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Reply to Schaberg et al.: Applying stable isotope
analyses to examine the influence of acid
deposition on Juniperus virginiana
Our conclusion that a Juniperus virginiana
stand in the central Appalachian Mountains
is recovering from decades of acid deposition
was based on tree ring carbon isotope ratios
(δ13C) that show: (i) close correspondence
between the timing of changes in direction
of δ13C with declines in SO2 emissions oc-
curring after the Clean Air Act; (ii) close sim-
ilarities between patterns of δ13C after 1980
and during the 1930s Great Depression when
SO2 emissions were reduced; and (iii) sup-
port of our hypothesis that stomatal conduc-
tance would increase after the Clean Air Act
if trees were recovering from acid deposi-
tion (1). The issues outlined by Schaberg
et al. (2) do not directly address this con-
clusion and, thus, do not alter our interpre-
tations of the data.
Schaberg et al. (2) imply that only two

species, Picea rubens and Acer saccharum,
are worthy of study. To the contrary, because
Juniperus is likely neither the most-sensitive
nor least-sensitive species to acid deposi-
tion, responses by Juniperus to changes in
acid deposition support our assertion that
the Clean Air Act has had important ecol-
ogical consequences.
Schaberg et al. (2) question that trees re-

sponded to acid pollution in the 1930s be-
cause acid deposition was not reported in the
United States until 1972. Despite a large
amount of uncertainty that exists before the
1960s, several lines of evidence point to sig-
nificant amounts of sulfur pollution by the

early 1900s (3, 4), and thus, observations of
these historic effects on Juniperus are impor-
tant (1).
Our isotopic analysis highlights the impor-

tance of stomatal conductance but does not
address cellular mechanisms of how acid de-
position affects stomata (i.e., direct ionic im-
pacts of sulfur or H+ acting on stomata). To
clarify, tree ring δ34S provides diagnostic in-
formation on sulfur sources over the tree ring
chronology and strongly supports our obser-
vation that the timing of changes in δ13C,
and thus changes in tree physiology, corre-
sponds to changes in sulfur pollution received
at the tree level (1).
We show that dendroisotopic techniques

provide a valuable diagnostic tool to assess
historic effects of acid deposition on tree
physiology, recovery of trees after the Clean
Air Act, and interactions between changing
atmospheric CO2 and acid deposition (1).
Isotopic techniques require a small number
of trees to characterize stand-level tendencies,
given the typical uniformity of environmental
signals reflected in tree rings for a given spe-
cies and site (5). Our study also benefited
from being a subset of a master chronology
of Juniperus from the surrounding region
that shows similar growth patterns (6).
As we state in our report (1), the next step

will be to examine the generality of our re-
sults from Juniperus to determine how wide-
spread these responses to acid deposition are
among co-occurring tree species, across wide

geographic areas, and for different soil types
in temperate forests. We expect the influence
of acid deposition to vary for different spe-
cies, that some effects are more subtle
than the well-documented effects on Picea
or Acer, and that timing of recovery from
acid deposition will depend on the resilience
of individual tree species.
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