
um, so too can atomic beams diffract. To 
quantitatively obtain the positions of the 
surface atoms giving rise to the diffrac- 
tion pattern, accurate calculations based 
on realistic potential energy curves are 
required. Surface scientists are studying 
both clean and adsorbate-covered mate- 
rials in this way. 

In the case of inelastic scattering, 
Benedek and Nicolas Garcia of the Au- 
tonomous University of Madrid showed 
last year that the shapes and intensities 
of the main peaks in the scattering data 
from lithium fluoride of Brusdeylins, 
Doak, and Toennies could be explained 
by the so-called hard corrugated surface 
approximation. A hard surface is one in 
which the repulsive part of the potential 
curve is approximated as a vertical line 
(that is, the potential rises infinitely fast). 
Corrugation refers to the fact that the 

surface is not smooth because the sur- 
face atoms occupy discrete sites. The 
potential energy between the atoms is 
slightly lower than it is over an atom. 

Many authors have reported in the 
past year, however, that satisfactory fits 
to elastic, diffractive scattering require 
more accurate potential energy curves 
than the hard wall. There is considerable 
experimental evidence for a softer (that 
is, not infinitely fast rising) wall. At the 
surface vibrations conference, Garcia 
and John Barker and Inder Batra of the 
IBM San Jose Research Laboratory dis- 
cussed realistic potentials for helium 
scattering from nickel, copper, and gold. 
In his conference summary talk, theorist 
Thomas Grimley of the University of 
Liverpool urged his colleagues to begin a 
first-principles calculation of the poten- 
tial energy curve and its coupling to 

surface vibrations, although "it may take 
years." The theory is only semiquantita- 
tive until this is accomplished. 

Grimley also asked whether it would 
be possible to use atomic beam inelastic 
scattering to observe vibrations in ad- 
sorbed molecules. It should be feasible, 
he said, and could become a competitive 
technique with electron energy loss 
spectroscopy. However, in his summary 
talk, experimentalist Ibach, who is re- 
garded as the father of electron energy 
loss spectroscopy, pointed out that the 
rather low energies of the atomic beams 
used so far (less than 100 meV) could 
prevent researchers from using atomic 
beams to look at high-energy surface 
vibrations. In general, vibrations in ad- 
sorbed molecules have much higher en- 
ergies than the vibrations on clean sur- 
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Extinction Leaves Its Mark on Ecology 
In addition to energetic considerations, selective extinction 

helps shape the composition of living communities 

Nineteenth-century naturalists argued 
about the most appropriate way in which 
to analyze the causal factors in commu- 
nity structure and dynamics. Today's 
ecologists continue the debate in vigor- 
ous manner, with a currently popular 
emphasis on features such as coevolu- 
tion, resource partitioning, and thermo- 
dynamics. James MacMahon of Utah 
State University and Charles Fowler of 
the National Marine Mammal Labora- 
tory, Seattle, suggest in a recent paper* 
that in addition to these processes ecolo- 
gists should also take note of important 
historical effects, specifically selective 
extinction and speciation, both in geo- 
logical and ecological time frames. 

As a group, ecologists represent a 
broad range of scientific backgrounds, 
some of which embody the kind of his- 
torical perspective urged by MacMahon 
and Fowler. However, the main thrust of 
contemporary thinking, brilliantly pio- 
neered by such figures as G. Evelyn 
Hutchinson and Robert MacArthur, con- 
centrates on current ecological process- 
es. "Historical processes are very diffi- 
cult to deal with," comments Robert 
Ricklefs of the University of Pennsylva- 
nia. "Nevertheless, it is an important 
consideration to which ecologists in gen- 
eral have not paid sufficient attention." 

*American Naturalist 119, 480 (1982) 

Peter Grant of the University of Michi- 
gan agrees that "The temporal dimen- 
sion has been somewhat neglected." 

