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LINEAR REGRESSION ANALYSIS OF AUSTRALIAN LACUSTRINE SEDIMENTS

ABSTRACT

Our understanding of carbon cycling is based on a short time period of satellite or
instrumental monitoring, which are limited with respect to understanding long term
patterns in terrestrial carbon cycle. Our understanding of past changes in terrestrial
biomass has been primarily derived from pollen and plant macrofossils preserved within
sediments. Geochemical tracers offer a different perspective on past land cover and
provide important constraints on source and deposition of sedimentary organic matter
in the catchment area for the purpose of regional palaeoenvironmental reconstruction.
We combine stable isotope analysis, source rock pyrolysis and remote sensing
techniques to see whether we can observe a shift in geochemical signatures of lake
sediments in response to changes in vegetation density and catchment hydrology. We
hypothesize that we should see an increase in terrestrial organic carbon concentrations
in catchments with higher vegetation density. Simultaneously increased rates of
precipitation have been associated with increase in vegetation abundance and therefore
hydrological shifts should also be reflected in geochemical signatures of sediments.

Our results confirm that there is a positive correlation between vegetation density and
terrestrial organic carbon concentrations, with sediments from heavily vegetated
catchments showing high concentrations of terrestrially derived organic matter. On the
other hand, shifts in precipitation appear to only effect geochemical signatures of
sediments from semi-arid regions with low vegetation densities.
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INTRODUCTION

The continuous rise of atmospheric CO- concentrations, linked with anthropogenic
emissions represents a major concern regarding the modern climatic and ecological
changes (Haverd et al., 2013; IPCC, 2013). During the period prior to the industrial
revolution (AD 1750 onwards), globally averaged CO> concentrations were around 280
ppm (parts per million) while today they exceed 400 ppm, with present day emissions
accounting for approximately ten billion tons of carbon released into the atmosphere per
year (Haverd et al., 2013; IPCC 2013; Poulter et al., 2014). Increased carbon uptake
subsequently accompanies the increase in emissions by the oceanic and terrestrial
carbon sinks, which account for approximately 40% of global carbon emissions (Poulter
et al., 2014; Ahlstrom et al., 2015). Despite the continuous emission uptake by the
carbon sinks, the airborne fraction of CO. exhibits large interannual variability, which is
driven primarily by terrestrial ecosystem processes. While the tropical rainforests
account for the majority of carbon uptake, they are also relatively stable through time.
By contrast, semi-arid vegetation is extremely sensitive to climate and hydrological
change and has recently been demonstrated also to play a major role in carbon

sequestration (Poulter et al., 2014; Ahlstrom et al., 2015).

By looking at the evolution of the terrestrial carbon sink over the past 30 years using a
terrestrial biogeochemical model, atmospheric carbon dioxide inversion and global
carbon budget accounting, focusing primarily on the exceptionally large anomaly in
2011, Poulter et al., (2014) concluded that this anomaly was driven by growth of
vegetation in the semi-arid ecosystems of the southern hemisphere regions of Australia,

South America, and Southern Africa. Furthermore, 60 percent of the carbon uptake
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during this time was attributed to precipitation as the primary driver in moisture
depleted environment (Cleverly et al., 2015). Similar results were observed in the early
2000s by Shim et al., (2009) north-east of Fort Collins, Colorado, USA. The strong
correlation at an annual timescale between precipitation and productivity illustrates the

primary control of photosynthetic productivity by precipitation (Cleverly et al., 2015).

Different ecosystems can store absorbed CO2 over a range of time periods. Tropical
forests tend to store carbon in dense hardwoods that have a relatively long lifespan.
Semi-arid environments are much more volatile, highly susceptible to variations in
rainfall, temperature as well as other forcing factors. By modeling the changes in
organic carbon burial as a result of climatic variability, we can gain a better insight into
the source and burial rate of organic carbon in response to climatic forcing, further
increasing our understanding of the role semi-arid environments play in global carbon

cycle.

Most of our understanding of carbon cycling is based on a short time period of satellite
or instrumental monitoring, which are limited with respect to understanding long term
patterns in terrestrial carbon cycle. Our understanding of past changes in terrestrial
biomass has been primarily derived from pollen and plant macrofossils preserved within
sediments. These data are invaluable because they provide information about what plant
species were present in the region (Rodriguez-Gallego, Masciadri, and Nin, 2012;
Sottile et al., 2015 ). However, they are limited due to inherent issues of bias by certain
plant types which generate more pollen or leaf litter, bias by the plant types that are

located nearest to the wetland and because in the absence of plant macrofossils, pollen
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types can rarely be identified to species. Thus it’s challenging to determine changes
within major groups (e.g. Eucalyptus, grasses) despite wide ranges in the ecology,
climate preference and biomass of taxa within those broad groupings (Kershaw, 1979;
D’Costa and Kershaw, 1995). Geochemical tracers offer a different perspective on past
land cover. The geochemical and isotopic signatures of lake sediments provide
important constraints on source and deposition of sedimentary organic matter (OM) in
the catchment area for the purpose of regional palaeoenvironmental reconstruction
(Meyers et al., 1999; Mayr et al., 2009). The primary source of OM in lake sediments is
the particulate detritus of plants divided into two geochemically distinctive groups:
vascular (C3 and C4) and non-vascular algae. The contributions from these two groups
are strongly dependent on lake morphology, watershed morphology, climate variability,
and vegetation abundance, with some lake sediments showing predominantly algal
organic source, while others are dominated by land-derived plant sources (Meyers et al.,
1999). To date, major applications of organic geochemical tracers have been to
understand shifts between C3/C4 plant dominance and vegetation types in the absence
of pollen (Ficken et al., 2002; Wooller et al., 2003). Geochemical tracers do not address
the taxonomic composition of land cover, and they too are undoubtedly biased by
proximity, plant source type, and taphonomy. However, in principle, the organic
geochemical composition of a sediment should offer a more indiscriminate, overarching

tracer of the organic biomass within a catchment.

To date, the vast majority of palaeoenvironmental research using organic geochemical
tracers is based upon qualitative interpretation, which in turn limits the value of the data

with regards understanding changes in past carbon sequestration, transport and storage.
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There is a need for a way to calibrate the broad spectrum of geochemical data available,
in order to make quantitative inferences. Correlating the geochemical and isotopic
signatures from modern sediment samples across a region with data for land cover,
terrestrial biomass, hydrological and land use shifts over the catchment area could lead
to the development of working regression models. Such models could then be applied
to other samples as well as sediment cores to provide a new way of interpreting
sediment geochemistry, reconstructing past environments and quantifying the palaeo-
fluxes of carbon within both aquatic and terrestrial ecosystems, further assisting in
palaeoenvironmental reconstruction. It is hypothesized that changes in the terrestrial
land cover are significantly correlated to the % of terrestrial organic carbon in lake
sediments, as determined using multiple geochemical tracers. Periods and regions with
enhanced regional precipitation are usually associated with the greater terrestrial
biomass and should therefore also record an enhanced flux of terrestrial organic carbon
to lake sediments. A successful model would show a shift in isotopic signatures of
sediments correlated with shifts in vegetation density and or other parameters, such as
catchment hydrology. If successful, the model could then be applied to sediment cores
with available, previously obtained data. This research, therefore, offers a new means of
investigating past interactions between land cover and atmospheric CO, with potential

benefits for unraveling the history of the global carbon cycle.

GEOLOGICAL SETTING/BACKGROUND

Groundwater-dominated lakes are an important feature of many landscapes. Their
sediments are a particularly valuable source of paleoenvironmental information in
semiarid regions where perennial lakes may otherwise be scarce. Many investigations of

continental paleoclimates employ indirect information or proxies, preserved in
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chemically or biogenically precipitated lacustrine carbonate sediments (Shapley et al.,
2005). Previous attempts at using lacustrine and terrestrial sediments for reconstruction
of paleoclimates have consisted predominantly of correlation between isotopic and
geochemical data to constrain possible sources of organic carbon. The limitation of this
approach is that there is no clear indication of the environmental parameters such as
vegetation density, mean annual rainfall. Previous studies have shown that variability of
carbon flux in semi-arid grasslands could be explained by its relation to temporal
dynamics among precipitation pulses (Ma et al., 2012; Zhang et al., 2015), antecedent
soil moisture, and activity of plant functional groups (Shim et al., 2009). A strong link
between precipitation and primary productivity has also been demonstrated, with
increased precipitation usually correlating with increased vegetation cover density over
the region and thus an overall increase in primary production (Gabarron-Galeote,
Trigalet, and Wesemael, 2015). The enhanced input of OM from aquatic macrophytes,
however, have been shown to occur during dryer intervals and low lake levels, which is

supported by radiocarbon dated outcropping lacustrine sediments.

The origin of sedimentary OM can be distinguished between aquatic and terrestrial
sources using a variety of geochemical tracers. Principal among those is the carbon to
nitrogen ratio (C/N), which exhibit distinct patterns whereby terrestrial carbon is
typically characterised by having higher C/N ratios (>15). By contrast, algal sources of
OM have low C/N ratios (<10). Lakes dominated by OM from land sources usually
show increased algal productivity as well relatively low (between 4 and 10) C/N values
during periods of arid climate, and accompanied by a less negative 613C values seen in

shift of land vegetation from Cs to C4 plants (Meyers et al., 1999; Mayr et al., 2009;
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Moschen et al., 2009). The changes in bulk soil isotopic signatures could, therefore, be
used to model vegetation shifts in the region. Hydrogen and Oxygen indices (HI and OI)
obtained through Rock-Eval pyrolysis techniques can provide further constraints on the

nature of OM in lake sediments (Sebag et al., 2016).

Site description

The project focuses on lake sediments in south-eastern Australia, with a particular focus
on the Murray-Darling Basin (MDB) region as well as western Tasmania and southern
Queensland. The MDB is of interest due to its significance as a regional carbon sink as
well as the potential for the integration of the carbon flux from the surrounding
catchment areas by the river-fed wetlands. The MDB is Australia’s largest river basin,
spanning 1.06 x 10° km? and supporting a highly variable climate. Climate in the MDB
is subtropical in the northeast, cool and humid in the eastern uplands, temperate over the
southeast, and hot, dry semiarid and arid in the far west (van Dijk et al., 2007; Cruz et
al., 2010; Gell & Reid 2014), with strong NE to SW temperature gradient. The basin
can be described as predominantly flat and dry, with greater relief and rainfall towards
the southern and eastern divides. The MDB drains approximately 14% of Australian
landmass through numerous, slow flowing river systems, including the major Murray
and Darling Rivers (2,508 and 1,472 km long respectively). Most runoff is generated in
the uplands, and a substantial part is intercepted in storage reservoirs. About 11,000 of
the 25,000 GL average annual stream flow are diverted further downstream, while
another 11,000 GL is lost from the system, mainly by evaporation from the river,

storages, and floodplain.

The samples collected for the study were taken from 20 sites split between 4 states (Fig.
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la and 1b). The sites were chosen based on the availability of existing sediment
samples, which are thought to represent recent deposition. Samples from eight sites in
the MDB were provided by Dr. Michael Reid, University of New England. Of these
eight sites, four are located near the Queensland — New South Wales border, close to the
Macintyre River: Whynot Billabong (WNB), Booberoi Lagoon (BOOL), Macintyre
Downs Billabong (MIDB) and Pungbougal Lagoon (PUNL). The sites are characterized
by fairly low surrounding vegetation density as well as low annual rainfall. Bishop
Swamp (BS), to the south east of the Macintyre River, is a high altitude wetland located
within the northern section of Werrikimbe National Park, New South Wales. It is a
densely vegetated region with high diversity of native plants, with a single drainage
channel dominating its hydrology (Thoms et al., 2011). The last three sites from the
MDB are located near the New South Wales — Victoria border, adjacent to the Murray
River: Moira Lake (MOIL), 2 Carp Billabong (2CB) and Dairy Billabong (DAIB).
Located near the transition between subtropics and temperate climate zone, this region
is characterized by moderate vegetation density and low annual rainfall. North
Stradbroke Island (NSI) is one of the world’s largest sand islands, covering 285 km? and
framing the east side of Moreton Bay in southeast Queensland, Australia and is
surrounded by extensive seagrass meadows (Leach 2011; Arnold et al., 2014). Samples
from three sites on NSI, Queensland were provided by Dr. John Tibby, University of
Adelaide: Swallow Lagoon (SWL), Blue Lake (BLU) and 18 Mile Swamp (18MS).
Finally, samples from nine sites in Tasmania were provided by Dr. Michael Shawn-
Fletcher, University of Melbourne (Fig. 1b): Basin Lake (BAL), Lake Rolleston (ROL),
Lake Dove (DOL), Lake Spicer (SPIL), Lake Gwendolen (GWL), Lake Tahune (TAL),

Lake Vera (VEL), Godwin Tarn (GWT) and Square Tarn (SQT). We included sites
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from Tasmania as the temperate climate of the region would provide an interesting

contrast to the semi-arid conditions of the MDB and the humid climate of the NSI.
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Figure 1: Map showing the locations of the sites from mainland Australia used in the study. One of
the images comprising the map was obtained from Davidson et. al 2013.
Figure 2: Map showing the location of the sites from Tasmania used for the study.Figure 3: Map

showing the locations of the sites from mainland Australia used in the study. One of the images

comprising the map was obtained from Davidson et. al 2013.
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Figure 4: Map showing the location of the sites from Tasmania used for the study.
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METHODS

This study utilised two broad approaches to characterising the contemporary biomass
and environment of the 20 studied sites, and the way those environmental conditions are
reflected in sediments. Contemporary environmental conditions were quantified using
remote sensing and GIS techniques. Lake/wetland sediment geochemistry was then

investigated through Isotope-ratio mass spectrometry (IRMS) and Rock-Eval pyrolysis.

