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Climatic Change in Tasmania Inferred fkom a 
1089-Year Tree-Ring Chronology of Huon Pine 

A climatically sensitive huon pine tree-ring chronology from western Tasmania allows 
inferences about Austral summer temperature change since A.D. 900. Since 1965, 
huon pine growth has been unusually rapid for trees that are in many cases over 700 
years old. This growth increase correlates well with recent anomalous warming in 
Tasmania on the basis of instrumental records and supports claims that a climatic 
change, perhaps influenced by greenhouse gases, is in progress. Although this temper- 
ature increase exceeds any that are inferred to have occurred during the past 1089 years 
at this location, it has not yet clearly emerged from the natural background variability 
of climate in this part of the Southern Hemisphere. 

C OMPARED TO THE INSTRUMENTAL 

and historical climate records of the 
Northern Hemisphere (I) ,  the 

Southern Hemisphere has relatively few 
high-resolution climatic time series that ex- 
tend back more than 100 years (2). Yet, to 
evaluate properly recent climatic trends and 
fluctuations, especially for changes that 
might be induced by radiatively active trace 
gases, much longer records are needed (3). 
T o  help fullill this need, we developed a 
climatically sensitive tree-ring chronology 
from Tasmania that extends back to A.D. 
900. 

The tree-ring site is a disjunct, subalpine 
stand of huon pine (Lagarostrobus franklinii 
C. J. Quinn) located at 950-m elevation on 
Mount Read, a 1124-m-high massif located 
in western Tasmania (Fig. 1) that projects 
above the local timberline. In all, 56 radii 
from 23 trees were sampled and processed 
for tree-ring analysis with the use of estab- 
lished methods (4, 5 ) .  After cross-dating 
and measurement, the ring-width series 

E. Cook, B. Buckley, R .  D'Arrigo, Tree-Ring Laborato- 
w. Lamont-Dohertv Geoloeical Obsewatorv. Palisades. 

were standardized (6) to remove long-term 
growth trends attributed to increasing tree 
size and maturation. This approach was 
taken in order to avoid removing any long- 
term climatic variance that was potentially 
distinguishable from purely biological 
growth trends. We then averaged the stan- 
dardized tree-ring indices using a robust 
mean to discount the influence of outliers 
(6). The result was a mean site chronology 
that covered the interval A.D. 900 to 1988 
(Fig. 2). 

Both very poor and very rapid growth 
periods have occurred over the past 100 
years in the huon pine chronology. Growth 
was poor from 1898 to about 1913; four of 
the nine poorest years of accumulated grow- 
ing degree-days since 1870 in Canterbury, 
New Zealand (7), occurred during this pe- 
riod, and it overlaps with part of the coldest 
period (1900 to 1935) in recorded New 
Zealand history (8). I t  also coincides with 
the occurrence of a cold sea-surface temper- 
ature (SST) anomaly off the west coast of 
Tasmania (9, 10) that presumably contrib- 
uted to reduced air temperatures over the 
island and reduced tree growth at other 

u , , 
NY 10964. 
T. Bird, Tasmanian Trades and Labour Council, Forestry 

' 

subalpine sites on the islaid (1 1). Growth 
Unit, New Town, Tasmania 7008, Australia. has been unusually rapid since 1965 and 
M. Peterson, Tasmania Forestry Commission, Hobart, recent temperature increases in 
Tasmania 7001, Australia. 
M. Barbetti, N.  W. G. Macintosh Centre, University of New Zealand (8), warm SSTs around Tas- 
Sydney, New South Wales 2006, Australia. mania (lo), and increased warming 
R.  Francey, Commonwealth Scientific and Industrial 
Research Organization (CSIROI. Divislon of Amo-  much the Hemi- 
spheric ~ese&ch,  ~ordia'lloc, viitoria 3195, Australia. sphere (12, 13). 
P. Tans, Climate Monitoring and Diagnostics Laborato- 
ry, National Oceanic and Atmospheric Administration, These apparent temperature changes were 
Boulder, Colorado 80309. statistically modeled by comparing the huon 
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Fig. 1. Map of Tasmania and locations of Lake Johnston and the huon pine 
tree-ring site on Mount Read. 

