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A B S T R A C T   

Few annually dated stable isotope records exist across Oceania. Stable carbon and oxygen isotope ratios have the 
potential to enhance climate reconstructions currently reliant on tree ring width chronologies. The purpose of 
this study is to explore the sources of variability in a stable oxygen isotope chronology derived from 
A. selaginoides from Mount Read, Tasmania. This high elevation site receives abundant rainfall throughout the 
year and is ~130 km from the Global Network of Isotopes in Precipitation (GNIP) site at Cape Grim. We 
crossdated 10 new tree core samples against an existing ring width chronology (954–2011 CE) and analyzed the 
δ18O from the individual rings for the period 1960–2018. Using high resolution (0.25 degrees) climate data and 
ECMWF ERA5 reanalysis data, we disentangled the effects of local climate and source region on the isotopic 
signatures recorded in the annual rings. In addition, we used HYSPLIT backward trajectory analysis to charac
terize the source region of precipitation to Mount Read and whether the source region has influence over the 
δ18OTR series. Median δ18OTR (n = 10) is correlated with local temperature and vapor pressure deficit in the early 
growing season. In addition, spatial correlations reveal that median δ18OTR is positively correlated with tem
perature and negatively correlated with precipitation in the source region. However, measurements of δ18OTR 
exhibit high inter-tree variation, particularly between 1960 and 1990. Our results indicate that this δ18OTR proxy 
may provide additional information about past moisture conditions during the growing season, potentially 
contributing to more robust reconstructions of the Southern Hemisphere climate dynamics; however, additional 
sampling may be necessary to resolve inter-tree variation in δ18OTR.   

1. Introduction 

Tree ring data are a source of high-resolution climate information for 
the Southern Hemisphere and have improved our understanding of 
synoptic scale climate (Abram et al., 2014; Villalba et al., 2012; Zi-Yin 
et al., 2010). Stable isotopes from tree rings could provide additional 
climate information, particularly where ring width is weakly correlated 
with climate variables (McCarroll and Loader, 2004). Several 
multi-millennial tree ring records exist for the Southern Hemisphere 
(Allen et al., 2017a, 2017b; Boswijk et al., 2006; Cook et al., 1991; Lara 
and Villalba, 1993), yet there has been limited application of tree ring 
stable isotopes for climate reconstruction outside of South America 
(Lavergne et al., 2016; Pearman et al., 1976; Roig et al., 2006). Oxygen 

isotopes in tree rings (δ18OTR) are a promising source of information 
about past climate, though the effects of precipitation source region, 
local moisture, and tree physiology on δ18OTR can be complex (McCar
roll and Loader, 2004; Porter et al., 2014; Treydte et al., 2014). 

Generally, oxygen isotopes in tree rings follow distinct trends for 
temperature and precipitation. Higher temperatures and evaporation 
typically result in more enriched δ18OTR values through the influence of 
δ18O of precipitation and evaporative enrichment (Dansgaard, 1964). 
The δ18O of precipitation (δ18OP) is dependent upon the δ18O of the 
source water and the distance moisture has traveled from the source 
region. While there is not a 1:1 relationship between δ18OP and distance 
from source water, δ18OP becomes more depleted the further from the 
source water as it undergoes Rayleigh distillation which depletes δ18OP. 
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Consequently, precipitation generally has a negative relationship with 
δ18OTR. However, these effects can also be influenced by source region, 
as a polar source region will provide more depleted moisture, and a 
tropical source region will be more enriched. Seasonal effects will also 
influence the recorded δ18O value, as higher temperatures result in an 
enriched δ18O value in the summer, and the source region of precipi
tation may change with the seasons. Empirically, local moisture condi
tions and the origin of air masses are often the strongest influences on 
the δ18OTR chronology (McCarroll and Loader, 2004; Meier et al., 2020; 
Treydte et al., 2014). 

