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Abstract
X-ray densitometry and maximum density analysis are techniques that have been
extensively used for dendroclimate reconstruction, though their application in to treeline sites in
northeastern Canada have been limited. In order to evaluate the potential of maximum density
analysis for paleoclimatic reconstruction in setting, we sampled two locations along latitudinal
treeline in Labrador using both a 5.1mm increment borer for standard total-ring width analysis,
and 12mm increment borer for maximum density analysis. Total-ring width and maximum
density chronologies were developed for white spruce (Picea glauca) at both locations. Samples
were analyzed using standard dendroclimatological methods to determine their relationship to
various climate variables and elucidate the influence of climate on their annual growth
increments.
Maximum density has been previously identified as a parameter of radial tree growth that
is closely related to temperatures during the growing season. Through correlation and response
function analysis it was determined that the radial growth of trees located at the more coastal
northern site had a significant relationship between May temperature with the maximum density
chronology, whereas no relationship was found with the total ring width chronology. The same
scenario was found for the inland treeline site, where a relationship between maximum density
and summer temperature was illustrated with the maximum density chronology, but no
relationship found for the ring-width chronology. We determined that several maximum density
growth parameters allow for superior climate-growth insights, including improved
autocorrelation and mean sensitivity relationships. Identification of these radial growth
relationships allowed for the reconstruction of a proxy climate data extending beyond the
instrumental record for both sites. These results highlight the potential of using X-ray
densitometry instead of simple ring-width analysis to construct proxy climate records.
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Chapter 1
Introduction
1.1 My Research in X-ray Dendrochronology
Throughout the past two years of my time at Mount Allison University I have delved into
environmental science research and in particular, the area of x-ray dendrochronology. The time
spent processing samples left me tired, carpal tunnelled and unable to look at a computer screen
for two weeks. However, I would not trade this experience for anything and the adventure I have
had to get to this point is irreplaceable.
In my third year I started small, with a locally based project in Sussex NB in order to
further develop the methods of x-ray density for the Itrax density machine and the Dendrocut
saw, both located at the University of Victoria Tree Ring Lab. I collected samples all around
Sussex as I tried not to hurl or pass out as I climbed the endless hills, the only place where there
are any trees left in Sussex. After watching the boys work tirelessly to core hemlocks, among
seven other species, I was off to Victoria to investigate the workings of the Itrax x-ray
densitometry machine. From this experience I developed a How to Guide for X-ray
Dendrochronology, inserted here as Appendix 1. After outlining every possible aspect of the
methodology to be used I was ready to move up a notch and decided to go to an area that is
known for its sparse dispersal of trees, the Labrador treeline.
For my honours research in my fourth year I went to Labrador to sample at two sites
located so far from civilization that a nauseating floatplane is required to get there. After a
clogged borer, twelve jumps into ice cold water and only one gravol induced coma, I had my
samples. I went solo to UVic this time around as Colin had already instructed me on such things
as riding a public transportation system, soxhlet extractions, the practicality, not to mention
attractiveness, of safety gear, and how to catch a bunny in Victoria. From the analysis performed
at the UVTRL I refined the How to Guide further and performed the rest of my honours research.
What you are about to read is the manuscript prepared from the research, and then you can look
at the much evolved appendix if you feel like it.
1.2 Statement of Co-authorship
The practical aspects of the research were completed by Carrie White, with logistical support
from Colin Laroque and Dan Smith. All data analysis was completed by Carrie White.
1
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Manuscript preparation for Chapter 2 (“Comparison of maximum density analysis and ring
width measurement for dendroclimatic reconstruction at two white spruce (Picea glauca)
sites on the Labrador treeline”) was completed by Carrie White, with comments and
editorial suggestions from Colin Laroque and Dan Smith.
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Chapter 2
“Comparison of maximum density analysis and ring width measurement for
dendroclimatic reconstruction at two white spruce (Picea glauca) sites on the Labrador
treeline”
2.1 Abstract
X-ray densitometry and maximum density analysis are techniques that have been
extensively used for dendroclimate reconstruction, though their application in to treeline sites in
northeastern Canada have been limited. In order to evaluate the potential of maximum density
analysis for paleoclimatic reconstruction in setting, we sampled two locations along latitudinal
treeline in Labrador using both a 5.1mm increment borer for standard total-ring width analysis,
and 12mm increment borer for maximum density analysis. Total-ring width and maximum
density chronologies were developed for white spruce (Picea glauca) at both locations. Samples
were analyzed using standard dendroclimatological methods to determine their relationship to
various climate variables and elucidate the influence of climate on their annual growth
increments.
Maximum density has been previously identified as a parameter of radial tree growth that
is closely related to temperatures during the growing season. Through correlation and response
function analysis it was determined that the radial growth of trees located at the more coastal
northern site had a significant relationship between May temperature with the maximum density
chronology, whereas no relationship was found with the total ring width chronology. The same
scenario was found for the inland treeline site, where a relationship between maximum density
and summer temperature was illustrated with the maximum density chronology, but no
relationship found for the ring-width chronology. We determined that several maximum density
growth parameters allow for superior climate-growth insights, including improved
autocorrelation and mean sensitivity relationships. Identification of these radial growth
relationships allowed for the reconstruction of a proxy climate data extending beyond the
instrumental record for both sites. These results highlight the potential of using X-ray
densitometry instead of simple ring-width analysis to construct proxy climate records.
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2.2 Introduction
The North American latitudinal treeline is characterized by abrupt changes in tree
morphology, as it is a boundary between separate ecosystems that have been formed due to
influences of climate and vegetation and soil interactions (Scott et al. 1987). Although the
climate of Labrador is closely linked to the atmosphere-ocean-ice dynamics of the Labrador Sea
and Labrador Current (D’Arrigo et al. 2003), it is also an area influenced by westerly winds
continental winds (Nishimura 2009). The treeline in Labrador has been noted as one of the most
climatically stressed ecosystems of eastern North America (Payette 2007). Trees located in this
stressed environment can be very sensitive to local temperature variability and their growth is
thought to be closely linked with changes in temperature, which may induce the latitudinal
threshold for these trees (Briffa et al. 1998).
Previous studies that examined the maximum density parameter in Labrador include
those of Schweingruber et al. (1993) along a transect from Labrador to Alaska, where he
compared ring width measurements to with maximum density. D’Arrigo et al. also examined the
northern forests of North American in a series of papers including the analysis of a maximum
latewood density chronology from Labrador (D’Arrigo et al. 1992, 1993, 2009). D’Arrigo and
Jacoby (1993) also used tree-ring data in part from the Labrador region in a reconstruction of
Arctic Northern Hemisphere temperature.
This study compared the response of white spruce (Picea glauca (Moench) Voss) ringwidth and maximum-density chronologies at both a continental and a coastal site at latitudinal
treeline in Labrador. X-ray dendrochronology was used to identify and reconstruct stronger
climate relationships with maximum density that could not previously be identified by the ringwidth parameter. Additionally we hoped to shed light on whether trees at the northern Labrador
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treeline would be strongly limited by growing season temperature or whether coastal influences
limit their climate-radial growth responses.
Research Background
Consideration of the influences of climate on treeline is important in understanding the
functioning of the forest ecosystems. The most direct way to assess the factors that affect a forest
is to expand our knowledge of the environmental and climatological influences on tree growth
(Trindade 2009). Aspects of climate can have specific influences on tree growth and can limit
annual-radial growth which is observed through both the changes in annual-ring width and wood
density (Fritts, 1976
Dendroclimatology is a scientific tool that can be used to reveal aspects of climate in the
past and present variations in tree rings, as this environmental information is stored in the
physical and chemical changes in each ring (Fritts 1976; Hughes 2002; Gagen et al. 2006).
Dendroclimatology has been used to infer regional temperature variations and to reconstruct
temperatures during pre-instrumental times with annual resolution over the past millennium
(Gindl et al. 2000; Hughes 2002; Davi et al. 2003). Total-ring width and maximum density are
the two parameters that are used most often in dendroclimatology for this purpose (Kirdyanov et
al. 2007).
The use of the total-ring width parameter in dendroclimatology can yield sub-optimal
results in some instances (e.g., coastal locations). This outcome is due to the inherent constraints
of the ring-width parameter and the ability of some trees to incorporate a wide range of inputs to
obtain a certain level of radial growth (Fritz 1976). Ring width tends to correlate much better in
locations where the limiting factors are overwhelming to the trees radial growth, and therefore
has geographical constraints on how far apart sites can be due to its less persistent long-term

