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Knops, Koenig and Nash (1997; hereafter KKN) con-
clude that (1) my earlier work demonstrating that forests
in low-nutrient sites produce litter with wide dry mass/
nutrient ratios (low nutrient concentrations) (Vitousek
1982) is ¯awed, and (2) a reanalysis using appropriate
statistical procedures yields no relationship between soil
fertility and dry mass/nutrient ratios in litterfall. Their
analysis is based on a misinterpretation of simple linear
regression; once this is corrected, it is as clear in their
analysis as it was in mine that forests in low-nutrient
sites produce litter with low nutrient concentrations.

I believe it is fair to summarize a main line of argu-
ment in KKN as follows.

(1) In 1982, I suggested that the inverse of element
concentrations in litterfall could be used as an index of
nutrient use e�ciency in forest ecosystems, and that the
quantity of a biologically important nutrient circulated
through litterfall could be used as an index of avail-
ability of that nutrient (Vitousek 1982). I then put to-
gether a database from the literature on nutrient cycling
in forests, and showed that the ratio of dry mass to
nutrients in litterfall is systematically greater in sites
circulating small quantities of nutrients through litter-
fall. Finally, I speculated that higher mass-to-element
ratios in litterfall in low-nutrient sites could lead to
slower rates of decomposition and nutrient mineraliza-
tion, thereby driving a positive feedback from low nu-
trient availability to e�cient nutrient use by plants to
slow decomposition to low nutrient availability.

(2) KKN suggest that my analysis was ¯awed because
plots showing the quantity of nutrient circulated on the
x-axis and dry mass divided by the quantity of nutrient
circulated on the y-axis are autocorrelated; they auto-
matically yield an apparent pattern of increased dry

mass/element ratios in low-nutrient sites, even for ran-
domly generated data.

(3) If the analysis of how dry mass per unit nutrient
varies with nutrient supply is done correctly, there is
``no indication that nutrient use e�ciency is greater in
nutrient-poor ecosystems'' (Knops et al. 1997).

The remainder of KKN includes some speculation
about mechanisms underlying the lack of a relationship
between soil fertility and nutrient use e�ciency ± spec-
ulation that is useful only if the two are indeed unre-
lated.

The description in point 1 above is exactly what I did.
Were I to do it over 15 years later, I would use the
conceptually richer views of nutrient use e�ciency that
have been developed by Shaver and Melillo (1984), Be-
rendse and Aerts (1987) and others. More importantly, I
would draw upon the large number of recent studies in
which nutrient availability (or some soil-based index of
it) has been measured directly and then compared with
nutrient concentrations in plants or litterfall.

Point 2 is right concerning the pitfalls of autocorre-
lation ± but KKN are wrong that ``this problem is more
severe than previous investigators have assumed.'' In
1982, I said ``correlation of the axes could cause a
relationship to emerge because the y-axis... reduces to
litterfall mass divided by the x-axis. Consequently, an
inverse relationship...would be expected if there were no
functional relationship between nutrient circulation and
litterfall mass.'' For that reason, all of my statistical tests
were based on analyses of plots of litterfall dry mass
against quantities of nutrients ± just as those of KKN
are.

Point 3 is the key one. KKN use subsets of my data-
set, and a larger one from Vogt et al. (1986), to analyze
the relationship between litterfall dry mass and nutrients
in three ways ± using simple linear regressions (their
preferred approach), linear regressions forced through
the origin and polynomial regressions (which are not
evaluated statistically and which I will not discuss here).
For the simple linear regressions, a single example might
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involve litterfall dry mass (dependent variable) regressed
on the quantity of N in litterfall (independent variable).
After calculating the regression, KKN test to see if the
residuals from that regression are correlated with N, the
original independent variable. They invariably ®nd no
signi®cant correlation, and therefore reject the hypoth-
esis that N use e�ciency is greater in low sites. However,
residuals are de®ned as the variation not explained by
the original independent variable; if the regression is
done correctly, they cannot be correlated with that
variable. It is useful to plot the distribution of residuals
against the independent variable (to look for non-lin-
earity, to examine assumptions about variance). How-
ever, to interpret lack of correlation between the
residuals and the original independent variable as if that
represented hypothesis testing is to betray a fundamental
misunderstanding of regression and residual analysis.