Assuming that there is a strong relationship between the δ18O of 
precipitation (δ18OP) and δ18OTR, it is possible to reconstruct historical 
temperature variations using δ18OTR, and this has been achieved in 
South American mid-latitude sites (Lavergne et al., 2016; Roig et al., 
2006). However, in Tasmania, δ18OP does not have a strong relationship 
with surface temperature (Treble et al., 2005). δ18OTR records can be 
difficult to interpret, given the influence of multiple climate variables at 
multiple scales on the final δ18O value recorded in tree rings. It is 
possible that, in cases where the δ18OTR chronology is noisy, climate 
dynamics that control regional conditions may be the strongest influ
encing factor on the signal (Meier et al., 2020). Expanding the use of this 
method to new tree species and different regions would improve our 
ability to interpret these series and bolster the ability of tree-ring proxies 
to contribute to Southern Hemisphere climate reconstructions. 

In this study, we investigated the influence of Southern Hemisphere 
climate measures on the δ18OTR value of Southern Hemisphere trees. 
Given previous relationships between local climate and δ18OTR, the ideal 
site for this type of study is in a mid-latitude region with abundant 
precipitation (Treydte et al., 2014). Athrotaxis selaginoides, a conifer 
endemic to Tasmania, is long-lived with some individuals persisting for 
1000 years or more, and subfossil wood suggesting preservation of up to 

2000 years (Allen et al., 2017a, 2017b). A. selaginoides develops 
consistent annual rings, but ring width measurements only weakly 
reflect local climate variability (Allen et al., 2017a, 2017b), indicating 
that stable isotope records have the potential to contribute new climate 
information not present in other tree-ring parameters. The purpose of 
this study is to explore the local to regional sources of variability in a 
stable oxygen isotope chronology derived from A. selaginoides from 
Mount Read, Tasmania. 

2. Study area 

A research team conducted tree ring sampling of live A. selaginoides 
trees near the summit of Mount Read (41.84◦ S, 145.54◦ E, 1123 m), 
located on the west coast of Tasmania, Australia during January 2020 
(Fig. 1). The west coast of Tasmania is characterized by a moist climate, 
with cold winters and warm summers (Reid, 1998). Median annual 
rainfall on Mount Read is 3768.4 mm (Bureau of Meteorology, 2022), 
which is among the highest values in Tasmania. Rainfall peaks in winter, 
though monthly rainfall totals exceed 170 mm in all months. High levels 
of precipitation should strengthen the relationship between δ18O of 
precipitation and δ18O of soil water by limiting the fractionation effects 
of evaporation (Treydte et al., 2014). Mount Read has a peak elevation 
of 1123 m, placing it at the edge of A. selaginoides’ elevation range. The 
forest at the site is located on a steep slope (20–45 degrees) and is 
classified as a cool temperate rainforest. Cool temperate rainforests, 
which mainly occur in Tasmania, are areas with high rainfall, mild 
summers, and cool winters, and mainly consist of evergreen tree species 
(Busby and Brown, 1994). The forest on Mount Read is composed mainly 
of Athrotaxis selaginoides and Nothofagus cunninghamii. 

Fig. 1. Map of Tasmania that highlights the study site (Mount Read) as well as the source of GNIP measurements (Cape Grim).  
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3. Methods 

3.1. Sample preparation and isotopic analyses 

A research team collected 5 mm cores from 20 A. selaginoides trees on 
Mount Read. Three cores were collected from each tree to ensure that 
enough mass was present to perform isotope analysis. We recorded tree 
height, diameter at breast height (DBH), soil depth, canopy cover, and 
slope for each tree we sampled. 

We mounted, sanded, dated, and measured all the cores gathered for 
each tree using standard dendrochronological methods (Stokes and 
Smiley, 1968). We measured and crossdated individual ring widths and 
tested the accuracy of these measurements and their dating by 
comparing them to measurement patterns in an existing crossdated 
chronology from Mount Read (Allen et al., 2017a, 2017b) using the 
software COFECHA (Holmes, 1983). The existing chronology covers the 
period 954 – 2011 CE and contains 50 ring width series (Appendix, 
Fig. S1A). For the purposes of comparing the stable isotope record 
developed here with a proxy derived from ring widths, we created a 
detrended ring width chronology, including the new series collected and 
measured in this study. We power transformed (Cook and Peters, 1997) 
and detrended the increment series using an age-dependent smoothing 
spline where the frequency response is set at 0.50 for a wavelength of 
0.67 (2/3 length of each series). Residual values from the detrended 
series were combined in a mean-value chronology using Tukey’s 
biweight robust mean. For subsequent analysis, we used the years 1960 
– 2018 of the chronology, with a sample depth of 55 ring width series. 
For Southern Hemisphere tree ring samples, the “current” year includes 
the subsequent year’s growing season months. Therefore, a sample 
assigned the year 1960 represents the growing season of September 
1960 – February 1961. We did not treat the isotope data in any way 
related to the age of the samples, as there is little evidence pointing to a 
juvenile effect for δ18OTR (Leavitt, 2010), and the mean age or our 
samples in 1960 was 356.9 years. 

