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Sampling and Precise Dating Requirements for
Extracting Isotopic Records from Tree Rings

CHARLES W. STOCKTON and WILLIAM R. BOGGESS

University of Arizona, Laboratory of Tree -Ring Research, Tucson, AR 85721

The use of tree -ring width series as the time control
for extraction of isotope and chemical information from
wood cellulose has become commonplace. However, many
researchers are unaware of the need to maximize the signal
in the tree-ring series by sampling from those populations
that are most sensitive to past environmental conditions.
The series which are most environmentally sensitive may
also be the most difficult to date accurately. Therefore a
sufficient number of samples must be collected to provide
adequate dating control. Techniques exist that can assure
precise dating of individual ring widths but they depend
on adequate replication of samples. Proper site selection
and dating techniques for adequate tree -ring analysis will
be discussed. Examples will be cited in which necessary
sampling depth and ring width analysis appear to be
insufficient to justify subsequent conclusions made from
the derived isotopic series.

For more than 80 years, tree -ring data have been used to make
inferences about past climatic variation. In general, the char-
acteristic most often used has been the variations in widths of
the annual growth rings. However, during the past decade other
properties, such as cell density (measured by x -ray densiometric
techniques), relative widths of early and late wood, and isotopic
composition of the cellulose have been used to infer past environ-
mental conditions. It is the isotopic composition that is of
interest here.
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Background

NUCLEAR AND CHEMICAL DATING TECHNIQUES

There are certain aspects of tree -ring data that make them
attractive for use in isotope analysis of past environmental
(climatic) variations. Among them is the absolute accuracy in
dating of individual ring widths. If established principles of
crossdating are employed, each annual ring width can be accurately
dated as to the year of its formation and the time scale is
precisely defined to the nearest year. (Crossdating involves
matching the patterns of narrow and wide ring widths between core
samples from the same tree and other trees sampled at a given
location. This essential procedure is a means of identifying
possible multiple or locally absent rings.) Another aspect is the
integrative nature of the environmental inputs that are recorded
in each ring width. Research has shown that trees growing under
stress site conditions tend to be integrators of monthly environ-
mental changes reflective of the site. By careful sampling, it is
possible to maximize the information on a particular environmental
(climatic) variable, locked into the ring -width time series. If
primary interest is in a temperature variation signal, then
sampling would include sites that are most stressed by temperature
fluctuations (e.g., upper timberline). Conversely, if the drought
signal is to be maximized, then sites that are stressed by mois-
ture deficits and high temperatures would be sampled. These
include lower forest border sites, sites with thin soil and
outlier sites, as those occurring along the western boundary of
the Great Plains. A third desirable aspect of tree-ring data
as a vehicle for extracting isotopic indicators of past climatic
variability, is their widespread spatial distribution and relative
abundance.

The close relationship that has developed between dendro-
chronology and 14C dating in the last 25 -30 years has primarily
been one of the dendrochronologist supplying absolute dates for
wood that is used to calibrate the 14C time scale. The divergence
of age as determined by tree -ring and 14C methods as time gets
large is well known. Graphs of these relationships and detailed
descriptions of the 14C- dendrochronology ties are detailed by
Damon, Lerman and Long [1]1. They point out that the method for
calibrating the radiocarbon scale is by comparing the radiocarbon
ages of accurately dated tree rings with their dendrochronological
ages. Reliability of the method is based on at least two assump-
tions:

1) the radiocarbon activity of a wood sample
accurately represents the activity of the
atmosphere when the wood was formed,

2) the age of the ring -width series is accurately
known.

1Figures in brackets indicate the literature references at the
end of this paper.
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Inherent in the first assumption is the implication that radio-
carbon activity of the wood is site independent. However, as

Eddy [2] points out, there are limitations to this implication.
If one is interested only in dating the wood, the limitation is in
the half-life of the isotope. If the concern is in monitoring

changes in the concentration of the isotope in time, then other
considerations are essential. The atmosphere and oceans act as
low pass filters that delay and dilute real variations in, for

example, the radiocarbon production. The tree system also acts as

a filter as the atmospheric radiocarbon (as carbon dioxide) enters

through the leaves and, by the process of photosynthesis, is

preserved as cellulose in the new wood. It is well known that net
photosynthesis varies between species and individuals of the same
species as well as from site to site. Damon, Lerman, and Long
[1] point out "one can expect measured radiocarbon in tree-ring
sequences to show an 100 -fold attenuation of the production ampli-

tude in the 11 year solar cycle ". Also, the 14C production is
reported to vary by about 22 percent through one 11 -year solar

cycle [1] and so if there is a 100 -fold attenuation of this signal
as recorded in tree -ring series, then one is really looking for a

