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1. Abstract 
 

As climate continues to change, more research is needed to understand how individual 

plant species will respond. This study uses leaf carbon isotope values as a lens to examine how 

high-latitude plant species in Alaska, Canada, and the northern United States are impacted by 

changes in water availability and increased temperature due to anthropogenic climate change. I 

found that Δleaf values of three individual species, Juniperus communis, Betula glandulosa, and 

Eriophorum angustifolium are not responding uniformly to climate. While none of the species 

has responded to increase [CO2] over the period of 1923–2015, each species responded to 

multiple other climatic variables, specifically temperature and water availability, in ways not 

previously noted in studies of temperate and tropical systems. In particular, while meta-analytical 

studies of temperate and tropical indicated that Δleaf was lower at low precipitation, I found that 

the opposite was true for the high-latitude species. Meta-analytical studies also have found little 

or no change in Δleaf due to temperature, which is validated for sites where the mean annual 

temperature is >0°C. However, at colder sites Δleaf is negative correlated with temperature. This 

implies that studying leaf carbon isotope values of species on the edge of their growth range, 

under climatic extremes, may provide an opportunity to identify the climatic drivers that most 

affect a species under future climate change. This study suggests that some individual species 

growing at high latitudes may have a physiological advantage when faced with climate change, 

potentially broadening their growth range poleward, while other species may face a 

physiological disadvantage with a decreased chance of survival. 

 
2. Introduction 

 
Climate is shifting faster at higher latitudes than lower latitudes as anthropogenic 

emissions continue to accelerate (Settele et al., 2014). These high latitude environments are 

comprised of an ecosystem gradient from boreal forests to arctic tundra to polar desert 

environments where temperature and precipitation are increasing at a greater rate than in 

temperate environments (Diffenbaugh & Field, 2013). Higher temperatures caused by modern 

climate change will result in increased vapor pressure deficit (VPD), resulting in increased 

evaporative demand, especially in regions with lower water availability (Stocker et al., 2013; 

Novick et al., 2016). While many studies point to an increase in species distribution towards the 
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poles with increased temperature and precipitation, the effect of this shift is often different 

amongst species, with the threat of some species not being able to adapt quickly enough to 

changing climate (Jump & Peñuelas, 2005; Parmesan & Hanley, 2015; Feeley et al., 2020). 

Modeled future vegetation growth at these latitudes predicts decreased growth (Boulanger et al., 

2016) and some non-model-based land cover studies suggest there may be forest loss (Carpino et 

al, 2018). Overall, there is a need for more studies focusing on species’ specific responses to 

climate change in more climatically stressed, arctic regions to determine how the distributions of 

taller, woody vegetation of the boreal forest and grasses, sedges, and shrubs of the tundra will 

continue to intersect and shift (Myers-Smith et al., 2011; Feeley et al., 2020). 

Over the last 150 years, anthropogenic activity has also resulted in an increase in 

atmospheric CO2 concentration from ~280 ppm up to ~420 ppm and decrease of the carbon 

isotope composition of the atmosphere (δ13Catm values) from -6.8 ‰ to -8.2 ‰ because the 

source carbon is isotopically depleted anthropogenic inputs (Keeling et al., 2001; Tans, 2020). 

Given the dependence on plants for atmospheric CO2 and the record of δ13Catm values within 

plant leaf carbon isotope values (δ13Cleaf), leaf carbon isotope values may provide insight into the 

relative stress of plant species collected from this volatile region. 

 
2.1 Carbon isotope discrimination in C3 plants 

δ13Cleaf values in C3 plants are a measure of the ratio of preferentially consumed 12C in 

CO2 over 13C during photosynthesis. Leaf carbon isotope discrimination values (Δleaf) account for 

the main processes that result in isotopic fractionation within the leaves of a plant (see Eq. (1) 

below; Farquhar et al., 1989). Variables a and b represent known fractionation caused by 

diffusion of CO2 and carboxylation due to the enzyme RuBisCo, respectively. While I assume 

fractionation due to RuBisCo to be constant in this case, the functionality of it may also be 

impacted by extreme climate relative to the tolerance of the plant (Galmés et al., 2010). Different 

concentrations of CO2 outside the plant and within the plant are represented by ca and ci 

respectively. While δ13Cleaf has been shown to track the decrease in the isotopic value of 

atmospheric CO2 (δ13Catm) from isotopically depleted fossil fuels burnt throughout 

Industrialization (e.g., Stein et al., 2019), previous studies have found that other environmental 

factors also impact carbon isotopic compositions of plants (Farquhar, 1989; O’Leary, 1993; 
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�𝛿𝛿𝛿𝛿       𝐶𝐶𝐶𝐶 

Arens et al., 2000; Diefendorf et al., 2010; Kohn, 2010; Schubert & Jahren, 2012; Sheldon et al., 

2020). 

 
Eq. (1) 𝛿𝛿𝛿𝛿13𝐶𝐶𝐶𝐶𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−𝛿𝛿𝛿𝛿13𝐶𝐶𝐶𝐶𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑎𝑎𝑎𝑎𝑙𝑙𝑙𝑙 

 
 

𝑐𝑐𝑐𝑐𝑖𝑖𝑖𝑖 

∆leaf (‰) = 13 
1+  𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 

1000 

= 𝑎𝑎𝑎𝑎 + (𝑏𝑏𝑏𝑏 − 𝑎𝑎𝑎𝑎) 
𝑐𝑐𝑐𝑐𝑎𝑎𝑎𝑎 

The connection between Δleaf and different climatic variables can, in part, be linked to the 

effects of environmental inputs that change stomatal conductance (i.e. the rate of CO2 diffusion 

into, and water vapor out of, the stomata). Stomata are the main entry and exit point of gases in 

and out of a leaf, including carbon dioxide and water vapor (Lawson & Blatt, 2014). Individual 

species vary in maximum stomatal aperture sizes, response times, and photosynthetic capacities 

(Franks & Farquhar, 2007; Lawson & Blatt, 2014). While stomatal conductance is not 

specifically measured in Eq. (1), as ci decreases due to a hypothetical stomatal closure, the 

pressure difference of CO2 between the atmosphere (ca) and the plant (ci) increases, resulting in 

lower Δleaf values (Eq. (1); Figure 1). Therefore, to some extent, the known relationships between 

stomatal closure and external climatic variables, and variation in species’ stomata and responses 

to climate variables, may provide insight into why a given species shows variable Δleaf values or 

into why another species does not seem to record the carbon isotope values of the atmosphere. 
Generally, stomatal conductance increases in the presence of low CO2 concentrations, 

high light, and low evaporative demand, and decreases under the opposite environmental 

pressures (Lawson & Blatt, 2014). Because I expect to see increased precipitation and warmer 

temperatures at high latitudes as climate changes, it is important to consider how water 

availability and variables such as VPD affect stomata. VPD is the difference between the 

moisture holding capacity of the atmosphere at a particular temperature and current atmospheric 

moisture level (Anderson, 1936). If VPD is high, then there will be greater evaporative demand 

on plants. Open stomata pose the risk of water loss due to evapotranspiration; therefore, low 

water availability can limit the range of stomatal conductance. When high VPD is coupled with 

higher water availability, there will likely be even lower stomatal conductance, limited within the 

range of stomatal conductances pre-set by water availability (Forseth & Ehleringer, 1983; 

Novick et al., 2016). Thus, high VPD conditions should result in lower Δleaf values (Figure 1). 
Recently-studied climate parameters that have been proposed to drive Δleaf values in 

meta-analyses include latitude (Kohn, 2010), mean annual precipitation (MAP; Diefendorf et al., 

� 
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2010), mean annual temperature (MAT; O’Leary, 1993), nitrogen availability (Sparks & 

Elheringer, 1997), soil water (Lavergne et al, 2020), and others, which is to be expected due to 

the known response of stomata to different climate variables and the link to internal 

concentration of CO2 (variables summarized in Arens et al., 2000). While these previous studies 

prove useful for more temperate or tropical regions, they lack significant sample sizes from 

climatically stressed regions, such as higher latitude tundra regions. In addition, even at 

temperate latitudes the trends observed in meta-analyses are not replicated at the species level. 

For example, neither common gymnosperm nor angiosperm trees reveal a relationship between 

MAP and Δleaf (Stein et al., 2019; Sheldon et al., 2020). Furthermore, measurements of leaf 

carbon isotope values from natural populations, especially from higher latitudes, are sparse. 

For this study, I compare Δleaf values to moisture (represented through soil drainage, 

MAP, and the average month precipitation of the collection month of the sample), temperature 

(represented through MAT and the average month temperature of the collection month of the 

sample), and a combination of both moisture and temperature: VPD. I deliberately selected 

localities that would be representative of stressed environments (lower water availability and 

higher evaporative demand) in an effort to directly test my hypothesis that species are likely to 

record a noticeable response to this climate through changes in leaf carbon isotope 

discrimination values. Specifically, I hypothesize that samples within a species collected from 

regions with the lowest precipitation and highest evaporative demand (represented by VPD) are 

likely to have lower Δleaf values compared to the average Δleaf collected from more temperate 

regions, implying that these climatic extremes are impacting photosynthesis of the plant and 

potentially impacting its survivability. 

 
2.2 Regional Setting 

This study focuses on samples of plant species growing at high latitudes (Figure 2), 

primarily within the following climatic regimes (from lower to higher latitudes): Boreal- 

Continental fully humid warm summer (Dfb), Boreal-Continental fully humid cool summer 

(Dfc), Boreal-Continental Steppe cool summer (Dsc), and Polar (ET) (Peel et al., 2007; Rubel & 

Kottek, 2010). These ecoregions are mainly snow or polar climates according to the Kӧppen- 

Geiger climate classification maps (Peel et al., 2007). According to Rubel & Kottek (2010), by 

2100 the climate classification bands that these samples fall into are all expected to shift 
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northward with nearly all samples from this study originally falling within ET, no longer falling 

within the ET. Dfb and Dfc will shift northward with some sample localities then falling into 

Boreal-Continental Fully Humid Hot Summer (Dfa). The majority of localities will experience 

warmer, wetter summers due to climate change (Rubel & Kottek, 2010; Stocker et al., 2013), 

implying that any observed relationships between Δleaf and temperature-related or moisture- 

related climatic variables could impact the relative survivability of the focal species in this study 

or of other similar plant-functional types. 

While the majority of samples collected from higher latitudes are likely not affected by 

shade cover due to increased sparseness in ground cover, it is possible that the location of some 

samples within more forested areas have been impacted by shade from other canopies resulting 

in changes in leaf carbon isotope discrimination (McDowell et al., 2011). 

 
3. Materials and Methods 

 
3.1 Plant Species 

The three species used in this study, Juniperus communis, Eriophorum angustifolium, and 

Betula glandulosa, were selected due to their similarly wide temporal and spatial distributions, 

their high sample numbers in herbaria, and their distinct growth habits. Original specimen 

collection dates range from 1923 to 2015. Each species’ geographic range covers the variability 

of climate across higher latitudes. The latitudinal range of J. communis is 41.97 to 69.38 °N, 

44.48 to 81.42 °N for E. angustifolium, and 47.67 to 71.51 °N for B. glandulosa (Figure 2). 

Juniperus communis (gymnosperm, Cupressaceae) is a conifer that commonly grows as a 

shrub in the tundra (Hustich, 1953). At lower latitudes it may grow as a small tree and is often 

found as a tree in Europe. With a nearly circumpolar distribution J. communis is found scattered 

across the northern hemisphere in both boreal forests and at lower latitudes in places such as the 

Mediterranean (Hustich, 1953; Little, 1979; Tognetti et al., 2000; Farjon & Filer, 2013). This 

vast distribution and high frequency make J. communis a strong candidate for further study to 

compare responses of this taxon from higher, colder latitudes, to lower, warmer latitudes. 

Also known as cottongrass or cottonsedge, E. angustifolium (angiosperm, Cyperaceae) is 

a sedge with a narrower, but more northern latitudinal distribution, compared to J. communis. It 

is generally found growing in anaerobic, undrained soils, commonly in wetlands and tundra 
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(Gebauer et al., 1998; eFloras, 2020). This species was chosen in order to represent fast growing, 

short statured herbaceous vegetation. 

Commonly referred to as a dwarf birch, B. glandulosa (angiosperm, Betulaceae) is a 

deciduous shrub generally distributed throughout Alaska, Canada, and into parts of the lower 48 

states of the United States (de Groot et al., 1997; USDA & NRCS, 2020). It can be found in the 

tundra and in boreal forests, growing in bogs, muskegs, and rocky slopes or on permafrost, as 

well as in subalpine montane ecosystems at lower latitudes (de Groot et al., 1997; eFloras, 2020). 

Betula glandulosa was selected in order to represent woody broad-leaved deciduous plant in 

contrast to the evergreen needle-leaved J. communis. 

While the majority of samples collected from higher latitudes are likely not affected by 

shade due to the short stature and increased sparseness in ground cover, it is possible that the 

location of some samples within more forested areas have been impacted by shade from other 

canopies resulting in changes in leaf carbon isotope discrimination (Buchmann et al., 1997). I 

also expect that the general growth habit of the selected species, being shorter and more ground 

hugging, will limit potential canopy effects on Δleaf (McDowell et al., 2011). 

 
3.2 Sample Collection, Preparation, and Leaf Carbon Isotope Value Measurement 

For the measurement of δ13Cleaf, plant leaf samples were retrieved and analyzed from two 

different herbaria: the University of Michigan Herbarium (MICH; n = 35) and the National 

Herbarium of Canada at the Canadian Museum of Nature (CANL; n = 415). Additional δ13Cleaf 

data of E. angustifolium specimens were collated from a prior publication (n = 6; Schell, 2016). 

Analyses of Juniperus communis (n = 141), Eriophorum angustifolium (n = 156), and Betula 

glandulosa (n = 159) are collated in Supplemental Table 1. 

To remove any surface residue, leaves of each sample were individually cleaned for 30 

minutes in 20–40 mL of deionized water in an ultrasonic bath. Following cleaning, each sample 

was rinsed and placed into an oven at 50 ℃ for 48 h. After drying, each sample was shredded 

into smaller pieces using a razor blade and tweezers in order to maintain as much remaining leaf 

tissue as possible for analysis. Approximately 0.952 mg of the shredded leaf tissue samples were 

then loaded into tin capsules and placed into a Picarro Combustion Module with autosampler 

coupled to a Picarro G2201-i cavity ring-down spectrometer (CRDS) in order to measure δ13Cleaf 

values of each sample. Output δ13Cleaf values were calibrated using ten lab-calibrated acetanilide 
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standards (δ13C = -26.58‰), four IAEA-600 caffeine standards (δ13C = -27.77‰), and four 

IAEA-CH6 sucrose standards (δ13C = -10.45‰) in each run. Reproducibility was better than 

±0.2‰ based upon standard replication. 
 
 

3.3 Climate Data 

Climate data was compiled from WorldClim 2 (Fick & Hijmans, 2017) including average 

monthly water vapor pressure (kPa), average monthly temperature (°C), and average monthly 

precipitation (mm) of the collection month of each sample, MAP (mm) and MAT (°C; 

Supplemental Methods). Raster files were uploaded into ArcMap and data from each climate 

variable layer was collected for each sample location. Soil data for specimens collected within 

Canada was sourced from Soil Landscapes of Canada (SCL) derived from V3.1 and V2.2 

(Agriculture and Agri-Food Canada). Soil drainage polygons were matched with each sample 

point location to compile soil drainage data in ArcMap 10.7.0.10450. Soil drainage type for 

specimens collected within the United States was sourced from the National Resource 

Conservation Service’s “websoilsurvey” (Soil Survey Staff). Canadian soil drainage codes and 

U.S. soil drainage codes were then reconciled in order to create standardized soil drainage bins 

based on how rapid or poorly drainage a soil was (Supplemental Methods). Atmospheric CO2 

concentrations (ppm) are from ice cores (pre-1958; Etheridge et al., 1998) and from Mauna Lao 

Observatory (1958 and later; Keeling et al., 2001). 

To calculate Δleaf values (Eq. 1), I used δ13Catm values from direct measurement at Mauna 

Loa Observatory (Keeling et al., 2001) for samples after 1979, and from gas trapped in ice cores 

and firns prior to 1980 (Rubino et al., 2013). For samples that had no sampled δ13Catm value, I 

used a regression that interpolated between years with direct measurements of δ13Catm 

(Supplemental Methods). 

 
3.4 VPD Calculation 

 
7.5∗𝑇𝑇𝑇𝑇 

Eq. (2)  𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠  = 6.11 ∗ 10237.3+𝑇𝑇𝑇𝑇 

 
 

Average monthly collection VPD was calculated using Eq. (2) from National Weather Service 

(2020) for saturated vapor pressure. Actual vapor pressure pulled from WorldClim was then 

subtracted from saturated vapor pressure in order to calculate VPD (kPa). VPD bins were 
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divided for each species to capture the variation in the means of subsets of samples within each 

species at relative “tipping points” (see section 5.1.2). 

 
3.5 Data Analysis 

Data were identified as outliers if they 1) appeared visually far away from the other data 

points and 2) their removal changed the R2 value of linear regressions. Other methods for outlier 

analysis were considered but the isotope measurements did not follow a Gaussian distribution. 

