
Ecologists Dare to Ask: How 
Much Does Diversity Matter? 
ASILOMAR, CALIFORNIA-Human beings 
depend on ecosystems for an array of vital 
services: soaking up carbon dioxide, preserv- 
ing soil fertility, controlling pest outbreaks, 
and retaining water, among many others. But 
what does it take to preserve a working eco- 
system? Would the loss of biodiversity-now 
a hot topic among environmentalists-af- 
fect an ecosystem's ability to carry out those 
functions? The fact is that researchers iust 
don't know. As Stanford 
University ecologist Har- 
old Mooney puts it, "If we 
lose biodiversity, what else 
are we losing? No one has 
tried to answer that be- 
fore." IanNoble of the Aus- 
tralian National Univer- 
sity adds that ecologists 
have convinced policy- 
makers of the im~ortance 
of biodiversity to ecosystem 
health, and now "we find 
ourselves having to pro- 
duce the evidence!' 

One effort to do so was 
a workshop* sponsored 
here recently by the Scien- 
tific Committee on Prob- 

dence about the role of species diversity. But 
for one key ecosystem function, its ability to 
turn carbon dioxide and water into plant 
matter, the Asilomar group saw evidence 
that greater diversity does make a difference. 
More diverse ecosystems are more produc- 
tive-at least up to a point. 

Most natural ecosystems are well beyond 
that threshold, however, and they can of- 
ten sustain some species loss without a drop 

in  productivity. As soil 
scientist J. M. Anderson 
of the Rothamsted Ex- 
perimental Station in En- 
gland concluded, "It's im- 
possible to say we need 
every beetle to maintain 
function." And that left 
the participants with the 
toughest job of all: formu- 
lating guidelines for decid- 
ing which species really are 
crucial, and which ecosys- 
tem functions thev're 
needed for. The workshop 
showed that researchers are 
far from + aconsenns 
about such guidelines. Yet 
the relentless pressures 

lems of the Environment Ke~sbne. Moose, by munching hard- imposed On biddiversity 
(SCOPE) as part of a Unit- wood shoots, alter an ecosystem. by agriculture, develop- 
ed Nations Environment ment, and population are 
Program assessment of Earth's biodiversity. making some kind of species triage unavoid- 
None of the 50 participants expected con- able-and ecologists would like to provide 
sensus would be easy to reach, partly because, guidelines to help policymakers make the 
as Mooney notes, ecology has been a "Frank best cuts. 
Sinatra science," divided into specialties Rivets or passengers? Shaping the dis- 
that each do things "my way." The ecosystem cussions at Asilomar were two contradictory 
ecologists generally measure the cycling of theoretical predictions about the importance 
energy and materials through a forest or a of species diversity. One, made in 1981 by 
prairie without taking specific organisms Stanford ecologists Paul and Anne Ehrlich, 
into account. The population biologists, on has become known as the "rivet popper" hy- 
the other hand, examine individual species pothesis. The diversity of life, said the 
and the food webs they form-but generally Ehrlichs, is something like the rivets on an 
ignore these creatures' roles in the larger airplane, with each species playing a small 
cycles of energy and materials. but significant role in the working of the 

In the past two years, however, SCOPE whole. The loss of each rivet weakens the 
ecologists have pulled together what data plane by a small but noticeable amount- 
they could find-from experimental studies until it loses airworthiness and crashes. 
as well as observations in tropical forests, A contrary proposal, the so-called redun- 
tundra, coral reefs, and a dozen other natural dancy hypothesis, came a decade later from 
systems-about how species richness affects ecologist Brian Walker of Australia's Com- 
the workings of an ecosystem. For many monwealth Scientific and Industrial Re- 
functions, such as nutrient cycling and de- search organization. Contrary to the 
composition, there's next to no clear evi- Ehrlichs, Walker asserted that most species 

are superfluous-more like passengers than 
'SCOPE/Global Biodiversity Assessment Syn- rivets-and that only a few key species are 
thesis Conference, 27 February-3 March. needed to keep the system in motion. 