Sediment sample pre-treatment

Surface sediment samples were taken from various sites, as described above (Fig. 1a
and 1b). Each sample was approximately 0.6 ml in volume. The aim was to sample the
uppermost (most recent) 0-5 cm to 5-10 cm of sediment where possible. Certain
sediment cores where surface sediment was missing were sampled at the uppermost
available section. Each sample was weighed individually and placed inside flat-
bottomed Eppendorf tube. A total of 110 samples were collected (See Appendix A). The
three sites from NSI (SWL, 18MS, and BLU) were sampled at 1 cm intervals, and the
top 10 cm of surface sediment was used. The sites within the MDB (WNB, BOOL,
MIDB, PUNL, DAIB, BS, MOIL, and 2CB) only had the top 4 cm of homogenized
surface sediment available as single samples per site. Tasmanian sites were sampled at
0.5 cm intervals, and the first 5 cm of surface sediment was collected. The samples that
contained significant quantities of moisture and were centrifuged for approximately 2
minutes each to collect the wet sediment at the bottom of the tube, the excess water was
drained. In preparation for freeze-drying, the samples first had to be frozen (Hjorth
2004). The samples were suspended in liquid nitrogen (N2) for approximately 5 to 10
minutes. Once frozen, all 110 samples were placed inside a freeze dryer where they

were left for approximately 110 hours. Freeze-drying reduces the likelihood of volatile

12
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organic losses that would occur with regular oven drying (Brodie et al., 2011). Once the
samples were sufficiently dry they were weighed again and further subdivided, with
approximately 60% of each sample transferred into a different tube for use in future

analysis. The remaining dry sediment was ground down into powder using a ball mill.

Prior to carbon isotope analysis, samples were fumigated with HCL to remove any
traces of inorganic (carbonate) carbon. The accurate measurements of the isotopic
composition of OM depend heavily on complete removal of inorganic carbon fraction,
which can contaminate the sample and result in major offsets in isotope data (Brodie et
al., 2011; Ramnarine et al., 2011). As there is an ongoing debate on the effects of acid
treatment on 5*°N and TN values, with evidence suggesting a possibility of significant
shifts in isotopic values (Kennedy et al., 2005; Jaschinski et al., 2008; Brodie et al.,
2011), nitrogen isotopes were measured on a separate sediment fraction. For
fumigation, samples were weighed out into small tin capsules and transferred into a
sample tray. Approximately 0.05 ml of deionized water was added to each sample,
allowing the acid fumes to dissolve into the water and attack the inorganic component
of the sample. Hydrochloric acid (HCI) was added to the base of the desiccator, and the
sample tray was placed above it. The samples were fumigated for 3 hours, after which
they were left to dry in a 40°C oven for four days. Once dry, each of the tin capsules
was placed inside a larger silver capsule and crimped to seal it. Carbon and nitrogen
concentration and associated 13C/12C and 15N/14N isotopic composition were
measured using an Elementar elemental analyser (EA) linked by continuous flow to a
Nu Horizon isotope ratio mass spectrometer (IRMS). Glycine, Glutamic and Tertiary

Butyl Alcohol (TBA) were used as standards for the measurement.

13
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Rock-Eval Pyrolysis

67 samples were selected with sufficient residual sediment (>50 mg) for Rock-Eval
Pyrolysis (See Appendix A). Where possible the chosen sample depth was consistent
across all sites (unless the original sample suite was limited or the leftover sample was
insufficient). The analysis was performed by Weatherford Laboratories in Queensland
using SRA-M-2 analyzer according to standardized methods. S1 (in mg HC/qg)
represents the free, thermally extractable hydrocarbons present in the entire sample that
are distilled out at initial heating of up to 350° C. S2 (in mg HC/g) represents the high
molecular weight hydrocarbons that did not vaporize in the S1 peak and are generated
from the thermal cracking of nonvolatile organic matter when heated up to 550°C. S3
(in mg organic CO2/qg) is the trapped CO> released during low temperature pyrolysis (<
390° C nominal) and is proportional to the oxygen present in the kerogen. The measured
S1, S2, and S3 outputs were converted into HI, Ol and PI using the data from stable

isotope analysis through application of the following formulaes:

HI = (S2/ TOC) x 100 (mg HC/g TOC)
Ol = (S3/TOC) x 100 (mg OC/g TOC)

PI=S1/(S1+S2)

Remote Sensing and GIS

In order to quantify the hydrological status and terrestrial carbon budget for the
catchments surrounding each lake/wetland site, remotely sensed data were processed
using ArcGIS software. The geodatabase was set using WGS84 geodetic datum, with
subsequent layers projected to the same datum to ensure spatial accuracy. The location

of each site was identified, and an approximate catchment area was estimated using a

14
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contour map created through Digital Elevation Map (DEM) layer obtained from ELVIS
Elevation Information System, courtesy of Geoscience Australia . The accuracy of the
estimated catchment outline is dependent on the surrounding topography. As such sites
located within more pronounced topography (predominantly sites located in Tasmania)
have more defined catchment area outlines, which were transformed into individual
raster layers. Modeled precipitation amount and leaf carbon output quantities were
obtained using the BIOS2 modeling system, courtesy of Peter Briggs, CSIRO,
Candberra. For each of these parameters, 168 layers were added to ArcGIS,

representing monthly data over 14 years (2000 — 2014).

To obtain monthly data for each catchment, the raster layers were extracted using the
catchment raster as a mask and the pixel value was manually measured for each layer of
every catchment (Fig. 3). The results were tabulated (See Appendix B) and annual and
seasonal averages were calculated for every year. Note that precipitation and plant
carbon content from BIOS2 was modeled using raster layers of low resolution (40 km?
pixel size). As a result, certain smaller catchments fell within a single pixel value and

therefore provide only a rough approximation of the data.

To estimate approximate vegetation cover extent over each catchment we used MODIS
Fractional Cover Metrics. Annual and seasonal mean composite raster data was
obtained for years 2000 — 2013. Just as before, each layer was extracted for every
catchment and the mean values measured (See Appendix B). This data was modelled at
a higher resolution (0.30 km? pixel size) and therefore provide a more accurate

approximation of the vegetation fraction values.

15
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Figure 5: Step by step description of the
process using ArcGIS to obtain remote
sensing data for each of the catchments used
in the study. Lake Spicer catchment is used as
an example: 1) The site is identified on the
basemap. 2) A DEM raster file of the area is
imported into ArcGIS. 3) Contour tool is used
to convert the DEM raster into a contour
raster. 4) Using the contour lines as guide, an
approximate catchment area around the site
is drawn as a polygon. 5) The vegetation
fraction (or other parameter) layer is
extracted using the polygon as a mask to
obtain the pixel values (and the mean) for the
catchment.

This process is repeated for every catchment
and every layer (monthly or yearly averages).
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OBSERVATIONS AND RESULTS

The down-core §13C, 8N, TOC, C/N, HI, Ol and PI data is presented in for each site
Figure 4. In the same figures, the years 2000 — 2013, precipitation (m per day),
vegetation cover (%) and plant carbon content (g.m) is plotted against time. The
carbon values were taken from the acidified samples while the nitrogen values were
taken from the non-acidified samples as they represent the isotope values most
accurately. Note that since the samples were not dated, the sample depth and the ages
shown on the axis are not correlated. For those sites for which only single samples were
analysed (WNB, BOOL, MIDB, PUNL, DAIB, BS, MOIL, and 2CB), the isotope and
pyrolysis results were summarised in Table 1 and the environmental data for those sites

are plotted in Figure 5.

In order to compare spatial patterns in lake sediment geochemistry with lake catchment
environmental data, it is necessary to determine averages for both the sediment analyses
and the environmental data through time. With this in mind, averages for the upper 4 cm
and the upper 10 cm were compared. For the environmental data we compare the
averages for the entire length of the record with the average for the last two years
measured. For sites with sufficient number of isotopic measurements down-core, the
mean values were calculated and plotted onto the graphs. As mentioned earlier, the
carbon values (TOC and §*3C) used were taken from the acidified sediment fraction,
while the nitrogen values (TN and 3'°N) were taken from the non-acidified sediment

fraction.

17
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Figure 8: Plots showing the results of isotope, pyrolysis and GIS analysis for sites from North
Stradbroke Island, Queensland. The mean values for the entire length of the collected data record
are plotted as red dashed lines. The mean values for the top 4 cm (geochemical) and the last 2 years

(GIS) of data are plotted as blue dashed lines.
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Figure 9: Scatter plots showing results of GIS analysis for sites in the Murray Darling Basin. The
mean values for the entire length of the collected data record are plotted as red dashed lines. The
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mean values for the top 4 cm (geochemical) and the last 2 years (GIS) of data are plotted as blue

dashed lines.
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Figure 5 (cont.): Scatter plots showing results of GIS analysis for sites in the Murray Darling Basin.
The mean values for the entire length of the collected data record are plotted as red dashed lines.
The mean values for the top 4 cm (geochemical) and the last 2 years (GIS) of data are plotted as
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d13C TOC d1sN CN HI 01 PI
Pungbougal Lagoon -22.33 292 5.59 8.04 230.90 8928 0.07
Whynot Billabong -27.44 1.56 351 8.96 8341 152.06 0.20
Booberoi Lagoon -26.86 133 5.50 7.29 89.69 15621 030
Macintyre Downs Billabong | -26.89 337 6.48 9.22 150.17 97.74 0.08
Bishop Swamp -27.74 26.32 327 15.02 - - -
Moira Lake 2418 0.99 385 6.53 7042 19417 025
2 Carp Billabong -28.90 1.53 3.29 8.26 139.79 12477 0.15
Dairy Billabong -29.60 343 268 0.18 16538 75.70 0.14

Table 1: A summary of the isotope and pyrolysis results obtained from sites in the Murray Darling
Basin.

In all but four cases, the §*3C values seem to fluctuate around the mean values for the
top 4 cm. Site 18MS, ROL, DOL and GWT appear to have a decreasing trend up-core,
with §13C variation of up to 0.7 between the mean for overall data and the top 4 cm.
Two sites in Tasmania (VEL and SQT) did not have sufficient number of sediment
samples for the mean values to be significant. The eight sites from the MDB (WNG,
BOOL, MIDB, PUNL, DAIB, BS, MOIL and 2CB) came from single homogenized
samples of top 4 cm and the resulting values (Table 1) are therefore the mean of the
data. In general NSl sites show the lowest 3*3C values, ranging from -28.6 to -32.1,
while sites within the MDB show some of the highest '3C values, ranging from -22.3
to -29.6. Shifts in 3°N values down-core appear to correlate with shifts in §*3C values
in sites BL, SWL, GWL, TAL, GWT and SQT. The remaining sites (excluding those
with single measurements) show no distinct correlations. Overall the 5!°N values show
no significant increasing or decreasing trends down-core for any of the sites and appear
to fluctuate around the top 4 cm mean values. The sites within the MDB show highest
3N values of all groups, ranging from 2.68 to 5.59, while majority of the sites from
NSI and Tasmania show values ranging from 1.0 to 2.5, with only one site (18MS) with

values above 3.0.
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Figure 6: Plots showing the results of isotope, pyrolysis and GIS analysis for sites from Tasmania.
The mean values for the entire length of the collected data record are plotted as red dashed lines.
The mean values for the top 4 cm (geochemical) and the last 2 years (GIS) of data are plotted as
blue dashed lines.
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Figure 6 (cont.): Plots showing the results of isotope, pyrolysis and GIS analysis for sites from
Tasmania. The mean values for the entire length of the collected data record are plotted as red
dashed lines. The mean values for the top 4 cm (geochemical) and the last 2 years (GIS) of data are
plotted as blue dashed lines.
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Figure 6 (cont.): Plots showing the results of isotope, pyrolysis and GIS analysis for sites from
Tasmania. The mean values for the entire length of the collected data record are plotted as red
dashed lines. The mean values for the top 4 cm (geochemical) and the last 2 years (GIS) of data are
plotted as blue dashed lines.
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Of all sites, the shifts in values in TOC appear to correlate with C/N in six sites (BLU,
SWL, GWL, TAL, GWT and SQT), with the rest of the sites either showing no
correlation or inverse correlation (eg. ROL and DOL). Sites within the MDB have the
lowest C/N values ranging from 6.53 to 9.22, with one site (BS) with C/N value of
15.02. Sites in NSI show slightly higher C/N values ranging from 17.12 to 18.59.

Tasmanian sites show the highest C/N values ranging from 14.25 to 25.42.

The data obtained from GIS shows that for the majority of sites, there is a positive
correlation between modelled precipitations and modelled leaf carbon content. Sites in
Tasmania are shown to experience highest average daily precipitation (4.84 — 8.84 mm
per day). Contrary, sites in MDB tend to experience lowest daily precipitation (0.99 —
3.90 mm per day), with all 3 sites in NSI showing slightly higher values (4.12 — 4.40
mm per day). With the exception of BS (87.38 %), sites in MDB show the lowest
vegetation fraction values, ranging from 29.8 to 62.8 %. Both Tasmanian and NSI sites
show similar vegetation fraction values, ranging from 71.69 to 82.85 % (NSI) and 47.81
to 84.13 % (Tasmania). The MDB sites show positive correlation between vegetation
fraction shifts and shifts in precipitation and plant carbon content, while there appears to

be little to no correlation in NSI and Tasmanian sites.

DISCUSSION

This study aimed to investigate the relationship between organic geochemical tracers of
carbon burial and the biomass and/or hydrological climate of lake catchments in south-
east Australia. In doing so we tested a variety of sediments and made geochemical
measurements as well as remote sensing GIS analysis to explore how the data

correlates. Figures 4, 5 and 6 as well as Table 1, summarise results for both
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geochemical tracers and the GIS analysis. As we did not have radiometric dates for the
sediment samples, there was no clear way of comparing the isotope and pyrolysis data
with biomass and hydrological measurements. With a few exceptions, the majority of
the geochemical data across all sites show the very little change between total mean
values and top 4 cm. We can, therefore, make the assumption that the top 4 cm of the
surface sediment is an accurate representation of the data. Using the top 4 cm of the
geochemical analysis data allows for consistency across all sites as well as consistency
with the available pyrolysis data. This of course has potential for being
misrepresentative, particularly in sites that show an increasing or decreasing trend in the
data. Note also that some of the sites (eg. VEL and SQT) are missing the top 3 cm of
surface sediment and therefore the mean values are calculated from one or two
measurements, which could also lead to misrepresentation.

