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ABSTRACT. On July 4th 1999, unprecedented derechos, also known as thunderstorm 
downbursts (wind speeds of 75 to 110 mph), caused damage to approximately 195,000 hectares 
(~477,000 acres) of sub-boreal forest in the Superior National Forest, including the Boundary 
Waters Canoe Area Wilderness (BWCAW). No harvesting or salvage activity is permitted in the 
BWCAW although prescribed burns to reduce fuel loadings have been conducted. Alternative 
fuel-reduction treatments were conducted to reduce the risk of fire and insect and disease 
outbreaks in the Gunflint Corridor that is surrounded by the BWCAW.  These treatments 
included: (a) prescribed burning; (b) salvage-harvesting; and (c) piling and burning of wind 
thrown trees.  We collected pre- and post-treatment data on plots established to monitor plant 
succession, and insect diversity and change, within each of two forest cover types (aspen-birch-
conifer and jack pine), on 1) undisturbed sites; 2) severely wind disturbed sites that were not 
treated; 3) severely wind disturbed sites that were salvaged logged; 4) severely wind disturbed 
sites that were salvaged logged where the salvaged material was machine piled, and 5) severely 
wind disturbed sites that were treated with prescribed burns.  
 
We present 5-yr results on the effects of the windstorm and subsequent fuel reduction treatments 
on fuel loadings, shrub community dynamics (biomass, species richness, species turn-over, and 
species dominance), and diversity and impact of ground beetles and woodborers.  Prescribed fire 
reduced fine fuels but was less successful in reducing total fuels than salvage logging.  The shrub 
community included shrubs and trees smaller than saplings.  There was no change in total shrub 
biomass, species richness and shrub species turn-over.  Shrub species constancy was fairly stable 
within treatments.  Changes in shrub species dominance as determined by biomass varied by 
treatment and cover type. Of sixty-one species of ground beetles (Carabidae), an exotic species, 
Pterostichus melanarius, was the most abundant ground beetle on all plots and preferentially 
colonized burned plots.  Roundheaded woodborer (Monochamus spp.) populations increased in 
wind disturbed jack pine between 1999 and 2000, and attacked living but stressed jack pine trees 
surrounding the wind disturbed sites in 2001 and 2002. 
 
KEY WORDS. bark beetles, entomology, fuel loading, fuel reduction, ground beetles, salvage 
logging, shrub community dynamics, silviculture, woodborers 
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INTRODUCTION 
 
Wildfires have historically determined tree composition and stand age structure in the mesic 
forests of northern Minnesota (Heinselman 1973, Ohmann and Grigal 1979). Several workers 
have hypothesized that fire suppression during the last century in the BWCAW is responsible for 
altered forest processes such as insufficient regeneration of pines and a dominance of older forest 
stands that may result in increased insect and disease outbreaks (Heinselman 1973, Frelich and 
Reich 1995, Minnesota Forest Resources Council 1999). Multiple disturbances to a forest can 
have an additive effect on forest species composition and community ecology. Consecutive 
natural and human caused disturbances, such as severe winds followed by salvage logging effect 
tree species composition, soil stability, nutrient availability, and stream hydrology (Foster and 
others 1997, Frelich and Reich 1998). 
 
On July 4th 1999, unprecedented derechos, also known as thunderstorm downbursts, caused 
damage to approximately 477,000 acres of sub-boreal forest in the Superior National Forest.  
Fuel reduction treatments intended to reduce the risk of fire and insect and disease outbreaks 
were conducted in the Gunflint Corridor which is surrounded by the Boundary Waters Canoe and 
Wilderness Area.  These treatments included: (a) prescribed burning; (b) salvage-harvesting; and 
(c) piling of wind-thrown trees. During the fall of 1999 and summers of 2000, 2001, 2002, and 
2003, we collected pre- and post-treatment data on plots established to monitor plant succession 
and arthropod diversity within each of two forest cover types (aspen-birch-conifer and jack pine), 
on 1) undisturbed sites; 2) severely wind disturbed sites (67-100% tree mortality) that were not 
treated; 3) severely wind disturbed sites that were salvage logged; 4) severely wind disturbed 
sites that were salvage logged where the salvaged material was machine piled, and 5) severely 
wind disturbed sites that were treated with prescribed burns. 
 
In October 1999, the Supervisor’s Office of the Superior National Forest invited us to develop a 
monitoring program within the Gunflint Corridor.  The fundamental question they asked us to 
address was “What is the effect of the July 4th, 1999 blowdown and subsequent fuel reduction 
treatments on biodiversity?”  To address this question, we developed an integrated research 
project to quantify the effects of the blowdown event and subsequent fuel reduction treatments 
on tree growth, plant succession, insect diversity and impact, and forest fuel loadings.  We 
previously described the project design and reported preliminary results for this study (Gilmore 
and others 2002).  The purpose of this paper is to report on the results of the project five years 
after inception. 
 
Two specific questions we will address in this paper are: 
 

• How did the blowdown event and subsequent fuel reduction treatments affect forest fuel 
loadings, shrub community dynamics, and insect diversity? 

• What are the trade-offs derived from the fuel reduction treatments in the context of a 
range of desired future conditions specific to fuel loadings, shrub community dynamics, 
and insect diversity? 
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METHODS & MATERIALS 
 

Study Area 
 
The Gunflint Corridor of the Superior National Forest is surrounded by the BWCAW in 
northeastern Minnesota (Figure 1) with the majority of the land in federal ownership. Climate is 
mid-continental with long, cold winters and warm summers. Mean annual precipitation is around 
72 cm with temperature ranges between -45◦ C and 38◦ C (Alghren 1969). The mean annual 
temperature is 2◦ C with mean July and January temperatures of 17◦ C and -20◦ C, respectively 
(Baker and Strub 1965). The soils of the area are characterized by grayish brown tills, outwash, 
and lacustrine deposits of the Rainy glacial lobe, with depth to bedrock varying greatly from 
several inches to greater than 100 cm. Depth to bedrock is an important factor determining 
species composition and productivity. The BWCAW and surrounding national forest lands are 
fire-dependent ecosystems relying on periodic fire to “drive nutrient cycling, energy pathways, 
and help maintain the diversity, productivity, and long-term stability of the ecosystem” 
(Heinselman 1973). The historical tree species composition on the landscape includes jack pine 
(Pinus banksiana), eastern white pine (P. strobus), red pine (P. resinosa), black spruce (Picea 
mariana), white spruce (P. glauca), balsam fir (Abies balsamea), northern white-cedar (Thuja 
occidentalis), tamarack (Larix laricina), paper birch (Betula papyrifera), and trembling aspen 
(Populus tremuloides).  Additional tree species commonly found in the study area include big 
tooth aspen (Populus grandidentata), balsam poplar (Populus balsamifera), black ash (Fraxinus 
nigra), red maple (Acer rubrum), sugar maple (A. saccharum), red oak (Quercus rubra), and 
willows (Salix sp.). The percent composition of these species has changed over the last 100 yrs 
due to fire suppression. The jack pine cover type still covers a large proportion of the landscape, 
but the white pine and red pine cover types have shrunk as the area occupied by the aspen-birch-
conifer cover type continues to increase (Heinselman 1973, Freidman and others 2000).  
 
 

Site Selection 
Sites were selected in consultation with USDA Forest Service forest management personnel 
based on the likelihood of having a proposed treatment implemented on the site (Table 1). The 
majority of sites in the aspen-birch-conifer cover type were in the eastern portion of the study 
area and the majority of sites in the jack pine cover type were in the western portion of the study 
area (Figure 1). 
 

Forest Fuels Sampling 
A planar intersect sampling method was used to inventory fuel loadings (Brown 1974).  The 
method is rapid, easy to use and can be applied to naturally fallen debris and slash.  In brief, 16 
m (52.5 ft) fuel sampling transects were established across semi-permanent 0.02 ha (0.05 ac) 
plots (Figure 2). The 16 m transects included 2 smaller nested transects to measure diameter 
classes that correspond to 1 hr, 10 hr, and 100 hr average moisture time lag classes for many 
wood materials incorporated into the National Fire-Danger Rating System of the United States.
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Figure 1. Location of the study area within the Gunflint Corridor located along the Gunflint Trail northwest of Grand Marais, 
Minnesota. Individual study sites are indicated with green dots. 
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Table 1. Cover type, treatment, number of sample site locations, and number of plots and insect collection traps for the 
vegetation and insect plots. 