For each tree with reliable dating (two cores correlate with the 
master chronology > 0.3), we used a rotary microtome to section indi
vidual rings into 20 µm shavings for the years 1960 – 2018. We stored 
shavings in polypropylene microcentrifuge tubes labeled with the year 
and tree ID. Rings that belong to the same tree were pooled by year to 
ensure enough mass was present to gather isotopic ratios. We used the 
Brendel et al. (2000) method to isolate the α-cellulose from the 
whole-wood samples, ideal for δ18OTR measurement. This method al
lows for batch sampling for efficiency and is designed for small-mass 
samples. Prior to isotope analysis, we placed 0.20 mg (+/- 0.02 mg) of 
each dried sample into a silver capsule. δ18O in the cellulose samples was 
measured using high-temperature pyrolysis in a Costech HTG 02 
elemental analyzer coupled with a Costech-IRMS (at the University of 
Maryland, College Park). The samples were measured against two 
standards, SAC (Sigma alpha cellulose) and AKC (Alaskan corn). We 
recorded all δ18OTR samples as the proportion of 18O/16O using per mil 
(‰) notation with respect to Vienna Standard Mean Ocean Water 
(VSMOW). 

3.2. Analysis 

To reduce the influence of outlying values, median values for each 
year were used to create a time series of δ18OTR and calculated boot
strapped 95% confidence intervals of the median values were calculated 
to provide a measure of variability. We calculated the expressed popu
lation signal (EPS), mean inter-tree correlation (Rbar), signal to noise 
ratio (SNR), and Gleichläufigkeit sign test (GLK) of the δ18OTR chro
nology to assess the strength of the common signal. 

To assess the relationship between δ18OTR and measured δ18O of 
precipitation, we performed Pearson correlations between δ18OTR and 
monthly measurements of δ18OP (September through February) from 
IAEA Global Network of Isotopes in Precipitation (GNIP) measurements 

of δ18OP at Cape Grim, Tasmania for 1979–2002 (IAEA/WMO, 2021). If 
δ18OP is strongly correlated with δ18OTR, then variation in δ18OTR is 
likely influenced by source region conditions. However, if there is little 
to no significant relationship, then local moisture (measured as vapor 
pressure deficit or relative humidity) may be a stronger influence on 
δ18OTR. 

To assess local climate influences on δ18OTR, we calculated correla
tions between our δ18OTR values and local climate conditions on Mount 
Read. We obtained rasterized climate data (precipitation, minimum and 
maximum temperature, relative humidity, vapor pressure deficit, solar 
radiation) from the Australian Bureau of Meteorology’s SILO database 
(Jeffrey et al., 2001), recorded as daily values in netcdf format at 
0.05 × 0.05-degree resolution (1960–2018). We created monthly aver
ages (or totals for precipitation) based on daily SILO grids and extracted 
values for Mount Read via bilinear interpolation of the four closest cells 
to the study site (145.54, −41.84). We calculated correlations between 
the Mount Read δ18OTR and 3-month rolling averages of temperature, 
precipitation, vapor pressure deficit (VPD), relative humidity, and solar 
radiation at Mount Read for September through February. The seasonal 
correlations allowed us to determine if certain seasons influence the 
δ18OTR record more than others, thus those seasons could be well rep
resented in any climate proxy produced by the tree-ring isotopes. 

To understand the potential source region of precipitation for Mount 
Read, we calculated backward trajectories for Mount Read, Tasmania 
using the model HYSPLIT (Stein et al., 2015), accessible in the R envi
ronment through the package SplitR (Iannone, 2016). Using NCEP/N
CAR reanalysis data (Kalnay et al., 1996; Department of Commerce, 
1994) as atmospheric pressure inputs, we computed five-day backwards 
trajectories every six hours at 5-day intervals at 10 m elevation for 
September – February over the study period (1960–2018). We then 
summarized these trajectories by calculating the frequency of trajec
tories crossing 0.5-degree cells during the period of record. We 
log-transformed these trajectory frequencies to visualize Mount Read’s 
source region of precipitation. 