When looking at environmental data several sites (particularly 18MS, BS, BAL, ROL,
VEL, GWL, GWT and SPIL) show significant variation in vegetation fraction (around
10%) between overall data and the average of the last two years. In most cases this is
caused by a sudden loss of vegetation towards the later years. While it is uncertain what
might be the cause of this shift, we believe that the entire length of the record is a more

accurate representation of the data.

We use 8*3C and C/N values as indicators of OM sources (Fig. 8). Sources of
sedimentary OM can be distinguished from non-vascular algae and vascular land plants
through their characteristic C/N compositions (Meyer & Lallier-Vergeés 1999). For the
majority of the samples in the MDB region and NSI (Fig. 8a) OM is sourced from a mix

of both non-vascular lacustrine algae and vascular Cz land plants, while the organic
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carbon from sites within Tasmania (8b) show a predominant Cz land plant source. These

results are consistent with conclusions made by Meyer & Lallier-Verges 1999 as

heavier vegetated sites within Tasmania show a significant clustering around the C/N

value of above 20, which is characteristic of Cz vascular plants.

8¢

8¢

C/N

®

C/N

Figure 7: Scatter plots of average data of 6'°C plotted against the average data of C/N ratios for sites
in (@) MDB and NSI and (b) Tasmania. The representative elemental and carbon isotopic
compositions of organic matter from lacustrine algae, Cs land plants, and C4 land plants obtained
from Meyers and Lallier-Verges, 1999, is added to the data.
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Independently, average HI values are plotted versus average Ol values in a Van-
Krevelen-type plot (Fig. 8) along with evolution pathway of kerogen. Type I, Il and 1lI
kerogens of lacustrine sediments were attributed to waxy OM, algal OM and vascular
plant OM respectively (Meyers and Teranes, 2001). The entire data shows (Fig. 8a)
shows the majority of the sites falling between type 11 and I11 kerogen pathways. Sites
within mainland Australia (Fig. 8b) show a similar distribution with approximately half
of the sites being located between type Il and Il pathway, with only one site (SWL)
placed close to type | pathway and three located below type 111 (WNB, BOOL, MOIL),
indicating a vascular land plant source. This however runs contradictory to the
previously discussed results, as those sites are characterized by low C/N values, usually

associated with non-vascular lacustrine algal source of OM.
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Figure 8: Rock Eval data of the sediments from the (a) all sites, (b) MDB and NSI sites and (c)
Tasmania sites given as Van-Krevelen-type plot.

Despite being on average more heavily vegetated, no data from sites within Tasmania
(Fig. 8c) show type 111 kerogen pathway, with three of the eight sites sitting
predominantly on the type Il pathway, while the remaining sites fall between type Il and
I11. This appears to be contrary to the results observed in Figure 8, however it is

possible that matrix effects can bias Rock-Eval data due to absorption of hydrocarbons
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(Mayr et al. 2009). S2 values may be reduced by the effects of weathering as atomic
H/C ratios are reduced by oxidation (Katz, 1983; van Krevelen, 1984), while the S3
values may be affected by the decomposition of inorganic matrix particularly due to
weathering or mineral matrix interaction. From this data it is difficult to draw distinct
conclusions on the origin of OM, with most data falling between type Il and type Il
kerogen pathway, indicating a mixing of algal and terrestrial OM sources. Studies
suggest that characterization of organic matter through the use of a modified van
Krevelen diagram, can produce questionable results (Katz, 1983; Disnar et al., 2003).
This is attributed to HI and Ol being strongly affected by matrix mineralogy and
organic enrichment. We believe that this is might be the case for our data, as it appears
to contradict the C/N data indicating the source of OM.
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Figure 9: Plot of average daily precipitation (mm per day) against 6*3C values for (a) all sites,
(b) NSI and MDB sites and (c) Tasmania sites. Trend line, r? and linear regression equations are
provided.

Figure 9 (above) shows the relationship between average daily precipitation of
catchment and &*3C values of sediments. There appears to be significant correlation
between daily precipitation and §*3C values of surface sediments in MDB and NSI
catchments, while only a weak correlation in Tasmanian catchments. While it is

possible that the observed relationships are caused by changes in erosion due to increase
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Figure 10: Plot of average daily precipitation (mm per day) against TOC (above) and C/N
(below) values for (a) all sites, (b) NSI and MDB sites and (c) Tasmania sites. Trend line, r? and
linear regression equations are provided.

in precipitation, and subsequent increase in organic carbon flux into lake sediment, we
hypothesize that carbon fluxes in semi-arid environments are more susceptible to
hydrological shifts than densely vegetated regions. Increased precipitation could lead to
a sudden pulse in vegetation density in the region, allowing for increased organic
carbon sequestration and deposition into lake sediments. Our results are consistent with
conclusions drawn by Ma et al., 2012, who observed similar relationships between
precipitation and §*3C values in semi-arid regions of China.

When modelling precipitation against TOC and C/N (Fig. 10), we observe similar
relationships, consistent with previously discussed results. There is a particularly strong
positive linear fit observed in the relationship between precipitation in semi-arid
environment and measured C/N ratios. This data, although limited, shows that a

relationship can be inferred between changes in average precipitation and geochemical

30



Olly Tsimosh
Linear regression analysis of Australian lacustrine sediments

tracers of carbon burial in semi-arid, moisture depleted environments (Gabarron-
Galeote, Trigalet, and Wesemael, 2015). However it is important to distinguish whether
or not the primary productivity is derived from terrestrial sources. By comparing the
geochemical tracers of carbon burial to the average vegetation fraction of the catchment,
we can infer relationships between organic carbon flux and shifts in terrestrial

vegetation (Figure 11).
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Figure 11: Plot of vegetation fraction (%) against 8!C (top), TOC (middle) and C/N (bottom)
values for (a) all sites, (b) NSI and MDB sites and (c) Tasmania sites. Trend line, r2 and linear
regression equations are provided.

There appears to be a strong correlation between vegetation fraction and organic carbon
flux in sediments (Qin et al., 2014). The correlation between the data of MDB/NSI is
only slightly higher than that of Tasmanian sites. As hypothesized, terrestrial vegetation
density is reflected in isotopic values of lake sediments. Finally we model the
vegetation fraction against average daily precipitation to see whether shifts in biomass
are correlated with hydrological changes within catchments (Fig. 12). As expected,

MDB/NSI sites show significant positive correlation between precipitation and
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vegetation density, while Tasmanian sites show very little correlation. This allows us to
propose that while vegetation density has a significant effect on organic carbon flux,
changes in hydrology appear to have a significant impact on isotopic signatures in semi-
arid, moisture deprived regions with low vegetation abundance, while being less

significant in more stable, densely vegetated areas.
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Figure 12: Plot of vegetation fraction (%) against average precipitation values (mm per day) for
(a) all sites, (b) NSI and MDB sites and (c) Tasmania sites. Trend line, r2 and linear regression
equations are provided.

The effect of precipitation on the OM concentration in sediments appears to be only
significant in regions of low vegetation density (MDB, and to an extent NSI). We
attribute this to the fact that Tasmania has high average precipitation throughout the
year, thus the vegetation fraction is a lot more stable and any shifts in precipitation rates
will not be sufficient to have a significant offset on the deposition of terrestrial organic
carbon. The MDB and NSI regions on the other hand, show strong correlation between
increase in precipitation and increase in organic carbon concentration in the sediment,
as well as a strong positive correlation between precipitation and C/N ratio, which
would indicate that increased precipitation correlates with increased terrestrial organic
carbon flux into the sediment. These results are consistent with observation made by

Poulter et al. (2014).
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Limitations, uncertainties and future research

Given the scope and timeframe of the project, there are an number of uncertainties that
we were unable to rectify, which could have had a significant impact on our results and
conclusions. One of major uncertainties is the method by which we correlated
geochemical sediment data with our GIS measurements. As we are dealing with a large
number of sites spanning across a spectrum environments, it is likely that sedimentation
rates are quite varied for different sites and would therefore correlate differently with
our GIS measurements. Without available radiometric dates, we had to resort to an
approximate estimation on which range of data would give us most accurate correlation
possible, based on its representation of the mean values. Another uncertainty concerns
the resolution of GIS data, particularly regarding BIOS2 model system. As most of our
sites and their associated catchments were small (approximately 6 — 7 km?), low
resolution spatial information can provide only a rough estimate of the average value.
To improve the accuracy of the data, any future research should aim to utilize highest
resolution spatial information possible, looking into independent remote sensing studies

done for each area of interest.

In this study we investigated the effects of precipitation shifts on changes in average
vegetation cover as well as correlations with shifts in isotopic signatures of the
sediments. We however did not take into account the effects of precipitation on
weathering and erosion of sediments, and subsequently how that effects the deposition
of organic carbon into lakes. Additional research could utilize grain size analysis to

constrain the effects of hydrological shifts on sediment weathering and quantify how
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this impacts organic carbon flux into lake sediments.

It might be possible to increase the accuracy of the model through multivariate
regression analysis, incorporating multiple variables. While linear regression gives us
an indication on how environmental parameters may correlate with shifts in isotope
data, it does not account for nonlinear data (eg. Vegetation fraction plotted against TOC
in Fig. 11). Multivariate regression analysis could allow for incorporation of multiple
variables (such as vegetation fraction, precipitation, weathering and erosion rates) to

explain shifts in organic carbon flux of lake sediments.

CONCLUSIONS

The organic matter accumulated in lake sediments can be used as an indicator of shifts
in surrounding vegetation as well as changes in regional hydrology. We used multiple
geochemical tracers, combined with remote sensing measurements to investigate the
effects of changes in vegetation density and precipitation on organic carbon flux into
lake sediments. We conclude that there is a significant positive correlation between
regional vegetation fraction and organic carbon concentration in lake sediments. We
attribute this to increased terrestrial carbon flux due to increase in biomass, which
subsequently increases the flux of organic carbon into sediment. There is also a strong
correlation between vegetation fraction and C/N values, indicating that with increase in
terrestrial biomass, we can observe an increase in terrestrial-derived organic carbon
being deposited into sediments.

Precipitation variation seems to only impact the concentrations of terrestrial organic
carbon in semi-arid regions of the MDB, while having very poor correlation with

vegetated regions of Tasmania. This is likely due to extreme sensitivity of the dry
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region to hydrological changes which could easily result in rapid loss or gain of
vegetation, while the organic carbon burial in denser vegetated regions with higher
rainfall, is less susceptible to hydrological variation. These models could be used as
supplement to pollen based vegetation studies, however a more robust model could be
developed to multivariate regression analysis, incorporating other variables not

measured in this study.
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GWL 4s( -m375 o 155 o1 5.6 03 045 0 | -z=E 148 040 607 035 045 00
L 5| -=02 ot i) o1 £72 037 06t o | -m=a3s 18 040 482 06 o 00
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Aodified Mot Acidified

SIME Sample depth [om) di3C =d 4158 =d TOC =d TH =d 4130 =d J415H =d TOC =d TH =d 51 =2 = H ol
GWT 05 -Z75B 011 137 Lk 1188 0ss 057 0326 prrk e 1.00 040 1238 o 47 oo THl 4512 472 37650 ;3
GWT 1) -Zis2 o1l 129 01z 1215 07 055 0.25 -ZB.02 ooe 0.56 040 1231 074 D4R o2 895 3598 3.12 3079 4214
GWT 15 -Z757 LrR Laz 01z 1158 Ll 055 0.25 -7 8l L# L] 111 040 1185 Q& 045 ooz &5l F.53 43235 32417 3671
GWT 2| -Z1B2 011 18 012 1687 053 04 038 -I78E e 126 040 1885 o7 e LiLi s 1252 EE 732 48073 4338
GWT 5| -ZiBB 011 19 o1z 1785 058 0ES 038 -8 LFLe ) 13 040 1286 112 074 0o 1230 7633 £.13 42757 3433
GWT 3| -ZiBB LrR 18 01z 15823 0B 075 034 -2B.08 rlv:] 122 040 1508 ioe Lri ) o 1255 TR 744 45319 45.53
GWT 35 -Z7B3 011 g 012 1680 os2 078 035 -7 58 e 1727 040 lgoe 108 o0 o o7 708 Eo7 45875 k13
GWT 4| -ZIBE 011 158 Lk 1728 055 0D 036 -2B00 e 118 040 1882 107 s o
GWT 43 -Zi74 LrR 118 01z 171 L= 0D 036 -Z1.5 rlv:] 130 040 1834 106 s o
GWT 3| -Z1B3 LrR 15 01z 17.53 056 0.E4 038 -Z7 8 L# L] 11 040 1878 10w o073 o
ROL 3| -Z185 ouoe OB 03 15354 7 0E4 0.11 -2B.04 ooe 0.50 040 1802 16 OB o
ROL 1
ROL 5| -Z1E1 ouoe OEE 034 1718 108 074 0.10 -I7.5 e 12 040 1728 0so 0D o
ROL 2
ROL 3| -Z165 ouoe 110 03z 1545 115 078 0.10 -Z71.36 rlv:] 130 040 1535 0Be Lri ) o
ROL 3
ROL 15| -Z163 L] LFlry 036 1632 13 g8 0.0 -7.58 LFLe ) 1325 040 1857 054 073 0o
ROL 4| -Z760 ouoe 108 033 1877 108 071 0.10 -28.14 rlv:] o7e 040 1734 i0e OBEE o
ROL 43 e os7 LY 1867 105 o o.0e -2B.18 L+ L] 178 040 17.24 03 o0 o