 
 
 

      Insect Plots 
  Vegetative Plots  Number of collection traps/site 

Cover type Treatment # 
sites 

# 
plots 

Average Basal area (m2 ha-1) 
(SE) 

# 
sites 

Funnel Unbaited Pit 
fall 

Baited Pit 
fall 

Aspen-Birch-
Conifer 

Prescribed 
Burn 

3 48 21.9 (1.2) 4 0 6 0 

Aspen-Birch-
Conifer 

Salvaged 3 47 25.1 (0.9) 4 0 6 0 

Aspen-Birch-
Conifer 

Mechanical 
Pile 

3 48 26.6 (5.4) 0 0 0 0 

Aspen-Birch-
Conifer 

Unsalvaged 2 25 27.4 (0.3) 4 0 6 0 

Aspen-Birch-
Conifer 

Undisturbed 2 24 25.5 (5.6) 4 0 6 0 

Total A-B-C  13 192  16 0 96 0 
Jack Pine Prescribed 

Burn 
0  4 11 6 5 

Jack Pine Salvaged 2 32 24.7 (4.6) 4 11 6 5 
Jack Pine Unsalvaged 5 59 27.7 (2.1) 4 11 6 5 
Jack Pine Undisturbed 2 33 25.3 (2.1) 4 11 6 5 

Total Jack Pine  9 124  16 176 96 80 
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In the first 2 m (6.5 ft) of each transect, 1 hr [0 to 0.25 in. (0.63 cm) diameter] and 10 hr [0.25 to 
1.0 in. (0.63 to 2.54 cm) diameter] fuels and larger were tallied. In the first 4 m (13 ft) of each 
transect, 100 hr [1.0 to 3.0 in. (2.54 to 7.5 cm) diameter] fuels and larger were tallied. Fuels 
greater than 3.0 in. (7.5 cm) in diameter are 1000 hr fuels and were measured along the entire 
transect. Diameter, condition class (sound, rotten), timing of fall (before or after July 4, 1999), 
and life stage (dead or alive on July 4, 1999) were recorded for 1000 hr fuels only. At 5, 6, 10, 
and 11 m (16.4, 19.7, 32.8, and 36.1 ft) intervals along each transect, duff and litter depths were 
recorded.  

 
Vegetation Sampling 

The experimental design and sampling protocol is described in Gilmore and others (2002).  In 
brief, 5 factorial levels were modified as necessary for individual study components. Factorial 
levels included 2 cover types (aspen-birch-conifer or jack pine), and 5 fuel reduction treatments 
(non-wind disturbed control, wind disturbed control, prescribed burned, salvage harvested, 
machine piled). Plots were established using a systematic gird pattern that was modified to fit 
within stand boundaries. Plot size, plot location, and their juxtaposition varied according to the 
life form (e.g., tree, shrub, herbaceous) or attribute (e.g., fuel loading, disturbance) being 
measured (Figure 2). Sixteen permanent vegetation plots and 48 temporary disturbance plots 
were established within each sample stand or site.  
 

Insect Sampling 
Transects or grids of insect sampling plots were co-localized with or adjacent to vegetation 
sampling plots whenever possible.  Among forest insects, we decided to focus our sampling 
effort on carabids, a litter-dwelling ground beetle family, and on buprestids, cerambycids, 
curculionids, and scolytids, which are bark and wood-boring beetle families.  Carabids are 
excellent bioindicators of forest floor changes because they are sensitive to micro-habitat 
disturbances, are easy to identify, species-rich and easily caught in pitfall traps (Spence and 
others 1996).  Bark and wood-boring beetles that depend on dead and decaying wood are prime 
candidates expected to colonize wind-thrown forested landscapes (Gardner 1975).   

Family Carabidae:  Litter-dwelling beetles were sampled during the summers of 2000-2003 from 
aspen-birch-conifer and jack pine forest cover types.  Four sites (replicates) in each of the two 
forest cover types were selected for each of the silvicultural treatment as follows: (1) undisturbed 
forests (control); (2) severely wind disturbed forests; (3) prescribed burned forests; and (4) 
salvage logged forests (Table 1).  Hence, the experimental design included 2 forest cover types, 4 
treatments and 4 replicates for each of the treatments for a total of 32 sites.  The sites were 2-3 ha 
in size, and were located at least 500 m away from each other to ensure independent samples.  In 
2000, we sampled two sites (replicates) for each of the three treatment types (undisturbed, 
severely wind disturbed, and salvage logged) in each of the two (aspen-birch-conifer and jack 
pine) forest cover types for a total of 12 sites.  In 2001-2003, we sampled four sites (replicates) 
for each of the four treatment types (undisturbed, severely wind disturbed, salvage logged, and 
prescribed burned) in each of the two (aspen-birch-conifer and jack pine) forest cover types for a 
total of 32 sites. 

Carabid beetles were sampled with pitfall traps (Spence and Niemelä 1994).  Propylene glycol 
was used as a killing agent and preservative.  In 2000, six pitfall traps were placed on straight-
line transects within each site with a total of 72 pitfall traps operated.  In 2001-2003, six pitfall 
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traps were assigned to six sample plots randomly drawn from a grid of 28 plots on each site with 
a total of 192 pitfall traps operated each year.  Pitfall traps were separated by >20 m to reduce 
trap interactions and were placed >50 m from the site edges to reduce edge-effects.  Traps were 
operated from July to October in 2000 and from May to October in 2001-2003.    Traps were 
emptied every 15-30 days in 2000 and every 15-20 days in 2001-2003.   
 
Adult carabid beetles were identified using taxonomic keys and species descriptions provided by 
Lindroth (1961-69), Liebherr (1991), Downie and Arnett (1996), Liebherr and Will (1996), and 
Ball and Bousquet (2001).  Voucher carabid specimens have been deposited at the University of 
Minnesota Insect Collection, St. Paul. 
 
Family Cerambycidae:  Six plots (~2 ha in size) were established in 2001 within jack pine sites 
(three replicates in each of the undisturbed and wind disturbed conditions). Within each plot, 
trees were selected and assigned to condition classes as follows: 20 standing and 10 each of 
standing dead, leaning (dead or alive), and fallen dead jack pine trees (total of 300 trees for the 
study).  The trees were selected for these temporal-spatial classes with the assumption that they 
might advance from one class to another with time. Tree diameter and height were recorded. 
 
In July of 2001, each tree was assessed initially for external signs of beetle colonization (boring 
dust, entrance and exit holes, etc.).  If beetle activity was observed, then we determined the type 
of beetle involved and if possible, the species involved, by establishing 500 cm2 rectangular 
sample areas at dbh from randomly selected cardinal sections of each tree.  For example, 
diamond-shaped oviposition scars and large (1 to 1.5 cm diameter) round exit holes indicated the 
presence of cerambycids, whereas small (1 to 3 mm diameter) round exit/entrance holes 
indicated the presence of bark beetles.  Further, on dead or dying trees a 100 cm2 square bark and 
phloem sample was removed at dbh from randomly selected cardinal section to count the number 
and determine the species of larvae or adults present beneath the bark, and to count the number 
of galleries present.  On live trees, only external signs of beetle activity were recorded.  Live, 
standing trees with external signs of cerambycid activity at the base were climbed as high as 
possible (generally 10-20 m) to check for further signs of colonization, especially by bark 
beetles. In July of 2002 and 2003, the evaluation was repeated.  In this case, we recorded beetle 
activity only on newly attacked trees and on trees that had advanced to a new temporal-spatial 
class (e.g., leaning to a fallen dead tree or standing live to a standing dead tree) since 2001.  
Results are provided primarily for the summer of 2002 because during this season greater beetle 
activity was observed on standing live trees.  
 
Families Buprestidae, Curculionidae and Scolytidae:  Beetles in these families were sampled 
using pheromone-baited funnel traps and baited pitfall traps.  Complete methodology and results 
for these beetles will be reported elsewhere. 
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Figure 2. Layout and design of tree (8.0 m radius), shrub and disturbance (1.78 m radius), 

herbaceous (0.56 m radius), and fuel transect (16.0 m) plots. 
 
 

Data Analyses 
 

Forest Fuel Loadings 
Field data were converted to tons ac-1 using techniques described by Brown (1974).  In brief, 
tons ac-1 of fine fuels were estimated with the equation: 
 

(1) tons ac-1 = (11.64 • n • d2 • Sg • a • c)/(N • l) 
 
where n = total tally of pieces for size class, d2 = average diameter class squared in imperial units 
of measure and is constant for each size class (0-0.6 cm = 0.0151; 0.6-2.5 cm = 0.289; 2.5-7.6 
cm = 2.76), Sg = specific gravity, a = nonhorizontal angle correction factor, c = slope correction 
factor, N = number of transects, and l = transect length in feet.  Tons ac-1 of heavy fuels were 
estimated with the equation: 
 

(2) tons ac-1 = (11.64 • n • Σd2 • Sg • a • c)/(N • l) 
 
where all variable are previously defined except that Σd2 represents a sum of the actual squared 
diameters. 
 
Two-factor analyses of variance (ANOVA) were used to test for differences in fuel loading 
between cover types and treatment.  ANOVAs were performed using the general linear model: 
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(3) Y = CT + TRT + CT*TRT + ε 
 
where, CT = forest cover type (aspen-birch or jack pine), TRT = fuel reduction treatment (none, 
prescribed burn, salvage logging, machine piling), CT*TRT = the interaction term, and ε = error 
NID ~ (0,σ2).  The mechanical piling treatment was not duplicated in the jack pine cover type, 
thus, to balance the ANOVA this treatment was excluded from all ANOVAs.  Systat (SPSS, Inc. 
2000) was used for all statistical analyses.  
 

