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Abstract  
 
Weyerhaeuser Company has initiated a long-term study investigating the sustainability effects of 
managing biomass for biofuels production in an existing 200-acre loblolly pine (Pinus taeda) 
plantation in Lenoir County, NC.  As part of this comprehensive study, Weyerhaeuser contracted 
researchers from Duke University to design and carry out a study of the effects of harvest and site 
preparation methods on coarse woody debris (CWD) within the research area.  The purpose of 
this study is to estimate the amount of CWD biomass, carbon, and nitrogen removed by each 
treatment method to establish baseline data as future growth trends are analyzed. 
 
The three treatment techniques studied were:  
Pine + Biomass (P+): All non-merchantable logging residuals were left on site.  These treatment 

areas have no mechanically created piles outside of the treatment borders.  All CWD 
sampled from residual sites was distributed on the ground, within the treatment boundary. 

Pine – Biomass (P-): All residual material feasible for biofuel production was removed by an 
excavator and piled along the sides of the treatment area to simulate removal from site for 
use as bioenergy feedstock.  The remaining woody material was left as groundcover 
within the plot boundary.   

Switchgrass (SG): A root-rake was utilized to pile all logging residuals along the two long edges 
of rake plots, outside of the treatment boundary to simulate a “clean” harvest, where all 
CWD biomass is used as bioenergy feedstock and switchgrass is planted instead of forest 
reestablishment.  All of the CWD of this treatment type is found outside of the plot 
boundary, in the piles. 

 
Treatment effect on CWD was analyzed through the utilization of debris pile volume estimation, 
equilateral triangle line intersect sampling (LIS) and dry combustion carbon and nitrogen analysis. 
 
Results suggest that 7.51-11.29 Mg/ha of CWD remains on P+ treatment areas, constituting 3.58-
5.41 Mg/ha of carbon and 11.99-16.35 kg/ha of nitrogen.  Sites lose approximately 6.04-10.79 
Mg/ha (85-87%) of their total CWD biomass, 2.88-5.14 Mg/ha (85-87%) of total CWD carbon, 
and 9.43-16.83 kg/ha (85-87%) of total CWD nitrogen, when residual material feasible for 
biofuel production is removed from the site (P- treatments).  Sites that are subject to the SG 
treatment lost 100% of their CWD stores, accounting for approximately 8.64-11.71 Mg/ha of 
biomass, 4.12-5.58 Mg/ha of carbon, and 13.48-18.25 kg/ha of nitrogen. 
 
Despite being an established loblolly pine (Pinus taeda) plantation, hardwood species accounted 
for an average of 50-54% of the total CWD biomass accounted for in this study.  This hardwood 
contains an average of 49-53% of the harvest area’s CWD carbon and 61-63% of the CWD 
nitrogen. 
 
A One-Way ANOVA, that compared the mean total amounts (remaining and removed) of CWD 
biomass (Mg/ha) in each treatment type indicated the CWD estimates were robust, and treatment 
effects can be considered statistically comparable for future utilization. 
 
With the implementation of CWD retention requirements above and beyond those called for in 
best management practices (BMPs) to participate in bioenergy markets in some states (i.e. WI, 
ME, MD, etc.), the effects of CWD removal through P- treatment methods may be an important 
consideration.  The 85-87% CWD removal of the P- treatment technique may or may not comply 
with the 15% CWD retention requirement already implemented in at least one Lake State.  
Should requirements like these become commonplace; a modification of this specific biomass 
harvest may be warranted. 
  



Introduction 
 

As the concern about global warming increases, the search for 
alternatives to fossil fuels has also heightened. Using biofuels as a 
replacement for fossil fuels is considered one of the most sensible options. 
Unfortunately, it seems as though the biofuels “movement” is moving at a 
much faster pace than the science related to its effect on the environment. 
Recent research expressed concern over land-use changes associated with 
growing materials to be converted to biofuels and the potential release of 
CO2 with these changes. However, these and similar studies do not 
consider southern pine plantations and/or intercropping in these 
plantations and their potential to serve as a significant feedstock for 
biofuels production. While this option may not require significant land use 
changes, there has not been sufficient time to determine the effects of this 
new type of biomass management on the long-term sustainability of the 
land being used. 
 
This proposal is for the installation of a long-term study focusing on the 
effects of managing biomass for use as biofuels in a loblolly pine 
plantation. Most forest biomass is currently utilized for building materials 
and pulp production. However, this may be more of a reflection of the 
previous market demand for products than of the material available within 
the forest systems. By planning an intercrop of switchgrass or non-crop 
trees as an additional commodity for biofuels production, there may be 
unintended consequences on the crop trees and soil productivity that may 
limit the cost effectiveness of this dual-purpose approach to land 
management (Leggett, 2009). 

  
 In February 2008, Weyerhaeuser Company (Weyerhaeuser) and Chevron 
launched Catchlight Energy LLC, a 50/50 joint venture to research and develop non-food 
cellulose-based biofuels.  In this venture, Weyerhaeuser’s primary responsibility is to 
research the cultivation and harvest of biomass destined for cellulosic fuels.   
 
Approximately 200 acres of an existing loblolly pine (Pinus taeda) plantation have been 
set-aside in Lenoir County, NC for cultivation research.  As part of this comprehensive 
study, Weyerhaeuser contracted researchers from Duke University to design and carry 
out a study of the effects of harvest and site preparation methods on coarse woody debris 
(CWD) within the research area.  The purpose of this study is to estimate the amount of 
CWD biomass, carbon, and nitrogen removed by each treatment method to establish 
baseline data as future growth trends are analyzed. 
 
Researchers and Primary Contacts 
 
Dr. Daniel D. Richter Jr., principal investigator and advisor, Nicholas School of the 
Environment, Duke University 
Christopher M. Beauvais, research assistant, Candidate for Master of Environmental 
Management and Master of Forestry at the Nicholas School of the Environment of Duke 
University 
Dr. Zakiya H. Leggett, primary contact, Weyerhaeuser Company 



Dr. Eric Sucre, Weyerhaeuser  
James E. Bland, Weyerhaeuser  
 
Plots Studied 
 
The Lenoir County Research Area is subdivided into 4 blocks, each containing seven or 
eight treatment areas of approximately 2 acres (1 ha) each.  The site was clear-cut late in 
the summer of 2008 with three post-harvest treatments applied to remaining non-
merchantable logging residuals.  The three techniques: Pine + Biomass (P+); Pine – 
Biomass (P-), and; Switchgrass (SG), differ significantly in the distribution of logging-
slash biomass left onsite (Table 1)1. 
 
 

Table 1 – Treatment Types Studied 
Pine + Biomass (P+) All non-merchantable logging residuals were left on site.  These treatment areas 

have no mechanically created piles outside of the treatment borders.  All CWD 
sampled from residual sites was distributed on the ground, within the treatment 
boundary.  
  

Pine – Biomass (P-) All residual material feasible for biofuel production was removed by an excavator 
and piled along the sides of the treatment area to simulate removal from site for 
use as bioenergy feedstock.  The remaining woody material was left as 
groundcover within the plot boundary.  To catalog the CWD of P- plots, two 
different sampling techniques were employed to estimate the amount of CWD 
removed and the amount of CWD remaining onsite. 
 

Switchgrass (SG) A root-rake was utilized to pile all logging residuals along the two long edges of 
rake plots, outside of the treatment boundary to simulate a “clean” harvest, where 
all CWD biomass is used as bioenergy feedstock and switchgrass is planted 
instead of forest reestablishment.  All of the CWD of this treatment type is found 
outside of the plot boundary, in the piles. 

 
 
Using a random number generator, one plot of each treatment type was selected for 
analysis from each experimental block, resulting in a total of twelve study plots.  Figure 1 
identifies the plots selected for analysis.  Because the SG treatment method was only 
used on a total of four plots, all were examined in this study. 

 
 
 

                                                
1Photographs of sites following the implementation of these treatment techniques can be found in Appendix 
 
 
 



Figure 1 - Plots Sampled 

 
 
 
Definitions/Assumptions 
 
1. Coarse woody debris (CWD) is defined as having intersect diameter ≥ 5cm for line 

intersect sampling (LIS) and an end diameter ≥ 5cm for pile estimations2.  
2. CWD does not include roots/root crowns, as these are traditionally belowground 

debris and cannot be accounted for using selected sampling methods (Harmon & 
Sexton, 1996).   

3. All CWD biomass was removed from SG plots. 
4. No CWD biomass was removed from P+ plots. 
5. All CWD contained within a pile adjacent to a study plot originated from solely 

within that pile’s respective treatment area. 
 
Methods 
 
The CWD of a particular study plot is either a component of large debris piles along the 
plot edges outside the plot boundary, or is scattered on the ground within the treatment 
boundary. 
 
Because there is no single sampling method that can be used to estimate both the volume 
of pled debris and the distributional volume of ground-based debris, two sampling 
methods were employed to estimate the mean CWD biomass volume of each treatment 
type.   
 
For piled debris, CWD volume was estimated using a technique derived from the slash 
pile volume estimation techniques of Hardy (1996).  To estimate the distributional 

                                                
2 This definition is significantly more inclusive than a common 10 cm min diameter (Harmon & Sexton, 
1996).  The 5-cm minimum diameter was decided upon after an early test of the methods revealed few 
samples with a diameter ≥ 10 cm.. 
 



volume of ground-based debris, a line intersect sampling method (LIS) was employed, 
following the methods of Hess and Zimmerman (2000).  Figures 2-4 show the sampling 
methods used for each of the treatment types. 
 

 
Figure 2 - P+ Treatments (LIS Only) 

 
 
 

Figure 3 - P- Treatments (LIS and Pile Volume Estimation) 

 
 
 
 

Figure 4 - SG Treatments (Pile Volume Estimation Only) 

 
 

 
 
 
 



Estimation of Removed Debris Volumes 
 
Pile Footprint Area: 
A shapefile of each pile’s footprint was created by plotting the boundaries of each at 5m 
paced intervals using a Weyerhaeuser-owned Garmin Backpack GPS Unit and Landmark 
handheld software.  When plotting the boundary points, the receiving antenna was held 
directly over pile edges.  Any point that had a calculated error ≥0.3 m was deleted and 
replotted.  The footprint area value is automatically attached to the shapefile created by 
plotting the pile boundary.  Footprint areas were hand checked for accuracy on four piles. 
 
Pile Height: 
To estimate the mean pile height, a height pole marked at 30 cm intervals, was used to 
classify the pile’s peak at a given sample point.  Table 2 shows the height class values 
and ranges used in this study.  Height class values were recorded at 5 m (paced) intervals 
along each pile.  These values were averaged to estimate the mean peak height of each 
pile. 
 
 

Table 2 – Pile Height Class Values 
Height Class Height Value (cm) Height Value (m) 

1 0-30 0-0.3 
2 30-60 0.3-0.6 
3 60-90 0.6-0.9 
4 90-120 0.9-1.2 
5 120-150 1.2-1.5 
6 150-180 1.5-1.8 
7 180-210 1.8-2.1 
8 210-240 2.1-2.4 
9 240-270 2.4-2.7 

10 270-300 2.7-3 
 
 

Pile Volume: 
Based on techniques outlined in Hardy (1996), the volumetric equation of a half-ellipsoid 
was used to estimate pile volumes.   
 
The volume equation of a half-ellipsoid is V = (π w l h) / 6, where w = width at widest 
point (m), l= length (m) and h=height (m). 
 
The individual pile volumes of each study plot were summed to estimate its respective 
total estimated pile volume.3  Table 3 shows the average unadjusted pile volumes for the 
P- and SG treatment types. 
 
 
 
 
 
 
                                                
3 Pile volume data cam be found in Appendix B  



Table 3 - Avg. Treatment Pile Volume 
Treatment Avg. Pile Volume (m3) (SE) 

P- 475.81 (128.6) 

SG 1124.49 (170.8) 

 
 
CWD Packing Ratios: 
Because CWD is only a partial component of the total debris pile volume, a CWD 
packing ratio had to be estimated.  In order to estimate this, four piles were subsampled to 
estimate the CWD volume as part of the pile subsample total volume. 
 