5
WEL 05
WEL 1
WEL 15
WEL F
WEL 25
WEL 3
WEL 35
WEL 4| -Z744 e oz 053 115 073 04z oo -Z7.21 o 084 [len) 1172 QB0 0Es ouor 21z 1582 7.6 14355 g6.21
WEL 45
WEL 3| -Z305 ouoe 036 031 995 &3 045 006 -Z7.10 03 o7e [ler) 1038 Lrier] os6 0uoe 281 1682 E& 152453 =l
TAL 05 -2815 ouoe 177 058 031 s 040 0105 -28.00 s 2.80 [len) 1299 O.BE s 0uoe E25 3365 4.47 3ELAE 4502
TAL 1
TaL 3| -2B22 ouoe 134 0,33 1065 07 044 006 -28.15 03 238 [ler) 1081 073 035 0uoe
TAL 2| -281% ouoe 130 051 1032 05 044 0.0e -28.08 s 253 [len) 1055 o7 055 0uoe
TAL 5| -2815 ooe 114 s 1042 0ss 043 006 -2B14 i3 267 [#ler) 1052 075 054 0oe
TaL 3
TAL 35 -2B2B e i 051 102 0.e3 045 0.0e -2B.14 o 245 [len) 1041 071 053 ouoe
TAL 4
TaL 43 -ZEZB ouoe 122 035 1145 L 047 0oe -2B.26 03 2.3 [len) 1220 0.3 s 0uoe
TAL 5| -281% e 137 054 1085 0.8 o047 0.0e -2B.15 o 253 [len) 1186 0Bl el ouor =1 4057 508 F7408 4554
T [P
50T 1
50T 5
3aT 2
50T 3
50T 3
S0T 35 -7e i3 140 [#ler) 2563 174 112 012 0BT &4 1321
50T 4 -Z1.78 03 195 [len) 2511 17 108 o1z 284 873 B
30T 43 15 [len) 1375 121 114 013 B 3673 1143
S0T 5 -5 i3 156 [#ler) 2746 187 11R 013 1203 e 1324




APPENDIX B: RAW PRECIPITATION DATA
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JAN FEE MAR APR MY JUN JUL AUG SEP ocT NOV DEC Aversge(Yesr)  Aversge[Summer}  Swersge [Winter)
Swellcw Lagoon 2000| QOBEET 0004338 D005 0OODME7 Q003232 0ODWE 0001083 OO0L132 0000063 000571 0003637 O/0735 0.002836 0.0057 60 0.003514
2001| 0002136 QODSFES OOOMEEL OOOCSPD 0001532 0001313 Q002006 0000584 O000ESD 0002603 O007ALT  OU0DA0EE 0.003340 0.0053%2 0.001304
2002| QODLELE 0002386 OOOMESS OODMSSY 0004157 OO0ESE0 000042 0OOMSS4 0000613 0002906 0.003363 OU0DS4E7 0.003133 0.005331 0.002538
2003| Q00045 O0OUZSI1 OO07218 0ODGZOF Q008845 00510 Q00171 OOCRLES 0000553 0002442 000243 OU003M4E 0.004372 0.005538 0.002548
2004| Q006213 OQODEZSS 0005832 0ODMII0 OO000S1E 000100 OQ.O0DMSE 0DO0DE4Z 0001157 0002542 0005890 OUIDSLET 0.003586 0006885 0.000710
2005| QO0Z006 0002343 0001767 OOOSEE0 QO00ES74 0011520 Q002838 0000728 00003 000SERE 0005333 OUOOTHE 0.004450 0.003356 0.005063
2006| 0O0SCS! 000538 OO0BEE4 000957 Q0077 00010 0003132 0OO0RELS 0004533 O0000H6 0002400 OU0Z784 0.004223 0.0057 48 0.004087
2007| 0OC2ST OODE0ST O.O02ELD OOOIET7 OODZ713 OOOESS0 O.0DOMI0 OOCS4E7 0003350 0004818 0004133 0.003542 0.005720 0008332 0.004082
2008| OOCESE! OODBEX O.ODIS10 0005023 0003423 OO04527 OODSLL0 OO0D4EE OOOZETT 0002245 0012577  OU0D37EL 0005004 0.007028 0.003702
2000| OOES4? 0O0772S OO0SE06 0015213 OOL1250 OOOF343 O.0D0S3S 0000513 OOOOBED O00ISP6 0001230 O0U003335 0004844 0005088 0.002732
2010| 0OCPOE! OODSE0D O.OL0MI3 OOMMBET 0004457 OO0M400 0003381 OO0SS13 00053 0013400 0003080 OUO1BESS 0008503 0.010105 0.002858
2011| 0OIL0SS OODSSE4 OOD7S4E OOICLES 0003854 OO0I247 0001237 OOCS206 OO00SS0 0005323 0000510 OU0DE2SS 0.004728 0007618 0.001817
2012| 0OI1406 OODBOTZ OO07S32 OOOFTES 0002645 OOO7SZ7 0003626 0OO0DDIE 0001003 0001406 0003723  0.001528 0005555 0010838 0003723
2013| QO0ETES 0.0L7336 0005518 0010520 QOOZE6E O.O0DE0E7 Q.0DSESS 0O00DIS 0000813 0000835 0005060 OU0D1065 0.005453 0.008055 0.004153
Blue Lake 2000| QOB 0004372 OO01EF4 0ODMIT7 0Q00ZME 00046 0000855 0OO0LORE 0000050 0002528 000370 OU02674 0002626 0.008473 0.002148
2001| 000955 OQO0EFES OOOM7E4 000650 Q00774 000257 Q001803 0O00S06 0000803 0002238 000673  OUD37E4 0.003104 0.004521 0.001222
2002| 0ODI361 0ODZFEL ODODMEE OODMSES 0004118 OO0E410 O0O0DOMS OOMMESZ 0000610 0002213 0002887 0005123 0.002840 000808 0.002352
2003| 0O0OSSO OOL2071 OODETT4 OODSEST OODSS2E OO0E147 O0O0DIST4 OOCROSd OOOOSS0 0002358 0001780 0.003320 0.004150 0005350 0.002405
2004| QO0SEIS 0O0ES34 0005626 000543 000M80 OO00SE7 Q000426 0O00SE0 0001157 0002387 0005887  0U0073S2 0.003416 0.006500 0.000634
2005| 0O0LSSZ 000225 OOD1SE6S OOOSSE7 QODESLS O0OLTFF 0003055 OO0DEEE 000MM07 000SI26 0004817  OU0DEBSL 0.004202 0.005678 0.005153
2006| QO0EZ3S 0005046 OO0EZS? 000910 0002642 OO0SSET Q002823 OOOE706 0004577 0Q00M6 000273 0/002584 0.003853 0.005288 0.003572
2007| 0ODLS61 0005343 OO0ZEEL 0O0E3E 0002452 O.O0SEL7 QO0DES7 0OO0SC2 0003180 0004652 00033  OU003FT 0.003458 0.00E7Z7 0.003748
2008| QO0E1S2 Q007855 O00I752 0OMMSTS 0003180 00MM257 0005842 0000435 000Z30 0002087 001730 O/0D3E35 0.004710 0008607 0.003511
2000| 0OE342 0007236 0005748 0013020 OOL0E28 O0O06FL7 OQ.O00ME7 0000280 OO0O0E30 0001684 0001183  0U003645 0.004368 0004741 0.002488
2010| OOCRCIE 0O0SS OO0DSSS0 OODMA00 0004455 OODI273 0003213 OOCSS06 000287 0012903 0002743 OUOLE0L0 0005135 0008752 n.002684
2011| 0OCSSI0 0O0S032 O.O07228 OODSEL0 OOD3E1E OO0I147 0001265 OOCSI06 OO00ST3 OO0SM4E 0000510  OU0DEDLS 0004447 0.00e8s2 nooiEEs
2012| 0O1SEI3 OOD7E4E O.O07I42 OOOF723 0002361 OOOFIE0 0003323 OO0DDIS 000053 0001228 0003177  OUOD1ESE 00051855 0008843 0.003500
2013| OOCEIS? OOUSEES OODSSO0 OO0SEIT OODZE10 OOOSESD OODSME 0O0DDIS OOOCESS OOD0E74 0004533 0000880 0005067 0008276 0003571
18 Mile Swamp 2000| OOCE3T4 0O043T2 O.ODIET4 OODMITT OODZME OODM4ER 0.ODOSSS OO0LORS 000000 0002328 0003270 OU002674 0002628 0.008473 0002148
2001| 0OOLSSS OODETES OO0M7E4 O.OOIES0 OODLF74 OO0I257 000105 OO0DSDE 0000803 0002238 000673 OU0D37E4 0003104 0004871 0001222
2002| QOOU361 0O0ZF6L OOOMEEL OODM3ES 0004118 0002410 00005 0OOMMESZ 0000610 0002213 0002887 OU005L23 0.002840 0.005082 0.0023862
2003| 000080 0O0L2071 OODS74 OODSEET 00086 001 000174 0OR0SM 0000560 0002558 0001780 0.0033%0 0.004150 0.005350 0.002405
2004| QO0SEIS 0O0ES34 0005626 000543 000M80 OO00SE7 Q000426 0O00SE0 0001157 0002387 0005887  0U0073S2 0.003416 0.006500 0.000634
2005| 0O0LSSZ 000225 OOD1SE6S OOOSSE7 QODESLS O0OLTFF 0003055 OO0DEEE 000MM07 000SI26 0004817  OU0DEBSL 0.004202 0.005678 0.005153
2006| QO0EZ3S 0005046 OO0EZS? 000910 0002642 OO0SSET Q002823 OOOE706 0004577 0Q00M6 000273 0/002584 0.003853 0.005288 0.003572
2007| 0ODLS61 0005343 OO0ZEEL 0O0E3E 0002452 O.O0SEL7 QO0DES7 0OO0SC2 0003180 0004652 00033  OU003FT 0.003458 0.00E7Z7 0.003748
2008| OOCES: OOD7ESS 0001752 OOOMETS OOD3IS0 0004257 0005842 0O00435 0002730 0002087 0011730 OU0D3ESS 0.004710 0008807 0003511
2000| OOCE34? 0007236 OO0S748 0013020 OOL0228 OO0E7I7 OODOMET 0O00280 OOOOESD 0001684 0001183 0.003845 0004358 0004741 0.002438
2010| OOCRCIE 0O0SS OO0DSSS0 OODMA00 0004455 OODI273 0003213 OOCSS06 000287 0012903 0002743 OUOLE0L0 0005135 0008752 n.002684
2011| 0OCSSI0 0O0S032 O.O07228 OODSEL0 OOD3E1E OO0I147 0001265 OOCSI06 OO00ST3 OO0SM4E 0000510  OU0DEDLS 0004447 0.00e8s2 nooiEEs
2012| 0O1SEI3 OOD7E4E O.O07I42 OOOF723 0002361 OOOFIE0 0003323 OO0DDIS 000053 0001228 0003177  OUOD1ESE 00051855 0008843 0.003500
2013| OOCEIS? OOUSEES OODSSO0 OO0SEIT OODZE10 OOOSESD OODSME 0O0DDIS OOOCESS OOD0E74 0004533 0000880 0005067 0008276 0003571
Pungbougal Legoon 2000| QODLZ32 0O0ZS00 O.O03528 0OO06S3 Q001006 0000623 Q000632 000047 0000110 OQ00IS71 Q004700 OU00145 0.001483 0.001582 0.000575
2001| QODLEIS QO0FFFS OO0Z165 0OOD0E4 OO00I0SE OO00BES 0002742 000028 0000533 0001352 OU0Z73  OUDLISS 0.001585 0.002241 0.001285
2002| QO0OSE 0001364 OO0ZEZS 0000073 Q00038 0000437 Q00452 0OO0LS3® 0000523 OQOCS4E 0001083  0U002542 0000803 0001503 0.000806
2003| 000071 000248 0002055 OOOE30 OO000OLE O0.000SZ3 Q001323 0O00ST7 0000013 0002352 O.000ES0  OU0D3687 0001436 0.002121 0.000841