Shrub Data 
The shrub data set included all shrubs and trees smaller than saplings (dbh < 2.5 cm). Data were 
collected during two sampling periods.  The pre-treatment period refers to the period 
immediately following plot establishment, which was post-windthrow but before the initiation of 
fuel-reduction treatments. The post-treatment period is defined as the second growing season 
following treatment with three exceptions.  Post-treatment data from one aspen-birch-conifer 
unsalvaged windthrow site was collected the third growing season following treatment.  And, 
post-treatment data from two jack pine stands in the unsalvaged windthrow treatment were 
collected the first growing season following treatment. During the data screening process, scatter 
plots (not shown) did not indicate anomalies in the total aboveground biomass (kg ha-1), species 
richness, and stem density (stems plot-1) in data collected from these three sites. Therefore, they 
were retained in our analyses. 
 
Total aboveground biomass in kg ha-1 of oven-dry weight was calculated for each shrub layer 
species through the use of existing allometric equations (Johnson 2004).  All biomass 
calculations were log transformed (base e) prior to analysis to improve normality and 
homogenize variance. For some species, biomass equations could not be found. We then used 
morphological substitutes from species of similar growth form.    
 
Diversity was measured as total species richness (i.e. the total number of species contained 
within the sampled area).  Species richness was chosen because of the unequal number of 
replicates between stands and treatments, which can make comparisons using more complicated 
indices such as the Shannon or Simpson’s indices invalid (Magurran 1988). 
 
Successional dynamics were examined through the use of compositional indices such as species 
turnover rate, constancy, and species dominance as determined by biomass. Turnover rates were 
examined through the use of a turnover index (TO) (Schoonmaker and McKee, 1988) and 
calculated as: 
 

(4) TO =  (L + G)/(A + B) 
 
where L and G are the number of species lost and gained respectfully, and A and B are the 
number of species found within the stand in the pre-treatment and post-treatment sampling 
periods.  
 
Constancy is defined as the average percentage of plots a given species was found within a 
particular treatment. We used this measure of diversity because it incorporates the spatial 
distribution of a given species that density measures cannot provide. Morphological differences 
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between shrub layer species particularly low shrub versus tall shrub species and the various 
growth stages of tree species sampled (i.e. seedlings and saplings) makes it difficult to interpret 
and compare different species based on stem counts alone. Species dominance was quantified 
using above-ground biomass of the five most dominant shrub layer species.  Species dominance 
was determined by total aboveground biomass rather than density because of the morphological 
differences between the shrub layer species.   
 
Pre- and post-treatment total aboveground biomass and species richness were analyzed with a 
one-way ANOVA within each cover type.  Change between the pre- and post-treatment time 
periods was analyzed with a one-way ANOVA using pre-treatment values as a covariate.  Total 
aboveground biomass values used in ANOVAs were the average values from plots within a site.  
One-way ANOVA were also used on the same dependent variables for the corresponding 
treatments, undisturbed control, unsalvaged windthrow, and salvage logging for comparisons 
between the jack pine and aspen-birch-conifer cover types.  
 
One-way ANOVA was also used within each cover type to test for differences between 
treatments in species turnover rates (TO) from the pre- to post-treatment.  Individual species 
responses to treatment from the pre- to post-treatment in terms of constancy and dominance were 
analyzed through the use of two-sample t-tests.  

 
Insect data 

Family Carabidae: Venn diagrams were used to depict relationships of species richness (total 
number of species) among the aspen-birch-conifer and jack pine forests, and the fuel reduction 
treatments.  Each habitat set, as represented by a circle, contains total and unique number of 
species while the overlapping areas depict number of beetle species held in common with other 
sites (Langbehn and others 1972).  Rarefaction Index was used to estimate mean (+SE) beetle 
species diversity (species richness and evenness) within each site.  This technique accounts for 
differences in trapping effort among habitats and hence, is ideal for catches with variable 
trapping intervals as is typical of insect studies (Magurran 1988, Holland 2003).      
 
Beetle catches for each pitfall trap were standardized to 1,000 trap-days [(beetle catches/total 
number of days when the traps were operational)*1000].  Trap standardization adjusted beetle 
catches for days when the traps were disturbed, and accounted for the variable number of days 
when the traps were operational.    Beetle catches from the whole season were pooled for each 
site to allow comparison across different habitats.  A two-factor analysis of variance test 
(ANOVA) was performed for 2001-2003 to compare beetle catches for each treatment type and 
forest cover type.  Data were first checked for the required assumptions of constant variance and 
normality using residual and normality plots.  Tukey honest significant difference (HSD) was 
used for pairwise comparisons among treatment means.  The α-level for the experiment-wise 
pairwise comparision was 0.05.  Similar analyses were also performed on Pterostichus 
melanarius (Illiger) after transforming the data by raising it to the 0.25 power (e.g., X0.25). 
 
Family Cerambycidae: A two-way ANOVA was performed to assess the differences in 
proportion of cerambycid beetles colonizing various spatial classes of jack pine trees in two 
forest types (undisturbed and wind disturbed) (MacAnova 2001).  Tukey honest significant 
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difference (HSD) was used for pairwise comparisons among treatment means.  The α-level for 
the experiment-wise pairwise comparision was 0.05. 
 
 

RESULTS  
 

Forest Fuel Loadings 
 
Full details of this component of our study are reported in Gilmore and others (2003).  Note that 
fuel loadings are reported in imperial units of measure.  Average fuel loadings by category by 
cover type and fuel reduction treatment are presented in Table 2.  Separate ANOVAs testing the 
effects of cover type and fuel reduction treatment on the alternative fuel reduction treatments did 
not detect any interaction between cover type and treatment (Table 3).  The main effects of cover 
type and treatment, total fine fuels did not differ among cover types but were affected by 
treatment.  Heavy fuels (> 3 in. diameter) were influenced by treatment.  Total (combined fine 
and heavy) loadings were affected by both cover type and treatment.   
 
 

Dynamics of the Shrub Layer 
 

Biomass 
No differences in pre-treatment aboveground biomass was detected between treatments (Table 4) 
in the aspen-birch-conifer (P = 0.197) or jack pine (P = 0.397) cover types.  Marginally 
significant differences in biomass were detected among treatments in the aspen-birch-conifer 
cover type (P = 0.08).  No post-treatment differences were detected in biomass (P = 0.370) 
among treatments in the jack pine cover type. 
 
Treatment differences were detected in biomass changes from pre- to post-treatment within the 
aspen-birch-conifer cover type (P = 0.013) (Table 4) but pre-treatment biomass was not a 
significant covariate (P = 0.450).  The unsalvaged windthrow had a 150% increase in total 
aboveground biomass while the mechanical piling and salvage logging lost 44% and 27% 
relative to pre-treatment biomass respectively.  The undisturbed control also lost approximately 
8% of total aboveground biomass from the pre- to post-treatment.  The prescribed burning (P = 
0.019), which had a 44% gain in total aboveground biomass from pre- to post-treatment was 
different from the mechanical piling treatment.  
 
 There was a trend of positive biomass changes within the jack pine cover type from pre- to post-
treatment but this trend was not statistically significant (P = 0.577) and covaried with pre-
treatment biomass (P = 0.014) (Table 2, Figure 5).  The undisturbed control, unsalvaged 
windthrow, and salvage logging gained 8%, 11%, and 62% respectively, relative to pre-treatment 
levels.  In a direct comparison of treatments between cover types, no differences were detected in 
total aboveground biomass for the undisturbed control in the pre-treatment (P = 0.409) and post-
treatment (P = 0.369) measurement periods.   There were also no detectable differences in the 
amount of change (P = 0.650) (Table 4). Pre-treatment biomass was not a significant covariate 
(P = 0.208).   
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Table 2. Average fuel loadings, standard error of the mean (SE), standard deviation of the sample (SD), lower and upper 
confidence limits (LCL and UCL, 95% confidence interval) by fuel reduction treatment and fuel class. 

