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Using an empirical approach, we report that the slope
of the short-term log-transformed leaf respiration (R)–
temperature (T) curves declines with increasing leaf T
in a manner that is uniform across biomes (1); the re-
sults have utility for modeling carbon fluxes in terres-
trial biosphere models (TBMs). The use of an empirical
approach reflects the fact that, despite advances in
understanding of factors regulating R (2–4) and its
T-response (5), basic information on key determinants
of R remains lacking, hindering development of a
process-based model with utility for TBMs. Some,
including Adams et al. (6), view Arrhenius theory as
providing a way forward and argue that it is both
predictive and mechanistic. As noted (6), this ap-
proach provides equivalent predictive power as the
log-polynomial function (1), a finding that we do not
dispute, and that was recently noted in a separate
paper comparing several approaches to fitting short-
term T-function of R (7). We also agree that global con-
vergence in the shape of R–T curves is an indication that
respiratory regulation is likely to be common across
plants (6). Where we differ, however, is whether the
applied Arrhenius approach (6) is mechanistic. Arrhe-
nius theory is applicable to reactions catalyzed by single
enzymes that are substrate-saturated. For respiratory
metabolism in plants, neither assumption holds, be-
cause the respiratory system is made up of numerous,
highly-regulated reactions that are rarely substrate-sat-
urated (8). Thus, although activation energy (Ea) values
of R, including temperature-dependent ones (9, 10),
provide estimates of the temperature coefficient of

the overall respiratory system, they can be viewed as
outputs of a statistical fit, because they do not neces-
sarily provide insights into the individual mechanisms
underpinning variation in R–T curves.

In the temperature-modified Arrhenius approach (9),
changes in the slope of log-transformed R–T curves
are achieved via adding a factor (δ) to account for
T-dependent changes in the activation energy (i.e.,
T-sensitivity) estimated at 0 °C (E0). Similarly, we (1)
provide estimates of the T-sensitivity at 0 °C, and how
the T-sensitivity of R declines with increasing leaf T (i.e.,
b- and c-parameters in the polynomial). Thus, in general
terms, b and E0 describe the T-sensitivity at 0 °C, with
c and δ accounting for deceleration in R as leaves warm.
Congruence in the two approaches therefore reflects
their underlying operational similarities, raising the pos-
sibility that TBMs can indeed use either approach (1, 9).

Looking forward, development of a process-based
model to account for the complexity of taxa- and
environment-driven variations in R (11) remains a high
priority. Notable advances are clarifying individual and
collective mechanistic controls of R through models and
experiments (2–5). Ideally in the future, a trulymechanistic
approach based on these advances will emerge that
meets the TBM integration requirements of being
parameter-sparse, scalable, and spatially robust; how-
ever, current knowledge remains insufficient. Because of
this fact, we suggest that empirical-based second order
polynomials (1, 6, 9) fitted to globally relevant R–T curve
datasets (1) are an appropriate way for current TBMs to
model dynamic variations in short-term R–T curves.

aDivision of Plant Sciences, Research School of Biology, The Australian National University, Canberra, ACT 2601, Australia; bThe Ecosystems Center,
Marine Biological Laboratory, Woods Hole, MA 02543; cAustralian Research Council Centre of Excellence in Plant Energy Biology, Research School
of Biology, The Australian National University, Canberra, ACT 2601, Australia; dAnimal and Plant Sciences, The University of Sheffield, Sheffield S10
2TN, United Kingdom; eHawkesbury Institute for the Environment, Western Sydney University, Penrith, NSW 2751, Australia; fDepartment of Forest
Resources, University of Minnesota, St. Paul, MN 55108; gFaculty of Agriculture, University of Peradeniya, Peradeniya, 20400 Sri Lanka; hDepartment
of Global Ecology, Carnegie Institution for Science, Stanford University, Stanford, CA 94305; iUmeå Plant Science Centre, Department of Plant
Physiology, Umeå University, SE-901 87 Umea, Sweden; jCentre for Ecology and Hydrology, Wallingford OX10 8BB, United Kingdom; kDepartment
of Earth and Environment Sciences, Columbia University, Palisades, NY 10964; lDepartment of Ecology, Evolution, and Environmental Biology,
Columbia University, New York, NY 10027; mUmeå Plant Science Centre, Department of Forest Genetics and Plant Physiology, Swedish University
of Agricultural Sciences, SE-901 83 Umea, Sweden; nSchool of Geosciences, University of Edinburgh, Edinburgh EH8 9XP, United Kingdom;
and oCentre for Integrative Ecology, School of Biological Sciences, University of Canterbury, Christchurch 8140, New Zealand
Author contributions: M.A.H., O.K.A., O.S.O., P.R., M.G.T., L.K.W., A.P., J.J.G.E., D.C., K.J.B., J.X., F.S., Z.R.S., A.M.-d.l.T., K.L.G., C.H., V.H., P.M.,
and M.H.T. wrote the paper.
The authors declare no conflict of interest.
1To whom correspondence should be addressed. Email: owen.atkin@anu.edu.au.

E5996–E5997 | PNAS | October 11, 2016 | vol. 113 | no. 41 www.pnas.org/cgi/doi/10.1073/pnas.1612904113

L
E
T
T
E
R

http://crossmark.crossref.org/dialog/?doi=10.1073/pnas.1612904113&domain=pdf
mailto:owen.atkin@anu.edu.au
www.pnas.org/cgi/doi/10.1073/pnas.1612904113


1 Heskel MA, et al. (2016) Convergence in the temperature response of leaf respiration across biomes and plant functional types. Proc Natl Acad Sci USA 113(14):
3832–3837.
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