Science Highlights

The Ancient Bristlecone Pines of Methuselah Walk, California, as a
Natural Archive of Past Environment.

Marcom K. HucHes, Gary FunkHoUSER AND FENnBIAO NI
Laboratory of Tree-Ring Research, University of Arizona; mhughes@Iltrr.arizona.edu, gary@Itrr.arizona.edu, fenbiao@ltrr.arizona.edu

Longest Tree-Ring Chronology

Almost fifty years ago, Edmund
Schulman (1956) recognized the
unique longevity of the bristlecone
pines (Pinus longaeva) of the White
Mountains on the border between
California and Nevada. Alerce (Fitz-
roya cupressoides) in south-central
Chile is the only other tree species to
even approach the 5,000-year lifes-
pan of the bristlecone pine. Even
after death, the pines may remain
standing for millennia, and their
tight-ringed, resinous wood may
survive several thousand years af-
ter falling to the ground.The persis-
tence of this wood results from the
combination of its properties with
the cool, dry conditions that exist
for much of the year at elevations of
2,800 - 3,400 meters in the severe
rain shadow of the Sierra Nevada.
In Methuselah Walk (Fig. 1 and cov-
er photograph), many hundreds of
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Fig. 1: Location map showing the position

of Methuselah Grove (red circle), the other
five lower forest border, moisture sensitive
long chronologies (red plus signs), and the
boundary of Nevada Division 3 (heavyline).

ancient living trees, dead snags
and logs have been sampled over
the decades. The oldest pieces of
wood were alive 11,000 years ago,
and Ferguson (1969) used the relict
wood to extend Schulman’s tree-
ring chronology to the beginning of
the seventh millennium BC. Dendro-
chronologically dated material from
this site provided the basis of the
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Fig. 2: Upper and middle panel: the reconstruction of Nevada Division 3 July through June
precipitation based on the Methuselah Walk bristlecone pine chronology. The yearby-year
reconstruction is shown in gray. The thicker, black line shows the reconstruction smoothed by
a b0-year low-pass Gaussian filter. Lower panel: the percentage of total chronology variance
accounted for by the 3-7 year waveband over a moving 30-year window in the Methuselah

Walk chronology.
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calibration of the radiocarbon times-
cale in the 1960s, and so played an
important role in the chronological
revolution that swept the study of
Holocene environments and human
prehistory. The Menthuselah Walk
provides the longest single-site tree-
ring chronology in the world.

Variability in Precipitation
The new version of the chronology
reported by Hughes and Funkhous-
er (1998) is strongly replicated, with
at least 10 or more samples for
every year since 6,000 BC up to
AD 1995. Due to the strongly mois-
ture-stressed and variable nature of
the site, the cross-dating between
the trees at Methuselah Walk is ex-
tremely clear, and so it can be in-
ferred that there is a climate signal
in the variability of the rings. Inten-
sive investigations of the autecology
and dendrochronology of bristle-
cone pine by Fritts, LaMarche and
Grayhbill and others provided the ba-
sis for an almost 7,996-year long re-
construction of precipitation in the
southern portion of the Great Basin
(Fig. 1, Hughes and Graumlich 1996;
Hughes and Funkhouser 1998). The
tree rings account for 40% of the
interannual variability of precipita-
tion, and clearly capture decadal and
multidecadal variability, as exempli-
fied by the regional switch to
wetter conditions after 1976 (Fig. 2,
upper panel). They also show the
multiyear drought of the late 1980s,
which caused serious problems in
water-hungry California. In fact,
the reconstruction shows that this
drought was far from exceptional,
hundreds more severe droughts
were recorded in the last eight thou-
sand years. The reconstruction cap-
tures the character of precipitation
variation in this very dry region,
with striking interannual variability
(Figure 2, middle panel), and a small
proportion of decadal and longer
scale fluctuation.