 
  Aspen-birch-conifer cover type Jack pine cover type 

Treatment Fuel class N mean 
tons ac-1 

SE SD LCL 
tons ac-1 

UCL 
tons ac-1 

N mean 
tons ac-1 

SE SD LCL 
tons ac-1 

UCL 
tons ac-1 

None 1 hr 60 1.12 0.147 1.140 0.828 1.41 60 1.16 0.133 1.035 0.899 1.434 
 10 hr 60 3.37 0.415 3.216 2.54 4.21 60 2.92 0.336 2.606 2.25 3.59 
 100 hr 60 3.17 0.453 3.511 2.27 4.08 60 2.28 0.281 2.182 1.71 2.84 
 Total fine 60 7.68 0.831 6.437 6.01 9.34 60 6.37 0.600 4.649 5.17 7.57 
 Heavy fuels 60 33.04 3.181 24.641 26.67 39.40 60 31.45 3.329 25.793 24.79 38.11 
 Total fuels 60 40.72 3.500 27.112 33.71 47.72 60 37.82 3.682 28.520 30.46 45.19 
              
Prescribed burn 1 hr 30 0.70 0.133 0.731 0.43 0.98 5 0.25 0.041 0.092 0.14 0.36 
 10 hr 30 2.14 0.312 1.713 1.50 2.78 5 1.05 0.222 0.497 0.43 1.67 
 100 hr 30 3.05 0.685 3.754 1.65 4.45 5 3.87 0.431 0.963 2.68 5.07 
 Total fine 30 5.90 0.804 4.405 4.25 7.54 5 5.19 0.662 1.482 3.34 7.03 
 Heavy fuels 30 26.42 2.60 14.259 21.09 31.74 5 45.59 9.381 20.977 19.54 71.63 
 Total fuels 30 32.32 2.910 15.943 26.36 38.27 5 50.78 9.629 21.532 24.04 77.51 
              
Salvage harvest 1 hr 32 0.84 0.116 0.656 0.60 1.08 26 0.93 0.139 0.710 0.64 1.21 
 10 hr 32 3.30 0.455 2.579 2.37 4.23 26 2.54 0.351 1.790 1.82 3.26 
 100 hr 32 4.24 0.613 3.471 2.99 5.49 26 1.90 0.379 1.934 1.12 2.68 
 Total fine 32 8.39 1.022 5.782 6.30 10.47 26 5.38 0.778 3.967 3.78 6.98 
 Heavy fuels 32 21.15 4.184 23.668 12.61 29.68 26 18.68 3.512 17.911 11.45 25.92 
 Total fuels 32 29.54 4.229 23.927 20.91 38.16 26 24.07 4.148 21.153 15.52 32.61 
              
Mechanical piling 1 hr 32 1.30 0.204 1.158 0.88 1.71       
 10 hr 32 4.15 0.675 3.818 2.77 5.53       
 100 hr 32 6.43 1.104 6.249 4.17 8.68       
 Total fine 32 11.88 1.636 9.259 8.54 15.22       
 Heavy fuels 32 78.05 30.388 171.901 16.08 140.03       
 Total fuels 32 89.64 30.928 174.956 89.94 956.73       
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Table 3. Results of Analyses of Variance (ANOVA) testing the effects of cover type (CT), 
fuel reduction treatment (TRT), and their interaction (CT*TRT) on fuel loading per fuel 
size class in the Gunflint Corridor of the Superior National Forest. 
 

 P-values for effects from ANOVAs 
Fuel size class CT TRT CT*TRT 

1 hour 0.553 0.012 0.554 
10 hour 0.123 0.069 0.861 
100 hour 0.170 0.556 0.121 
Total fine fuels 0.100 0.551 0.550 
1000 hour sound 0.130 0.011 0.229 
1000 hour rotten 0.054 0.001 0.156 
Total heavy fuels 0.255 0.001 0.192 
Total fuel loading 0.048 0.005 0.206 

 
Note: Analyses excluded mechanical piling treatment because there was no replication in each cover type. 

 
 
 

Species Richness 
No pre-treatment, post-treatment, or amount of change from pre- to post-treatment differences 
were detected in species richness among treatments within the aspen-birch-conifer or jack pine 
cover types (Table 5).   
 

Species Turnover 
 
Similarly, in the aspen-birch-conifer cover type, species turnover was highest in the salvage 
logging (0.295) treatment followed by prescribed burning (0.265), unsalvaged windthrow 
(0.245), undisturbed control (0.214) and the mechanical piling (0.151).  Again, variation in our 
data precluded detection of differences between treatments (P = 0.246) (Table 6).  In the jack 
pine cover type, species turnover was highest in the salvage logging (0.299) treatment, followed 
by the unsalvaged windthrow (0.262) and the undisturbed control (0.177). Variation our data, 
however, precluded detection of statistical differences (P = 0.849) (Table 6).   
 

Constancy 
 
Thirty-six shrub layer taxa (32 to the species level, 3 to genera, 1 unknown) were identified in 
the aspen-birch-conifer cover type (Table 7).  Forty-two shrub layer taxa (37 to the species level, 
5 to genera, 1 unknown) were identified in the jack pine cover type, while (Table 8). Constancy 
differed between treatments within a cover type.  Constancy values tended to be fairly stable 
though between the pre-treatment and post-treatment sampling periods within a treatment 
(Tables 7 and 8).  This stability between the pre-and post-treatment periods includes the 
dominant tree species of the shrub layer such as balsam fir and trembling aspen, in the aspen-
birch-conifer, along with black spruce in the jack pine.  There was a reduction in the constancy 
of balsam fir within the salvage logging (P = 0.061) and the mechanical piling (P = 0.112) 
treatments of the aspen-birch-conifer cover type, approximately 75% to 44% and 73% to 38% 
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respectively.  Balsam fir, however, along with trembling aspen and paper birch, which were the 
overstory dominants in the pre-windthrow overstory, was still one of the most spatially abundant 
tree species.  In comparison, jack pine, which had nearly complete dominance of the pre-
windthrow overstory in the jack pine cover type, along with black spruce had low stocking levels 
both pre-treatment and post-treatment with no detectable changes within any treatment.  Jack 
pine constancy was highest in the salvage logging treatment, being found in approximately 43% 
of the plots following treatment.  
 
Paper birch increased its constancy in all fuel-reduction treatments in the aspen-birch-conifer 
cover type (Table 7).  In the jack pine cover type there was an increase in paper birch in the 
unsalvaged windthrow (Table 8).  The presence of red maple increased within the salvage 
logging treatment in the jack pine cover type while increasing in the unsalvaged windthrow and 
invading the prescribed burn and mechanical piling treatments of the aspen-birch-conifer cover 
type.  Red maple also emerged within the undisturbed control treatments in both cover types in 
the post-treatment sampling period.  Pin cherry with its seed bank post-disturbance regeneration 
strategy, emerged in all aspen-birch-conifer post-treatments, except the undisturbed control 
(Tables 7 and 8).   
 
Beaked-hazel (Corylus cornuta Marsh.) and mountain maple (Acer spicatum Lamarck) were the 
dominant tall shrubs within the aspen-birch-conifer cover type, while red raspberry (Rubus 
idaeus Linn.), thimbleberry (Rubus parviflorus Nuttall), and Bush-honesuckle (Diervilla lonicera 
Miller) tended to dominate the low shrubs (Table 7).  In the jack pine cover type, the low shrubs 
bush-honeysuckle and low-sweet blueberry (Vaccinium angustifolium Aiton) were dominant 
(Table 8).   
 

Dominance 
The percentage of total pre-treatment biomass of the five dominant species in the aspen-birch-
conifer and jack pine cover types was 74-97% and 65-80%, respectively.  In the five treatments 
within the aspen-birch-conifer cover type, the salvage logging had three of the five dominant 
species retain dominance and the prescribed burn treatment had no changes in the dominant 
species composition (Figure 3).  The unsalvaged windthrow, and mechanical piling (Figure 4) all 
had a single species differ between the pre-and post-treatment periods.  Within the salvage 
logging treatment balsam fir decreased while paper birch, trembling aspen and the category 
containing all other species increased significantly in percent of total aboveground biomass.  
Paper birch which increased and beaked hazel which decreased had significant changes in 
percent of total aboveground biomass within the unsalvaged windthrow treatment while 
increases in percent contribution of trembling aspen were significant in the prescribed burning 
treatment.  The mechanical piling and undisturbed control treatments had no detectable changes 
among the top five most dominant species.  In the jack pine cover type, four of the five dominant 
species in the pre-treatment sampling period were also among the five dominant species in the 
post-treatment period.  Speckled alder (Alnus rugosa (Du Roi) Sprengel) within the salvage 
logging and unsalvaged windthrow treatments was the only species with a change in its percent 
contribution to total aboveground biomass, increasing in the salvage logging while decreasing 
slightly in the unsalvaged windthrow (Figure 5).   
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Table 4.  Average (standard errors in parentheses) shrub layer biomass (kg ha-1) by cover type, treatment, and 2-yr sampling 
period. Reported P-values are for ANOVAs conducted on log transformed data testing the hypotheses of differences between 

treatments. 
 