Any ecological community will com- 
prise a range of organisms of different 
size, habits, and abundance. Thermody- 
namic considerations will determine the 
total biomass a given area might support, 
but, say MacMahon and Fowler, they 
are less helpful in explaining the overall 
composition of species. Their suggestion 
is that since certain properties of spe- 
cies, such as body size, geographic 
range, and evolutionary plasticity affect 
probabilities of extinction, community 
composition will in part at least reflect 
these probabilities. 

For instance, one of the substantive 
problems of ecology is the shape of the 
trophic pyramid, which goes rapidly 
from an abundance of primary producers 
at its base to a sparsity of carnivores at 
its apex. Why is the number of trophic 
levels so limited? And why is the pyra- 
mid generally so broadly based? 

"There are many contending explana- 
tions," says Robert May of Princeton 
University. "One of them is the ineffi- 
ciency of energy transfer from level to 
level. In this case you'd expect to see 
longer food chains among cold-blooded 
animals, which are more energy efficient 
than endotherms. But this is not the 
observed case." 

MacMahon and Fowler point out that 
the probability of extinction of a species 
in a food chain is the sum of its own 
inherent probability and that of the levels 
below upon which it depends. Extinction 
probabilities therefore tend to increase 
as one climbs the trophic pyramid. The 
concepts of selective extinction "pro- 
duces a rather simple explanation of the 
rather short nature of most trophic 
chains," write MacMahon and Fowler. 

The argument can be taken further, in 
examining species' habits in the food 
chain. A specialist feeder which depends 
on a single food source is more vulnera- 
ble to extinction than one which has a 
broader resource base, for obvious rea- 
sons. This being the case, "there will be 
more trophic levels in communities com- 
prised of generalist than in communities 
where specialization . . . [is] character- 
istic of the species . . . involved," pre- 
dict MacMahon and Fowler. 

A second property of species, but not 
of individuals, that bears on extinction 
probability is geographic range. A spe- 
cies with a very limited geographic range 
is clearly more vulnerable to extinction 
through local catastrophe than is a wide- 
spread species. A corollary of this is that 
the density of species will increase with 
increase in the total area of a particular 
environment being examined. Both these 
points are borne out by observation. 
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The fossil record shows that species 
evolve at  different rates: some s ~ e c i a t e  
frequently while others are stable over 
long periods; some are apparently more 
susceptible to  extinction than others. 
Again, this evolutionary plasticity is a 
property of species, not of individuals. 
The fate of any species is determined by 
an interaction between the environment 
and its innate evolutionary plasticity. 

Following this line of reasoning, the 
theory of selective extinction provides a 
simple explanation of the enigma of sex. 
Biologists are puzzled by the popularity 
of sexual reproduction because it ap- 
pears to be a genetic burden for the 
individual. But sex promotes a genetic, 
and therefore phenotypic, diversity at  
the level of the species, a property that 
guards against extinction in the face of 
environmental change. 

Generation time is another factor that 
affects evolutionary plasticity: short gen- 
eration time promotes plasticity. "Ge- 
netic plasticity may be a product of short 
generation times in at  least two ways," 
write MacMahon and Fowler, "(1) the 
rate at which new offspring are pro- 
duced, and upon which natural selection 
of individuals can operate; (2) the physi- 
cal disruption of chromosomal material 
as  linked to the process of cell division." 

As generation time correlates with 
body size, one would expect higher ex- 
tinction probabilities in large-bodied spe- 
cies. Data do show that extinction rates 
in mammals are significantly higher than 
those in invertebrates and diatoms. Even 
within groups of related species small- 
ness is apparently favored. And as  May 
has pointed out, more than 80 percent of 
all animals are less than 10 millimeters in 
length. 

