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Reply to Veresoglou: Overdependence on
“significance” testing in biology
In PNAS, we explore the effects of inter-
acting global change factors on the func-
tioning of decomposer communities and
show how biotic interactions influence the
strength of soil carbon feedbacks to cli-
mate change (1). Veresoglou (2) highlights
that the highly interactive nature of our
multifactor experiment can increase the like-
lihood of type I errors (i.e., “false positives”),
an effect that he refers to as “P hacking.”We
appreciate this perspective because it pro-
vides a platform to discuss what we believe
is a critical topic in biology: an overdepen-
dence on significant P values.
P hacking refers to “data-dredging, snoop-

ing, fishing, significance-chasing and double-
dipping” (3), essentially any instance of
selectively searching for only significant P val-
ues. However, P hacking is not simply the
reporting of a large number of P values.
The multifactor experimental design necessi-
tates the testing of multiple comparisons, but
we focus on a specific set of preplanned hy-
potheses throughout. We discuss “significant”
and “nonsignificant” relationships and, fol-
lowing convention, report only the relevant
P values in the text. The significance val-
ues of all preplanned comparisons are pre-
sented in the accompanying figures.
Of course, Veresoglou (2) is correct that

reporting a large number of P values
inflates the likelihood of unveiling sig-
nificant (P < 0.05) effects. However,
statistics is far from black and white.
Adjusting P values to protect against type
I errors (false positives) comes at a con-
siderable cost: it inflates the probability of
type II errors (false negatives) (4). When
false negatives are considered to be as

damaging as false positives, then adjusting
for multiple comparisons is strongly dis-
couraged (4, 5). That is, “scientists should
not be so reluctant to explore leads that
may turn out to be wrong that they penalize
themselves by missing possibly important
findings” (5). This is particularly important
in complex ecological systems where mecha-
nisms can be obscured by huge variability.
Irrespective of the P values we report, many
of the trends that we focus on will require
further investigation, so a strict “accept/reject”
framework would be counterproductive. In-
stead, we took great care to address a question
from multiple angles using all available data
and previous research. We then provide raw
P values so that the reader can interpret rela-
tionships as they see fit [following Gelman
et al. (4)].
We support Fisher’s original intention for

the P value; it should be “just one part of a
fluid, non-numerical process that blended
data and background knowledge to lead to
scientific conclusions” (3). The merit of our
work does not hinge on the chance identifi-
cation of some statistically significant effects
that we selectively report (1). As highlighted
by Veresoglou (2), the hypotheses we test
are based on previous work and established
theory. Accounting for multiple comparisons
in our study would not change our findings.
We encourage the reader to assess our work
based on all of the evidence provided in the
preceding literature, figures, and other sta-
tistical values, in addition to the reported
P values. To conclude, we agree with Leek
and Peng (6) that, “arguing about the P value
is like focusing on a single misspelling, rather
than on the faulty logic of a sentence.”
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