Cover type Treatment Number of 
Stands 

Pre-Total  
Aboveground  

Biomass (kg ha-1) 

Post-Total 
Aboveground 

Biomass (kg ha-1) 

Change in Total 
Aboveground 

Biomass (kg ha-1) 
Aspen-birch-conifer Undisturbed 2 2991.30 (1634.14) 2723.63 (1196.46) -267.66 (437.69) 

 Unsalvaged 2 2103.58 (268.47) 5260.14 (2565.05) 3156.56 (2296.58) 

 Salvaged 3 2650.71 (477.40) 2051.78 (135.53) -598.93 (379.66) 

 Mechanical Pile 3 4637.04 (343.14) 2574.21 (100.71) -2062.84 (427.45) 

 Prescribed Burn 3 3888.69 (482.92) 5616.53 (980.08) 1727.85 (513.04) 

P- values   0.197 0.080 0.013 
Jack Pine Undisturbed 2 1319.71 (182.63) 1420.51 (74.09) 100.79 (108.54) 

 Unsalvaged 5 1746.26 (435.55) 1930.59 (368.26) 184.33 (189.48) 
 Salvaged 2 734.19 (77.06) 1189.62 (65.19) 455.43 (142.25) 

P- values   0.397 0.370 0.577 
 

Table 5.  Average (standard errors in parentheses) species richness by cover type, treatment, and 2-yr sampling period. 
Reported P-values are for ANOVAs testing the hypotheses of differences in species richness between treatments. 

 
Cover type Treatment Number of Stands Pre-Species 

Richness 
Post-Species 

Richness 
Change in 

Species Richness 
Aspen-birch-conifer Undisturbed 2 14.0 (0.000) 16.5 (1.500) 2.5 (1.500) 

 Unsalvaged 2 11.5 (1.500) 16.0 (2.000) 4.5 (0.500) 
 Salvaged 3 14.7 (0.333) 18.0 (2.000) 3.3 (1.667) 
 Mechanical Pile 3 15.0 (3.055) 17.3 (3.930) 2.3 (0.882) 
 Prescribed Burn 3 14.4 (1.667) 20.0 (0.557) 5.3 (1.202) 

P- values   0.764 0.815 0.447 
Jack Pine Undisturbed 2 17.0 (0.000) 19.5 (1.500) 2.5 (1.500) 

 Unsalvaged 5 15.0 (2.828) 17.4 (1.364) 2.4 (2.502) 
 Salvaged 2 16.0 (1.000) 22.5 (0.500) 6.5 (0.500) 

P- values   0.897 0.147 0.581 
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Table 6. Average (standard errors in parentheses) species turnover by cover type, treatment, and 2-yr sampling period. 
Reported P-values are for ANOVAs testing the hypotheses of differences in species turnover between treatments. 

 
 

Cover type Treatment Number of Stands Turnover Rate 
Aspen-birch-conifer Undisturbed 2 0.214 (0.027) 

 Unsalvaged 2 0.245 (0.078) 
 Salvage 3 0.295 (0.042) 
 Mechanical Pile 3 0.151 (0.032) 
 Prescribed Burn 3 0.265 (0.045) 

P- values   0.246 
Jack Pine Undisturbed 2 0.177 (0.034) 

 Unsalvaged 5 0.262 (0.120) 
 Salvaged 2 0.299 (0.001) 

P- values   0.849 
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 Table 7.  Percentage of plots a given species was found in for the pre-treatment and post-treatment sampling periods for the 
aspen-birch-conifer cover type.  Values in bold and italics are significantly different at the P ≤ 0.15 level. 

 
 

Species 
Pre- 
Und 

Post- 
Und 

Pre- 
Unsal 

Post- 
Unsal 

Pre- 
Sal 

Post- 
Sal 

Pre- 
Mech 

Post- 
Mech 

Pre- 
Burn 

Post- 
Burn 

Abies balsamea 90.63 90.63 49.65 52.78 74.72 44.20 72.92 37.50 68.75 68.19 
Acer rubrum 0.00 12.50 6.25 14.93 12.50 12.50 0.00 12.50 0.00 9.79 
Acer spicatum 31.25 25.00 65.97 80.21 25.42 51.79 100.00 70.83 75.00 79.03 
Alnus incana subspp.  rugosa 12.50 25.00 0.00 11.11 35.83 26.19 25.00 25.00 12.50 8.47 
Amelanchier spp. 28.13 28.13 0.00 6.25 14.86 23.66 21.88 37.50 9.38 25.00 
Betula papyrifera 37.50 28.13 8.68 17.36 13.33 37.72 9.38 37.50 6.25 32.22 
Cornus rugosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.50 0.00 0.00 
Cornus stolonifera 12.50 0.00 22.22 22.22 21.88 9.82 25.00 20.83 18.75 12.50 
Corylus cornuta 71.88 59.38 55.90 77.78 51.53 75.22 68.75 54.17 72.92 72.50 
Diervilla lonicera 100.00 50.00 31.60 19.79 52.64 45.09 50.00 59.38 39.58 44.72 
Fraxinus nigra 0.00 0.00 6.25 6.25 12.50 6.25 12.50 31.25 0.00 0.00 
Larix laricina 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.25 0.00 0.00 
Ledum groenlandicum 0.00 0.00 0.00 0.00 6.25 0.00 25.00 6.25 0.00 0.00 
Lonicera canadensis 31.25 18.75 55.56 19.79 46.67 17.86 29.17 20.83 12.50 18.96 
Lonicera hirsute 0.00 6.25 0.00 0.00 0.00 0.00 12.50 12.50 0.00 15.63 
Picea glauca 25.00 15.63 0.00 0.00 13.33 6.25 18.75 0.00 9.38 15.83 
Picea mariana 15.63 6.25 0.00 0.00 21.88 21.43 0.00 12.50 15.63 12.92 
Pinus banksiana 0.00 0.00 0.00 0.00 0.00 6.25 0.00 0.00 0.00 0.00 
Pinus strobes 0.00 6.25 0.00 11.11 0.00 0.00 6.25 0.00 12.50 16.25 
Populus tremuloides 56.25 84.38 91.32 88.19 72.22 78.57 93.75 75.00 70.83 79.17 
Prunus pensylvanica 0.00 0.00 0.00 6.25 0.00 25.60 0.00 12.50 0.00 16.94 
Prunus virginiana 0.00 0.00 6.25 12.50 6.25 15.63 18.75 0.00 18.75 6.25 
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Table 7. (continued) 
 

Species 
Pre- 
Und 

Post- 
Und 

Pre- 
Unsal 

Post- 
Unsal 

Pre- 
Sal 

Post- 
Sal 

Pre- 
Mech 

Post- 
Mech 

Pre- 
Burn 

Post- 
Burn 

Ribes glandulosum 0.00 0.00 0.00 0.00 0.00 7.14 0.00 0.00 0.00 0.00 
Ribes spp. 0.00 0.00 0.00 18.75 6.67 18.75 6.25 8.33 6.25 15.63 
Rosa acicularis 25.00 25.00 19.79 19.79 12.78 22.99 10.42 18.75 18.75 25.00 
Rosa acicularis subspp.  sayi 0.00 0.00 0.00 0.00 0.00 6.25 0.00 6.25 0.00 0.00 
Rubus idaeus 21.88 56.25 0.00 30.56 46.67 53.57 33.33 106.25 0.00 45.00 
Rubus parviflorus 87.50 100.00 88.89 59.38 20.00 36.16 62.50 62.50 12.50 25.63 
Rubus spp. 0.00 6.25 0.00 0.00 0.00 27.38 0.00 0.00 0.00 6.25 
Salix spp. 37.50 37.50 0.00 0.00 12.50 0.00 6.25 12.50 6.25 0.00 
Sambucus pubens 0.00 0.00 0.00 0.00 0.00 6.25 0.00 0.00 0.00 6.25 
Sorbus americana 12.50 12.50 18.75 37.50 6.67 47.32 31.25 9.38 31.25 28.06 
Thuja occidentalis 18.75 12.50 0.00 0.00 0.00 0.00 0.00 0.00 15.63 19.17 
Unknown 0.00 0.00 6.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Vaccinium angustifolium 28.13 12.50 6.25 0.00 37.50 28.57 6.25 6.25 14.58 9.79 
Vaccinium myrtilloides 25.00 50.00 0.00 6.25 0.00 24.55 37.50 18.75 0.00 22.29 
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Table 8.  Percentage of plots a given species occurred in for the pre-treatment and post-treatment sampling periods in the jack 
pine cover type.  Values in bold and italics are significantly different at the P ≤ 0.15 level. 