We used HYSPLIT backward trajectories (as above) to determine if 
there was any difference in moisture delivery between the years with the 
highest and lowest median δ18OTR to assess moisture delivery patterns 
associated with variation. We composited backward trajectories at 
Mount Read during the 15 years (top 25%) where the median δ18OTR 
was the highest as well as the 15 years (bottom 25%) where δ18OTR was 
the lowest. We then calculated anomalies from the mean conditions to 
determine how the source regions differ when δ18OTR was anomalous. 
This helped us determine if variation in δ18OTR can be partially 
explained by a difference in moisture delivery. 

To observe which regional climate variables influence the δ18OTR 
series, as well as the specific areas where they are influential, we created 
spatial correlation maps between the δ18OTR series and regional climate 
variables. We downloaded the European Centre for Medium-Range 
Weather Forecasts (ECMWF) ERA5 reanalysis data (Bell et al., 2020; 
Hersbach et al., 2019) from the Copernicus Climate Change Service 
(C3S) Climate Data Store. We performed Pearson correlations between 
the δ18OTR series and spatial climate fields from ERA5 to assess any 
relationship with source region conditions. The ERA5 dataset spans 
1950 to the present and is updated daily with hourly measurements. 
Monthly means have been pre-calculated by the ECMWF, which we used 
in our analyses. We used total precipitation and temperature at 2 m 
elevation for the years 1960 – 2018. For each variable, we extracted 
ERA5 spatial fields to an extent that includes the source region of pre
cipitation to Mount Read as defined by the mean HYSPLIT analysis 
above. Then, for each cell, we correlated the climate fields with the 
δ18OTR series. We compared these spatial correlation maps to the HYS
PLIT back trajectory summary to validate that the most influential areas 
are the source of precipitation over Mount Read. In addition, due to the 
monthly resolution of these data, we evaluated whether source region 
influence is stronger in certain seasons. For comparison, we calculated 
spatial correlations between ERA5 climate data with average Cape Grim 
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δ18OP for September – February for the years 1979 – 2002. 

4. Results 

4.1. Assessing Local Influences on δ18OTR 

We successfully sectioned 20 cores from 10 trees into individual 
years producing a total of 521 cellulose samples for isotope analysis. In 
the δ18OTR series, not every year is represented by all 10 trees, though 
every year is represented by at least 8 trees (mean sample size per year =
8.75 trees) thus exceeding the typical minimum sample depth of 4–6 
cores per tree (Leavitt, 2010). 

The δ18OTR values of the A. selaginoides trees have a low EPS (0.566) 
and rbar (0.130) for the period 1960 – 2018 (Table 1) relative to that of 
the ring width series EPS (0.965) and rbar (0.222). The series also has a 
low Gleichläufigkeit (GLK) value (0.555), otherwise known as the sign 
test, which is a measure of synchronicity between trees. The series shows 
weak, yet significant first-order and second-order autocorrelation 
(AC1 = 0.319; AC2 = 0.273). The mean of the A. selaginoides δ18OTR 
chronology for all years is 27.72‰ (sd = 0.87‰) with means for indi
vidual trees ranging from 26.83‰ to 28.28‰. Variability between trees 
is greater from 1960 to 1995 (sd = 0.97‰) than from 1996 to 2018 (sd =
0.71‰; Fig. 2A). Variability tightens from ~1980 – 1987, before 
widening again from ~1988 – 1995. No temporal trend was found in the 
data. 

