this principle can be used to give crack ar-
rest in glass under certain conditions (9). It
has also been used in ceramic layered struc-
tures, where it reduces the scatter in the
strengths of different samples (/0).

Recently, it has been suggested that this
effect might give rise to a threshold stress
for a flaw starting in the tensile layer, result-
ing in its arrest in the compressive layer
. (11). This effect may become extremely use-
ful, as it appears relatively straightforward
to achieve useful threshold strengths of a
few hundred megapascals. However, it is es-
sential that this minimum stress does not de-
pend on the direction in which the crack
penetrates the interlayer. In their model, Rao
and co-workers (/1) assume that the crack
will grow directly across the laminae. In
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contrast, their experiments show that failure
occurs by deflection of this crack at the in-
terface, followed by reinitiation of cracking
at a higher stress from a flaw within the next
layer. This could be resolved by measuring
how the laminate strength changes when
flaws are introduced into neighboring ten-
sile layers, reducing their strength below the
proposed threshold.

Layered structures such as those dis-
cussed above clearly offer the key to
greater reliability in ceramics. They are
easier and cheaper to make than fiber com-
posites, and a wider range of materials can
be used as the requirements for interfaces
are less restrictive. New applications may
result, particularly as more complex struc-
tures are tailored to specific applications.
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PERSPECTIVES: ECOLOGY

Diversity and Production in
European Grasslands

David Tilman

ences the productivity (that is, the

rate of biomass production) and sta-
bility of ecosystems has recently resur-
faced (/-3), but it remains contentious
(4-6). 1t is unclear whether the purported
effect of species diversity on ecosystem
productivity is actually the hidden signa-
ture of a few important species or whether
it implies that species composition is less
important than previously thought. Indeed,
how can species diversity influence the
functioning of an ecosystem, and do such
processes operate in nature? Interest in
these questions is particularly pertinent
given the unprecedented extinction of
many species and the reduction in diversi-
ty of myriad ecosystems wrought by hu-
man actions. On page 1123 of this issue,
Hector and 33 European collaborators (7)
report findings from a unique trans-Euro-
pean study of the effects of plant diversity
on grassland productivity that provide an-
swers to some of these questions.

Two mechanisms emerge as potential
explanations for the effects of species diver-
sity on productivity. The first, the sampling
effect model, is based on the greater proba-
bility (given random species selection) that
a species will be present when diversity is
higher. If those species that are more pro-
ductive in monoculture (that is, when grow-

The hypothesis that biodiversity influ-
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complementarity (8, 9). These models pre-
dict that differences among species in re-
source or environmental requirements
would allow some combinations of species
to more completely capture and use re-
sources and thus have greater productivity
than any individual species in monoculture,
a phenomenon called overyielding (10).

Several recent papers have
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1

explored these mechanisms with
the use of theory, laboratory ex-
periments, and a few field studies
(11). To these can now be added
the trans-European study of Hec-
tor et al.—the first large-scale,
multinational field experiment of
its kind in ecology (7). The in-
vestigators report results from its
first 2 years. By experimentally
controlling grassland diversity,

Local diversity (species per 0.5 m?)
i
¥
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Regional diversity (species per 0.5 hectare)

Variety spices up ecosystems. The productivity of an
ecosystem depends on its local diversity (that is, the num-
ber of species it contains). Local species diversity in an
ecosystem depends on regional diversity. Thus, the main-
tenance of an ecosystem requires that regional diversity
be preserved. Data obtained in 1997 in 100 plots (each
0.5 m?) within 20 grassland fields sampled at Cedar Creek
Natural History Area of Minnesota predict that an average
local diversity of Y plant species requires an average re-
gional diversity of (Y — 1.1)/0.124. (Regression analysis: r
= 0.82, n = 20, P < 0.001). For example, a region must
contain 40 species for a local site to contain 6 species.

ing on their own) are also better competitors
than less productive species, then plots that
are very diverse are likely to be more pro-
ductive on average simply because of a
greater chance of containing such competi-
tive species (5, &8). A signature of the sam-
pling effect is that no higher diversity plot
should be more productive than the most
productive species growing in monoculture.
An alternative mechanism is based on niche
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7o go they observed that loss of diversi-
ty led to significant decreases in
productivity, similar to the find-
ings of other field experiments.
Most importantly, and quite sur-
prisingly, across eight different
European sites ranging from
Sweden in the north, to Portugal
and Ireland in the west, to Greece
in the south and east, there
seemed to be a “single general re-
lationship between species rich-
ness and diversity across all
sites” (7). Such broad inference is
rare indeed in ecology. This land-
mark study demonstrates the power of
multisite experiments and, perhaps, the
power of a diverse team of scientists. Such
experiments are critically important for
addressing the effects of human domina-
tion on ecosystems and the benefits that
ecosystems provide to society. The Euro-
pean Commission’s funding of this project
may herald the European Union’s expand-
ing interest in environmental science.
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Hector and collaborators found a strong
effect of diversity on productivity and evi-
dence suggestive of a simultaneous effect
of composition on productivity. They did
not find the pattern of species dominance
and competitive displacement predicted by
the sampling effect model but did find evi-
dence of overyielding. Their results sug-
gest a rule of thumb—that each halving of
diversity leads to a 10 to 20% reduction in
productivity. Could an ecosystem manager
avoid this reduction by choosing the right
species—such as those that are most pro-
ductive in monoculture? Inspection of Fig.
2 in the Hector et al. paper shows that, in
total across all sites, there were about 23
higher diversity plots that had greater pro-
ductivity than the most productive mono-
culture at a site. This suggests that even
the best monoculture may not equal many
higher diversity plots. These results further
support a niche complementarity model,
although the mechanisms underlying such
a model are still to be identified and only
long-term studies can adequately address
this issue.