 

Species Pre-Undisturbed Post-Undisturbed
Pre- 

Unsalvaged 
Post- 

Unsalvaged 
Pre- 

Salvage 
Post- 

Salvage 
Abies balsamea 9.01 9.79 75.00 48.13 6.27 12.13 
Acer rubrum 0.00 6.25 47.08 51.25 6.27 15.26 
Acer spicatum 0.00 0.00 27.56 19.42 9.61 15.07 
Alnus incana subspp. rugosa   21.69 22.29 19.42 33.17 15.49 12.32 
Alnus virdus 0.00 0.00 30.00 0.00 0.00 5.88 
Amelanchier spp. 27.02 19.38 25.42 24.11 11.76 15.44 
Betula papyrifera 11.95 26.25 12.24 42.60 20.00 15.07 
Chamaedaphne calyculata 0.00 12.50 0.00 0.00 0.00 0.00 
Cornus alternifolia 0.00 0.00 0.00 0.00 5.88 0.00 
Cornus racemosa 0.00 6.25 0.00 0.00 0.00 0.00 
Cornus rugosa 0.00 0.00 0.00 6.25 0.00 0.00 
Cornus stolonifera 18.75 6.46 34.38 25.00 0.00 5.88 
Corylus cornuta 12.13 16.46 33.75 32.04 9.61 18.38 
Diervilla lonicera 32.72 39.79 56.56 83.75 49.41 75.92 
Fraxinus nigra 0.00 0.00 6.25 0.00 0.00 0.00 
Juniperus communis 5.88 6.67 0.00 0.00 0.00 0.00 
Larix laricina 6.25 12.50 0.00 0.00 0.00 0.00 
Ledum groenlandicum 34.01 31.67 14.65 15.99 19.61 24.63 
Lonicera canadensis 5.88 6.67 9.38 9.38 0.00 6.07 
Lonicera dioica 0.00 0.00 0.00 20.00 0.00 0.00 
Picea glauca 0.00 0.00 12.50 6.25 0.00 0.00 
Picea mariana 29.78 45.42 30.87 27.98 17.65 15.07 
Pinus banksiana 12.50 18.75 0.00 20.00 5.88 43.20 
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Table 8. (continued) 
 

Species Pre-Undisturbed Post-Undisturbed
Pre- 

Unsalvaged 
Post- 

Unsalvaged 
Pre- 

Salvage 
Post- 

Salvage 
Pinus strobus 0.00 0.00 0.00 6.25 0.00 0.00 
Populus balsamifera 0.00 0.00 0.00 0.00 5.88 0.00 
Populus grandidentata 0.00 0.00 0.00 0.00 0.00 6.25 
Populus tremuloides 5.88 26.67 54.21 48.17 49.41 54.60 
Prunus pensylvanica 0.00 0.00 15.38 0.00 0.00 5.88 
Prunus virginiana 6.07 0.00 11.88 11.38 6.27 12.50 
Ribes spp. 0.00 6.46 8.81 13.17 0.00 5.88 
Rosa acicularis 27.39 33.33 13.17 25.83 13.33 21.32 
Rosa acicularis subsp_ sayi 0.00 0.00 0.00 20.00 0.00 0.00 
Rosa spp. 0.00 43.75 0.00 0.00 0.00 0.00 
Rubus idaeus 12.13 0.00 17.50 52.96 0.00 27.21 
Rubus spp. 0.00 6.25 24.04 20.00 0.00 6.25 
Salix spp. 15.26 15.83 21.92 20.38 11.76 15.26 
Sorbus americana 14.89 19.58 19.71 27.91 6.27 18.38 
Symphoricarpos albus 0.00 0.00 6.25 0.00 0.00 0.00 
Taxus canadensis 0.00 0.00 0.00 0.00 6.67 0.00 
Unknown 0.00 0.00 0.00 0.00 6.67 0.00 
Vaccinium angustifolium 91.18 90.21 70.53 70.67 93.73 90.99 
Vaccinium myrtilloides 0.00 67.71 39.71 50.73 0.00 17.83 
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Figure 3.  Percent total biomass of the five dominant species, in the pre-treatment and post-treatment sampling period for the 
aspen-birch-conifer cover type prescribed burn and salvage logging treatments.  * Indicates significant difference at P ≤ 0.15 
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Figure 4.  Percent total biomass of the five dominant species, in the pre-treatment and post-treatment sampling period for the 
aspen-birch-conifer cover type mechanical piling and unsalvaged wind disturbed treatments.  * Indicates significant difference 
at P ≤ 0.15 
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Figure 5.  Percent total biomass of the five dominant species, in the pre-treatment and post-treatment sampling period for the 
jack pine cover type salvage logging and unsalvaged windthrow treatment.  * Indicates significant difference at P ≤ 0.15 
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Dynamics of Ground Beetles and Woodborers 
Family Carabidae: During the summers of 2000-2003, we collected a total of 4,032 unbaited 
pitfall trap samples from which we caught a total of 19,859 carabid adults represented by 61 
species, 25 genera and 13 tribes.  Forty-nine carabid species were rare and represented <1% of 
the total beetle catch, nine carabid species were common and represented 1-10% of total beetle 
catch, and three carabid species were abundant and represented >10% of total beetle catch.  
Pterostichus melanarius (Illiger) (~32% of the total catch) was the most abundant beetle species 
followed by P. adstrictus Eschscholtz (~17% of the total catch) and Calathus ingratus Dejean 
(~11% of the total catch). In addition, P. melanarius and Agonum muelleri (Herbst) are 
introduced carabid species from Europe. 
 
The ground beetle species A. dilutipenne Motschulsky, Badister obtusus LeConte, Bembidion 
quadrimaculatum oppositum Say, B. rapidum (LeConte), Patrobus septentrionis Dejean, 
Platynus tenuicollis (LeConte), Sphaeroderus nitidicollis brevoorti LeConte, and Tachyta nana 
kirbyi Casey were exclusively caught in aspen-birch-conifer sites.   The ground beetle species A. 
affine Kirby, A. muelleri, A. tenue (LeConte), Bradycellus lugubris (LeConte), Harpalus 
caliginosus (Fabricius), H. megacephalus LeConte, Myas cyanescens Dejean, P. punctatissimus 
(Randall), and Stenolophus comma (Fabricius) were exclusively caught in jack pine sites.   Most 
of these 19 species were quite rare (represented by a single individual) and therefore, they could 
be just transients in either of the forest cover types.  Sphaeroderus n. brevoorti is known to be a 
forest species preferring moist habitats in leaf litter, whereas M. cyanescens is known to prefer 
dry and sandy soils (Lindroth 1961-69).   
 
A Venn diagram for the total species richness between aspen-birch-conifer and jack pine sites 
from 2000-2003 reveals that a higher number and more unique species were caught in jack pine 
sites than in aspen-birch-conifer sites (Figure 6 A).  Approximately 70% of the carabid species 
were shared between aspen-birch-conifer and jack pine sites suggesting that these sites harbor 
different carabid species assemblages.  Rarefaction results at the lowest sub-sample size of 500 
individuals indicates that the jack pine -salvage logged sites had the highest estimated mean 
species diversity followed by aspen-birch-conifer salvage logged, aspen-birch-conifer prescribed 
burned, jack pine prescribed burned, jack pine wind disturbed, and aspen-birch-conifer wind 
disturbed sites (Figure 6 B).  The lowest estimated mean species diversity was found in the 
undisturbed sites in both the forest cover types.  However, the prescribed burned sites in general 
seemed to accumulate more species with increasing sample sizes. 
 
The two-way ANOVA for the years 2001-2003 detected no differences in ground beetle catches 
between forest cover types  (P = 0.404) but there were differences between fuel reduction 
treatments  (P = 0.019) (Figure 7).  There were no interactions between the forest cover type and 
fuel reduction treatments (P = 0.999).  Tukey HSD pairwise comparison test indicates that more 
beetles were caught in the prescribed burned sites than in the undisturbed and wind disturbed 
sites (P < 0.05), and that there were no differences in beetle catches among the undisturbed, wind 
disturbed and salvage logged sites or among prescribed burned and salvage logged sites. 
 
The two-way ANOVA for trap catches of P. melanarius detected no differences in beetle catches 
between forest cover types (P = 0.902) but there were significant differences between fuel 
reduction treatments (P = 0.002) (Figure 8).  There were no interactions between the forest cover 
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type and fuel reduction treatments (P = 0.979).  Tukey HSD pairwise comparison tests indicates 
that more beetles were caught in the prescribed burned sites than in the undisturbed, wind 
disturbed, and salvage logged sites.  There were no differences in beetle catches among the 
undisturbed, wind disturbed and salvage logged sites. 

 
Family Cerambycidae:  A two-way ANOVA with disturbance categories and condition classes as 
factors detected no differences in the proportion of trees colonized by Monochamus species 
alone in wind disturbed and undisturbed plots (P = 0.09) however, there were differences in the 
temporal-spatial class of tree colonized by Monochamus spp. (P = 0.01) (Figure 9).  Tukey HSD 
pair-wise comparison tests revealed that greater numbers of standing live and leaning trees were 
colonized by cerambycids alone than standing and fallen dead trees. 
 

DISCUSSION 
 
Salvage logging was clearly the most successful treatment in reducing total forest fuel loadings.   
Prescribed fire, however, was very successful in reducing the fine fuels, often called “flash 
fuels”, which if present, are an extreme fire hazard.  From an ecological perspective, heavy fuels 
are equivalent in size to coarse woody debris.  Heavy fuels are fuels greater than 3.0 inches (7.62 
cm) in size while coarse woody debris is defined as material greater than 7.5 cm in diameter.  
Our estimates of heavy fuels represents coarse woody debris that provides arthropod habitat.  
Overall, higher numbers of carabid beetles were caught in prescribed burned sites than in the 
undisturbed and wind disturbed sites and suggests the importance of retaining coarse woody 
debris on site.  There is an apparent trade-off between fuel reduction treatments that are 
relatively inexpensive and efficient (i.e., salvage logging) and treatments that retain coarse 
woody debris (i.e., prescribed burning).  This trade-off has implications for the conservation of 
biodiversity. 
 