0.2 percent change in the signal of the 14C variation to reveal

past variations in the 11 -year solar cycle. This seems like an
exceptionally small change to be reflected in the tree -ring record

based on the variations in net photosynthesis that may occur
between species and within individuals on a given site. It might

be possible to maximize the strength of such a signal by defining

a sampling population (e.g., multiple samples from open, xeric
sites) such that the rate of carbon fixation is truly reflective
of the atmospheric changes in 14C. We envision such sampling
populations as being on open, environmentally sensitive sites as
opposed to those within forest interiors where carbon fixation
may be influenced by competition and consequently the variations

in the 14C signal additionally influenced by biological factors.
With refined and new techniques such as the tandem accelerator,
this should be possible as smaller amounts of cellulose are

necessary and greater numbers of samples can be analyzed.
Dendrochronological experience allows us to delineate those

sites where maximum longevity of ring -width series might be

expected. Using wood from dead trees, as is done in Bristlecone

pine chronology development, limited inferences can be made

concerning site characteristics that existed for the tree from
which the dead wood is derived. (We do not believe that we are
yet in a position to use time -series statistics to prove random
selected samples of tree -ring series are from the same population

as that from a nearby living stand of trees.) Proven sampling

repetition strategies allow us to increase our confidence in

absolute date assignments for each ring width as sample size

increases. Consequently, the assumption of accuracy of dates

assigned to individual ring widths can be controlled by sample
density, with error decreasing as sample size increases.
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Since Dansgaard [3] demonstrated that stable isotope informa-
tion can be utilized to infer past climatic conditions, stable
isotopes from ice cores and deep sea sediments (extracted from
ocean bottom cores) have been used to interpret past climatic
variation. However, because of limitations in spatial occurrence
of ice cores and deep sea sediments, tree -ring data have become
attractive sources for additional stable isotope information.
Stable isotope dendrochronology is now receiving considerable
attention by numerous researchers [1,4,5,etc.]. The extent to
which application of the spatial distribution of tree -ring iso-
tope data can be applied is perhaps unknown at this time, but
obviously there is a great potential for a widespread spatial
analysis and reconstruction of past environmental events. The
use of decay- resistant wood from dead trees may even extend our
knowledge into the more distant past. However, before this is

possible, the investigator must have some idea of what climatic
factors the stable isotopes are recording in the wood cellulose.
This requires some knowledge of the climatic factors that are
most influential in tree-ring growth on a given site. For
example, consider the deuterium /hydrogen ratio expressed in the
usual way 6(D) ° /oo where

6(D) ° /oo =
(D /H) sample

1 x 1000.
(D /H) standard

Is the source of variation in 6(D) as recorded in wood cellulose
from meteoric water or is it primarily from ground water sources?
Perhaps it is related to growing season temperatures as some have
suggested [6]. It seems essential that we demonstrate that the
variations in the D/H ratio recorded in the tree system are the
same as in precipitation. The ideal experiment would be to
compare the D/H ratio in precipitation to the ratio in wood
cellulose from trees growing on sites where the maximum growth
stress is precipitation related. We envision such a site as one
where the trees are growing on an upper topographic position with
little soil development. Consequently the only water available
to the tree is that falling during or immediately prior to the
growing season when the ring is formed. This appears to be
similar to the approach taken by White et al., [5] wherein they
relate 6(D) determined from precipitation to that extracted from
wood cellulose formed during the same year.

In their experiment, White et al., [5] compared the 6(D)
variation in rain water, sap, and wood cellulose from trees
growing on a dry site to that from ground water, sap, and wood
cellulose from trees growing in a swampy area. Although some
physical explanations of their results remain inconclusive, their
results are interesting because they demonstrate 1) 6(D) varia-
tions in the cellulose of tree rings appear to be related to the
water available to the tree during the year of formation of the
ring; 2) the water available may be from rainfall or from ground
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water with S(D) variations in the wood cellulose comparable to

variation of the source. This at least implies that variation of

ó(D) in the wood cellulose is site dependent and it may be

possible to maximize environmental information in a ring-width

series by site selectivity.

Sampling Sites Reflect Environmental Signal

It appears based on limited research, that the signal inher-

ent in the isotope variability record extracted from wood

cellulose may be reflective of the site from which it was col-

lected. Once the relationships between isotopic variation and

climate are well understood, isotopes may be usable to decipher

past environmental conditions from tree-ring width data that are

not ideal for classic dendroclimatology (e.g., complacent tree -

ring series). However, it appears that until such is the case,

experiments should be designed to test for certain environmental

conditions by maximizing the environmental signal of interest and

performing the isotopic analysis on resulting data.

Much work has been accomplished in the last ten years demon-

strating the association between the growing site of trees and

the climatic signal inherent in the ring widths [7]. Drought

sensitivity in ring -width series is maximized by sampling trees

that are stressed by precipitation and temperature variations.

