SCIENTIFIC CORRESPONDENCE

Ecosystem trends

Sir — The relationship between primary
production by plants and the biomass of
herbivores has implications for the cur-
rent debate on principles of population
regulation. A simple, positive linear cor-
relation is predicted by thecries where
herbivores are assumed to be limited
by their food resources!” and by the
theory of ratio-dependent predatton
Conversely, models assuming prey-
dependent .predation* predict that the
biomass of herbivores no longer in-
creases in ecosystems productive enough
to support efficient carnivores.
McNaughton et al.”® concluded that
herbivore biomass (B) increases with
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Relationship between net above-ground
arimary productivity (NAA and herbivore
biomass (8) using our version of the
data set. Dotted line, lingar regression for
the entire dala set (y=1.19x-3.25
P<0.001, r?=0.52); solid lines, regressions
above and below the breakpoint {see text).
Filled squares, desert; filled diamonds, tun-
dra; open triangles, tropical grassiand; open
squares, temperate grassland; open di-
amonds, oid field: filled triangles, temperate
forest; star, tropical forest.

increasing net: above-ground primary
productivity (AdP) accordmg to the
model B=10"" NAP' 2 iWe re-
analysed their data set usmg a logarith-
mic regression model in which herbivore
biomass levels off (y=alog {x), where
yv=log B and x=log NAP) The perform-
ance of our model (r?=0.577) is practi-
cally identical to the gerformance of
their log-linear model (r*=0.575).

We also repeated their work using the
references they cited or mentioned to us
in correspondence. We tried to apply the
same criteria of selection, except that we
also required that the systems are free
from obvious, significant human impacts
on trophic dynamics. When minimum
and maximum herbivore biomasses were
reported, we computed long-term aver-
ages if possible. If not, the reference was
excluded. We accepted the Canadian
high arctic® data which were rejected by
McNaughton er al.,, and we rejected
several temperate data points included in
their analysis. Our data set (see figure)
became so different from theirs that it
was impossible even to identify the
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points representing the same system.
Nevertheless, our general conclusions
were similar. The logarithmic model
with a built-in levelhng off performed
marginally better (r*=0.551) than the
linear one (r?=0.524).

Another way to look at the situation is
to test whether the slope of the regres-
sion line is significantly lower in produc-
tive systems than in barren ones. We
have done this for both versions of the
data set. We chose a breakpoint based
on the model reported in ref. 5 and on
the assumption of a shoot:root allocation
ratio of 1:3 tanal for tundra and grass-
land systems , which gives a break-
point between barren and Productive
systcms at NAP=175 g2 yr or 3,500
kKIm2 yrt. ’

In the data set of McNaughton et al.,
the regression line for barren systems
was y=1.44x-4.60 (r’=0.16, P=0.16,
n=14) while the one for productwe
systems was y=1.05x-2.91 (r?=0.24,
P=0.002, n= 36). In our data set, barren
systems  obtained the rcgrcssion
y=2.20x-6.30 (r2=0.64, P=0.002,
n=12), whereas the regression for pro-
ductive systems was y=1.01x-2.60
(r*=0.16, P=0.03, n=30). The two data
sets thus have opposite implications ab-
out the statistical strength of the regres-
sion below and above the threshold.
However, slopes are consistently lower
for productive systems than for barren
ones with a statistically significant differ-
ence in both cases (for the data of
McNaughton ¢t al.,
df. = 46; for our data,
P<0.001, d.f. = 38).

The relation of these results to various
theories Is complicated The difference
in the slopes is inconsistent w:th theories
of strict resource-limitation!? and with
the theory of ratio-dependent pre-
dation®. The existence of a mgmfncantly
positive slope even in productive areas is
inconsistent  with laissez-faire prey-
dependent models*® but consistent with
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1=7.41, P<0.001,

prey-dependent models with interfer.
ence, spatial heterogeneity and/or evolu-
tionary and behavioural responses to
predation®.

Nevertheless, we warn against over-
interpreting the results. The data are
noisy and represent systems with varicus

‘degrees of human disturbance. It is diffi-

cult to distinguish patterns from scatter
and risky to assume that all patterns
reflect natural dynamics.
Jon Mok:.
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No X-ray lens

SIR — Suehiro et al.! propose the use of
refractive lenses for focusing X rays.
Similar lenses have previouslty beer
considered?, which have not been made
or used for several reasons, including the
following.

(1) Because the X-ray refractive in-
dices of all materials are very close to
unity, such lenses have very long focal
lengths and small numerical apertures,
resulting in poor spatial resolution capa-
bilities. The examples given by Suehiro
et al. have numerical apertures of a few
times 107, resulting in limiting resolu
tions of a few micrometres for 8-keV
X rays. This is not a problem in the
proposed use of such lenses in long
synchrotron beam lines, but would be n
other applications.

(2) The X-ray optical constants of
materials are not well known, particular-
ly the refractive indices. Therefore it is
difficult to design and make a lens to «
required specification. This is not s
serious a problem for zone plates and
mirrors for which the focal lengths do
not depend on the refractive index.

(3) The design of refractive lenses for
soft X rays, for use in, for example,
X-ray microscopy, is limited by the re-
quirement that the maximum thickness
of the lens has to be less than about |
um to prevent excessive absorption los-
ses in the lens material®, This results ir
limits on the size and focal length of such
a lens, restricting the achievable spatia!l
resolution to a few micrometres. Zone-
plate X-ray microscopes now routinely
achieve resolutions of 30 nm (ref. 3),
and thus it makes little sense to consider
the use of refractive lenses for X-ray
Microscopy.
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