5

trend (D’Arrigo et al. 1992). There is also the influence of the previous year’s growth and
climate on the current year growth, termed autocorrelation, which can interfere with
reconstruction of the current year’s climate if the two components of the total ring-width variable
cannot be teased apart (Conkey 1979).
The maximum density of tree rings has been shown to be a tree ring parameter that is
strongly correlated with climate (Schweingruber et al. 1978). It has been found that the climate
signal-to-noise ratio is higher in total-ring width chronologies than in density chronologies,
largely because of the dependency of the latter on climate varibles (Kirdyanov et al. 2007).
Previous studies have shown that the maximum density parameter can greatly improve ringwidth relationships with climate. Density chronologies tend to work better for large scale
temperature chronologies and summer temperature chronologies (D’Arrigo et al. 2009).
X-ray densitometry is an analytical technique that was developed in the early 1970s by
M.L. Parker and pioneered by H. Polge in the late 1960’s, and it was evident even at this early
stage that there were significant relationships between density and climate (Polge 1970; Parker
and Henoch 1971). It has been found that reconstructions can be greatly improved through the
use of density measurements (Schweingruber et al. 1978; Cleaveland 1986), and Fritts (1976)
also stated that in some cases the use of both ring width and densitometry measurements may
provide more information on past climates than with just the use of ring widths alone. Maximum
density values, in particular, illustrate much more variation from one year to the next than the
total ring width parameter, enabling easier crossdating and a much stronger climate signal in a
given year, and over larger distances (Schweingruber et al. 1978; Conkey 1979). Maximum
density is the annual tree-ring parameter that corresponds to the highest density of the cells that
are usually formed at the end of the growing season (Davi et al. 2003).
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Wood density is an integrated measure of several wood properties including: cell wall
thickness, lumen diameter, proportion of fibers, density of vessels or ducts, etc. (Polge 1970).
Maximum density also has been shown to have a much smaller problem with autocorrelation (the
influence of the previous year on the current growth) as it does not integrate conditions of cell
growth from stored energy from the previous year, as much as it reacts to the conditions of the
current year’s energy inputs (Conkey 1979). The strong relationship between maximum density
and the current year growing season temperatures has been identified by many studies (Polge
1970; Schweingruber et al. 1978; D’Arrigo et al. 1992; Briffa et al. 1998; Gindl et al. 2000;
Hughes 2002; Davi et al. 2003; D’Arrigo et al. 2009).
2.3 Study Site
White spruce is the dominant treeline species in Labrador (D’Arrigo et al. 1992; Davi et
al. 2003). It is commonly found along the coast of Labrador and slowly shifts to sharing a codominant position at treeline locations in the Labrador interior (Payette 2007). At treeline white
spruce at treeline is found commonly in the form of isolated tree islands, where it extends
beyond the latitudinal limit of other boreal species (Trindade 2009). Shallow roots make it an
ideal species to grow in the permafrost regions of northern Labrador (Hosie 1979).
Samples were collected from two study sites (Figure 1). The most northern and more
coastal site is at Napaktok Bay (Lat 57 55’45.5” N, Long 62 39’26.2” W); the more southern
and more continental site was at El Grande Pond (Lat 56 04’55.9” N, Long63 08’18.2” W).
Napaktok Bay is the location of the most northern forests in Labrador and is a small
isolated pocket of trees (Figure 2a) (Elliott and Short 1979). This site has shown evidence of
white spruce range expansion (Payette 2007). The slope at this site is relatively steep and northfacing; while the trees grew in the greatest abundance in the immediate area surrounding the
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Bay. White spruce was the only tree species present, with trees at this location growing in small
clumps of 3-4 individuals or as isolated trees. Ground cover consists primarily of mosses and low
lying shrubs. Human impact is present at this coastal site, as it is within the Innu Nation
traditional region.
The site at El Grande Pond consist of an isolated pocket of trees similar to most treeline
sites in Labrador. In this case, the site is located in a more continental location (Figures 1 and
2b). The site is relatively flat, with only a slight south-facing slope. The trees only grow in the
low lying areas surrounding the lake and in this case, they grew right up to the edge of the lake.
El Grande Pond white spruce trees were found in combination with a minor component of
eastern larch (Larix laricina (DuRoi) K. Koch). Both tree species were interspersed with each
other and grew in clumps of 3-4 individuals or as isolated trees. Again, ground cover consisted
mostly of mosses and tall shrubs.
2.4 Methods
At each site 20 dominant trees were selected and cored with both 5.1 and 12mm
increment corers. Two 5.1 mm cores were removed at right angles to one another to account for
any growth changes that may occur from one radius to the other. A 12 mm core was also taken
just below, but parallel to one of the 5.1 mm cores, to ensure that the 12 mm core captured the
same ring-growth variability as the 5.1 mm core to assist in crossdating.
The 5.1 mm cores were processed using standard dendrochronology procedures for
measuring annual-ring width (Stokes and Smiley 1968). Cores were glued to slotted mounting
boards and then sequentially sanded using finer grit sand paper (80-400 grit). The 12 mm cores
were processed at the University of Victoria Tree-Ring Laboratory using standard X-ray
densitometry procedures. These cores were mounted in wooden canes and cut to 7 mm wide and
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2 mm thick dimensions using a Dendrocut twin bladed high precision saw (Walesch Electronic,
2005). Samples were then put through two acetone soxhlet extraction chemical baths to remove
resin and water from the samples. Once dry, samples were mounted in the Itrax high density
wood scanner (Cox Analytical Systems, 2005), and processed for continuous density
measurements from each sample.
The 5.1 mm cores were measured using a combination of a Velmex and 63X microscope
measuring system and WinDendroTM (version 2008b). The Itrax high density wood scanner
produced continuous X-ray density scans of the 12 mm cores which were subsequently measured
for maximum density values and ring width increments using WinDendro TM (version 2008b).
Measurements of the 5.1 and 12 mm cores were first visually crossdated and then statistically
crossdated using program COFECHA (Holmes, 1983). COFECHA is a statistical tool used in
dendrochronology that helps assess the measurement accuracy of tree-ring data and indicates
crossdating quality (Grissino-Mayer, 2001). Additionally, the ring-width parameter from the
densitometry output were used to crossdate the 12 mm samples with their corresponding 5.1 mm
sample to ensure proper alignment and measurements between the two chronologies. Following
this, the maximum density parameter from the densitometry output was crossdated with the
corresponding crossdated 12 mm ring-width measurements.
The total-ring maximum density is the density parameter in particular that was being
analyzed. Although maximum latewood density is the most common parameter used in x-ray
densitometry, total-ring maximum density was considered a more appropriate comparison
measurement to the total ring width measurement from the 5.1mm cores, but in most cases, it
was the same density reading.
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Once all chronologies were crossdated they were standardized using the program
ARSTAN (v. 41d, Cook, 2007), to assist in the removal of long-term growth trends and
biological biases associated with the age of the trees (Cook 1990). With the removal of agerelated growth trends it is easier to assess the variability that is associated with climate (Fritts
1976). A single detrending using a negative-exponential standardization was used as this was the
curve which best approximated the long-term trends exhibited by the chronologies. Since the
trees were growing in open treeline sites, and a visual assessment determined that a single
detrending removed the age-related growth trends, it was decided that there was no need to
submit the data to a double detrending procedure.
Temperature and precipitation data for Nain and Schefferville was acquired from the
Environment Canada database from the National Climate Archive
(www.climate.weatheroffice.gc.ca) (Figure 1; Table 1). The climate data sets contain a total of
31 occurrences when monthly values were missing from an inoperable climate station at Nain.
To fill these gaps, a monthly linear regression model was constructed using an SPSS statistics
package (version 16.0, 2007), with the data available from the closest most complete data set
from either Goose-Bay or the Cartwright station to estimate the missing values (Table 1). These
models were significant to the p<0.01 level.
In order to determine which climate variables (monthly average temperature and monthly
total precipitation) best explained the radial growth and maximum density of the trees at each
site, the program DENDROCLIM2002 (Biondi and Waikul 2004) was used. This program
calculates correlation values and a response functions between the climatic variables and the
standardized chronologies. A 19-month window from previous April until current year October
was used in the analysis.
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A response function, in terms of tree rings, is a statistical calibration which expresses the
relative effects of several climatic factors on tree-ring growth (Fritts 1976). Response functions,
in terms of those computed with the program DENDROCLIM2002 are multivariate estimates
from a principal component regression model (Biondi and Waikul, 2004). Response functions
