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a b s t r a c t

The great majority of dendroclimatological work in Australia has thus far relied on ring-width chronolo-
gies only. We report novel results from a pilot study that show the potential to develop density-based
climatically sensitive chronologies from two long-lived conifers endemic to Tasmania: Pencil Pine and
Celery Top Pine. Cross-dating of average ring density profiles within each of the two sites examined was
comparable with the better replicated ring-width chronologies from the sites. Cross-dating potential for
maximum density was also indicated. Correlations between density and climate for both species were
stronger and more persistent across a window of several months than correlations between ring width
and climate. These stronger correlations suggest that temperature reconstructions based on average den-
sity may be possible. The ability to develop high resolution temperature-sensitive chronologies would
allow for spatial comparisons across regions such as Tasmania that are affected by multiple broad-scale
climate systems. A particularly novel result was the finding that maximum density was significantly
related to stream-flow at the end of the growing season. Further work is required to assess the potential
to reconstruct temperature, and to reconstruct stream-flow for important Tasmanian catchments over
the past 500–800 years.

© 2012 Istituto Italiano di Dendrocronologia. Published by Elsevier GmbH. All rights reserved.

Introduction

In the last half century, a large body of research has been
undertaken to develop an understanding of long term variation
in historic climate using high resolution proxies such as tree ring
width (Fritts, 1976; Jones et al., 2009b; Schweingruber, 1989). This
includes research in Australia, mainly Tasmania, the southern-
most island state of Australia, where Lagarostrobos franklinii (Huon
Pine), Athrotaxis cupressoides (Pencil Pine), Athrotaxis selaginoides
(King Billy Pine) and Phyllocladus aspleniifolius (Celery Top Pine)
are four endemic Tasmanian species from which numerous high
quality chronologies of 300 or more years have been developed
(Allen, 1998; Allen et al., 2011; Buckley et al., 1997; Cook et al.,
2000). While Tasmania has yielded some of the longest continuous
chronologies world-wide (up to 4100 years), there has been little
dendrochronological success elsewhere in Australia.

Ring width chronologies developed from two long-lived Tas-
manian species, Pencil Pine and Celery Top Pine, have significant

∗ Corresponding author. Tel.: +61 3 6237 5625; fax: +61 3 6237 5601.
E-mail address: Kathryn.Allen@monash.edu (K. Allen).

correlations with climate variables and indices (Allen et al., 2001,
2011; LaMarche and Pittock, 1982). Thus far ring widths have been
unable to yield high quality single-species temperature recon-
structions from either of these species at most established sites
(Allen et al., 1999), although they have been used in a multispecies
approach to reconstruction (D’Arrigo et al., 2000a). As a result, the
only published climate reconstructions based on the long lived
species from Australia are those from the ring widths of Huon pine
growing on Mt Read in western Tasmania (Cook et al., 1991).

Unfortunately, although the importance of the Mt Read and
other west coast Tasmanian Huon pine chronologies cannot be
underestimated, they are less likely to reflect climatic conditions
in eastern Tasmania. There is evidence that ring width chronolo-
gies further east better reflect Pacific Ocean variability (Allen et al.,
2011) than does the Mt Read Huon pine which is strongly related
to variability in the southern Indian Ocean west of Tasmania (Cook
et al., 2000). This suggests that Pacific Ocean variability and its
impact on southern Australia is unlikely to be well represented in
the Huon Pine temperature reconstruction.

The use of wood properties, such as isotopic information, can
also provide valuable insights into past climate (Loader et al., 2008).
In contrast to a large body of work in the northern hemisphere
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(Briffa et al., 2002; D’Arrigo et al., 2000b; Frank and Esper, 2005;
Kilpelainen et al., 2003; Yasue et al., 2000), and considerable effort
in South America (Boninsegna et al., 2009), relatively little den-
drochronologically related work conducted on aspects other than
ring width has been done in long-lived Tasmanian species (Francey
et al., 1984, 1985; Pepper, 1999). To date, none of the published Aus-
tralian dendrochronological work has involved the development of
wood density chronologies.

The relationship between annual wood density and climate
variables has been found to be stronger than the relationship
between ring width and climate variables for a number of species
(Briffa et al., 2002; D’Arrigo et al., 1992; Frank and Esper, 2005;
Polge, 1970). Stronger relationships with climate variables would
greatly assist with the development of climate reconstructions
from species such as Pencil Pine and Celery Top Pine, which extend
much further east than Huon Pine. The objective of this pilot study
was to examine the potential to develop wood density–climate
relationships for Pencil Pine and Celery Top Pine. Both of these
species have a broader geographical range than Huon pine.

