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Introduction 
Maintaining ecosystem productivity is 
fundamental to the principles of sustainable 
forest management (SFM); yet, there is still 
no effective method for measuring and 
monitoring the impacts of management 
activities on ecosystem productivity. Total 
soil organic matter (SOM) has been 
developed for use as a measure of indicator 
2-1 of Canfor’s Framework for Sustainability 
(http://www.sfmportal.com/). While SOM 
carbon (C) has been shown to be a useful 
measure of ecosystem productivity, 
questions still remain regarding the 
development of total SOM C as a measure 
of the maintenance of ecosystem 
productivity that can be effectively employed 
as part of a sustainable forest management 
(SFM) monitoring program.  Specifically, 
information regarding the development of 
thresholds for different ecosystem types is 
required as well as information regarding 
the sampling intensity required to detect 
meaningful declines in SOM C.  
The principal objective of this project was to 
use field measures of soil organic matter in 
combination with an ecosystem 
management model for forests within the 
Quesnel Forest District to derive threshold 
values for SOM with respect to the 
maintenance of ecosystem productivity and 
to examine the practicality of implementing 
a SFM monitoring program around this 
measure. 

 
Methods 
A series of field sites were established 
within the timber harvesting land base of the 
Canfor-Quesnel Defined Forest Area (DFA) 
both for estimating model baselines of SOM 
C and for establishing long-term monitoring 
plots. 

 
Results & Discussion 
Differences in SOM C (Fig. 1) and N were small 
among the sites and total SOM C in these sites 
is relatively low compared to other sites 
throughout BC.  The reason for the relatively 
low levels of SOM C is most likely related to the 
fact that the pine forests in the Quesnel area 
have been subjected to frequent and intense 
stand replacing fires over past several hundred 
years. Such fires commonly result in the 
consumption of significant quantities of biomass 
and litter (thus reducing future sources of soil 
organic matter) and an associated loss of soil 
nutrients via volatilization and leaching.   
 

 
 
 
 
 
 
 
 
 
 
 
Figure 1. A comparison of field-measured values for 
SOM C for each site series against those produced 
by the model. 
 
Site-series-specific thresholds for relative 
losses of SOM C were calculated from 
model output (see Fig. 2) for associated 
relative declines in ecosystem productivity 
of 15, 25 and 40 percent.  There were little 
differences among sites as would be 
expected based on the fact that total SOM 
C only varied to a small degree among site 
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series. General thresholds averaged 
across site series are shown in Table 1. 
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Figure 2. Model output illustrating the relative 
decline in ecosystem productivity associated 
with the relative loss of SOM C for each site 
series. 
 
 
Table. 1. Average derived SOM C thresholds for 
specific levels of loss of ecosystem productivity. 

Decline in Ecosystem 
Productivity 

Relative loss of 
total SOM C 

15% 10 % 
25% 19 % 
40% 32% 

 
An examination of the effect of rotation 
length on SOM C levels indicated that 
rotation lengths shorter than 75 years will be 
problematic for maintaining SOM C.    
Moreover, if the management goal were to 
improve SOM C levels, it would be wise to 
use a minimum of 75 years on the sites with 
initially low levels of SOM C (SBPSdc 01 & 
03) while a minimum rotation length of 100 
years would be required on the sites with 
the higher initial levels of SOM C (SBPSdc 
04, SBSmc2 01, and SBPSmk 01).  

 
Management Implications 
The work conducted has several 
implications for the development of an 
effective monitoring program in the Quesnel 
Forest District.  

 

• The model results found here and in a 
similar project (Seely 2005) provide support 
for the use of total site SOM C (in particular 
relative losses of SOM C on a given site) as 
an effective measure of the maintenance of 
long-term ecosystem productivity.  The 
relationship is based on the fact that SOM C 
is an important source of nutrients that can 
be released at relatively constant levels 
over long periods of time.  SOM C also 
provides for improved soil structure and 
water holding capacity.  

• The measurement of SOM C is most 
effective when all soil layers are summed 
together including the LFH, 0-30 cm, and 
30-60 cm mineral soil.   

• The use of rotation lengths significantly 
shorter than natural disturbance return 
intervals can lead to losses of SOM C 
particularly when natural sites are harvested 
and converted to plantations.  Results from 
the present analysis suggest that rotation 
lengths within the THLB of the Canfor-
Quesnel DFA should be a minimum of 75 
years to avoid long-term losses of SOM C 
and ecosystem productivity.  

• Results from the power analysis conducted 
here suggest that to be able to detect losses 
of 20% of SOM C with a statistical power of 
0.75, the intensity of sampling on future 
monitoring (FM) sites should be 
approximately 20-25 sampling plots per site.  
We recommend that the six current FM sites 
should be maintained (in terms of locations) 
and should be resampled in the future 
following harvest or salvage of mountain 
pine beetle-killed wood. These sites were 
selected to be representative of the THLB 
as a whole.  A balance will have to be made 
between adding more FM sites and the 
feasibility of monitoring these sites.  In 
terms of the frequency of re-measurement, 
given the rate at which SOM decomposes, it 
doesn’t make sense to sample at more than 
10-year intervals after management 
activities. 
 