provide information about the climatic variables that are linearly related to the time series of the
tree-ring chronology (Biondi 1997). The correlation values acquired through the use of the
DENDROCLIM2002 program indicate the interdependence or association between the tree-ring
variables and the climate variables (Fritts 1976).
Reconstructions of dominant, significant, climate variables for each of the two study sites
were conducted. These variables were reconstructed through the development of linear
regression models with both a calibration period, used to construct the model, and a verification
period, used to verify the accuracy of the model before proceeding with the full hindcast. The
calibration periods of 1978-2006 (El Grande Pond/Schefferville) and 1975-2008 (Napaktok
Bay/Nain) were used. Verification periods with actual data from 1948-1977 (El Grande
Pond/Schefferville) and 1942-1974 (Napaktok Bay/Nain) yielded the most accurate
reconstruction models tested. Model strengths were compared using the standard goodness-of-fit
test, the Pearson correlation. Once the model was constructed, the temperature variables were
hindcasted back the entire length of the various chronologies. The fit of the temperature
reconstruction was then evaluated using the Reduction of Error (RE) statistic, which measures
the fit between the estimated and the actual data sets and ranges from values of negative infinity
to positive one (Cook and Kairiukstis 1990).
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2.5 Results
The ring width chronology for Napaktok Bay was constructed from 40 cores with annual
growth rings extending from 1883-2008 (Table 2; Figure 3). The maximum density chronology
for Napaktok Bay was constructed from 19 cores and spans the interval from 1917-2008 (Table
2; Figure 3). The mean series correlation to the master chronology from COFECHA based on 50year segments is 0.581 for ring width and 0.396 for the maximum density. Both are significant to
the 99% level based on the significance threshold of 0.3281 for 50-year segments (Table 2)
(Grissino-Mayer 2001). The unfiltered autocorrelation value is a high value of 0.703 for ring
width compared to the maximum density autocorrelation value of 0.669 at Napaktok Bay (Table
2). This autocorrelation value is an indicator of the influence of the climate/growth from one year
to the next, and the ring-width value is consistent with autocorrelation values for other white
spruce ring-width chronologies from the Labrador region (e.g., 0.78-0.83; Nishimura 2009). The
maximum density chronology value is slightly lower. The mean sensitivity value for ring width
is lower than that of the maximum density at Napaktok Bay (ring width = 0.194, maximum
density = 0.211) (Table 2). Mean sensitivity values of 0.19 and lower indicate a low sensitivity (a
smaller difference of ring growth between years) and mean sensitivity values between 0.20-0.29
indicate a moderate detection of sensitivity (a moderate difference of ring growth between years)
(Fritts 1976; Grissino-Mayer 2001).
The ring-width chronology at the El Grande Pond site is composed of 38 cores and spans
the interval from 1683-2008, The maximum density chronology at this site has 17 cores and
spans from 1803-2008 (Table 2, Figure 3). The mean series correlation against the master from
COFECHA based on 50-year segments for ring width at this site is significant to the 99% level (r
= 0.621); the maximum density chronology is also significant at the 99% level (r = 0.409), based
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on the same significance threshold (Table 2) (Grissino-Mayer 2001). The same pattern of
unfiltered autocorrelation values is seen at El Grande Pond as that at Napaktok Bay, with ring
width (0.675) being higher then maximum density (0.506). These values indicate a lower
influence of the previous year’s growth on the current year’s growth for maximum-density
values than for ring-width values. The mean-sensitivity values for ring width were again in the
low sensitivity range (0.198) and the maximum density mean sensitivity (0.233) was in the
moderate sensitivity range, illustrating the same relationship as was seen at Napaktok Bay (Table
2) (Grissino-Mayer 2001).
The Napaktok Bay ring width and maximum density chronologies had the highest interchronology correlation of 0.424, which was significant above the 99.9% level (common interval
n= 91years), indicating a strong relationship between the two measurement patterns (Table 3).
The two maximum density chronologies also had a high inter-chronology correlation value of
0.411 which was also significant above the 99.9% level (common interval n= 91years). The
inter-chronology correlation level for El Grande Pond ring width and maximum density had a
good correlation (r= 0.231; common interval n= 205years) that was weaker than that of the
Napaktok Bay chronology, but it was still significant at the 99.9% level. The only interchronology correlation that was not significant was that between the Napaktok Bay ring-width
chronology and El Grande Pond maximum-density chronology which indicates next to no
relationship between these two series (r= 0.073; common interval n= 125years).
For Napaktok Bay, the ring-width chronology responded positively to previous year’s
October temperature and previous year’s September precipitation (Figure 4). Napaktok Bay ring
width also responded negatively to March and June precipitation of the growth year (Figure 4).
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This ring-width chronology had no response or significant correlations to any growing season
temperature variables.
The maximum density chronology for Napaktok Bay had a significantly positive
correlation (p>0.05) and response function for May temperature of the growing season (Figure
4). This chronology also had a positive response outside of the growing season with February
temperature (Figure 4). There were no responses of the maximum-density chronology to
precipitation, positive or negative, at Napaktok Bay.
For the El Grande Pond ring-width chronology there were positive responses that were
significantly correlated for the previous year’s October temperature and current year June
temperature (Figure 4). There were also negative responses for the previous year’s August
temperature and current year’s March temperature (Figure 5). There was no response from the
chronology for any precipitation variables.
The maximum density chronology for El Grande Pond illustrated a much stronger
positive response to summer temperature and had significant correlations for April, May, June,
and August temperatures of the current growth year, with responses illustrated for April, June
and August (Figure 4).
For comparative purposes, regression models were developed for one identified climate
variable, May temperature at Napaktok Bay, and the cumulative variable summer temperature
for El Grande Pond for both the maximum density and ring-width chronologies. The Pearson
correlation between reconstructed and actual May temperatures for Napaktok Bay from the
maximum density chronology was 0.441 (p < 0.005) with an r2-value of 0.194 over the interval
from 1975 to 2008 (Figure 6&7). The same reconstruction of May temperature with ring-width
values has a Pearson correlation of -0.009 (p = 0.52) with an r2 value of 0.000 over the same time
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frame. The statistical accuracy of the reconstructed May temperature was assessed using the RE
statistic. For the ring-width chronology the RE value was 0.0001, and the maximum density RE
value was 0.1944, indicating that the maximum density model is a much better fit, as it is closer
to the maximum attainable value of one for this statistic. The maximum density reconstruction of
May temperature for Napaktok Bay extends from 1917-1941 (Figure 7).
The El Grande Pond reconstructed and actual summer temperature has a Pearson
correlation r-value of 0.604 (p < 0.001) with an r2-value of 0.365, when reconstructed with the
maximum density chronology over a 28 year long time period (Figure 6&8). The Pearson
correlation for the summer temperature reconstruction with the ring-width chronology is 0.008 (p
= 0.52) with an r2 value of 0.000. Both maximum density models were significant to the 99%
level (p<0.01). The maximum density reconstruction of summer temperature for El Grande Pond
extends the actual values from 1804-1947. The RE value for the reconstructed summer
temperature with the ring width parameter was 0.0001, whereas the reconstructed values using
the maximum density chronology had an RE of 0.3653. The low value of the ring width RE
illustrates that the model data did not have any real relationship with the actual data whereas the
much higher RE value for the maximum density reconstruction indicates a much better
relationship between the modeled and actual data (closer to maximum value of one). Due to the
lack of fit and significance of the models developed for both summer temperature and May
temperature climate variables with the two ring-width chronologies, reconstructions were not
performed for those data sets.
2.6 Discussion
All ring-width and the maximum-density chronologies are significant in the study, but
slightly lower interseries correlation for the maximum density chronologies exist when compared
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to their corresponding ring-width chronologies. This is most likely due to the smaller sample size
that is associated with the maximum density chronologies. The smaller sample sizes were a
function of limited time constraints in both sample collection and processing. Overall the series
used in this study were viewed as strong, especially when compared to other ring-width
chronologies in Labrador that reported standard chronology statistics (e.g., Nishimura 2009;
Trindade 2009).
The autocorrelation values for the maximum density chronologies was lower than that of
the ring-width chronologies for both sites, and also lower than previously reported regional
Labrador findings for autocorrelation (c.f., Nishimura 2009). This reduction in autocorrelation,
the influence of the previous year on the current year, is a quality of the maximum density
