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FSP Project Number: Y092094 1 

 2 

Project Title: Lichen biodiversity in deciduous wetland swales 3 

 4 

Abstract:   Alder swales, corridors of alders adjacent to streams and in wet seepage areas, 5 

represent an important linear feature of sub-boreal and boreal landscapes. Given their potential 6 

longevity within landscapes that are increasingly facing loss of old forests, we hypothesize that 7 

alder swales may function as important refugia for lichen biodiversity. We examined 8 

macrolichen diversity and substrate characteristics in 75 alder dominated sites along an east 9 

(wet) to west (dry) longitudinal gradient in the Sub-Boreal Spruce biogeoclimatic zone of central 10 

interior British Columbia and have conducted a spatial analysis of the size and shape of alder 11 

swales within two area, in the Aleza Lake Research Forest and in TFL 30. Spatial analysis 12 

indicated a mean swale size of 20.5 meters wide by 854 meters long with a mean area of 5.7 ha.  13 

A total of 43 macrolichen species (and six other genera) were observed, with 30 taxa present in 14 

the richest site. Canopy macrolichen communities were less diverse at both extremes of the 15 

climatic gradient (15.1 species/site). Heavy winter snowpack may reduce lichen abundance in the 16 

easternmost cooler, wetter sites, while availability of summer precipitation is likely a limiting 17 

factor in the westernmost sites. Sites that had intermediate climate supported the greatest average 18 

diversity (20.8 species/site). These findings suggest the importance of alder swales as refugia for 19 

lichen biodiversity and point to their importance in landscape level planning. 20 

 21 

Introduction: Regional landscapes in central-interior British Columbia are dominated by 22 

coniferous forests. Historically, these forests were represented by a complex spatial mosaic of 23 
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different-aged stands, reflecting past disturbance processes, such as fires and insect outbreaks. 1 

For canopy lichens, this disturbance history poses major limitations on dispersal and colonization 2 

within regional landscapes. Radies and Coxson (2004), for instance, found that many canopy 3 

lichen species were restricted to old-forest conifer patches, where previous disturbance history 4 

was minimal.  5 

Wetland swales, typically alder and willow communities associated with the wet banks of 6 

streams and moist depressions, in contrast, may represent a more stable or persistent ecological 7 

element within regional landscapes. Alder swales may be more resistant to fire as they are found 8 

in topographic positions that are depressed and generally wetter than the surrounding landscape. 9 

Bergeron (1991) indicated that disturbance due to fire is dependent upon local conditions and 10 

topographic placement, often resulting in riparian areas being less affected by fire than adjacent 11 

forests. This observation has also been noted by Suffling et al. (1982) and Denneler et al. (1999). 12 

The linear nature of alder swales may also be important within regional landscapes. Alder swales 13 

may also provide corridors between what would otherwise be isolated regions of habitat, thereby 14 

allowing for the rapid dispersal of many species (DeFerrari and Naiman 1994).  15 

 We have now examined canopy lichens in alder dominated deciduous wetland swales in 16 

the Sub-Boreal Spruce (SBS) biogeoclimatic zone in central interior British Columbia. The study 17 

area spans a 200 km long climatic gradient, from upslope alder swales in a wet climatic region in 18 

the eastern part of the region (adjacent to the Rocky Mountains), to alder swales in a drier 19 

climatic region in the west (in the central-interior plateau). The placement of study plots along 20 

this gradient allowed us to examine the covariate responses of lichen communities to interactions 21 

between substrate characteristics (physical and chemical) and regional climatic gradients in alder 22 

swales.  23 
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Methods:  1 

Study Sites 2 

Wetland swales are composed of hardwood species, especially green alder (Alnus crispa 3 

ssp. crispa (Ait.) Pursh) and mountain alder (Alnus incana ssp. tenuifolia (Nuttall) Breitung). 4 

These swales can be found in the riparian zone of small streams and rivers, moist depressions 5 

where the water table is close to the surface, and in upland seepage areas. In drier subzones, 6 

willows are more abundant than alders, while the opposite is true in wetter subzones.  For the 7 

present study we chose alder swales along small first-order streams, randomly selecting 25 8 

streams within each of the three subzones which occurred along our east-west regional transect 9 

(Figure 1). These subzones, from east to west respectively, were the moist and cool Sub-Boreal 10 