For linear regressions, I calculated the partial least squares for the relationship between Δleaf and 

each climate variable. Non-linear relationships were best explained by an exponential function 

(based on my main assumption that Δleaf values may reflect stomatal conductance). Coefficients 

of determination (R2 values) were calculated to determine how well Δleaf could be predicted 

given some climatic input. P-values from an ANOVA test were used to test for statistical 

significance. Values less than 0.001 were considered statistically significant. To examine the 

combinatorial effect of multiple climate or environmental variables, principle component 

analyses (PCAs) were performed in OriginPro 2020 9.7.0.185 for each species individually and 

for the three focal species in aggregate. Those results were used to identify additional 

combinations of variables for analysis. 

 
4. Results 

 
4.1 Summary of sample climate data 

Over half of the samples (n = 249 of 456) were collected during the month of July, with 

an average monthly temperature of 13.22 °C for Juniperus communis (1σ ± 4.04), 9.19 °C for 

Eriophorum angustifolium (1σ ± 3.77), and 10.84 °C for Betula glandulosa (1σ ± 2.62). 

 
4.2 Summary of Carbon Isotope Values (δ13Cleaf) and Isotopic Discrimination (Δleaf) 

Eriophorum angustifolium had the largest range of δ13Cleaf and Δleaf values and the 

greatest standard deviation in comparison to the other non-sedge species (σ = 1.51 and σ = 1.46, 

respectively; Table 1.) All species had similar mean δ13Cleaf and mean Δleaf values within 1‰ of 

one another. 
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4.3 δ13Catm vs. δ13Cleaf 

The coefficients of determination for linear regressions between δ13Catm and δ13Cleaf for 
J. communis, E. angustifolium, and B. glandulosa (angiosperm,) were modestly predictive at R2 = 

0.23 (p-value < 0.001), R2 = 0.11 (p-value = 0.0016), and R2 = 0.29 (p-value < 0.001), 

respectively. The slopes of δ13Catm and δ13Cleaf for B. glandulosa (m = 1.39; angiosperm; 
Betulaceae; shrub) and E. angustifolium (m = 1.31; angiosperm; Cyperaceae; sedge), are nearly 

identical, whereas the slope of J. communis (gymnosperm; Cupressaceae; shrub) is slightly 

steeper (m = 1.90; Figure 3, Supplemental Table 2). Figure 4 plots the high latitude species from 

this study with previously published results from low- to mid-latitude tree species: Pinus strobus 

(gymnosperm; Pinaceae), Populus tremuloides (angiosperm; Salicaceae), Thuja occidentalis 

(gymnosperm; Cupressaceae), Thuja plicata (gymnosperm; Cupressaceae; Sheldon et al., 2020). 

There is not a clear grouping of either gymnosperm versus angiosperm slopes. Species of the 

Cupressaceae family have similar, relatively steeper slopes compared to the other species of 

different families (Figure 4, Supplemental Table 2). 

 
4.4 Δleaf vs. MAP and Average Collection Month Precipitation and VPD 

Juniperus communis was the only species to show a modest and statistically significant 

relationship between Δleaf and MAP (R2 = 0.15, p-value < 0.001). Linear regressions showed no 

other higher R2 values between Δleaf and MAP or Δleaf and average collection month precipitation; 

however, extremely low MAP resulted in higher carbon isotope discrimination values for every 

species (Figure 5 A1-3). The only higher R2 value between Δleaf vs. average collection month 

VPD was for E. angustifolium (R2 = 0.19, p-value < 0.001), where carbon isotopic discrimination 

values were lower (lower Δleaf values) at higher VPD levels, especially at lower monthly 

precipitation gradients (~40 mm; Figure 5 C2 and Figure 7). Variability in carbon isotope 

discrimination decreased for J. communis as VPD increased (Figure 5 C1, Figure 7). When Δleaf 

values are analyzed for J. communis across increasing MAP, increased soil drainage coupled 

with higher average collection month VPD may result in less variable Δleaf values (Figure 7, 

Supplemental Figure 1). 
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4.5 Δleaf vs. Latitude, MAT, and Average Collection Month Temperature 
Juniperus communis was the only species to show statistically significant and predictive 

positive relationship between Δleaf and latitude (R2 = 0.17, p-value < 0.001) where Δleaf increases 

with latitude. This trend is visible for all three species, but not statistically significant (Figure 6 

A1) for the others. Juniperus communis was the only species with a statistically significant 

relationship between Δleaf and MAT (R2 = 0.13, p-value < 0.001). In general, all species showed 

modestly increased carbon isotope discrimination with decreasing MAT (Figure 6 B1-3). The 

same trend is also found for Δleaf and average temperature of collection month, but only 

significantly for E. angustifolium (Figure 5; R2 = 0.13, p-value < 0.001). 

 
4.6 Δleaf and [CO2] 

R2 values for linear regressions between Δleaf and [CO2] were low and not statistically 

significant for J. communis, E. angustifolium, and B. glandulosa (R2 = 0.0000012, p-value = 

0.99, R2 = 0.0011, p-value = 0.69, R2 = 0.021, p-value = 0.068; Supplemental Figure 2). 

 
4.7 Principle Components Analysis 

The PCA analyses for each individual species and all species together resulted in the first 

two principle components explaining >50% of the variation in the data (Supplemental Table 3, 

Supplemental Table 4). Biplots of PC1 and PC2 show that there is variability in the strength of 

climatic variables and each species is affected differently (Figure 9, Figure 10). For individual 

species, principle component 1 (PC1; 39.40% variation) of J. communis has an eigenvalue of 

2.76 with the majority of variability of values accounted for by MAT, average precipitation of 

collection month, and MAP (Supplemental Table 3), while PC2 (eigenvalue of 1.74; 24.90% 

variation) was most highly correlated with average temperature of the collection month and 

VPD. PC1 of E. angustifolium has an eigenvalue of 3.64 (52.03% variation), with variability 

driven by VPD, average temperature of collection month, MAT, average precipitation of 

collection month, and MAP while variability of PC2 (eigenvalue of 1.33; 19.01% variation) is 

driven by Δleaf, VPD, average precipitation of collection month, MAP, and drainage level 

(Supplemental Table 3). Finally, PC1 of B. glandulosa has an eigenvalue of 2.9 (42.05% 

variation) with variability driven by average temperature of collection month, MAT, average 

precipitation of collection month and drainage level, and PC2 has an eigenvalue of 1.73 (24.70% 
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of variation) with variability driven by VPD, average temperature of collection month, MAP and 

drainage level. (Supplemental Table 3). 

The PCA of all species combined shows the variation in the relative effects of each climate 

variable on all three species (Figure 10). PC1 has an eigenvalue of 3.2 (45.77% of variation) 

with variability driven by VPD, average temperature of collection month, MAT, average 

precipitation of collection month, and MAP (see Supplemental Table 4 for coefficients). PC2 has 

an eigenvalue of 1.5 (21.56% of variation) with variability driven by VPD, average temperature 

of the collection month, MAP, and drainage level. The majority of the samples of E. 

angustifolium and B. glandulosa overlap, with samples of E. angustifolium more driven by Δleaf. 

In contrast, samples of J. communis are more driven by the variability accounted for in PC1, 

driven mainly by MAT and MAP (Figure 10, Supplemental Table 4). All three species appear to 

be driven by variability in VPD and drainage level to some extent described in PC2 (Figure 10, 

Supplemental Table 4). 

 
5. Discussion 

 
5.1 Leaf carbon isotopes in relation to carbon and the water cycle 

5.1.1 δ13Catm vs. δ13Cleaf values 
Species have varying ranges of δ13Cleaf and the coefficient of determination for the 

relationship between δ13Cleaf vs. δ13Catm varies in strength (R2) and statistical significance (p- 

value) based on species and plant functional type (Diefendorf et al., 2010; Stein et al., 2019; 

Sheldon et al., 2020). When the relationships between δ13Catm and δ13Cleaf of the focal species in 

this study were compared to those demonstrated in Sheldon et al. (2020), the single genus in the 

same family (Juniperus, Cupressaceae) behaves similarly (Figure 4, Supplemental Table 3). This 

could be due to genetic similarities within the family that appear to hold true even in more 

extreme climates. Specifically, the similarity in stomatal shape and size may be a result of the 

similar carbon isotope measurements within the Cupressaceae family. While species may 

individually close their stomata more or less in relation to a change in a climatic variable, there 

may be stomatal similarities within the family, thus creating a homogenous limitation to the 

carbon that could be brought in by the plant across the family level (Peterson et al., 2010). 
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5.1.2 Δleaf and Water Availability: Precipitation and VPD 
Two of the three species in this study showed noticeable response between Δleaf and 

precipitation (MAP or monthly precipitation); however, this response to water availability was 

not initially evident by linear regression (Figure 5 A1, B2, Supplemental Table 3, Figure 9, 

Figure 10). When the results of the PCA are considered in conjunction with the linear 

regressions, both MAP and average monthly precipitation appear to influence Δleaf values of both 

J. communis and E. angustifolium (Supplemental Table 3, Figure 9). The variation in responses 

to MAP or average monthly precipitation between species may be due to growth habit. Within 

the dataset, the faster growing sedge and B. glandulosa respond more to average monthly 

precipitation, but the slower growing coniferous shrub responds more to MAP (Supplemental 

Table 3, Figure 9). 

Typically, Δleaf values are lower with decreased water availability because lower water 

availability causes stomatal closure, driving down internal carbon concentration (ci). A meta- 

analysis by Diefendorf et al. (2010) proposed that Δleaf value logarithmically increase with 

increasing MAP and then level out (Supplemental Figure 2). However, this relationship is 

defined by only a few samples growing at low MAP, where n = 59 samples of n = 29 species of 

xeric woodland scrubland with MAP ~200–500 mm yr-1 (Diefendorf et al., 2010). This sample 

density was not high enough for any given single species to reflect the trend that I see in this 

data; for the highest sample number of one of the 29 species was n = 9. Moreover, the specimens 

categorized as xeric woodland scrubland are reflective of more mid-latitude desert climates. In 

contrast, at low MAP, the carbon isotope values of my focal species (J. communis, E. 

angustifolium) are demonstrably higher than expected at lower MAP based on the Diefendorf et 

al. (2010) model, and then appear to level out in a similar fashion (Figure 5, A1). This suggests 

that the relationship between Δleaf values and MAP is actually exponential and that paleoclimate 

reconstructions of MAP based on results from Diefendorf et al. (2010) should be approached 

with caution, as each species is likely to reflect a differing relationship between leaf carbon 

isotope values and water availability. Mesophyll conductance or even changes in carbon isotope 

fractionation by RuBisCo may be responsible for the difference in response to water availability 

between cold and temperate climatic regimes (Galmés et al., 2010; Sáez et al, 2018). 

The inflection point where Δleaf values increase at low MAP or relative water threshold 

of when a plant begins to experience water stress may be the tipping point as to when a plant 
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appears more vulnerable to other climatic variables. For example, the Δleaf values of J. communis 

are significantly higher at lower MAT when MAP is lower (Figure 8). Moreover, the isotopic 

composition of J. communis only appeared to be impacted by VPD when high VPD was coupled 

with low MAP and rapid soil drainage, resulting in a narrowed range of Δleaf values (Figure 7, 

Supplemental Figure 1). This may suggest that increased precipitation at high latitudes due to 

climate change would resolve some of the responses observed in leaf carbon isotope values to 

temperature or VPD. This observed relative precipitation threshold, in which each species begins 

to show a response to other climate variables, varies between each species. It is likely that this 

variation will result in incongruent responses of species to climate change. 

As for the effect of VPD on carbon isotope discrimination, it is important to remember 

that the effect of transpiration due increased evaporative pressure from higher VPD may be 

greater at lower water potentials (Forseth & Ehleringer, 1983). Therefore, lower water 

availability coupled with higher evaporative demand could result in lower Δleaf values. This 

relationship was most evident for E. angustifolium in which the negative relationship between 

Δleaf and VPD appeared stronger when viewed in relation to lower monthly precipitations (~35 

mm; Figures 5 C2, Figure 7). The relationship between Δleaf values and VPD was further 

confirmed within the PCA results where VPD and rising Δleaf values were inversely related. 

Sedges may be more impacted by higher VPD due to their fast growth rate during peak growth 

season—the time when VPD is likely the highest due to warmer temperatures. Overall, Δleaf 

values can be used to highlight the coupled role of water availability and VPD acting on these 

species at high latitudes. 

As a last measurement of water availability, I considered soil drainage capacity. I cannot 

confidently describe how soil drainage level affected these plants. I hypothesized that soils 

classified as “rapidly draining” would increase the relative water stress of a plant, similar to the 

effect of low MAP or low average monthly precipitation. Plants collected from rapidly drained 

soils and high MAP or hight average monthly precipitation would be less water stressed, 

assuming precipitation was the dominate climatic driver. Juniperus communis may appear to 

show this in the aforementioned Supplemental Figure 1, where I observe decreased variability in 

Δleaf under higher VPD levels and more rapid drainage levels. Ultimately, data bin sizes are too 

small to be conclusive. The effect of soil drainage is only evident in PCA results; however, there 

are contradictory results for J. communis and E. angustifolium. This may be due to individual 
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water demands of either species (see below). Future work focused on plants growing in low 

precipitation gradients, across different soil drainage areas, and under varying VPD levels would 

help constrain the interplaying demands of soil water availability versus atmospheric water 

demand on plants in high stress regions. 

 
5.1.3 Δleaf, Temperature, and Latitude 

Previous studies concluded that there is no relationship between MAT and Δleaf for 

species growing at more temperate latitudes (Sheldon et al., 2020). In contrast, species in this 

study from higher latitudes show that there is a relationship between MAT and Δleaf: as MAT 

increases, carbon isotope discrimination decreases. Juniperus communis is more responsive to 

MAT and E. angustifolium is more responsive to average collection month temperature (Figure 6 

B1, B2, Figure 9, Supplemental Table 3). The higher Δleaf values of J. communis are clustered 

and less variable at lower MAT when MAP is lower, meaning that the effects of colder 

temperatures could be even greater on a plant when water is limited (Figure 8). The relationship 

between Δleaf values of J. communis and temperature may be explained by latitude; for 

decreasing temperatures and increasing latitude both result in Δleaf increases. The lack of clear 

patterns between Δleaf and latitude may mean that climatic responses of species noted in this 

study can be applied to the same species growing elsewhere in extreme environments. 

Differences in responses between species to different temporal measurements of 

temperature (monthly or annually) may be due to differences in growth habit, just as with 

precipitation. For example, the sedge could show a response to monthly temperature because of 

its rapid growth speed compared to the other plants studied. The growth speed of E. 

angustifolium, especially as a seedling, is considered quite fast (Phillips, 1954). In contrast, J. 

communis retains its leaves multiple years and is considered frost-resistant, meaning its growth 

season is likely longer than that of the sedge (Raatikainen & Tanska, 1993). 

 
5.1.4 Δleaf and [CO2] 

The region of focus in this study is likely one with increased local concentrations of 

carbon dioxide relative to the atmosphere as a whole due to increased permafrost thaw and 

combined oxidation of methane (Negandhi et al., 2013) and due to increased fires in peatlands 

(Hugelius et al., 2020). Some workers (Schubert & Jahren, 2012; Schubert & Jahren, 2018) have 
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proposed that Δleaf increases with increasing [CO2], but these studies relied on fast growing 

weedy habit plants grown in growth chambers. At ground level, some species growing both near 

natural CO2 vents and in growth chambers indicated increased leaf carbon isotope discrimination 

and decreased stomatal conductance with increased [CO2] (Tognetti & Peñuelas, 2003; Tognetti 

et al., 2000). Therefore, species specific studies using ground level measurements of [CO2] levels 

could be expected to show a relationship between Δleaf and [CO2]. However, the overall effect of 

increased [CO2] on vegetation may be limited due to limitations in nitrogen at higher latitudes 

(Atkin, 1996; Langley & Megonigal, 2010). 

In contrast, other workers (Lomax et al., 2019) have found that moisture availability is 

more important than [CO2] when growing the same fast growing weedy habitat species and Stein 

et al. (in press) recently used herbarium specimens to find that there was no relationship between 

Δleaf and rising atmospheric [CO2] in seven species of temperate angiosperm and gymnosperm 

trees. Herein, I validate that result and further find that neither dwarf tree or shrubby species (B. 

glandulosa and J. communis, respectively) nor naturally grown weedy habit species (E. 

angustifolium) show a Δleaf response to rising atmospheric [CO2] during Industrialization 

(Supplemental Figure 2), and caution against the use of Δleaf as a proxy for historical or 

geological reconstructions of atmospheric [CO2]. 

 
5.2 Implications for Specific Species Growing Under High Latitude Climate Change 

While analysis of certain species collected from the field in comparison to studies of 

expected responses to climate can prove helpful in identifying species-specific and universal 

climatic drivers, when a species has multiple climatic drivers that counteract one another, it may 

be impossible to initially determine any climatic drivers from single-variable regressions alone. 