Materials and methods

Research sites and species

Two sets of samples were obtained from material previously
collected from central and western Tasmania (Fig. 1). Samples from
Scott’s Peak Road (SPR) (43◦S, 146.34◦E, 500 m ASL) were Celery Top
Pine, collected by K. Allen in 1995. The site graded from implicate
rainforest to thamnic rainforest. Soils were shallow and overlaid by
quartzite. The site was generally flat and the main anthropogenic
influence on the site is the road to the immediate east of the site.
Pencil Pine samples from Mickey Creek (MCP) (41.75◦S, 146.7◦E,
1200 m ASL) were collected by B.M. Buckley and E.R. Cook in 1991.
The Mickey Creek site sits on dolerite scree with a southerly aspect.
There has been little anthropogenic influence at this site. Individ-
uals are scattered and rise above alpine shrubs interspersed with
alpine Eucalyptus. All samples were obtained using 5 mm incre-
ment borers and formed part of two robust cross-dated ring width
chronologies (Allen et al., 2001, 2011).

Fig. 1. Site locations.

Sample preparation

Sampling, core preparation and chronology development for
ring width chronologies followed standard dendrochronological
protocols (Stokes and Smiley, 1968). A subset of six samples con-
sidered suitable for X-ray densitometry was selected from each site
based on the suitability of the samples for analysis with Silviscan. At
Scotts Peak Rd, the six samples came from four trees and at Mickey
Creek the six samples were sourced from six different trees. All
selected samples had been included in the previously developed
ring width chronologies. Although six samples is fewer samples
than would be ideal, the availability of analytical capability (Sil-
viScan) was limited, as were the financial resources for this pilot
study.

For measurement of wood properties, the core samples were
processed into strips of a standard width (2 mm) in the tangential
direction using a custom-designed twin blade saw. The transverse
surface of each strip was polished, as described in Evans et al.
(1995), prior to automated cell dimension analysis.

Radial variation of wood density, at a sampling interval of
25 �m, was measured for all six samples by X-ray densitome-
try using SilviScan, a rapid-assessment high-resolution technology
developed by CSIRO Australia (Evans, 1994). Some core quality
problems, such as twisting and rolling during drying of the original
samples affected the inner portions of the samples more than the
outer portions due to process of originally mounting the samples.
These issues will have had an impact on the obtained measure-
ments of wood density obtained, and can be expected to affect the
quality of cross-dating.

Data produced by SilviScan were entered into custom-designed
software and rings manually allocated, based on observed patterns
in the density profiles. These density-based ring width profiles
were compared to previously cross-dated material to check for
missing rings or any other aberrations. In all cases, the ring-width
profiles based on density exactly matched with ring widths from
the cross-dated samples. For each individual sample, minimum,
maximum and average density was determined for each year, and
used in further analysis.

For raw profiles of each sample at both sites, the relationship
between ring width and density parameters (minimum, maximum
and average) was examined by calculating a moving 30-year win-
dow of Pearson correlations between the measurements of each
variable. This was done because ring width is the only variable to
have been investigated in the Tasmanian species for its relationship
to climate variables and therefore, the relationship between ring
width and density may shed additional light on the relationship
between climate and wood formation.

COFECHA was used to check the cross-dating of density pro-
files at the respective sites (Holmes, 1994). When developing a ring
width chronology series that do not adequately crossdate or ends
of series that do not adequately crossdate are deleted. The same
principles were applied to the density series here and resulted in
considerable shortening of some of the series.

For each set of density profiles with an interseries correlation
of ≥0.3, samples were run through ARSTAN (Cook, 1985) and pre-
liminary chronologies produced. These preliminary chronologies
indicated that the development of cross-dated chronologies from a
larger number of samples would be possible, but were not consid-
ered robust. A conservative 200-year cubic smoothing spline was
used to detrend samples.

The average Pearson correlation coefficient (R̄) for all pairs of
samples covering a nominated period, is a further measure of the
quality of cross-dating and commonly employed in dendrochronol-
ogy (Wigley et al., 1984). An R̄ of zero indicates that the average
correlation between all samples covering a given period is zero.
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Fig. 2. Average mean, maximum and minimum stream-flow for Pine Tree Rivulet and the Florentine River. Dotted lines represent one standard deviation.

