s

items stored in —70°C freezers, but the cy-
cling did not maintain desired temperatures
in —20°C freezers or in refrigerators. Also,
for a time the building was inaccessible or
could not be entered except by maintenance
personnel, and so stored items could not be
moved (and there was essentially nowhere in
town to move them to, in any case). The
result was that five floors of research labora-
tories lost numerous heat-labile enzymes and
other reagents because they did not survive
the temperature fluctuations.

After the flooding, four companies of-
fered significant levels of aid to researchers
in Grand Forks. First, Strategene rapidly
contacted departments in the School of
Medicine and offered to resupply, gratis, all
enzymes and reagents that were lost by our
laboratories as a result of the flood, regardless
of their original commercial source. This
saved a huge amount of time and funding for
several laboratories, including my own and
three others in my department. In addition,
Stratagene made available to us additional
materials and equipment at a large discount.
Boehringer Mannheim Biochemicals resup-
plied several laboratories with reagents, also
at a huge discount, and Glaxo Wellcome
sent many items of equipment to either re-
place or enhance specific research capabili-
ties damaged during the flooding. Finally,

Beckman Instruments donated to the De-
partment of Microbiology and to the Depart-
ment of Biochemistry several microcentri-
fuges, clinical centrifuges, pH meters, and
spectrophotometers to equip the undergrad-
uate and medical teaching laboratories that
had been destroyed.

The actions of these companies signifi-
cantly reduced our research and teaching
downtime during a period when all of us
were occupied with conflicting demands in
reconstructing our community and our per-
sonal, professional, and teaching lives. Each
company approached us unasked, and de-
serves our public thanks for their generosity.

Kevin D. Young

Thomas Hill

Ann Flower

Francis Sailer

Department of Microbiology and Immunology,
University of North Dakota

School of Medicine,

Grand Forks, ND, USA

Biodiversity and Ecosystem
Properties

Because the goal of ecology is to under-
stand the causes of patterns observed in

the natural world, studies that document
novel patterns in natural ecosystems are of
central importance. The report “The in-
fluence of island area on ecosystem prop-
erties” by David A. Wardle et al. (29 Aug.,
p- 1296) is such a study. Some interpreta-
tions of data made by Wardle et al. illus-
trate the difficulty of ascribing causation
on the basis of observation. In particular,
their assertions “that ecosystem process
rates were lowest on those islands with the
greatest diversity” and that “this finding is
in direct contrast to other studies which
have shown elevated process rates in more
diverse communities” are difficult to jus-
tify given their analyses and the data in
the other studies (1-4).

In the archipelago studied by Wardle et
al., the variables of island size, fire frequency,
successional state, and species composition
were strongly interdependent. Compared
with larger islands, smaller islands were
found to have lower fire frequencies, higher
plant diversity, and species compositions bi-
ased toward later successional species. Be-
cause of these interdependencies, correla-
tions between any one of these variables and
any of the ecosystem response variables may
lead one to spurious conclusions. Multiple
regressions, or other multivariate techniques,
would be needed to determine if the data
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support the hypothesis that a given ecosys-
tem response variable significantly depends
on diversity, or composition, or fire frequen-
cy. Once there has been statistical control
for correlations among these variables. Even
when done carefully, such analyses of pat-
terns in natural systems are still open to
alternative interpretations.

Such difficulties have caused ecology to
become an increasingly experimental sci-
ence. Direct experimental tests of the effects
of plant diversity on ecosystem properties
(1-4) may give more valid results than
would correlations that are uncorrected for
collinear variables. The most significant ad-
vances come when results of experiments,
observational studies, and theory (5) are
congruent. Wardle et al. do not mention
some aspects of these diversity experiments.
All have found that plant species diversity or
plant functional diversity, or both, have sig-
nificant effects on ecosystem variables, but
some of these rates were highest (1-3) and
some were lowest (3, 4) in habitats with
high diversity, and some seemed to vary
idiosyncratically with diversity (1). In partic-
ular, there were lower soil concentrations of
nitrate and ammonium in habitats with
higher diversity (3, 4), which, contrary to
statements by Wardle et al., is consistent
with the correlation they report.

-

We commend Wardle et al. on identi-
fying a natural system that may provide
significant insights into the forces control-
ling the functioning of ecosystems, but
suggest that more complex analyses and
experimental manipulations are needed to
obtain the deeper insights that this system
may offer.
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Shahid Naeem

Johannes Knops

Peter Reich

Evan Siemann

Department of Ecology,

Ewvolution and Behavior,

University of Minnesota,

St. Paul, MN 55108-6097, USA
E-mail: tlman@lter.umn.edu
David Wedin

Department of Botany,

University of Toronto,

Toronto, Ontario, M5S 3B2, Canada
Mark Ritchie

Department of Fisheries and Wildlife,
Utah State University,

Logan, Utah 84322-5210, USA
John Lawton

Centre for Population Biology,
Imperial College at Silwood Park,
Ascot, Berks, SL5 7PY,

United Kingdom

References

1. S.Naeem, L. J. Thompson, S. P. Lawler, J. H. Law-
ton, R. M. Woodfin, Nature 368, 734 (1994).

2. S. Naeem, K. Hakenson, J. H. Lawton, M. J. Craw-
ley, L. J. Thompson, Oikos 76, 259 (1996).

3. D. Tilman, D. Wedin, J. Knops, Nature 379, 718
(1996); D. Tilman, J. Knops, D. Wedin, P. Reich, M.
Ritchie, E. Siemann, Science 277, 1300 (1997).