If you want to test whether there is signi®cantly more
dry mass per unit of N in low-N sites, you should
evaluate the y-intercept of litterfall dry mass regressed
against litterfall N, rather than the residuals of this lin-
ear regression. KKN suggest that their simple linear
regressions theoretically should pass through the origin
± as indeed they should, if there is no systematic varia-
tion in the quantity of dry mass per unit of nutrient.
However, they ®nd a (generally very highly) signi®cant
positive y-intercept in every case involving comparisons
across sites. Assuming that linear regression is the ap-
propriate model, these positive y-intercepts establish
that there is systematically more dry mass per unit of
nutrient in litterfall in the low-nutrient sites. That is the
implication of a positive y-intercept in a simple linear
regression, and KKN's analysis shows that is the way it
is in the world.

KKN then calculate linear regressions forced through
the origin, as I did in 1982. These regressions provide a
clear statement of the null hypothesis that there is no
systematic variation in the quantity of litterfall dry mass
per unit of nutrient, as a function of quantities of
nutrients in litterfall. If the distribution of data points
deviates systematically and signi®cantly from this forced
regression line, the null hypothesis must be rejected.
Both KKN and I show that points with low nutrients (at
least low N, and often P) are systematically and signif-
icantly above the line, while those with high nutrients
are below it; their residual-based approach is more
straightforward than my polynomial-based approach.
KKN dismiss this very clear result by stating that the
positive y-intercepts observed in simple linear regres-
sions result by default in an artifactual negative rela-
tionship between the residuals and the variable of
interest in no-intercept regressions. There is, however,
nothing artifactual about either the positive y-intercepts
themselves, or the consequent negative relationships
between nutrients and residuals of the no-intercept lin-
ear regressions. Both occur because forest ecosystems
systematically produce more litterfall dry mass per unit
of nutrient in sites with less aboveground nutrient cir-
culation.

It is reasonable to ask if this well-established pattern
represents something we really want to know. I think my
use of indices of nutrient availability and nutrient use
e�ciency was appropriate in 1982; it allowed me to
employ large quantities of data (collected for other
purposes) to test patterns in forest nutrient cycling and
use. However, the more fundamental question is how
tissue and litter chemistry, and components of nutrient
use e�ciency, vary as a function of soil fertility. There
are now many more studies than in 1982 in which soil
fertility or nutrient availability have been measured di-
rectly across a range of sites, with simultaneous assess-
ments of plant and/or litter chemistry (cf. Pastor et al.
1984; Silver 1994; Bridgham et al. 1995; Crews et al.
1995). There are also many studies in which nutrient
availability has been manipulated by fertilization and
the consequences for plant and/or litter chemistry
assessed (cf. Miller et al. 1976; Birk and Vitousek 1986;
Berg and Tamm 1991; Aber et al. 1995; Vitousek et al.
1995). Analyses of these measurements and experiments
are more straightforward than are attempts to infer
nutrient availability from plant or litter nutrients, and
they do not face the perils of autocorrelation. Analyses
of both fertility gradients and fertilizer experiments
generally show that forests with low levels of nutrient
supply systematically produce plant tissue litter with
lower concentrations of nutrients (higher mass-to-ele-
ment ratios). The relationship between tissue chemistry
and nutrient use e�ciency is more complex than I rec-
ognized in 1982 (Berendse and Aerts 1987; Bridgham
et al. 1995), the mechanisms involved are interesting and
important (Aerts and de Caluwe 1994), and good work
remains to be done on the implications of this pattern
for plant-soil-microbial feedbacks. However, the un-
derlying pattern of low nutrient concentrations in low-
nutrient sites appears solidly based experimentally as
well as comparatively.
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