A contracted backhoe operator selected two piles from two different treatment areas for 
analysis4.  To help keep track of the pieces to be included in analysis, tree-marking paint 
was used to mark a 0.9m wide (the width of a 3-foot backhoe bucket) cross-section of the 
piles.  The pile width at both paint lines and height at subsample center was measured 
and recorded and then the backhoe bucket was used to pull the subsample debris out of 
the pile. 
 
The type (Pine or Hardwood), two end-diameters and length of CWD from the 
subsampled region was recorded.  For CWD longer than 0.9 m, the diameters at paint line 
(or best estimate of paint line) were recorded and a length of 0.9 m was assigned. 
 
Based on the recommendations of Ministry (2009) the volume of each piece of sampled 
CWD was estimated using Smalian’s Formula: V=  (((πT2/10000)+(πB2/10000))/2)*L, 
where: V = volume (m3),  T = radius 1 (cm), B = radius 2 (cm) and L = length (m) 
 
The pile subsample volume was calculated using the volume equation of a half-cylinder:      
V = (π w l h) / 6 where w = width (m), l= length (m) and h=height (m) (Hardy, 1996).  
The half-cylinder equation was used for subsamples instead of the half-ellipsoid equation 
because the relatively narrow width of the subsamples did not allow for total pile taper to 
be realized. 
 
To estimate the CWD packing patio of the piles, the total CWD volume of the subsample 
was divided by the total pile subsample volume.  Packing ratios were also estimated 
solely for pine CWD (P) and hardwood CWD (HW)5.  Table 4 shows the average CWD 
packing ratios for the piles studied. 
 
 

Table 4 - Packing Ratio of Piles (Combined) 
 Packing Ratio (SE) 

CWD 7.69% (1.05%) 

HW CWD 3.94% (0.71%) 

Pine CWD 3.75% (0.33%) 

 
 

                                                
4 Due to budgetary and time constraints, only 4 pile subsamples were analyzed.  The two treatment areas 
studied are located within the same block. 
5 Packing ratio data and results results can be found in Appendix C 



Removed Debris Volume: 
To estimate the HW, P, and total CWD volumes contained within piled debris, the soil 
volume of the piles of each treatment type had to be visually estimated and subtracted 
from the total (unadjusted) pile volumes to derive an adjusted pile volume.  Adjusted pile 
volumes were then multiplied by the combined packing ratios to estimate the CWD 
volume within the piles of each plot6.  The volume of CWD removed (displaced to piles) 
per unit area was estimated by dividing the plot-pile CWD volumes by its actual 
treatment area.7 
 
Estimation of Remaining Debris 
 
Equilateral Triangle Line Intersect Sampling (LIS): 
An equilateral triangle line intersect sampling (LIS) technique, based on methods of Hess 
(2000, 2009) and de Vries (1986), was used to estimate the volume of CWD distributed 
across P+ and P- study plots8.  The triangles were 20 meters on each side, with a total 
transect length per triangle of 60 meters.   
 
Randomization of Transect Origin: 
In the interest of robustness, three random transect triangles were examined on each plot.  
The coordinates of three apex points within each treatment boundary were derived using 
a random number generator on a Texas Instruments TI-89 Titanium Graphing Calculator.  
Each of these points served as the point of origin for a transect. 
 
Triangle Establishment: 
A tool was created using mason’s twine, 3 steel rings, a utility carabineer and 3 3’ pieces 
of rebar to create an equilateral triangle, 20 m on each side.  This tool enables one person 
to establish the equilateral triangle transect accurately and efficiently.  The length of each 
side was measured daily to check for rope stretch.  At each randomly selected apex point, 
a transect triangle, fully encompassed by the plot boundary, was established using this 
manufactured tool.9 
 
Data Collection: 
The end diameters, diameter at intersection, angle, length and species (hardwood or pine) 
of each piece of CWD that intersected the transect was recorded.  
 
LIS Volumetric Formula: 
The diameter at intersection of each piece of CWD was used in the LIS volumetric 
formula of Hess (2009) and de Vries (1986): V = (π/2L)∑π(dL/2)2, where: V = CWD 
volume (m3/ha), L= total transect length in meters (60 m), and dL= diameter at 
intersection in centimeters, to estimate the volume of CWD for each plot. 
 

                                                
6The piles of P- treatments were estimated to be approximately 35% soil, and SG treatment piles were 
estimated to be approximately 70% soil.  The amount of soil in the piles of each treatment type is likely a 
result of the highly mechanized nature of harvest and the utilization of a Root Rake on SG plots.  Appendix 
D contains the adjusted pile volumes and the estimated CWD volume within the piles of each plot. 
7 Appendix D contains the per unit area volume estimates of the CWD removed. 
8 The equilateral triangle LIS method negates the problem of orientation bias that limits traditional LIS 
techniques (Bechard, 2008) (Bell, 1996) (Harmon, 1996) (Hess, 2000) (Woldendorp, 2004). 
9 The azimuth of the transect triangle sides has no effect on account of the lack of orientation bias. 



Estimation of Remaining Debris Volumes: 
Plot CWD volume was estimated by calculating the mean of the plot’s three transect 
volumes.  Two plots had highly a irregular piece of CWD intersected by a transect.  
These two pieces were ultimately excluded from the sample because they had diameters 
more than three times the standard deviation of the mean of all CWD of that species 
intersected across all plots and a length less than .5 meters. These two pieces proved 
highly influential in the final estimation of CWD biomass volume, and ultimately 
misrepresented the respective plots and treatments.  Appendix E shows the effect of these 
two pieces of debris, and also contains the raw data and volume estimates of CWD 
remaining onsite for the P+ and P- treatments. 
 
Estimation of CWD Physical and Chemical Properties 
 
Collecting CWD Subsamples For Analysis 
The diameters of all removed and remaining CWD sampled were combined and 
separated by pine and hardwood.  For pile CWD, the mean of the two end diameters of 
pieces from the pile subsamples were used.  For LIS CWD, diameter at intersection was 
used. 
 
Diameter distributions were analyzed to stratify the samples across diameter class sizes.  
By considering a sample size formula and consulting Barber and Van Lear (1984), a 
sample size of 20 was reasoned for both pine and hardwood CWD subsample pools for 
laboratory analysis.   
 
The diameters of pine and hardwood CWD were divided into five size classes by 
calculating quintile values of diameter frequency distribution (Table 5).10   
 
 

Table 5 -HW and Pine CWD Subsample Diameter Ranges (cm) 
Size Class Percentile HW Pine 

1 20% 5 to 5.58 5 to 5.25 
2 40% 5.59 to 6.46 5.26 to 5.75 
3 60% 6.47 to 7.97 5.76 to 6.5 
4 80% 7.98 to 9.99 6.6 to 8 
5 100% 10 to 16 8.1 to 25 

 
 
Using a chainsaw, four cookies (approximately 7 cm in length) of each size class were 
collected from across the study area and returned to the lab for further analysis. 
 
Physical and Chemical Analysis 
Samples were dried in a forced-air oven for 10 days at 70°C and weighed within ten 
minutes of being removed from the oven to minimize absorption of atmospheric moisture. 
The diameter on two axes at each end and two length measurements were recorded to 
estimate the average length and diameters of each cookie sample and used to estimate 
volume through Smalian’s Formula (Ministry, 2009).  The density of each sample 
(g/cm3) was then estimated by dividing oven-dry weight by volume11. 
                                                
10 Appendix F contains pine and hardwood subsample distribution and size classes 
11 Appendix G contains the oven-dry characteristics of CWD subsamples  



 
Each sample was then broken into pieces approximately size of a carpenter’s pencil by 
hammer and chisel.  Effort was put in saving and including all sample debris generated 
during the chiseling process. 
 
The chiseled samples were then ground in a Wiley mill at the USFS Southern Research 
Station.  The mill was thoroughly cleaned between each sample to minimize the risk of 
cross-contamination. 
 
Sub-samples of approximately 20 g were measured from the ground samples and were 
homogenized by pulverizing in a shatterbox (Spex Inc., Edison NJ) and analyzed by dry 
combustion on a Flash EA1112 elemental analyzer (ThermQuest, Rodano Italy), with 
replication12. 
 
The carbon and nitrogen values of the test samples were average by type to calculate a 
mean %C and %N for the pine and hardwood CWD of the Lenoir County Research Area 
(Tables 6 and 7). 
 
 

Table 6 - Characteristics of HW CWD 
Density (g/cm3):  0.512 

SD: 0.097 

% Carbon: 47.06 
SD: 0.459 

% Nitrogen: 0.185 
SD: 0.079 

C:N Ratio: 284.755 
SD: 89.876 

 
 

Table 7 - Characteristics of Pine CWD 
Density (g/cm3):  0.437 

SD: 0.063 

% Carbon: 48.38 
SD: 1.010 

% Nitrogen: 0.121 

SD: 0.021 

C:N Ratio: 409.930 
SD: 72.003 

 
 
Mean pine and hardwood CWD density and carbon and nitrogen concentrations were 
combined with the field volume data to estimate a range of the mass of CWD biomass 
and CWD-based carbon and nitrogen in each plot (mean +/- 1 SE). 
 
 

                                                
12 Appendix G contains the raw C&N analysis data 



Results and Discussion 
 
Statistical Comparability: 
Table 8 contains the results of a One-Way ANOVA, comparing the mean total amount 
(remaining and removed) of CWD biomass (Mg/ha) accounted for in each treatment type, 
based on plot-level results.  With an F-statistic of 0.04 and a P-value of 0.96, it can be 
concluded that the CWD analysis presented in this report is robust, and treatment effects 
can be considered statistically comparable. 
 
 

Table 8 - Analysis of Variance (One-Way) of CWD Biomass (Mg/ha) Accounted 
For in Each Treatment 

       
Summary       

Groups Sample size Sum Mean Variance   
P+ Plots 4 37.61276 9.40319 14.27335   
P- Plots 4 39.36253 9.84063 19.39836   
SG 4 40.69317 10.17329 9.39077   

       
ANOVA       

Source of Variation SS df MS F p-level F crit 
Between Groups 1.19344 2 0.59672 0.04157 0.95946 6.234 
Within Groups 129.18743 9 14.35416    
       
Total 130.38087 11     

 
 
Treatment-Level Results: 
Ranges of the mass of CWD biomass and CWD-based carbon and nitrogen for each 
treatment type are summarized in Tables 9-11.  The upper and lower estimates represent 
the treatment mean +/- one standard error.  Plot-level results are contained in Appendix H. 
 
Results suggest that 7.51-11.29 Mg/ha of CWD remains on P+ treatment areas, 
constituting 3.58-5.41 Mg/ha of carbon and 11.99-16.35 kg/ha of nitrogen (Table 8, 
Figures 5-7).  
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 8 - P+ Treatment Summary 
Total Amount of Biomass Accounted For: 7.51 - 11.29 Mg/ha 

 
Remaining Onsite 

 
Removed from Site 

 

Lower 
Estimate 

Upper 
Estimate 

 

Lower 
Estimate 

Upper 
Estimate 

CWD Biomass (Mg/ha) 7.51 11.29 
 

0.00 0.00 
CWD Carbon (Mg/ha) 3.58 5.41 

 
0.00 0.00 

CWD Nitrogen (kg/ha) 11.99 16.35 
 

0.00 0.00 
HW Biomass (Mg/ha) 4.05 4.66 

 
0.00 0.00 

HW CWD Carbon (Mg/ha) 1.91 2.19 
 

0.00 0.00 
HW CWD Nitrogen (kg/ha) 7.48 8.60 

 
0.00 0.00 

Pine Biomass (Mg/ha) 2.96 7.14 
 

0.00 0.00 
Pine CWD Carbon (Mg/ha) 1.43 3.45 

 
0.00 0.00 

Pine CWD Nitrogen (kg/ha) 3.59 8.66 
 

0.00 0.00 
 

 

Figure 5 

 
 
 

Figure 6 
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Figure 7 

 
 
 
Sites lose approximately 6.04-10.79 Mg/ha (85-87%) of their total CWD biomass, 2.88-
5.14 Mg/ha (85-87%) of total CWD carbon, and 9.43-16.83 kg/ha (85-87%) of total 
CWD nitrogen, when residual material feasible for biofuel production is removed from 
the site (P- treatments) (Table 9, Figures 8-10). 
 