Running R̄ were calculated for each set of maximum, minimum,
and average density profiles as well as ring width for those samples
processed. A 30-year window with a 29-year overlap was used.

The relationship between density and climatic variables was
investigated through examining the correlation between temper-
ature and precipitation and the two density variables (residual
chronologies) for each species over the 1911–1990 period. Com-
parisons with stream-flow data were also made for the periods
1971–1991 (Pencil Pine) and 1951–1993 (Celery Top). These peri-
ods represented the maximum overlap of tree ring and stream-flow
records for respective sites. High-resolution temperature and pre-
cipitation data for Tasmania are described by Jones et al. (2009a)
and were provided by Michael Grose, Antarctic CRC, University
of Tasmania. Stream-flow data were provided by Wayne Suitor,
Hydro Tasmania. Average monthly mean, maximum and minimum
stream-flow for the two rivers (Pine Tree Rivulet adjacent to MCP
and the Florentine River close to SPR) are shown in Fig. 2. Gen-
erally, higher levels of stream-flow, and stream-flow variability,
occur in the winter and spring months. Correlations between cli-
mate variables and density were calculated on a monthly basis from
September of the season prior to ring formation through to April
at the end of the season of ring formation, thus providing a climate
window of 20 months.

Results

Two basic sets of results are presented here. The first is based
on individual samples, and the second, related to the preliminary

chronologies developed. These chronologies are referred to as pre-
liminary due to low sample depths.

Raw density profiles for individual samples

Spaghetti plots of maximum, minimum and average density
profiles of the samples used for each site are shown in Fig. 3.
For both species, greater variation between trees was observed in
maximum density than minimum or average density. There was
relatively high year to year agreement in density data variation
between trees, particularly for average density, which was reflected
in the inter-series correlations as shown in Table 1. Around 1950,
it is clear that the variation in density increases amongst the Pen-
cil Pine density profiles. This was attributable mainly to patterns
observed in two trees, one of which shows increasing density, the
other of which has decreasing density (Fig. 3a). R̄ values, how-
ever, did not show a marked change coincident with this difference
(Fig. 4a), indicating that the consistency in high frequency year
to year changes remained similar to pre-1950 levels. Density of
the two longest Celery Top Pine series showed a declining trend
(Fig. 3b).

Running correlations between individual tree density and ring
widths (Fig. 5), at both sites, show considerable variability between
trees. In general, the correlation between maximum density and
ring width was more often positive than negative for Pencil Pine.
The ring width–average density and ring width–minimum density
relationship over time followed one another closely in all trees.
Although the ring width–maximum density relationship was, at
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Fig. 3. Raw density profiles (maximum, minimum and average density) of individual trees. (A) Pencil Pine; (B) Celery Top Pine. Note that scale on y-axis differs.
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Table 1
Statistics describing chronology strength. Interseries correlations were obtained from COFECHA over the bracketed time spans indicated in the table. EPS statistics are the
average running EPS calculated for residual chronologies in ARSTAN and are related to the same time spans as interseries correlations. Note that the statistics for ring width
series only relate to those series used to develop the preliminary density chronologies, and do not reflect the quality of the final chronologies that had much greater sample
depth. (For the full-length robust ring width chronologies developed by Allen (1998) and Allen et al. (2011), the statistics are: MCP interseries correlation of 0.554 and average
EPS of 0.93; for SPR interseries correlation of 0.639 and EPS of 0.975.).

Maximum density Average density Ring width

MCP (Pencil Pine)
Interseries correlation 0.32 (1800–1990) 0.56 (1700–1990) 0.63 (1800–1990)0.61 (1700–1990)
EPS 0.63 0.8 0.76 (1800–1990)0.77 (1700–1990)

SPR (Celery Top Pine)
Interseries correlation 0.40 (1900–1990) 0.52 (1830–1990) 0.64 (1830–1990)0.64 (1900–1990)
EPS 0.67 0.53 0.86 (1830–1990)0.86 (1900–1990)

times, similar to that between ring width and the other two den-
sity parameters, it was not consistent through time or between
samples. In contrast, although trend direction in the correlation
between ring width and each density variable was similar for all
Celery Top Pine samples, the actual sign of the correlation between,
for example, ring width–average density compared to the ring
width–maximum density correlation, was often different (Fig. 5b).
Based on the results shown in Fig. 3, the time-varying relationship
between wood density and ring width did not appear to be directly
related to tree age for either species, although a larger sample size
would be required to fully test this.