Properties that affect extinction proba- 
bilities interact, from which, say Mac- 
Mahon and Fowler, some predictions 
about communitv structure can be made. 
"Generalists (species which d o  not tro- 
phically depend on a single species) will 
be common relative to specialists. Con- 
sequently, large heterotrophs, with long 
generation times should be generalized 
herbivores. Specialists must not only re- 
spond to extinction rates imposed upon 
them by their physical environment but 
must also adapt to changes in their prey 
or host. If the prey or host evolves 
rapidly, there is a possibility that natural 
selection will result in the prey species 
evading its specialist consumer. We ex- 
pect, then, that specialists will have 
shorter generation times than the species 
upon which they depend. . . . These ex- 
pected patterns are consistent with those 
in the natural ecosystems." 

The question of balance also applies to 

Species richness 
Combined relationships between 
species richness, or total num- 
ber, generation time and trophic 
level produces a three-dimen- 
sional plot. An initial increase in 
the number of species with re- 
spect to trophic level is possible 
because of risk spreading by 
generalist herbivores and omni- 
I'ores. 

0 

u 

n V1 - 
0 
L 

0 a 

5 

Carnlvores 

arge herbivores 

body size, but here it is a balance be- 
tween effects a t  the level of species and 
individuals. There are a number of rea- 
sons why being large compared with 
one's fellows is advantageous for indi- 
viduals. This tendency is reflected in the 
fossil record by a recurring increase in 
body size through lineages over long 
periods of time. Why, then, are there so 
few species with large adult body size? 
"The theory of selective extinction sug- 
gests that species with long generation 
times (a corollary of large body size) 
suffer high extinction rates." MacMahon 
and Fowler also say that their theory 
predicts that large-bodied species will 
generally be recent lineages. Available 
evidence appears to support this notion. 

The theory of selective extinction 
closely parallels species selection, an 
idea advanced by Steven Stanley of 
Johns Hopkins University and others as 
an important component of macroev- 
olution. "Just as  you can look at fossil 
assemblages as  being made up of species 
that have survived extinction, you can 
say that living communities are made up 
of a collection of individuals from which 
certain individuals have been selected 
out," comments MacMahon. "There is a 
continuous process of addition of new 
species and an editing out of existing 
ones, both in local and geological con- 
texts." 

MacMahon and Fowler suggest that 
ecological thinking might benefit from 
some interdisciplinary exchange with pa- 
leontologists. Stanley, a paleontologist, 
welcomes this proposal. "The kinds of 
higher level processes with which we 
deal must be important in ecology." 

Resistance to the idea among ecolo- 
gists stems from several sources, say 
MacMahon and Fowler. One of these is 

that selection at  the level of species is 
often misconstrued as  "group selec- 
tion," the idea that a species might 
change in response to a collective, rather 
than collection of individuals', benefit. 
"In contrast to group selection, selective 
extinction cannot directly determine the 
nature of any particular species, i .e. ,  
selective extinction only influences the 
properties of natural collections of spe- 
cies. " 

One can view selective extinction as a 
parallel to natural selection. "As a con- 
sequence . . . our thinking about groups 
of species, such as  in communities and 
ecosystems, will begin to resemble our 
use of natural selection in thinking about 
the nature of individual species. We will 
think in terms of a relative probability 
that future groups of species will contain 
descendants of existing species." 

A second problem some ecologists 
have with the idea of selective extinc- 
tion, say MacMahon and Fowler, is that 
there is a tendency to believe that eco- 
systems can be completely described on 
the basis of processes, such as  natural 
selection, acting at  the level of the indi- 
vidual. "There is a resistance to the 
concept that properties of ecosystems 
come from the collective nature of the 
component species. . . . The nature of 
collections of species in ecosystems, 
communities, and the biosphere are to be 
viewed as  products of high-level evolu- 
tionary processes of the geologic past." 

MacMahon does not claim his paper 
with Fowler is an end point in the discus- 
sion. "It is a stage in the development of 
a more coherent theory of communities 
and ecosystems. It  will allow us to erect 
testable hypotheses that will bring to- 
gether a wide range of ideas." 

-ROGER LEWIN 
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