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Comment

Measuring the cost of plasticity: a problem
of statistical non-independence

Costs of plasticity are generally measured by the absol-
ute difference between trait values in two or more
environments, and both trait value and plasticity costs
are correlated with fitness using multiple regression
[1]. A recent paper [2] discussed the consequences of
a correlation between trait values and this measure of
plasticity and presented some empirical examples of
such correlations. High correlations between explanatory
variables can cause problems of interpretation and from
their survey Auld er al. [2] noted that ‘we suspect that
highly correlated trait values and trait plasticities are
common across many different taxa and inducing
environments and, as a result, many of our current esti-
mates of the costs of plasticity may possess
unappreciated imprecision and bias’ ([2], p. 507). In
this comment, I wish to point out that a correlation
between trait values and plasticity is built-in by the defi-
nition of plasticity. Let X and Y be the means of the
same trait measured in two different environments and
without the loss of generality assuming that X > Y: the
definition of plasticity given by Auld er al. [2] is X — Y
and they are concerned with the correlation between X
and plasticity, which is then the correlation between X
and X — Y This is simply a problem of part-whole
correlation.
The correlation between X and plasticity is thus
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where ox x—y is the covariance between X and X — Y,
0% _y> 0% _y are the respective variances. First, suppose
that X and Y are uncorrelated: in this case, equation
(1.1) reduces to
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If, as might be likely the variance in X equals the var-
iance Y then r = 1/{/2 = 0.71. With unequal variances the
correlation can be even higher. Now, suppose that Y is a
linear function of X with correlation, rxy. For conven-
ience and without the loss of generality, let the intercept
be zero giving the relationship

(1.2)
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where b = ryy oy/ox and € is an error term with mean
zero and variance o-ﬁ The variance of Y is

03 = b*o% + o2 (1.4)

The accompanying reply can be viewed at http://dx.doi.org/10.1098/
rspb.2011.1150.
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Figure 1. Plot of the correlation between trait X and plasticity
versus the correlation between the two traits X and Y.

In this case, the correlation between X and plas-
ticity is
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Again if the variance in X equals the variance in Y,
equation (1.5) reduces to
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which varies from 0.71 to zero but only drops below 0.5
when the correlation between X and Y exceeds 0.5
(figure 1). When the reaction norms are all parallel, the
individual plasticities are all equal and thus there is a
correlation of zero between family mean values and
plasticities.

Auld er al. ([2], p. 506) suggest that ‘In general,
the costs of plasticity can only be accurately estimated
when trait values and plasticity are not highly
correlated’. Given the «close statistical association
implicit in the definition of plasticity it would seem
that alternate approaches to measuring plasticity are
warranted. If this definition is to be employed, the stat-
istical significance of the relationship can be correctly
gauged wusing randomization and cross-validation
approaches [3].
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