Results for preliminary chronologies

The strongest inter-series correlations, based on the COFECHA
output, were achieved for average wood density for both Pencil
Pine and Celery Top Pine, although cross-dating potential was also
demonstrated for maximum density (Table 1). Inter-series corre-
lations for average density were comparable with those for ring
width for both species. Interseries correlations for maximum den-
sity were relatively low for both species. In all cases, EPS statistics
for the preliminary (residual) density chronologies were below

Fig. 4. Running R̄ for each density parameter and ring width both sites. A 30-year
window with a 29-year overlap was used. Dark solid line is R̄ for ring width; dashed
line is maximum density; grey solid line is R̄ for minimum density; heavy dotted
line is average density. Sample depth is also shown as dotted line. Note that scales
on x-axis differ.

0.85, indicating greater sample depth is required to build robust
density chronologies.

For both sites, there was considerable variability in R̄, and hence
in the strength of cross-dating, over time. This variation declined
as additional samples were included (Fig. 4). For Pencil Pine, ring
width and average density had highest R̄ after all samples were
included, oscillating around 0.5, and generally moving in the same
direction as one another. R̄ values for maximum and minimum
density trended in the same direction after about 1800, and this
direction was not always consistent with R̄ for ring width and aver-
age density. For the latter part of the twentieth century, R̄ values for
all four profiles followed one another closely: this did not happen
for any other time period and is particularly interesting in view of
the clear difference in density profiles in Pencil Pine (Fig. 3a).

The trends in R̄ for all three density parameters and ring width
were similar to each other in Celery Top Pine over most of the
period since 1800. However, they differed in the early twentieth
century, with R̄ for ring width correlations falling as R̄ for max-
imum and average density increased. After 1850, at which time
almost all Celery Top Pine samples were included, R̄ for ring width
was consistently higher than that for any of the density profiles.
Towards the end of the twentieth century, R̄ values for average and
minimum density profiles for Celery Top Pine were low, but tracked
closely together, while R̄ for ring width sometimes exceeded 0.5.
The difference between the density and ring width R̄ values for the
twentieth century contrasts with the closer relationship between
R̄ for density and ring width profiles for Pencil Pine over the same
time period.

Climate and stream-flow correlation functions

Patterns of correlations between the density chronologies
(residual chronologies) with climate variables differed markedly
between the two species. For Pencil Pine, correlations of wood den-
sity with temperature were generally positive in the prior season
and negative in the current season (Fig. 6a). In contrast, they were
generally negative in the prior season and positive in the current
season for Celery Top Pine (Fig. 6b). For both species, the strongest
correlations were with temperature and occurred for average wood
density, although in Celery Top Pine, the strength of the correlations
between maximum wood density and climate were comparable
with those with average density. Wood density in Pencil Pine was
most strongly (and negatively) related to temperature at the end of
the current growing season. In general, correlations between ring
width and temperature were opposite in sign to those between
density and temperature. This suggests that, in Pencil Pine, temper-
ature has opposite effects on ring width and wood density, although
it should be noted that many of these correlations were not sig-
nificant. In Celery Top Pine, wood density was strongly related to
temperature in both the prior and current growing seasons; neg-
atively in the prior season and positively in the current season.
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Fig. 5. Running correlation plots of ring width and density. A 30-year moving window with a 29-year overlap was used. (A) Pencil Pine; (B) Celery Top Pine. Note that scales
on the horizontal axes differ. Solid line is correlation between ring width and average density; dashed line is correlation between maximum density and ring width; and
dotted line is correlation between ring width and minimum density.
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Fig. 6. (a) Correlations between Pencil Pine density and climate (maximum, minimum temperature and precipitation). Black bars: correlation between density and maximum
temperature; white bars: correlation between density and minimum temperature; hatched bars: correlation between density and precipitation. Line plot: correlation between
preliminary ring width chronology and respective climate variables. A * indicates a significant (p < 0.05) relationship between density and climate for that month; a + indicates
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Fig. 7. Correlations between density and stream-flow. Top: Celery Top Pine average density; second, Celery Top Pine maximum density; third, Pencil Pine average density;
bottom, Pencil Pine maximum density. In all plots, the line plot shows the correlations between the ring width chronology for each site and climate variables. A * indicates a
significant (p < 0.05) relationship between density and climate for that month; a + indicates a statistically significant (p < 0.05) relationship between ring width and climate
variable for that month.

Although the opposite nature of the ring width–climate correla-
tions compared with density–climate correlations was apparent
for this species also, it was less pronounced than for Pencil
Pine. Correlations with precipitation were generally weak and
non-significant.

