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ABSTRACT 

 The influence of microenvironmental conditions (i.e., light, temperature, relative 

humidity, and ground vegetation cover) on the growth performance (i.e., diameter and height 

growth) of white spruce [Picea glauca (Moench) Voss] seedlings was examined within three 

contrasting habitats: white spruce tree islands, open prairies, and trembling aspen (Populus 

tremuloides Michx.) groves.  Higher light and temperature conditions occurred within the open 

prairie and spruce island periphery.  In contrast, lower light and temperature conditions occurred 

under the tree canopy of spruce islands and aspen groves, which moderated the effect of the dry 

regional climate.  White spruce seedlings showed the greatest diameter growth in the open 

prairie, followed by spruce islands, and then aspen groves.  In contrast, height growth did not 

vary significantly between the three habitats.  Height versus diameter relationships indicated that 

for a given diameter white spruce was generally taller in aspen groves, followed by spruce 

islands, and then the open prairie.  Results of the study suggest that the reduced light intensity of 

the aspen groves and spruce islands negatively affected diameter growth and therefore 

outweighed the benefits of moderated microclimatic conditions.  However, aspen leaf litter may 

have also contributed to the decreased growth of white spruce seedlings in aspen groves.  

Furthermore, the facilitative role of creeping juniper (Juniperus horizontalis Moench) and the 

effect of wind can not be ruled out as factors which may have contributed to the increased 

diameter growth of open prairie seedlings. 

 

KEY WORDS 

 Diameter growth, growth form, height growth, Picea glauca (Moench) Voss, prairie-

forest boundary 
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INTRODUCTION 

 In the prairie provinces of Canada, the southern limit of conifer species occurs in the 

aspen parkland, a transitional vegetation zone (ecotone) between prairie to the south and boreal 

forest to the north (Bird, 1961; Zoltai, 1975).  Ecotones are expected to be sensitive to climatic 

change (Rizzo & Wiken, 1992; Hogg, 1994; Hogg & Hurdle, 1995).  The prevailing regional 

climate of the aspen parkland and mixed-grass prairie in south-western Manitoba is characterized 

by low precipitation, high summer temperatures, and dry winds, any of which may be limiting 

factors to plant growth (Coupland, 1950).  For instance, a previous study which examined the 

radial growth-climate association of white spruce [Picea glauca (Moench) Voss] at its southern 

limit of distribution demonstrated that growth was restricted by moisture deficiency exacerbated 

by temperature-induced drought stress (Chhin et al., 2004). 

 Within this dry climate, tree invasion into grasslands can be assisted by favorable 

microenvironments or ‘safe sites’ (Harper, 1977; De Steven, 1991a, 1991b; Kellman & Kading, 

1992; Chhin & Wang, 2002).  Shrubs are known to facilitate tree seedling establishment 

(Callaway, 1995; Chambers, 2001) by crowding out grass competition (Bird, 1961; Werner & 

Harbeck, 1982), and by providing protective conditions from abiotic forces such as fire 

(Coupland, 1950; Bird, 1961).  The presence of previously established trees in open prairie not 

only reduces evaporative water loss from plants (Kellman & Kading, 1992) but also increases 

soil moisture and nutrients (Wilson & Kleb, 1996; Li & Wilson, 1998).  Furthermore, woody 

canopies modify the understory microclimate, including shading, interception of precipitation, 

litter fall (Vetaas, 1992), reduced wind speed (Archibold et al., 1996), lower soil temperature, 

and lower humidity (Carlson & Groot, 1997).   
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 The first objective of this study was to examine the microenvironmental conditions of 

three habitats within the aspen parkland of the Spruce Woods Provincial Park (SWPP).  These 

habitats included white spruce tree islands, adjacent open prairies, and trembling aspen (Populus 

tremuloides Michx.) groves.  The second objective of the study was to compare white spruce 

seedling growth (i.e., height and diameter) among the three habitats and relate growth patterns to 

the microenvironmental patterns. 