Therefore, multiple stages of analysis may be necessary for individual species. In this study, 

PCA results supported the results from bivariate regressions that multiple drivers were at play in 

relation to leaf carbon isotope discrimination (Figure 5, Figure 6, Figure 9, Figure 10, 

Supplemental Table 3). Basic linear regressions between Δleaf and a climatic variable with low R2 

values are not sufficient to rule out a relationship between Δleaf of a species and a particular 

climatic variable. The following sections summarize the notable responses for each individual 

species and the implications of species responses for other species growing in similar 

ecosystems. 
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5.2.1 Juniperus communis 

Based on current known climatic changes occurring at high latitudes and the response 

seen here, J. communis may continue to survive under increasing precipitation, given that the 

species appeared most impacted by lack of water availability (Figure 5, A1 and Supplemental 

Table 3). Increasing temperatures may benefit already existing J. communis plants, as they will 

likely increase the growth season of the species, but may negatively impact seed viability 

(Verheyen et al., 2009). While I cannot identify the spike in Δleaf values at the -10.0 to -5.0 °C 

mark (Figure 9) at MAP ~250–500 mm yr-1, this temperature aligns with the reported minimum 

temperature where CO2 is still sufficiently accrued (-4.9 °C) and the reported cutoff temperature 

for respiration (-9.0 °C) (Ungerson & Scherdin, 1965). In comparison to the other species, 

samples of J. communis, seemed affected the most by climate variables in terms of magnitude, 

which may also be due to leaf retention (Figure 10). Overall, physiologically, J. communis may 

be able to surive at even higher latiudes given its known resistance to embolism and near 

constant hydraulic efficiency at different latitudes (Unterholzner et al., 2020), drought tolerance, 

and tolerance to colder temperatures (Thomas et al., 2007). In combination with the results of 

this study, this previous work suggests that J. communis and communities dominated by J. 

communis will likely be robust in the face of climate change. 

 
5.2.2 Eriophorum angustifolium 

E. angustifolium’s strong response to VPD, with a decrease in Δleaf, parallels a response 

found in Gebauer et. al (1989) where E. angustifolium showed stomatal closure to increasing 

VPD even when the plant had sufficient water access; therefore, the plant worked to prevent 

evapotranspiration based water loss even when it wasn’t necessarily water stressed. Δleaf values 

of E. angustifolium were lower at higher levels of VPD (Figure 5 C2 and Figure 7). Due to the 

connection between Δleaf and lower internal concentration of CO2 from stomatal closure, this 

could indicate that samples of E. angustifolium did in fact close their stomata to increased VPD 

in an attempt to retain water. Increasing VPD due to higher temperatures in the arctic could 

disproportionally affect this species despite projected increased precipitation. 
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5.2.3 Betula glandulosa 

Δleaf values of Betula glandulosa did not show any direct predictive relationships with 

climatic variables (Figure 5 and Figure 6). In contrast, PCA results for B. glandulosa showed that 

multiple climatic drivers were at play (Figure 9, Figure 10, Supplemental Table 3). The carbon 

isotope values of B. glandulosa are the most strongly correlated with the carbon isotope values of 

the atmosphere in this study (Figure 3) and have relatively lower variability of carbon isotope 

discrimination values of the three species (Table 1). While B. glandulosa may have some sort of 

leading response to more extreme climatic variables, it is possible that these responses simply are 

not captured by the sampling conducted within this study due to the fact that the majority of 

samples were collected during peak growth season or the fact that reproduction of B. glandulosa 

is restrained by colder temperatures (Myers-Smith et al., 2011). For these reasons, using Δleaf as a 

lens to understand how deciduous species respond to different climatic variables may be an 

avenue worth future investigation. 

 
5.2.4 Projections for Future Climate Change 

It is important to consider the implications of these species-specific climate-physiology 

relationships on spatial distributions as climate change progresses, as indiviual plant traits may 

provide insight into the effects of changing climate in colder, tundra biomes (Bjorkman et al., 

2018; Myers‐Smith et al., 2019) While species’ ranges may broaden at the arctic treeline 

boundary (Inset Map of Figure 2; Ettinger & HilleRisLambers, 2013), congruent with 

documented trends of an increase in woody plants in the arctic (Post & Høye, 2013), each 

species may respond differently based on results observed in this study. I would expect the 

distribution of J. communis to spread northward, with a projected shift poleward of the leading 

edge of the treeline. Due to the similarity in slopes of δ13Catm and δ13Cleaf between J. communis 

and other species of the Cupressaceae family, it is possible that other species of the Cupressaceae 

family growing in this region may also spread their distribution range poleward. However, 

predictions across taxonomy should be approached with caution, because growth responses to 

changes in climate have been shown to vary between species within the same genus (Riddle et 

al., 2014). The southernmost trailing edge of the growth range of E. angustifolium is likely to 

shift northwards, decreasing the range of the species lower latitudinal limits, due to potential 

negative effects of higher VPD from increased temperatures (Inset Map of Figure 2). Other 
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herbaceous species may be predicted to respond similarly, but only if their responses to VPD and 

water parallel that of E. angustifolium. As for Betula glandulosa and other deciduous species, 

while PCA results show multiple potential drivers of Δleaf, results are not conclusive enough to 

predict the future shift or lack thereof. A study by Gamm et al. (2018) reports a decline in 

deciduous shrubs at high latitudes and also found a lack of any significant trend in Δleaf versus 

climate for Betula nana, so this may provide guidance for B. glandulosa, but further work is 

needed to verify the similarity of responses between different species in the genus Betula. 
 

6. Conclusions 
 

In this study, three species, Juniperus communis, Eriophorum angustifolium, and Betula 

glandulosa were used to understand better the impacts of climate change on individual species 

growing in boreal and tundra environments. Overall, I found that the shift in greater overall 

precipitation and likely increased VPD from rising temperatures due to climate change will not 

impact vegetation at high latitudes homogeneously. For two of these species, water was a key 

player in the extent to which either species respond to other changes in climate variables. Many 

of the relationships between Δleaf and climatic variables within this study were exacerbated when 

the precipitation level was too low for that plant—resulting in a potential spike in mesophyll 

conductance or change in the function of RuBisCo. In order to confirm relationships seen with 

water availability further, it is necessary to specifically sample these species growing in areas 

with higher water availability. In contrast, these species were not impacted by rising atmospheric 

[CO2] levels. In order to understand further the potential impact of climate variables within 

climatically stressed regions, I suggest using climate data with higher spatial and temporal 

resolution. While this study includes large single species sample numbers, a higher sample size 

from lower latitudes and at similar latitudes with different longitudes should be collected in order 

to see if the current relationships between carbon isotope measurements and changes in carbon 

isotope discrimination hold up. While predictions can be made for the relative shift for 

coniferous shrubs, and sedges within this boreal forest to arctic tundra transition zone, more 

work is needed to understand the impacts of climate change on deciduous shrubs. Similar, multi- 

faceted studies must be conducted to see if these results hold true across plant families and for 

species of similar functional types in extreme climates. However, I note three key findings that 

are likely generalizable: 1) in agreement with previous studies of woody species, none of the 
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three species studied here showed any Δleaf response to changing [CO2], suggesting that isotope 

discrimination is a fundamental leaf trait; 2) response to environmental stressors is complex, but 

changing VPD has largely been overlooked and should be the subject of future work, and 3) 

trends observed in meta-analytical analyses of Δleaf from temperate and tropical latitudes do not 

apply to higher latitude settings, where I find a measurable influence of temperature on Δleaf that 

is absent at lower latitudes. Thus, leaf carbon isotope values may prove to be a key tool for 

studying species living at the edge of their range limits under changing climates. 
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9. Tables & Figures 
9.1 Tables 

Table 1. Summary statistics for leaf carbon isotope measurements and leaf carbon isotope discrimination, 
where σ is equivalent to ± 1σ. 
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9.2 Figures 

 

 

Figure 1. Relationships between leaf 
carbon isotope discrimination values, 
internal concentration of carbon 
dioxide (ci), and stomatal opening and 
closure. 
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Figure 2. Sample locations and Δleaf values. Samples (n =453; this study and Shell (2016)) are divided by 
species (shape) and are color-coded by calculated Δleaf values (‰). The region in pink designates the 
circumpolar arctic land area where the treeline has ended to highlight the shift from trees to shorter stature 
vegetation (CAVM Team, 2003). The inset map highlights a region where samples were collected that fall 
along or near the treeline boundary; here we can predict how species may shift due to changes in climate. 
Basemap: World Light Gray Canvas Map, Esri, HERE, Garmin, © OpenStreetMap contributors, and the 
GIS user community; stereographic North Pole projection, WGS 1984. 
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Figure 3. Leaf carbon isotope values (δ13Cleaf) of Juniperus communis, Eriophorum angustifolium, and Betula 
glandulosa vs. atmospheric carbon isotope values (δ13Catm). Pre-1965 samples include all samples collected up 
to but not including the collection year 1966. The separation of data points was chosen based on the observed 
inflection point in δ13Catm, where the rate of change in δ13Catm increased due to the acceleration of 
Industrialization. For specific inflection points and atmospheric carbon isotope measurements see 
Supplemental Methods. 



36  

 

Figure 4. Species-level relationship between δ13Cleaf and δ13Catm. Results from this study for post-1965 samples 
(Figure 3) are compared to previous results from Sheldon et al. (2020) and generalized relationship proposed 
by Arens et al. (2000). Slopes for each regression can be found in Supplemental Table 1. 
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Figure 5: Compilation of all Δleaf vs MAP, average precipitation of collection month, and VPD for all 3 species 
used in this study. Blue highlighted samples are outliers. 
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Figure 6: Compilation of all Δleaf vs. latitude, MAT, and average temperature of collection month for all 3 
species used in this study. Blue highlighted samples are outliers. 
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Figure 7. Combined effects of MAP and VPD on Δleaf. VPD bins were selected based on relative data evenness. 
A) Δleaf vs. MAP for different average collection month VPD bins for Juniperus communis. B) Accompanying 
box and whisker plot for A highlighting the differences in the mean and variation about the mean leaf carbon 
isotope values for Juniperus communis when data are binned by VPD (kPa) and divided into two MAP 
groups: less than 500 mm and between 500 mm and 1000 mm yr-1(n= 35, 66, 14, 6). C) Δleaf vs. collection 
month precipitation for different average collection month VPD bins for Eriophorum angustifolium. D) 
Accompanying box and whisker plot for C (n= 74, 56, 22 respectively). E) Δleaf vs. collection month 
precipitation for different average collection month VPD bins for Betula glandulosa. F) Accompanying box 
and whisker plot for E (n= 17, 72, 70). Blue highlighted samples are outliers. 
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Figure 8. Juniperus communis Δleaf versus MAP binned by MAT. For MAT < 0°C, Δleaf is strongly negatively 
correlated with MAP. In contrast, leaves collected from sites where MAT > 0°C show no relationship. See 
trendline in Figure 5 A1. 
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Figure 9. Biplots for PCA results of Juniperus communis, Eriophorum angustifolium, and Betula glandulosa 
respectively. 
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Figure 10. Biplot of PCA when all three species and all climate variables are considered simultaneously. 
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I. Supplemental Methods 
a. Climate Data 

i. In ArcMap, the National Geographic Basemap was used with a WGS 1984 
coordinate system. Latitude and longitude coordinates of each individual 
plant sample used within this study were uploaded as a csv file and 
coordinate points were turned into a vector shapefile. The following data 
from WorldClim 2 were downloaded (Fick & Hijmans, 2017) 

1. Average Temperature for Months 3–12 (2.5m resolution) 
a. Pyramid Resampling Technique = Nearest Neighbor 
b. Pyramid Compression Type = Default 
c. Compression Quality = 75 
d. Unit = °C 

2. Water Vapor Pressure for Months 3–12 (2.5m resolution) 
a. Pyramid Resampling Technique = Nearest Neighbor 
b. Pyramid Compression Type = Default 
c. Compression Quality = 75 
d. Unit = kPa 

3. Bioclimatic Variables 
a. BIO1 (annual mean temperature) and BIO12 (annual 

precipitation) 
b. Pyramid Resampling Technique = Nearest Neighbor 
c. Pyramid Compression Type = Default 
d. Compression Quality = 75 
e. Units = °C and mm 

ii. Values from each climate layer were then extracted to each individual 
sample point using the Spatial Analyst Tool- Extraction and exported into 
an excel file. 

b. Soil Data 
i. For samples with coordinates within Canada, the vector shapefile of 

sample locations was plotted onto the National Geographic Basemap, 
WGS 1984 Coordinate system. The following soil data was uploaded into 
ArcMap: Soil Landscapes of Canada (SCL) derived from V3.1 and V2.2 – 
Cartographic 1M (Agriculture and Agri-Food Canada). The sample points 
were joined to the soil data polygons. For this research only 
DRAINAGE_CODE was used from output shapefile. The attribute labels 
were: Very Rapidly Drained, Rapidly Drained, Well Drained, Moderately 
Well Drained, Imperfectly Drained, Poorly Drained and Very Poorly 
Drained. For samples with coordinates in the continental United States, 
soil drainage data from each sample coordinate was manually collected for 
each location (Soil Survey Staff). The attribute labels were: Excessively 
drained, Somewhat excessively drained, Well drained, Moderately well 
drained, Somewhat poorly drained, Poorly drained, and Very Poorly 
Drained. The codes for each country were combined into numbered bins 
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represented by the numbers in parentheses in an attempt to reconcile the 
databases. Samples were given a code of 0 if they were listed as 
unclassified. 

1. Canadian Soil Drainage Codes 
a. (1) Very rapidly drained 
b. (1) Rapidly drained 
c. (2) Well drained 
d. (2) Moderately well drained 
e. (3) Imperfectly drained 
f. (4) Poorly drained 
g. (4) Very poorly drained 

2. U.S. Soil Drainage Codes 
a. (1) Excessively drained 
b. (1) Somewhat excessively drained 
c. (2) Well drained 
d. (2) Moderately well drained 
e. (3) Somewhat poorly drained 
f. (4) Poorly drained 
g. (4) Very Poorly Drained 

c. Calculating Vapor Pressure Deficit (VPD) 
i. VPD was calculated using Eq. (1) for saturated vapor pressure (National 

Weather Service, 2020). 
7.5∗𝑇𝑇𝑇𝑇 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸. (1) 𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠 = 6.11 ∗ 10237.3+𝑇𝑇𝑇𝑇 

Where 𝑒𝑒𝑒𝑒𝑠𝑠𝑠𝑠 is saturated vapor pressure (hPa) and T is temperature (°C). To 
calculate VPD, the actual vapor pressure pulled from Worldclim was 
subtracted from the saturated vapor pressure. Actual Vapor Pressure 
pulled was pulled from WorldClim 2, Monthly Average Water Vapor 
Pressure (kPa) (2.5m Resolution) for months 3 through 12. Temperature 
was pulled from WorldClim 2, Monthly Average Temperature (°C) (2.5m 
Resolution) for months 3 through 12. Each monthly VPD was linked to 
the corresponding month that the sample was collected in. 

d. Accounting for missing δ13Catm values 
i. Two regressions were created in order to account for any yearly missing 

atmospheric measurements using δ13Catm measurements (Keeling et al., 
2001; Rubino et al., 2013). For samples collected during the year of 1965 
or earlier, δ13Catm values were assigned from Rubino et al. (2013). If 
samples collected from 1965 or earlier happened to not have a direct 
δ13Catm value that it corresponded to, values were extrapolated from a 
linear regression of all known measurements from Rubino et al. (2013) 
from 1898 to 1965 ( y = -0.0049x + 2.5495). For samples collected in the 
year 1966 or later, δ13Catm values were assigned from a combination of 
measurements from Rubino et al (2013) and Keeling et al. (2001). For 
sample years without direct measurements a δ13Catm value was calculated 
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from the regression line of measured δ13Catm values from 1966 to 2018 (y 
= -0.0254x + 42.709). Two individually regression lines were used to 
select δ13Catm values, because the isotopic composition of the atmosphere, 
based on the measurements from Rubino et al. (2013) and Keeling et al. 
(2001) begins to become more negative around the 1965–1966 mark. To 
assign δ13Catm to each sample, the sample collection year and month was 
used to calculate the Julian calendar # that each sample was collected on 
Eq. (2). 

 
 

Eq. (2) 𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝑒𝑒𝑒𝑒𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐽𝐽𝐽𝐽𝐶𝐶𝐶𝐶𝐽𝐽𝐽𝐽 𝑀𝑀𝑀𝑀𝐶𝐶𝐶𝐶𝐽𝐽𝐽𝐽𝐽𝐽𝐶𝐶ℎ − 1 

12 

 
+ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐽𝐽𝐽𝐽𝐶𝐶𝐶𝐶𝐽𝐽𝐽𝐽 𝑌𝑌𝑌𝑌𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝐶𝐶𝐶𝐶 

Sample collection day was not included within the Julian calendar number 
due to the fact that δ13Catm measurements were only at a monthly 
resolution post 1980, and that VPD was an average monthly measurement. 
Each Julian calendar # for each given sample was matched with the 
δ13Catm Julian calendar measurement it was closest to. 

e. Calculating Δleaf 

Eq. (4) ∆= 𝑎𝑎𝑎𝑎 + (𝑏𝑏𝑏𝑏 − 𝑎𝑎𝑎𝑎) 𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖
 

𝑝𝑝𝑝𝑝𝑎𝑎𝑎𝑎 
(Farquhar et al. 1989). 

Where 𝑎𝑎𝑎𝑎 = 4.4‰ is fractionation due to diffusion of CO2 and 𝑏𝑏𝑏𝑏 = 27‰ is 
fractionation due to carboxylation from the enzyme rubisco (Farquhar et al.,1989) 
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II. Supplemental Figures 
 

Supplemental Figure 1. Δleaf vs. MAP with VPD and soil drainage bins for Juniperus communis. Drainage 
range from rapid drainage to poor drainage. Points filled with black indicate higher VPD levels. 