The most striking result for stream-flow was the opposite sign
of wood density and stream-flow correlations in Celery Top Pine
and Pencil Pine (Fig. 7). In both species, the strongest relationships
were observed between maximum wood density and stream-flow
in the current growing season (summer to early autumn). In Pencil
Pine these correlations were positive, while they were negative
for Celery Top Pine. Also notable in this data was a strong negative
correlation between maximum wood density and winter minimum
flow for Pencil Pine. The reason for this is not clear and could be
further investigated in future studies.

The ring width–stream-flow relationships were generally
weaker than the relationships with wood density (Fig. 7). There
were no significant relationships between the Pencil Pine ring
width chronology and minimum stream-flow. There were some
significant correlations between the Celery Top Pine ring width
chronology and stream-flow, with the strongest correlation being
a positive relationship between ring width and stream-flow for the
previous summer/autumn.

Discussion

Correlations between wood density and temperature

Stronger and more significant or near significant (p < 0.05)
correlations extending over several months indicate that

a statistically significant (p < 0.05) relationship between ring width and climate variable for that month. (b) Correlations between Celery Top Pine density and climate
(maximum, minimum temperature and precipitation). Black bars: correlation between density and maximum temperature; white bars: correlation between density and
minimum temperature; hatched bars: correlation between density and precipitation. Line plot: correlation between preliminary ring width chronology and respective
climate variables. A * indicates a significant (p < 0.05) relationship between density and climate for that month; a + indicates a statistically significant (p < 0.05) relationship
between ring width and climate variable for that month.
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density-related temperature reconstructions from these two
species in non-extreme environments may be possible with
sufficiently well-replicated chronologies, where ring width
chronologies did not yield results. This in itself is a significant
finding because it suggests temperature reconstructions from a
variety of environments are possible. This is particularly pertinent
in non-extreme environments such as Tasmania where previous
work has illustrated that ring widths of Celery Top Pine, and
possibly Pencil Pine (Allen et al., 1999, 2011), are not sufficiently
sensitive to allow robust reconstructions of temperature. The
ability to reconstruct past climate based on more than one site and
from sites in the southern, central and eastern parts of Tasmania,
is also important because broadscale climatic controls such as
the southern annular mode (SAM), El Niño/Southern Oscillation
(ENSO) the Interdecadal Pacific Oscillation (IPO) and the Indian
Ocean DiPole (IOD) have differential effects on different parts of
the state (e.g. Grose et al., 2010). Reconstructions from sites and
species extending further east would facilitate comparisons with
the Mt Read Huon Pine temperature reconstruction (Cook et al.,
2000) over several hundred years. This would enable the develop-
ment of a more detailed picture of past Tasmanian climate, and to
some extent, climatic variability of drought-sensitive southeastern
Australia.

The stronger relationships between average density and tem-
perature than between maximum density and temperature
presented here are not commonly reported in the literature. Max-
imum density chronologies have commonly been developed for
sites at or near their elevational or latitudinal limits (in the North-
ern Hemisphere) where relatively low temperatures and shorter
growing seasons are most restrictive to plant growth (Briffa et al.,
2002; D’Arrigo et al., 1992; Esper et al., 2002; Jacoby and D’Arrigo,
1989). These chronologies have been clearly linked to variations in
temperature. The reason for stronger correlation between temper-
ature and average density shown in this study are not clear. Further
study of this, with a larger sample size, is required.

Wood density–climate correlations were not only stronger than
ring width–climate correlations, but were also significant or near
significant (p < 0.05) for two or more consecutive months of the
prior (Celery Top Pine) and current (Celery Top Pine and Pen-
cil Pine) growing seasons than ring width–climate correlations.
This is consistent with findings in various Northern Hemisphere
studies (Briffa et al., 2002; D’Arrigo et al., 1992; Frank and Esper,
2005). Reasons for greater strength of correlations over consecutive
months may be related to physiological processes that operate over
a longer period of time than cambial cell division and subsequent
cell enlargement (the two processes that have the greatest effect on
ring width) (Downes et al., 2000). Certainly, the process of cell sec-
ondary wall thickening, which can take one or more months to be
completed in differentiating xylem, is a strong determinant of wood
density, but has no impact on ring width (Antonova and Stasova,
1997; Denne, 1976; Denne et al., 1994). In addition, in many conif-
erous species that experience cold winters, processes such as leaf
initialisation, bud setting and shoot extension are determined by
conditions at the end of the prior growing season (Clapham et al.,
2001; Søgaard et al., 2008). Thus, limiting conditions occurring in
late summer or autumn, which affect these processes and associ-
ated morphological characteristics of the trees, can have an impact
on hormone regulation in the next growing season.