 

Table 9 - P- Treatment Summary 
Total Amount of Biomass Accounted For: 6.95 - 12.73 Mg/ha 

 
Remaining Onsite 

 
Removed from Site 

 

Lower 
Estimate 

Upper 
Estimate 

 

Lower 
Estimate 

Upper 
Estimate 

CWD Biomass (Mg/ha) 0.91 1.94 
 

6.04 10.79 
CWD Carbon (Mg/ha) 0.43 0.93 

 
2.88 5.14 

CWD Nitrogen (kg/ha) 1.35 2.95 
 

9.43 16.83 
HW Biomass (Mg/ha) 0.36 0.98 

 
3.30 5.90 

HW CWD Carbon (Mg/ha) 0.17 0.46 
 

1.55 2.78 
HW CWD Nitrogen (kg/ha) 0.67 1.81 

 
6.10 10.89 

Pine Biomass (Mg/ha) 0.45 1.05 
 

2.74 4.89 
Pine CWD Carbon (Mg/ha) 0.22 0.51 

 
1.33 2.37 

Pine CWD Nitrogen (kg/ha) 0.55 1.28 
 

3.32 5.94 
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Figure 8 

 
 
 

Figure 9 

 
 
 

Figure 10 
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Sites that are subject to the SG treatment lost 100% of their CWD stores, accounting for 
approximately 8.64-11.71 Mg/ha of biomass, 4.12-5.58 Mg/ha of carbon, and 13.48-
18.25 kg/ha of nitrogen (Table 10, Figures 11-13). 
 
 

Table 10 - SG Treatment Summary 
Total Amount of Biomass Accounted For: 8.64 - 11.71 Mg/ha 

 
Remaining Onsite 

 
Removed from Site 

 

Lower 
Estimate 

Upper 
Estimate 

 

Lower 
Estimate 

Upper 
Estimate 

CWD Biomass (Mg/ha) 0.00 0.00 
 

8.64 11.71 
CWD Carbon (Mg/ha) 0.00 0.00 

 
4.12 5.58 

CWD Nitrogen (kg/ha) 0.00 0.00 
 

13.48 18.25 
HW Biomass (Mg/ha) 0.00 0.00 

 
4.72 6.40 

HW CWD Carbon (Mg/ha) 0.00 0.00 
 

2.22 3.01 
HW CWD Nitrogen (kg/ha) 0.00 0.00 

 
8.72 11.82 

Pine Biomass (Mg/ha) 0.00 0.00 
 

3.92 5.31 
Pine CWD Carbon (Mg/ha) 0.00 0.00 

 
1.90 2.57 

Pine CWD Nitrogen (kg/ha) 0.00 0.00 
 

4.75 6.44 
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Hardwood CWD: 
Interestingly, despite being an established loblolly pine (Pinus taeda) plantation, 
hardwood species accounted for an average of 50-54% of the total CWD biomass 
accounted for in this study.  This hardwood hosts an average of 49-53% of the harvest 
area’s CWD carbon and 61-63% of the CWD nitrogen.  This abundance of hardwood 
CWD directly reflects Weyerhaeuser’s management strategy of avoided mid- to late-
rotation thinning.   
 
Additional Considerations: 
With the implementation of CWD retention requirements above and beyond those called 
for in best management practices (BMP) in order to participate in bioenergy markets in 
some states (i.e. WI, ME, MD, etc.), the effects of CWD removal through P- treatment 
methods may be an important consideration.  The 85-87% CWD removal of the P- 
treatment technique may or may not comply with the 15% CWD retention requirement 
already implemented in at least one Lake State (Kittler and Beauvais, 2010).  It is also 
important to note that the CWD of the Lenoir County Research Area was oft broken into 
small pieces due to the utilization of heavy machinery on site.  This too, may result in 
compliance issues if biomass harvest and retention guidelines become commonplace in 
the future of bioenergy development. 
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Appendix A 

 
 

Figure A - 1 - Post-Harvest P+ Treatment 

 
 
 

Figure A - 2 - Post-Harvest P- Treatment 

 
 

 
 



Figure A - 3 - Post-Harvest SG Treatment 

 
 
  



Appendix B 
 
 

Table B - 1 - Avg. Treatment Pile Volume 
Treatment Avg. Pile Volume (m3) (SE) 

P- 475.81 (128.6) 

SG 1124.49 (170.8) 

 
 

Table B - 2 - Total Pile Footprint and Volume by Plot 
Plot Block Treatment  Footprint of Piles (m2) Volume of Piles (m3) 

5 2 P- 541.85 271.89 
19 3 P- 669.06 371.45 
22 1 P- 700.29 408.08 
27 4 P- 1263.85 851.82 
18 3 SG 1099.50 708.97 
3 1 SG 1372.72 1015.20 

11 2 SG 1701.13 1269.25 
25 4 SG 1835.65 1504.55 

 
 

Table B - 3 - Plot 18 Pile Data 
Plot Pile Location Pile Number Code 
18 South West 1 p18swp1 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
157.40 1.05 86.54 SG 
Point Height Class Height Value (cm) Height Value (m) 

1 2 45 0.45 
2 4 105 1.05 
3 4 105 1.05 
4 5 135 1.35 
5 4 105 1.05 
6 5 135 1.35 
7 4 105 1.05 
8 5 135 1.35 
9 3 75 0.75 

    Plot Pile Location Pile Number Code 
18 South West 2 p18swp2 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
377.33 1.22 240.05 SG 
Point Height Class Height Value (cm) Height Value (m) 

1 3 75 0.75 
2 4 105 1.05 
3 3 75 0.75 
4 5 135 1.35 



5 5 135 1.35 
6 4 105 1.05 
7 5 135 1.35 
8 3 75 0.75 
9 6 165 1.65 

10 2 45 0.45 
11 4 105 1.05 
12 6 165 1.65 
13 6 165 1.65 
14 6 165 1.65 
15 6 165 1.65 
16 7 195 1.95 
17 7 195 1.95 
18 4 105 1.05 
19 3 75 0.75 
20 2 45 0.45 

    Plot Pile Location Pile Number Code 
18 North East 1 p18nep1 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
137.69 1.31 94.62 SG 

    Point Height Class Height Value (cm) Height Value (m) 
1 5 135 1.35 
2 5 135 1.35 
3 4 105 1.05 
4 6 165 1.65 
5 5 135 1.35 
6 6 165 1.65 
7 5 135 1.35 
8 3 75 0.75 

    Plot Pile Location Pile Number Code 
18 North East 2 p18nep2 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
427.08 1.29 287.76 SG 
Point Height Class Height Value (cm) Height Value (m) 

1 5 135 1.35 
2 7 195 1.95 
3 5 135 1.35 
4 3 75 0.75 
5 4 105 1.05 
6 3 75 0.75 
7 5 135 1.35 
8 6 165 1.65 
9 6 165 1.65 

10 4 105 1.05 
11 3 75 0.75 
12 4 105 1.05 
13 3 75 0.75 
14 4 105 1.05 
15 6 165 1.65 



16 6 165 1.65 
17 6 165 1.65 
18 7 195 1.95 
19 4 105 1.05 

 
 

Table B - 4 - Plot 19 Pile Data 
Plot Pile Location Pile Number Code 
19 South West 1 p19swp1 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
114.14 0.95 56.78 P- 
Point Height Class Height Value (cm) Height Value (m) 

1 2 45 0.45 
2 3 75 0.75 
3 4 105 1.05 
4 6 165 1.65 
5 3 75 0.75 
6 5 135 1.35 
7 5 135 1.35 
8 3 75 0.75 
9 2 45 0.45 

    Plot Pile Location Pile Number Code 
19 South West 2 p19swp2 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
117.35 1.18 72.71 P- 
Point Height Class Height Value (cm) Height Value (m) 

1 5 135 1.35 
2 5 135 1.35 
3 6 165 1.65 
4 5 135 1.35 
5 5 135 1.35 
6 2 45 0.45 
7 4 105 1.05 
8 5 135 1.35 
9 3 75 0.75 

    Plot Pile Location Pile Number Code 
19 South West 3 p19swp3 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
42.21 0.70 15.47 P- 
Point Height Class Height Value (cm) Height Value (m) 

1 3 75 0.75 
2 4 105 1.05 
3 2 45 0.45 
4 4 105 1.05 
5 3 75 0.75 
6 1 15 0.15 

    Plot Pile Location Pile Number Code 



19 North East 1 p19nep1 
Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 

27.36 1.05 15.04 P- 
Point Height Class Height Value (cm) Height Value (m) 

1 5 135 1.35 
2 5 135 1.35 
3 2 45 0.45 

    Plot Pile Location Pile Number Code 
19 North East 2 p19nep2 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
56.78 1.25 37.16 P- 
Point Height Class Height Value (cm) Height Value (m) 

1 4 105 1.05 
2 5 135 1.35 
3 5 135 1.35 
4 6 165 1.65 
5 6 165 1.65 
6 2 45 0.45 

    Plot Pile Location Pile Number Code 
19 North East 3 p19nep3 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
60.11 0.99 31.16 P- 
Point Height Class Height Value (cm) Height Value (m) 

1 2 45 0.45 
2 6 165 1.65 
3 5 135 1.35 
4 4 105 1.05 
5 2 45 0.45 

    Plot Pile Location Pile Number Code 
19 North East 4 p19nep4 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
151.77 1.17 92.98 P- 
Point Height Class Height Value (cm) Height Value (m) 

1 3 75 0.75 
2 5 135 1.35 
3 5 135 1.35 
4 5 135 1.35 
5 4 105 1.05 
6 4 105 1.05 
7 4 105 1.05 
8 6 165 1.65 
9 6 165 1.65 

10 2 45 0.45 

    Plot Pile Location Pile Number Code 
19 North East 5 p19nep5 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
99.34 0.96 50.16 P- 
Point Height Class Height Value (cm) Height Value (m) 



1 3 75 0.75 
2 4 105 1.05 
3 5 135 1.35 
4 5 135 1.35 
5 4 105 1.05 
6 3 75 0.75 
7 2 45 0.45 

 
 

Table B - 5 - Plot 22 Pile Data 
Plot Pile Location Pile Number Code 
22 South 1 p22sp1 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
14.73 1.65 12.73 P- 
Point Height Class Height Value (cm) Height Value (m) 

1 6 165 1.65 
2 6 165 1.65 

    Plot Pile Location Pile Number Code 
22 South 2 p22sp2 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
54.91 0.57 16.39 P- 
Point Height Class Height Value (cm) Height Value (m) 

1 1 15 0.15 
2 3 75 0.75 
3 2 45 0.45 
4 4 105 1.05 
5 2 45 0.45 

    Plot Pile Location Pile Number Code 
22 South 3 p22sp3 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
266.17 1.02 142.53 P- 
Point Height Class Height Value (cm) Height Value (m) 

1 2 45 0.45 
2 5 135 1.35 
3 3 75 0.75 
4 5 135 1.35 
5 3 75 0.75 
6 3 75 0.75 
7 5 135 1.35 
8 2 45 0.45 
9 2 45 0.45 

10 4 105 1.05 
11 6 165 1.65 
12 4 105 1.05 
13 4 105 1.05 
14 5 135 1.35 
15 4 105 1.05 
16 5 135 1.35 
17 3 75 0.75 



18 5 135 1.35 
19 4 105 1.05 
20 5 135 1.35 
21 4 105 1.05 
22 3 75 0.75 

    Plot Pile Location Pile Number Code 
22 North 1 p22np1 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
364.48 1.24 236.43 P- 
Point Height Class Height Value (cm) Height Value (m) 

1 5 135 1.35 
2 5 135 1.35 
3 6 165 1.65 
4 6 165 1.65 
5 4 105 1.05 
6 5 135 1.35 
7 5 135 1.35 
8 5 135 1.35 
9 6 165 1.65 