49  

 

 
Supplemental Figure 2. Exponential relationship of Δleaf vs. MAP for Juniperus communis in this study in 
comparison to the meta-analysis of multiple species from Diefendorf et al. (2010). Note the increase in Δleaf 

values of this study at lower MAP while Diefendorf et al. (2010) shows the opposite. 
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Supplemental Figure 3. Δleaf vs. [CO2] for Juniperus communis, Eriophorum angustifolium, and Betula 
glandulosa respectively (R2 = 1.21 x 10-6, 0.0011, 0.021; p-value = not significant). 
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Jan- 
202 
0 

66. 
08 

- 
118. 
03 

2 
3 
3 

34 - 
7.40 
017 

11.6 
08 

31 
0. 
3 

- 
7.04 
268 
242 
9 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
78 

0.37 
392 
740 
8 

20.2 
8 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S25 

194 
8 

7 20 CA 
NL 

Hans 
ford 
T. 
Shac 
klette 

311 
2 

7- 
Jan- 
202 
0 

65. 
72 

- 
118. 
90 

2 
4 
7 

37 - 
6.98 
633 

14.1 
2 

31 
0. 
3 

- 
7.04 
268 
242 
9 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
33 

0.62 
356 
842 
1 

20.8 
5 

4 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S26 

194 
9 

8 27 CA 
NL 

J. 
Ewan 

185 
16 

6- 
Jan- 
202 
0 

49. 
38 

- 
115. 
22 

7 
0 
0 

38 5.33 
333 

17.2 
2 

31 
0. 
5 

- 
7.00 
345 
833 
3 

EXTR 
APOL 
ATED 

- 
27. 
00 

0.88 
227 
232 
7 

20.5 
5 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S27 

194 
9 

7 10 CA 
NL 

W.K. 
W. 
Bald 
win 

159 
3 

7- 
Jan- 
202 
0 

52. 
42 

- 
80.2 
5 

7 
1 
3 

104 -1 15 31 
0. 
5 

- 
7.00 
305 

EXTR 
APOL 
ATED 

- 
26. 
76 

0.45 
584 
258 
1 

20.3 
0 

4 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S28 

195 
0 

7 10 CA 
NL 

Willia 
m H. 
Drury 
, Jr. 

421 
4 

6- 
Jan- 
202 
0 

61. 
92 

- 
154. 
42 

4 
6 
5 

82 - 
2.28 
217 

12.8 
36 

31 
0. 
7 

- 
7.00 
634 
099 
8 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
27 

0.42 
381 
721 
2 

20.8 
3 

0 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S29 

195 
2 

7 29 CA 
NL 

John 
S. 
Tene 
r 

119 6- 
Jan- 
202 
0 

64. 
04 

- 
103. 
85 

2 
3 
6 

39 - 
10.5 
01 

13.5 
96 

31 
1. 
5 

- 
7.01 
775 

EXTR 
APOL 
ATED 

- 
26. 
15 

0.55 
203 
099 
4 

19.6 
5 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S30 

195 
3 

6 27 CA 
NL 

E.H. 
McE 
wen 

54 6- 
Jan- 
202 
0 

68. 
17 

- 
131. 
47 

1 
9 
5 

18 - 
8.41 
383 

11.9 
68 

31 
1. 
9 

- 
7.02 
224 
166 
7 

EXTR 
APOL 
ATED 

- 
27. 
36 

0.65 
042 
431 
4 

20.9 
1 

3 

Juniperu 
s 

JCC 
AMA 
S31 

195 
7 

6 30 CA 
NL 

T.C. 
Brays 
haw 

 6- 
Jan- 

44. 
00 

- 
77.1 
3 

9 
4 
9 

74 7.39 
717 

17.6 
76 

31 
4. 
2 

- 
7.07 
1 

Rubin 
o et 
al. 

- 
26. 
01 

0.56 
529 
115 

19.4 
5 

2 



54  

communi 
s 

       202 
0 

        2013 
JGR 
Atmos 
phere 

    

Juniperu 
s 
communi 
s 

JCC 
AMA 
S32 

195 
9 

6 25 CA 
NL 

John 
W. 
Thier 
et & 
Robe 
rt J. 
Reich 

473 
8 

6- 
Jan- 
202 
0 

61. 
07 

- 
117. 
15 

2 
9 
6 

28 - 
2.81 
25 

13.6 
36 

31 
8. 
15 

- 
7.06 
651 
172 
9 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
28. 
96 

0.61 
169 
176 
1 

22.5 
5 

4 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S33 

195 
9 

6 25 CA 
NL 

John 
W. 
Thier 
et & 
Robe 
rt J. 
Reich 

476 
9 

6- 
Jan- 
202 
0 

60. 
93 

- 
117. 
72 

3 
1 
4 

32 - 
2.57 
767 

13.7 
12 

31 
8. 
15 

- 
7.06 
651 
172 
9 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
46 

0.62 
943 
283 
9 

20.9 
6 

4 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S34 

195 
9 

8 5 CA 
NL 

W.W. 
Jeffre 
y 

404 7- 
Jan- 
202 
0 

60. 
75 

- 
123. 
97 

5 
4 
1 

75 - 
3.04 
3 

10.6 
56 

31 
4. 
8 

- 
7.06 
651 
172 
9 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
43 

0.44 
378 
353 
3 

19.8 
9 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S35 

195 
9 

8 21 CA 
NL 

W.W. 
Jeffre 
y 

619 7- 
Jan- 
202 
0 

61. 
03 

- 
123. 
38 

4 
2 
7 

59 - 
2.39 
217 

14.8 
92 

31 
4. 
8 

- 
7.06 
651 
172 
9 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
29. 
46 

0.50 
041 
809 
9 

23.0 
7 

3 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S36 

195 
9 

7 1 CA 
NL 

W.W. 
Jeffre 
y 

19 7- 
Jan- 
202 
0 

60. 
03 

- 
123. 
50 

4 
7 
5 

94 - 
1.75 
233 

15.6 
08 

31 
6. 
54 

- 
7.06 
651 
172 
9 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
28. 
35 

0.56 
376 
982 
7 

21.9 
1 

3 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S37 

195 
9 

8 22 CA 
NL 

W.W. 
Jeffre 
y 

664 
a 

7- 
Jan- 
202 
0 

61. 
03 

- 
123. 
38 

4 
2 
7 

59 - 
2.39 
217 

14.8 
92 

31 
4. 
8 

- 
7.06 
651 
172 
9 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
23. 
61 

0.50 
041 
809 
9 

16.9 
4 

3 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S38 

196 
0 

7 13 CA 
NL 

Yves 
Des 
marai 
s 

189 
9 

6- 
Jan- 
202 
0 

50. 
23 

- 
62.2 
2 

1 
0 
4 
9 

96 1.47 
024 

14.3 31 
8. 
18 

- 
7.05 
695 

EXTR 
APOL 
ATED 

- 
27. 
11 

0.29 
047 
099 

20.6 
1 

4 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S39 

196 
0 

7 27 CA 
NL 

K. 
Bea 
mish 
& F. 
Vrugt 
man 

609 
13 

6- 
Jan- 
202 
0 

49. 
42 

- 
123. 
08 

2 
0 
5 
5 

61 5.74 
783 

13.0 
72 

31 
8. 
18 

- 
7.05 
695 

EXTR 
APOL 
ATED 

- 
26. 
04 

0.47 
168 
429 

19.4 
9 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S40 

196 
0 

7 28 CA 
NL 

H.J. 
Scog 
gan 

145 
74 

7- 
Jan- 
202 
0 

43. 
27 

- 
81.2 
5 

1 
0 
5 
6 

86 7.14 
2 

20.2 
56 

31 
8. 
18 

- 
7.05 
695 

EXTR 
APOL 
ATED 

- 
25. 
90 

0.64 
265 
764 
8 

19.3 
4 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S41 

196 
0 

7 25 CA 
NL 

W.K. 
W. 
Bald 
win 

846 
3 

7- 
Jan- 
202 
0 

50. 
10 

- 
91.9 
5 

7 
2 
8 

88 1.43 
95 

18.8 
16 

31 
8. 
18 

- 
7.05 
695 

EXTR 
APOL 
ATED 

- 
25. 
87 

0.68 
570 
899 
7 

19.3 
1 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S42 

196 
0 

7 25 CA 
NL 

H.J. 
Scog 
gan 

145 
32 

7- 
Jan- 
202 
0 

41. 
97 

- 
82.5 
2 

9 
1 
3 

84 9.49 
55 

22.3 
44 

31 
8. 
18 

- 
7.05 
695 

EXTR 
APOL 
ATED 

- 
25. 
96 

0.82 
061 
951 
2 

19.4 
1 

4 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S43 

196 
0 

6 25 CA 
NL 

A.E. 
& 
R.T. 
Porsil 
d 

219 
44 

7- 
Jan- 
202 
0 

59. 
00 

- 
125. 
00 

5 
1 
5 

72 - 
0.52 
1 

12.2 
44 

31 
9. 
59 

- 
7.05 
654 
166 
7 

EXTR 
APOL 
ATED 

- 
27. 
07 

0.54 
891 
407 
7 

20.5 
7 

1 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S44 

196 
1 

8 4 CA 
NL 

E. 
Kuyt 

123 6- 
Jan- 
202 
0 

64. 
33 

- 
103. 
40 

2 
2 
9 

39 - 
10.8 
9833 

10.7 
88 

31 
6. 
79 

- 
7.06 
225 
833 
3 

EXTR 
APOL 
ATED 

- 
26. 
64 

0.36 
551 
890 
1 

20.1 
2 

3 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S45 

196 
2 

7 7 CA 
NL 

P.M. 
Youn 
gman 
& 
Gast 
on 
Tessi 
er 

46 6- 
Jan- 
202 
0 

67. 
77 

- 
136. 
03 

3 
1 
4 

44 - 
7.74 
233 

13.2 
96 

31 
9. 
61 

- 
7.09 
148 
428 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
09 

0.62 
386 
943 
2 

20.5 
5 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S47 

196 
2 

6 7 CA 
NL 

Lloyd 
A. 
Spetz 
man 

5 6- 
Jan- 
202 
0 

62. 
38 

- 
140. 
87 

4 
2 
2 

73 - 
5.11 
3 

11.7 
24 

32 
0. 
62 

- 
7.09 
148 
428 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
24. 
80 

0.55 
285 
257 

18.1 
5 

2 

Juniperu 
s 

JCC 
AMA 
S48 

196 
2 

7 8 CA 
NL 

Lloyd 
A. 

10 6- 
Jan- 

60. 
78 

- 
136. 
47 

3 
0 
6 

44 - 
1.31 
45 

13.4 
76 

31 
9. 
61 

- 
7.09 
148 

Rubin 
o et 
al. 

- 
25. 
29 

0.61 
070 

18.6 
7 

2 



55  

communi 
s 

     Spetz 
man 

 202 
0 

       428 
3 

2013 
JGR 
Atmos 
phere 

 424 
6 

  

Juniperu 
s 
communi 
s 

JCC 
AMA 
S49 

196 
2 

7 3 CA 
NL 

W.K. 
W. 
Bald 
win 

966 
1 

7- 
Jan- 
202 
0 

53. 
20 

- 
70.9 
0 

8 
1 
2 

111 - 
3.90 
5 

13.4 
8 

31 
9. 
61 

- 
7.09 
148 
428 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
56 

0.36 
590 
720 
2 

20.0 
0 

1 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S50 

196 
2 

7 7 CA 
NL 

W.K. 
W. 
Bald 
win 

969 
9 

7- 
Jan- 
202 
0 

53. 
20 

- 
70.9 
0 

8 
1 
2 

111 - 
3.90 
5 

13.4 
8 

31 
9. 
61 

- 
7.09 
148 
428 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
37 

0.36 
590 
720 
2 

20.8 
5 

1 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S51 

196 
2 

6 30 CA 
NL 

W.K. 
W. 
Bald 
win 

962 
9 

7- 
Jan- 
202 
0 

53. 
20 

- 
70.9 
0 

8 
1 
2 

88 - 
3.90 
5 

9.38 
4 

32 
0. 
62 

- 
7.09 
148 
428 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
55 

0.29 
854 
312 
9 

19.9 
9 

1 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S52 

196 
3 

6 30 CA 
NL 

L. 
Husti 
ch & 
P. 
Kallio 

127 6- 
Jan- 
202 
0 

53. 
58 

- 
64.3 
3 

8 
9 
9 

89 - 
3.36 
733 

9.48 32 
1. 
48 

- 
7.05 
5 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
10 

0.37 
858 
400 
5 

19.5 
6 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S53 

196 
4 

8 5 CA 
NL 

W.K. 
W. 
Bald 
win 

102 
43 

6- 
Jan- 
202 
0 

51. 
28 

- 
80.1 
2 

6 
8 
4 

77 - 
0.32 
163 

15.3 
952 

31 
8. 
69 

- 
7.07 
695 
833 
3 

EXTR 
APOL 
ATED 

- 
25. 
79 

0.43 
973 
048 
8 

19.2 
1 

4 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S54 

196 
5 

7 16 CA 
NL 

P.M. 
Youn 
gman 
& G. 
Tessi 
er 

715 6- 
Jan- 
202 
0 

64. 
70 

- 
127. 
92 

4 
2 
2 

66 - 
6.84 
217 

10.5 
48 

32 
1. 
21 

- 
7.08 
145 

EXTR 
APOL 
ATED 

- 
27. 
29 

0.48 
377 
413 
7 

20.7 
8 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S55 

196 
5 

7 2 CA 
NL 

G.B. 
Ross 
bach 

643 
2 

6- 
Jan- 
202 
0 

63. 
87 

- 
104. 
03 

2 
4 
5 

40 - 
10.1 
5817 

14.0 
2 

32 
1. 
21 

- 
7.08 
145 

EXTR 
APOL 
ATED 

- 
28. 
43 

0.58 
835 
037 
1 

21.9 
7 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S56 

196 
5 

6 23 CA 
NL 

G.B. 
Ross 
bach 

630 
0 

6- 
Jan- 
202 
0 

62. 
45 

- 
114. 
35 

2 
7 
9 

26 - 
4.62 
267 

12.2 
16 

32 
1. 
87 

- 
7.08 
104 
166 
7 

EXTR 
APOL 
ATED 

- 
25. 
37 

0.58 
828 
906 
1 

18.7 
7 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S57 

196 
5 

6 23 CA 
NL 

G.B. 
Ross 
bach 

630 
0 

6- 
Jan- 
202 
0 

62. 
45 

- 
114. 
35 

2 
7 
9 

26 - 
4.62 
267 

12.2 
16 

32 
1. 
87 

- 
7.08 
104 
166 
7 

EXTR 
APOL 
ATED 

- 
24. 
62 

0.58 
828 
906 
1 

17.9 
8 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S58 

196 
5 

7 3 CA 
NL 

G.B. 
Ross 
bach 

645 
7 

6- 
Jan- 
202 
0 

63. 
95 

- 
103. 
88 

2 
4 
3 

39 - 
10.2 
6833 

13.9 
04 

32 
1. 
21 

- 
7.08 
145 

EXTR 
APOL 
ATED 

- 
26. 
80 

0.58 
473 
940 
6 

20.2 
7 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S59 

196 
5 

7 3 CA 
NL 

G.B. 
Ross 
bach 

645 
7 

6- 
Jan- 
202 
0 

63. 
95 

- 
103. 
88 

2 
4 
3 

39 - 
10.2 
6833 

13.9 
04 

32 
1. 
21 

- 
7.08 
145 

EXTR 
APOL 
ATED 

- 
27. 
86 

0.58 
473 
940 
6 

21.3 
7 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S60 

196 
5 

6 16 CA 
NL 

P.R. 
Robe 
rts & 
B. 
Pugh 

65- 
711 

7- 
Jan- 
202 
0 

45. 
73 

- 
64.7 
0 

1 
2 
8 
6 

102 5.69 
625 

17.4 
8 

32 
1. 
87 

- 
7.08 
104 
166 
7 

EXTR 
APOL 
ATED 

- 
24. 
38 

0.35 
403 
346 
2 

17.7 
4 

1 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S61 

196 
6 

7 20 CA 
NL 

V. 
Blais, 
Cl. 
Ham 
el, A. 
Lega 
ult 

11, 
441 

6- 
Jan- 
202 
0 

45. 
88 

- 
71.5 
0 

1 
2 
5 
1 

122 3.71 
55 

15.0 
96 

32 
2. 
38 

- 
7.23 
5 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
25. 
02 

0.41 
721 
372 
3 

18.2 
4 

3 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S62 

196 
7 

6 12 CA 
NL 

Sam 
uel 
Briss 
on & 
Clau 
de 
Ham 
el 

12, 
213 

6- 
Jan- 
202 
0 

45. 
82 

- 
71.3 
5 

1 
1 
4 
5 

111 4.24 
65 

18.7 32 
4. 
09 

- 
7.33 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
28 

0.52 
081 
183 
6 

20.5 
0 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S63 

196 
8 

  CA 
NL 

R.T. 
Porsil 
d 

151 
9 

6- 
Jan- 
202 
0 

         - 
25. 
28 

   