 

METHODS 

Study Area 

 The study was conducted in the SWPP which is located in south-western Manitoba (49o 

40’ N, 99o 15’ W).  The nearest meteorological station with a long-term climatic record is the 

Brandon Agriculture Station (Brandon CDA; 49o 52’ N, 99o 59’ W), which is located about 88.5 

km northwest of the SWPP.  The area experienced, for the reference period of 1971-2000, an 

average annual temperature of 2.4oC (Environment Canada, 2002).  Average annual precipitation 

amounts to 474.0 mm, with 78.3% as rainfall and the remainder as snowfall.  Vegetation in the 

park is characterized as the aspen-oak grove of the boreal forest region (Rowe, 1972).  In its 

native state, park vegetation consists of aspen parkland dominated by trembling aspen which 

exists as continuous forest or as groves intermixed with prairie (Bird, 1961; Zoltai, 1975).  The 

SWPP resides over an extensive belt of deltaic sands created 12,000 years B.P. when a 

predecessor of the Assiniboine River flowed into glacial Lake Agassiz (Schykulski & Moore, 

1997).  Further detailed descriptions of the study area can be found in Chhin & Wang (2002) and 

Chhin et al. (2004). 
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Site Selection 

 The study was located in three mixed-grass prairie preserves north of the Assiniboine 

river: Picnic, Aspen Bluff , and Jackfish prairie (Fig. 1).  Ten white spruce islands, ten open 

prairie sites with creeping juniper (Juniperus horizontalis Moench) mats, and ten aspen stands 

were selected using aerial photographs and field reconnaissance.  The criteria for spruce island 

selection were that islands be at least 20 m apart from each other or from the forest edge and that 

the sampled islands occur in similar topography.  Open prairie sites containing patches of grass 

and juniper were selected adjacent to but at least 20 m away from a spruce island or forest edge.  

Aspen groves containing understory development of juvenile white spruce were selected.   

Sampling Design 

 The sampling design in a white spruce island consisted of extending a 20 m transect line 

from the north and south side of the largest dominant tree (i.e., island center).  Six microhabitats 

were selected within each spruce island and differed in terms of aspect [north (N) and south (S)], 

and distance [center (C), middle (M) and periphery (P)] from the largest dominant tree.  These 

six microhabitats are designated as NC (northern and center), NM (northern and middle), NP 

(northern and periphery), SC (southern and center), SM (southern and middle), and SP (southern 

and periphery).  Each microhabitat within a spruce island was represented by two circular plots 

(one-meter radius).  On each side of an island, the centre of the two plots corresponding to each 

microhabitat were placed 2 and 4 m (C), 8 and 12 m (M), and 16 and 20 m (P) from the island 

center.  Two microhabitats, a grass microhabitat (OG) and a juniper microhabitat (OJ), were 

selected in each open prairie site.  Each OG and OJ microhabitat was represented by three 

circular plots.  One microhabitat was selected in the interior of each trembling aspen grove (AG) 



 6

such that there was at least a ten meter buffer zone to the aspen stand edge.  The aspen grove 

interior microhabitat was represented by six circular plots. 

Data Collection 

Microenvironment 

 Solar radiation was measured with an AccuPAR Ceptometer (Decagon Devices, Pullman, 

U.S.A.).  Solar radiation was measured in the morning (10:00 a.m. – 12:00 p.m.) and afternoon 

(2:00 p.m. – 4:00 p.m.).  Measurements for these two periods were averaged.  Light 

measurements were taken at a height of 1.3 m from the north, east, south, and west sides of each 

circular plot.  Light intensity of each circular plot was expressed as an average of these four 

measurements.  Light intensities in spruce islands and aspen groves were expressed as 

percentages of the average light intensity of the open prairie. 

 Air temperature and relative air humidity (15 cm above ground) were measured using 

digital thermohygrometers; soil (15 cm below the surface) and surface temperatures were 

measured with thermocouples (Barnant, Barrington, U.S.A.).  These measurements were taken in 

the centre of each plot and were measured once between 10:00 a.m. – 4:00 p.m. 

 On each plot, percent coverage was determined for the following ground cover types: 

shrubs, creeping juniper, broadleaf herbaceous, grass, forest floor litter, and bare ground (i.e., 

mineral soil).   

 All microenvironmental variables were measured on sunny clear days at least 24 hours 

after any rainfall.  These conditions ensured that the microhabitats were contrasted as much as 

possible.  Temperature and relative humidity were measured during the first week of June 2002.  

Percent cover of ground cover types and light intensity were measured during the first week of 

July 2002.  The midsummer months of June and July represent typical growing season 
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conditions, and a previous study indicated that precipitation and mean and maximum 

temperature in the months of June and July strongly affected white spruce growth (Chhin et al., 

2004).   