10 6 165 1.65 
11 5 135 1.35 
12 6 165 1.65 
13 5 135 1.35 
14 2 45 0.45 
15 1 15 0.15 
16 5 135 1.35 
17 5 135 1.35 
18 4 105 1.05 
19 5 135 1.35 
20 4 105 1.05 
21 5 135 1.35 
22 6 165 1.65 
23 4 105 1.05 
24 6 165 1.65 
25 4 105 1.05 
26 2 45 0.45 
27 3 75 0.75 

 
 

Table B - 6 - Plot 3 Pile Data 
Plot Pile Location Pile Number Code 

3 South 1 p3sp1 
Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 

659.79 1.44 495.99 SG 
Point Height Class Height Value (cm) Height Value (m) 

1 3 75 0.75 
2 6 165 1.65 
3 7 195 1.95 
4 3 75 0.75 
5 5 135 1.35 



6 6 165 1.65 
7 5 135 1.35 
8 5 135 1.35 
9 5 135 1.35 

10 5 135 1.35 
11 6 165 1.65 
12 7 195 1.95 
13 5 135 1.35 
14 4 105 1.05 
15 6 165 1.65 
16 4 105 1.05 
17 8 225 2.25 
18 6 165 1.65 
19 6 165 1.65 
20 5 135 1.35 
21 4 105 1.05 

    Plot Pile Location Pile Number Code 
3 North 1 p3np1 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
712.93 1.39 519.21 SG 
Point Height Class Height Value (cm) Height Value (m) 

1 3 75 0.75 
2 6 165 1.65 
3 6 165 1.65 
4 6 165 1.65 
5 7 195 1.95 
6 6 165 1.65 
7 6 165 1.65 
8 6 165 1.65 
9 6 165 1.65 

10 6 165 1.65 
11 5 135 1.35 
12 5 135 1.35 
13 5 135 1.35 
14 4 105 1.05 
15 5 135 1.35 
16 6 165 1.65 
17 6 165 1.65 
18 5 135 1.35 
19 5 135 1.35 
20 3 75 0.75 
21 4 105 1.05 
22 2 45 0.45 

 
 
 
 

 



 
Table B - 7 - Plot 11 Pile Data 

Plot Pile Location Pile Number Code 
11 South 1 p11sp1 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
766.62 1.48 593.50 SG 
Point Height Class Height Value (cm) Height Value (m) 

1 4 105 1.05 
2 3 75 0.75 
3 4 105 1.05 
4 5 135 1.35 
5 6 165 1.65 
6 5 135 1.35 
7 5 135 1.35 
8 4 105 1.05 
9 5 135 1.35 

10 5 135 1.35 
11 5 135 1.35 
12 6 165 1.65 
13 8 225 2.25 
14 6 165 1.65 
15 7 195 1.95 
16 7 195 1.95 
17 6 165 1.65 
18 6 165 1.65 
19 6 165 1.65 
20 5 135 1.35 
21 5 135 1.35 
22 4 105 1.05 
23 6 165 1.65 
24 7 195 1.95 
25 5 135 1.35 
26 6 165 1.65 
27 6 165 1.65 
28 5 135 1.35 

    Plot Pile Location Pile Number Code 
11 North 1 p11np1 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
934.51 1.38 675.75 SG 
Point Height Class Height Value (cm) Height Value (m) 

1 2 45 0.45 
2 3 75 0.75 
3 5 135 1.35 
4 5 135 1.35 
5 5 135 1.35 
6 4 105 1.05 
7 5 135 1.35 
8 5 135 1.35 
9 6 165 1.65 

10 4 105 1.05 



11 3 75 0.75 
12 5 135 1.35 
13 6 165 1.65 
14 5 135 1.35 
15 5 135 1.35 
16 6 165 1.65 
17 7 225 2.25 
18 6 165 1.65 
19 6 165 1.65 
20 3 75 0.75 
21 6 165 1.65 
22 5 135 1.35 
23 4 105 1.05 
24 5 135 1.35 
25 5 135 1.35 
26 7 225 2.25 
27 5 135 1.35 
28 7 225 2.25 
29 5 135 1.35 

 
 

Table B - 8 - Plot 25 Pile Data 
Plot Pile Location Pile Number Code 
25 South 1 p25sp1 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
783.98 1.40 576.15 SG 
Point Height Class Height Value (cm) Height Value (m) 

1 3 75 0.75 
2 5 135 1.35 
3 5 135 1.35 
4 5 135 1.35 
5 6 165 1.65 
6 5 135 1.35 
7 6 165 1.65 
8 6 165 1.65 
9 6 165 1.65 

10 4 105 1.05 
11 5 135 1.35 
12 6 165 1.65 
13 5 135 1.35 
14 5 135 1.35 
15 4 105 1.05 
16 6 165 1.65 
17 5 135 1.35 
18 6 165 1.65 
19 5 135 1.35 
20 5 135 1.35 
21 6 165 1.65 
22 6 165 1.65 
23 5 135 1.35 
24 6 165 1.65 



25 5 135 1.35 
26 5 135 1.35 
27 5 135 1.35 
28 4 105 1.05 

    Plot Pile Location Pile Number Code 
25 North 1 p25np1 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
1051.67 1.69 928.40 SG 
Point Height Class Height Value (cm) Height Value (m) 

1 3 75 0.75 
2 7 195 1.95 
3 6 165 1.65 
4 6 165 1.65 
5 6 165 1.65 
6 5 135 1.35 
7 6 165 1.65 
8 8 225 2.25 
9 5 135 1.35 

10 7 195 1.95 
11 7 195 1.95 
12 6 165 1.65 
13 6 165 1.65 
14 6 165 1.65 
15 7 195 1.95 
16 5 135 1.35 
17 6 165 1.65 
18 7 195 1.95 
19 6 165 1.65 
20 7 195 1.95 
21 5 135 1.35 
22 7 195 1.95 
23 6 165 1.65 
24 6 165 1.65 
25 7 195 1.95 

 
 

Table B - 9 - Plot 27 Pile Data 
Plot Pile Location Pile Number Code 
27 South 1 p29sp1 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
636.26 1.18 394.60 P- 
Point Height Class Height Value (cm) Height Value (m) 

1 3 75 0.75 
9 3 75 0.75 

20 3 75 0.75 
21 3 75 0.75 
26 3 75 0.75 
29 3 75 0.75 
4 4 105 1.05 
6 4 105 1.05 



10 4 105 1.05 
12 4 105 1.05 
17 4 105 1.05 
18 4 105 1.05 
2 5 135 1.35 
3 5 135 1.35 
5 5 135 1.35 
7 5 135 1.35 

11 5 135 1.35 
13 5 135 1.35 
14 5 135 1.35 
15 5 135 1.35 
19 5 135 1.35 
22 5 135 1.35 
23 5 135 1.35 
24 5 135 1.35 
25 5 135 1.35 
27 5 135 1.35 
28 5 135 1.35 
8 6 165 1.65 

16 6 165 1.65 

    Plot Pile Location Pile Number Code 
27 North 1 p29np1 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
627.59 1.39 457.21 P- 
Point Height Class Height Value (cm) Height Value (m) 

1 3 75 0.75 
28 3 75 0.75 
2 4 105 1.05 
6 4 105 1.05 
8 4 105 1.05 

14 4 105 1.05 
23 4 105 1.05 
29 4 105 1.05 
4 5 135 1.35 
7 5 135 1.35 
9 5 135 1.35 

12 5 135 1.35 
13 5 135 1.35 
19 5 135 1.35 
20 5 135 1.35 
21 5 135 1.35 
22 5 135 1.35 
3 6 165 1.65 
5 6 165 1.65 

10 6 165 1.65 
11 6 165 1.65 
15 6 165 1.65 
16 6 165 1.65 
17 6 165 1.65 
18 6 165 1.65 



25 6 165 1.65 
27 6 165 1.65 
24 7 195 1.95 
26 7 195 1.95 

 
 

Table B - 10 - Plot 5 Pile Data 
Plot Pile Location Pile Number Code 

5 South 1 p15sp1 
Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 

17.12 0.75 6.72 P- 
Point Height Class Height Value (cm) Height Value (m) 

1 2 45 0.45 
2 4 105 1.05 
3 3 75 0.75 

    Plot Pile Location Pile Number Code 
5 South 2 p15sp2 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
46.05 1.15 27.73 P- 
Point Height Class Height Value (cm) Height Value (m) 

1 5 135 1.35 
2 5 135 1.35 
3 6 165 1.65 
4 4 105 1.05 
5 3 75 0.75 
6 3 75 0.75 

    Plot Pile Location Pile Number Code 
5 South 3 p15sp3 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
304.20 0.99 157.18 P- 
Point Height Class Height Value (cm) Height Value (m) 

1 5 135 1.35 
2 5 135 1.35 
3 3 75 0.75 
4 3 75 0.75 
5 5 135 1.35 
6 4 105 1.05 
7 4 105 1.05 
8 3 75 0.75 
9 4 105 1.05 

10 4 105 1.05 
11 3 75 0.75 
12 5 135 1.35 
13 5 135 1.35 
14 6 165 1.65 
15 4 105 1.05 
16 2 45 0.45 
17 3 75 0.75 
18 3 75 0.75 



19 1 15 0.15 

    Plot Pile Location Pile Number Code 
5 North 1 p15np1 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
69.99 0.75 27.49 P- 
Point Height Class Height Value (cm) Height Value (m) 

1 1 15 0.15 
2 4 105 1.05 
3 2 45 0.45 
4 4 105 1.05 
5 5 135 1.35 
6 1 15 0.15 
7 4 105 1.05 

    Plot Pile Location Pile Number Code 
5 North 2 p15np2 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
84.77 0.92 40.90 P- 
Point Height Class Height Value (cm) Height Value (m) 

1 3 75 0.75 
2 4 105 1.05 
3 3 75 0.75 
4 3 75 0.75 
5 4 105 1.05 
6 3 75 0.75 
7 5 135 1.35 

    Plot Pile Location Pile Number Code 
5 North 3 p15np3 

Footprint Area (m2) Mean Height (m) Estimated Volume (m3) Treatment Type 
19.72 1.15 11.87 P- 
Point Height Class Height Value (cm) Height Value (m) 

1 4 105 1.05 
2 6 165 1.65 
3 3 75 0.75 

 
 
  



Appendix C 
 
 

Table C - 1 - Packing Ratio of Piles (Combined) 
 Packing Ratio (SE) 

CWD 7.69% (1.05%) 

HW CWD 3.94% (0.71%) 

Pine CWD 3.75% (0.33%) 

 
 

Table C - 2 - Pile Packing Ratio Data for P- Subsample 1 
Treatment Subsample 

   P- 1 
   Subsample Length 

(m) 
Subsample Width 

(m) 
Subsample Height 

(m) 
Subsample 

Volume (m3) 
 0.9 2.54 1.04 1.87 
 CWD (m3) HW CWD (m3) Pine CWD (m3) 

  0.1028 0.0517 0.0511 
  CWD Packing 

Ratio 
HW CWD Packing 

Ratio 
Pine CWD Packing 

Ratio 
  0.0551 0.0277 0.0274 
  

     Type D-1 (cm) D-2 (cm) Length (m) Volume (m3) 
HW 9.78 10.16 0.30 0.0024 
HW 4.83 5.33 0.74 0.0015 
HW 6.35 6.73 0.79 0.0026 
HW 5.84 5.84 0.90 0.0024 
HW 4.45 5.21 0.90 0.0017 
HW 7.62 8.26 0.90 0.0045 
HW 10.80 10.92 0.90 0.0083 
HW 6.86 5.97 0.90 0.0029 
HW 6.22 4.83 0.90 0.0022 
HW 9.14 8.38 0.90 0.0054 
HW 7.87 7.11 0.90 0.0040 
HW 6.86 6.86 0.90 0.0033 
HW 5.84 5.97 0.90 0.0025 
HW 5.08 4.32 0.90 0.0016 
HW 5.46 6.10 0.90 0.0024 
HW 7.37 7.75 0.90 0.0040 