Juniperu 
s 
communi 
s 

JCC 
AMA 
S64 

196 
8 

6 26 CA 
NL 

W.S. 
Dicki 
nson 

330 6- 
Jan- 
202 
0 

44. 
28 

- 
77.7 
8 

9 
3 
1 

84 6.65 
7 

17.4 
2 

32 
5. 
36 

- 
7.28 
878 
333 
3 

EXTR 
APOL 
ATED 

- 
24. 
88 

0.56 
687 
788 
2 

18.0 
4 

2 



56  

Juniperu 
s 
communi 
s 

JCC 
AMA 
S65 

196 
8 

9 7 CA 
NL 

J.E. 
Cruis 
e 

108 
54 

7- 
Jan- 
202 
0 

45. 
15 

- 
78.8 
5 

1 
0 
8 
3 

109 4.53 
45 

13.0 
64 

32 
0. 
33 

- 
7.29 
513 
333 
3 

EXTR 
APOL 
ATED 

- 
27. 
63 

0.24 
729 
728 
1 

20.9 
2 

0 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S66 

196 
8 

5 2 CA 
NL 

C.E. 
Garto 
n 

107 
70 

7- 
Jan- 
202 
0 

48. 
35 

- 
89.2 
5 

7 
0 
5 

68 3.56 
65 

9.91 
2 

32 
5. 
57 

- 
7.28 
666 
666 
7 

EXTR 
APOL 
ATED 

- 
25. 
99 

0.46 
750 
991 
9 

19.2 
0 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S67 

196 
9 

7 31 CA 
NL 

J. 
Nagy 
& W. 
Blais 

246 
0 

6- 
Jan- 
202 
0 

49. 
08 

- 
114. 
02 

8 
4 
8 

59 1.18 
733 

12.1 
48 

32 
5. 
88 

- 
7.30 
5 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
24. 
76 

0.59 
313 
188 
6 

17.9 
0 

0 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S68 

196 
9 

6 25 CA 
NL 

C.E. 
Garto 
n 

118 
04 

7- 
Jan- 
202 
0 

49. 
38 

- 
88.8 
7 

7 
6 
5 

83 1.11 
25 

13.9 
56 

32 
6. 
71 

- 
7.30 
5 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
25. 
90 

0.49 
211 
391 
1 

19.0 
9 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S69 

196 
9 

6 1 CA 
NL 

C.E. 
Garto 
n 

116 
02 

7- 
Jan- 
202 
0 

48. 
38 

- 
88.9 
5 

7 
0 
2 

78 3.40 
05 

12.1 32 
6. 
71 

- 
7.30 
507 
071 
1 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
56 

0.26 
905 
954 
2 

19.7 
8 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S70 

197 
0 

  CA 
NL 

Keith 
Winte 
rhald 
er 

 6- 
Jan- 
202 
0 

45. 
70 

- 
82.3 
8 

8 
4 
4 

 5.50 
283 

    - 
24. 
49 

  1 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S71 

197 
1 

7 5 CA 
NL 

G.W 
Argu 
s & 
W.N. 
Chun 
ys 

792 
1 

6- 
Jan- 
202 
0 

60. 
78 

- 
116. 
58 

3 
1 
4 

44 - 
2.67 
9 

16.4 
04 

32 
7. 
36 

- 
7.34 
775 
126 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
25. 
93 

0.62 
547 
823 
4 

19.0 
7 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S72 

197 
1 

5 7 CA 
NL 

P.M. 
Catlin 
g, L. 
Gad, 
H. 
Saifi, 
& S. 
McKa 
y 

 7- 
Jan- 
202 
0 

44. 
62 

- 
79.0 
2 

1 
0 
0 
2 

90 5.68 
967 

11.5 
92 

32 
8. 
93 

- 
7.34 
775 
126 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
25. 
95 

0.43 
768 
124 
1 

19.1 
0 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S73 

197 
2 

6 7 CA 
NL 

D.E. 
Reid 

325 6- 
Jan- 
202 
0 

65. 
67 

- 
128. 
80 

3 
1 
7 

32 - 
5.78 
983 

15.1 
28 

32 
9. 
09 

- 
7.35 
614 
816 
4 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
14 

0.79 
115 
039 

20.3 
4 

4 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S74 

197 
2 

10 17 CA 
NL 

M.J. 
Shch 
epan 
ek 

762 7- 
Jan- 
202 
0 

45. 
23 

- 
76.9 
2 

9 
1 
1 

80 4.71 
733 

7.29 
6 

32 
5. 
2 

- 
7.35 
614 
816 
4 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
01 

0.21 
792 
071 
3 

20.2 
0 

0 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S75 

197 
2 

9 28 CA 
NL 

M.J. 
Shch 
epan 
ek 

722 7- 
Jan- 
202 
0 

45. 
18 

- 
76.5 
5 

8 
8 
6 

87 5.08 
567 

13.8 
16 

32 
4. 
84 

- 
7.35 
614 
816 
4 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
95 

0.34 
088 
043 

20.1 
3 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S76 

197 
2 

5 18 CA 
NL 

M.J. 
Shch 
epan 
ek 

452 7- 
Jan- 
202 
0 

45. 
17 

- 
77.3 
3 

9 
4 
9 

84 4.15 
217 

10.4 
12 

33 
0. 
07 

- 
7.35 
614 
816 
4 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
74 

0.41 
185 
971 
6 

19.9 
2 

0 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S77 

197 
2 

6 22 CA 
NL 

M.J. 
Shch 
epan 
ek & 
E. 
Habe 
r 

581 7- 
Jan- 
202 
0 

44. 
97 

- 
76.7 
2 

9 
6 
2 

102 5.03 
983 

16.5 
12 

32 
9. 
09 

- 
7.35 
614 
816 
4 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
25. 
41 

0.53 
834 
969 
7 

18.5 
3 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S78 

197 
2 

8 31 CA 
NL 

M.J. 
Shch 
epan 
ek, E. 
Habe 
r, & 
G. 
Sava 
ge 

687 7- 
Jan- 
202 
0 

45. 
43 

- 
77.1 
0 

8 
7 
8 

81 4.66 
667 

18.2 
44 

32 
6. 
32 

- 
7.35 
614 
816 
4 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
14 

0.53 
606 
273 
5 

19.2 
9 

2 
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Juniperu 
s 
communi 
s 

JCC 
AMA 
S79 

197 
3 

6 16 CA 
NL 

N.A. 
Skogl 
und 

795 
x 

6- 
Jan- 
202 
0 

61. 
45 

- 
121. 
25 

4 
0 
7 

58 - 
2.58 
15 

14.4 33 
2. 
07 

- 
7.39 
284 
195 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
93 

0.65 
105 
614 
5 

21.1 
2 

4 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S80 

197 
3 

6 25 CA 
NL 

S.L. 
Wels 
h & 
J.K. 
Rigby 

120 
80 

6- 
Jan- 
202 
0 

68. 
73 

- 
136. 
32 

2 
5 
1 

23 - 
9.25 
833 

8.84 
8 

33 
2. 
07 

- 
7.39 
284 
195 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
96 

0.38 
667 
184 
1 

21.1 
6 

3 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S81 

197 
3 

6 20 CA 
NL 

D.F. 
Murr 
ay 

367 
0 

6- 
Jan- 
202 
0 

67. 
42 

- 
153. 
72 

3 
2 
3 

32 - 
5.97 
067 

11.6 
08 

33 
2. 
07 

- 
7.39 
284 
195 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
57 

0.60 
232 
740 
8 

20.7 
5 

3 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S82 

197 
3 

7 17 CA 
NL 

M.J. 
Shch 
epan 
ek 

780 7- 
Jan- 
202 
0 

45. 
37 

- 
76.0 
3 

8 
9 
9 

92 5.29 
3 

20.2 
72 

33 
0. 
87 

- 
7.39 
284 
195 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
79 

0.71 
540 
729 
5 

19.9 
3 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S83 

197 
4 

8 8 CA 
NL 

E. 
Habe 
r & J. 
Berg 
eron 

242 
1 

6- 
Jan- 
202 
0 

52. 
12 

- 
72.5 
0 

9 
3 
1 

120 - 
2.66 
033 

12.9 
84 

32 
9. 
39 

- 
7.48 
261 
14 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
25. 
30 

0.38 
264 
646 
2 

18.2 
8 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S84 

197 
5 

10 17 CA 
NL 

Kathl 
een 
Pryer 

131 6- 
Jan- 
202 
0 

45. 
54 

- 
75.9 
9 

9 
7 
0 

90 5.08 
25 

7.54 
8 

32 
8. 
34 

- 
7.41 
790 
639 
5 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
64 

0.24 
850 
907 
7 

19.7 
5 

3 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S85 

197 
5 

10 15 CA 
NL 

R. 
Rosie 

104 7- 
Jan- 
202 
0 

61. 
57 

- 
124. 
82 

5 
1 
3 

36 - 
5.21 
8 

- 
3.62 

32 
8. 
34 

- 
7.41 
790 
639 
5 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
06 

0.19 
558 
081 
9 

20.1 
9 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S86 

197 
5 

8 23 CA 
NL 

R. 
Rosie 

105 7- 
Jan- 
202 
0 

61. 
43 

- 
129. 
33 

5 
2 
0 

62 - 
4.19 
317 

10.2 
24 

33 
0. 
06 

- 
7.41 
790 
639 
5 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
28. 
32 

0.45 
929 
347 
4 

21.5 
1 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S87 

197 
6 

7 2 CA 
NL 

J.L. 
Riley 
& 
D.A. 
Hoy 

324 
4 

6- 
Jan- 
202 
0 

48. 
58 

- 
86.3 
0 

8 
3 
5 

91 3.23 
283 

13.5 
28 

33 
3. 
05 

- 
7.44 
270 
962 
2 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
73 

0.16 
074 
897 
4 

19.8 
2 

0 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S88 

197 
6 

6 20 CA 
NL 

A.W. 
Duga 
l 

297 6- 
Jan- 
202 
0 

49. 
67 

- 
99.2 
8 

5 
0 
0 

88 2.73 
967 

16.7 
32 

33 
4. 
33 

- 
7.44 
270 
962 
2 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
33 

0.54 
841 
035 
5 

20.4 
5 

1 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S89 

197 
6 

6 11 CA 
NL 

G.A. 
Shea 

11, 
010 

7- 
Jan- 
202 
0 

49. 
45 

- 
83.4 
0 

8 
4 
2 

77 0.61 
95 

13.7 
6 

33 
4. 
33 

- 
7.44 
270 
962 
2 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
56 

0.48 
433 
928 
9 

20.6 
9 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S90 

197 
6 

6 11 CA 
NL 

G.A. 
Shea 

11, 
013 

7- 
Jan- 
202 
0 

49. 
45 

- 
83.4 
0 

8 
4 
2 

77 0.61 
95 

13.7 
6 

33 
4. 
33 

- 
7.44 
270 
962 
2 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
37 

0.48 
433 
928 
9 

19.4 
4 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S91 

197 
6 

6 13 CA 
NL 

R.R. 
Riew 
e & J. 
Mars 
h 

16 7- 
Jan- 
202 
0 

67. 
33 

- 
126. 
42 

2 
4 
2 

23 - 
7.98 
183 

7.94 33 
4. 
33 

- 
7.44 
270 
962 
2 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
30 

0.28 
872 
155 
8 

20.4 
1 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S92 

197 
7 

7 28 CA 
NL 

G.W. 
Argu 
s & 
E. 

101 
34 

6- 
Jan- 
202 
0 

57. 
33 

- 
123. 
93 

7 
0 
2 

116 - 
3.38 
233 

8.48 33 
4. 
92 

- 
7.48 
5 

Rubin 
o et 
al. 
2013 
JGR 

- 
26. 
82 

0.42 
708 
762 
3 

19.8 
7 

0 
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      Habe 
r 

          Atmos 
phere 

    

Juniperu 
s 
communi 
s 

JCC 
AMA 
S93 

197 
7 

7 20 CA 
NL 

John 
M. 
Gillett 
& M. 
Boud 
reau 

173 
01 

6- 
Jan- 
202 
0 

56. 
55 

- 
126. 
42 

6 
3 
2 

73 - 
1.68 
233 

10.6 
96 

33 
4. 
92 

- 
7.48 
5 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
76 

0.47 
120 
924 
5 

19.8 
1 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S94 

197 
7 

8 5 CA 
NL 

G.W. 
Argu 
s & 
E. 
Habe 
r 

106 
41 

6- 
Jan- 
202 
0 

57. 
75 

- 
124. 
78 

6 
7 
8 

83 - 
3.70 
017 

8.67 
2 

33 
2. 
75 

- 
7.48 
5 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
45 

0.45 
681 
151 
7 

20.5 
3 

0 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S95 

197 
7 

7 30 CA 
NL 

John 
M. 
Gillett 
& M. 
Boud 
reau 

175 
78 

6- 
Jan- 
202 
0 

57. 
68 

- 
126. 
78 

6 
1 
2 

80 - 
2.98 
55 

9.94 
4 

33 
4. 
92 

- 
7.48 
5 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
04 

0.44 
773 
266 
9 

19.0 
5 

0 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S96 

197 
7 

7 19 CA 
NL 

G.W. 
Argu 
s & 
E. 
Habe 
r 

107 
57 

6- 
Jan- 
202 
0 

58. 
45 

- 
124. 
88 

6 
3 
4 

114 - 
3.82 
917 

9.1 33 
4. 
92 

- 
7.48 
5 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
64 

0.40 
259 
172 
9 

20.7 
3 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S97 

197 
7 

7 29 CA 
NL 

G.W. 
Argu 
s & 
E. 
Habe 
r 

101 
92 

6- 
Jan- 
202 
0 

56. 
90 

- 
123. 
80 

7 
2 
9 

112 - 
3.19 
917 

8.79 
6 

33 
4. 
92 

- 
7.48 
5 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
17 

0.44 
268 
021 
9 

20.2 
3 

0 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S98 

197 
7 

8 5 CA 
NL 

John 
M. 
Gillett 
& M. 
Boud 
reau 

177 
84 

6- 
Jan- 
202 
0 

57. 
87 

- 
126. 
40 

5 
7 
8 

66 - 
2.32 
983 

9.96 
8 

33 
2. 
75 

- 
7.48 
5 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
63 

0.45 
690 
296 
7 

19.6 
7 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S99 

197 
7 

7 25 CA 
NL 

John 
M. 
Gillett 
& M. 
Boud 
reau 

174 
77 

6- 
Jan- 
202 
0 

57. 
43 

- 
126. 
80 

6 
1 
6 

77 - 
2.18 
017 

10.8 
04 

33 
4. 
92 

- 
7.48 
5 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
01 

0.46 
889 
882 
9 

20.0 
7 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S100 

197 
7 

8 5 CA 
NL 

M.J. 
Shch 
epan 
ek & 
D. 
White 

280 
5 

7- 
Jan- 
202 
0 

49. 
80 

- 
56.3 
2 

1 
1 
5 
1 

107 2.90 
6 

14.9 
4 

33 
2. 
75 

- 
7.48 
5 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
26 

0.36 
446 
452 

20.3 
3 

3 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S101 

197 
7 

6 16 CA 
NL 

L.R. 
Willia 
ms 

74 7- 
Jan- 
202 
0 

55. 
73 

- 
97.8 
3 

5 
2 
9 

70 - 
2.46 
05 

13.4 
8 

33 
6. 
27 

- 
7.48 
5 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
28. 
00 

0.58 
470 
710 
2 

21.1 
1 

3 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S102 

197 
7 

8 12 CA 
NL 

J.L. 
Riley 

749 
1 

7- 
Jan- 
202 
0 

55. 
87 

- 
86.7 
7 

5 
1 
5 

75 - 
5.08 
551 

11.8 
435 

33 
2. 
75 

- 
7.48 
5 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
85 

0.25 
856 
966 
3 

19.9 
0 

4 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S103 

197 
9 

9 19 CA 
NL 

J.M 
Gillett 
& 
M.J. 
Shch 
epan 
ek 

184 
74 

7- 
Jan- 
202 
0 

44. 
88 

- 
77.1 
7 

9 
4 
9 

98 5.06 
833 

13.8 
32 

33 
3. 
91 

- 
7.54 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
57 

0.32 
732 
411 
2 

19.5 
4 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S104 

197 
9 

7 1 CA 
NL 

R. 
Rosie 

740 7- 
Jan- 
202 
0 

60. 
27 

- 
134. 
18 

2 
8 
7 

38 - 
1.16 
983 

12.2 
04 

33 
7. 
73 

- 
7.54 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
08 

0.57 
076 
547 
1 

20.0 
8 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S105 

198 
0 

7 7 CA 
NL 

S. 
Clayd 
en & 
C. 
Lefra 
nçois 
(s.n.) 

80- 
356 

6- 
Jan- 
202 
0 

48. 
52 

- 
79.5 
2 

8 
6 
8 

96 1.26 
133 

16.9 
72 

33 
9. 
56 

- 
7.59 

Keelin 
g et 
al. 
2001 

- 
26. 
43 

0.51 
364 
804 
8 

19.3 
6 

2 

Juniperu 
s 

JCC 
AMA 
S106 

198 
2 

8 15 CA 
NL 

D.F. 
Brunt 
on & 

383 
7 

6- 
Jan- 

48. 
33 

- 
83.7 
5 

8 
3 
4 

79 1.55 
017 

15.7 
92 

33 
9. 
81 

- 
7.46 

Keelin 
g et 

- 
27. 
27 

0.41 
038 

20.3 
7 

1 
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communi 
s 

     J. 
Harp 
er 

 202 
0 

        al. 
2001 

 869 
6 

  