Spruce subzone (SBSmk),  the wet and cool Sub-Boreal Spruce subzone (SBSwk), and the very-11 

wet and cool Sub-Boreal Spruce subzone (SBSvk) (Meidinger and Pojar 1991). In the SBS zone, 12 

mean annual precipitation ranges from 440 mm to 1 590 mm, depending upon the subzone, with 13 

mean annual temperature ranging from 1.7 to 5 C (Meidinger and Pojar 1991). Elevation 14 

corrected Climate B.C. data (version 3.2, University of British Columbia, Vancouver) indicates 15 

that the SBSmk sites had the lowest mean annual temperature and lowest mean July temperature 16 

of the three subzones while the SBSvk sites had the highest mean January temperature (Table 2), 17 

using modeled mean data from 1971 to 2000 (Wang et al. 2006). Average snowfall did not differ 18 

between the sites of the SBSmk and SBSwk (Table 2).  19 

 20 

21 
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Landscape Metrics   1 

 The distribution and abundance of alder swales were examined in two areas along the 2 

regional climate gradient, using Terrain and Resource Information Mapping (TRIM) (BC 3 

Ministry of Forests 2002) for the Aleza Lake Research Forest (ALRF) and Tree Farm License 30 4 

(TFL 30) (see Figure 1 for location). The ALRF is found in the SBSwk subzone, while TFL 30 5 

includes portions of both the SBSwk and SBSvk subzones. ArcView software (ESRI, Redlands, 6 

USA) was used to query the site series map database for occurrence of alder-lady fern seepage 7 

site complexes which provide a proxy for alder swales in this region (DeLong 2003). Among the 8 

summary statistics calculated from map queries were mean swale area, mean shortest swale axis 9 

length, mean longest swale axis length, and total linear distance of swale features. The longest 10 

axis length was the longest straight line distance through the site. Linear distance was the length 11 

of the site following all of its contours. 12 

 13 

Vegetation Plots 14 

Within each of the 75 study sites (25 in each subzone) a 100 m transect was established 15 

through the long axis of the swale, running parallel to the adjacent stream. These transects were 16 

located mid-way between the stream edge and the outer swale boundary, typically about four 17 

meters from the stream edge. Alnus incana ssp. tenuifolia was present in all sites. Alnus crispa 18 

ssp. crispa was present in four sites in the very wet subzone and one site in the moist subzone. 19 

All lichen assessments were confined to Alnus incana ssp. tenuifolia.  20 

At 10 m intervals along the transect line, diversity and abundance of epiphytic 21 

macrolichens were assessed on the nearest live and dead alder stem within each of three size 22 

classes (small stems less then 10 cm diameter at breast height (dbh), medium stems between 10 23 
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cm and 15 cm dbh, and large stems greater than 15 cm dbh). Presence/absence data were 1 

collected for the lichens present on these stems.  2 

Taxonomy follows Goward et al. (1994) and Goward (1999) with the exception of the 3 

genera Tuckermannopsis and Kaerenfeltia, which are recognized as distinct from Cetraria. All 4 

macrolichens were identified to species with the exception of Bryoria, Usnea, Physcia , 5 

Xanthoria, Cladoni, and Melanelia, which were identified to genus only. In each site, the three 6 

largest stems and several additional randomly selected stems of various diameters were cored to 7 

investigate the relation between age and diameter in alders.  8 

Bark samples for pH analysis were collected from six randomly selected sites in each 9 

subzone. Bark was collected at a height of 1.3 meters along the stem from the same trees as the 10 

lichen assessments were conducted on and was free of epiphytes to the greatest extent possible in 11 

order to remove any influence of modification of the bark chemistry by the epiphytes (Lang et al. 12 

1976). Further cleaning was done in the lab. Pieces of bark 1 cm2 were placed in 10 mL of 13 

25mM KCl overnight (Farmer et al. 1990) and the pH was measured with a glass electrode. 14 

 15 

Statistical Analyses 16 

 The number of species within a community, α diversity (Whittaker 1972), was calculated 17 

based on individual stems and transects. α diversity was scaled by diameter, by dividing by dbh, 18 

to account for larger stems having more species simply due to their larger area. The number of 19 

species within a larger region, γ diversity (Whittaker 1972), was calculated for each subzone and 20 

across all sites sampled. Intercommunity diversity was calculated pair wise using βt (Wilson and 21 