4. D. U. Hooper and P. M. Vitousek, Science 277, 1302
(1997).

5. D. Tilman, C. L. Lehman, K. T. Thomson, Proc. Natl.
Acad. Sci. U.S.A. 24 1857 (1997).

Response: The island system that we consid-
ered included islands with high plant diver-
sity and those with low diversity. If plant
diversity was an important causative agent
for maintaining ecosystem properties in na-
ture, then we would expect measurements
of these properties to be greatest on islands
with the greatest diversity. This was not the
case, whether or not we analyzed the data
by multivariate and multiple regression ap-
proaches correcting for the effects of island
area and species composition. Although the
patterns that we observed cannot be ex-
plained in terms of diversity effects, they
can in terms of plant compositional effects
and in particular the ecophysiological traits
of the dominant plant species present. Our
results are consistent with studies that
found (i) little evidence in nature for con-
sistent positive relationships between spe-
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cies diversity and ecosystem properties (1),
(ii) idiosyncratic relationships between
plant diversity and the functioning of de-
composition-related processes (2), and (iii)
plant physiological attributes to be impor-
tant in determining ecosystem-level proper-
ties (3).

Tilman et al. state that we “do not men-
tion some aspects” of previous diversity ex-
periments and cite several references (4-7),
but two of those (4) were not published
until after our report was accepted. The
other studies (5-7) found greater rates of
processes in the highest diversity treatments
for the majority of ecosystem properties that
showed significant treatment responses. It is
presumably those findings that induced Til-
man et al. (5, p. 720) to conclude that
reduced biodiversity “threaten ecosystem
productivity and the sustainability of nutri-
ent cycling” and Naeem et al. (6, p. 735) to
state that loss of biodiversity will “alter or
impair the services that ecosystems provide”
[italics ours]. Our data are not in agreement
with those findings, which are based on
experiments in which the most diverse
treatments may have a greater probability of
being dominated by the most productive
species in the entire species pool (8). Our
results are in much closer agreement with
recent studies (4) which are designed more

robustly and are less likely to be influenced
by this problem; these studies conclude that
species composition, rather than species di-
versity, is the main determinant of ecosys-
tem properties.

The data about mineral N presented by
Tilman et al. (5) are not comparable with
our data. In their study, the reduction of soil
mineral N in the most species-diverse plots
was presumably a result of the enhanced
rate of a key process (plant productivity)
that led to more complete N uptake. In our
study, accumulation of organic N in the soil
of the most species-diverse islands was in-
duced by retardation of key soil processes
and resulted in long-term lock-up of N in
biologically inaccessible pools.

We agree with Tilman et al. about the
utility of experimental and theoretical ap-
proaches and in this light have recently
established long-term manipulative experi-
ments on our island system. One experi-
ment, initiated in 1996, aims to determine
the ecosystem-level significance of both
plant species and functional group diversity
across 30 of our islands; it includes the use
of 420 experimental plots. We believe,
however, that experimental and theoretical
approaches are only a means to an end (the
end being to better understand what hap-
pens in real ecosystems) rather than an end
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in themselves. We are not persuaded that

experimental tests should have precedence,

and believe that if outcomes of short-term

experimental (5, 6) and theoretical studies

do not concur with patterns and processes

observed in nature (I and our report), then

it is the experiments and theory that should
be queried.
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Corrections and Clarifications

In the Perspective “Do continents part passively,
or do they need a shove?” by R. W. Carlson
(10 Oct., p. 240), figure 1, with a caption
reading, “Flood basalt. A 2-km-thick section
of the Columbia River basalts in the Grande
Ronde River valley of eastern Washington,” is
in fact a view of the Kiger River Gorge in the
northern part of Steens Mountain in south-
eastern Oregon.

Letters to the Editor

Letters may be submitted by e-mail
(at science_letters@aaas.org), fax (202-
789-4669), or regular mail (Science,
1200 New York Avenue, NW, Washing-
ton, DC 20005, USA). Letters are not
routinely acknowledged. Full addresses,
signatures, and daytime phone numbers
should be included. Letters should be
brief (300 words or less) and may be
edited for reasons of clarity or space.
They may appear in print and/or on the
World Wide Web. Letter writers are not
consulted before publication.
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Note to Readers
about
Technical Comments

Beginning in 1998, summaries
of technical comments will
appear in the printed journal;
full text and figures will appear
only online.

This change will allow:

m Free access to the full text of
technical comments and responses
for all Science Online readers.

m Quicker publication of
reviewed comments, criticisms, and
responses.

m Linkage between reports and
comments, which would notify
readers that subsequent comments
were published about a report (or
article) in Science.

m More comprehensive figures
and tables in the comments and
more detailed discussion of methods
and instrumentation.

m Up-front coverage in summaries
of the comments and responses,

which will appear in “This Week in
Science” in the printed journal, with

Web addresses for the full texts.

m Continued full citation, with
technical comment titles and
authors continuing to be listed in
the printed Table of Contents, and
authors continuing to be cited in the
quarterly online index.
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