Despite the weaker cross-dating of maximum compared to
average wood density, the correlations between climate vari-
ables (maximum and minimum temperatures in particular) and
both average and maximum density chronologies were generally
stronger across consecutive months than correlations with ring
widths. The relationship between average density and climate vari-
ables was stronger than between maximum density and climate.

This contrasts with Bouriaud et al. (2005) who found stronger cor-
relations between maximum density and climate data are more
likely as climatic variations in the second part of the growing sea-
son were found to have a greater impact on radial growth and wood
developmental processes at the time of latewood formation. Cer-
tainly, climatically sensitive chronologies of maximum density are
relatively common, while to the best of our knowledge, average
wood density chronologies have not been routinely developed for
dendrochronological purposes.

Using wood density to understand historic stream-flow variation

Different climatic systems will not only affect temperature
anomalies in different parts of the state, but can have profound,
and differential, impacts on variability of precipitation, soil mois-
ture and stream-flow. Although the stronger relationship between
density and temperature than between density and precipitation
found here is consistent with previous dendroclimatic studies,
e.g. D’Arrigo et al. (1992), there are multiple studies in which
a relationship between wood density variation and geographi-
cal precipitation gradients has been found (see Martinez-Cabrera
et al., 2009). The strong correlations between wood density and
late season stream-flow suggest that although relationships with
point precipitation are not significant, moisture is still important
in determining wood density. These relatively strong correlations
with stream-flow may reflect greater integration of site-related
aspects determining soil moisture available to trees, resulting in
stream-flow being more highly correlated with wood density than
precipitation. These correlations point to an exciting opportunity
for future research. The relationship between density and stream-
flow is very pertinent in southeastern Australia, an important
agricultural production zone which has been afflicted by mul-
tiple severe droughts during the past 150 years. The ability to
reconstruct stream-flow from wood density data would be of
great interest not only to water catchment authorities (whose
responsibility it is to supply potable and irrigation water), but also
to power generation businesses relying on hydro-electric power.
Such palaeoclimatic reconstructions for the relatively data-sparse
Southern Hemisphere would also provide important historical cli-
matic information to the IPCC.

Cross-dating potential of wood density data

A striking aspect of the data presented in this paper is the
strength of cross-dating of wood density data, given the limited
sample sizes and the large fluctuations in minimum and maximum
wood densities over time, and between individual trees. The con-
siderably stronger cross-dating between average density profiles,
compared to maximum density profiles, in both species is largely
due to greater between-tree variation in the maximum density
profiles (Fig. 1). Some of the relatively large variation in maxi-
mum density may be related to different micro-site conditions that
resulted in the earlier commencement and/or cessation of growth
of some trees but not others at the same site. In addition, because
the samples used in this study were not originally obtained with the
intention of examining their density profiles, sampling is unlikely
to have been optimal for density work – e.g. the direction cores
were taken from may have differed (not recorded in original site
notes). It is likely that with more samples, obtained with the spe-
cific intention of developing density chronologies, cross-dating of
maximum density profiles would significantly improve. In addi-
tion, greater sample depth could be expected to further elucidate
the relationship between ring width and density. The large variabil-
ity observed in wood properties and ring widths between trees and
over time is inevitable in highly heterogenous forest environments.
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In addition, an increasing latewood proportion with age (Wimmer
and Downes, 2003) means that careful attention to standardisation
is required, as is the case with ring width. Appropriate standardi-
sation may vary with species and tree age. To further investigate
this, additional samples would be required.

Conclusions

To the authors’ knowledge, this is the first dendrochronological
study that has examined the wood density of long-lived Australian
species with ring widths previously shown to cross-date. Given the
limited dataset, we saw remarkably strong cross-dating for aver-
age density and indicative cross-dating for maximum density for
these two species. Stronger correlations between density and tem-
perature, compared to those between temperature and ring width,
suggest density-related temperature reconstructions with suffi-
ciently well-replicated chronologies based on these two species are
possible. Our results also indicate that density-based stream-flow
reconstructions over several hundred years in Australia may be
possible. This is particularly significant in the data-sparse Southern
Hemisphere. These findings make a strong case for future research,
using larger sample sizes, into variation in wood property vari-
ables including, but not limited to, wood density, from long-lived
Australian tree species.
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