Schmida 1984) between the sites in each subzone. The correlation between each of these pair 22 

wise βt matrices and the pair wise matrices formed from the site data collected was investigated 23 
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through Mantel tests with the strength of the relation between the distance matrices evaluated 1 

with Pearson correlation coefficients (Mantel 1967). Unique pair wise distance matrices based on 2 

the site data were calculated for each site variable by taking the absolute value of the difference 3 

between the values of the site variable in the two sites (McCune and Allen 1985). Diversity 4 

indices were calculated in R (R Development Core Team 2006). The Mantel tests were 5 

performed in Pc-Ord v. 5 (McCune and Mefford 1999) using a randomization test with 9 999 6 

permutations.  7 

 8 

Results: The SBSmk sites had the lowest mean annual temperature and lowest mean July 9 

temperature of the three subzones while the SBSvk sites had the highest mean January 10 

temperature (Table 2). Average snowfall did not differ between the sites of the SBSmk and 11 

SBSwk and was greatest in the SBSvk (Table 2). Mean annual precipitation increased from an 12 

average of 755 mm in the SBSmk sites to 819 mm in the SBSwk sites to 953 mm in the SBSvk 13 

sites. The average elevation was greatest in the sites of the SBSvk though the sites in this 14 

subzone were placed at valley bottoms as well as at higher locations. 15 

The GIS queries showed that the portion of the SBSwk queried had greater densities of 16 

alder-lady fern sites than did the SBSvk portion. The mean area (Welch’s t-test; d.f. = 2; p=0.03) 17 

and mean width of the seepage sites were greatest in the SBSvk portion of TFL 30 (Table 1). 18 

Alder-lady fern seepage sites in the SBSwk had the greatest average length. Seepage site 19 

dimensions were found to vary a great deal from site to site. These seepage sites often exist as 20 

discontinuous patches along many streams (Figure 2) and as entire slopes in higher elevation 21 

sites. The GIS analyses included many of these latter seepage slopes, in the SBSvk, where the 22 
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whole slope carries water though ephemeral streams may still be present. These sites led to the 1 

higher standard deviation of the shortest axis in the alder-lady fern sites of the SBSvk subzone. 2 

The values for bark pH in the SBSmk sites ranged from 4.59 to 5.94 with an average and 3 

standard deviation of 5.48 ± 0.29. In the SBSwk sites, bark pH ranged between 4.15 and 6.18 4 

with an average and standard deviation of 5.37 ± 0.31. In SBSvk sites, bark pH ranged between 5 

4.9 and 6.4 with an average and standard deviation of 5.4 ± 0.23. The values of pH were not 6 

correlated with stem diameter, angle of lean, direction of lean, percent lichen cover, percent moss 7 

cover, or estimated mean annual precipitation in the site and none of the differences between 8 

subzones were significant. The sites of the SBSwk had the greatest number of mineral horizons 9 

at 7.9 per site while the sites of the SBSmk and SBSvk had an average of 6.2 mineral horizons 10 

per site. At least one mineral horizon was present in 61 of the 75 sites. The average height of the 11 

snowpack lichen line, as estimated from Parmelia sulcata and Hypogymnia physodes, was 1.6 12 

meters in the SBSmk sites, 1.4 meters in the SBSwk sites, and 2.2 meters in the SBSvk sites. In 13 

the SBSvk sites, this was significantly higher than in the other two subzones (Wilcoxon rank sum 14 

test, p<0.01). 15 

Overall, there were 43 species and six additional genera of lichens observed in the 75 16 

sites sampled. There were 37 taxa observed in the SBSmk, 43 in the SBSwk, and 40 in the 17 

SBSvk. Stem level alpha diversity was not found to significantly vary with diameter class in any 18 

of the three climate subzones. However, larger stems generally tended to support richer lichen 19 

communities and stems smaller than 10 cm dbh generally supported communities of consistently 20 

low diversity, in all three subzones (Figure 3 A-C). Live and dead alder stems did not 21 

significantly differ in either the number of species present or the composition of the communities 22 

present. 23 
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The SBSwk sites had significantly more species per site than the sites in either of the 1 

other two subzones (p<0.01). The SBSmk sites had the lowest variation in the number of species 2 

and had the lowest maximum number of species in a site (Figure 3 D). The SBSwk sites had the 3 

highest average number of species in a site, the highest maximum number of species in a site, 4 

and the highest minimum number of species in a site. The SBSvk sites had the lowest average 5 

number of species in a site and the lowest minimum number of species in a site (Figure 3 D). 6 