Seedling Growth 

 Six seedlings (< 2 m tall) were destructively sampled from each of the same 10 spruce 

islands and 10 aspen groves used to collect the microenvironmental data.  Within spruce islands, 

the seedlings were selected on the northern aspect 8-12 m from the island centre which 

corresponded to the NM microhabitat.  As the open prairie sites used to collect the 

microenvironmental data did not contain sufficient recruitment of white spruce, each of the three 

prairie preserves were surveyed and a total of 60 seedlings were selected which were at least 20 

m from the forest edge, white spruce tree islands or trembling aspen groves.  Within the prairie 

preserves, at each sampling location no more than six seedlings were selected.  The ground cover 

type of each seedling collected in the spruce islands, open prairie, and aspen groves was also 

recorded. 

   Height and root collar diameter (RCD) were recorded for each seedling.  A section was 

taken from the root collar of each destructively sampled seedling.  Each root collar section was 

prepared following standard dendrochronological techniques (Yamaguchi, 1991; Stokes & 

Smiley, 1996).  That is, all wood samples were sanded with progressively finer grades of 

sandpaper to highlight ring-width patterns.  All root collar sections were crossdated under a 

binocular microscope. 

Data Analysis 

Microenvironment 
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 For the subsequent statistical analyses, the microenvironmental variables measured in 

microhabitats represented by more than one plot were treated as subsamples and were averaged.   

Except for the temperature data, all microenvironmental parameters with percentage data were 

log-transformed (LOG10 X).  Those variables with zero values were log-transformed using: 

LOG10 (X+1).  Analysis of variance (ANOVA) followed by Tukey’s multiple comparisons 

(Wilkinson, 1990) was conducted on the light data to compare light conditions between the nine 

microhabitats (NP, NM, NC, SC, SM, SP, OG, OJ, and AG).  Similarly, ANOVA was conducted 

on surface, soil and air temperature; relative humidity; and ground cover types in order to 

compare these variables between the nine microhabitats.  For the log-transformed data, the mean 

values of the microenvironmental variables for each microhabitat and the lower and upper limits 

of a 95% confidence interval were back-transformed by taking antilogs (10X or 10X - 1) so that 

all means and confidence limits could be reported on their original scale of measurement. 

Seedling Growth 

 Height versus age, RCD versus age, and height versus RCD relationships of white spruce 

seedlings were first examined separately for white spruce islands, open prairie, and trembling 

aspen groves.  The relationships were best fit with a non-linear regression model: 

   y = axb (1)   

The relationships expressed in the form of Equation 1 were compared among the tree habitats 

using the method of non-linear extra sum of squares (Neter et al., 1985; Huang et al., 2000).  The 

method required the fitting of full and reduced models.  Full models were comprised of different 

sets of parameters for each of the habitats, whereas reduced models were comprised of a same 

set of parameters for all habitats.   
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RESULTS 

Microenvironment 

 Relative to the open prairie conditions, light intensity in white spruce islands was greatest 

at the periphery but declined towards the island centre (Fig. 2).  Light intensity of microhabitats 

at the island periphery (NP, 95%; SP, 95%) and island intermediary zone (NM, 76%; SM, 82%) 

were not significantly different than that of open prairie conditions (OG and OJ) (all p > 0.05).  

Light intensity in the southern island center (SC, 37%) was significantly greater than the 

northern island center (NC, 6%), while light intensity in aspen groves (AG, 18%) was 

intermediate to NC and SC (all p < 0.05). 

 Soil temperature differed among some of the microhabitats (Fig. 3).  Soil temperature 

within spruce islands was lowest in the northern central zone (NC, 12.0oC).  Soil temperature in 

NC in turn was similar to conditions in the northern intermediary (NM, 14.1oC) and periphery 

zone (NP, 13.9oC) (all p > 0.05).  Soil temperature in microhabitats in the southern aspect of 

spruce islands was similar to each other (SC, 14.3oC; SM, 16.8oC; SP, 16.1oC) (all p > 0.05).  