Median δ18OTR has weak but significant positive correlations in the 
early growing season with VPD (Fig. 3A; r = 0.32, p < 0.05 for Oct - 
Dec); temperature (r = 0.27, p < 0.05 for Oct - Dec); and solar radiation 
(r = 0.30, p < 0.05 for Oct - Dec). The correlation with Jan - Mar pre
cipitation is also significant but weak (r = 0.26, p < 0.05). Standard 
deviation in the δ18OTR chronology is most strongly negatively corre
lated with VPD in Nov – Jan (Fig. 3B; r = −0.27, p < 0.05); temperature 
in Nov – Jan (r = −0.29, p < 0.05); solar radiation in Oct – Dec 
(r = −0.41, p < 0.05); and precipitation in Sep – Nov (r = −0.27, 
p < 0.05) and Jan – Mar (r = −0.28, p < 0.05). Both temperature 
(r = −0.30, p < 0.05) and solar radiation (r = −0.26, p < 0.05) exhibit 
negative correlations for the full Sep – Feb interval. 

A. selaginoides ring width is positively correlated with irradiance in 
the Sep – Nov season (Fig. 3C; r = 0.34, p < 0.05). All other correlations 
between A. selaginoides ring width and local climate variables are not 
significant. 

The only significant Pearson correlation between δ18OTR and Cape 
Grim δ18OP occurs in the 3-month period of Nov – Jan (Fig. 4, r = 0.55, 
p < 0.05) during the growing season. Correlations with Cape Grim 
δ18OP for all other seasons are not significant. 

4.2. Assessing Influences of Source Region on δ18OTR 

The difference in the HYSPLIT output between the top 25% of δ18OTR 
years and the bottom 25% of δ18OTR years is most prevalent in the region 
to the west of Tasmania (Fig. 5). High δ18OTR years show a consistent 
western mid-latitude influence, whereas low δ18OTR years have a 
stronger influence from the east and northeast of Tasmania. 

Correlations between δ18OTR and regional climate variables reveal 
relationships in the source region of precipitation for Mount Read. 
Temperature is positively correlated with δ18OTR in some areas 

surrounding Tasmania (Fig. 6A). The most notable areas of significance 
for temperature are to the west of Tasmania, south of mainland Australia 
(0.2 < r < 0.4), immediately to the east of Tasmania (0.2 < r < 0.4), 
and over the mainland of Australia (0.3 < r < 0.5). 

Precipitation is negatively correlated with δ18OTR immediately sur
rounding Tasmania to the west, as well as to the north in mainland 
Australia (Fig. 6C; −0.5 < r < −0.2). There are small areas where pre
cipitation is positively, though weakly, correlated with δ18OTR in the 
Southern Ocean (0.2 < r < 0.4). 

Correlations between Cape Grim δ18OP and regional climate vari
ables reveal differences in source region influences from the δ18OTR 
series. The region displaying significant temperature correlations is 
remarkably different here, with the region to the northeast of Tasmania 
displaying strong (0.4 – 0.7) correlations between temperature and Cape 
Grim δ18OP (Fig. 6B). Precipitation shows a similar pattern of correlation 
with Cape Grim δ18OP, with strong negative correlations (0.4 – 0.6) 
present to the west of Tasmania (Fig. 6D). It is important to note that, 
due to the lower number of observations (24 years vs. 59), the threshold 
to be considered a significant correlation (p < 0.05) requires a stronger 
relationship. 

5. Discussion 

5.1. Connectivity between δ18OTR and δ18OP 

Temperate forests with abundant, year-round moisture are theoret
ically optimal sites for climate reconstruction using oxygen isotope 
reconstruction (Treydte et al., 2014). Due to the limited fractionation of 
soil water and leaf water, one expects a strong relationship between 
δ18OP and δ18OTR. With high rainfall every month, we expected 
A. selaginoides tree rings to yield a coherent isotopic signal suitable for 
regional climate reconstruction via stable oxygen isotopes. However, we 
found high variability in δ18OTR values between trees, low EPS (0.566), 
and low rbar (0.13), indicating weak interannual correlation between 
samples and a weak common signal (Table 1). 

Paired δ13CTR measurements maintained relatively high EPS (0.791) 
and rbar (0.318) statistics (Grzywacz, 2021), indicating that crossdating 
and sample preparation were not a likely cause of the intertree variation. 
Other possible explanations for the variation between trees include 
disparate influence of the P é clet effect on individual trees under cool 
and wet conditions (Barbour et al., 2004), as well as factors such as 
rooting depth and complex topography altering δ18O of soil water 
available to trees. Other explanations for variability include the influ
ence of water storage from previous years, which is supported by sig
nificant first-order (0.319) and second-order (0.273) autocorrelation 
values observed here. Despite the high degree of inter-tree variability in 
δ18OTR, there is a correlation with δ18OP at Cape Grim in the growing 
season (r = 0.304, p = 0.01), suggesting that some of the δ18OP signal is 
preserved in the tree rings. 