parameter that is very useful in the sense that the climate signals that can be obtained from this
parameter of tree growth are more absolute to the growth year, than to those associated with the
ring-width chronologies. This finding is supported by the literature ( Conkey 1979), and is one of
the reasons that the more extensive processing procedures associated with maximum density
research are deemed as worthwhile.
Maximum density also illustrated a higher mean sensitivity at both the continental and
maritime sites, although still in the moderate range of sensitivity (Grissino-Mayer 2001). This
increased sensitivity with the maximum-density parameter is one indication of the value in the
study of dendroclimatology. Greater sensitivity to year-to-year fluctuations of the environment
is seen as a real benefit when modeling paleoclimatic variables, and is a weakness of most
hindcasted models (Conkey 1979; Nishimura 2009), especially from those attempted from
coastal locations (e.g., Laroque 2002). In this direct comparison, maximum density is
responding stronger to growing season climate than its corresponding ring-width chronology at
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these treeline sites due to its reduced autocorrelation and its higher mean sensitivity. This
translated to the ability to create stronger and significant models for maximum density, when no
useful models could be created for ring width.
Inter-chronology correlations determined that maximum density seems to capture more
regional climate signals and can perform better over larger spatial distances than its ring-width
counterpart. This allows for the development of stronger regional signals that capture and detect
changes in climate over larger distances (Conkey 1979; Schweingruber et al. 1978). The strong
inter-chronology correlation exhibited by maximum density indicates the prominent influence of
regional climate on the maximum density of cell growth in trees over this relatively large area.
There are observed differences in the climatic variables with which maximum density
and ring width illustrate connections through both response functions and correlations. There
was an absence of a statistically significant relationship between maximum density and
precipitation for either site which did not allow for the reconstruction of a comparable regional
relationship with precipitation. Precipitation has not been found to be a limiting factor as often as
temperature for trees in the north, and it has not been found to be a limiting factor at any treeline
site in Labrador (Schweingruber et al. 1978; Payette 2007).
Temperature, however, especially during the growing season, has a significant influence
on tree growth at sites at treeline that are not limited by moisture stress (D’Arrigo et al. 1992;
Hughes 2002). Both maximum density chronologies have response functions to temperature
during the growing season. El Grande Pond, the continental site, had very high correlations and
response functions for the majority of the summer temperature period. Napaktok Bay, the
maritime site, responded very strongly but only to changes in May temperatures. The
corresponding ring-width chronologies of both sites did not respond as significantly to growing
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season temperatures, if at all, similar to other recent Labrador studies (Trindade 2009). The
response of maximum density during the growing season reinforces previous findings of it being
the parameter of tree growth most closely associated with growing season temperatures. Summer
temperatures in particular are more closely associated with continental tree growth, and spring
temperatures, through an extension at the initiation of the growing season, more closely
associated with maritime tree growth.
The relationship between maximum density and the growing season temperatures allows
for the development of a model that can be used to reconstruct temperatures prior to the
instrumental record. The reconstruction of summer temperature for the continental site, El
Grande Pond, with the maximum density chronology yielded a much higher Pearson correlation
r-value and RE value. This indicates the superior fit of the model and the amount of variation
that can be explained by the model, than when compared to the ring-width chronology. The same
is true for the reconstruction of May temperature from the Napaktok Bay site. The ring-width
chronologies yielded a reconstruction of temperature that did not match the Pearson correlation
level of the maximum density reconstruction. Due to its strong relationship with temperature,
indentified at both the continental and coastal site, maximum density seems to be a more optimal
choice for analysis and reconstruction of temperature during the growing season at these
climatologically complex northern treeline sites. The weak models developed by the ring-width
chronologies did not allow for any credible reconstruction of past temperatures for either site.
The question of whether the ring series would be totally limited by temperature, and
would follow what general research dictates is occurring at most treeline sites, is only partly true
in these maritime treeline cases. When looking at maximum density, growing season
temperatures at the two sites are clearly following some sort of temperature limitation. What is
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not as evident, is when total ring-width chronologies, with more radial growth owed to the
previous year, are scrutinized. The conflicting results from the exact same trees illustrate the
probable importance of the extension to the growing season lengths to trees in these extreme
environments. Any extension of the growing season (either later in fall, or earlier in spring) add
days where ambient temperature driven processes such as nutrient storage, or shoot and root
elongation can be active, and therefore add more energy to each tree to use during the open
windows when radial growth optimum temperature thresholds are finally approached in the
summer growing season.
Surprisingly, the maximum density reconstruction of May temperature illustrates little
variation in temperature over the extended 30-year period. This was also seen in the maximum
density reconstruction of summer temperature which showed little variation until the 1930s. The
literature agrees with this to some degree, as Banfield and Jacobs (1998) have illustrated that
there has been little fluctuation in summer temperatures in the Labrador region, with the warmest
temperatures observed in the years of 1937-1938. For the Eastern Arctic region of Canada, there
has also been little variation in the overall summer temperatures for the region, with little to no
deviation from the average over the past century (Jacobs and Newell 1979). These facts have
been attributed to the strong influence of the conditions in the adjacent Labrador Sea. Therefore
these reconstructions may prove useful in future studies that require longer temperature records
of the growing season than those provided by the short and spatially limited instrumental record.
There is a continental/maritime effect present between these two sites. A gradient exists
where an extension of the growing season temperature affecting radial growth occurs along the
coast, and is seen at Napaktok Bay. The other end of the gradient is seen at El Grande Pond;
where overall summer growing temperatures that affect radial growth, occur further inland to the
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west. This has been noted before in southern Labrador by Nishimura (2009), and so it is not
totally surprising. What remains to be understood though, is where spatially on the landscape
and how ecologically do these two affects vary across northern Labrador at treeline? Although,
this study gives clues as to what might be happening along the length of the complex treeline of
Labrador, the question remains too involved for this study as it was limited to only two sites
along the continuum.
2.7 Conclusion
This paper has illustrated that the maximum density parameter is a superior tree-ring
parameter to use when trying to reconstruct climates at the northern limit of trees in Labrador.
Maximum density was found to have reduced autocorrelation associated with it as well as
illustrating a higher sensitivity to changes in climate. The maximum density element also
revealed meaningful relationships with temperature parameters that were not seen when only the
total ring-width measurement was used. The higher inter-chronology correlations for maximum
density indicate the enhanced regional climate signal present, that can therefore be used for
wider spatial applications when using this parameter.
Growing season temperature limitations on maximum density is evident at the two sites.
However, when the total ring-width chronology from these sites is compared to these results, it is
more clear that growing season temperatures, and more importantly any extension of the growing
season, has a great effect on both the radial and maximum density growth parameters. In this
way those trees located in more maritime areas are affected by May temperatures due to their
extension or retraction of the time available for growth to occur, whereas those inland follow a
scenario more closely related to continental effects associated with dominating westerly winds
during the growing season.
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There are obvious differences between the two sites due to their proximity to the
Labrador coastline and the influences of the sea, mainly the influence of climate during different
periods of the growing season. On the more coastal site, May temperature was determined to be
the main climate variable influencing the tree growth. In the interior site, summer temperatures
as a whole were greatly tied to tree growth. From the reconstructions it was observed that there
has been very little variation in growing season temperatures over the 80 year period from 1850
to 1930.
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Table 1 – Climate generalities for climate stations used in reconstructions and for models to
complete both Nain and Schefferville data results