Soil temperature in SM was significantly greater than all microhabitats on the northern aspect of 

spruce islands (all p < 0.05).  Soil temperature within the open prairie did not differ significantly 

between the grass (OG, 15.7oC) and juniper (OJ, 13.4oC) microhabitat (p > 0.05).  Soil 

temperature in OG was similar to all microenvironments on the southern and northern aspect of 

spruce islands (all p > 0.05) except NM (p < 0.05).  Soil temperature in OJ was similar to all 

microhabitats in the northern aspect and SC (all p > 0.05), but soil temperature in OJ was 

significantly less than SM and SP (all p < 0.05).  Soil temperature in the aspen grove interior 

(AG, 10.2oC) was similar to the northern interior (NC) (p > 0.05) but was significantly lower 

than the remaining microhabitats in spruce islands and open prairie (all p < 0.05).  While surface 
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and air temperature did not differ significantly between the microhabitats they followed similar 

relative patterns among the microhabitats as described for soil temperature.   

 Although relative air humidity was greatest in aspen groves (AG, 37%) and lowest in the 

open prairie (OG, 30%; OJ, 32%) there were no significant differences in relative air humidity 

between microhabitats (all p > 0.05) (Fig. 4).   

 Shrub cover in the aspen groves (AG, 49%) was similar to the open prairie grass (OG, 

33%) (p > 0.05) but greater than the open prairie juniper (OJ, 16%) (p < 0.05); these 

microhabitats (OG, OJ, and AG) in turn were significantly greater than in the remaining 

microhabitats (all p < 0.05) (Fig. 5a).  Juniper cover in the open prairie juniper (OJ, 88%) was 

similar to the northern intermediary (NM, 45%) and periphery microhabitats (NP, 19%) (all p > 

0.05), but was greater than in the remaining microhabitats (all p < 0.05) (Fig. 5b).  Broadleaf 

herbaceous cover in the northern island interior (NC, 3%) was significantly less than the northern 

(NP, 11%) and  southern (SP, 7%) island periphery as well as the open prairie grass (OG, 11%) 

and aspen groves (AG, 11%) (all p < 0.05) (Fig. 5c).  Grass cover was significantly greatest in 

the open prairie grass (OG, 89%) than in the remaining microhabitats (all p < 0.05) (Fig. 5d).  

Grass cover in the southern intermediary (SM, 28%) was significantly greater than the northern 

interior (NC, 9%) and open prairie juniper (OJ, 10%) microhabitat (all p < 0.05).  Forest floor 

litter was similar at the island centre (NC, 53%; SC, 50%) and in the aspen groves (AG, 84%) 

(all p > 0.05) (Fig. 5e); these plots in turn had higher litter cover than the remaining 

microhabitats (all p < 0.05).  Bare ground was similar in the open prairie grass (OG, 11%) and 

juniper (OJ, 5.9%) microhabitats (p > 0.05); these microhabitats in turn had more bare ground 

than in the other remaining microhabitats (all p < 0.05) (Fig. 5f). 



 11

Seedling Growth 

 White spruce seedlings in the open prairie and spruce islands established exclusively on 

creeping juniper.  Seedlings in aspen groves established exclusively on forest floor litter (i.e., 

trembling aspen leaves).  General seedling attributes are shown in Table 1.  For a given age, 

height of seedlings in the open prairie was generally greater than in tree islands and aspen 

groves; however this difference was not significant (p > 0.05) according to the non-linear extra 

sum of squares method of comparison (Fig. 6).  At a given age, white spruce in the open prairie 

generally had the greatest diameter followed by spruce islands and aspen groves (all p < 0.05) 

(Fig. 7).  At a given RCD, seedlings were taller in aspen groves followed by tree islands and the 

open prairie (all p < 0.05) (Fig. 8). 

 

DISCUSSION 

 Height growth versus age relationships indicated that for a given age, white spruce did 

not show any significant differences in height growth amongst the three habitats although height 

of seedlings was slightly greater in the open prairie than in either the spruce islands or aspen 

groves.  In contrast, diameter growth versus age relationships indicated that at a given age, white 

spruce significantly had the greatest diameter within the open prairie followed by tree islands and 

then aspen groves.  These results suggest that diameter growth was more responsive to the 

environmental factors associated with the differences in habitat than height growth.  These 

results are consistent with that of Groot (1999) who reported that diameter growth of young, 

planted white spruce was primarily influenced by light availability, whereas height growth 

exhibited complex relationships with multiple environmental factors.   
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 The larger diameter growth of white spruce seedlings in the open prairie was not 

expected given the harsher abiotic microenvironment (i.e., heat stress) of the open prairie 

compared to the moderated microclimatic conditions within the spruce islands and aspen groves.  