P 5.08 4.70 0.53 0.0010 
P 5.33 4.70 0.58 0.0012 
P 11.18 11.68 0.64 0.0065 
P 13.21 13.34 0.64 0.0088 
P 5.84 6.86 0.90 0.0029 
P 8.38 7.24 0.90 0.0043 
P 5.08 4.83 0.90 0.0017 
P 5.97 5.33 0.90 0.0023 
P 8.38 8.00 0.90 0.0047 
P 5.08 4.57 0.90 0.0017 
P 4.83 5.46 0.90 0.0019 
P 14.48 13.84 0.90 0.0142 



 
Table C - 3 - Pile Packing Ratio Data for P- Subsample 2 

Treatment Subsample 
   P- 2 
   Subsample Length 

(m) 
Subsample Width 

(m) 
Subsample Height 

(m) 
Subsample Volume 

(m3) 
 0.9 3.05 1.17 2.52 
 CWD (m3) HW CWD (m3) Pine CWD (m3) 

  0.1326 0.0656 0.0670 
  CWD Packing 

Ratio 
HW CWD Packing 

Ratio 
Pine CWD Packing 

Ratio 
  0.0526 0.0260 0.0266 
  

     
Type D-1 (cm) D-2 (cm) Length (m) 

Volume 
(m3) 

HW 5.59 5.33 0.66 0.0015 
HW 7.37 6.35 0.69 0.0025 
HW 5.33 4.70 0.90 0.0018 
HW 5.97 5.84 0.90 0.0025 
HW 6.73 5.97 0.90 0.0029 
HW 8.89 10.41 0.90 0.0066 
HW 10.03 11.30 0.90 0.0081 
HW 4.95 6.35 0.90 0.0023 
HW 10.03 10.16 0.90 0.0072 
HW 9.65 9.02 0.90 0.0062 
HW 5.46 5.08 0.90 0.0020 
HW 7.49 6.48 0.90 0.0035 
HW 5.59 4.95 0.90 0.0020 
HW 6.60 6.35 0.90 0.0030 
HW 5.33 5.46 0.90 0.0021 
HW 9.14 8.76 0.90 0.0057 
HW 7.11 7.11 0.90 0.0036 
HW 6.35 5.08 0.90 0.0023 

P 6.73 6.86 0.30 0.0011 
P 8.00 7.87 0.36 0.0018 
P 5.08 4.70 0.41 0.0008 
P 6.73 6.35 0.41 0.0014 
P 5.33 4.57 0.43 0.0008 
P 5.08 4.70 0.53 0.0010 
P 6.35 5.97 0.66 0.0020 
P 8.00 6.86 0.71 0.0031 
P 4.83 6.73 0.74 0.0020 
P 5.33 5.08 0.76 0.0016 
P 7.37 7.49 0.76 0.0033 
P 5.59 5.72 0.76 0.0019 
P 5.72 6.35 0.90 0.0026 
P 13.46 11.81 0.90 0.0113 
P 5.72 5.08 0.90 0.0021 
P 5.33 4.95 0.90 0.0019 
P 6.73 5.72 0.90 0.0028 
P 14.48 13.72 0.90 0.0141 
P 5.84 8.00 0.90 0.0035 



P 5.46 5.33 0.90 0.0021 
P 6.22 5.33 0.90 0.0024 
P 7.49 6.99 0.90 0.0037 

 
 

Table C - 4 - Pile Packing Ratio Data for SG Subsample 1 
Treatment Subsample 

   P+ 1 
   Subsample 

Length (m) 
Subsample Width 

(m) 
Subsample Height 

(m) 
Subsample 

Volume (m3) 
 0.9 2.54 1.2 2.15 
 CWD (m3) HW CWD (m3) Pine CWD (m3) 

  0.1882 0.1004 0.0879 
  CWD Packing 

Ratio 
HW CWD Packing 

Ratio 
Pine CWD Packing 

Ratio 
  0.0874 0.0466 0.0408 
  

     Type D-1 (cm) D-2 (cm) Length (m) Volume (m3) 
HW 6.86 5.59 0.36 0.0011 
HW 9.53 6.99 0.41 0.0022 
HW 5.84 5.46 0.46 0.0011 
HW 7.11 6.78 0.90 0.0034 
HW 6.60 4.32 0.90 0.0022 
HW 6.60 3.86 0.90 0.0021 
HW 12.83 12.70 0.90 0.0115 
HW 14.78 13.77 0.90 0.0144 
HW 8.00 7.92 0.90 0.0045 
HW 5.33 5.59 0.90 0.0021 
HW 5.89 4.32 0.90 0.0019 
HW 12.01 10.34 0.90 0.0089 
HW 5.64 4.90 0.90 0.0020 
HW 5.46 4.83 0.90 0.0019 
HW 6.83 6.88 0.90 0.0033 
HW 7.67 7.90 0.90 0.0043 
HW 6.15 6.53 0.90 0.0028 
HW 4.88 5.21 0.90 0.0018 
HW 6.63 5.08 0.90 0.0025 
HW 7.42 6.05 0.90 0.0032 
HW 8.64 8.10 0.90 0.0050 
HW 16.00 14.48 0.90 0.0165 
HW 5.46 4.32 0.90 0.0017 

P 5.08 5.84 0.33 0.0008 
P 5.84 5.08 0.36 0.0008 
P 5.92 5.54 0.41 0.0010 
P 6.02 5.79 0.53 0.0015 
P 7.75 4.95 0.58 0.0019 
P 5.38 6.10 0.64 0.0016 
P 5.84 5.21 0.66 0.0016 
P 5.72 5.59 0.66 0.0017 
P 5.46 4.95 0.74 0.0016 
P 14.48 12.45 0.90 0.0129 
P 4.83 4.57 0.90 0.0016 



P 5.13 5.46 0.90 0.0020 
P 5.89 4.88 0.90 0.0021 
P 5.21 4.32 0.90 0.0016 
P 6.65 5.61 0.90 0.0027 
P 5.54 4.78 0.90 0.0019 
P 6.68 5.38 0.90 0.0026 
P 5.49 4.32 0.90 0.0017 
P 13.39 13.97 0.90 0.0132 
P 5.87 4.42 0.90 0.0019 
P 6.96 6.10 0.90 0.0030 
P 5.46 4.45 0.90 0.0018 
P 5.08 4.70 0.90 0.0017 
P 10.62 9.19 0.90 0.0070 
P 10.67 9.53 0.90 0.0072 
P 7.49 6.22 0.90 0.0034 
P 7.62 6.10 0.90 0.0034 
P 5.46 4.45 0.90 0.0018 
P 5.46 5.33 0.90 0.0021 

 
 

Table C - 5 - Pile Packing Ratio Data for SG Subsample 2 
Treatment Subsample 

   P+ 2 
   Subsample 

Length (m) 
Subsample Width 

(m) 
Subsample Height 

(m) 
Subsample 

Volume (m3) 
 0.9 3.18 1.34 3.01 
 CWD (m3) HW CWD (m3) Pine CWD (m3) 

  0.2001 0.0973 0.1028 
  CWD Packing 

Ratio 
HW CWD Packing 

Ratio 
Pine CWD Packing 

Ratio 
  0.0664 0.0323 0.0341 
  

     Type D-1 (cm) D-2 (cm) Length (m) Volume (m3) 
HW 6.86 6.73 0.46 0.0017 
HW 5.08 5.08 0.64 0.0013 
HW 14.86 15.75 0.90 0.0166 
HW 12.95 11.68 0.90 0.0108 
HW 5.33 4.95 0.90 0.0019 
HW 13.46 13.21 0.90 0.0126 
HW 11.94 11.81 0.90 0.0100 
HW 6.35 6.10 0.90 0.0027 
HW 7.37 5.97 0.90 0.0032 
HW 7.87 8.38 0.90 0.0047 
HW 16.76 15.11 0.90 0.0180 
HW 8.38 8.13 0.90 0.0048 
HW 5.21 4.95 0.90 0.0018 
HW 7.11 5.59 0.90 0.0029 
HW 5.33 4.95 0.90 0.0019 
HW 5.84 6.22 0.90 0.0026 

P 5.33 5.21 0.30 0.0007 
P 6.10 6.10 0.30 0.0009 
P 5.33 5.59 0.43 0.0010 



P 4.95 5.84 0.46 0.0011 
P 6.86 5.08 0.48 0.0014 
P 5.21 4.95 0.48 0.0010 
P 6.73 6.73 0.51 0.0018 
P 4.70 5.84 0.56 0.0012 
P 5.33 5.59 0.58 0.0014 
P 5.08 4.57 0.61 0.0011 
P 6.10 4.70 0.64 0.0015 
P 5.21 5.33 0.66 0.0014 
P 6.10 6.73 0.69 0.0022 
P 5.84 5.08 0.71 0.0017 
P 5.84 4.95 0.71 0.0016 
P 16.13 16.38 0.90 0.0187 
P 11.94 11.68 0.90 0.0099 
P 6.73 6.10 0.90 0.0029 
P 5.84 6.86 0.90 0.0029 
P 6.35 5.33 0.90 0.0024 
P 6.86 6.22 0.90 0.0030 
P 5.84 6.22 0.90 0.0026 
P 5.84 5.08 0.90 0.0021 
P 5.84 5.08 0.90 0.0021 
P 4.95 5.21 0.90 0.0018 
P 5.21 4.57 0.90 0.0017 
P 8.64 7.87 0.90 0.0048 
P 5.08 5.72 0.90 0.0021 
P 10.80 9.70 0.90 0.0074 
P 8.26 8.33 0.90 0.0049 
P 13.97 13.72 0.90 0.0135 

 
 

Table C - 6 - Packing Ratio of P- Piles 
 Packing Ratio (SE) 

CWD 5.38% (0.12%) 

HW CWD 2.68% (0.08%) 

Pine CWD 2.70% (0.04%) 

 
 

Table C - 7 - Packing Ratio of SG Piles 
 Packing Ratio (SE) 

CWD 6.54% (1.12%) 

HW CWD 3.31% (0.66%) 

Pine CWD 3.22% (0.47%) 

 
  



Appendix D 
 
 

Table D - 1 - Adjusted Pile Volumes of P- Plots (35% Soil) 
Plot Gross Pile Volume (m3) Adjusted Pile Volume (m3) 

5 271.89 176.73 
19 371.45 241.44 
22 408.08 265.25 
27 851.82 553.68 

 
 

Table D - 2 - Adjusted Pile Volumes of SG Plots (70% Soil) 
Plot Gross Pile Volume (m3) Adjusted Pile Volume (m3) 
18 708.97 212.69 
3 1015.20 304.56 

11 1269.25 380.78 
25 1504.55 451.37 

 
 

Table D - 3 - CWD Within Piles on SG Plots 
Plot 18 3 11 25 
Adjusted Pile Volume (m3) 212.69 304.56 380.78 451.37 
CWD (m3) 7.28 10.42 13.03 15.44 
HW CWD (m3) 7.05 10.09 12.62 14.96 
Pine CWD (m3) 0.23 0.33 0.41 0.48 
Treatment Area (ha) 1.15 0.76 1.12 1.17 
CWD (m3/ha) 12.07 26.17 22.28 25.20 
HW CWD (m3/ha) 6.12 13.27 11.30 12.78 
Pine CWD (m3/ha) 5.95 12.90 10.99 12.42 
CWD Biomass (Mg/ha) 5.73 12.42 10.58 11.96 
HW CWD Biomass (Mg/ha) 3.13 6.79 5.78 6.54 
Pine CWD Biomass (Mg/ha) 2.60 5.63 4.80 5.42 

 
 

Table D - 4 - CWD Within Piles on P- Plots 
Plot 5 19 22 27 
Adjusted Pile Volume (m3) 176.73 241.44 265.25 553.68 
CWD (m3) 11.55 15.78 17.34 36.19 
HW CWD (m3) 5.86 8.00 8.79 18.35 
Pine CWD (m3) 5.69 7.78 8.55 17.84 
Treatment Area (ha) 1.07 1.27 1.14 1.11 
CWD (m3/ha) 10.81 12.45 15.20 32.48 
HW CWD (m3/ha) 5.48 6.31 7.71 16.47 
Pine CWD (m3/ha) 5.33 6.14 7.49 16.01 
CWD Biomass (Mg/ha) 5.13 5.91 7.21 15.42 
HW CWD Biomass (Mg/ha) 2.80 3.23 3.94 8.43 
Pine CWD Biomass (Mg/ha) 2.33 2.68 3.27 6.99 