Climate Station Latitude

Longitude

Time span of

Average

Average

Climate

Annual

Annual total

Station

Temperature

Precipitation

Nain

56° 33.000' N

61° 40.800' W

1942-2008

-2.4°C

855.7mm

Schefferville

54° 48.000' N

66° 49.200' W

1948-2006

-4.7°C

944.7mm

53° 19.200' N

60° 25.200' W

1941-2009

-0.1°C

913.1mm

53° 42.600' N

57° 2.400' W

1934-2009

0.0°C

1006.8mm

Happy Valley/
Goose Bay
Cartwright

Table 2 - Statistical characteristics of the tree-ring width and maximum density chronologies
obtained from the COFECHA analysis.
!!

!!

Site
Napaktok Bay
RW
MaxD
El Grande
RW
MaxD

!

!!

!!

!

!!

!!

!!

#
series*

Period

Length

r†

Avg.
Meas.

SD‡

ACf§

MS||

20 (40)
19 (19)

1883-2008
1917-2008

125
91

0.581
0.396

0.950
0.990

0.314
0.345

0.703
0.669

0.194
0.211

18 (38)
17 (17)

1683-2008
1803-2008

325
205

0.621
0.409

0.740
0.830

0.250
0.257

0.675
0.506

0.198
0.233

* Number of measured trees (segments) in the final chronology.
† Mean interseries correlation values to the master chronology (using 50-year segments).
‡ Standard deviation of the mean tree ring measurements
§ Unfiltered autocorrelation value.
|| Mean sensitivity value.
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Table 3 - Inter-chronology correlations. Matrix of two-tailed Pearson correlation coefficient
values between tree-ring chronologies.

El Grande Pond
Maximum
Density

El Grande Pond
Ring Width
Napaktok Bay
Maximum
Density

Pearson
Cor.
Sig.
N
Pearson
Cor.
Sig.
N
Pearson
Cor.
Sig.
N

El Grande Pond
Ring Width

Napaktok Bay
Maximum Density

Napaktok Bay
Ring Width

0.231
0.001
205

0.411
0.000
92

0.073
0.417
126

0.266
0.010
92

0.278
0.002
126
0.424
0.000
92
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Chapter 3
Conclusion
Dendroclimatology in conjunction with x-ray dendrochronology procedures has allowed
me to identify the climate variables that most influence tree growth at the two study sites
sampled at treeline in Labrador. For the more northern and maritime site of Napaktok Bay, it was
found that May temperatures were limiting to growth. At the more continental site, El Grande
Pond, summer temperatures as a whole were most limiting to tree growth, in term of maximum
total-ring density. These dendroclimatic relationships were identified through the use of x-ray
densitometry and could not have been detected as such strong relationships with the standard
measurement of total-ring width. From this, it can be concluded that maximum density is a tree
ring wood parameter that may be more suited to identifying dendroclimatic relationships in areas
that are stressed during the growing season, such as those trees located at treeline.
The maximum density parameter has proven to have many other aspects that make it an
extremely useful tool in dendrochronology. Reduced autocorrelation values aids in the
identification of climate relationships with a limited or reduced influence of any previous year’s
growth. An increase in mean sensitivity, in comparison with the total ring width parameter,
enables maximum density to more readily be influenced by variation in climate. Lastly,
maximum density has higher inter-chronology correlations, than total-ring width, and thus is able
to form chronologies or regional climatic relationships over larger distances.
Throughout this process I have learned a lot about dendrochronology and myself. I am
happy that this process has come to a close and am pleased with the final product. Although I do
not intend to pursue dendrochronology in the future, this process has taught me many other skills
that will allow me to succeed and excel in the future. Learning everything I did was fun and
exciting, and a great finale to my time at Mount Allison.
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Appendix 1: How to guide for X-ray Dendrochronology
Section A.
Sampling 5.1 mm cores
A 5.1mm coring tool set up in the t-shaped fashion is turned into the tree at approximately
breast height, at approximately the center of the tree. When turning the coring tool to start it into
the tree it is wise to maintain a constant pressure while turning so that the boring bit starts into
the tree easier. Once started into the tree, keep turning the coring tool in a clockwise fashion until
you estimate that you have cored approximately halfway through the tree (i.e. have reached the
pith and therefore have as many rings as possible). You estimate the distance cored into the tree
by aligning the spoon against the side of the tree in line with the coring tool handle and judging
the distance across the tree. You either decide you have reached the center or keep coring,
repeating this process until you feel that you have accurately guesstimated the location of the
pith in the tree.
In standard dendrochronology two samples are taken on opposite sides (180º) of the tree
in order to account for any biases one side might have over the other (i.e. reaction wood due to a
slope of the landscape). If the tree is on an extreme slope then taking the samples at 90º to one
another is the accepted practice. For some x-ray dendrochronology it is not necessary to take two
5.1mm cores but only necessary to take one, on the side you judge to have the least bias. This
depends on sampling protocol.
To remove the sample from the coring tool you must insert the spoon into the coring tool,
slowly at first, with the concave surface facing downward and running it along the top of the
inside surface of the boring bit. Once you reach the end of the tool, give the spoon a little push to
make sure the teeth on the end of the spoon grab into the wood. This makes sure that the spoon
has a firm enough grip for the sample to break free from the tree and slide out easily. Once the
spoon is in place, rotate the tool an odd number of times (usually 3) in the counter clockwise
direction, then gently slide out the spoon with the concave surface facing upward so that the
sample will come out the right way. Have your storage container ready, usually a straw with one
end taped shut with masking tape. Very gently slide the straw behind the sample until the entire
core is in the straw. Seal it with masking tape and be sure to label each sample.
Back out the coring tool by continuing to turn it in the counter clockwise direction until it
is free form the tree. If the species of tree is especially hard (such as maple) the use of wax on the
boring bit after it comes out of the tree may be helpful in removing the corer from the next tree.
Section B.
Processing 5.1 mm cores
Once the cores have had a sufficient amount of time to air dry in their straws, it is time to
prepare them for measuring.
I. Gluing
The cores are glued into prefabricated boards (example Figure 1). Standard wood
glue is used for this process. Cores are glued with their grains running perpendicular
to the board in which they are being glued, so as to allow for a better view of the rings
once they are sanded. Once all cores are glued and labeled in the board, it is time to
secure them in place for drying with elastic bands, tape or twine, whichever method
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you prefer. The elastic bands are placed around the cores and the board to prevent the
core from twisting or popping out of the board while the glue is drying.
It is best to first put the glue into the board slot and then to place the core into the slot,
after you have determined the grain of the core and the order in which any pieces may
go. The cores may require a second or third application of glue, especially new end
pieces and broken segments.

Figure 1 – Gluing 5.1 mm cores into wooden mounting boards.
II.