A consistent linear relation between diameter and age in alders was found (r2 = 0.86 7 

based on an n of 440; age = 2.7*diameter). The SBSwk sites had the largest stems (student’s 8 

t-test; d.f. = 48; p<0.01), with an average sampled stem dbh of 8.3 cm corresponding to an age of 9 

23 years. Sites in the SBSwk subzone had the greatest densities of stems over 10 cm dbh 10 

(student’s t-test; d.f. = 48; p<0.025). Sites in the SBSvk subzone had the greatest average density 11 

of stems smaller than 10 cm dbh (Table 4; student’s t-test; d.f. = 48; p<0.05).  12 

At the site level, the number of mineral horizons, distance between sites and mean annual 13 

precipitation were each significantly correlated with βt between sites of the SBSwk (Table 3). 14 

For the SBSvk sites the abundance of stems with dbh greater than 10 cm, distance between sites, 15 

and mean July temperature were significantly correlated with βt  (Table 3). 16 

 17 

Discussion:  In boreal and montane environments, alder swales represent islands of deciduous 18 

tree cover within landscapes that are otherwise dominated by coniferous trees.  The landscape 19 

metrics indicated that the size and shape of the alder-lady fern seepage sites vary considerably 20 

both within and between the queried portions of the SBSwk and SBSvk. We found that patch 21 

density of alder-lady fern seepage sites was greater in the SBSwk than in the SBSvk and that 22 

smaller areas of alder-lady fern sites were present in the SBSwk as compared to the SBSvk. The 23 
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frequency of flood events likely contributes to the higher density of alder-lady fern sites in the 1 

SBSwk than in the wetter SBSvk. Flood events may cause higher mortality in developing alder 2 

seedlings in newly colonized sites, reducing the frequency with which alder swales are 3 

established.  4 

Patch density may also play an important role in facilitating connectivity between 5 

dispersed alder swales in regional landscapes. We would expect lichen propagule dispersal to 6 

occur much more easily and quickly between adjacent patches (Silett et al. 2000). This 7 

hypothesis was confirmed by our observation that alder swales located in closer proximity to one 8 

another (in both SBSwk and SBSvk subzones) supported more similar lichen communities than 9 

did sites farther removed from one another. This suggests that clusters of alder swales in the 10 

landscape act as metapopulations for arboreal lichens. This ability of alder swales to support 11 

lichen metapopulations is particularly significant in the SBSvk where mountainous topography 12 

can result in a high degree of isolation between alder swales.  13 

The rich epiphytic communities supported by hardwood patches within conifer 14 

dominated landscapes may result from differences between coniferous and deciduous trees. 15 

Conifer bark is generally acidic with pH values less than 5.0 (Gauslaa 1985; Kuusinen 1996). 16 

Conversely, hardwood bark has higher pH in the range of 4.0 to 6.5 (Boudreault et al. 2008). 17 

Boudreault et al. (2008) found that pH was negatively correlated with species richness of mosses 18 

and lichens and positively correlated with bark roughness but not correlated with diameter. 19 

Similarly, our bark pH values showed no significant differences between diameter size classes. 20 

Although they fell within the range of values expected for hardwood bark, they were higher than 21 

previous measurements of bark pH in A. incana (Grodzinska 1977). Overall, bark pH was 22 
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weakly (and negatively) correlated with mean annual precipitation, possibly reflecting the greater 1 

dilution of bark exudates of alder swales growing in high precipitation subzones.  2 

Lichen diversity in our alder swales was positively correlated with the age of adjacent 3 

coniferous forest stands, especially in the SBSmk alder swales. This is not surprising, given that 4 

most points within alder swales would be within dispersal range of lichen propagules from 5 

surrounding forests. However, the continued presence of a core suite of old-growth associate 6 

lichens across most swales, including those adjacent to our youngest sampled coniferous forests 7 

(36 years old), suggests that the topographic position and microclimate of most swales, typically 8 

in wet depressions or small drainages, may confer some protection from edge effects induced by 9 

changes in the composition of surrounding stands.  10 

Within alder swales, we speculate that large stems act in a manner similar to that of old 11 

remnant trees in supporting epiphyte diversity. These stems provide a greater range of 12 

microclimatic conditions than are otherwise available in the sites (Hazell and Gustafsson 1999; 13 