pine chronology with long mean monthly 
temperature records from three Tasmanian 
meteorological stations: Hobart (1883 to 
1989), Launceston (1885 to 1989), and 
Low Head Lighthouse (1895 to 1989). 
Only the 1895 to 1989 period common to 
all stations was used for analysis. Before 
1895, the temperature data appear to be 
seriously inhomogeneous. We computed 
correlations between huon pine tree rings 
and Tasmania temperatures for the months 
of October to May, which include the cur- 
rent growing season, using the original tree- 
ring indices (Fig. 2), a prewhitened chronol- 
ogy of residuals obtained by modeling and 
removing autoregressive persistence (14) 
from the indices, and a chronology of first- 
differenced indices. The last two chronolo- 
gies emphasize in different ways the high- 
frequency growth variations; they thus make 
the determination of statistical significance 
more robust. For comparison with the tree- 
ring residuals and first-differences, the 
monthly temperatures were similarly pre- 
whitened and differenced. The common 
time period used to compute the correla- 
tions was 1896 to 1988, which provided 91 
degrees of freedom for testing. 

Positive correlations are seen for Novem- 
ber through April that meet or exceed the 
95% and, in most instances, the 99% c o d -  
dence limits (Fig. 3). There is also relatively 
little difference among the patterns of the 
original, residual, and first-differenced cor- 
relations. This similarity indicates that auto- 
correlation has not seriously inflated the 
indicated temperature signal in the original 
chronology. This stability implies that cur- 
rent growing season temperatures and huon 
pine growth are causally linked. 

Comparison of the best correlated No- 
vember-April temperatures averaged into 
one season and the huon pine chronology 
indicate the degree to which the recent 
growth fluctuations have probably been 
caused by climate (Fig. 4). Each series was 
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Fig. 2. The Lake Johnston huon pine tree-ring chronology. The time span is 
A.D. 900 to 1988, inclusive. The smoothed curve superimposed on the 
annual tree-ring indices emphasizes fluctuations of 20 or more years in 
duration. 

smoothed in order to emphasize decadal- 
scale fluctuations and longer term trends. 
The correlations between the unsmoothed 
temperatures and the original, prewhitened, 
and first-differenced tree-ring indices were 
0.60, 0.51, and 0.49, respectively, a result 
highly consistent with the earlier monthly 
correlation analyses. In contrast, the corre- 
lation between the smoothed curves is 0.82, 
which is high enough to indicate that the 
low-frequency temperature signal in the tree 
rings is real. This result was validated with 
the use of cross-spectral analysis (15), which 
indicated that there is statistically significant 
(a  < 0.05) coherence at all periods greater 
than 12 years. Thus, changing warm season 
temperatures appear to be largely responsi- 
ble for the observed huon pine growth 
fluctuations, especially the growth increase 
since 1965. 

With its statistically modeled temperature 

Oct Nov Dec Jan Feb Mar Apr May 

Month 
Fig. 3. Correlations of mean monthly tempera- 
tures in Tasmania with huon pine tree rings for 8 
months that include the current growing season 
(November-April). The solid line is for the orig- 
inal (ORG) tree-ring indices, the dashed line is for 
the same index residuals (RES) after prewhiten- 
ing to remove autoregressive persistence, and the 
dotted line is for the first-differenced (DIF) tree- 
ring indices. The two-tailed 95% and 99% confi- 
dence limits are only valid for the correlations 
based on the prewhitened and differenced data. 
Note the significant positive response to current 
growing season temperatures. 

signal, our huon pine chronology is one of 
the longest high-resolution paleoclimatic 
records from the Southern Hemisphere. 
Among its many uses, it allows the recent 
climatic warming in Tasmania to be placed 
in context with 1089 years of temperature 
change. From Fig. 2, it is apparent that the 
temperature increase since 1965 is anoma- 
lous compared to most earlier periods of 
comparable duration. Of the earlier periods 
that include some years of comparable 
warmth, the most notable were A.D. 940 to 
1000, 1100 to 1190, and 1475 to 1495. 
Interestingly, the period from A.D. 1100 to 
1190 was contemporaneous with the Me- 
dieval Warm Epoch (16), which has been 
considered to have been the warmest event 
since A.D. 1000 in the Northern Hemi- 
sphere. However, neither in that epoch nor 
in any other period has Tasmania been as 
consistently warm as it has been since 1965 
on the basis of our tree-ring record. This 
finding lends credence to some claims that 
recent hemispheric and global temperature 
increases are being driven by the greenhouse 
effect. We do not consider our results as 
added proof of that assertion yet, because 
the recent warming still appears to be within 
the range of natural low-frequency variabil- 

