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1) Fine root biomass and distance to nearest tree were only weakly 
related (r2 = 0.09, P= 0.001; Figure 3 ). However, boundary line 
analysis may provide insight into relationships between distance to 
nearest tree and maximum fine root mass. We found similar 
boundary lines among our primary study and a follow up study 
conducted in spring 2009 (Swiss Cheese study – Inset).

2) Our strongest relationship was found between number of trees and
fine root biomass at the 4 m (radius) scale (r2=0.19, P< 0.001; 
Figure 4; Table 1) . However, our data suggest this relationship 
may be driven by a few data points. Additionally, no relationship 
was found between standing biomass and fine root biomass at the 
same scale (P= 0.58). Fine root biomass was also unrelated to 
number of trees (P=0.68), and standing biomass (P=0.59) at the 2 
m (radius) scale.  

3) At the plot level, no relationship was found between total number 
of trees and fine root biomass (P= 0.68), but a significant 
relationship was found between standing biomass and fine root 
biomass (r2=0.21, P< 0.005; Figure 5 ). 

Results suggest that root distribution at fine scales (individual tree 
and 2 m) is likely too heterogeneous to easily predict, except when 
predicting maximum fine root values.  The relationship between 
root biomass and number of trees within 4 m is likely driven by the 
high density plots (dog-hair thickets), while the linear relationship 
between standing biomass and root biomass at the plot scale is 
likely driven by the high biomass/low density plots (old-growth). 

When fine-roots from trees are distributed over large areas, 
protecting fine roots in restoration (Covington, 2001, Kolb et al. 
2002, Fulé et al. 2002, Perrakis and Agee, 2006) may involve 
prediction of root distribution in response to ecological variables. 
However, our study suggests that aboveground structure may not 
provide high enough resolution data for the prediction of 
belowground fine root mass. Our study took place over a diverse 
range of aboveground stand conditions (Figure 6 ), suggesting our 
findings are not limited to old growth or dog-hair thicket conditions. 

Our study was conducted in the Sinlahekin Wildlife Area from May to October, 2008 
(Figure 1). We measured standing P. ponderosa forest structure, and root 
distribution in 30, 0.02-ha plots (See Figures 1 & 2 ). Plots were stem mapped and 
spatially reconstructed utilizing a geographic information system (GIS; ArcGIS 9.3, 
ESRI, Redlands, CA, USA). 

Fine roots were sampled using 5cm diameter root cores (15cm depth) at four sub-plot 
locations (Figure 2D ) cardinally located 4 m from plot center. Roots were manually 
washed through a 2mm sieve, and dried at 70
C for 48 hours. 

Aboveground structure was quantified in stratified buffers (Figure 2 . B & D) at 2 and 4 
m around each root core. Standing tree attributes and biomass within each buffer 
were used as predictor variables for belowground fine root mass.

Relationships were examined between root mass and A) distance to the nearest tree 
(Figure 3 ), B) total biomass and tree counts within 2, and 4 m radius spatial buffers 
of each root core (4m: Figure 4 ), and C) whole plot biomass. Models were ranked 
and compared using model selection techniques (Table 1).  Finally, we regressed 
average (mean of four subplots) root mass versus whole plot biomass (Figure 5 ). 

The count of trees within 4 m of each root core provided the strongest model for 
prediction of fine root mass (Table 1). However, this pattern may have been driven by 
a few individual data points (Figure 3) , and the predictive power of this model was 
not very strong. Despite the weak predictive power of standing biomass within plots 
(Table 1), average fine root mass and total plot biomass were significantly related, 
and the relationship was relatively strong (Figure 4 ).  

Methods and Results
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Conclusions

Introduction
Much of the ecological research to date on ponderosa pine 

(Pinus ponderosa Dougl. ex Laws.) forests has focused 
mainly on above-ground structural characteristics (Weaver 
1961, Agee 1993, Hessburg et al. 2005, Moore et al. 2004, 
Fule et al.1997, Covington et al 1994, 1997, Youngblood et 
al. 2006, 2008), leaving the important below-ground 
structures in these forests understudied and poorly 
understood. A clearer understanding of fine-root biomass 
distribution in relation to aboveground structural attributes 
could provide crucial insight into controls over fine-root 
dynamics and may be particularly useful for P. ponderosa
dominated forests. 

We utilized a site in the eastern Washington Cascades 
subject to fire exclusion for > 100 years to examine 
relationships between P. ponderosa aboveground forest 
structure and belowground fine root mass (Figure 1) . 

We address relationships between aboveground forest 
structure and belowground fine root distribution at multiple 
scales: A) at the level of individual trees; B) number of trees 
and standing biomass within 2 m and 4 m (radius) circular 
buffers; and C) at the plot level (0.02 ha; Figure 2) . 