5.2. Local conditions and δ18OTR 

The δ18OTR series is influenced by not only δ18OP, but also by local 
climate conditions that influence rates of fractionation at the site. A 
common dominant control on δ18OTR is local moisture, usually 
measured by relative humidity (McCarroll and Loader, 2004). Because 
of the high level of year-round moisture availability at Mount Read, we 
expected local moisture effects to be minimal. Consistent with other 
studies (Grießinger et al., 2018; Lavergne et al., 2016; Porter et al., 
2014), local temperature is significantly and positively correlated with 
δ18OTR in the early growing season (Oct – Dec r = 0.27, p < 0.05), 
though the strength of the relationship is weak. While some studies have 
used δ18OTR as a proxy for local temperature, the relationship here is not 
strong enough to support a temperature reconstruction. In a study of 
δ18OP and climate in Tasmania, Treble et al. (2005) also found a weak 
relationship between δ18OP and local temperature, so it is likely that 

Table 1 
Comparison between δ18OTR and the A. selaginoides ring width chronology, 
including the number of series, rbar (average interseries correlation), EPS 
(expressed population signal), SNR (signal to noise ratio), and GLK 
(Gleichläufigkeit sign test) for the period of instrumental record (1960 −2018).  

Tree Ring Series Series (n) Rbar EPS SNR GLK 

δ18OTR 10 0.130 0.566 1.302 0.555 
A. selaginoides ring width 55 0.222 0.965 27.328 0.637  
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δ18OTR is influenced by multiple variables in this region. 
Also as expected, δ18OTR is not significantly correlated with relative 

humidity over any 3-month period during September to February 
(Fig. 3). However, δ18OTR is weakly, but significantly correlated with 
VPD during Oct – Dec (r = 0.32, p < 0.05) and Nov – Jan (r = 0.27, 
p < 0.05), the drier portion of the year. This low correlation, when 

combined with the lack of a correlation with relative humidity, implies 
that local moisture is not a strong influence on δ18OTR. 

Surprisingly, we observed a positive relationship with precipitation 
amount (r = 0.26 for JFM). Treble et al. (2005) found that δ18OP is 
negatively related to precipitation in Tasmania; however, they also 
found numerous events where large amounts of rainfall are associated 
with average δ18OP values. Mean sea level pressure (MSLP) maps during 
heavy rainfall events show the potential for advection of air down the 
East coast of Australia to Tasmania (Treble et al., 2005). This phenom
enon, observed mostly during the warm season, resulted in a low lati
tude moisture source more enriched than moisture from the mid- and 
high-latitudes. We conclude that the most likely explanation for the 
positive relationship we found between precipitation and δ18OTR is an 
overrepresentation of precipitation events originating from the lower 
latitudes during the January - March months. 

Finally, δ18OTR is correlated with Cape Grim-derived δ18OP, indi
cating a direct linkage between tree ring isotopes and actual measured 
δ18OP in source water. While not dominating the δ18OTR value, δ18OP is 
an influential source of variation in δ18OTR, implying that the record is 
reflective of conditions that influence δ18OP. When we also consider that 
local moisture conditions display some influence on the record during 
dry months, it is likely that the δ18OTR record is the result of a mix of 
signals from both the local scale and regional scale. 

5.3. Source region dynamics 

Climate conditions in the source region of precipitation are often 
reflected in δ18OTR (Porter et al., 2014; Treydte et al., 2014). δ18OTR 
shows a positive relationship with temperature in the Indian Ocean 
immediately to the south of mainland Australia (Fig. 6A; 35–45◦ S, 
110–140◦ E). For precipitation, there is an area of strong negative cor
relation immediately to the west of Tasmania, slightly further east 
(Fig. 6C; 40–45◦ S, 135–145◦ E) than the region of correlation for tem
perature. The temperature~δ18OTR correlations show some influence 

Fig. 2. Representations of A. selaginoides series of δ18OTR (A) and ring width (B) for 1960–2018. Dark green line is a spline calculated using a frequency response of 
0.9 and a wavelength of 10 years of median δ18OTR in (A). In (B), dark green line is a 2/3 smoothing spline of mean ring width. Light green represents a 95% 
confidence interval in all plots. Light blue line in (A) is the measured median δ18OTR. 