Sillett and Goslin 1999). Generally larger alder stems in our swales supported richer 14 

communities of canopy macrolichens and, in the SBSwk and SBSvk subzones, macrolichen 15 

diversity was positively correlated with the abundance of alder stems larger than 10 cm dbh. The 16 

species that tended to grow on larger than average alder stems included the cyanolichens Lobaria 17 

retigera and Collema subulatum as well as the chlorolichens Hypogymnia austeroides, Ramalina 18 

thrausta, and Parmelia hygrophila.  19 

An important factor in the SBSvk may be that of increasing winter precipitation in the 20 

form of snow, which may shorten the life of individual stems and prevent the growth of large 21 

stems. Zhu et al. (2006) observed that Betula tended to bend and uproot more frequently under 22 

snow than other species as a result of having a flexible stem, like alder. Stem breakage was also a 23 
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major type of snow damage in Betula (Zhu et al. 2006). The amount of snow and the depth of the 1 

winter snowpack in the alder swales of the SBSvk may have led to the alder stems in many of the 2 

sampled sites having a tendency to be flattened and either break, grow horizontally, or be 3 

uprooted as they age.  4 

In the SBSvk, where winter snowpacks are typically greatest, several species showed 5 

much lower abundance and frequency, including species of Hypogymnia, Platismatia, Parmelia, 6 

and Tuckermannopsis. This suggests that these species may be intolerant of submersion under 7 

snowpack, given that these species were otherwise common on all diameters in the drier 8 

subzones. Snow cover on lower stems within alder swales, especially in the SBSvk, can persist 9 

for over five months each year, exceeding thresholds that Sonesson et al. (1994) hypothesized 10 

would kill many lichen species. We would hypothesize that during periods of low annual 11 

snowfall, more lichens will become established on lower portions of stems while during periods 12 

of high annual snowfall widespread dieback may occur, thereby reducing macrolichen diversity 13 

and cover.  14 

Temperature has often been identified as an important variable in influencing lichen 15 

diversity (Glavich et al. 2005; Giordani 2006).  Jovan and McCune (2004) found the greatest 16 

cyanolichen diversity in warmer, wetter sites, with maximum nitrophile diversity in warmer, 17 

drier sites. However, along our climate gradient, temperature and precipitation are negatively 18 

correlated. Sites with warmer temperatures tended to be drier, while cooler sites were generally 19 

wetter. Goward (1994) found that lichen diversity in north-central British Columbia decreased 20 

with increasing elevation, suggesting a dominant role for temperature as a controlling variable. 21 

Berryman and McCune (2006) have also identified elevation as a significant factor in 22 

determining epiphyte diversity, due to the preferential colonization of low elevation forests 23 



FSP Project Y092094  – Final Project Report. 
 
 

12 
 

(Peterson and McCune 2001). These opposing trends in temperature and precipitation along our 1 

longitudinal climate transect reduce lichen diversity at both ends of our gradient, in our coolest 2 

(eastern) sites, and in our driest (western) sites. As a result, alder swales in the SBSwk, having 3 

intermediate climatic conditions, showed the greatest absolute lichen diversity. The interaction 4 

between temperature and precipitation is also pronounced within each subzone. In both the 5 

SBSmk and SBSvk, where the greatest variation in topography exists, greater diversity was 6 

found in warmer, drier sites, i.e. lower elevations where less snow is received. In the SBSwk 7 

with the least variation in topography, no interaction between temperature and precipitation was 8 

found and greater diversity was found in wetter portions of the landscape.  9 

 10 

Conclusions and Management Implications: Wetland swales have been previously overlooked 11 

for their conservation importance (DeLong and Sanborn 2000). However, our analysis from sites 12 

placed along a longitudinal climate gradient in SBS forests of central-interior B.C. suggests that 13 

alder swales play a major role in the support of regional lichen assemblages. Given the rapid 14 

conversion of surrounding coniferous forests to early seral stages, both from forest harvesting 15 

and more recently from the outbreak of the mountain pine beetle (Aukema et al. 2006), lichen 16 

biodiversity contained within alder swales represents a significant conservation biology resource 17 

that merits specific recognition in landscape management objectives. 18 

 19 
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Table 1. Summary of alder-lady fern seepage site characteristics from GIS queries, mean ± standard deviation, in each of the 

subzones of the Sub-Boreal Spruce biogeoclimatic zone. 

