed
changes of storage within the basin. The av-
erage storage rate in the lower main valley
from 1975 to 1993 was only 37% of that from
1938 to 1975, but again, averages disguise
remarkable changes. In the 1920s and 1930s,
floodplains of the lower main valley were
receiving, on average, ~15 cm of vertical
accretion per year (3, 4) (Fig. 2). The average
rate of vertical accretion for the period 1975—
93 was 0.53 cm year ! or ~3 to 4% of the
maximum rate in the 1930s (Fig. 2). How-
ever, this reach has been affected by bank
erosion as a result of riparian reforestation,
which reduces the net accretion rates (7).

The major surprise for the period 1975-93
was that the upper main valley and tributaries
were only minor sediment sources in compar-
ison to those of previous years, and indeed,
the tributaries became a net sediment sink.
Earlier work by Trimble and by Trimble and
Lund (3, 4) had predicted that the upstream
portions of the basin would be substantial net
sediment sources for perhaps decades to
come and might actually cause sediment
yield per unit area to increase downstream
rather than decrease from storage losses, as is
usually the case (/). This prediction was
wrong— one reason being that many tributar-
ies were stabilized by stream-bank structures
(8). Even without the structures, there was a
morphological feedback: As headward stream
channels widened from lateral erosion, new
floodplains developed that were lower, fine
textured, and vegetated (Fig. 3), a condition
noted in 1975 (2). As these floodplains wid-
ened and became more vegetated, they be-
came more efficient sediment traps, thus pro-
viding a negative feedback by reducing sed-
iment yield (9). Although many reaches still
have extremely active cut banks, they are
now often net sediment sinks (Fig. 3). These
observations show the role of a wider flood-
plain as a trap for limiting the downstream
movement of sediment (I, 4). _

The decrease of sources and increase of
sinks in upstream areas were greatly aided by
a decrease of flood peaks as the result of
improved land management. This change in
stream response was first noted on the basis
of the fact that newly forming floodplains
were lower than the historical floodplain,
suggesting lower flood peaks (2, 10). During
the past decade, this amelioration has also
been demonstrated from analyses of hydro-
logic data (5, 11).

The greatly decreased rate of alluvial sed-
iment storage during the past two decades
contrasts with the ostensible increase of soil
erosion described for the United States for the
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past two decades (/2), which has been de-
scribed as “severe as it was in the 1930s” (13,
p.- 129). These studies, however, are not
based on physical measurements at the basin
scale but rather are based on plot studies or

models. Because Coon Creek is a typical
agricultural watershed of the upper midwest-
ern United States, it would have been affected
by any such general increase of soil erosion,
but the measured mass budget demonstrates
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Fig. 1. Sediment budgets for Coon Creek, Wisconsin, 1853—-1993. This agricultural basin is ~25 km
southeast of La Crosse, Wisconsin, and has an area of 360 km?2. Numbers are annual averages for
the periods in 10 Mg year ~". All values are direct measurements except “Net upland sheet and rill
erosion,” which is the sum of all sinks and the efflux minus the measured sources. The lower main
valley and tributaries are sediment sinks, whereas the upper main valley is a sediment source.

[Modified from (3)]
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Fig. 3. A sediment source. This is
a cross-sectional profile in the
upper main valley of Coon Creek
showing the removal of mostly
historical sediment in a cut bank
and the lateral expansion and ac-
cretion of a new, lower flood-
plain ~2 m below the level of
the historical floodplain, now a
terrace. As the channel has mi-
grated laterally to the right over

meters

the past 60 years, the void be- | 0! =

tween the levels of the new and g

old floodplains is indicative of

<«——— expanding floodway

10 B erosion

Vertical Exaggeration = 5X

new lemace
—3-(old floodplain)

- deposition

the volume of sediment supplied

downstream by this reach. A typical tributary cross section would be similar except the banks
would be lower (1 to 2 m high) and deposition generally would be greater than erosion for the

period 1975-93. [Modified from (9)]

that this is not the case. Other studies have
also shown a decrease of sediment accretion
rates in the Driftless Area over recent decades
2, 3, 10, 14).

Sediment sources, sinks, and fluxes for a
stream basin are highly variable in space and
time. Alluvial sediment storage has been
greatly reduced in the Coon Creek Basin, but
sediment yield from the basin has remained
constant, further demonstrating the limited
short-term diagnostic utility of sediment
yields (6). Within the basin, sediment accre-
tion rates in the lower main valley were only
~3 to 4% of the 1930s rates, but during the
same period, the upper main valley has be-
come a net sediment source and tributaries
have been transformed from sediment sourc-
es to sinks. These distributed processes indi-
cate the complex and variable quality of sed-
iment sources and sinks within a basin, a
principle first proposed by Brune in 1950
(15), which is exceedingly difficult to mea-
sure. General and substantial increases of soil
erosion in the United States are not borne out
by measurements of sedimentation in Coon
Creek. The processes occurring in Coon Creek
are indicative of many agriculturally dis-
turbed basins in the eastern United States and
elsewhere.
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Switchable Tackiness and
Wettability of a Liquid
Crystalline Polymer

Guillaume de Crevoisier," Pascale Fabre,’
Jean-Marc Corpart,? Ludwik Leibler?

The spreading velocity of liquids on the surface of a liquid crystalline polymer
can be tremendously affected by a slight temperature change. Indeed, a bulk
transition between a highly ordered smectic and an isotropic phase induces a
sharp change from a rigid to a soft behavior, with consequent effects on the
tack properties of the liquid crystalline polymer and on the dewetting dynamics

of a liquid on its surface.

In many applications, it is desirable to control
both the wetting and adhesive properties of a
surface. Wettability reflects whether a liquid
will spread on a surface as a continuous film
or, conversely, retract as one or several drop-
lets. There are many ways to control the
wettability of a material by surface modifica-
tion, and a number of elegant and efficient
surface treatments have been proposed (/-5).
Another key property of a surface is its stick-
iness, or tackiness. A typical example of
tackiness is the feeling one has when touch-
ing fresh pine resin. This property can be
deliberately sought after, such as in adhesive
labels, or carefully avoided, as in varnish or
paint. In general, a polymer surface has fixed
properties—either tacky or nontacky, and
hydrophilic or hydrophobic—that vary only

Unité Mixte de Recherche 167 CNRS/Elf Atochem,
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slightly with the surrounding conditions such
as humidity or temperature. For example, to
make a glassy polymer sticky, one has typi-
cally to raise the temperature 50° to 60°C above
its glass transition temperature. In this con-
text, the design of a system with wetting and
adhesive properties that are switchable with
temperature over a narrow range of a few
degrees presents a formidable challenge. To
achieve this goal, we propose here the use of
structured polymer films organized at a meso-
scopic scale on the order of 10 nanometers.
A material is sticky when the energy re-
quired to break its bond with a surface is a
thousand times as large as the simple inter-
facial energy; this extra work comes from the
dissipation during the separation process,
which involves deformation and friction in
the polymer film. Moreover, to achieve a
strong bond, a good contact needs to be es-
tablished between the two surfaces, which
requires some degree of softness of the ma-
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