Appendix E 
 
 

Table E - 1 - Mean Treatment-Level LIS Data for P+ Plots 
CWD (m3/ha): 20.07 HW CWD (m3/ha): 8.51 Pine CWD (m3/ha): 11.56 

(SE) (6.80) (SE) (2.28) (SE) (7.34) 

 
 

Table E - 2 - Mean Treatment-Level LIS Data for P- Plots 
CWD (m3/ha): 11.39 HW CWD (m3/ha): 1.31 Pine CWD (m3/ha): 10.08 

(SE) (10.10) (SE) (1.36) (SE) (9.62) 

 
 

Table E - 3 - Mean Treatment-Level LIS Data for P- Plots – Highly Influential 
Pieces Removed 

CWD (m3/ha): 3.03 HW CWD (m3/ha): 1.31 Pine CWD (m3/ha): 1.72 
(SE) (2.25) (SE) (1.36) (SE) (1.16) 

 
 

Table E - 4 - Mean Plot-Level LIS Data for P+ Plots 
Plot       

1 CWD (m3/ha): 27.58 HW CWD (m3/ha): 8.99 Pine CWD (m3/ha): 18.59 

 (SE) (8.86) (SE) (2.38) (SE) (6.50) 

12 CWD (m3/ha): 27.75 HW CWD (m3/ha): 6.75 Pine CWD (m3/ha): 21.00 

 
(SE) (11.46) (SE) (3.12) (SE) (14.52) 

21 CWD (m3/ha): 13.10 HW CWD (m3/ha): 9.28 Pine CWD (m3/ha): 3.82 

 (SE) (1.67) (SE) (2.57) (SE) (2.18) 

24 CWD (m3/ha): 11.87 HW CWD (m3/ha): 9.02 Pine CWD (m3/ha): 2.85 

 (SE) (3.27) (SE) (3.72) (SE) (0.45) 

 
 

Table E - 5 - Mean Plot-Level LIS Data for P- Plots 
Plot  

5 CWD (m3/ha): 2.29 HW CWD (m3/ha): 0.62 Pine CWD (m3/ha): 1.67 

 (SE) (1.77) (SE) (0.62) (SE) (1.17) 

19 CWD (m3/ha): 16.61 HW CWD (m3/ha): 2.04 Pine CWD (m3/ha): 14.57 

 (SE) (16.30) (SE) (2.04) (SE) (14.26) 

22 CWD (m3/ha): 6.22 HW CWD (m3/ha): 2.59 Pine CWD (m3/ha): 3.63 

 (SE) (4.56) (SE) (2.59) (SE) (2.01) 

27 CWD (m3/ha): 20.46 HW CWD (m3/ha): 0.00 Pine CWD (m3/ha): 20.46 

 (SE) (18.68) (SE) N/A (SE) (18.68) 

 
 
 



Table E - 6 - Mean Plot-Level LIS Data for P- Plots – Highly Influential Pieces 
Removed 

Plot  
5 CWD (m3/ha): 2.29 HW CWD (m3/ha): 0.62 Pine CWD (m3/ha): 1.67 

 
(SE) (1.77) (SE) (0.62) (SE) (1.17) 

19 CWD (m3/ha): 2.42 HW CWD (m3/ha): 2.04 Pine CWD (m3/ha): 0.38 

 (SE) (2.12) (SE) (2.04) (SE) (0.19) 

22 CWD (m3/ha): 6.22 HW CWD (m3/ha): 2.59 Pine CWD (m3/ha): 3.63 

 (SE) (4.56) (SE) (2.59) (SE) (2.01) 

27 CWD (m3/ha): 1.20 HW CWD (m3/ha): 0.00 Pine CWD (m3/ha): 1.20 

 (SE) (1.21) (SE) N/A (SE) (1.21) 

 
 

Table E - 7 - Transect-Level LIS Data for P+ Plots 
Plot Transect  CWD (m3/ha): HW CWD (m3/ha): Pine CWD (m3/ha): 

1 1 37.03 11.90 25.13 
1 2 9.86 4.27 5.60 
1 3 35.84 10.79 25.05 

12 1 21.88 9.60 12.28 
12 2 49.86 0.51 49.35 
12 3 11.49 10.13 1.36 
21 1 11.76 4.21 7.55 
21 2 11.11 11.11 0.00 
21 3 16.42 12.52 3.90 
24 1 10.96 7.98 2.98 
24 2 17.94 15.93 2.02 
24 3 6.71 3.15 3.56 

 
 

Table E - 8 - Transect-Level LIS Data for P- Plots 
Plot Transect  CWD (m3/ha): HW CWD (m3/ha): Pine CWD (m3/ha): 

5 1 1.08 0.00 1.08 
5 2 5.78 1.86 3.92 
5 3 0.00 0.00 0.00 

19 1 0.00 0.00 0.00 
19 2 0.62 0.00 0.62 
19 3 49.21 6.13 43.08 
22 1 2.49 0.00 2.49 
22 2 0.87 0.00 0.87 
22 3 15.30 7.76 7.54 
27 1 3.61 0.00 3.61 
27 2 0.00 0.00 0.00 
27 3 57.76 0.00 57.76 

 
 
 
 



 
Table E - 9 - Transect-Level LIS Data for P- Plots – Highly Influential Pieces 

Removed 
Plot Transect  CWD (m3/ha): HW CWD (m3/ha): Pine CWD (m3/ha): 

5 1 1.08 0.00 1.08 
5 2 5.78 1.86 3.92 
5 3 0.00 0.00 0.00 

19 1 0.00 0.00 0.00 
19 2 0.62 0.00 0.62 
19 3 6.64 6.13 0.51 
22 1 2.49 0.00 2.49 
22 2 0.87 0.00 0.87 
22 3 15.30 7.76 7.54 
27 1 3.61 0.00 3.61 
27 2 0.00 0.00 0.00 
27 3 0.00 0.00 0.00 

 
 

Table E - 10 - LIS Data for Plot 1 Transect 1 
Plot Transect Treatment: 

1 1 P+ 
CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 

37.03 11.90 25.13 

   Piece Type Intersect Diameter (cm) 
1 H 9 
2 H 6 
3 H 6 
4 H 5.75 
5 H 10 
6 H 6.25 
7 H 7.5 
8 H 7.25 
9 H 9 

10 H 8 
11 P 7.25 
12 P 5.5 
13 P 5.25 
14 P 13 
15 P 5.5 
16 P 6.5 
17 P 6.5 
18 P 5.25 
19 P 5 
20 P 11.5 
21 P 8 
22 P 5.5 
23 P 8.25 
24 P 7 
25 P 8 



26 P 6.5 
27 P 8 
28 P 7.75 
29 P 7.25 
30 P 7.75 
31 P 5 
32 P 8 

 
 

Table E.11 - LIS Data for Plot 1 Transect 2 
Plot Transect Treatment: 

1 2 P+ 
CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 

9.86 4.27 5.60 

   Piece Type Intersect Diameter (cm) 
1 H 9 
2 H 5 
3 H 7 
4 H 7.25 
5 P 6 
6 P 6.75 
7 P 11.75 
8 P 5.25 
9 P 5 

 
 

Table E.12 - LIS Data for Plot 1 Transect 3 
Plot Transect Treatment: 

1 3 P+ 
CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 

35.84 10.79 25.05 

   Piece Type Intersect Diameter (cm) 
1 H 6.25 
2 H 6 
3 H 5.25 
4 H 10 
5 H 9 
6 H 12.5 
7 H 6 
8 H 7 
9 P 5 

10 P 14 
11 P 7 
12 P 7 
13 P 8 
14 P 5.5 
15 P 8.5 
16 P 6 
17 P 12.5 



18 P 6.25 
19 P 6.25 
20 P 5.75 
21 P 17 
22 P 5 
23 P 7 
24 P 5.75 
25 P 5.75 

 
 

Table E.13 - LIS Data for Plot 12 Transect 1 
Plot Transect Treatment: 
12 1 P+ 

CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 
21.88 9.60 12.28 

   Piece Type Intersect Diameter (cm) 
1 H 6 
2 H 8 
3 H 11.25 
4 H 12.5 
5 H 7.35 
6 H 5.5 
7 P 5.5 
8 P 5.75 
9 P 11 

10 P 6.75 
11 P 6.75 
12 P 5.5 
13 P 14.75 
14 P 7 
15 P 5 

 
 

Table E.14 - LIS Data for Plot 12 Transect 2 
Plot Transect Treatment: 
12 2 P+ 

CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 
49.86 0.51 49.35 

   Piece Type Intersect Diameter (cm) 
1 H 5 
2 P 7 
3 P 6.25 
4 P 5.5 
5 P 10 
6 P 6.75 
7 P 6 
8 P 9 
9 P 25.5 

10 P 31.5 



11 P 18.75 
12 P 5 

 
 

Table E.15 - LIS Data for Plot 12 Transect 3 
Plot Transect Treatment: 
12 3 P+ 

CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 
11.49 10.13 1.36 

   Piece Type Intersect Diameter (cm) 
1 H 7.5 
2 H 8.5 
3 H 6 
4 H 6.75 
5 H 6 
6 H 5 
7 H 10.25 
8 H 8 
9 H 5.25 

10 H 5 
11 P 5.5 
12 P 6 

 
 

Table E.16 - LIS Data for Plot 21 Transect 1 
Plot Transect Treatment: 
21 1 P+ 

CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 
11.76 4.21 7.55 

   Piece Type Intersect Diameter (cm) 
1 H 8.75 
2 H 8 
3 H 8 
4 P 6.5 
5 P 7.25 
6 P 5.5 
7 P 7.5 
8 P 12.25 
9 P 6 

 
 

Table E.17 - LIS Data for Plot 21 Transect 2 
Plot Transect Treatment: 
21 2 P+ 

CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 
11.11 11.11 0.00 

   Piece Type Intersect Diameter (cm) 



1 H 6 
2 H 11 
3 H 6 
4 H 10 
5 H 5.5 
6 H 10 
7 H 9 
8 H 6 

 
 

Table E.18 - LIS Data for Plot 21 Transect 3 
Plot Transect Treatment: 
21 3 P+ 

CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 
16.42 12.52 3.90 

   Piece Type Intersect Diameter (cm) 
1 H 6 
2 H 8 
3 H 8 
4 H 12.9 
5 H 11 
6 H 6.5 
7 H 9.5 
8 H 5 
9 P 7.5 

10 P 6 
11 P 5.5 
12 P 5 
13 P 6.5 

 
 

Table E.19 - LIS Data for Plot 24 Transect 1 
Plot Transect Treatment: 
24 1 P+ 

CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 
10.96 7.98 2.98 

   Piece Type Intersect Diameter (cm) 
1 H 6 
2 H 9.75 
3 H 11.75 
4 H 6.5 
5 H 5.25 
6 H 7 
7 P 6.25 
8 P 5 
9 P 9 

 
 
 



Table E.20 - LIS Data for Plot 24 Transect 2 
Plot Transect Treatment: 
24 2 P+ 

CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 
17.94 15.93 2.02 

   Piece Type Intersect Diameter (cm) 
1 H 8.25 
2 H 9.5 
3 H 13.75 
4 H 10.25 
5 H 7.25 
6 H 10.25 
7 H 7 
8 H 10.75 
9 P 7 

10 P 7 
 
 

Table E.21 - LIS Data for Plot 24 Transect 3 
Plot Transect Treatment: 
24 3 P+ 

CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 
6.71 3.15 3.56 

   Piece Type Intersect Diameter (cm) 
1 H 9 
2 H 8.5 
3 P 5 
4 P 5.25 
5 P 7.25 
6 P 8.25 

 
 

Table E.22 - LIS Data for Plot 5 Transect 1 
Plot Transect Treatment: 

5 1 P- 
CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 

1.08 0.00 1.08 

   Piece Type Intersect Diameter (cm) 
1 P 5.25 
2 P 5 

 
 