Fig. 3. Correlations between 3-month averages of climate variables at Mount Read and median δ18OTR (A), δ18OTR standard deviation (B), and ring width (C). Dotted 
squares indicate statistically significant correlations (p < 0.05). 

Fig. 4. δ18OTR plotted against November – January average of δ18OP at Cape 
Grim, Tasmania. Red line represents a regression between δ18OTR and 
November – January δ18OP (R-squared = 0.304, p = 0.01). 
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east of Tasmania in the Tasman Sea, while precipitation~δ18OTR cor
relations show minimal influence from the east. The direction of these 
correlations is consistent with known relationships between δ18OP and 
temperature and precipitation in the source region (McCarroll and 
Loader, 2004). Spatial correlations for the Cape Grim δ18OP data (Fig. 6) 
suggest that moisture to the northeast of Tasmania is influential in 
determining the δ18OP signal, while the area to the west is less 
influential. 

We would expect δ18OP and δ18OTR to share similar relationships 
with regional climate. However, the climate~δ18OTR correlations and 
climate~δ18OP correlations are at best broadly similar in direction and 
regional influence (Fig. 6). Tasmania experiences occasional easterly 
winds (Hendon et al., 2007), which could explain the Cape Grim cor
relation pattern with temperature only to the east of Australia. It is 
possible that moisture that originates in the northeast, while more 
infrequent, is more enriched in δ18O than most moisture delivered to 
Tasmania, and this strong δ18OP value influences the Cape Grim dataset. 
This result is consistent with the negative correlation with local pre
cipitation (Fig. 3) and the observations of Treble et al. (2005). The 
δ18OTR and temperature relationship (Fig. 6A) shows a stronger influ
ence over mainland Australia and less influence of temperatures to the 
east. Enriched precipitation from eastern sources occurring in heavy rain 
events (Treble et al., 2005) would mix with moisture storage already 
present at Mount Read, and much of it would run off before being 
incorporated into the trees, resulting in a more muted influence on the 
δ18OTR value. HYSPLIT trajectory anomalies by δ18OTR reveal that 
source moisture from the region to the west of Tasmania is associated 
with high δ18OTR (Fig. 5). Trajectories from other regions, specifically to 

the south and northeast of Tasmania are associated with low δ18OTR. 
This could imply that years of low δ18OTR have a different source region 
from usual conditions, as west of Tasmania is the most common source 
region for Mount Read. 

This difference in source region could be associated with a variety of 
factors, including dynamical processes such as the Southern Annular 
Mode (SAM), El Niño–Southern Oscillation (ENSO), and the Indian 
Ocean Dipole (IOD). The SAM exhibits positive and negative phases, 
marked by the north-south movement of the dominant westerly wind 
belt in the Southern Hemisphere (Marshall, 2003). Typically, positive 
SAM phases are associated with winds in the mid-latitudes, while 
negative SAM phases are associated with winds in the high latitudes. 
Udy et al. (2021) analyzed synoptic patterns in the southern Indian 
Ocean around Tasmania and their relationships with modes of climate 
variability and found relationships between SAM, ENSO, and IOD with 
certain synoptic nodes, but the SAM exhibited the strongest influence in 
this region. If the SAM has such a strong impact on weather systems in 
the southern Indian Ocean, then it likely influences the path of moisture 
delivery to Mount Read, Tasmania. Positive SAM phases would likely 
result in a mid-latitude moisture source (associated with more enriched 
δ18OP), while negative SAM phases would deliver moisture from higher 
latitudes (more depleted δ18OP). Therefore, the difference in source re
gion between years with high δ18OTR and low δ18OTR could be influ
enced by SAM dynamics. 