Juniperu 
s 
communi 
s 

JCC 
AMA 
S107 

198 
2 

8 8 CA 
NL 

M.J. 
Shch 
epan 
ek & 
A.W. 
Duga 
l 

454 
9 

6- 
Jan- 
202 
0 

51. 
93 

- 
98.8 
0 

5 
1 
2 

70 0.82 
233 

16.3 
84 

33 
9. 
81 

- 
7.46 

Keelin 
g et 
al. 
2002 

- 
27. 
33 

0.38 
390 
329 
9 

20.4 
3 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S108 

198 
2 

8 13 CA 
NL 

M.J. 
Shch 
epan 
ek & 
A.W. 
Duga 
l 

480 
2 

6- 
Jan- 
202 
0 

52. 
92 

- 
98.7 
8 

4 
9 
6 

70 0.45 
867 

17.3 
56 

33 
9. 
81 

- 
7.46 

Keelin 
g et 
al. 
2003 

- 
26. 
37 

0.53 
964 
61 

19.4 
2 

3 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S109 

198 
2 

5 20 CA 
NL 

J. 
Cam 
pbell- 
Snelli 
ng & 
M. 
Cha 
mber 
s 

179 6- 
Jan- 
202 
0 

49. 
57 

- 
113. 
73 

4 
8 
2 

64 5.50 
633 

10.5 
16 

34 
4. 
14 

-7.8 Keelin 
g et 
al. 
2001 

- 
26. 
58 

0.59 
345 
655 
9 

19.2 
9 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S110 

198 
2 

6 17 CA 
NL 

J. 
Cam 
pbell- 
Snelli 
ng & 
M. 
Cha 
mber 
s 

145 6- 
Jan- 
202 
0 

49. 
72 

- 
113. 
77 

5 
3 
7 

71 4.19 
933 

8.86 
4 

34 
3. 
35 

- 
7.71 

Keelin 
g et 
al. 
2001 

- 
24. 
96 

0.53 
590 
257 
2 

17.6 
9 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S111 

198 
3 

8 11 CA 
NL 

M.J. 
Shch 
epan 
ek & 
A. 
Duga 
l 

539 
9 

6- 
Jan- 
202 
0 

49. 
75 

- 
91.1 
8 

7 
4 
0 

82 0.94 
667 

16.3 
92 

34 
2. 
38 

- 
7.58 

Keelin 
g et 
al. 
2001 

- 
28. 
14 

0.47 
605 
295 
5 

21.1 
6 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S112 

198 
3 

8 14 CA 
NL 

M.J. 
Shch 
epan 
ek & 
A. 
Duga 
l 

550 
9 

6- 
Jan- 
202 
0 

48. 
78 

- 
93.0 
3 

6 
7 
5 

86 2.94 
917 

17.7 
72 

34 
2. 
38 

- 
7.58 

Keelin 
g et 
al. 
2002 

- 
26. 
70 

0.53 
916 
445 
5 

19.6 
4 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S113 

198 
3 

8 11 CA 
NL 

Clau 
de 
Potvi 
n 

 6- 
Jan- 
202 
0 

46. 
07 

- 
83.9 
3 

7 
6 
6 

78 5.37 
767 

18.4 
68 

34 
2. 
38 

- 
7.58 

Keelin 
g et 
al. 
2001 

- 
24. 
71 

0.56 
611 
477 
1 

17.5 
6 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S114 

198 
5 

12 10 CA 
NL 

F.W. 
Schu 
eler 

159 
04 

6- 
Jan- 
202 
0 

53. 
50 

- 
132. 
50 

2 
2 
6 
0 

267 6.86 
167 

2.72 34 
5. 
56 

- 
7.63 

Keelin 
g et 
al. 
2001 

- 
27. 
05 

0.11 
547 
752 
8 

19.9 
6 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S115 

198 
5 

7 13 CA 
NL 

M.J. 
Shch 
epan 
ek & 
A.W. 
Duga 
l 

678 
7 

7- 
Jan- 
202 
0 

53. 
50 

- 
132. 
25 

1 
8 
5 
2 

64 7.65 
333 

13.6 34 
6. 
56 

- 
7.68 

Keelin 
g et 
al. 
2001 

- 
27. 
08 

0.31 
763 
672 
5 

19.9 
4 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S116 

198 
6 

9 24 CA 
NL 

M.J. 
Shch 
epan 
ek & 
A.W. 
Duga 
l 

743 
0 

6- 
Jan- 
202 
0 

45. 
30 

- 
76.3 
3 

8 
1 
5 

78 5.20 
917 

14.2 
88 

34 
4. 
85 

- 
7.47 

Keelin 
g et 
al. 
2001 

- 
27. 
77 

0.37 
240 
468 
6 

20.8 
8 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S117 

198 
6 

9 9 CA 
NL 

M.J. 
Shch 
epan 
ek, 
A.W. 
Duga 
l, & 
G. 
Wats 
on 

729 
5 

6- 
Jan- 
202 
0 

44. 
75 

- 
76.5 
3 

9 
4 
2 

101 6.03 
017 

14.8 34 
4. 
85 

- 
7.47 

Keelin 
g et 
al. 
2002 

- 
26. 
49 

0.39 
040 
231 
2 

19.5 
3 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S118 

198 
6 

5 9 CA 
NL 

F.W. 
Schu 
eler 

161 
57 

6- 
Jan- 
202 
0 

49. 
08 

- 
122. 
63 

1 
5 
4 
1 

98 10.0 
8683 

12.5 
52 

35 
0. 
21 

- 
7.83 

Keelin 
g et 
al. 
2001 

- 
28. 
88 

0.44 
527 
025 
9 

21.6 
8 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S119 

198 
7 

8 7 CA 
NL 

T. 
Lock 
hart 

 6- 
Jan- 
202 
0 

60. 
58 

- 
111. 
87 

3 
4 
1 

50 - 
3.25 
983 

14.3 
48 

34 
8. 
1 

- 
7.62 

Keelin 
g et 
al. 
2001 

- 
28. 
75 

0.43 
114 
443 
3 

21.7 
6 

3 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S120 

198 
7 

5 21 CA 
NL 

M.J. 
Shch 
epan 
ek, 
A.W. 
Duga 
l, & 

753 
9 

6- 
Jan- 
202 
0 

44. 
55 

- 
77.1 
2 

9 
3 
7 

82 6.21 
6 

12.2 
6 

35 
1. 
85 

- 
7.82 

Keelin 
g et 
al. 
2001 

- 
25. 
27 

0.48 
721 
593 
3 

17.9 
0 

0 
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      L.M. 
Ley 

               

Juniperu 
s 
communi 
s 

JCC 
AMA 
S121 

198 
8 

6 22 CA 
NL 

M.J. 
Shch 
epan 
ek & 
A.W. 
Duga 
l 

822 
7 

6- 
Jan- 
202 
0 

48. 
70 

- 
93.1 
2 

6 
5 
6 

102 3.01 
15 

16.1 
28 

35 
3. 
79 

- 
7.88 

Keelin 
g et 
al. 
2001 

- 
26. 
86 

0.56 
373 
487 
6 

19.5 
0 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S122 

199 
6 

6 30 CA 
NL 

René 
Char 
est & 
Luc 
Brouil 
let 

96- 
24 

6- 
Jan- 
202 
0 

48. 
65 

- 
53.9 
4 

1 
1 
4 
6 

97 4.46 
319 

11.5 
889 

36 
4. 
97 

- 
8.08 

Keelin 
g et 
al. 
2001 

- 
27. 
86 

0.36 
595 
716 
2 

20.3 
4 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S123 

200 
2 

10  CA 
NL 

Droui 
n, 
Guy, 
J. 
Xia, 
& M. 
Hajib 
abaei 

 6- 
Jan- 
202 
0 

45. 
43 

- 
75.8 
2 

9 
3 
4 

80 5.35 
117 

7.88 
4 

37 
0. 
25 

- 
7.96 

Keelin 
g et 
al. 
2001 

- 
27. 
56 

0.26 
465 
040 
3 

20.1 
5 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S124 

200 
3 

6 3 CA 
NL 

Myrn 
a 
Pokia 
k 

1 6- 
Jan- 
202 
0 

68. 
30 

- 
133. 
53 

2 
3 
8 

22 - 
8.38 
95 

12.1 
84 

37 
8. 
13 

- 
8.29 

Keelin 
g et 
al. 
2001 

- 
28. 
36 

0.63 
769 
436 
4 

20.6 
5 

3 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S125 

200 
9 

7 25 CA 
NL 

L.J. 
Gilles 
pie, 
L.L. 
Cons 
aul, & 
R.D. 
Bull 

929 
0 

6- 
Jan- 
202 
0 

69. 
38 

- 
123. 
09 

2 
1 
2 

26 - 
9.25 
617 

10.5 
84 

38 
8. 
07 

- 
8.29 

Keelin 
g et 
al. 
2001 

- 
29. 
72 

0.35 
683 
740 
6 

22.0 
8 

2 

Juniperu 
s 
communi 
s 

JCC 
AMA 
S126 

201 
0 

7 28 CA 
NL 

J.M. 
Saar 
ela, 
R.D. 
Bull, 
& 
P.C. 
Sokol 
off 

152 
6 

6- 
Jan- 
202 
0 

62. 
53 

- 
114. 
36 

2 
7 
4 

36 - 
5.14 
733 

16.0 
68 

39 
0. 
33 

- 
8.32 

Keelin 
g et 
al. 
2001 

- 
28. 
15 

0.69 
032 
643 
8 

20.4 
0 

2 

Eriophor 
um 
angustifo 
lium 

EAU 
MMA 
S1 

192 
6 

8 1 MIC 
H 

J. 
Dewe 
y 
Sope 
r 

125 
891 

4- 
Nov 
-19 

64. 
00 

- 
72.5 
0 

3 
7 
4 

54 - 
8.95 
4 

8.00 
800 
04 

30 
5. 
4 

- 
6.89 
075 
833 
3 

EXTR 
APOL 
ATED 

- 
26. 
57 

0.24 
688 
351 
9 

20.2 
2 

2 

Eriophor 
um 
angustifo 
lium 

EAU 
MMA 
S2 

193 
1 

7 30 MIC 
H 

Carl 
O. 
Gras 
sl 

433 
6 

4- 
Nov 
-19 

47. 
33 

- 
85.7 
8 

8 
1 
8 

74 3.95 
867 

12.5 
319 
996 

30 
7. 
7 

- 
6.98 
157 
586 
8 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
20 

0.03 
296 
118 
9 

20.7 
8 

0 

Eriophor 
um 
angustifo 
lium 

EAU 
MMA 
S3 

194 
7 

7 28 MIC 
H 

R. 
McGr 
egor 

 25- 
Nov 
-19 

69. 
28 

- 
146. 
00 

1 
6 
2 

29 - 
8.46 
1 

10.4 
960 
003 

31 
0. 
2 

- 
7.01 
336 
056 
8 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
25. 
20 

0.52 
896 
073 
1 

18.6 
5 

2 

Eriophor 
um 
angustifo 
lium 

EAU 
MMA 
S5 

194 
8 

7 5 MIC 
H 

Hans 
ford 
T. 
Shac 
klette 

282 
5 

4- 
Nov 
-19 

66. 
08 

- 
118. 
03 

2 
3 
3 

44 - 
7.40 
017 

11.6 
079 
998 

31 
0. 
3 

- 
7.04 
268 
242 
9 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
08 

0.37 
392 
740 
8 

20.5 
9 

2 

Eriophor 
um 
angustifo 
lium 

EAU 
MMA 
S6 

194 
8 

8 17 MIC 
H 

W.S. 
Benni 
nghof 
f 

259 
6 

4- 
Nov 
-19 

66. 
50 

- 
147. 
00 

2 
3 
3 

39 - 
5.48 
883 

13.0 
880 
003 

31 
0. 
3 

- 
7.04 
268 
242 
9 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
25. 
21 

0.50 
685 
958 
8 

18.6 
4 

3 

Eriophor 
um 
angustifo 
lium 

EAU 
MMA 
S8 

197 
0 

7 11 MIC 
H 

W.J. 
Cody 

188 
03 

4- 
Nov 
-19 

62. 
33 

- 
122. 
22 

4 
0 
4 

71 - 
3.94 
767 

15.0 
279 
999 

32 
6. 
34 

- 
7.34 
17 

EXTR 
APOL 
ATED 

- 
26. 
91 

0.58 
091 
994 
5 

20.1 
1 

4 

Eriophor 
um 
angustifo 
lium 

EAU 
MMA 
S10 

197 
2 

6 6 MIC 
H 

C.E. 
Garto 
n 

149 
06 

4- 
Nov 
-19 

48. 
85 

- 
89.9 
5 

7 
7 
7 

94 0.67 
783 

13.9 
399 
996 

32 
9. 
09 

- 
7.35 
614 
816 
4 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
74 

0.49 
045 
848 

20.9 
6 

2 

Eriophor 
um 
angustifo 
lium 

EAU 
MMA 
S11 

197 
9 

7  MIC 
H 

R.A. 
Sims 

267 
7A 

4- 
Nov 
-19 

55. 
17 

- 
82.3 
3 

5 
2 
1 

78 - 
4.96 
666 

9.7 33 
7. 
73 

- 
7.54 

Rubin 
o et 
al. 
2013 
JGR 

- 
27. 
18 

0.11 
385 
899 
8 

20.1 
8 

4 
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                 Atmos 
phere 

    

Eriophor 
um 
angustifo 
lium 

EAU 
MMA 
S13 

197 
9 

7  MIC 
H 

R.A. 
Sims 

266 
4A 

4- 
Nov 
-19 

54. 
80 

- 
82.3 
3 

5 
1 
9 

79 - 
4.11 
583 

12.2 
639 
999 

33 
7. 
73 

- 
7.54 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
81 

0.31 
759 
159 

19.8 
0 

4 

Eriophor 
um 
angustifo 
lium 

EAU 
MMA 
S14 

197 
9 

7  MIC 
H 

R.A. 
Sims 

265 
2A 

4- 
Nov 
-19 

55. 
17 

- 
82.3 
3 

5 
2 
1 

78 - 
4.96 
666 

9.7 33 
7. 
73 

- 
7.54 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
68 

0.11 
385 
899 
8 

20.7 
2 

4 

Eriophor 
um 
angustifo 
lium 

EAU 
MMA 
S15 

197 
9 

  MIC 
H 

Tass 
Kelso 
, 
JoAn 
n 
Flock 
and 
Miria 
m 
Colso 
n 

291 25- 
Nov 
-19 

65. 
80 

- 
168. 
00 

3 
3 
7 

 - 
6.23 
125 

  - 
7.54 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
28. 
46 

 21.5 
3 

4 

Eriophor 
um 
angustifo 
lium 

EAU 
MMA 
S16 

198 
0 

6 14 MIC 
H 

C.E. 
Garto 
n 

194 
46 

25- 
Nov 
-19 

48. 
67 

- 
89.0 
8 

7 
6 
6 

84 0.96 
35 

13.6 
800 
003 

34 
1. 
17 

- 
7.69 

Keelin 
g et 
al. 
2001 

- 
27. 
35 

0.48 
016 
939 
3 

20.2 
1 

2 

Eriophor 
um 
angustifo 
lium 

EAU 
MMA 
S17 

198 
0 

7 1 MIC 
H 

W.J. 
Cody 

266 
29 

4- 
Nov 
-19 

64. 
62 

- 
138. 
30 

4 
1 
4 

68 - 
6.71 
833 

10.5 
080 
004 

33 
9. 
56 

- 
7.59 

Keelin 
g et 
al. 
2001 

- 
25. 
40 

0.52 
517 
802 
3 

18.2 
7 

2 

Eriophor 
um 
angustifo 
lium 

EAU 
MMA 
S19 

198 
3 

6 17 MIC 
H 

C.E. 
Garto 
n 

221 
44 

25- 
Nov 
-19 

49. 
75 

- 
87.7 
7 

8 
1 
4 

96 0.11 
417 

13.4 
239 
998 

34 
5. 
32 

- 
7.88 

Keelin 
g et 
al. 
2001 

- 
30. 
17 

0.47 
027 
500 
2 

22.9 
9 

2 

Eriophor 
um 
angustifo 
lium 

EAU 
MMA 
S21 

200 
0 

7 12 MIC 
H 

S.S. 
Talbo 
t & 
W.B. 
Schof 
ield 

024 
-25 

4- 
Nov 
-19 

57. 
16 

- 
158. 
10 

5 
1 
5 

50 2.72 
7 

11.9 
799 
995 

34 
3. 
98 

- 
8.07 

Keelin 
g et 
al. 
2001 

- 
27. 
57 

0.36 
793 
266 
3 

20.0 
5 

 

Eriophor 
um 
angustifo 
lium 

EAU 
MMA 
S22 

200 
1 

  MIC 
H 

M.J. 
Oldh 
am & 
D.A. 
Suth 
erlan 
d 

258 
83 

4- 
Nov 
-19 

55. 
05 

- 
83.6 
7 

5 
2 
0 

 - 
4.62 
083 

  - 
8.05 

Keelin 
g et 
al. 
2001 

- 
24. 
92 

 17.3 
0 

4 

Eriophor 
um 
angustifo 
lium 

EAU 
MMA 
S24 

200 
4 

6 13 MIC 
H 

Doug 
Gold 
man, 
Barbr 
a 
Grav 
ende 
el 
and 
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al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
85 

0.62 
255 
598 
2 

21.3 
9 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S58 

196 
4 

7 14 CA 
NL 

Lamb 
ert, 
J.D.H 
. 

s.n. 9- 
Jan- 
202 
0 

69. 
12 

- 
104. 
57 

1 
3 
5 

20 - 
14.0 
8683 
32 

9.50 
800 
04 

32 
0. 
44 

- 
7.07 
655 

EXTR 
APOL 
ATED 

- 
27. 
44 

0.32 
282 
086 
5 

20.9 
4 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S59 

196 
5 

6 23 CA 
NL 

Ross 
bach, 
G.B. 