SBS subzone and 

portion region inquiried 

area of 

subzone 

inquiried (ha) 

density of 

seepage 

sites 

(sites/ha) 

shortest axis  

(m) 

longest axis  

(m) 

area of 

seepage sites 

(ha) 

mean linear distance 

of seepage sites (m) 

wet (wk): TFL 301, 

ALRF2  

59294 0.027 16.9 ± 8.7 414.7 ± 

229.0 

5.0 ± 7.0 862 ± 825 

very-wet (vk): TFL 30  62162 0.025 22.0 ± 32.0 364.4 ± 

207.4 

6.0 ± 9.1 850 ± 945 

1 Tree Farm License 30 1 

2 Aleza Lake Research Forest 2 

3 



FSP Project Y092094  – Final Project Report. 
 
 

18 
 

 1 
Table 2. Average climate data for each subzone of the Sub-Boreal Spruce biogeoclimatic zone, 

based on modeled mean data from 1971 to 2000 from Climate B.C. version 3.2. 

SBS subzone mean January 

temperature 

(°C) 

mean July 

temperature 

(°C) 

mean annual 

precipitation 

(mm) 

mean annual snowfall (mm) 

moist (mk) -10.7 14.1 734 287 

wet (wk) -10.9 12.4 791 292 

very-wet (vk) -9.7 14.9 918 340 

 2 

3 
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Table 3. P-values between βt diversity and the site variables measured in each subzone of the Sub-Boreal Spruce biogeoclimatic 

zone, as evaluated with Pearson correlation coefficients from Mantel tests. The sign of the correlation is indicated in parentheses 

following p-values <0.1.  

SBS subzone stream 

width 

mean 

conifer 

age 

mean 

canopy 

cover 

# 

mineral 

horizons 

abundance 

of stems 

>10 cm dbh 

stem 

density 

distance 

between 

sites 

mean 

Jan 

temp 

mean July 

temp 

mean 

annual 

precip 

moist (mk)  0.51 0.07 (+) 0.11 0.43 0.14 0.37 0.43 0.29 0.09 (+) 0.09 (-) 

wet (wk) 0.57 0.11 0.49 0.02 (+) 0.09 (+) 0.4 0.01 (+) 0.34 0.13 0.04 (+) 

very-wet (vk) 0.36 0.29 0.34 0.16 0.03 (+) 0.17 0.0001 (+) 0.34 0.007 (+) 0.07 (-) 

 2 

3 
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Table 4. Mean densities of stems in each size strata and mean diameter of stems sampled in each 

subzone of the Sub-Boreal Spruce biogeoclimatic zone, ± standard deviation. 

SBS subzone stems < 10 cm 

dbh (stems/ha) 

stems between 10 and 

15 cm dbh (stems/ha) 

stems ≥ 15 cm 

dbh (stems/ha) 

diameter of 

stems sampled 

moist (mk) 25.6 ± 19.7 1.8 ± 2.2 1.1 ± 2.3 7.5 ± 4.3 

wet (wk) 22.8 ± 36.4 3.9 ± 4.9 1.1 ± 0.9 8.3 ± 4.2 

very wet (vk) 35.9 ± 17.4 2.2 ± 3.9 0.5 ± 2.5 7.1 ± 4.2 

 2 
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Figure 1. Map of the study region in British Columbia showing the locations of the sites in each 1 

subzone. 2 

Figure 2. Illustration of the distribution of alder-lady fern seepage sites (alder swales) within the 3 

wet, cool (wk) and very-wet, cool (vk) Sub-Boreal Spruce subzone portions of Tree Farm 4 

License 30, British Columbia. 5 

Figure 3. Boxplots representing α diversity in each subzone. A-C: stem level α diversity scaled 6 

by diameter in all sites (A: stems less than 10 cm dbh; B: stems between 10 and 15 cm dbh; C: 7 

stems larger than 15 cm dbh), D: gamma diversity with in each site. The dashed lines indicate the 8 

average diversity. The box shows the 25, 50, and 75 percentiles with the whiskers indicating the 9 

10 and 90 percentiles; * indicates observations plotting beyond the whiskers. Diameter scaling 10 

was accomplished by dividing α diversity by stem diameter. 11 

12 
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Figure 1. 1 

 2 

3 
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Figure 2. 1 

 2 

3 
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Figure 3. 1 
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