2004| QOM7AE 0001507 O00MOF7 000333 0O000SS0 0000170 00087 0O000SZS 0002533 OQ00KLS 0003280 OU00374S 0.00201% 0.008433 0.000387
2005| OOOOBCE 000054 OOD0B4S 0000027 OODLZSS OO0SEZ7 O0ODOC3S OO002E7 OOOCEST 000113 0004483 0002177 00015852 0.001072 0.002116
2006| 0O0P3SE OO0SL1E OOD0ES2 OOOOVED OODDISE OOO0SE0 0001725 0O00113 OOOOFED 0000084 0001083 0U0D0M32 0000803 0001968 0.000841
2007| OOCOSCE 0001386 O.O01128 OO0WOSD 0000571 OO0I730 0.0DOCRS OOCLOME OO000BD 000138 0002287 OU0D2E5E 0001213 0001548 0000838
2008| 0OOLEST OO0MO0F O.ODOO0S OOO0S27 OODDCET OO0I130 0001265 0000267 0002523 OO0OGSET 0004127  OU0D2468 0.001510 0000724 0.000857
2000| OOCPOMS OODME4E OODOMS OOO0617 0002400 OOO0BST O0.0D0S42 OO0DDES 000747 0000242 0000400 OU0D2381 0001258 0.008024 0.000435
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1aN FEB MAR APR MY LN L AL SEP ocT NOV DEC Aversge [fear)  Aversge[Summer]  fwersge [Winter])
Wi hy nt Bils bang 2000| 0DCL777 00058 00038 0.000SES 0001152 OOC0S00 CUDSL0 Q000368 0000087 Q0012 0004713 /00726 C.001E03 0.0017 65 0.000826
2001| QDOLEXS (UO029EE Q00271 QUOO0ZE0 Q001226 Q00110 CUO0285E QOO0ZSE Q00073 Q001026 000303 OUO01113 CUOD1S51 0001570 0.001440
2002| ODODSSE 0001435 OOD1EM QOOMES 0000113 OOOS1S 0OD0ZE1 Q001451 OOOGBEY 0000474 DOD0S2T  OUO0ZIES 0.000856 0.001420 .0007s2
2003| 0ODO02S 0001514 Q001574 QOCISP0 O.0000MS 000M7S CUD114B Q000735 0000000 O.001SE7 0.0DDSA0  O.00ZES2 CUOD1165 0,001538 0.001225
2004| QDOIELS 0001034 Q005342 QO0IEZ3 Q00047 0000233 QUD0M51 QO0DS0E O.001E8S OOOOPEL DODMBD  OU00MESE CUOD21E4 000437 0.000432
2005 00ODSE QO00EZL Q0005 QOODDTY Q001518 OOEVS 0000187 QO00MS OO00ESD Q00135 DQDZEFT 00027 0.001286 0001343 0.001402
006| 0001813 OO044HE Q001118 000 OO0006E 000073 000085 0000152 0001047 O000M35 D0DL430 00077 oup1111 0002235 0.000707
07| 0DCDSE OUO0PTS OO0 0O00ES0 OO0M4E 0000577 000006 Q0003 00000i7 0001323 000283 0003837 oDt 0001884 0.00065
2008| QDM3GE 00034 0000003 COCZED Q0006 0O0IES QMDY 0000142 0067 0000542 0QDZ730 OU001884 CUOD1S1E 0.,002564 Q001221
2009| 0DOR0SL 0005421 QO00UE QOOVE (00258 (0054 (00529 Q000052 OO00E33 Q00010 ODODOME7 0003023 CUODIETS 0L00E502 00000
10| 0DO176 0002464 Q004777 0OC0DED QO00PD0 OOOBSS 0002150 Q0013 000263 0001823 0003340 000277 ouoD1E1 1 0001872 0.001302
2011| QDOLESS C.OOPES Q00086 Q0011 Q000726 OOOBE QU001 Q00100 0002160 O00I4E 0005257  OU00SS61 CU0D1845 0.00E8 Q00067
2002| QDERET 000314 Q001184 QOCES0 Q00171 0000843 CUDISLE Q00061 00000 000052 0.000S30  O.00GBES uOD1245 000618 0000873
003| 0DOEID 0001450 OO04SE QOC0Z40 Q.000EE4 0O00SI0 CUD0SEL Q000N 0000627 Q00038 0002043 OUODGEE4 CUOD1365 0002215 0.000548
Booberd legoon 000| ODC1RID 000257 Q003728 000820 0001145 OOO0SE OODOS3S OO004IS OC000R3 0001838 DODAT77  OODORLE D.0D13ER 000174 0.000447
2001| QDOLES 00T Q00236 000508 0001216 000077 CU02E6 QO000Z77 000073 OO00SEE 0003483 0001097 uOD1562 0001817 0.001353
2002| QODODESE CUO0L246 Q00106 QUOOBSE 0000113 000450 (U001 0001542 O000EZ7 O00ESS 0000543 00211 CUODoES L 001341 0000754
003| 000D 000025 OO0IE3 OO0IEET QO000ES OODISE 0001155 Q000G 0000000 O00I610 DODDRR3 000251 0.001205 0001705 0001172
2004| 0DMTAE QU0 Q005000 0001540 0000425 OO000IS OODOME OO000SE OO0XED O000FD3 DODMST 0004484 o011 0.0E4E0 0.00EEL
2005| QDCDEEY C.0O0EQY Q000506 QUOCO030 Q.00151% 0004073 QUO0ZLE QO000ZIS 0000503 O.002087 000613 0.002452 CUOD1ZES 0.,001248 0.001486
2006| 0001952 0004150 OO00ME QOCBIT Q000077 OO00ESD QUD0ESO QO0DISL 000023 O.000I3S 0001440 0000452 CUODIOTO 0.002185 0.000847
2007| 0DODTA 0O00B0 OOD0ESZ QOODEI0 OO0EE1 0O00IOFD 0ODOMS QO000SS 00000L0 OO045E DODZA13 0003624 0001115 0001756 000671
08| 0DWIE 0O0FTE O0000S 0OCBME 000080 OO0DIES 0001545 Q000147 0002583 OO00GET 0002207 000173 0.001436 0.00555 0001127
2009| QDO1SIE C.0051E Q000152 QOCEX0 Q002510 OOO0PQ7 QUO0303 Q000061 O.0007L0 O.000IE7 0D.ODMS0  OU00ZEAL ouoD1E24 0,053 Q000857
2010| Q0OLI71 000335 OO04S10 QOO0 Q000705 OOOBE7 QU0Z213 Q0017 0003207 O00ISSE 0003223 OU002435 0u001263 0.00186L 0.00131%
011| 0DER2E COO0TL OO0ICS QOOR2S Q000745 OOOE0 (U00S6S Q001052 Q002150 Q001400 ODO0M7S7 00535 CUOD1ES4 L0020 0000683
32| ODETLE 000U 000055 0O00BTT Q00146 OOO0SE7 OODISI6 OO001SE OOMMO OOOO0BED DODOGA3  OODIUE 0.001773 0002575 0.000880
13| 0DOS2 0001543 Q004355 QOCRS0 Q0002 0O00EI0 QUD0SSS Q00035 0000620 Q000435 0D00ZL7  OU00040E ouoD1441 0002414 0.000543
Madntyre DownsBillk  2000| OO0IEEE 0007597 000380 ODO00S00 OOD14F OO0SE OODEFL OOODMI0 0000083 OCOIADS OOD4ESS  QUODOVLS 0.001587 0001555 0000456
2001| ODCLE4E 0003234 Q00240 0OC0S73 Q001210 0O00SE QUDZ732 QO00S O0.000S0 0001023 0003333 00013 CUODITE 0.002010 0.001320
002| QOODGES OU013E OO0Z2% QOB 0000137 00073 OODOZET QO0ITL OO00F23 0000403 DODOES3 0002047 D.OD0ET R 0.001378 0000777
003| Q0002 C.0021E OO0I7S QOIS0 Q000026 0001470 QUDI261 Q000671 0000003 O.0018E7 0.0DOSR3  0.003000 CUOD12E3 0.001782 0.001134
2004| 0DOEIS (U062 Q004828 Q0057 0000455 OO000LS7 CU0MES QO0DSE 000203 OO00PES 0004000 0U004381 CUOD2110 000521 Q.000ESS
2005| OOODEEL O0.U006IS OODDES? 0OOD030 0001374 OODMETD 000052 QO00Z2S 000077 0002018 DOD30RT 0007332 0.001366 0.001206 Q001717
2006| 0D02E 000380 OOD0EEL QOCPEY Q000065 OOOCEED QUDIZ10 QO00ISE O.000E4D 0000035 0.0DI433  OU00G4SS CuOD10EL 0.00220 0.000748
2007| QDODELT CUO00FE OO0ES2 QOO 0000452 00020 CU00MIS Q0013 0000027 OQO0LSS0 000287  OU0354E8 CUODLLED 0L0017ES Q00074E
2008| QDO226E 0003855 Q00006 Q0CSE0 Q000205 0000520 CUDL455 0000142 0002437 OO00SSE 0005140 OU0202E CUOD1500 0002716 0.001042
2009 00015 QU054 OODOA 0O0EID Q002405 000077 OODOBIS OO00SS OO000FED OO00EZ3 DODOM3T  OODZVAE 0001316 0.0E256 0.00GEET
2010| 0OC1281 0002204 Q00426 COCDDE O.000ELS 0000367 CUD236E 000141 0003553 0001803 DODS0RT  OU002SE4 0u001857 0.002023 0.001402
011| 0DEIE 0000834 Q001300 QOCLME Q000784 OOOME7 QUD0SSS Q001084 000270 Q001513 000467  OU00TEL CuoD18e3 0.002888 Q.000742
2002| QDMEIS (002524 Q00228 QUOODSE Q00165 0000573 (UODIS06 Q00052 OO0ESS QO0EIS 000733 0001500 CuODIE34 CUOO2E4E QO00ETD
3| ODETEL 0001614 OOD4ME 0O00BIT 000005 0O00R4S OOD0G4E 0000128 0000627 0000450 DODZIRD  OODOMLS 0.001459 0002558 0.000540
Bizhop Swamp 2000| QDE35E C00LE76 Q00738 QOONET Q001610 0000S73 QUOL71 QOC0EEY OCO0F30 Q003084 DODSIT  0/003284 0u003340 0.002E43 Q00076
2001| 0DEEE (00 O0IFE2 Q00260 0005552 OO00RE 0003 Q00006 O000SS7 Q001057 0004500 0001897 CUDDACES 0004831 0000484
2002| 0DE3E OO0ES 000487 000710 Q001510 OODOE 0OD0EZ Q001745 OO0EED OO0IZE4 DO0HM03 0003655 0.007380 0.003087 0000855
2003| 0001320 0008804 OO0424E QOGLE 000334 0001460 0003 QO000SS 0000150 Q003661 0004547 0005332 ouops2132 0.005488 0.000804
2004| QD7D CUOOEDTE OQ.O0EE74 Q001823 Q00065 OOO0SED QUODL439 Q00035 0001507 Q011574 OODIEST  OUOD4E2S CuODS757 0.006L70 0.000585
2005| QODOEEXS 0003243 Q0023 QOOES 000235 000973 QUD0EST 000033 0003547 Q00456 0QDSHTT 000221 CUO03316 0.009057 0.002020
2006| QODO7OSS (UO03435 Q00406 QUOOZZ40 0000103 O00IE43 QUO02165 OOGEAL 0003450 Q002700 OUOSA07 0002323 CUD03200 000271 0002426
07| 0DEA0 000863 OO04BME 0OMZED O000SME 0O0F2SD OOD0ZEL QOOVAIE 0001563 OO0335E DODE3AT  O.O0SEDD 0.00388S 000554 0.003782
2008| QDCETIS 0.0 QOOOTID QOIS Q001003 OO006R0E QUO11SS QO0OTS 0005340 0003503 OODS2E3 0005103 0U004508 0.007073 0.002852
2009| 0DWR3E 001443 QO0SEIS QOI613 QOL31SE (00270 QUOD11S2 Q000323 QO0E40 OQUOSSS0 000520 OU0E/EE CUODEDT L 0L00BE6E Q001515