631 
9 

10- 
Jan- 
202 
0 

62. 
45 

- 
114. 
37 

2 
7 
9 

26 - 
4.62 
2666 
592 

12.2 
159 
996 

32 
1. 
87 

- 
7.08 
104 
166 
7 

EXTR 
APOL 
ATED 

- 
24. 
82 

0.58 
828 
906 
1 

18.2 
0 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S60 

196 
5 

7 3 CA 
NL 

Ross 
bach, 
G.B. 

646 
4 

10- 
Jan- 
202 
0 

63. 
95 

- 
103. 
88 

2 
4 
3 

39 - 
10.2 
6833 
348 

13.9 
040 
003 

32 
1. 
21 

- 
7.08 
145 

EXTR 
APOL 
ATED 

- 
25. 
31 

0.58 
473 
940 
6 

18.7 
0 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S61 

196 
5 

7 3 CA 
NL 

Ross 
bach, 
G.B. 

646 
4 

10- 
Jan- 
202 
0 

63. 
95 

- 
103. 
88 

2 
4 
3 

39 - 
10.2 
6833 
348 

13.9 
040 
003 

32 
1. 
21 

- 
7.08 
145 

EXTR 
APOL 
ATED 

- 
25. 
82 

0.58 
473 
940 
6 

19.2 
3 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S62 

196 
5 

7 10 CA 
NL 

Ross 
bach, 
G.B. 

661 
1 

9- 
Jan- 
202 
0 

64. 
55 

- 
100. 
45 

2 
1 
3 

38 - 
11.1 
2833 
324 

11.9 
639 
997 

32 
1. 
21 

- 
7.08 
145 

EXTR 
APOL 
ATED 

- 
26. 
01 

0.45 
205 
494 
3 

19.4 
4 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S63 

196 
5 

7 10 CA 
NL 

Ross 
bach, 
G.B. 

661 
1 

9- 
Jan- 
202 
0 

64. 
55 

- 
100. 
45 

2 
1 
3 

38 - 
11.1 
2833 
324 

11.9 
639 
997 

32 
1. 
21 

- 
7.08 
145 

EXTR 
APOL 
ATED 

- 
25. 
88 

0.45 
205 
494 
3 

19.2 
9 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S64 

196 
5 

7 19 CA 
NL 

Ross 
bach, 
G.B. 

671 
1 

9- 
Jan- 
202 
0 

64. 
60 

- 
98.6 
5 

2 
2 
5 

39 - 
11.5 
3916 
674 

10.0 
719 
995 

32 
1. 
21 

- 
7.08 
145 

EXTR 
APOL 
ATED 

- 
26. 
00 

0.29 
547 
304 
8 

19.4 
2 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S65 

196 
5 

7 11 CA 
NL 

Ross 
bach, 
G.B. 

661 
6 

9- 
Jan- 
202 
0 

64. 
67 

- 
99.8 
8 

2 
1 
5 

38 - 
11.5 
1866 
676 

11.9 
08 

32 
1. 
21 

- 
7.08 
145 

EXTR 
APOL 
ATED 

- 
25. 
56 

0.46 
649 
365 
7 

18.9 
7 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S66 

196 
5 

7 25 CA 
NL 

Ross 
bach, 
G.B. 

677 
3 

9- 
Jan- 
202 
0 

64. 
73 

- 
98.0 
0 

2 
2 
7 

38 - 
11.7 
4566 
669 

9.94 
400 
02 

32 
1. 
21 

- 
7.08 
145 

EXTR 
APOL 
ATED 

- 
27. 
46 

0.28 
773 
266 
9 

20.9 
6 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S67 

196 
5 

7 21 CA 
NL 

Ross 
bach, 
G.B. 

677 
3 

9- 
Jan- 
202 
0 

64. 
73 

- 
98.0 
0 

2 
2 
7 

38 - 
11.7 
4566 
669 

9.94 
400 
02 

32 
1. 
21 

- 
7.08 
145 

EXTR 
APOL 
ATED 

- 
27. 
67 

0.28 
773 
266 
9 

21.1 
7 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S68 

196 
5 

7 27 CA 
NL 

Ross 
bach, 
G.B. 

683 
4 

9- 
Jan- 
202 
0 

64. 
78 

- 
97.0 
2 

2 
3 
9 

39 - 
12.1 
46 

10.2 
559 
996 

32 
1. 
21 

- 
7.08 
145 

EXTR 
APOL 
ATED 

- 
25. 
66 

0.31 
196 
477 
4 

19.0 
7 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S69 

196 
7 

7 14 CA 
NL 

Argu 
s, 
Geor 
ge 
W.; 
Chun 
ys, 
W.N. 

676 
0 

10- 
Jan- 
202 
0 

59. 
58 

- 
135. 
48 

1 
0 
7 
2 

47 - 
0.94 
4666 
699 

10.8 
240 
004 

32 
2. 
54 

- 
7.33 
311 
385 
2 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
19 

0.32 
822 
562 
2 

20.4 
1 

0 

Betula 
glandulo 
sa 

BGC 
AMA 
S70 

196 
7 

7 14 CA 
NL 

Argu 
s, 
Geor 
ge 
W.; 
Chun 
ys, 
W.N. 

676 
0 

10- 
Jan- 
202 
0 

59. 
78 

- 
136. 
45 

7 
7 
4 

59 - 
1.69 
0500 
011 

9.58 
800 
03 

32 
2. 
54 

- 
7.33 
311 
385 
2 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
03 

0.43 
443 
213 
4 

20.2 
4 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S71 

196 
7 

7 21- 
22 

CA 
NL 

David 
F. 
Murr 
ay, 
Barb 
ara 
M. 
Murr 
ay 

983 10- 
Jan- 
202 
0 

61. 
62 

- 
141. 
97 

7 
4 
4 

113 - 
5.19 
8166 
711 

7.18 
800 
02 

32 
2. 
54 

- 
7.33 
311 
385 
2 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
28. 
00 

0.35 
477 
949 
2 

21.2 
7 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S72 

197 
1 

7 15 CA 
NL 

Brays 
haw, 
Thom 
as 
C.; 
Barre 
tt, D. 

 10- 
Jan- 
202 
0 

59. 
40 

- 
133. 
57 

5 
0 
1 

43 1.03 
5166 
715 

12.2 
679 
996 

32 
7. 
36 

- 
7.34 
775 
126 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
42 

0.48 
196 
733 
4 

20.6 
4 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S73 

197 
1 

7 27 CA 
NL 

Brays 
haw, 
Thom 
as 
C.; 
Barre 
tt, D. 

 10- 
Jan- 
202 
0 

59. 
77 

- 
136. 
60 

7 
3 
8 

53 - 
1.38 
8666 
67 

11.0 
240 
002 

32 
7. 
36 

- 
7.34 
775 
126 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
60 

0.42 
960 
462 
4 

19.7 
7 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S74 

197 
1 

7 5 CA 
NL 

Argu 
s, 
Geor 
ge 
W.; 

792 
8 

10- 
Jan- 
202 
0 

61. 
42 

- 
117. 
40 

2 
8 
7 

41 - 
2.94 
7333 
282 

16.5 
919 
991 

32 
7. 
36 

- 
7.34 
775 
126 
3 

Rubin 
o et 
al. 
2013 
JGR 

- 
27. 
72 

0.65 
073 
421 
1 

20.9 
5 

2 



78  

      Chun 
ys, 
W.N. 

          Atmos 
phere 

    

Betula 
glandulo 
sa 

BGC 
AMA 
S75 

197 
1 

8 20 CA 
NL 

Ohen 
oja, 
Esteri 

17 9- 
Jan- 
202 
0 

62. 
80 

- 
92.0 
8 

3 
2 
2 

56 - 
10.4 
4236 
107 

9.76 
111 
03 

32 
5. 
43 

- 
7.34 
775 
126 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
28. 
89 

0.30 
880 
956 
4 

22.1 
9 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S76 

197 
1 

8 12 CA 
NL 

Dabb 
s, 
Don 
L. 

173 10- 
Jan- 
202 
0 

64. 
75 

- 
125. 
50 

2 
9 
3 

48 - 
5.15 
1000 
024 

13.0 
559 
998 

32 
5. 
43 

- 
7.34 
775 
126 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
25. 
11 

0.49 
651 
054 
5 

18.2 
2 

4 

Betula 
glandulo 
sa 

BGC 
AMA 
S77 

197 
1 

7 17 CA 
NL 

Argu 
s, 
Geor 
ge 
W.; 
Chun 
ys, 
W.N. 

803 
4 

10- 
Jan- 
202 
0 

64. 
90 

- 
127. 
18 

3 
5 
8 

56 - 
6.01 
1333 
307 

13.4 
840 
002 

32 
7. 
36 

- 
7.34 
775 
126 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
52 

0.61 
551 
015 
1 

19.7 
0 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S78 

197 
1 

7 16 CA 
NL 

Argu 
s, 
Geor 
ge 
W.; 
Chun 
ys, 
W.N. 

801 
5 

10- 
Jan- 
202 
0 

64. 
90 

- 
127. 
18 

3 
5 
8 

56 - 
6.01 
1333 
307 

13.4 
840 
002 

32 
7. 
36 

- 
7.34 
775 
126 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
90 

0.61 
551 
015 
1 

20.0 
9 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S79 

197 
1 

8 2 CA 
NL 

MacI 
nnes, 
K.L. 

 10- 
Jan- 
202 
0 

69. 
43 

- 
132. 
93 

1 
5 
5 

30 - 
10.2 
7735 
504 

8.5 32 
5. 
43 

- 
7.34 
775 
126 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
35 

0.15 
410 
581 
2 

20.5 
7 

3 

Betula 
glandulo 
sa 

BGC 
AMA 
S80 

197 
3 

7 23 CA 
NL 

Gillett 
, 
John 
M. 

162 
00 

10- 
Jan- 
202 
0 

62. 
20 

- 
95.6 
7 

2 
9 
9 

43 - 
10.1 
8316 
66 

11.7 
24 

33 
0. 
87 

- 
7.39 
284 
195 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
28. 
29 

0.37 
285 
257 

21.5 
1 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S81 

197 
3 

7 21 CA 
NL 

Gillett 
, 
John 
M. 

161 
24 

10- 
Jan- 
202 
0 

62. 
28 

- 
95.5 
0 

2 
9 
9 

43 - 
10.1 
7033 
333 

11.5 
52 

33 
0. 
87 

- 
7.39 
284 
195 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
28 

0.36 
207 
165 
5 

20.4 
5 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S82 

197 
3 

7 29 CA 
NL 

Gubb 
e, D. 

296 
(75) 

10- 
Jan- 
202 
0 

65. 
88 

- 
128. 
08 

3 
0 
5 

43 - 
6.20 
3666 
586 

16.4 
319 
992 

33 
0. 
87 

- 
7.39 
284 
195 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
52 

0.74 
560 
783 
4 

19.6 
4 

4 

Betula 
glandulo 
sa 

BGC 
AMA 
S83 

197 
3 

7 29 CA 
NL 

Gubb 
e, D. 

276 
(79) 

10- 
Jan- 
202 
0 

65. 
88 

- 
128. 
08 

3 
0 
5 

43 - 
6.20 
3666 
586 

16.4 
319 
992 

33 
0. 
87 

- 
7.39 
284 
195 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
60 

0.74 
560 
783 
4 

20.7 
8 

4 

Betula 
glandulo 
sa 

BGC 
AMA 
S84 

197 
3 

6 19 CA 
NL 

Wels 
h, 
S.L. 

119 
37 

10- 
Jan- 
202 
0 

67. 
73 

- 
136. 
37 

2 
8 
8 

30 - 
7.87 
0833 
298 

11.1 
719 
999 

33 
2. 
07 

- 
7.39 
284 
195 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
28 

0.65 
379 
641 
2 

19.4 
0 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S85 

197 
3 

7 10 CA 
NL 

L. 
Hetti 
nger 

236 10- 
Jan- 
202 
0 

68. 
25 

- 
144. 
17 

1 
7 
1 

35 - 
8.13 
4166 
523 

8.80 
799 
96 

33 
0. 
87 

- 
7.39 
284 
195 
3 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
93 

0.56 
200 
027 
2 

20.0 
8 

3 

Betula 
glandulo 
sa 

BGC 
AMA 
S86 

197 
4 

8 24 CA 
NL 

Gubb 
e, D.; 
Burr, 
D. 

603 10- 
Jan- 
202 
0 

65. 
82 

- 
128. 
25 

3 
1 
3 

44 - 
6.10 
8833 
341 

11.9 
879 
999 

32 
9. 
39 

- 
7.48 
261 
14 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
64 

0.45 
827 
208 
4 

20.7 
3 

4 

Betula 
glandulo 
sa 

BGC 
AMA 
S87 

197 
4 

8 30 CA 
NL 

Gubb 
e, D.; 
Burr, 
D. 

675 10- 
Jan- 
202 
0 

65. 
85 

- 
128. 
13 

2 
9 
7 

41 - 
6.05 
4666 
683 

12.8 
959 
999 

32 
9. 
39 

- 
7.48 
261 
14 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
69 

0.46 
525 
207 
9 

20.7 
8 

2 



79  

Betula 
glandulo 
sa 

BGC 
AMA 
S88 

197 
4 

7 29 CA 
NL 

Rigby 
, J.K. 

258 10- 
Jan- 
202 
0 

67. 
03 

- 
126. 
08 

2 
4 
3 

34 - 
7.53 
7333 
307 

14.5 
600 
004 

33 
1. 
18 

- 
7.48 
261 
14 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
26. 
15 

0.63 
851 
798 
3 

19.1 
6 

4 

Betula 
glandulo 
sa 

BGC 
AMA 
S89 

197 
5 

8 10 CA 
NL 

Argu 
s, 
Geor 
ge 
W.; 
White 
, 
David 
J. 

981 
5 

10- 
Jan- 
202 
0 

58. 
98 

- 
109. 
33 

4 
5 
7 

66 - 
2.54 
7166 
68 

14.8 
68 

33 
0. 
06 

- 
7.41 
790 
639 
5 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
25. 
77 

0.48 
820 
031 
4 

18.8 
4 

1 

Betula 
glandulo 
sa 

BGC 
AMA 
S90 

197 
5 

8 10 CA 
NL 

Argu 
s, 
Geor 
ge 
W.; 
White 
, 
David 
J. 

981 
9 

10- 
Jan- 
202 
0 

58. 
98 

- 
109. 
33 

4 
5 
7 

66 - 
2.54 
7166 
68 

14.8 
68 

33 
0. 
06 

- 
7.41 
790 
639 
5 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
28. 
26 

0.48 
820 
031 
4 

21.4 
5 

1 

Betula 
glandulo 
sa 

BGC 
AMA 
S91 

197 
5 

7 15 CA 
NL 

Talbo 
t, 
Step 
hen 

T50 
26- 
6 

10- 
Jan- 
202 
0 

61. 
12 

- 
123. 
78 

5 
0 
3 

94 - 
3.19 
8166 
595 

12.9 
160 
004 

33 
1. 
9 

- 
7.41 
790 
639 
5 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
29. 
18 

0.51 
480 
157 
6 

22.4 
1 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S92 

197 
5 

7 11 CA 
NL 

Talbo 
t, 
Step 
hen 

T50 
07 

10- 
Jan- 
202 
0 

61. 
22 

- 
123. 
62 

4 
6 
8 

89 - 
3.31 
7666 
675 

13.9 
08 

33 
1. 
9 

- 
7.41 
790 
639 
5 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
28. 
28 

0.54 
075 
222 
6 

21.4 
7 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S93 

197 
5 

7 26 CA 
NL 

Talbo 
t, 
Step 
hen 

T50 
56 

10- 
Jan- 
202 
0 

61. 
37 

- 
125. 
35 

4 
8 
5 

85 - 
4.33 
8500 
097 

13.1 
239 
996 

33 
1. 
9 

- 
7.41 
790 
639 
5 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
70 

0.52 
480 
905 
4 

20.8 
6 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S94 

197 
5 

7 1 CA 
NL 

Rosie 
, 
R.M. 

12 10- 
Jan- 
202 
0 

61. 
43 

- 
129. 
33 

5 
2 
0 

76 - 
4.19 
3166 
678 

11.8 
879 
995 

33 
1. 
9 

- 
7.41 
790 
639 
5 

Rubin 
o et 
al. 
2013 
JGR 
Atmos 
phere 

- 
27. 
84 

0.51 
265 
434 
1 

21.0 
1 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S95 

197 
6 

8 8 CA 
NL 

Shea 
, 
Garry 
A. 

108 
88 

10- 
Jan- 
202 
0 

48. 
48 

- 
83.3 
7 

7 
9 
5 

79 1.33 
8499 
967 

15.3 
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AMA 
S135 

200 
8 

7 2 CA 
NL 

Burt, 
Page 
M. 

s.n. 9- 
Jan- 
202 
0 

66. 
84 

- 
108. 
03 

1 
6 
8 

27 - 
11.0 
9166 
661 

10.5 38 
6. 
25 

-8.3 Keelin 
g et 
al. 
2002 

- 
27. 
85 

0.19 
009 
972 

20.1 
1 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S136 

200 
8 

7 10 CA 
NL 

Gilles 
pie, 
Lynn 
J.; 
Saar 
ela, 
Jeffer 
y M.; 
Cons 
aul, 
Lauri 
e L.; 
Bull, 
Roge 
r D. 