How much diversity might be needed to
maintain high productivity within an
ecosystem? The answer requires some ex-
planation. The trans-European experiment
was performed in 2 m by 2 m plots. This is
an appropriate size for determining how di-
versity influences productivity, because the
effects of diversity must come from interac-
tions among individuals of different
species. In grasslands, individual species
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interact within an area of about 1 m?. To ap-
ply these results to larger scales, it is neces-
sary to know the regional diversity needed
to attain a given level of local diversity.

The species-area relationship, S = cA4?,
states that diversity, S, scales as area, 4,
raised to the power z, where z ranges from
0.15 to 0.3 (/2). Consider a local area of
size A; and a region of size Ay. For the local
area to have a local diversity of S species,
the larger region would have to have Sg = S,
(Ar/AL)?. If one were to manage 100
hectares (1 km?) to maintain high produc-
tivity, the work of Hector and colleagues

~suggests that each 1 m? should contain

about 16 species. With z = 0.15, a 100-
hectare field would have to contain 127
species for this to occur. Comparably, in
Minnesota grasslands, we have observed a
close relationship between the average di-
versity of 0.5-m? plots and the diversity of
the 0.5-hectare region in which they occur
(see the figure). Extrapolation with this re-
lationship predicts that a 0.5-hectare re-
gion has to contain an average of 120
species for an average 0.5-m? site to con-
tain 16 species (which implies a z value of
0.21). If about 16 species must occur in a
1-m? neighborhood to attain high produc-
tivity, z values ranging from 0.15 to 0.21
would predict that a single hectare would
have to contain about 60 to 105 plant
species and 1 km? about 127 to 270
species for high productivity to exist. Such
values are similar to the plant diversity of
many natural ecosystems but greatly ex-

ceed that of many managed ecosystems.
This suggests that increasing diversity in
managed grasslands and forests may be
cost-effective.

The first 2 years of the trans-European
study have provided important insights into
the effects of species diversity on ecosys-
tems. However, many controversies, such as
the effects of diversity on stability and the
mechanisms whereby diversity impacts pro-
ductivity, are likely to remain unresolved
until more years of data are gathered.
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PERSPECTIVES: CANCER

Breast Cancer Genes
and DNA Repair

Ashok R. Venkitaraman

opes that the cloning of two inher-
Hited breast cancer susceptibility

genes—BRCAI and BRCA2—
might illuminate the common mechanisms
underlying this disease remain unfulfilled.
About 10% of breast cancer patients have a
familial form of the disease, and of these,
inherited mutations in BRCAI or BRCA2
are found in about half. However, somatic
mutations in either gene are not a feature of
the 90% of breast cancers that are sporadic
(that is, not inherited) [reviewed in (/)].
Therefore, the biochemical connection be-
tween the BRCA1 protein and a protein ki-
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nase called ATM (mutated in ataxia telang-
iectasia) reported by Cortez et al. on page
1162 of this issue (2) is cause for consider-
able excitement because it defines the par-
ticipation of BRCAL in a cellular pathway
that may be dysfunctional in a significant
fraction of all breast cancers.

BRCA1I and BRCA2 both encode large
nuclear proteins (1863 and 3418 amino
acids, respectively). These proteins are ex-
pressed in many tissues and are most

abundant during S phase of the cell cycle -

[reviewed in (3)]. The proteins are quite
distinct despite the misleading similarity in
their acronyms. There is, however, much
circumstantial evidence to suggest that
they have common biological functions.
Thus, inheritance of one defective BRCAI
or BRCA2 allele predisposes an individual

to developing breast or ovarian cancer. Ho-
mozygosity for targeted mutations in
murine Brcal or Brca2 precipitates defec-
tive cell division, chromosomal instability,
and hypersensitivity to genotoxins indica-
tive of defects in DNA repair (4-6).
Similar abnormalities occur in human
or murine cells after disruption of the ATM
gene, which provokes a disease character-
ized by cerebellar dysfunction, chromoso-
mal instability, and predisposition to can-
cer (7). ATM belongs to a family of pro-
tein kinases homologous to the catalytic
subunit of phosphoinositide 3-kinase. This
family includes the related ATR (AT- and
Rad3-related) protein kinase in' vertebrates
and MEC1 and Rad3 in yeast. These ki-
nases are essential—and quite proximal—
components in the pathways that signal
cell cycle checkpoint arrest after DNA
damage or incomplete DNA replication.
The observations of Cortez and co-
workers now place BRCA1 downstream of
ATM in these pathways. They show that
ATM resides in a nuclear complex that con-
tains BRCALI, and that it phosphorylates
BRCALI after exposure of cells to 7y radia-
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