 
 
 
 
 



Table E.23 - LIS Data for Plot 5 Transect 2 
Plot Transect Treatment: 

5 2 P- 
CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 

5.78 1.86 3.92 

   Piece Type Intersect Diameter (cm) 
1 H 9.5 
2 P 6 
3 P 5.75 
4 P 6 
5 P 5.75 
6 P 7.25 

 
 

Table E.24 - LIS Data for Plot 5 Transect 3 
Plot Transect Treatment: 

5 3 P- 
CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 

0.00 0.00 0.00 

   Piece Type Intersect Diameter (cm) 
N/A N/A N/A 

 
 

Table E.25 - LIS Data for Plot 19 Transect 1 
Plot Transect Treatment: 
19 1 P- 

CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 
0.00 0.00 0.00 

   Piece Type Intersect Diameter (cm) 
N/A N/A N/A 

 
 

Table E.26 - LIS Data for Plot 19 Transect 2 
Plot Transect Treatment: 
19 2 P- 

CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 
0.62 0.00 0.62 

   Piece Type Intersect Diameter (cm) 
1 P 5.5 

 
 
 
 
 
 
 



Table E.27 - LIS Data for Plot 19 Transect 3 
Plot Transect Treatment: 
19 3 P- 

CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 
49.21 6.13 43.08 

   Piece Type Intersect Diameter (cm) 
1 H 16 
2 H 6.5 
3 P 45.5 
4 P 5 

 
 
Table E.28 - LIS Data for Plot 19 Transect 3 – Highly Influential Piece Removed 

Plot Transect Treatment: 
19 3 P- 

CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 
6.64 6.13 0.51 

   Piece Type Intersect Diameter (cm) 
1 H 16 
2 H 6.5 
3 P 45.5 
4 P 5 

 
 

Table E.29 - LIS Data for Plot 22 Transect 1 
Plot Transect Treatment: 
22 1 P- 

CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 
2.49 0.00 2.49 

   Piece Type Intersect Diameter (cm) 
1 P 11 

 
 

Table E.30 - LIS Data for Plot 22 Transect 2 
Plot Transect Treatment: 
22 2 P- 

CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 
0.87 0.00 0.87 

   Piece Type Intersect Diameter (cm) 
1 P 6.5 

 
 
 
 
 



Table E.31 - LIS Data for Plot 22 Transect 3 
Plot Transect Treatment: 
22 3 P- 

CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 
15.30 7.76 7.54 

   Piece Type Intersect Diameter (cm) 
1 H 15 
2 H 6.5 
3 H 10.5 
4 P 17 
5 P 5 
6 P 7.25 

 
 

Table E.32 - LIS Data for Plot 27 Transect 1 
Plot Transect Treatment: 
27 1 P- 

CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 
3.61 0.00 3.61 

   Piece Type Intersect Diameter (cm) 
1 P 9 
2 P 5 
3 P 6.5 
4 P 5.25 

 
 

Table E.33 - LIS Data for Plot 27 Transect 2 
Plot Transect Treatment: 
27 2 P- 

CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 
0.00 0.00 0.00 

   Piece Type Intersect Diameter (cm) 
N/A N/A N/A 

 
 

Table E.34 - LIS Data for Plot 27 Transect 3 
Plot Transect Treatment: 
27 3 P- 

CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 
57.76 0.00 57.76 

   Piece Type Intersect Diameter (cm) 
1 P 53 

 
 
 
 



Table E.35 - LIS Data for Plot 27 Transect 3 – Highly Influential Piece Removed 
Plot Transect Treatment: 
27 3 P- 

CWD (m3/ha) HW CWD (m3/ha) Pine CWD (m3/ha) 
0.00 0.00 0.00 

   Piece Type Intersect Diameter (cm) 
1 P 53 

 
 
  



Appendix F 
 
 

Figure F.1 – Pine Sample Diameters 

 
 
 

Figure F.2 – Hardwood Sample Diameters 
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Table F.1 -HW and Pine CWD Subsample Diameter Ranges (cm) 
Size Class Percentile HW Pine 

1 20% 5 to 5.58 5 to 5.25 
2 40% 5.59 to 6.46 5.26 to 5.75 
3 60% 6.47 to 7.97 5.76 to 6.5 
4 80% 7.98 to 9.99 6.6 to 8 
5 100% 10 to 16 8.1 to 25 

 
  



Appendix G 
 
 

Table G.1 - Subsample Dimensions, Volume, and Density 
Sample 

ID 
Dry 

Weight (g) 
D1-1 
(cm) 

D1-2 
(cm) 

D2-1 
(cm) 

D2-2 
(cm) 

L1 
(cm) 

L2 
(cm) 

Volume 
(cm3) 

Density 
(g/cm3) 

HW-1-1 66.9 4.7 5 4.5 4.9 8.1 8.2 145.98 0.46 
HW-1-2 65.3 4.2 4.9 4.8 4.5 8 7.7 130.47 0.50 
HW-1-3 78.8 4.8 4.8 4.9 5.3 7.8 8.1 153.13 0.51 
HW-1-4 96.5 4.3 4.3 4.3 4.3 8.2 8.3 119.81 0.81 
HW-2-1 90.9 5.2 5.1 5.2 5.1 9.1 9 188.52 0.48 
HW-2-2 65.9 5.3 5.1 5.4 5.2 6.1 5.7 127.73 0.52 
HW-2-3 115.2 5.5 5.5 5.7 5.8 8.1 8.5 206.36 0.56 
HW-2-4 101.2 5.2 5.4 5.2 5.1 9 9.2 195.16 0.52 
HW-3-1 187 7.7 7.2 7.8 7 7.9 7.8 339.90 0.55 
HW-3-2 121.2 6 6.5 6.2 6.6 7.7 7.7 241.97 0.50 
HW-3-3 128.2 6.5 6.2 6 6.5 8.3 8 254.07 0.50 
HW-3-4 89.3 7.1 6.7 7.1 6.4 8.6 8.1 305.52 0.29 
HW-4-1 224.7 7.5 8 7.5 8 9.5 9.7 452.86 0.50 
HW-4-2 227.5 7.6 8.05 7.6 8.7 8.5 9.3 446.15 0.51 
HW-4-3 192.4 7.9 8 8.2 8.1 7 7 356.33 0.54 
HW-4-4 185.5 8.4 5.6 8.4 8.1 6.8 7.3 324.09 0.57 
HW-5-1 301.8 8.9 9.2 8.9 9.2 11.5 11.2 730.10 0.41 
HW-5-2 388.7 10.2 10.1 9.1 9.1 9.1 9.5 678.68 0.57 
HW-5-3 168.7 9 8.8 8.3 8.5 7.5 7.6 444.05 0.38 
HW-5-4 267 8.1 10.2 8.9 10.6 6.9 7 487.95 0.55 

          P-1-1 91.2 4.5 4.8 4.8 4.8 9.8 9.8 171.88 0.53 
P-1-2 46.9 4.7 4.8 4.3 4.5 6.3 6.2 102.89 0.46 
P-1-3 70.9 4.7 4.7 4.7 4.8 8 8 140.28 0.51 
P-1-4 47.4 4.6 4.8 4.8 4.9 7.3 7.7 134.34 0.35 
P-2-1 50.1 4.7 4.8 4.6 4.6 6.3 6.7 111.60 0.45 
P-2-2 90 4.9 5.3 5.1 5.3 8.7 9.1 185.41 0.49 
P-2-3 77.2 5.3 5.1 5.1 5.4 9.5 9.7 205.85 0.38 
P-2-4 74.6 4.9 4.9 4.9 5 9.7 9.2 180.03 0.41 
P-2-5 93.6 5.5 5.4 5.5 5.4 7.5 7.8 178.46 0.52 
P-3-1 68.1 5.5 5.8 5.6 5.6 6.9 7 172.71 0.39 
P-3-2 103.5 6.2 6.1 6.5 6.3 7.8 7.6 238.22 0.43 
P-3-3 126 6 6 6.1 6.3 9.1 8.6 258.71 0.49 
P-3-4 100.5 5.7 6 5.8 6.2 8.7 9.2 246.81 0.41 
P-4-1 147.8 6.2 6.4 6.3 6.4 9.1 9.3 289.07 0.51 
P-4-2 114.3 6.5 6.8 6.3 6.8 7.5 7 248.05 0.46 
P-4-3 83.5 6.6 7 6.9 6.7 6.7 6.6 241.51 0.35 
P-4-4 97.2 5.8 6 6.1 6.1 7.9 8.1 226.26 0.43 
P-5-1 219.3 7.7 8.1 7.9 8.1 8.7 9.3 446.77 0.49 
P-5-2 241 11.1 11.4 11.2 11.8 7.1 7.3 731.77 0.33 
P-5-3 211.3 9.2 9.3 9.2 9.6 8.7 9.3 614.69 0.34 
P-5-4 261 9.8 10.1 10 10 7.3 7.8 590.02 0.44 

 
 

 



Table X - Characteristics of HW CWD 
Density (g/cm3):  0.512 

SD: 0.097 

% Carbon: 47.06 
SD: 0.459 

% Nitrogen: 0.185 
SD: 0.079 

C:N Ratio: 284.755 
SD: 89.876 

 
 

Table X - Characteristics of Pine CWD 
Density (g/cm3):  0.437 

SD: 0.063 

% Carbon: 48.38 
SD: 1.010 

% Nitrogen: 0.121 

SD: 0.021 

C:N Ratio: 409.930 
SD: 72.003 

 
 

Table X - Physical and Chemical Characteristics of HW Subsamples 
Sample ID Type Size Class Density (g/cm3) % Carbon % Nitrogen C:N Ratio 

HW-1-1 HW 1 0.458 47.13 0.178 265 
HW-1-2 HW 1 0.500 46.87 0.237 198 
HW-1-3 HW 1 0.515 46.62 0.113 414 
HW-1-4 HW 1 0.805 46.72 0.187 250 
HW-2-1 HW 2 0.482 47.94 0.208 231 
HW-2-2 HW 2 0.516 47.22 0.153 308 
HW-2-3 HW 2 0.558 47.37 0.197 241 
HW-2-4 HW 2 0.519 46.94 0.216 217 
HW-3-1 HW 3 0.550 47.08 0.087 540 
HW-3-2 HW 3 0.501 46.57 0.153 304 
HW-3-3 HW 3 0.505 47.24 0.206 229 
HW-3-4 HW 3 0.292 47.19 0.484 98 
HW-4-1 HW 4 0.496 47.09 0.173 272 
HW-4-2 HW 4 0.510 47.65 0.153 312 
HW-4-3 HW 4 0.540 47.03 0.143 330 
HW-4-4 HW 4 0.572 47.46 0.190 250 
HW-5-1 HW 5 0.413 46.72 0.161 290 
HW-5-2 HW 5 0.573 47.49 0.139 341 
HW-5-3 HW 5 0.380 45.78 0.184 248 
HW-5-4 HW 5 0.547 47.15 0.131 359 

 
 

Table X - Physical and Chemical Characteristics of Pine Subsamples 



Sample ID Type Size Class Density (g/cm3) % Carbon % Nitrogen C:N Ratio 
P-1-1 P 1 0.531 49.25 0.118 416 
P-1-2 P 1 0.456 48.39 0.143 338 
P-1-3 P 1 0.505 47.57 0.111 428 
P-1-4 P 1 0.353 48.72 0.170 287 
P-2-1 P 2 0.449 48.77 0.114 427 
P-2-2 P 2 0.485 48.64 0.119 410 
P-2-3 P 2 0.375 47.63 0.112 427 
P-2-4 P 2 0.414 47.91 0.143 335 
P-2-5 P 2 0.524 49.59 0.080 620 
P-3-1 P 3 0.394 48.93 0.130 377 
P-3-2 P 3 0.434 48.04 0.102 473 
P-3-3 P 3 0.487 48.95 0.101 484 
P-3-4 P 3 0.407 48.44 0.104 466 
P-4-1 P 4 0.511 47.85 0.114 419 
P-4-2 P 4 0.461 49.69 0.144 345 
P-4-3 P 4 0.346 46.27 0.106 437 
P-4-4 P 4 0.430 47.15 0.141 335 
P-5-1 P 5 0.491 50.91 0.119 429 
P-5-2 P 5 0.329 47.50 0.149 320 
P-5-3 P 5 0.344 47.72 0.116 412 
P-5-4 P 5 0.442 48.03 0.114 423 