We expected aspen-birch-conifer sites to have higher species richness of ground beetles because 
these forests have a well-defined litter layer as compared to the jack pines sites where various 
species of moss dominate the forest floor and the soils are more acidic (Tester 1995).  While 
approximately 70% of the same ground beetle species were found in both the jack pine and 
aspen-birch-conifer cover types, we found, ground beetle species richness was slightly higher in 
the jack pine sites.  It is likely that with a further anticipated decrease of jack pine forest stands in 
the Superior National Forest due to the efficient suppression of wildfires (Heinselman 1973), loss 
of seed source, and mortality by forest insects such as Monochamus spp. (this study), ground 
beetle species such as M. cyanescens may be at an increased risk of local extinction.  In contrast, 
due to increased numbers of aspen-birch-conifer stands after the last logging-era of the early 
1900s, populations of species such as S. n. brevoorti will be likely well-maintained.  
 
We did not expect any differences in species abundance among the cover types and land area 
treatments.  However, significantly more beetles were trapped in prescribe burned areas of both 
forest cover types.  Species-level analyses indicated that this trend is driven by the exotic carabid 
beetle, P. melanarius, which was the most abundant beetle in our study, and was caught in 
highest numbers in the prescribed burned sites (Gandhi and others in press).  Pterostichus 
melanarius was introduced from Europe and in early 1900s, and it colonized both the Atlantic 
and Pacific seaboards of North America (Lindroth 1961-69, Will et al. 1995).   
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Figure 6. (A) Venn diagram showing the total number of unique and shared carabid species in 
aspen-birch-conifer and jack pine stands.  (B) Estimated mean carabid species diversity of 
undisturbed, wind disturbed, salvage logged and prescribed burned sites in the two forest cover 
types.  
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Figure 7.  Mean (+SE) number of carabids caught in four replicates each of the undisturbed, 
wind disturbed, salvage logged and prescribed burned sites in aspen-birch-conifer and jack 
pine cover types in 2001-2003.   
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Figure 8. Mean (+SE) number of Pterostichus melanarius caught in 1000 trap-days in four 
replicates each of the undisturbed, wind disturbed, salvage logged and prescribed burned sites in 
aspen-birch-conifer (A) and jack pine (B) cover types in 2001-2003.  We caught 6,697 individuals 
of P. melanarius in 2001-2003.   
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Figure 9.  Proportions of jack pine trees (Mean + SE) colonized only by cerambycids 
(Monochamus spp.) in temporal-spatial classes of damaged trees in undisturbed and wind 
disturbed forests in 2002. N=3 for each bar in the histogram.   
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Since its introduction, it has been spreading into the interior of North America.  This beetle is 
associated with disturbed and open habitats (Lindroth 1961-69).  The large-scale colonization by 
P. melanarius is facilitated by wing dimorphism as the individuals are short-winged in relatively 
stable habitats but long-winged in less stable or in frontier habitats (Niemelä and Spence 1991) 
such as those created by prescribed burning after the wind-disturbance (Roughley 2001).   Since 
the prescribed burning in our study was conducted between fall of 2000 and spring of 2001 (i.e., 
during the ground beetle overwintering period), we hypothesize that P. melanarius rapidly 
colonized the newly burned areas and established breeding populations that increased during the 
course of the study. 
 
In contrast, Roughley (2001) reported that in the tall-grass prairies in Manitoba, although the 
population of P. melanarius increased one year after prescribe-burning, it reverted back to the 
original level from there onwards.  Perhaps the populations of P. melanarius in the Gunflint Trail 
area will also stabilize or decline as forest vegetation becomes re-established.   
 
The prescribe burned sites in our study were the most diverse, heterogeneous, and species-rich 
sites on the landscape. Although species diversity was the highest in the jack pine wind-
disturbed-salvage-logged sites, the wind-disturbed-prescribe-burned sites in both the forest 
cover-types tended to accumulate higher number of species at increasing sample sizes and did 
not reach an asymptote in the rarefaction analyses (Figure 6A).  These young regenerating 
prescribed burned sites were also colonized by pyrophilous species such as Sericoda obsoleta 
(Say) and S. quadripunctata (DeGeer), and other rare species such as B. q. oppositum, T. n. 
kirbyi, A. cupreum Dejean, and A. dilutipenne.  Presence of S. obsoleta and S. quadripunctata in 
the prescribed burned areas suggests that prescribed burning may be an effective management 
tool to maintain populations of pyrophilous beetle species.  On the other hand, trap catches of the 
exotic carabid, P. melanarius, were greatest in the prescribed burn treatments. The interaction 
between P. melanarius and pyrophilous beetles has yet to be explored. This above discussion 
illustrates another trade-off that must be considered by resource managers.  Should prescribed 
burns be implemented to maintain coarse woody debris at the risk of creating habitat for a non-
native species? 
 
There were no differences in ground beetle catches among the undisturbed and wind disturbed 
sites in 2001-2003.  Hence, it appears that the ground beetles are adapted to severe natural 
disturbances such as this large-scale windstorm in the sub-boreal forest, and that such 
windstorms may be a periodic feature of the forests of northeastern Minnesota.   Our results 
differ from those of Saint-Germain and Maufette (2001) who reported a decrease in ground 
beetle catches after the severe ice-storm in 1998 in southwestern Quebec.  Our results also differ 
from Bouget (2004), who reported a general decrease in ground beetle catches in windthrow 
gaps after a severe storm in 1999 in France.  Hence, it appears that ground beetles in the sub-
boreal forests of Minnesota are able to utilize the newly created diverse habitats such as root 
mounds, soil pits, and fallen coarse-woody debris on the forest floor (Tables 2 and 4).  Even 
though the open forest canopy may lower humidity and increase temperature on the forest floor, 
the fallen coarse-woody debris may provide enough shade for the forest species to persist at least 
for a short-time in the wind-disturbed areas.  
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A greater number of standing live and leaning jack pine trees were colonized by Monochamus 
species than standing and downed dead trees.  Bark beetles (Ips spp.) were initially absent from 
these trees.  This indicates that under natural disturbance regimes, cerambycids can become 
primary colonizers of stressed pines while bark beetles can become secondary colonizers.  
Furthermore, after a wind-disturbance event, we would expect the residual live trees to become 
slowly infested with bark and wood-boring beetles, and thus, necessitating some sort of 
silvicultural treatment.  Prior observations (Gardiner 1975) indicate that increased populations of 
Monochamus species will colonize damaged trees in a blowdown in combination with other 
stresses such as wind damage (e.g., stem breakage), drought, or fire.  This is another illustration 
of a trade-off that must be addressed.  Should the forest remain unsalvaged to maintain coarse 
woody debris and stand structure at the expense of a possible insect outbreak?  
 
The overall trends in beetle diversity, trap catches, and composition appear to be at least partly driven 
by the changes in the forest structure and composition over the land-area treatments. The minor 
differences in beetle diversity and trap catches between the undisturbed and wind-disturbed sites may 
have been a consequence of increased soil disturbance in wind disturbed areas, being compensated 
for by a 150% increase in the total aboveground biomass, which provided increased shelter and 
overwintering sites for ground beetles.  Furthermore, jack pine wind disturbed salvage logged sites 
had the highest turnover rate for plant species (Table 8) that was also indicative of the highest ground 
beetle diversity (Figure 6B).       
 
Successional trajectories for the shrub and insect communities we studied were affected the 
greatest by the salvage logging and prescribed burning treatments, respectively. These results 
underscore the necessity of clearly defining management objectives prior to initiating a 
silviculture treatment.  Managers of publicly owned lands in northern Minnesota should consider 
developing silvicultural practices that emulate wildfire, windthrow, and other natural 
disturbances (Lieffers and others 1996, Frelich and Reich 1998, Graham and Jain 1988, Palik and 
Robl 1999).  But, they also must consider the ramifications of retaining large amounts of coarse 
woody debris and standing dying and dead material. 
 

ACKNOWLEDGEMENTS 
 
Research supported by the USDA Forest Service, Superior National Forest, North Central 
Experiment Station, Pacific Southwest Research Station, and Forest Health Monitoring Program, 
the Joint Fire Science Program, the Departments of Forest Resources and Entomology, the 
Graduate School, College of Natural Resources, and the Minnesota Agriculture and Experiment 
Station, University of Minnesota, and Sigma Xi Scientific Society.  This paper benefited from a 
thorough review by Kevin J. Dodds. 

LITERATURE CITED 
 
AHLGREN, C.E. 1969. Eighteen years of weather in Boundary Waters Canoe Area, Quetico-
Superior Wilderness Research Center. University of Minnesota Agricultural Experiment Station 
Miscellaneous Report 88:8. 
 