Olly Tsimosh
Linear regression analysis of Australian lacustrine sediments

JAN FEE MAR APR MY JUN JUL AUG SEP ocT NOV DEC Aversge([Yesr)  Aversge[Summer)  fversge [Winter)
Lake Mars 2000| OODIDISE 0001472 O0D0MEL OODI117 Q001135 OO0L263 OO0CEGd Q001100 0001247 0002116 0002570  O.00CLE? 0001153 0000608 0001126
2001 0O0O7EL O00DOSEE O.OD0S3S O.00I3SS Q.000L4S OO0LO00 0001000 QOC0RS? 0000633 0000745 0000530 0.0002S2 0.000724 0000534 0000888
2002 0O0O4E 0001443 OQO00EIS O00BE 0000503 00077 Q00028 QOO0 0000577 OQ000ISS 0000560 0000113 0.000502 0000653 0ODMEE
2003| 0O00EDS O000DI0ER O.0D0000 0001283 C0D0SSE OO0LSET 00015 OOCIB4E O00DEES 0001000 0001580 0002126 0.001207 0.004270 0001720
2008 0O0O1B 00O0OZF Q000074 0000533 O000BS2 OO0ISED O.000PE4 OQOCDESL 0001430 0000222 000207 0002548 0.000827 0000815 0.001075
2005 OO0OEEL 0003320 O.OD00EL 0000233 C000452 OO0NL77 0000674 QOCLI70D 0001043 0002552 0001003 0000484 0.001182 0001428 0001584
2006 0O0OME 0000625 Q.OD0MS 0000817 OO0MRES 000347 0001135 000022 0000550 Q000003 O00MS0  O0001SE 0.000850 0000425 0.000803
2007| OOM0EEL 0000S32 O0D0EES OOOEMS 0001287 OO0ES 0001287 OOODISE OO0ODIES O00CE71 OO0DL113 0001561 0.000827 000060 0.0007ES
2008 0ODR0IS O0.000RE3 O.OO0S7L 0000243 Q.0006F7 OO00SA0 0001074 QOCOESS 0000517 000832 0002477 0001803 0.00082E 0.003EE 0.000850
2000 000003 0000083 QODOME 0000827 OCOGBO0 00072 O000S00 QOODSEE 0000S37 0000532 000240 0000871 0000738 0.000122 0001054
2010 0ODL0EL 0002164 0002120 0001008 0001574 OO00E70 0000810 QOCRITL 0001187 000377 0002377 0002477 D.001735 0004807 0001317
01| 0OECES 0003650 000261 0001130 OQCOOMZ6 00062 O000SG0 OO0ISE1 OOD0ETS 000CS24 OODIEES 0001003 0001384 000258 000105
2012| 0001352 0001921 OQ.O0S2ET O000M0S Q000343 OO0O7ES 0001577 QOCO7ZS 0000560 0001158 0000807  0.000861 D.O0106E 0.004211 0001051
2013 0000100 0001345 O.CO0ME 000000 Q000761 0000253 0001542 Q00087 0000857 0000500 0000600 0001406 D.oD0E13 0000851 ooDis
2 CarpBills bong 2000 0000142 0001221 000100 0001180 Q002061 OO0ISLT 0001528 QOOR7EF 0002120 0001820 O00ZEL0  0.000213 D.0D15E5 0000525 0001881
2001 OOIO74E 0002125 O0D0S74 OOI0EI0 CO00E23 OOCM4ED O00L28 Q001305 0001340 0002516 0000637  O.00CBEE 0001145 0001080 oooiEE2
2002 0000325 0002207 0001561 O.0O0PES Q000545 OO0M2S7 0000581 QOCIOFF 0001450 0000852 O00M33  0.000242 0.000805 0000825 0.00088S
2003| 0004 00D0EPR OODOEE OOMRSE? 0001355 OOIEET 0002287 OOMEE 0001053 O002M3 0001F7 0003858 0001577 0000737 ooz
2004 00033 0000052 OODOOFY OOO0SS CO01010 OO00R220 0001528 QO01187 000700 O00CISE 0001827 0002228 0001064 0.000BE7 0001578
2005 000135 000SEES 00002 0000273 Q0OCITL OO0REES 0001158 QOC2I3S 0001837 O00SISE O00XED  0.001387 0.001877 0002808 0002054
2006| 0OM0SET 00OBSS 0000571 000283 OCOMS1 000217 0001381 0000432 OO00OFST 0000000 0001013 0000087 0.00068S 0.00BED 0001010
2007| 0O00AE 0001272 000171 0001150 0001807 0000833 0002080 OOCOZE7 0000253 000028 0001583 0001774 0001113 0001152 0001103
2008| 0OMTS 000MMS3 OOD0BO0 000437 CCOOP06 OO0CGE0 OO0XPS OOODESZ OO0ODEDY 000300 000270 0001738 0001042 0001343 0001150
2000 0000123 00006l Q000400 000405 C.000I87 0000767 0001187 Q001187 0001410 0000857 0002183 0000400 0001054 0.000228 0001714
2010 0O00SSE 0002806 O.O030I6 O.0O0BES 0001334 OO0MILS 0001542 OOORES2 0001320 0003852 00020 0004148 0.002205 0002701 o.oDiss2
01| 0020 0COFETS 000177 000058 OCO0EP4 OO0ET OO01BEE Q001755 0001337 O000BSS 0002127 0001087 0.001883 0008751 0001500
2012| 0O0ISEL 000MEI0 O.ODMBEL O.000B33 C.0D0EEL 0000650 0001887 Q001210 0000510 0001287 O0DMS0 0000881 D.oD1EE3 0002451 0001282
2013 00000SY 0001014 O0D1E77 OOOBA0 0001523 0000363 0001845 OO01487 0001360 0000838 0O0DMMST 0001574 0001251 0000828 0001208
Deiry Bill bong 2000 0OIO1B1 0Q0MS0 QOIS OOMOE 0002326 OOMGDT 0001732 QOMRTA 00023 0001574 0002750 0000810 0001851 0000668 0002057
2001| 0000832 0002257 O.0O00EE 0000740 Q000523 OO0LS70 000219 Q001180 0001330 0002561 0000447 0000435 o.001138 0004175 0001260
2002 0000415 0002461 0001535 0000730 Q000552 OO0MER 000083 OQOCDSES 0001457 0000326 0000400 0000232 0.000803 00010323 0.000805
2003| 0000387 0001037 O0D006E OO0ISST O001219 OO0ISET 0002403 QOORERS 0001133 00061 00030 0003826 0001723 0004782 oo02442
2008 0000422 0ODODSE Q.ODO0EE O.0O0SST Q.000SSZ OO0PEED O000M5S2 Q001232 OO0IERS  O000IS?  000ISTE O.0025E7 0001132 0001018 0001748
2005 OOMES 0005487 0000837 000028 QOO0AT7 OO0B030 0001216 Q002313 OO00IA0S 0002287 000243 0001565 001838 0002854 0002188
2006 0O004SE 0000520 O.OO0MS 0001287 Q000348 OO0M2ES 000128 OQOCOS7L O.000GS0 0000000 0001073 0000028 D.000EED 0.000272 0001028
2007| 0OO4A 0001200 OODMMS 0000827 O00284 OO0EET 000510 QO0DZFF O000EZ3 0000506 OO00L260 000158 0001078 0001101 0001158
2008 0O0M7S? 000072 O.000B23 0000473 QOOOGT7 OOO0G70 0002061 QOOODRS? OO0ODEED O00CA06 OO00MED 0001874 0.001075 0001468 0001176
2005 OO0O1SE O0.00CL32 OQ.O00SI0 0001533 Q000087 0003030 0001161 OQOC1316 0001307 0000832 0002207 O.000HME 0.001062 0000252 ooDiEE
2010 0O0M2E4 0002743 0002855 0000827 Q001387 OO00S43 0001587 QOORSSE 0001537 0004377 000PM0 0003800 0002204 0002608 0001733
2011| 00024 0002323 O.0DISM 0000677 Q.000SR6 OOO0E4T 0001887 QOCI7ES O.001410 O000BSE 0002417  0.001387 D.002145 0004451 0001500
22| 0OM4ET 0004276 0004500 0000833 QCO06F7 OOO0G70 0002184 QO01187 O00DA70 0001326 OO0DOAPO  0.0002C7 0001588 0008253 000137
2013 0O0O105 O00DOSEL O.OD1SS5 0000820 0001532 OO007ES 0001577 QOO1435 0001523 0000232 O00MMS0 0001720 D.oD1285 0000851 D.002085
Lake Spicer 2000 0OMIE 0005248 000051 O00GIST OOI5458 OO0PEES 0008545 OOCEICE 0043007 0011345 000323 0007220 D.0077ES 0008821 0.007504
2001 0ORET 0002225 Q00BEE2 000S217 Q00306 OO0I35G0 000542 QOIST2E OQO0BSD 0011161 O0DBE33  O0067E1 0.007713 0008854 00L15EE
2002 OODREID O0.00S0EZ O.O0S76L 0002473 OO004E16 0018423 0015716 QOI0EIS O0UE30 OOLOFF7 0005727 0006823 0.008405 0008872 0014886
2003| 0O0SSEL 00DISEE O.ODS0R O0OES4S QO0E0LE 0013413 OOL211S Q015437 OOUEED Q007435 0003127 O.00SH4E D.008444 000232 oolzEE
2004 OO0SESS 0003257 0004480 OOOT0S Q013248 0020 0012835 QO0SS74 0011353 O00TIS1 OODBED  O0.005532 0008150 0008183 o014
2005 0O0EETA 0004SES O.ODMS4E 000230 0011535 OOMMESD 0012838 Q015184 0007440 0012084 O00E7SD  O.OLE0SS 0.008174 0.008205 0010828
2006| 0OESIE 0004721 O.00MZ2E 0014523 000MIT 0005633 Q00ES2S OQOCS3SE 001153 Q007252 0004540 0005352 007326 0.0MEEE 0007840
2007| 0OOPEES 0001454 O.00ESIS 000253 OO0L4547 OO0S7E0 0006884 OOI3620 O0U00M7 OOL374 0001330 0006250 D.0073ES 0.005470 0008124
2008 QODIESR O000S2Q7 Q.O0SST O00E077 QOO7E3S 0002030 O00SE3S OOCEES: 0012420 OQ00SESE OUOO7EE7  O.007B4E 0.007304 0005132 0.008207
2000 0O0GEM 0004700 Q007771 0007408 O011624 0005367 0016187 Q02257 0041523 0003200 0004807 0.008561 D.002R2E 0005752 0014713




Olly Tsimosh

Linear regression analysis of Australian lacustrine sediments

1an FEE MAR APR MaY JUN iy AUG SEP oCT NOV DEC Aversge[Yesr)  Aversge [Summer|  Swersge [Winter)
L=ke Dove 2000| 0DC2758 O0DSEid 000338 00065 0010777 DOO7Z6r 0009768 005432 0010633 OOLGBB4 0005270 OD.ODECLS 000851 0.004186 Q007481
2001| 0OC2E4S 0001332 QODELID O.00MI0 0003842 0000383 0003455 Q012056 OOOS70 0008400 O00S7S0  D.0D4E15 0005838 0.008031 0.008302
2002 oocEEs: 0ODPE35 CODZETT 0O00IS30 0003451 0014585 OOIS7T13 OO0S14E OO137E7 OO0ET3S 0005153 0003385 0007105 0.0E2EL Q01518
2003 0OC2ESE 0.0DOPOR QUODMREL Q.O0ERST C.00ES3S DOI054F 0011245 OOISET 0014883 0005432 0001400 D.0D3MS 0005243 0.002837 0.011823
2004 0010610 0003470 Q00T 0O00B270 O.O114E DO138E7 OOI0158 OOOB7EY Q00547 0005352 0QO07277  0.003257 0007105 0005785 Qo1
2005 0OCE3E 0003600 C.0DISER OO0SSES 007055 OOOSEOD OOI0ESZ OQOISEEd Q0071 OOL3600 007230 D.0DS3E1 0007418 0005428 .010045
2006| 0OC2ISE 0002825 QODISRT Q011617 C.007SE4 0O0S2YF 0007487 OQOOSECD Q002047 0005194 Q00133 000339 0005313 000741 QO0EITS
2007| 00CE242 00DI0BS Q004577 (O0IBS? 016258 0DODISS7 0005219 0011552 Q00240 000S824 0001207 0007403 000558 00METE QO0EETE
2008 0OCDSSE 00DSI7R QLODSLST OO0SSED 005835 DOOEOOF OUODEETT OOOSELS O0OL1580 0003052 OUO0E3E3  D.ODECVT 00085103 0.008270 0.007EET
2008 0O0C40EE 0003025 Q005832 Q.00EDS0 C.009504 DOOEDR0 OCI4587 Q020074 OQOI0E70 0003224 OQUO0M207  D.ODSTIS 0007651 0.008208 Q013584
2000( 0001058 0005332 0007371 OO00ES43 0006306 DODRIST OO07247 0010784 000517 0007755 OO0BM3  O.OL08E3 0007482 0005773 Q.008EA4
2011 00CEI%4 0005400 QODGECS 0004237 0004145 0011125 O0L10PL ODIDEET Q00853 000S00 0007207 00032 0007185 0.0058TE 010884
22| 00GBS2 0ODMEES QOOTEDD 0OOFFF Q007777 001470 0005716 0012003 OOL0H27 0004435 0003513 0005358 00DssED 0004124 QooerEs
3| ooo2ss: 0ODEIER QODESRR OOOMSI3 00055 0OMM3S3 OMM3SE0 002070 O00ESS3 OMMMiS 0007363 0.0DSTIS 0.00B230 00EEE Qo111
Lake Basin 2000| 000UCIE 0ODSEZE 0005333 000SSSE OO166E1 DODEZT0 OODESPS OOCM3EE OO12087 OQICE3S 0001573 O.ODBAET 0007614 0006044 QooTES
2001 00C2242 0002414 QOD7END 0005340 0.002235 0013833 O00S0L6 OOISORD OQO07EA0 000S7L3 OUOO7PST  D.ODET4E 0007216 0.008801 0.011203
2002| 00CB7E? 00DS3ZC (ODBI0 (O0MSL 0004203 0018017 OMI7052 OOI0EM 0015650 OQICEL0 0006200  0.0D7SET 0002EES 0007234 Qo157
2003 0OCEEO0 0002264 Q0DS0MD 0005740 005100 0012833 0012242 O0M4MI3 OOI7063 0007332 OU0S180 D.0DS074 0.008022 0.004372 e
2004 0OCEELS 0003055 QODMSTT OOOMSE0 043335 00204B0 O0IIME Q002035 OOL1E03 000SES7 OUOTELO  D.ODSTIT 0.002010 0008815 L E=E
2005( 0005745 000MTS Q00452 (005220 0011671 0DOMBSS 002839 0014526 0005243 OQIIME OO0BIS0 OOLERT 0.00BETD 000ETEE [ls Tater
2006( 00C3ES: 000501 Q0D43F 0043247 008426 000627 OO0BE3Z 0010252 Q040600 0007338 Q004777 D.ODSP06 0.007487 0.00BED 0008337
2007| 0OCB0SS 0001004 Q0010 OO000E C.O0L4216 000040 0007212 0013110 Q002617 OQL3687 0001217 0.0DESS2 0007512 000213 Q008123
2008( 00C171¢ 0005438 0005577 0006127 0008332 OODGER0 OODE3PS OOOBT3S OO11A83 O00S84S 0006573 ODUOOTHS 0007171 0004858 0008553
2008 0O0CEMS 00DMEIS QOODTTID 0007473 O.0L1B68 DODMS4E OOIEESE QOZIT6 O0OI0E03 0003657 OQOOANT  D.ODSIS0 0002125 0.008220 0014202
2010 ooc333= 00DISSS QODERSR 0O0SSE0 O.0068E4 DO0S0IT 0002087 OQOILESE OOL4127 O00SNO O0ODSE0E  D.ODESE 0.007884 0.004005 00281
21| 0005774 OODENOY Q005518 OO0STGR 006803 0014743 002387 OOOFIEL 0017333 0007787 0017587 0003632 0008372 0005138 0011434
2012| ooCEENM 0003424 QODBASL 0008007 O.0L151S D0I0M4F OQ0EISE OOI206L OOIZEL7 O00E0SS 0U00SBAT  D.ODELIS 0008523 0005848 Q010522
13| 0005781 00DZE3Z QOOTEM? (O00BER0 O.0D612S DODGL4S OMIO7F4 OOZiBSY Q011627 OMI3820 0005060 D.ODEESS 000062 0005620 Qo1ET?
L=ke Gwendahyn 2000( 0004471 00DSS3M CODMSE (OMSTE 0013450 DODELSS OMI0145 OOCS7E7 Q011827 0011861 0002733 D.ODEXD 00073EE 0005738 Qo07ETE
2001| 00C2SE? 00DITEL QODEZT4 O.O0E1EE C.003103 0012467 O000S3E 0014433 000837 OQLL74 OO0E2E3  D.O0PO0S 0007281 0.00E7ES 0.0L0735
2002 0OCEEE? 0004332 Q00434 QOODSTS CO.0041B4 DOIE5XF OOLS87 OO0S0I0 OOLSST OOLOIET 0UO0SA03  D.0DSASS 0.00BISE 0005485 0121
2003 0004210 0001650 CO07AE (005483 0005635 001143 OMI1200 0014M3 0017167 O00E/35 0002160 0005203 0007782 00EEEE Qo12ELS
2004 0010410 0003434 0003874 0O0ME30 O.0L4755 0017240 0011381 OO0DIST OO0EF33 O00S6E 007060  D.0D473S 0.00B2EE 0.006183 Q012505
2005 00CE3Z 00DS4TF QODI3EL OO0EIET C.008S2C DOOM3ES OOI0S06 QOI34T7 Q007507 0012055 QUO0DB0E0  D.0L3481 0008343 0.008021 fales=C0
2006| 000355 0005750 0003471 OO014F7 008474 OODMTE0 OO0EISS OOOPOR3 OOM0H30 0007274 0003740 D.0D4B5E 0005584 0004058 0008553
2007| 00077I3 00D1BS0 QODF000 Q000377 G.013477 00044 0006642 OOI2706 0002983 OOLI720 0001223 D.ODEST 0.007007 0008247 Q.O07EEE
2008( 0001320 OODEL4E Q005206 0005500 005216 DO0E0E? OM07EF7 OQOOBIS2 QOI2473 OQ0SZ26 QUODET70  D007I4E 0005656 0004825 0.008032
2008 0005742 000435 0007358 00085 O008SP6 OOOMOP0 02865 0071334 0011520 0004243 0005240 O0ODE3IS 0008513 0005481 0013808
2010 ooC20P® 00D3EES C.0DESSE O.0OFED C.00E203 DOOVECE O0DSM4S Q011528 O0OI2860 O00ENS 0007533 D.OOTEIS 0007271 0004514 Q.008582
11| oocE110 0SSN Q00T 000ESA0 O.O0SES 0012270 001332 OOCETSE QO0SS3 OO07ESE OOI0IE3  DODSTSE 0008005 0008547 QoLorER
2012 0OCMBSL 0003283 QODFEST O.OOTSES 0012335 DO0DESI0 OODS4S Q010523 007380 O00E152 OUO0M7E0  D.ODEETT 0007820 0.001244 QO0BSRE
23| 00GBEE 0ODEIS QOOTEEL 0O00ESSE 0006603 000440 OOI0ESS 0019732 OOM0657 OOISSSE 0007353 D.ODESSS 0.00BEES 0004582 QOLIETE
Godwin Tarn 2000( 00C2345 00DS1SF Q0DZP 0008250 C.0L00B1 DODMBS0 O0DE703 OOOMIET 000500 O0L0EZS OU01BS0 D.OD73S 0005727 0.004620 Q005250
2001| 00C1BS0 0OOFIIS QO02ISE 0OOIOPE O.00E8Z0 0DOMMSS 0001624 0010253 OQO04320 O0078E5 0005083 0005257 0004882 00MES no0ssEs
2002 0OCA0P3 0003311 0003545 0.00NO0 002610 0014500 0011381 OO0S45E OOL3ME7 O0080M3 000410 0004074 000578 000880 0.010613
2003 0002300 000100 QUOOELE 00083 0003230 00006XF 0002004 Q010710 OQOI5117 OQOSES 0001200 0.004010 0005061 0002430 Q00277
2004| oooEEEE 0ODSMZE 000333 000740 O.0M00M3 0014070 0002534 OOOPEE4 OO0SST0 0005438 0O0SR0 0003351 000E7ES 0008388 Qo10ue
2005 0O04Es 0ODME35 CL0DZ3R 0005053 0007342 DOC4ET OO0ET03 OO0S535 QO0S3ET O0L0MS 000503 D.OA0ET4 0005074 0006541 0007235
2006( 0OC2IE 000233 Q00D 0O0LFL7 C.007TIS0 003510 OODE4S Q005284 OQO0B4S3 OQOEVSE 0002523 0.0D336S 000578 0002841 .005013
2007| 00062 0001257 000543 OOOIE70 0010442 0002237 0004800 OOI0FB 0007660 OQICH40 0000710  O.0D4EET 0003487 0008220 0003847
2008 0OCDEPE 00DAZS? QUODSE00 O.O0MED 0004232 0OOVZI0 OODEELS OQOOSTRS OOLITID 0003638 0O0D4IEI  D.0DSHS 0005310 0008741 .00E7s2
2008 00CEEl® 0OD3I04 Q005833 000SDO7 000751 ODOMETES OODSSET 007735 OO0EM0 0003003 0003243 0.0DATT 00053086 0.004400 0010es
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Linear regression analysis of Australian lacustrine sediments