 
 

Table X - Raw Data for CWD Subsample Carbon and Nitrogen 
Test Samples 

 
Replication Samples 

Sample ID %C %N C/N 
 

Sample ID %C %N C/N 
HW-1-1 47.13 0.178 265 

     HW-1-2 46.87 0.237 198 
     HW-1-3 46.62 0.113 414 
     HW-1-4 46.72 0.187 250 
     HW-2-1 47.94 0.208 231 
     HW-2-2 47.22 0.153 308 
 

HW-2-2 47.21 0.150 314 
HW-2-3 47.37 0.197 241 

     HW-2-4 46.94 0.216 217 
     HW-3-1 47.08 0.087 540 
 

HW-3-1 47.11 0.086 545 

     
HW-3-1 47.19 0.087 543 

HW-3-2 46.57 0.153 304 
     HW-3-3 47.24 0.206 229 
     HW-3-4 47.19 0.484 98 
 

HW-3-4 47.31 0.491 96 

     
HW-3-4 47.19 0.479 98 

     
HW-3-4 47.22 0.480 98 

HW-4-1 47.09 0.173 272 
 

HW-4-1 46.94 0.168 280 
HW-4-2 47.65 0.153 312 

 
HW-4-2 47.44 0.158 300 

HW-4-3 47.03 0.143 330 
 

HW-4-3 46.94 0.146 321 
HW-4-4 47.46 0.190 250 

     HW-5-1 46.72 0.161 290 
 

HW-5-1 46.58 0.165 282 
HW-5-2 47.49 0.139 341 

 
HW-5-2 47.45 0.131 363 

HW-5-3 45.78 0.184 248 
     



HW-5-4 47.15 0.131 359 
 

HW-5-4 46.90 0.129 364 

         P-1-1 49.25 0.118 416 
 

P-1-1 49.42 0.114 432 
P-1-2 48.39 0.143 338 

     P-1-3 47.57 0.111 428 
     P-1-4 48.72 0.170 287 
     P-2-1 48.77 0.114 427 
 

P-2-1 48.73 0.114 427 
P-2-2 48.64 0.119 410 

 
P-2-2 48.57 0.118 411 

P-2-3 47.63 0.112 427 
 

P-2-3 47.58 0.118 405 
P-2-4 47.91 0.143 335 

     P-2-5 49.59 0.080 620 
 

P-2-5 49.55 0.083 600 

     
P-2-5 49.72 0.075 664 

P-3-1 48.93 0.130 377 
     P-3-2 48.04 0.102 473 
     P-3-3 48.95 0.101 484 
     P-3-4 48.44 0.104 466 
     P-4-1 47.85 0.114 419 
 

P-4-1 47.84 0.111 431 
P-4-2 49.69 0.144 345 

 
P-4-2 49.74 0.134 373 

P-4-3 46.27 0.106 437 
     P-4-4 47.15 0.141 335 
     P-5-1 50.91 0.119 429 
 

P-5-1 47.95 0.118 406 
P-5-2 47.50 0.149 320 

     P-5-3 47.72 0.116 412 
 

P-5-3 47.43 0.109 437 
P-5-4 48.03 0.114 423 

 
P-5-4 48.06 0.102 470 

 
  



Appendix H 
 

Table H.1 - Biomass, Carbon, and Nitrogen of CWD Remaining P+ Plots 
Plot 1 12 21 24 
Transect 1 1 1 1 
CWD Biomass (Mg/ha) 17.06 10.28 5.45 5.38 
CWD Carbon (Mg/ha) 8.18 4.91 2.61 2.55 
CWD Nitrogen (kg/ha) 24.56 15.58 7.98 9.12 
HW CWD Biomass (Mg/ha) 6.09 4.91 2.15 4.08 
HW CWD Carbon (Mg/ha) 2.87 2.31 1.01 1.92 
HW CWD Nitrogen (kg/ha) 11.25 9.08 3.97 7.54 
Pine CWD Biomass (Mg/ha) 10.97 5.36 3.30 1.30 
Pine CWD Carbon (Mg/ha) 5.31 2.59 1.60 0.63 
Pine CWD Nitrogen (kg/ha) 13.31 6.50 4.00 1.58 
Transect 2 2 2 2 
CWD Biomass (Mg/ha) 4.63 21.81 5.68 9.03 
CWD Carbon (Mg/ha) 2.21 10.55 2.68 4.26 
CWD Nitrogen (kg/ha) 7.00 26.62 10.50 16.12 
HW CWD Biomass (Mg/ha) 2.18 0.26 5.68 8.15 
HW CWD Carbon (Mg/ha) 1.03 0.12 2.68 3.84 
HW CWD Nitrogen (kg/ha) 4.03 0.49 10.50 15.05 
Pine CWD Biomass (Mg/ha) 2.44 21.55 0.00 0.88 
Pine CWD Carbon (Mg/ha) 1.18 10.42 0.00 0.43 
Pine CWD Nitrogen (kg/ha) 2.96 26.14 0.00 1.07 
Transect 3 3 3 3 
CWD Biomass (Mg/ha) 16.46 5.78 8.11 3.17 
CWD Carbon (Mg/ha) 7.89 2.73 3.84 1.51 
CWD Nitrogen (kg/ha) 23.46 10.29 13.90 4.86 
HW CWD Biomass (Mg/ha) 5.52 5.18 6.41 1.61 
HW CWD Carbon (Mg/ha) 2.60 2.44 3.01 0.76 
HW CWD Nitrogen (kg/ha) 10.20 9.57 11.83 2.98 
Pine CWD Biomass (Mg/ha) 10.94 0.59 1.70 1.55 
Pine CWD Carbon (Mg/ha) 5.29 0.29 0.82 0.75 
Pine CWD Nitrogen (kg/ha) 13.27 0.72 2.07 1.89 

 
Mean Mean Mean Mean 

CWD Biomass (Mg/ha) 12.72 12.62 6.41 5.86 
CWD Carbon (Mg/ha) 6.09 6.06 3.04 2.77 
CWD Nitrogen (kg/ha) 18.34 17.50 10.79 10.03 
HW CWD Biomass (Mg/ha) 4.60 3.45 4.75 4.61 
HW CWD Carbon (Mg/ha) 2.16 1.63 2.23 2.17 
HW CWD Nitrogen (kg/ha) 8.49 6.38 8.77 8.52 
Pine CWD Biomass (Mg/ha) 8.12 9.17 1.67 1.25 
Pine CWD Carbon (Mg/ha) 3.93 4.44 0.81 0.60 
Pine CWD Nitrogen (kg/ha) 9.85 11.12 2.02 1.51 

 
 
 
 
 



Table H.2 - Biomass, Carbon, and Nitrogen of CWD Remaining P- Plots 
Plot 5 19 22 27 
Transect 1 1 1 1 
CWD Biomass (Mg/ha) 0.47 0.00 1.09 1.58 
CWD Carbon (Mg/ha) 0.23 0.00 0.53 0.76 
CWD Nitrogen (kg/ha) 0.57 0.00 1.32 1.91 
HW CWD Biomass (Mg/ha) 0.00 0.00 0.00 0.00 
HW CWD Carbon (Mg/ha) 0.00 0.00 0.00 0.00 
HW CWD Nitrogen (kg/ha) 0.00 0.00 0.00 0.00 
Pine CWD Biomass (Mg/ha) 0.47 0.00 1.09 1.58 
Pine CWD Carbon (Mg/ha) 0.23 0.00 0.53 0.76 
Pine CWD Nitrogen (kg/ha) 0.57 0.00 1.32 1.91 
Transect 2 2 2 2 
CWD Biomass (Mg/ha) 2.66 0.27 0.38 0.00 
CWD Carbon (Mg/ha) 1.28 0.13 0.18 0.00 
CWD Nitrogen (kg/ha) 3.83 0.33 0.46 0.00 
HW CWD Biomass (Mg/ha) 0.95 0.00 0.00 0.00 
HW CWD Carbon (Mg/ha) 0.45 0.00 0.00 0.00 
HW CWD Nitrogen (kg/ha) 1.75 0.00 0.00 0.00 
Pine CWD Biomass (Mg/ha) 1.71 0.27 0.38 0.00 
Pine CWD Carbon (Mg/ha) 0.83 0.13 0.18 0.00 
Pine CWD Nitrogen (kg/ha) 2.08 0.33 0.46 0.00 
Transect 3 3 3 3 
CWD Biomass (Mg/ha) 0.00 3.36 7.26 0.00 
CWD Carbon (Mg/ha) 0.00 1.59 3.46 0.00 
CWD Nitrogen (kg/ha) 0.00 6.07 11.33 0.00 
HW CWD Biomass (Mg/ha) 0.00 3.14 3.97 0.00 
HW CWD Carbon (Mg/ha) 0.00 1.48 1.87 0.00 
HW CWD Nitrogen (kg/ha) 0.00 5.79 7.33 0.00 
Pine CWD Biomass (Mg/ha) 0.00 0.22 3.29 0.00 
Pine CWD Carbon (Mg/ha) 0.00 0.11 1.59 0.00 
Pine CWD Nitrogen (kg/ha) 0.00 0.27 3.99 0.00 

 
Mean Mean Mean Mean 

CWD Biomass (Mg/ha) 1.04 1.21 2.91 0.53 
CWD Carbon (Mg/ha) 0.50 0.57 1.39 0.25 
CWD Nitrogen (kg/ha) 1.47 2.13 4.37 0.64 
HW CWD Biomass (Mg/ha) 0.32 1.05 1.32 0.00 
HW CWD Carbon (Mg/ha) 0.15 0.49 0.62 0.00 
HW CWD Nitrogen (kg/ha) 0.58 1.93 2.44 0.00 
Pine CWD Biomass (Mg/ha) 0.73 0.17 1.59 0.53 
Pine CWD Carbon (Mg/ha) 0.35 0.08 0.77 0.25 
Pine CWD Nitrogen (kg/ha) 0.88 0.20 1.92 0.64 

 
 
 
 
 
 
 



Table H.3 - Biomass, Carbon, and Nitrogen of CWD Removed from P- Plots 
Plot 5 19 22 27 
CWD Biomass (Mg/ha) 5.13 5.91 7.21 15.42 
CWD Carbon (Mg/ha) 2.44 2.82 3.44 7.35 
CWD Nitrogen (kg/ha) 8.00 9.21 11.25 24.05 
HW Biomass (Mg/ha) 2.80 3.23 3.94 8.43 
HW CWD Carbon (Mg/ha) 1.32 1.52 1.86 3.97 
HW CWD Nitrogen (kg/ha) 5.18 5.96 7.28 15.56 
Pine Biomass (Mg/ha) 2.33 2.68 3.27 6.99 
Pine CWD Carbon (Mg/ha) 1.13 1.30 1.58 3.38 
Pine CWD Nitrogen (kg/ha) 2.82 3.25 3.97 8.48 

 
 

Table H.4 - Biomass, Carbon, and Nitrogen of CWD Removed from SG Plots 
Plot 18 3 11 25 
CWD Biomass (Mg/ha) 5.73 12.42 10.58 11.96 
CWD Carbon (Mg/ha) 2.73 5.92 5.04 5.70 
CWD Nitrogen (kg/ha) 8.94 19.37 16.50 18.65 
HW Biomass (Mg/ha) 3.13 6.79 5.78 6.54 
HW CWD Carbon (Mg/ha) 1.47 3.20 2.72 3.08 
HW CWD Nitrogen (kg/ha) 5.78 12.54 10.68 12.07 
Pine Biomass (Mg/ha) 2.60 5.63 4.80 5.42 
Pine CWD Carbon (Mg/ha) 1.26 2.73 2.32 2.62 
Pine CWD Nitrogen (kg/ha) 3.15 6.83 5.82 6.58 

 