Several studies have now lent support to 
the "rivet" hypothesis. One was an experi- 
ment last year in controlled-environment 
chambers at the Ecotron facility near Lon- 
don. Ecologists Shahid Naeem, now at the 
University of Minnesota, and John H. 
Lawton of Imperial College tested the effect 
of diversity on productivity by setting up 14 
artificial ecosystems. Each housed the same 
number of individual plants, chosen from ei- 
ther two, five, or 16 annual species. Under 
identical growing conditions, Naeem and 
Lawton found, the most species-rich systems 
consumed the most carbon dioxide and pro- 
duced the greatest weight of plant material 
(Science, 3 December 1993, p. 15 11). 

To make sure the result wasn't a fluke, the 
team resorted to the roomier setting of a 
greenhouse, where they grew another 150 
combinations of two, five, and eight species, 
picked at random from the thousands pos- 
sible with their 16-species pool. The result: 
As species numbers went up, the mean pro- 
ductivity level climbed. Says Naeem, "On 
average, polyculture turns out to be more 
productive than monoculture." 

The reason, Naeem believes, is that a 
larger number of species usually generates a 
more diverse plant architecture-from tall 
herbs to creeper-which allows the system 
to capture more light and produce more 
plant material. Support for that notion 
comes from agronomists studying multicrop 
systems: The most productive assemblages, 
they find, are usually those with the greatest 
number of functional types. Michael J. Swift 
of the United Nation's Tropical Soil Biology 
and Fertility Program in ~girobi,  Kenya, f;;r 
example, pointed out that the best way to 
raise productivity in a maize field is not by 
packing in more cereal grains but by adding 
melons, trees, or nitrogen-fixing beans. 

Naeem notes that humans might be able 
to select a reduced set of species that would 
be highly productive under the right condi- 
tions. But, he notes, "Even if we could engi- 
neer our world to be incredibly productive- 
to clean up C02 emissions and produce lots 
of food and timber-if a pest or climate 
change wipes out our few chosen species 
we'll have nothing to back them up." 

The idea that diversity imparts resilience 
gained support from another experimental 
result discussed at the meeting. David 
Tilman, another University of Minnesota 
ecologist, and John Downing of the Univer- 
sity of Montreal spent several years monitor- 
ing the productivity of prairie grassland plots 
containing different numbers of species. The 
site, 30 miles north of Tilman's St. Paul cam- 
pus, had been under study for other reasons 
since 1982, and natural variations in species 
richness among the plots had been exagger- 
ated by varying the levels of nitogen fertil- 
izer-a treatment that tends to reduce species 
numbers even as it boosts productivity. During 
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a drought in 1987 to 1988, productivity in all 
the plots fell drastically, Tilman reported, but 
it dropped only a fourth as much and recovered 
in one season instead of four in the most spe- 
cies-rich plots. Concludes Tilman: "Biodiver- 
sity is a way to hedge bets against uncertainty, 
even in managed systems." 

But Tilman, like other investigators 
studying the relation of diversity to ecosys- 
tem function, saw evidence that, beyond a 
certain level of diversity, these effects reach a 
point of saturation. He noted that the biggest 
gains in stability came with the first 10 spe- 
cies in his system; beyond 10, additional spe- 
cies didn't seem to add much stability, per- 
haps because the essential functional niches 
had already been filled. Similarly, Swift 
noted that agronomists see little gain in pro- 
ductivity when they exceed four or five plant 
species. When it comes to productivity and 
resilience, some species in managed ecosys- 
tems may indeed be more like passengers 
than like rivets-as Walker had proposed. 

Diminishing returns. ~e~orts-from natu- 
ral ecosystems-temperate and tropical for- 
ests, for example-led workshop participants 
to conclude that the same may be true there: 
Although biodiversity is valuable up to a cer- 
tain point, most ecosystems contain more 
diversity than is needed to reach peak pro- 
ductivity. On the largest scale, that idea is 
borne out by the fact that although the tem- 
perate forests of the Northern Hemisphere 
show vast differences in species richness (the 
forests of East Asia include 876 tree and 
shrub species, those of North America 158, 
and those of Euro~e 106) thev are virtuallv 

with only 10 or so tree species-"a species 
richness far below that found in any tropical 
forest, even the most fragmented and highly 
disturbed," noted population biologist Gor- 
don Orians of the Universitv of Washineton. 
By the end of the week, the \;orkshop pa>ici- 
Dants had extended those conclusion from 
forests to most other kinds of ecosystems. As 