1880 1920 1960 2000 
Year 

Fig. 4. Comparisons of November-April average 
temperatures for Tasmania with the original huon 
pine tree-ring indices. The data have been 
smoothed to emphasize decadal fluctuations and 
longer trends. 
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itv seen in the complete record. 
The huon pine chronology also reveals 

numerous past episodes of persistently 
above- and below-average summer temper- 
atures lasting ten or more years. Yet the 
coldest and warmest periods inferred from 
our tree-ring record apparently occurred 
within about 50 years of each other in the 
20th century. This pattern of unusual cold 
followed by unusual warmth could strongly 
skew the evaluation of recent temperature 
trends in Southern Hemisphere instrumen- 
tal records, which are relatively infrequent 
before 1900 (13). As this study shows, long, 
high-resolution paleotemperature records 
from the Southern Hemisphere .can help in 
properly evaluating the current warming 
trend. 

In many respects the cold event of the 
early 1900s is as interesting as the post-1965 
warming in Tasmania. It Ts present in both 
land and marine instrumental temperature 
records covering much of the Southern 
Hemisphere (7-1 0, 13, 17-19). The temper- 
ature decline was apparently preceded by a 
circumpolar expansion of Antarctic pack ice 
and the irruption of numerous icebergs into 
normally ice-free low latitudes (20). Other 
manifestations of this anomaly were a de- 
crease in scalar wind speed in the Tasmania- 
New Zealand sector (17) and circumpolar 
changes in middle latitude (40" to 50"s) sea- 
level pressure associated with oscillations in 
zonal flow with a wave number of zero (21). 
Thus, there appears to have been a signifi- 
cant reorgani&on of the Southern Hemi- 
sphere ocean-atmosphere system in the early 
1900s. A similar event of lesser magnitude 
mav have also occurred around A.D. 1190 
on the basis of qualitatively similar changes 
in the huon pine record. Understanding the 
mechanisms responsible for these and other 
past climatic fluctuations could contribute 
greatly toward explaining the recent warm- 
ing in the Southern Hemisphere. 
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Rel-Associated pp40: An Inhibitor of the Re1 Family 
of Transcription Factors 

The Rel-associated protein pp40 is functionally related to I&, an inhibitor of the 
transcription factor NF-&. Purified pp40 inhibits the DNA binding activity of the 
NF-& protein complex (p50:p65 heterodirners), p50:c-Re1 heteromers, and c-Re1 
homodimers. The sequence of the complementary DNA encoding pp40 revealed 
similarity to the gene encoding MAD-3, a protein with mammalian I&-like activity. 
Protein sequencing of I d  purified from rabbit lung confirmed that MAD-3 encodes 
a protein similar to I&. The sequence similarity between MAD-3 and pp40 includes 
a casein kinase I1 and consensus tyrosine phosphorylation site, as well as five repeats of 
a sequence found in the human erythrocyte protein ankyrin. These results suggest that 
uel-related transcription factors, which are capable of cytosolic to nuclear translocation, 
may be held in the cytosol by interaction with related cytoplasmic anchor molecules. 

T HE PRODUCTS OF THE PROTO-ON- 
cogene c-re1 and the re1 viral onco- 
gene are members of a family of 

transcription factors that include the two 
subunits of transcription factor NF-KB (p50 
and p65) and the Dro-sophila maternal mor- 
phogen dorsal (14) .  These proteins share 
sequence homology over 300 amino acids at 
their NH,-terminus, a region that includes 
the DNA binding and dimerization do- 
mains. These proteins specifically bind to 
DNA sequences that are the same or slight 
variations of the 10-bp KB sequence in the 
immunoglobulin K light chain enhancer. 
This KB binding sequence is present in a 
number of cellular and viral enhancers, and 
c-re1 associates with these sites in the human 

immunodeficiency provirus (5) .  
Among the Rel-related proteins, NF-KB 

has been studied most extensively. NF-KB, a 
heterodimer of p50 and p65 subunits (6), is 
present ubiquitously in an inactive form in 
the cytosol, but is a constitutively active, 
nuclear protein in mature B cells (7). The 
DNA binding activity of NF-KB is activated 
and rapidly transported to the nucleus in 
cells exposed to mitogens or growth factors 
(6-9). The inactive cytosolic form is bound 
to IKB, which was initially characterized as a 
protein that specifically inhibits DNA bind- 
ing by NF-KB (8). Purification of IKB from 
cell extracts reveals two forms, the major 
form of 35 to 37 kD (I&-a) and a minor 
form of 40 to 45 kD ( I d - P )  (10, 11). 
Treatment with the detergent deoxycholate 
(DOC) disrupts this NF-&:Id complex, 
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