There are a number of factors which may have contributed to the better diameter growth of 

seedlings in the open prairie and the lower than expected diameter growth within spruce islands 

and aspen groves.  These factors include the effect of substrate growth conditions, light 

availability, and morphological adaptations to wind.  First, surveying white spruce seedlings in 

the open prairie was difficult given the rarity of finding open prairie spruce.  Furthermore, those 

white spruce individuals which were found grew exclusively in association with creeping 

juniper.  Therefore, the better than expected growth in the open prairie may be due to the 

moderating influence of a creeping juniper substrate (Tirmenstein, 1988).  However, seedlings 

on the northern aspect of spruce islands also established exclusively on juniper.  If substrate was 

a dominant factor influencing diameter growth it is unclear why seedlings from the open prairie 

and spruce islands would have different diameter growth rates given the same substrate growth 

conditions.  The poor growth of seedlings in the aspen groves may be due to the poor infiltration 

of water through the aspen leaf litter (Breashears et al., 1997) as well as the smothering of litter 

during the early years of white spruce seedling growth (DeLong et al., 1997). 

 The lower than expected diameter growth within spruce islands and aspen groves may 

also suggest that the reduced light conditions of these habitats may outweigh the benefits of a 

moderated microclimate.  In other words, these results suggest that while shade is an important 

moderating microclimatic factor that is conducive to successful white spruce establishment 

(Chhin & Wang, 2002), shade is detrimental to subsequent seedling growth.  Ecophysiological 

studies indicate that white spruce generally attains maximal photosynthesis at 40% full sunlight 
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(Lieffers & Stadt, 1994).  Light levels below 8% generally results in mortality of white spruce 

(Groot, 1999).  While light conditions under the aspen canopy (18%) were greater than this 

minimal light level, they are well below that required for maximal photosynthetic uptake.  Man 

& Lieffers (1997) also confirmed that light intensity under an aspen canopy was not sufficient to 

reach the saturation point although light levels were above the compensation point.  The amount 

of light in spruce islands in the northern intermediary zone (NM) from which the seedlings were 

selected from is characterized by light levels of 76% of full sunlight.  Since light levels in both 

the open prairie and the northern intermediary zone of spruce islands are above that required for 

maximal photosynthesis, it is unclear why diameter growth of spruce islands would be less than 

that in the open prairie.  

 Another likely factor which may explain the discrepancy in diameter growth between the 

three habitats may be morphological adaptations to the effect of wind.  Although wind speed was 

not examined here, it has been shown in another study in Saskatchewan that wind speed in an 

aspen grove was reduced to 7% of that in adjacent prairie (Archibold et al., 1996).  Forest 

openings are generally characterized by greater wind speeds than forest interiors (Carlson & 

Groot, 1997).  Wind causes trees to sway and this can lead to morphological adaptations to resist 

the effect of wind via increased diameter growth particularly at the base of trees (Kozlowski et 

al., 1991; Telewski, 1995). 

 The effect of wind is further supported by the height versus diameter relationships which 

indicated that for a given diameter, white spruce was taller in aspen groves than in tree islands 

and the open prairie.  These results conform with morphological observations in the field which 

indicated that white spruce from aspen groves were generally tall and narrow, while spruce from 

the open prairie were short and thick.  Spruce from tree islands was intermediate along this 
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morphological continuum.  The morphology of white spruce under aspen canopy is thus suited 

for quickly gaining a suitable stature in the vegetation strata in order to prevent being overtopped 

by other vegetation (Lieffers et al., 1996).  The morphology of white spruce in the open prairie is 

suited for a more robust stature to withstand the effect of winds during summer (Archibold et al., 

1996) and wind and snow abrasion during winter.  Wind and snow abrasion have been shown to 

influence the growth form of open grown spruce at its northern limit of distribution at the tree-

line in Churchill, Manitoba (Scott et al., 1993). 

 In summary, the results suggest that while shade is an important moderating 

microclimatic factor that is conducive to successful white spruce establishment (Chhin & Wang, 

2002), shade is detrimental to subsequent diameter growth.  In other words, the lower than 

expected diameter growth within spruce islands and aspen groves suggests that the lower light 

conditions of these environments may outweigh the benefits of a moderated microclimate.  