N E W  

leaves no room for so-called keystone spe- 
cies-species whose impacts can't be judged 
by their abundance. Another participant, F. 
Stuart Chapin of the University of California, 
Berkeley, suggested a rule of thumb for picking 
out these special cases: They are the species 
that change the total amount of water, nutri- 
ents, or other resources available to a wmmu- 

nity or the frequency of major 
disturbances such as disease or 
fire. Chapin noted, for in- 
stance, that moose in north- 
em forests prefer to dine on 
aspen and birch, thinning 
them and encouraging the 
succession of spruce and bal- 
sam fir. The resulting cycle 
shapes the character of the 
whole ecosystem by varying 
its productivity, altering soil 
properties, and boosting the 
frequency of forest fires. Like- 
wise, in California, deep- 

Top producer. Eucalyptus, a nonnative species, may boost the rooted euca~yptus trees &p 
productivity of California scrubland by tapping into deep water. into water supplies unavail- 

able to other species and prob- 
Christopher Field of the Carnegie Institu- ably raise the overall productivity of the eco- 
tion of Washington put it, average annual system. 
productivity "saturates somewhere in the Chapin's second example shows, how- 
range of 10 to 40 species," as long as those ever, why many ecologists at the meeting 
species maintain the structural complexity of remain uncomfortable with trying to tie spe- 
the vegetation. cies conservation to ecosystem "perfor- 

This overall conclusion is hopeful, im- mance"-it can favor species that conserva- 
plying that in theory, loss of species need tionists wouldn't otherwise put at the top of 
not impair ecosystem productivity. But that their list. Eucalyptus may boost the produc- 
doesn't mean the extinctions now underway tivity of California scrublands, but it is an 
won't take a toll on function. Tilman notes alien invader that has disru~ted manv natu- , , 

identical in productivity, as German plant that while random extinction might leave ral ecosystems. Conversely, participants em- 
ecoloeist Ernst-Detlef Schulze of the Univer- behind a few s~ecies in each structural cat- ~hasized. even a s~ecies that seems to be a 
sity ofv~a~reuth reported. egory-understory palms and ferns, vines, 

Similarly, a group analyzing what is epiphytes, and canopy trees in a tropical forest, 
known about growth and photosynthetic for example-most extinctions caused by hu- 
rates in tropical forests concluded that car- man beings are far from random. Grazing, log- 
bon consumption would probably top out ging, and burning always affect a specific sub- 

set of species, and Tilman thinks 
this probably has a larger impact 
on function than random extinc- 
tions would. 

Which leaves ecologists look- 
ing for principles to help pinpoint 

y the species that must be saved to 
12 keep ecosystems healthy. A 

model proposed at the meeting by 
ecoloeist Osvaldo E. Sala of the 
university of Buenos Aires and 
colleaeues would iudee the im- 
pact oFa species by ho; abundant 
it is compared to other members 
of the same functional group- 
decomposers, photosynthesizers, 
or predators, for example. The as- 
sumption, says Sala, is that "a 
small number of abundant species 

I account for a large fraction of eco- 
Strength In numbers. Artificial ecosystems with I 8 spe- System function." 
cies generally produced more biomass. But Saki noted that hi model 

iifth wh;el in the ;orkings of an ecosystem 
might be worth saving for ewnomic, moral, 
or aesthetic reasons. 

And if the goal of conservation is to main- 
tain the performance of Earth's life-support 
systems, many at the meeting said a focus on 
critical species isn't enough. Just as impor- 
tant is the diversity and balance of entire 
ecosystems across the landscape-wetlands, 
forests of varying ages, tundra, grasslands. 
Each element in the mosaic has different 
roles in renewing Earth's air, water, and soil, 
said ecologist Indy Burke of Colorado State 
University. That mosaic is more likely to be 
disrupted by activities like swamp draining or 
forest clearing than by species loss. 

But without some minimum number of 
rivet species, the components of that mosaic 
would disintegrate. Clearly ecologists aren't 
ready to pinpoint the rivets that keep any 
given forest or savanna working. But by "rais- 
ing the level of discussion" on a very conten- 
tious topic, Mooney said, he and his col- 
leagues had taken a first step. 

-Yvonne Baskin 

Yvonne Baskin is a science writer m San Diego. 
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