Sanding
It is important to ensure that the glue is completely dry before proceeding with
sanding. If not glued properly, some bits and pieces of the cores may be flung off or
ground down too far in the sanding process.
Sanding can be done by hand but it is most efficient when done with a belt sander.
Sanding begins with an 80 grit paper, and progresses to a 120, 220, 320 and 400 grit
papers.
The board is placed core side down onto the rotating belt sander and while holding it
on the end closest to you, use your opposite hand to place slight pressure on the top of
the board to prevent it from rising up off the sander. Once you have sanded all the
cores through the progression of sanding grits, it is time to inspect the cores to make
sure all the cores have visible rings and are smooth to the touch.
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Figure 2 - Pre-sanding

Figure 3 – The finished product.
III.

Measuring with Velmex
After sanding, measurement of the cores is the next step. This measuring can either be
done with the microscope and J2X software coupled to the Velmex system or with the
image processing software of WinDendro.
Prior to measuring it is useful to pinprick the rings that mark each of the decades
(with a single prick), every 50 years (2 pricks) and every century (3 pricks). This aids
in the measuring as well as the crossdating process, so it is easier to find the point in
time you are looking for and to keep your place when measuring.
First make sure all of the equipment is turned on (light, computer, software for
measuring, display box, etc.) Adjust the microscope to a height that is comfortable for
you. Place the board on the stand beneath the microscope and focus the microscope
onto the first sample.
When measuring, always work from the bark back toward the pith of the sample.
Create a new file in the measuring software and be sure to put the appropriate start
year (ex. Is there a whole ring from this year?), and the appropriate core name.
Reset the display data to zero and begin measuring, clicking the measure button at the
boundary between each ring. Once finished measuring the core be sure to save the
data in a place where you can find it. Continue as such until you have finished
measuring all the cores.
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Figure 4 – The Velmex system.
IV.

Measuring with WinDendro
WinDendro is often used with samples with more obvious rings and less problematic
species as these would normally be measured on Velmex. WinDendro uses scanner
and image processing software to identify ring widths. Place the board in the scanner
with the black cloth over top to prevent any light from entering and bleeding into the
image. Once the image of the cores is on the computer display in WinDendro, run a
path from the top of the core to its bottom. This should identify the majority of the
ring boundaries, if not you can increase its sensitivity using the scale on the left hand
side.
Carefully interpret the ring boundaries so that they match the rings as well as
possible. To do this hold shift while moving it side to side, press delete to remove
poorly or misidentified boundaries or click once to put in place a new ring boundary.
Once all of the core measurements have been taken and saved, make sure you use
program Convert to convert the data into the compatible “Tucson” format.

Section C.
Crossdating 5.1mm cores
Once all of the cores of one species have been measured, it is time for crossdating.
Crossdating is method used by dendrochronologists to determine how well the ring width
measurements of each individual core match up with the rest of the cores, indicating the best
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signal. For crossdating an overall correlation value of 0.3281 (based on 50-year segments) or
higher is usually considered acceptable, but may vary depending on the species being analyzed.
Using the program COFECHA, you run the cores through without any alteration and see
what the initial outcome and correlation values are. Through the use of crosschecking between
the physical cores and the changes advised by COFECHA, you can adjust the cores in order to
improve the correlation. You make these changes and adjustments using the program EDRM. By
alternating between making changes and running the data through COFECHA, you can make a
chronology for your species. Through the use ITR Viewer, or some other graphing program, you
can align the ring width values with the master in order to be able to make appropriate changes to
your data.
With X-ray dendrochronology it is important to have an existing chronology to compare your
samples with, especially if you have a small sample size to make sure that they fit into a site or
regional chronology and are portraying the same overriding signal.
Crossdating is best completed with the assistance of an experienced dendrochronologist.
Section D.
Standardizing 5.1mm cores
Standardization must occur with 5.1mm cores so as to remove any biological biases that
might occur with the data. Because trees have a tendency to put down narrower rings as they get
older (due to age related growth processes), it is important to rid your data of this bias through
standardization.
Using the program ARSTAN, I standardized my 5.1mm cores using a single detrending, in
order to compare my values directly with the regional chronology (as shown in Figure 5). With
the newer version of Arstan it is not required to convert the file using FMT as the program output
already has a column output, and graphical detrending can be viewed on each and every core.
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Figure 5 – My notes on detrending using ARSTAN.
Section E.
Sampling 12mm cores
The 12mm cores are sampled using an increment coring tool of a larger diameter (12mm)
than normal (Figure 6A). The samples are taken at breast height on the same side of the tree as
the 5.1mm core, and when sampling we must try and stay as parallel to the 5.1mm core as
possible to ensure a strong correlation between the two samples. The samples are taken in the
same way as you would a 5.1mm core but it may prove to be more difficult due to the wider
sample size, so do not sample alone in case you need help (Figure 6B and 6C).
These samples will not fit into standard drinking straws, unlike the 5.1mm cores, so it is
necessary to have a makeshift tube of some kind to store the samples (ex PVC piping) (Figure
6D). Also, unlike in the 5.1mm cores, it is unlikely that the sample will break into pieces, but be
sure to take care anyway when transferring the sample from the coring tool to the straw. Seal up
the tube that the sample is stored in and be sure to both label it and attach the corresponding
5.1mm sample if taken.
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Figure 6 – Sampling with the 12 mm corer. From top left, moving clockwise, A) 5.1 mm
corer vs a 12 mm corer, B) a 12 mm corer hole (bottom) vs a 5.1 mm borer hole (top), C) coring
a tree, D) 12 mm straw vs a 5.1 mm straw.
Section F.
Gluing 12mm cores
The 12mm cores are glued onto canes made from MDF material. Only one core is placed
upon each cane so as to allow for proper processing. A shallow groove in scored into the center
of the cane to center the sample in the board. Standard wood glue is also used in this process
(Figure 7). The samples are also placed with their wood grain running perpendicular to the cane.
Rubber bands hold the samples in place while they dry. It is important that the glue be
completely dry (may take up to 2 days) before proceeding with the next step as the samples need
to be held securely in place for sawing.
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Figure 7 – Glued 12 mm cores.
Section G.
Sawing 12mm cores
It is important to wear both ear and eye protection when sawing the 12mm cores with the
Dendrocut high speed twin bladed saw. Using the lock and key system the space between the
blades must be adjusted to be 2mm in width using the spacers. You must eyeball the depth that
the saw will go, as we do not want it to cut all the way through the entire sample. We want it to
cut to an approximate depth of 10mm. Also using your guesstimating skills, you have to center
the blades to cut up the middle of the samples using the in/out control knob.
The high velocity of the blades may cause some of the samples to be torn apart and pieces of
wood to go flying, so it is important to wear protection. When sawing, you must proceed slowly
through the samples at first to get a feel for the wood. Sawing at high speeds right away might
cause more breakage than normal, and sawing too slowly may cause the blades to heat up too
much and subsequently burn the wood (damaging the sample’s density).
The red clamp lever on the saw is used to secure the sample. Be sure to make it hold firmly
but not too tight. Make sure you plug in the attached vacuum to the saw to reduce dust. Allan
keys that come with the saw are used to adjust the blade spacer widths. There is a knob located
on the front of the machine that adjusts the speed at which the blade moves. It is good to adjust
this for each different type of wood as different speeds are better for cutting different species of
wood depending on their wood composition.
When sawing you use the down button to lower the blades and the down joystick can also be
used to adjust the depth of the blades more finely. Use the side to side joystick to make sure the
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sample is not directly under the blade and to move the sample through the blades. When
beginning to saw turn on both the vacuum and then the saw.
When cutting be consistent. Once you find a speed which works stick with that speed. Try to
avoid sawing through any excess glue on the sample as this can damage the blades of the saw.
First the 2mm cut goes down the center of the sample. After this cut is done on all samples, it
is better to transfer a label now on the 2mm width side before performing the cut which will
remove the sample from the board. Use whatever labeling system you used when labeling the
board/cane. Label using a regular HB fine-tipped pencil as this will not come off during the resin
extraction process. Be sure to label each piece of your sample if it has been broken up by the
saw. Label consistently on the edge as all other labels should be avoided during density analysis
as they may change the results. After all cores are cut with the 2mm spacing, adjust the sawing
blades to have a single blade on the saw, with a wide spacer (3 or 6mm), that can be aligned to
cut the fin free from the rest of the sample. This blade must be adjusted to cut deep enough to
free the fin from the sample. It is not wise to cut all the way through the sample though as this
may cause more breakage of the sample. If possible, cut past the pith, but not all the way
through. Leave just enough of the sample attached so that it can be easily broken off from the
rest of the cane by snapping, or with a scalpel.
Each sample is removed from the cane with either a blade that cut through one of the sides
and then the sample, or by breaking the sample off of the cane by holding it against a table edge
and pressing down on it until it snaps. Any glue or larger than normal widths on the sample must
be removed. See photos below for clarification on the sawing process.
If the wood type you are sawing has lots of resin, this may cause the blades to gum up and
not saw as efficiently. It is best to run through a non-resin wood in order to clear up the blades
for more samples. Also, if processing different species types, adjust the speed at which you saw
accordingly, as the density of the different species affects the sawing capacity. The blade may
require constant readjustment to ensure that each sample it cut through the middle, as not all
cores will be centered completely in the cane.
Unplug all cords, clean the saw blades and cover after use.
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Figure 8 – The basic cutting procedure.