BAKER, D.G., and J.H. STRUB. 1965. Climate of Minnesota: Part III. Temperature and its 
application. University of Minnesota Agricultural Experiment Station Technical Bulletin 248: 
64. 



 

 32

 
BOUGET, C.  2004.  Ground beetle communities on windthrow gaps in broadleaved temperate 
forests: gap and gap size effects.  European Carabidology 2003: Proceedings of the 11th 
European Carabidologists’ Meeting.  Danish Institute of Agricultural Sciences Report, In Press. 
 
BROWN, J.K. 1974. Handbook for inventorying downed wood material. USDA Forest Service 
General Technical Report INT-16 
 
BALL, G.E. and Y. BOUSQUET.  2001.  Carabidae Latreille, 1810, pp. 32-132.  In Arnett, R. H. 
Jr. and M. C. Thomas eds.  American Beetles: Archostemata, Myxophaga, Adephaga, 
Polyphaga: Staphyliniformia, Volume I.  CRC Press, 443 pp. 
 
DOWNIE, N.M., and R.H., ARNETT, JR.  1996.  The beetles of northeastern North America. 
Volume I, 880 pp. 
 
FOSTER, D.R., J.D. ABER, J.M. MELILLO, R.D. BOWDEN and F.A. BAZZAZ. 1997. Forest 
response to disturbance and anthropogenic stress. BioScience 47: 437-445. 
 
FREIDMAN, S.K., P.B. REICH, and L.E. FRELICH 2001. Multiple scale composition and 
spatial distribution patterns of the northeastern Minnesota presettlement forest. Journal of 
Ecology 89:538-554 
 
FRELICH, L.E. and P.B. REICH. 1995. Spatial patterns and succession in a Minnesota southern-
boreal forest. Ecological Monographs 65: 325-346. 
 
FRELICH, L.E., and P.B. REICH. 1998. Disturbance severity and threshold responses in the 
boreal forest. Conservation Ecology [online] 2(2):7 available from the Internet URL: 
http://www.ecologyandsociety.org/vol2/iss2/art7/index.html  
 
GANDHI, K.J.K., D.W. GILMORE, G.E. BALL, R.W. HOLZENTHAL, S.A. KATOVICH, J.J. 
KOEHLE, W.J. MATTSON, and S.J. SEYBOLD. In review. A review of ground beetle species 
(Coleoptera: Carabidae) of Minnesota, USA.  Proceedings of the Entomological Society of 
Washington. 
 
GARDINER, L.M.  1975.  Insect attack and value loss in wind-damaged spruce and jack pine 
stands in northern Ontario.  The Canadian Journal of Forest Research 5: 387-398 
 
GILMORE, D.W., S.J. SEYBOLD, J.C. ZASADA, P.J. ANDERSON, D.N. KASTENDICK, 
K.J.K. GANDHI, and H.P. JOHNSON. 2002. Cumulative effects of a severe windstorm and 
subsequent silvicultural treatments on plant and arthropod diversity in the Gunflint Corridor of 
the Superior National Forest in northern Minnesota: Project Design. Pp 364-379 In Proceedings 
Society of American Foresters 2001 National Convention, Denver, Colorado. SAF Publication 
02-01. Bethesda, MD. 469 p. 
 
GILMORE, D.W., D.N. KASTENDICK, J.C. ZASADA, and P.J. ANDERSON. 2003. 
Alternative fuel reduction treatments in the Gunflint Corridor of the Superior National Forest: 



 

 33

Second year results and sampling recommendations. USDA Forest Service Research Note NC-
381 
 
GRAHAM, R. T., and T. B. JAIN. 1998. Silviculture's role in managing boreal forests. 
Conservation Ecology [online] 2(2): 8. Available from the Internet. URL: 
http://www.ecologyandsociety.org/vol2/iss2/art8/index.html  
 
HOLLAND, S.M.  2003.  Analytic rarefaction 1.3.  URL: 
http://www.uga.edu/~strata/software/AnRareReadme.html.  Last accessed on 20 October, 2004. 
 
HEINSELMAN, M. L. 1973. Fire in the virgin forests of the Boundary Waters Canoe Area, 
Minnesota. Quaternary Research 3: 329-382. 
 
JOHNSON, H.P. 2004. Shrub Layer Resilience Following Fuel-Reduction Treatments in 
Comparison to Unsalvaged Winthrow in Two Forest Cover types in Northeastern Minnesota. 
M.Sc. thesis, University of Minnesota, St. Paul. 
 
LANGBEHN, G.J., T.G. LATHROP, and C.J. MARTINI. 1972.  Fundamental concepts of 
Mathematics.  Charles E. Merrill Publishing Co., Ohio, USA. 
 
LEIFFERS, V.J., R.B. MACMILLAN, D. MACPHERSON, K. BRANTER, and J.D. 
STEWART. 1996. Semi-natural and intensive silvicultural systems for the boreal mixedwood 
forest. Forestry Chronicle 72:286-292. 
 
LIEBHERR, J.K. 1991.  Phylogeny and revision of the Anchomenus clade: the genera 
Tetraleucus, Anchomenus, Sericoda, and Elliptoleus (Coleoptera: Carabidae: Platynini).  Bulletin 
of the American Museum of Natural History 202: 1-163.  
 
LIEBHERR, J.K., and K.W. WILL.  1996.  New North American Platynus Bonelli (Coleoptera: 
Carabidae), a key to species north of Mexico, and notes on species from the southwestern United 
States.  The Coleopterists Bulletin 50: 301-320. 
 
LINDROTH, C.H. 1961-69. The ground beetles (Carabidae, excl. Cicindelinae) of Canada and 
Alaska. Part 2. Opuscula Entomologica Supplementa 
 
MAGURRAN, A.E.  1988.  Ecological Diversity and its Measurement.  Princeton University 
Press, USA.  
 
MINNESOTA FOREST RESOURCES COUNCIL. 1999. Sustaining Minnesota forest 
resources: Voluntary site-level forest management guidelines for landowners, loggers and 
resources managers. Minnesota Forest Resources Council, St. Paul, Minnesota. 
 
NIEMELÄ, J., and J.R. SPENCE.  1991.  Distribution and abundance of an exotic ground beetle 
(Carabidae): a test of community impact.  Oikos 62: 351-359. 
 



 

 34

OHMANN, L.F, and D.F. GRIGAL. 1979. Early revegetation and nutrient dynamics following 
the 1971 Little Sioux forest fire in Northeastern Minn. Forest Science Monograph 21:1-80. 
 
PALIK, B., and J. ROBL. 1999. Structural legacies of catastrophic windstorm in a mature Great 
Lakes aspen forest. USDA Forest Service Research Paper NC-337 
 
ROUGHLEY, R.  2001.  St. Charles Rifle Range Tallgrass Prairie: an endangered habitat.  The 
use of fire as a biodiversity and conservation management tool. Winnipeg, Manitoba 

 
SAINT-GERMAIN, M and Y. MAUFFETTE.  2001.  Reduced ground beetle activity following 
ice damage in maple stands of southwestern Quebec.  Forestry Chronicle 77: 651-656. 
 
SPENCE, J.R., and J.K. NIEMELÄ.  1994. Sampling carabid assemblages with pitfall traps: the 
method and the madness.  Canadian Entomologist 126, 881-894. 

SPENCE, J.R., D.W. LANGOR, J. NIEMELÄ, H.A. CÁRCAMO, and R.C. CURRIE.  1996.  
Northern forestry and carabids: the case for concern about old-growth species.  Annales 
Zoologici Fennici 33: 173-184. 
 
TESTER, J. R. 1995.  Minnesota’s natural heritage.  University of Minnesota Press, 332 pp. 
 
WILL, K.W., F.F. PURRINGTON, and D.J. HORN.  1995.  Ground beetles of islands in the 
western basin of Lake Erie and the adjacent mainland (Coleoptera: Carabidae, including 
Cicindelini).  The Great Lakes Entomologist 28:55-70.  
 

ABOUT THE AUTHORS 
 
Daniel W. Gilmore, Assistant Professor of Silviculture, Department of Forest Resources, 
University of Minnesota, North Central Research and Outreach Center, Grand Rapids, MN 
55744  dgilmore@umn.edu 
Steven J. Seybold, Research Entomologist, Chemical Ecology of Forest Insects, USDA Forest 
Service, Pacific Southwest Research Station, Davis, California 95616   sseybold@fs.fed.us 
John C. Zasada, USDA Forest Service, retired, and Adjunct Professor, Department of Forest 
Resources, University of Minnesota 
Douglas N. Kastendick, Forester, USDA Forest Service and Masters student, Department of 
Forest Resources, University of Minnesota 
Kamal J.K. Gandhi, Ph.D. Candidate, Departments of Entomology and Forest Resources, 
University of Minnesota 
Hugh P. Johnson, Former Masters student, Department of Forest Resources, University of 
Minnesota 
 