IAN FEE MAR APR MaY JUN Jirs AUG SEP oCT HOV DEC Aversge[Year)  Aversge|Summer]  Sversge [Winter])
L=ke Rolleston 2000| ODOJICE DOD5217 OOD52E 00420 0018123 ODOBIES OO0S56E 0OD0S220 0012347 0012484 0003117 Q007777 0.00EISE 0005233 0007780
2001 oooPss? 0002334 DODSIE OOCELSE 0004155 0013710 O00S74E 0015758 0007523 OOL1BSE OUOO7EST 000577 0007823 0008828 aoLime
2002 ooOBS4S OODSEPR O.ODEIST OQOCISTT 00000 0018120 OOLEE0S 0DO11235 001527 OOLISEL  OODETSI  0.00ETSZ 0002788 0.007025 o.ousTEs
2003 00049 0002ISL O00SESS OQOOTAET C.ODESES Q013447 0012532 OOISSSS QOL7747 OQOBS4E OQ03127 Q.00SES 0008837 000215 0.013280
2004 ODOEERY DOD3EIE OODMSEE D00GST QOGBS 0020023 0012865 OO0S7S O0LCS13 000723 OQOO7EFS 0005828 000sEs1 000560 0014318
2005| 000E7SE OODSEI1 OOD4SEE OOCEMSS 0013345 0O0SST 0013587 OODISEE 000SS0 0013335 0007843 0014881 000288 0.008ELT 0otid
2006( 0OCE4E0 0005350 O.00MS4S O.0IEL4T O.0LI7TSS OOCSTA0 O00ES32 OOI0IEL 000220 000732 0U004S03  0.005120 0007828 0.004743 0.008204
2007| 0OOPPEL O.ODISSL OOORME O.OONST O.0L7S03 OOGSETT 0007226 OOISESE 00047 OOQISHS 0001257 0.00SEET 000850 0005435 0.00B354
2008( 0O0ISSL 0.007IZ4 OODEX4S 000453 Q.00BSRE 00077 O00SSE1 0008235 OOLISED OO00SS2 QUOTESD 0007220 00078028 000628 n.opesaL
2008 0OOPOIE 0.00SE2C OO0BSST OOOPET Q014823 O.0CS323 OOLEPSS 0023265 OOLOT27 0004245 QUO0METO  O.00BIER 0009742 0.007008 0.015114
2000| 0oCAME 0003043 OODE3SE OOOSESE OO0TTSE OOCR4SE O00SIT4 OOI2EIE 0013833 0007852 0007300 00076 0008362 000541 0.0L0614
2011 OODEBIS 0007406 OODENIE O.O0EX4T O.00EIAS 0015457 O0L3510 OO0E323 OOLISS0 000510 0011513 0003320 0002083 0.005200 0.002443
2012| 0O0SS4E 0.ODMTSE OOL1157 OOCEES0 0043642 0010947 OOOKES OOISSTL O0L3M3 000SET 0005363 0007200 0002348 0.008062 0.000851
2003{ 0OCE2E0 OODE4IE OO0B4E0 O0.0CE3Z O.O0EIZS OOCEL4E O0L2065 004316 0011857 O0L7418 0O0DSIS3 0008184 0000085 0005634 0.0L475
Lake Vers 2000\ 0004777 0004317 00037 O0O04523 0043432 000027 OO0SEE1 OOOG4S! 0011650 0042155 0002530 0008184 0007153 000EEE 0008873
2001| oOOPS4E DODISEZ OODBMME O.OCEEST 0002813 0012047 O00SME OOISESE 0007 O0LO0M45 0O0T4SD  O.00SELE 0005834 0.0E614 0.010841
2002 OOCECSE O.ODM34T OO0MIT4 O.OCDSZ7 Q003200 O.OIESS0 OOLIXME OOOESEL OOLS4ED O0LO0DIS O0UO0SIS0 0005132 0.007862 0.00E180 0.0L2730
2003 0O00E7EE 0001500 000734 000050 O.00S626 O0L7L7 OOLNBS 0013771 OOLEEST O0OM0E 0001913 0005012 0007562 0.00E46L 012174
2004 0010458 0003550 0003754 QUOOMES0 C.0L11971 OOIEE33 0011213 OOCESSS QOCR0ED OQDSESE OODETOD  0.004342 0008020 0006160 o.012262
2005( 000S345 0005643 ODO031S7 O0OCESP0 O.00SED3 0004253 OOL06E5 ODIZE06 O0O0ARS 001222 0007510 0012827 0008086 00meE 0.00eTs
2006| 000A2ET 0003332 00030 O0L4I0E OO0EPDE OOC4SST 0007203 00063 OO08SS3 0O007S23 0003477 0004558 0005350 0057 n.oDEst
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APPENDIX B: RAW PLANT CARBON DATA
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1am FEE MAR APR MAY N i AUE SEF NOW DEC Aversge [fesr)  Aversge [Summer]  Aversge [Winter)
Whynot Billabong zoma| 143z 14727 14727 14551 14232 13775 13373 13042 13507 11352 12257 13324 13930 13357
01| 1EsET 15239 1338 13045 12337 12057 1741 12132 10 1:0.40 12351 a7 12201 11954
zo0z| 13180 11553 1zEs 103 50 10371 10134 B 2357 152 2213 zs541 10134 10531 5747
003  Eon zz43 221 zz7a a5 240 2478 =351 EEEE] E-EH s2s51 2710 3o EEH
004 0357 11158 11334 114 20 14m 11453 FELEE] 115 07 11708 13107 12745 1377 11435 11355
05| 1408 13339 13147 12535 1224 1135z 12475 13741 13237 133,40 13450 13134 13454 1285
zo08| 1zl 1323 13385 12831 11244 1z 112 35 11133 10724 10455 EELY-E) 12207 11458
z007| 10338 10424 0E0E 100 07 5758 =512 2472 EEEE ErEn EoEH] sz =553 10101 E
002| aMTz 12328 EELT-H] 13034 12240 11335 A4 107 50 11333 115,14 11475 1733 1421 11020
00| 1110 10355 0527 10137 EC-2) 5550 ELEIEE] 10423 10357 574 EFEH 0150 w43z 10020
e szsE ELEE wsEz 11713 113 10507 w04 102 27 112339 13358 14775 114 08 1205 10455
11| 4FEL 13321 103 122 34 11428 10555 0055 el EEE] 113.40 11355 11533 13335 10127
zo1z| 1m0 17239 12378 123 55 12357 12155 17117 12398 12231 12518 12157 11552 12338 11531 12231
z013| iz 11134 1z 113 35 11088 10771 ELTEL] 10z 38 10128 10034 100,35 EEE] 105 42 10721 10308
Boobersi Lagoon 00| 171 13432 19544 19331 w50 15235 FEEEE] 178 51 1Tez 16443 15148 =03 S
01| 1szEs 18023 1T 15850 FEF 17438 18240 183 72 15708 15728 17335 17070 15958
zo0z| 15330 15153 11322 135 07 11 14333 FEEEE 123 08 13045 12723 1475 14342 12305
003 1Al 12113 1302 115 31 1333 11355 12 12355 1319 13143 12807 12345 12350
zo0s| 1ia: 14234 13030 157 35 1748 13305 13442 133 34 13054 14355 13152 1457 134.2¢
05| 1881 18801 15451 133 35 13138 14335 14493 135 05 15557 15520 150 55 15530 14273
z005| 15277 15752 7L 173 24 15230 15028 1344 130 27 14308 14537 137 43 1373 SLLES]
007 1387 12320 1T 113 57 Wz 10354 =] A4 EEES ] 11477 =T
2002| 10040 11373 13555 13073 1274 11345 0783 10375 11388 13142 11330 10554
o0e| 12T 12450 EErL ) 117 25 1007 10324 10374 117 55 13108 13032 12195 10851
01|  08s1 10573 1z 117 57 1337 10415 5735 2533 10108 10745 115z Er=]
2011 1T 12455 12518 127 35 12215 11155 Wz 100 01 10023 10112 urm 10455
oz| oS 11355 13354 123 51 12557 17257 13023 122 4 17704 130 1143 12175
o3| 1eEs 13113 FECE] 14313 4405 FEEEH FEREE 133 30 15945 13251 13137 15220
Madntyre Dowas Bill: zo00| 14733 14352 14432 144 30 14115 12378 13125 12331 17238 11332 11130 13145 13485 13155
M| = 12223 12420 12153 17 11423 137z 115 37 13338 12773 1E0 13042 EEET-L) 11455
z00z| 11308 11032 035z 101 27 EREE] EERES 2810 A4 EEE Er EEY 271 0142 Iz
03| Tra 7533 TEI4 TEA TTEE TEER TREE T8 Er] 2240 E338 TEEE FaEL TrEE
00| EEoE ErES] 443 Rt w0sEs 10454 wEE0 110 32 11145 11352 11970 104 57 10004 w7z
00| s 12357 1528 121 41 11335 1110 11475 12511 13473 12217 12333 12432 12724 11233
zo0s| 11 12070 17741 120 50 11325 11021 10311 105 73 10812 10744 5207 11130 11277 10737
07| 57T ELES EFES] EEH 2547 ] 3143 TaE TETL 7257 374 2330 R 1
zoeE| =34 100128 11088 11173 0737 10237 204 10235 11344 12457 11848 10834 10270 10035
o0e| 1z 11195 0934 104 52 EEER STET =z S7ET 10371 10757 10155
201 smaE1 =511 10z24 108 52 w75z 10155 13198 108 71 10757 =07
01| 1313 17742 12147 11513 1035 10320 0733 11100 12155 101
zo1z| 11zas 11577 12025 12129 12047 11373 11734 1212 11358 12120
3| iz 11131 TS 114 33 1zm 11102 10031 0832 0207 1104
Sishop Swamp 2000 22315 45182 243 47 LN 43275 FEL-] 44137
200 22358 FLESE) LU= 4330 45277 FrEy-H 45231
200z 45155 E=EH 4g3 51 2gs3s 25034 L) aTREL 42004
003 25752 22273 22237 EEE] a70Es 47705 Er ] FEEE)
2004 aszz 2330 43312 23107 2232z arEss 2z103 22538
2005 45734 430 20358 2E72 2z321 035 23135 5732
2008 32135 sz3sE Es s sz3az TES 2050 133z 1801
2007 3EaEs 2802 274 szzsE 442 0038 1042 31551
200 ElEE 1730 2008 1223 30455 0331 ELEEE =05 74
2008 3p433 2377 533 0412 23731 45754 23504 FIER-L]
2010 31045 s1zaz 3149 1119 0052 4TTE4 48472 45734
2011 48811 25736 2g395 4E13E a7zos 43234 25334 4T455
201z 25251 2532z 45440 FLELTS e 4324 4317 FLEY. S
03 45478 25308 45342 25132 48307 ELETH] LIS 45125