Figure 9 – The 2 mm cut.
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Figure 10 – The 2mm cut side view.

Figure 11 – More of a 2 mm cut.
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Figure 12 – The fin after a single blade cut away.

Figure 13 - Top is the “fin”, bottom is the corresponding 5.1mm measured core.
It is useful to arrange the pieces of broken samples on a tray prior to the resin extraction
process and take a photo. This helps in the arrangement of the pieces on the needles for x-ray
processing after the extraction process (Figure 14).
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Figure 14 – A series of 2 x 7 mm samples arranged on a tray. An image and a sample map help
identify specific pieces before and after the resin extraction procedure.
Section H.
Alcohol Bath
The samples are covered with isopropyl alcohol and left overnight to soak in order to
remove any excess water in the samples. This should be performed under a fume hood as the
alcohol will most likely evaporate over the course of the evening.
Section I.
Soxhlet extraction process
The Soxhlet extraction process is a step required to remove the resin from wood samples in
order to avoid its interference with the density measurements. If the resin were to be left in, the
species with a higher resin concentration would have a higher density value than other samples,
which would skew the results in favor one sample over another.
The extraction device works by boiling the acetone on a burner, which should be set at a heat
level of 7, and then its subsequent evaporation and condensation. After it condenses the acetone
runs overtop of the wood samples taking the resin out with it. The acetone then travels through a
glass wool filtering stage and back into the acetone reservoir where it will be recycled back
through this process many times.
**Please note: The Soxhlet extraction process is to occur underneath a fume hood (drawing
at ~500) **
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This process usually takes between 4-6 hours. Be sure to dispose of the acetone properly in a
hazardous waste container.
The equipment required for this process is:
• XL extractor 71/60 joint
• Fredrichs condenser 360mm 45/50 joint
• 1000mL flat bottom flask 29/42
• Reducing 45/50 top out to 71/60 inner adapter
• Heating mantle set
• 36’’ support rod
• Clamp tri-grip (x2)
• 250g glass wool
• 1L Acetone
• A few feet of plastic tubing
•
Once finished in the Soxhlet extractor, the samples must be transferred to a flat pan lined
with paper towel for drying. Using extra long dissecting tweezers, extract the samples from the
chamber in the extractor and lay flat on the paper towel under the fume hood to dry. This should
not take very long (max 30 min). It is useful to organize the broken samples into their original
format at this stage, to aid in the next step. The extractor configuration cannot be left unattended,
it must be checked on every hour to make sure it has not boiled dry and that the water condenser
is still functioning properly. Please see pictures below as a guide for setting up the extractor.

Figure 15 – The initial setup of the Soxhlet extractor and the first amount of acetone being
poured over top of the wood samples.
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Figure 16 – The Soxhlet extraction process. Clockwise from top left: a) carefully placing samples into
holding chamber, b) side view of the entire Soxhlet extraction set up under the fume hood, c) the acetone
reservoir which hold the acetone and resin after it runs over the wood samples and d) a close up view of
the chamber holding the samples, note the glass wool gathered at the bottom of the chamber.
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Figure 17 – Removing the samples from the resin extraction chamber with gentle hands and a
pair of pliers

Figure 18 – Placing the samples of paper towel after removal in order to soak up any excess
acetone
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Figure 19 – the reorganization of samples into their complete fins (if broken up by the saw) and
placement underneath the fume hood in order to dry out any excess acetone.
Section J.
Taping samples for x-ray
The samples are taped onto the “needle” of the x-ray machine using double sided scotch tape,
although it has been rumored that single-sided movie splicing tape would work the best. The
steps for taping are as follows:
i.
Get many pieces of tape ready by dispensing them ahead of time and cutting
them in half and making sure they are accessible during the taping process.
ii.
Place the samples 7mm wide side onto 1/3 of the tape.
iii.
Place the needle directly adjacent to the 2mm side of the sample.
iv.
Wrap the tape around the needle and press the remaining tape onto the other
7mm wide side of the sample.
v. Make sure to eave space at the top of the needle as well as the bottom
(indicated by lines on the needles ~1/2 inch).
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vi.
vii.
viii.
ix.
x.
xi.

Make sure the tape is secured onto the sample by applying slight pressure, but
not too much as that may affect the density reading.
It is important that the samples are flat and are not angled at all as each sample
needs to be the same distance from the x-ray beam.
Place the prepared needles into the mounting holes sequentially according to
the number located on the top end of the needle.
It is important that the samples are parallel to one another and perpendicular
to the laser from the x-ray machine (facing the right).
The samples should all be mounted with the sample on the inner side of the
needle. The needles are mounted into spring loaded slots.
You should keep a record of which sample were mounted on which needle
(there are 18 needles in total for a full run), as the output from the x-ray
reading only identifies the samples by the needle on which they are mounted.
It is also possible to mount multiple samples on each needle as long as you are
careful to record the order in which they are mounted (i.e. from top to
bottom).

Figure 20 – Taping of the dried fins to the needles before mounting them in the x-ray machine
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Figure 21 – A close up of the taping process

Figure 22 - The proper placement of the fins (mounted on needles) in the x-ray machine. Bark at
the top of the sample, enough space left at both the top and the bottom, the roughest edge taped
to the needle, and the fin on the right (inner) side of the needle.
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Section K.
X-ray Machine settings
A day prior to turning on the scanner, warm the rest of the lab.
Prior to commencing X-ray, the cooling system for the x-ray machine must be turned on and
reach a temperature of 25ºC. The cooling plant switch must be turned from 270º to 360º. Set the
voltage in the menu settings and begin the cabinet in warm up mode (yellow light will blink on
the cabinet). A time should show up in the 1 day mode (~5minutes). Once Kv has warmed up the
current parameter mA will activate. Turn motor controls on to get the arrows to move the gates.
The Key on the front of the density scanner can then be turned to the on position once the
cooling plant has reached the appropriate temperature.
(Logging on to the computer at UVTRL: username= Density Scanner, password= tunnan)
Click the density scanner icon on the desktop to open up the scanning program. Set the
Kv/mA to 1 week. Once this is completed, set the first voltage to 30. The screen will show you
how much time it will take for the machine to warm up (a countdown). Set the settings to those
listed below:
Voltage = 30
Current = 55
Exposure time = 20
Step Size = 50!m
Image height and image width should be left at the default (=1).
Turn on the motor (navigation menu "hit on" OK). Your arrow keys control the position of
the sample tray (R= back, L= front, #, $). The machine must be calibrated for the first sample to
make sure that the laser is firing in the right range. You will do this by taking a reference signal
every time. Position the beam so that it is only hitting a blank space (air) and not a sample. This
is best done in the space before the first sample on needle number 1. The beam is narrower than
the metal plate and must be located in the center of it. Hit the button “reference signal” and then
the scanner will take a measurement. The resulting green line that is displayed on the screen
should be flat and located between the two yellow lines on the screen. If this is not what happens,
reposition the beam and try again until the beam lines up between the two peaks. The program
may quit after doing this too many times, just restart it from the beginning if this occurs.
Next, position the beam at the top of the first sample and hit “Batchscan” and select the
needles with samples on them that should be scanned. The red area indicates the amount of area
of each needle that is to be scanned, so move the blue bar on each sample to adjust the amount of
each needle which is being scanned. This makes it so only the sample is being scanned and thus
saves time.
Select where you want to save the image. Because it is a batchscan, the program will create a
folder in which the sample images can be found along with their associated metadata. Once all
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the settings are in place, hit “run” and wait until all the samples are processed. It takes
approximately 25 minutes for each needle.
In order to choose where you save the data click on “Select Data Directory” and then
navigate/browse to where you created your new folder. The click “Select Current Directory” not
“Save” as it will not put the data here if you do not “select” the directory.
**If the red light ever stays on, close and reopen the density scanner software. (Operate
"close). **
Select “turn off high voltage when scanner is finished.” This turns off the scanner when all
samples are done being scanned.
After this is completed, turn off the scanner key and then the coolant machine.