780 
5 

9- 
Jan- 
202 
0 

68. 
61 

- 
112. 
57 

1 
2 
6 

21 - 
12.1 
6783 
338 

9.78 
800 
01 

38 
6. 
25 

-8.3 Keelin 
g et 
al. 
2003 

- 
27. 
48 

0.36 
019 
358 
1 

19.7 
2 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S137 

200 
8 

7 6 CA 
NL 

Gilles 
pie, 
Lynn 
J.; 
Saar 
ela, 
Jeffer 
y M.; 
Cons 
aul, 
Lauri 
e L.; 
Bull, 
Roge 
r D. 

759 
9 

9- 
Jan- 
202 
0 

68. 
62 

- 
112. 
58 

1 
2 
6 

21 - 
12.1 
6783 
338 

9.78 
800 
01 

38 
6. 
25 

-8.3 Keelin 
g et 
al. 
2004 

- 
27. 
40 

0.36 
019 
358 
1 

19.6 
4 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S138 

200 
8 

7 12 CA 
NL 

Gilles 
pie, 
Lynn 
J.; 
Saar 
ela, 
Jeffer 
y M.; 
Cons 
aul, 
Lauri 
e L.; 
Bull, 
Roge 
r D. 

785 
5 

9- 
Jan- 
202 
0 

68. 
66 

- 
110. 
71 

1 
2 
5 

22 - 
12.6 
3699 
988 

9.40 
8 

38 
6. 
25 

-8.3 Keelin 
g et 
al. 
2005 

- 
29. 
34 

0.28 
564 
93 

21.6 
8 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S139 

200 
8 

7 13 CA 
NL 

Gilles 
pie, 
Lynn 
J.; 
Saar 
ela, 
Jeffer 
y M.; 
Cons 
aul, 
Lauri 
e L.; 
Bull, 
Roge 
r D. 

791 
9 

9- 
Jan- 
202 
0 

68. 
66 

- 
110. 
71 

1 
2 
5 

22 - 
12.6 
3699 
988 

9.40 
8 

38 
6. 
25 

-8.3 Keelin 
g et 
al. 
2006 

- 
27. 
28 

0.28 
564 
93 

19.5 
1 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S140 

200 
9 

6 27 CA 
NL 

Gilles 
pie, 
Lynn 
J.; 
Saar 
ela, 
Jeffer 
y M.; 
Cons 
aul, 
Lauri 
e L.; 
Bull, 
Roge 
r D. 

855 
6 

10- 
Jan- 
202 
0 

69. 
35 

- 
124. 
07 

2 
1 
8 

16 - 
9.48 
9393 
992 

6.20 
909 
02 

38 
9. 
62 

-8.4 Keelin 
g et 
al. 
2001 

- 
29. 
07 

0.20 
993 
726 
9 

21.2 
9 

2 

Betula 
glandulo 
sa 

BGC 
AMA 
S141 

201 
0 

8 10 CA 
NL 

Cons 
aul, 
Lauri 
e L.; 
Kattu 
k, 
Emily 
; 
Meek 
o, 

402 
4 

9- 
Jan- 
202 
0 

56. 
46 

- 
79.1 
4 

5 
1 
5 

71 - 
4.37 
5499 
971 

10.9 
239 
998 

38 
8. 
52 

- 
8.21 

Keelin 
g et 
al. 
2001 

- 
29. 
10 

0.26 
808 
958 
3 

21.5 
2 

2 
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      Betsy 
; 
Char 
ette, 
Don 

               

Betula BGC 201 8 10 CA Cons 403 9- 56. - 5 70 - 10.8 38 - Keelin - 0.25 21.3 2 
glandulo AMA 0   NL aul, 3 Jan- 48 79.1 1  4.48 079 8. 8.21 g et 28. 804 7  

sa S142     Lauri  202  5 5  7166 996 52  al. 96 389   
      e L.;  0     618    2002  2   
      Kattu                
      k,                
      Emily                

      ;                

      Meek                
      o,                
      Betsy                
      ;                
      Char                
      ette,                
      Don                

Betula BGC 201 8 10 CA Cons 403 9- 56. - 5 70 - 10.8 38 - Keelin - 0.25 21.1 2 
glandulo AMA 0   NL aul, 4 Jan- 49 79.1 1  4.48 079 8. 8.21 g et 28. 804 2  

sa S143     Lauri  202  3 5  7166 996 52  al. 72 389   

      e L.;  0     618    2003  2   
      Kattu                
      k,                
      Emily                
      ;                
      Meek                
      o,                
      Betsy                

      ;                
      Char                
      ette,                

      Don                

Betula BGC 201 8 10 CA Cons 403 9- 56. - 5 70 - 10.8 38 - Keelin - 0.25 21.0 2 
glandulo AMA 0   NL aul, 8 Jan- 50 79.1 1  4.48 079 8. 8.21 g et 28. 804 8  

sa S144     Lauri  202  3 5  7166 996 52  al. 68 389   

      e L.;  0     618    2004  2   

      Kattu                

      k,                
      Emily                
      ;                
      Meek                
      o,                
      Betsy                
      ;                
      Char                
      ette,                
      Don                

Betula BGC 201 8 10 CA Cons 401 9- 56. - 5 70 - 10.7 38 - Keelin - 0.25 20.1 2 
glandulo AMA 0   NL aul, 3 Jan- 50 79.1 0  4.35 912 8. 8.21 g et 27. 500 0  

sa S145     Lauri  202  8 7  1992 998 52  al. 75 338   

      e L.;  0     831    2005  3   
      Kattu                
      k,                
      Emily                

      ;                

      Meek                
      o,                
      Betsy                
      ;                
      Char                
      ette,                
      Don                

Betula BGC 201 6 23 CA Cons 362 9- 56. - 4 48 - 5.5 39 - Keelin - 0.17 21.6 2 
glandulo AMA 0   NL aul, 3 Jan- 55 79.1 9  4.42  2. 8.43 g et 29. 684 4  

sa S146     Lauri  202  8 7  9861  24  al. 43 541   

      e L.;  0     096    2001  9   
      Tsuji                
      moto,                
      Megu                
      mu;                
      Ip,                
      Morg                

      an;                

      Char                
      ette,                
      Don;                
      Kattu                
      k,                
      Emily                
      ;                
      Ekidl                
      ak,                

      Chris                
      tine                

Betula BGC 201 7 14 CA Gilles 981 10- 71. - 1 24 - 8.34 39 - Keelin - 0.34 22.5 0 
glandulo AMA 0   NL pie, 9 Jan- 19 116. 6  13.2 799 0. 8.32 g et 30. 599 2  

sa S147     Lynn  202  41 2  0050 96 33  al. 16 859   

      J.;  0     002    2001  5   
      Saar                
      ela,                

      Jeffer                

      y M.;                
      Doub                
      t,                
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      Jenni 
fer; 
Bull, 
Roge 
r D.; 
Sokol 
off, 
Paul 
C. 

               

Betula BGC 201 7 14 CA Gilles 980 10- 71. - 1 24 - 8.34 39 - Keelin - 0.34 20.9 0 
glandulo AMA 0   NL pie, 7 Jan- 19 116. 6  13.2 799 0. 8.32 g et 28. 599 2  

sa S148     Lynn  202  41 2  0050 96 33  al. 65 859   

      J.;  0     002    2002  5   

      Saar                
      ela,                
      Jeffer                
      y M.;                
      Doub                
      t,                
      Jenni                
      fer;                
      Bull,                

      Roge                

      r D.;                
      Sokol                
      off,                
      Paul                
      C.                

Betula BGC 201 7 13 CA Gilles 974 10- 71. - 1 24 - 8.34 39 - Keelin - 0.34 21.2 0 
glandulo AMA 0   NL pie, 4 Jan- 21 116. 6  13.2 799 0. 8.32 g et 28. 599 3  

sa S149     Lynn  202  39 2  0050 96 33  al. 93 859   

      J.;  0     002    2003  5   
      Saar                
      ela,                
      Jeffer                
      y M.;                
      Doub                
      t,                
      Jenni                
      fer;                

      Bull,                

      Roge                
      r D.;                
      Sokol                
      off,                
      Paul                
      C.                

Betula BGC 201 7 10 CA Gilles 962 10- 71. - 1 23 - 7.69 39 - Keelin - 0.27 19.6 2 
glandulo AMA 0   NL pie, 3 Jan- 48 117. 5  12.9 999 0. 8.32 g et 27. 397 6  

sa S150     Lynn  202  36 6  5362 98 33  al. 44 878   

      J.;  0     332    2004  1   
      Saar                
      ela,                
      Jeffer                
      y M.;                
      Doub                
      t,                
      Jenni                
      fer;                

      Bull,                

      Roge                
      r D.;                
      Sokol                
      off,                
      Paul                

      C.                

Betula BGC 201 6 30 CA Saar 191 9- 63. - 4 37 - 5.55 39 - Keelin - 0.26 19.8 2 
glandulo AMA 2   NL ela, 9 Jan- 25 69.6 2  8.37 999 5. 8.45 g et 27. 968 8  

sa S151     Jeffer  202  1 0  7666 99 88  al. 78 779   

      y M.;  0     91    2001  7   
      Gilles                
      pie,                
      Lynn                
      J.;                
      Sokol                
      off,                
      Paul                

      C.;                

      Bull,                
      Roge                
      r D.                

Betula BGC 201 6 29 CA Saar 190 9- 63. - 4 41 - 4.04 39 - Keelin - 0.19 20.3 2 
glandulo AMA 2   NL ela, 8 Jan- 75 68.4 2  8.83 545 5. 8.45 g et 28. 612 1  

sa S153     Jeffer  202  8 6  4090 02 88  al. 19 515   

      y M.;  0     924    2003  2   
      Gilles                

      pie,                
      Lynn                
      J.;                
      Sokol                
      off,                
      Paul                
      C.;                
      Bull,                
      Roge                
      r D.                
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Betula BGC 201 7 7 CA Saar 352 10- 67. - 2 35 - 12.1 39 - Keelin - 0.51 19.3 2 
glandulo AMA 4   NL ela, 5 Jan- 26 115. 4  9.69 719 9. 8.42 g et 27. 657 5  

sa S154     Jeffer  202  52 6  5000 999 07  al. 24 275   

      y M.;  0     097    2001  7   

      Sokol                

      off,                
      Paul                
      C.;                
      Bull,                
      Roge                
      r D.                

Betula BGC 201 7 1 CA Saar 313 9- 67. - 2 35 - 12.0 39 - Keelin - 0.50 19.6 2 
glandulo AMA 4   NL ela, 2 Jan- 43 115. 4  9.69 92 9. 8.42 g et 27. 191 6  

sa S155     Jeffer  202  63 9  5666  07  al. 54 531   

      y M.;  0     547    2002  1   
      Sokol                
      off,                
      Paul                
      C.;                
      Bull,                
      Roge                

      r D.                

Betula BGC 201 7 8 CA Saar 364 10- 67. - 2 34 - 11.7 39 - Keelin - 0.46 20.2 2 
glandulo AMA 4   NL ela, 4 Jan- 52 115. 4  9.85 200 9. 8.42 g et 28. 968 3  

sa S156     Jeffer  202  61 4  3833 003 07  al. 08 848   

      y M.;  0     289    2003     
      Sokol                
      off,                
      Paul                
      C.;                

      Bull,                
      Roge                

      r D.                

Betula BGC 201 7 16 CA Saar 410 10- 67. - 2 33 - 11.1 39 - Keelin - 0.39 19.9 3 
glandulo AMA 4   NL ela, 6 Jan- 74 115. 4  10.3 759 9. 8.42 g et 27. 654 7  

sa S157     Jeffer  202  38 0  6516 996 07  al. 83 907   

      y M.;  0     655    2004  5   
      Sokol                
      off,                

      Paul                

      C.;                
      Bull,                
      Roge                

      r D.                

Betula BGC 201 7 12 CA Saar 382 10- 67. - 2 33 - 11.0 39 - Keelin - 0.39 22.3 3 
glandulo AMA 4   NL ela, 6 Jan- 74 115. 4  10.3 559 9. 8.42 g et 30. 520 4  

sa S158     Jeffer  202  37 1  8499 998 07  al. 09 412   

      y M.;  0     979    2005  7   
      Sokol                
      off,                
      Paul                
      C.;                
      Bull,                
      Roge                
      r D.                

Betula BGC 201 7 23 CA Saar 428 10- 67. - 2 32 - 10.6 39 - Keelin - 0.34 23.0 3 
glandulo AMA 4   NL ela, 0 Jan- 80 115. 3  10.7 84 9. 8.42 g et 30. 658 5  

sa S159     Jeffer  202  24 7  2133  07  al. 76 068   

      y M.;  0     331    2006     
      Sokol                
      off,                
      Paul                
      C.;                
      Bull,                
      Roge                

      r D.                

Betula BGC 201 6 29 CA Saar 304 9- 67. - 2 16 - 5.73 40 - Keelin - 0.22 20.8 3 
glandulo AMA 4   NL ela, 4 Jan- 82 115. 4  10.6 846 1. 8.59 g et 28. 321 3  

sa S160     Jeffer  202  11 0  5032 01 31  al. 82 438   

      y M.;  0     058    2001  2   
      Sokol                
      off,                
      Paul                

      C.;                

      Bull,                
      Roge                

      r D.                

Betula BGC 201 8 13 CA Gavi  9- 61. - 2 57 - 10.7 39 - Keelin - 0.27 20.0 4 
glandulo AMA 5   NL n, Jan- 11 94.0 8  9.26 545 9 8.33 g et 27. 183 7  

sa S161     Mega 202  9 9  5530 004   al. 84 384   

      n; 0     159    2001  7   

      Irkok,               

      Ancill               

      a               

Genus, Pers Col Col Col  Sour   Lat Lon M Mon MAT Mon [C δ13 δ13C δ1 VPD Δlea Soil 
Species onal lect lect lect ce itu gitu A thly (°C)* thly O2 Cat atm 3C (kPa f Drai 

 ID # ion ion ion  de de P Ave  Avg ] m (‰) lea )* (‰)* ngag 
  Ye Mo Da  (°N (°W) ( rag  Tem (p (‰) Sourc f  * e 
  ar nth y  )  m e  pera p  e**** (‰   Clas 
        m Pre  ture m   )   sific 
        y cipi  (°C) )      ation 
        r- atio         Leve 
        1 n         l*** 
        )* (m          

         m)*          
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Eriophor 
um 
angustifo 
lium 

EAT 
KMA 
S1 

198 
8 

7 2  Schel 
l, 
2016 

  68. 
633 
333 

- 
149. 
6333 
333 

2 
3 
4 

42 - 
9.09 
7 

12.0 
04 

35 
2. 
38 

- 
7.77 

Keelin 
g et 
al. 
2001 

- 
25. 
94 
6 

0.55 
095 
188 
8 

18.6 
601 
564 
2 

 

Eriophor 
um 
angustifo 
lium 

EAT 
KMA 
S2 

198 
8 

7 2  Schel 
l, 
2016 

  68. 
633 
333 

- 
149. 
6333 
333 

2 
3 
4 

42 - 
9.09 
7 

12.0 
04 

35 
2. 
38 

- 
7.77 

Keelin 
g et 
al. 
2001 

- 
25. 
52 
1 

0.55 
095 
188 
8 

18.2 
158 
876 
7 

 

Eriophor 
um 
angustifo 
lium 

EAT 
KMA 
S3 

198 
8 

7 2  Schel 
l, 
2016 

  68. 
633 
333 

- 
149. 
6333 
333 

2 
3 
4 

42 - 
9.09 
7 

12.0 
04 

35 
2. 
38 

- 
7.77 

Keelin 
g et 
al. 
2001 

- 
26. 
09 
8 

0.55 
095 
188 
8 

18.8 
191 
419 
7 

 

Eriophor 
um 
angustifo 
lium 

EAT 
KMA 
S4 

198 
8 

7 15  Schel 
l, 
2016 

  68. 
633 
333 

- 
149. 
6333 
333 

2 
3 
4 

42 - 
9.09 
7 

12.0 
04 

35 
2. 
38 

- 
7.77 

Keelin 
g et 
al. 
2001 

- 
25. 
28 
7 

0.55 
095 
188 
8 

17.9 
714 
439 

 

Eriophor 
um 
angustifo 
lium 

EAT 
KMA 
S5 

198 
8 

7 15  Schel 
l, 
2016 

  68. 
633 
333 

- 
149. 
6333 
333 

2 
3 
4 

42 - 
9.09 
7 

12.0 
04 

35 
2. 
38 

- 
7.77 

Keelin 
g et 
al. 
2001 

- 
24. 
80 
6 

0.55 
095 
188 
8 

17.4 
693 
445 
6 

 

Eriophor 
um 
angustifo 
lium 

EAT 
KMA 
S6 

198 
8 

7 15  Schel 
l, 
2016 

  68. 
633 
333 

- 
149. 
6333 
333 

2 
3 
4 

42 - 
9.09 
7 

12.0 
04 

35 
2. 
38 

- 
7.77 

Keelin 
g et 
al. 
2001 

- 
25. 
43 
4 

0.55 
095 
188 
8 

18.1 
249 
910 
2 

 

*JCCAMAS
45 & 
JCCAMAS
46 are 
combined 

                     

 

Supplemental Table 1. Summary of data sample data. 
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Supplemental Table 2. Summary of regressions plotted in Figure 4. Equations of lines for species in this study 
are from Figure 3. 
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Supplemental Table 3. Compilation of PCA results for individual species. All coefficients are rounded up. 
Values equal to or greater than ±0.3 are highlighted in green. 
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Supplemental Table 4. Results of compiled species PCA. 
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