10



Olly Tsimosh

Linear regression analysis of Australian lacustrine sediments

1am FES AR AFR MAY UK i AUE e ocT DEC Aversge [Wear]  Aversge [Summer)  Awersge [Winter
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LAN FEB MAR N0V DEC Aversge (Vear)  Aversge [Semmer)  Aversge [Winted
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Linear regression analysis of Australian lacustrine sediments

1am FEB MR AFR AUG SER oCT WOV Aversge [Vesd)  Aversge [Ssmmerd)  Aversge [Winted
Laie Roll 2ston zom| 27z PERED) 13334 125 21 152 28 18234 1530 170.70 17328 17258 18504
o0l 133 7S 20132 20525 202 20 12272 12120 13343 12317 133 15 138 25 12218
00| 20054 207287 21 12301 13274 18335 125.38 15720 200838 15272
zom3| zozsz 21025 12431 12187 12272 128.72 157 .68 20433 19125
04| s 0888 18423 18237 15228 15652 FEERH 12858 17227
z008( 1zzE 12530 172 22 13032 13134 13752 158 32 17223 150,03
2006 17884 128,07 153 20 1534 15778 7L 175 55 12200 155,13
2007| 15758 20913 153 .05 13053 15227 20302 0452 207.58 155.4
zo0E( zIoO4 24134 203 24 12200 12602 202.08 5.8 mEEL 21207
zo08| zmTar 13372 12518 12043 15278 204,34 402 i i 20400
| iz 12882 172 32 167.44 15543 17158 121 55 1082 1238
zo11| 1zE I 12182 185 17 18413 15572 175.10 173185 12358 17171
2mz| 128 20117 15930 16584 15734 17254 12377 15217 175.11
23| 13947 19723 17143 16297 152,03 17082 12354 12237 17843
Lake Vers 2000 12541 133 32 157 42 18514 157357 17741 13138
001 21218 21380 123 21 12333 15243 12333 0732
002 2zzm 22564 158 24 13575 15858 20404 21343
003 13123 23038 15721 194121 19437 20157 21320
2004 12T 1% 32 175 12 17530 17212 12407 15432
2005 21178 217 34 172.70 17557 17258 12303 135081
2006 21752 219 93 189 23 12270 15311 z00.22 21072
007 13540 24434 pELE- 21225 21231 223.17 23720
008 18272 28178 215 82 21277 21038 21533 263
008 14538 244 38 204 .44 20008 20331 21741 2582
00| zI9as 24835 24502 202 23 13247 15472 20208 21278
| 1950 22220 220 4 18991 1232 152.07 200.41 20959
x| zise 12871 2% 28 150 34 12772 12233 134,07 0408
I S fLH 221 57 125 32 12733 12570 130,57 135,07
Laike Tabune z2000| 13933 22302 225.04 157.73 135327 157,54 0755 2121 21270
zomi| zETaEs 24737 24842 23 37 22177 23481 PR 24073 235 52 4188
2002|2477 13822 282 23 22241 23038 FEEEN) 24511 245 23 3124
003 ( zE2.00 7132 - 24443 24178 24231 a8z 23520 8508
004 zTLsE 18113 27453 FELEH 23240 23438 1T 235 25 28817
2006| zE2.45 270 2 23475 23134 23277 24512 225 6071
2006 26035 28375 27038 23434 2:z8 23548 2558 2235 26237
007 zEEEE 17238 28222 245 82 24231 24042 252182 28284 8883
zo0E( Z7EAL 18510 223 30 23740 23025 22832 241327 237.00 28753
] LR 185138 23513 FLEH 21044 21357 23742 235 25 2304
00| 24750 23528 252 .08 20825 20128 20084 21748 Fre=F] 24031
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oz ol FEEEH 228 27 20251 zo0ss 2032 21832 21521 2813
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APPENDIX B: RAW VEGETATION FRACTION DATA

Olly Tsimosh

Linear regression analysis of Australian lacustrine sediments

Average [Year) Aversge [Summer) B erage [Winter) Average [fear) Average [Summer) Average [Winter)

Swz bow Legoon 2000 ) - NA ~ E3.00 Blue Lake 73.50 - NA 2025
2001 74.00 E1.00 SO0 73.50 B0.25 BB.30
A2 75,00 79,00 71,00 A0L00 75,00 F0U00
203 £5.00 77.00 87.00 75.25 7067 B7.00
Mg G700 5100 M 7325 7625 B33
205 EB.00 &4.00 B2.00 75.00 77.00 BD.25
2006 7200 70,00 B7.00 74.75 B0.25 o025
2007 73.00 70000 B2.00 .75 7825 BR.25
2008 74.00 77.00 BE.00 74.50 BE1.25 o1.50
Ay 7300 79,00 BE.00 73.00 BE2.75 D1 50
2010 73.00 75.00 BE.00 74.75 79.50 o1.50
i1 M B0UDD SO0 NA BE5.25 o1 .00
2012 7100 77.00 73.00 72.50 BE2.50 1733
13 7100 50,00 7700 72.50 58.50 TR0
18 Mile Swamp 200 Bd.33 N& 20.00 Pungbougsl Lagoon 3.1 N& 3.00
2001 B4.67 BE2.00 o033 13.00 2338 1175
202 80,67 B033 21,00 12,13 2.13 925
2003 83.00 7267 S0.50 23.75 18.00 3288
Fal i 83.00 70950 RR 50 2125 24.00 1225
2005 5E.00 7867 91.50 15,75 13.50 25.50
Fa | 85.50 E1.00 21 50 14.25 2450 1588
2007 83.00 B033 BB.50 15,38 275 24.25
2008 85.50 7833 2100 24.38 29.13 3075
2rg 83.00 B3.00 21.50 25.88 2038 15.63
2010 5E.00 B033 2100 40.25 1525 4263
i1 86,50 BEE.OD =E Wi i) 24.00 3513 2225
2012 75.00 E3.00 B0.00 27.25 33.63 3275
i3 =t 7233 7833 21.50 2225 17.13
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Linear regression analysis of Australian lacustrine sediments

Aversge (Yemr] Aversge [Summer) P erage [Winter) Bwersge [Year) Aversge (Summer ) Aversge (Winter)

Why not Billsbong 2000 EEES) - WA 3500 Ecoberai Lagoon 538 - WA — 2515
2001 52.00 51.00 42,00 38.54 3923 3752
2002 4150 53.50 44.00 23.31 33.15 2592
2003 3530 365,00 48.00 23.15 1531 3238
2004 3950 30,00 40.50 34.00 2EED 28952
2005 3530 43,00 44350 25.23 30,00 34.15
2DDE 30,00 3400 37.00 25.00 2638 32.23
2007 23.50 17.50 29,00 20.77 1131 2352
2D0E 35.50 4450 34.00 28 BS 45 45 3023
2005 29.00 30,50 40,00 25.77 2408 3631
2010 34.00 21.00 28.00 3.8 2148 3131
2011 35.30 SE.00 2150 32.45 42 BS 3065
20132 40,00 51.00 352,00 3838 5245 3662
2013 4150 30,00 4250 37.82 31.15 4208
Macinty re Downs Bill 200 4180 HA 4540 Bishop Swamp 21,00 HA 24,00
2001 4580 53.00 4280 B3.00 EE.00 S2.00
2002 22.40 4220 24.40 24.00 E5.00 S2.00
2003 23.80 540 43.80 24.00 72,00 2100
200 32.40 30,40 26.00 20.00 E7.00 25.00
2005 2880 37.60 3740 8800 B5.00 25.00
2DDE 26.20 43,00 24.40 B3.00 EE.O0 23.00
2007 10,80 7.ED 12.00 B3.00 B3.00 25,00
2D0E 27.20 32.40 28.00 21,00 HA 25,00
2005 2180 29,60 3460 5300 B5.00 97.00
2010 22.40 21.20 1820 20.00 EE.O0 24,00
2011 30,80 4780 20,60 21,00 21.00 25.00
2012 i1L&n 36,00 3180 H& RE.00 HA
2013 3480 26.80 37.20 71.00 71.00 HA
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Linear regression analysis of Australian lacustrine sediments

Bversge [Year) Aversge [Summer) B erage [Winter) Average [Year) Aversge [Summer ) Bversge [Winter)

Lake MWeira 200 RS MA 5038 2 \Cor e Bl by oingg 24.30 HA B0UDD
2001 47.530 4125 37.18 30.75 1550 70D
2002 4765 47 82 3344 34.25 100 3875
2003 3120 40.57 3B76 .00 223 BS.DD)
2004 46.77 3080 30.12 25.30 1325 7575
2005 3016 45,06 33.53 44,25 1B.00 6530
2006 44.38 4350 1536 28.75 1325 862.25
2007 4188 3131 5853 2B.25 025 HA
2B 3570 2021 33.79 31.00 1025 BE.DD
20r3 37.41 1088 3565 30.00 3.00 7700
2010 44.17 2821 59.B5 48.00 423 72.500
2011 4621 3BAZ 3235 38.30 4850 6825
2012 4B &7 42 B9 4683 400 1875 7525
2013 3173 47.47 3565 42.00 17.75 7150
Disiry Bills bong 2000 7313 HA 8400 Lak = Spicer 80.77 HA B7.75
2001 630 5400 76,00 50.68 7E.0D ES.00
2002 5838 4175 7675 B1.36 7939 HA
2003 £5.00 2950 B4.75 B2.06 76.17 B2.50)
200 58,00 48.13 73.50 2.7 7522 7B38
2005 £3.38 4888 &7.63 50.28 1733 E4.565
2006 3625 44.13 74.25 52.00 7536 E3.29
2007 3B75 2B.63 B2.75 50.72 7822 EZ2.44
2D0E =t 4175 7488 13.57 74.44 BE3.BD
20r3 55.50 35.50 51.00 0. 61 7424 BE.11
2010 E2.88 3B.25 EE.00 50.38 7531 7554
2011 74.38 £0.30 £1.30 52.30 76.11 EB.DE
2012 &0.50 52.00 £5.33 A0.82 75.11 7200
2013 E0.B8 4633 72.50 70.35 &7 BD 7275
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Aversge [Year)

BAversge [Summer)

Powmrage [(Winter)

Olly Tsimosh

Linear regression analysis of Australian lacustrine sediments

Bwersge [Year)

Aversge [(Summer)

Bverage [Winter )

Lake Dove 20 7342 HA 79.8E L=k & Basin BO.&F KA HA
A1 7422 7483 E1.50 8400 7433 2350
2002 7000 7280 K& 9.8 76.00 B900
2003 5245 7204 RA 77.00 73.50 BE.33
2004 70.00 7035 70,00 77.33 73.00 B2 .50
F. L] 5832 7079 52.10 76.83 7233 B4 67
F L] 5288 5950 5633 4.5 55.50 Bd.00
2007 R g2.04 57.75 74,83 70,50 B3.50
2B HA 7048 52,60 76.30 5E8.00 B0.17
F. i) 5242 ] 7722 75.00 5983 £3.50
2010 5214 52.25 58.33 76.30 71.50 B1.17
2011 7245 723E KA 7B.00 73.17 B7.00
2012 5833 7150 B80.17 &7.83 7117 7E.BD
13 57.22 55.00 7150 56.33 52.00 57.25

Lak & Gweendolyn 200 M M MN& Godwin Tarn BO. 0D MN& MA
2001 HA 5080 KA H& B3.09 HA
2002 HA HA KA 78.50 B2.00 H&
A3 43.50 58.00 32.00 75.14 7950 71.50
2004 43.00 41.00 K& 76.00 B0.56 M&
2005 4450 3467 56,00 7480 7982 H&
F. 1] 5100 56.50 4375 76.20 E1.20 7920
2007 47.8 5420 4533 75.44 7945 5333
MME HA 5033 KA L 79,00 53267
2rd 44.00 45.00 KA 76.25 76.50 HA
2010 4200 5180 37.00 7.4 B0.50 73.E0
i1 HA 5825 KA 75.91 7273 72.00
2012 5800 54.50 RA 72.71 72,09 H&
2013 SEE 5160 KA 72.90 7073 HA
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Average [Year)

Aversge [Summer )

P erage [Winter)
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Linear regression analysis of Australian lacustrine sediments

Aversge [Year)

Aversge [Summer)

Aversge [Winter )

Lk = Rl etiors F i 77.43 NA B7.50 Lk = Wmre NA MA NA
F. b B0.00 7816 BE.SD NA BETT NA
202 BO1E 7657 BS.50 B7.00 BB.25 NA
03 071 7732 B7.29 8411 B7.64 B3.63
2004 JREF 74.20 8423 B4.57 52.00 SO
205 | 76.52 79.61 B2.38 55.00 B3.50/
F 7R5E 75.03 BE3.B4 BE.00 80.27 BER30
T T2 74.50 B3.53 B4.00 BB.O8 7857
Fa b i 7050 7200 B5.21 NA 8438 76RO
F. b 769 7281 BE2ER B5.13 £3.13 BE3.00
010 JROE 75.43 B4.52 8. 13 BE.18 75,00
i1 BO.38 7378 B5.56 B4.33 81.75 B5.27
. i ER70 73.05 7156 74.00 8292 NA
2013 EE.43 §630 £5.00 6.30 7408 76,00

Lak & Ta hune 2000 MH& M& MH& SquareTarm & H& &
2001 HA £7.50 HA B4.00 50,00 NA
A2 MA NA NA B4.00 M NA
3 5250 5400 38.50 NA o000 NA
F. it 43.00 55.50 NA 77.00 BE.00 NA
5 450 54.50 NA BE.0O EE.00 BE1.DD
G 5000 5200 43.50 B5.00 EE.00 B4.00)
T 200 57.50 35.00 B7.00 78,00 58,00
2B MA S6.50 NA BE.0O 80,00 NA
2y 44.00 &0.50 HA NA 50,00 NA
2010 4800 S52.00 57.00 NA 54.00 SO
2011 EB8.00 E2.00 56.00 B4.00 57.00 BOLDD
. i MA 56.50 NA NA BOL00 NA
13 E2.00 57.00 NA NA 7000 NA
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