Hughes and Graumlich (1996)
pointed out that the precipitation re-
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construction based on the Methu-
selah Walk chronology contains two
multidecadal droughts in the period
from the tenth to fourteenth centu-
ries AD.These droughts correspond-
ed to low stands of nearby Mono
Lake as reported from geomorpho-
logical evidence by Scot Stine (1994).
These same droughts were seen in
independent reconstructions based
on tree-ring width chronologies by
Graumlich and by Graybill and Funk-
houser based on other tree species
in the neighboring Sierra Nevada,
and in stable isotope ratios in the
Methuselah Walk wood reported by
Leavitt. The Methuselah Walk ring-
width data, and the isotope data
also correspond to Stine’s geomor-
phic data in another, revealing, re-
spect. All three records show the
two major, sustained droughts end-
ing in a decade or two of very un-
usual moisture excess.

Further support is given to the
veracity of these century-scale and
longer fluctuations in a reconstruc-
tion based on the Methuselah Walk
chronology by comparison with an-
other, more than 1,700-year long, re-
construction of precipitation in the
same portion of the southern Great
Basin, for the same July-June period
(Hughes and Funkhouser 1998). It is
based on six chronologies, includ-
ing Methuselah Walk, all well repli-
cated for at least 1,700 years. The
reconstruction accounts for 48% of
precipitation variance and has cen-
tury-scale fluctuations very similar
to the Methuselah Walk-based re-
construction (Fig. 3). This pattern is
almost unchanged even if the Me-
thuselahWalk-based series is exclud-
ed from the multi-chronology-based
reconstruction. There was clearly a
greater incidence of intense, persis-
tent, moisture deficits after AD 400
and before approximately AD 1500
than in the periods immediately be-
fore and after. Hughes and Funk-
houser (op.cit.) point out that “there
is a broad similarity between the
multicentury pattern over the last
1600 years reconstructed here for
the Great Basin, and the broad pat-
terns of accumulation measured
on the high-elevation ice-caps at
Quelccaya in Peru, and Dunde inTi-
bet (Thompson, 1996). This could be
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Fig. 3: The 50-year smoothed Nevada Divisions 3 precipitation reconstructions based on only
the Methuselah Walk chronology (blue line) and on all six lower forest border chronologies (red
line). The reconstructions have been converted to z-scores. The gray areas indicate the times
of low stands of Mono Lake identified by Stine (1994).

mere coincidence, or it may repre-
sent a feature of variability in the hy-
drological cycle on a global scale.”

ENSO-related Fluctuations

In recent years, PAGES scientists
have reported convincing evidence
of regime-like behavior in the last
two centuries in the El Nino-South-
ern Oscillation phenomenon (EN-
SO), using coral bands and tree
rings. Although the regional expres-
sion of ENSO effects in eastern
California and the Great Basin are
complex, the region is part of a
large, southwestern quarter of the
United States where winter half-
year precipitation is strongly corre-
lated with the Southern Oscillation
Index (SOI) during the instrumental
period. In order to identify poten-
tially ENSO-related fluctuations in
the Methuselah Walk chronology, we
used a band-pass filter designed to
conserve variability on 3 to 7 year
timescales, which are empirically as-
sociated with ENSO. This filtered
version of the reconstruction has a
correlation pattern with global sur-
face November through April tem-
peratures for the period 1959-1994
that is strongly reminiscent of the
pattern associated with ENSO.The
proportion of the total variance of
the reconstruction that is account-
ed for by this 3-7 year waveband
in a 30-year moving window fluctu-
ates in a distinctly regime-like man-
ner over the past 8,000 years (Fig. 2,
lower panel). ENSO-timescale vari-
ance has been as much as 60% and
as little as 10% of total variance on
occasion. There is no indication of
an absence of ENSO-timescale vari-
ability in the early part of the re-
construction. The periods since AD
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1500 and before AD 400 are marked
by relatively limited ENSO-timescale
variability. These periods correspond
to times of enhanced occurrence of
severe, sustained droughts.

Human Impact

Understanding the causes and pre-
dictability of the variability of pre-
cipitation is of great importance
to the burgeoning human popula-
tion of California, and its neigh-
boring states. The questions that
arise from the dendroclimatology
of the trees of Methuselah Walk
are only likely to be resolved by
using the characteristic PAGES ap-
proach of large geographic scale
comparison and integration of mul-
tiple proxy records, and exploration
of their climatic signals using cou-
pled ocean-atmosphere models.
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