Model AICc K � AICc
Lik-

Model w i

Evid. 
Ratio

# of trees per 4 m -47.35 5 0.00 1.0 0.99 1.0

# of trees and 
biomass -44.92 6 2.43 0.30 0.29 3.37

# of trees per plot -37.72 5 9.63 0.01 0.01 123.21

Biomass -31.43 5 15.92 0.00 0.00 2865.94

elevation -29.46 5 17.89 0.00 0.00 7671.75

# of trees per 2 m -28.70 5 18.65 8.89E-05 8.81E-05 11247.49

Biomass per 4 m -27.85 5 19.50 5.83E-05 5.78E-05 17155.09

nearest tree -27.62 5 19.72 5.20E-05 5.16E-05 19220.83

intercept -25.94 2 21.41 2.24E-05 2.22E-05 44574.90

stdz y -25.34 3 22.02 1.66E-05 1.64E-05 60331.71

Biomass per 2 m -25.13 5 22.22 1.50E-05 1.48E-05 66799.44

stdzxy -25.12 3 22.23 1.49E-05 1.48E-05 67138.51

stdz x -23.91 3 23.44 8.11E-06 8.04E-06 123261.47

Figure 2. Three scales of analysis: A) nearest tree, B) intra-plot, 2 m, and 4 m radius 
buffer distance from root core approaches, and C) plot level where belowground mass 
was hypothesized to be related to plot scale biomass in 8 m radius plots.  Sample plot 46 
(D) shows subplots with 2 m and 4 m circular buffers, and a GIS tree density prediction 
map based on trees and tree biomass generated in ArcGIS 9.3 (ESRI inc. Redlands, CA, 
USA).  Green dots represent trees and red dots represent root sample locations.
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Figure 1 .  Map of wildlife area (accessed from http://wdfw.wa.gov/lands/ 
wildlife_areas/sinlahekin/) and study site (generated from Arc GIS).  
Plots are indentified by red dots.

Figure 4. Positive relationship between count of trees within a 4 m buffer of root cores, and fine 
root mass (expressed as ash free dry mass – AFDM – per core). While many plots had low 
numbers of trees within 4 m of root cores, some had more than 5 trees within 4 m. The number of 
trees within a 4m buffer distance was the strongest predictor of fine root mass of all our 
candidate models (See Table 1), but the pattern may have been driven by a single plot. Panel on 
upper right shows a single plot containing sub-plots that drive the pattern. Arrows from the main 
graph connect subplots and data. Within a single plot, sub-plot values span the range of x and y 
axes. Sub-plot 38.1 contains 11 trees within 4 m and root ADFM of 0.85 g. Sub-plot 38.3 contains 
9 trees within 4 m and root AFDM of 0.99 g. However, in the same plot, sub-plot 38.1 ( not 
labeled) contains 3 trees within 4 m and root  AFDM of 0.55 g, and sub-plot 38.4 (not labeled) 
contains 1 tree within 4 m and root AFDM of 0.18 g. 
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Figure 5. The relationship between total standing biomass of trees at the 
plot level and average fine-root mass (AFDM; average of 4 cores – one in 
each subplot). The significant relationship between plot aboveground 
biomass and average fine root mass matches patterns commonly found in 
other systems. While such relationships are common, it is not well known 
if spatially explicit intra-plot data could improve predictability of fine root 
mass.  Panels A-F show individual circled plots with plot boundaries 
(black line), fine root sampling location sub-plots (red points), individual 
tree locations with symbols graded according to tree mass (green points), 
and a density map constructed in ArcGIS 9.3 (ESRI inc, Redlands CA, 
USA) showing darker blue gradation where tree density is higher, and 
lighter blue color where tree density is lower. Density maps are restricted 
to quadrangles on the map where tree data was available, and thus do not 
cover the entire circular extent of each plot. The pattern of positive 
relationship between plot mass and fine root mass may have been driven 
by plots with old-growth characteristics ( A,B,C,D,E). Plot F is a 
characteristic dog-hair thicket.
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Figure 6. Diameter (at 1.4 m)  distribution for all  trees sampled ( n = 191), and 
example “roots in the hand” from a core sample. 
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Selection criteria for information-theoretic method (Burnham and Anderson 
2002) using 13 candidate models to predict fine root mass (n=114 for all 
models). Models represent aboveground stand structural variables, subplot 
elevation, an intercept only model, and sub-plot locations standardized to test for
spatial auto-correlation. AICc ( Akaike Information Criterion corrected for small 
sample sizes) approximates the best model given the data (low values indicate 
better models). Column K represents the number of parameters in each model, 
� AICc ranks models best to worst (top to bottom, 0 represents best model), and 
the Lik-Model represents the likelihood that each model is the best in a
candidate set. Probability (wi) suggests an approximate probability that the 
chosen model is the actual best model, and evidence ratio explains the 
"gamblers odds" that another model is better than the topped ranked model. For 
example, the number two ranked model has a 1:3.37 chance of being a better 
model than the first model.

The Swiss Cheese Study: 
In order to further explore relationships between fine root distribution and tree distribution, we 
intensively sampled a 10m x 20 m plot. Within this plot fine roots were extracted every meter, and all 
standing trees were mapped in 2, 4, 8, 16, and 20 meter buffers around each root core. Surprisingly, 
we found only weak relationships between root core data and spatial data based on distance to 
nearest tree, and number off trees within 2, 4, 8, 16, and 20 m. Similar to findings in our larger study 
(this poster), tree distribution was a weak predictor of fine root mass at any single location. However, 
boundary line analysis may suggest maximum fine root mass associated with distance to nearest tree.  

The Swiss Cheese Study: Fine Root (< 2mm)
Core Mass and Number of Trees Within Buffer
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Figure 3. Weak Negative relationship between distance to nearest tree and fine 
root mass (expressed as ash free dry mass – AFDM – per core). Distance to tree 
was a significant, but apparently weak factor influencing fine root mass (See Table 
1). The data may be better interpreted as indicating a bounds on maximum fine 
root mass (red line). Boundary line analysis may indicate that distance to the 
nearest tree is a relatively strong predictor for average maximum fine root AFDM.
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Table 1. Model Selection Criteria Table.

R2 = 0.0875
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