If ring-width series are to be used to obtain drought information,

it seems reasonable that the data should be obtained from trees

that maximize drought information content. Consequently, one

selects the population as being those trees occupying sites where

the drought variation signal is maximized. Statistical infer-

ences are then based on the null hypothesis that there is no

difference in the sample statistics obtained from a given site

and those of the population.
The same applies for temperature: there is strong documen-

tation that trees from certain sites (for example, upper timber-

line Bristlecone pine and upper northern timberline white spruce)

contain strong temperature signals within their ring width series

[8]. The limiting factor to growth as expressed in the ring -width

series is average temperature and not total precipitation. Con-

sequently, if one would like to test the hypothesis that 6(D) is

primarily a function of temperature, it seems reasonable that the

sampling population should be defined as those trees on sites

where temperature is the environmental parameter limiting to

growth. Again, the null hypothesis for testing a sample statistic

against the population parameter is that there is no difference in

what the sample shows and what the population reflects. If the

hypothesis to be tested is that the D/H ratio extracted from the

cellulose and dated by standard dendrochronologic techniques is

related to ground water, one would sample accordingly, from sites

where the moisture availability to the tree system is from the

capillary zone of the ground water reservoirs.
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Epstein and Yapp [4] state "it is obviously necessary to
calibrate more specifically the relationship between 6(D) records
in cellulose nitrate from tree -ring records and known climatic
records. This can probably be done best by the analysis of tree
rings from widely different, well -documented environments. Such

data will allow the comparison of a large variety of trees and
determine the versatility of using the isotopic method for

climatic temperature determination ". We concur with this state-
ment as long as "from the same population" is inserted.

Sample Replication

In dendrochronology, there are well established sample repli-
cation limits for a) proper dating control and b) inferences of
past environmental conditions based on ring-width variability (for
example, see Chapters 5 and 6 of Fritts [7]). In many instances,
if a ring -width chronology has been developed for a given region,
we can date a single random time series sample of ring widths
using a master chronology [9] time series to assign absolute dates
to eachnir g width with a very small chance of error. This

provides the needed time control for the sample but it may not
provide an adequate sample of the population for extracting the
climatic signal. Consequently, analyzing a single series or

perhaps two, for isotopic variation and making i::ferences from
this single series can be misleading. One must make certain that
the signal being detected in a single tree -ring data series is

common to the population (closely defined by microsite conditions)
and not necessarily on the basis of cross -datability. In other

words, in a statistical sense, cross -datability is a necessary
although not always sufficient condition for inferences of past
environmental conditions from an isotope series derived from tree
rings. One example of such an occurrence follows: some time ago,
the Laboratory of Tree-Ring Research dated an apparent drought -
sensitive Bristlecone pine sample consisting of two segments in
time derived from two different trees. So in effect, one has a
single tree -ring series, from two trees. This series was dated,

that is, absolute dates were assigned to each ring width using
crossdating with a known regional chronology. The wood was
analyzed for D/H isotopes and an isotopic series was derived and
published by Epstein and Yapp [4]. It turns out that the 6(D)
series shows a pronounced 22 -year periodicity which is also that
of the well known Hale Solar magnetic cycle. Some two or three
years after publication of the details of the analysis, Dicke
[10 -12] studied these results and concluded they provided terres-
trial evidence that solar variability is indeed influencing

climate. Furthermore this record was used in developing a model
for explaining solar variation and its physical relationship to
climate. The results may be perfectly valid but, in our view,

until they are supported by similar 0/H ratio series on other
trees showing comparable 22-year periodicity, such data and
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resulting interpretations contain a degree of skepticism. The

argument used by Dicke [11] in analysis of the D/H series for
this inference is "the advantage of the D/H ratio as a climate
indicator may be the non -local measure of the climate which it
provides. The D/H ratio in the precipitated water and incorpo-
rated into the plant cellulose depends on the mean surface temper-
ature of the Pacific Ocean where the water evaporates and on the
air temperatures where the various precipitations occur ". This

may or may not be true because 1) the tree -ring data analyzed

are complacent indicating a rather constant source of moisture
availability (ground water ?) and 2) the extremely limited sample
size (actually only one tree -ring time series) would lead one to
suspect that the resulting 22 -year periodicity might and (we
stress might) be a statistical artifact and a result of chance

alone. We would be gratified to see the results substantiated by
additional evidence because they support some of our own research
results, in that there appears to be a 22-year rhythm in drought
recurrence which may be associated with solar variation of some

sort [13]. However, the history of dendrochronology is replete
with hopes that have been dashed when the results of large samples

have been analyzed. So our advice is 1) analyze samples from well

defined homogeneous populations and 2) make sure the sample

replication .is sufficient to rule out chance occurrence of the

results.

Conclusions

Tree -ring data are used as either time control from which

isotope series are constructed, e.g., for calibration of the 14C

time scale or to retrieve paleoenvironmental information. In the

latter case, it is important to use isotope series from tree-ring

populations maximizing the desired signal as existing evidence

indicates the concentrations in at least some isotopes is site

dependent. Sampling replication is important not only for dating

control but also for eliminating chance occurrences in paleo-

climatic series.
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