However, future studies are required to further examine the role of aspen leaf litter in possibly 

limiting white spruce seedling growth in aspen groves, as well as exploring the facilitative role of 

creeping juniper and the effect of wind as factors which may have contributed to increased 

diameter growth of open prairie seedlings. 
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Table 1.  Attributes of white spruce seedlings from white spruce tree islands, open prairies, and 

trembling aspen groves.  Standard error of the mean in parentheses.   

Attribute Tree Island Open Prairie Aspen Grove 

Sample size (n) 60 60 60 

Height (cm) 49.8 (4.6) 50.4 (4.9) 69.6 (6.7) 

Diameter (cm) 1.24 (0.13) 1.66 (0.21) 1.16 (0.12) 

Age (year) 11.9 (0.7) 11.4 (0.6) 15.1 (0.8) 
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Figure 1.  Regional setting of the Spruce Woods Provincial Park (SWPP) ( ) and the city of 
Brandon ( ) in south-western Manitoba shown in the inset map.  The southern continuous limit 
of white spruce according to Farrar (1995) is indicated by the dashed line.  The arrows in the 
enlarged map of the SWPP indicate the mixed-grass prairie preserves in which the study was 
conducted (Source: Schykulski & Moore 1997). 
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Figure 2.  Light intensity [% photosynthetically active radiation (PAR)] of white spruce tree 
islands [north (N) and south (S); center (C), middle (M), and periphery (P)] and trembling aspen 
groves (AG) expressed as a percentage of the open prairie [grass (OG), juniper (OJ)].  Mean 
values (n = 10) are bounded by the lower and upper limits of a 95% confidence interval.  
Microhabitats with different letters are significantly different (p < 0.05). 
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Figure 3.  Temperature of white spruce tree islands [north (N) and south (S); center (C), middle 
(M), and periphery (P)], open prairie [grass (OG) and juniper (OJ)], and trembling aspen groves 
(AG).  Temperature was measured in the soil (15 cm below soil surface), on the soil surface, and 
in the air (15 cm above soil surface).  Mean values (n = 10) are bounded by the lower and upper 
limits of a 95% confidence interval.  For soil temperature, microhabitats with different letters are 
significantly different (p < 0.05).  Surface and air temperature did not differ significantly 
between the microhabitats (p > 0.05). 
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Figure 4.  Relative humidity (RH) of white spruce tree islands [north (N) and south (S); center 
(C), middle (M), and periphery (P)], open prairie [grass (OG) and juniper (OJ)], and trembling 
aspen groves (AG).  Mean values (n = 10) are bounded by the lower and upper limits of a 95% 
confidence interval.  The microhabitats were not significantly different (p > 0.05). 
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Figure 5.  Percent cover of ground cover types [shrub (a), juniper (b), herb (c), grass (d), litter 
(e), and bare ground (f)] of white spruce tree islands [north (N) and south (S); center (C), middle 
(M), and periphery (P)], open prairie [grass (OG) and juniper (OJ)], and trembling aspen groves 
(AG).  Mean values (n = 10) are bounded by the lower and upper limits of a 95% confidence 
interval.  Microhabitats with different letters are significantly different (p < 0.05). 
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 AG: y = 2.245 (x1.262), R² = 0.60 a 
 OP: y = 1.307 (x1.481), R² = 0.79 a 
 TI: y = 1.917 (x1.310), R² = 0.76 a 

Figure 6.  Height and age relationship of white spruce seedlings from white tree islands (TI), 
open prairie (OP), and trembling aspen groves (AG).  Habitats with different letters are 
significantly different (p < 0.05) according to the non-linear extra sum of squares method of 
comparison.  Note that the regression line of TI and AG overlap each other. 
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 TI: y = 0.035 (x1.427), R² = 0.71 b 

Figure 7.  Root collar diameter (RCD) and age relationship of white spruce seedlings from white 
spruce tree islands (TI), open prairie (OP), and trembling aspen groves (AG).  Habitats with 
different letters are significantly different (p < 0.05) according to the non-linear extra sum of 
squares method of comparison. 
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Figure 8.  Height and root collar diameter (RCD) relationship of white spruce seedlings from 
white spruce tree islands (TI), open prairie (OP), and trembling aspen groves (AG).  Habitats 
with different letters are significantly different (p < 0.05) according to the non-linear extra sum 
of squares method of comparison. 
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