5.4. Disentangling influences 

Despite the inter-tree variability and some local climate influences, 

Fig. 5. Comparison of anomaly plots for HYSPLIT output between the top and bottom 25% of years by δ18OTR. Positive anomalies (red) represent areas that have a 
greater abundance of trajectories than the mean conditions, while negative anomalies (blue) represent areas with a lower abundance of trajectories than the 
mean conditions. 
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our results suggest that source region is influential in determining the 
δ18OTR signal at Mount Read. While our δ18OTR record is too variable to 
reconstruct climate on its own, it shows sensitivity to regional precipi
tation and temperature, and is broadly similar to measurements of δ18OP 
observed regionally. Therefore, it is possible that these data could be 
used to represent historical δ18OP in Tasmania. A record of historical 
δ18OP may be used in broader reconstructions of climate dynamics such 
as the SAM and may hint at historical climate conditions dependent 
upon the relationship between climate variables and δ18OP. 

Given the variation present in the data, we recommend additional 
data collection to improve the quality of the dataset. The source of 
variability between trees is most likely local topographic conditions and 
their influence on rooting depth or a physiological trait in A. selaginoides 
that allows trees to photosynthesize at various times throughout the 
growing season. Further studies in this region should focus on deter
mining the precise source of variation between trees at Mount Read. 

In addition, it is necessary to determine the nature of the source 
region of precipitation to Mount Read and Tasmania in general, and 
whether seasonal changes in the source region influence variability in 
δ18OTR. Dynamical processes that alter source region may influence both 
local relationships and regional relationships. Future studies focused on 
developing δ18OTR records in moist temperate ecosystems should care
fully consider the complex influences of local climate conditions, 
regional climate conditions, and source region precipitation. This can be 
accomplished by gathering spatially and temporally detailed δ18OP data 
and observing relationships between δ18OP and synoptic-scale weather 
patterns. This analysis would solidify the nature of the linkages between 
source region dynamics and δ18OP, and between δ18OP and δ18OTR. This 
knowledge would open the door for more advanced analysis of the in
fluence that large-scale climate dynamics have on the δ18OTR record. 

6. Conclusions 

δ18OTR in A. selaginoides at Mount Read maintain weak correlations 
with local climate measures and slightly stronger correlations with 

regional climate variables. The weak local controls on δ18OTR are likely 
due to high precipitation at Mount Read, resulting in high moisture 
levels at the site, which strengthens the relationship between δ18OP and 
δ18OTR. The backward trajectories produced by the HYSPLIT model and 
our regional spatial analysis of precipitation demonstrate that the most 
influential source region of precipitation at Mount Read is to the west of 
Tasmania, due to the mid-latitude westerly winds. However, our 
regional analysis of temperature also points to a potential influence of 
occasional easterly, low-latitude effects during the growing season. 
Given the variability between samples and relatively weak relationships 
with climate variables, δ18OTR at Mount Read should not be used as a 
proxy for paleoclimate on its own. However, the δ18OTR series shows 
sensitivity to local temperature and VPD, as well as regional tempera
ture and precipitation, meaning that δ18OTR in A. selaginoides has the 
potential to support paleoclimate reconstructions when combined with 
other proxies in the region, specifically tree-ring width records in Tas
mania. The source region of precipitation to Mount Read is heavily 
influenced by climate drivers such as the SAM, ENSO, and IOD. Given 
the sensitivity of the δ18OTR series to variations in δ18OP, it is possible 
that paleoclimate reconstructions involving δ18OTR at Mount Read and 
other high latitude Southern Hemisphere locations could provide insight 
into large-scale climate dynamics. 
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Fig. 6. Spatial maps of Pearson correlations were performed between δ18OTR and September - February averages of ERA5 temperature at 2 m elevation (A) and total 
precipitation (C). Also, spatial maps of Pearson correlations were performed between Cape Grim δ18OP and September - February averages of ERA5 temperature at 
2 m elevation (B) and total precipitation (D). Only statistically significant correlations are displayed (p < 0.05). 
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Appendix

Fig. A1. Correlations between the master chronology (Allen et al., 2017a, 2017b) and each core used in this study for the period of overlap (1308 – 2011). Cores that 
begin with “MRD6” are cores that were used in isotopic analysis. Correlations are calculated for 50-year segments with a lag of 25 years. Blue segments correlate 
above the critical value (0.05), red segments correlate below the critical value, green segments are incomplete. The mean correlation with the master chronology for 
all cores in the Mount Read chronology is 0.533. For the cores used in isotopic analysis, the mean correlation with the master chronology is 0.456. 
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