Figure 23 – A close up look of the calibration process and taking a reference signal.
Section L.
Labeling and storing fins after processing
The most convenient way to store and organize the processed fins if they are in many
pieces is to store each sample in an individual zipper seal sandwich bag and then place it in a
larger bag that contains the entire set or species. Be sure to put a secure label on each of these
bags, not just writing on the bag as this can rub off over time.
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Figure 24 – The storage of samples after processing.
Section M.
Preparing Images for WinDendro analysis
Previously Photoshop was used to increase the contrast of the images to allow for easier
processing. Due to the introduction of a new calibration scale for the densitometer this can no
longer be used. Images can no be opened directly into WinDendro.
Section N.
Analyzing images in WinDendro
Density analysis is done using the program WinDendro. Steps for this process are as follows:
i.
Open WinDendro
ii.
Make sure the density analysis icon is checked under the density menu.
iii.
Check that the media is set to “positive film”
iv.
Image calibrated dpi is 508 ( this is the dpi output from the density scanner)
v. Open the image you wish to analyze by clicking on the Image menu "Acquire
Image
vi.
Open the image you wish to analyze (make sure the image origin is in the format
.disk)
vii.
The default sample thickness is 1mm, be sure to change this to the appropriate
thickness of your samples.

59

Figure 25 – This figure and those figures up to Figure 32 show the image of what the screen
should look like during the analysis in WinDendro.
viii.

Zoom out of the image so you can see the majority of the core

Figure 26
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ix.
x.
xi.
xii.

Using the Path tool, draw a path beginning from the pith towards the bark.
Stop drawing when you reach the bark, do not draw the path over the bark, double
click to end the path.
If two separate pieces need to be analyzed from the same needle just measure the
first piece and then close the file and reopen the image to measure the second
piece and save them under different names.
If the same sample is split up between two different scanner images just change
the start year of the appropriate sample so that the data from the images can be
pieced together manually later in Text Pad. (Path"Identification"Edit)

Figure 27
xiii.

Once you finish drawing the path it will ask you where you want your data saved,
click “Create One”
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Figure 28
xiv.

Enter in the tree and site identification and the year of last known ring. If the bark
is missing on a sample still put the last year as the one put for all the other
samples, through crossdating the samples age can be determined and changed.
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Figure 29
xv.

xvi.
xvii.

Zoom back into the image and beginning at the pith, make adjustments to the ring
boundaries so that they line up (ring boundary = green, late/earlywood = blue).
Make adjustments to the early wood and latewood boundary only after all of the
ring boundaries have been completed. You only adjust the green line and the blue
boundary mirrors its changes in angle.
If the late/early wood boundaries do not show up right away, select the “Display
menu”" image area" E.W. boundary
To shift the blue boundary you hold down both Ctrl and Shift and click on it and
slide it up and down the path. The green boundary can be moved by holding down
the shift button in the middle of the boundary to move it up and down and on the
edge to change the angle. To delete a boundary click on it without holding down
shift and to create one missed by the software, click without holding any buttons
down.
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Figure 30
xviii.

To skip over a break in the sample you go to the Path menu" Gap" Define. It is
important to define the gap quickly and accurately as WinDendro has a tendency
to crash if this process is not done quickly. You click on the lower edge and then
click on the upper edge of the crack. This should clearly define the gap.
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Figure 31
xix.
xx.
xxi.

The boundaries can also be moved to correspond with the density fluctuations
seen on the left hand side of the image.
When you are finished measuring, select the tree icon in the lower left hand
corner, input your last year and your sample width.
Once all of the boundaries are defined, the file saves itself but you must select
“Close File” from the Data menu.
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Figure 32
xxii.

Continue with the next sample

Section O.
Crossdating with 5.1mm core
The output from the WinDendro must be converted to Tucson data type with the program
convert.exe. In order to have a proper analysis of the correlation of the density data and the
climate parameters, the adjustments and corrections made for the 5.1mm core during crossdating
must also be made to the parameters of density that are going to be processed. In the output from
the WinDendro density analysis ring width is one. By cross dating these ring width
measurements with the 5.1mm ring width measurements we can accurately make changes to the
other parameters that are to be analyzed. Make sure to keep a detailed record of the changes
made to each core and the order in which they were performed so that all the data reflects the
cores accurately.
Section P.
Standardization of 12mm Density data
This data requires standardization due to the tendency of a tree to put on less dense rings as it
gets older. Using the program ARSTAN we did a linear regression on any slope. Following the
prompts outlined below, you will be able to see each core after standardization to observe the
effects it has on each cores signal. This is for the newest version of ARSTAN. With this output
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for my project we did a matrix for standard, residual, ARSTAN and average outputs, in order to
compare the correlations of each data type.

Figure 33 – My notes on standardization techniques.
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Figure 34 – My Notes of standardization of Maximum density data with ARSTAN using a linear
regression.

Section Q.
Correlation Matrix with Climate data
A correlation matrix is made using the program Corel Quattro Pro. All of the climate data as
well as the 5.1mm chronology data are entered into the columns on a sheet. The data is organized
as seen below:
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Figure 35 – Screen image of correlation matrix steps from figure 35-40. This image is a
display of the climate data in the program Quattro Pro.
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Figure 36 – Cut in the maximum density data.
To perform the matrix, highlight all the data and select the “Tools” Menu" Numeric Tools"
Analysis" Correlation" click “Next”. Select the “use labels” option and using the mouse select
the output cells you would like the matrix to go to. Make sure to “Organize by” column. Follow
the prompt pictures below.
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Figure 37 – Highlight all the data and following the menu options in order to perform the proper
analysis.
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Figure 38 – Selecting the analysis tool
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Figure 39 – Selecting which data cells the output is to go in
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This is what the matrix should look like:

Figure 40 – The output of the correlation analysis.
Section R.
Response Function Analysis in DendroClim Program
In order to do this analysis in this program the data from the tree ring chronology must be
in a .txt file format with just the year in one column and the measurement in the other with no
headers. The climate data that you wish to use must also be in this format. Open the program and
browse for both your tree ring index and the climate data you wish to use.
In the next step you select how much of the previous year and current year you want to
analyze. The standard selection is:
Start Month for Previous Year = Month 4
End Month for Current Year = Month 10
The program performs he response function analysis and the output is saved in the folder
in which the program is run. At this point in time you can view the correlation and response
function values by selecting the buttons that indicate these functions on the right hand side.
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In order to create a composite graph that shows the correlation values, correlation
threshold points for each month and the response function values (Figure 41) the three files from
the DendroClim output that are of use include:
S_corr.tst (significance thresholds)
S_corr.all (correlation values)
S_resp.sig (significant response functions)

Figure 41 – A composite graph of the response function and correlation values from the output of
Dendroclim.
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