
Abstract

Forest managers will have to make 
decisions regarding regeneration 
strategies for mountain pine beetle– 
attacked stands because not all at-
tacked stands will be salvaged. We 
developed tools to help forest man-
agers make these decisions in the 
Montane Spruce zone in the Merritt 
Timber Supply Area. Our tools predict 
the abundance and spatial distribution 
of advance regeneration in attacked 
stands. For ease of use, these models 
are available as an Excel computer 
program.

The Forest Management 
Challenge

The mountain pine beetle (Dendroc-
tonus ponderosae Hopk.) (MPB) is 
attacking mature lodgepole pine 
(Pinus contorta Dougl. ex. Loud. var. 
latifolia Engelm.) stands over vast 
areas of the British Columbia interior. 
The scale of attack precludes salvage 
harvesting of all affected stands. 
Leaving these beetle-killed stands to 
regenerate on their own may result 
in large regeneration delays and lead 
to shortfalls in the mid- or long-term 
timber supply. Forest managers must 
decide which stands or portions of 

stands should be salvaged, which 
should be left to regenerate naturally, 
and which stands may require com-
plete rehabilitation. 

The abundance, spatial pattern, 
and species composition of the under-
storey trees are important factors to 
consider when determining whether 
an MPB-attacked stand will regene-
rate satisfactorily without assistance. 
Spatial pattern is important because 
highly clumped understorey trees 
may not form a satisfactory stand 
even though the overall abundance of 
advance regeneration is high. Species 
composition is important because 
foresters may not consider a stand sa-
tisfactorily regenerated if the species is 
commercially undesirable, regardless 
of the abundance of trees.

The Solution

To assist forest managers with this 
challenge, we developed models 
(mathematical equations) to predict 
the abundance and spatial distribu-
tion of advance regeneration from 
site moisture and overstorey char-
acteristics (e.g., basal area [m2/ha] 
and density [stems per hectare]). 
This model can use forest inventory 
information to make predictions. We 
define advance regeneration as trees  
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up to 0 m tall, and overstorey as trees 
taller than 0 m.

Field Methods

We established 28 plots in pine-lead-
ing stands (i.e., ≥ 70% lodgepole pine) 
in the Montane Spruce (MS) zone 
of the Merritt Timber Supply Area 
(TSA) (Figure ). Plots were classi-
fied into three soil moisture regimes 
(dry, mesic, wet) relative to the range 
over which lodgepole pine grows in 
the TSA. The plots were subdivided 
into 5 × 5 m subplots for a total of 20 
subplots. We measured heights and 
diameters at breast height of oversto-
rey trees. All advance regeneration 
was counted by species and height 
class. These data were used to produce 
summary statistics and to develop the 
predictive models.

Results

Overstorey tree density ranged from 
a high of 280 stems per hectare in a 
mesic plot in the MSmw to a low of 
30 stems per hectare in a dry MSdm2 
plot. Basal area had less variation, 
ranging from 6.7 to 54.8 m2/ha. At 
the time of sampling (summer 2006), 
the MPB had attacked about 50% of 
lodgepole pine that were more than  
30 m tall and 39% of those 25–30 m 
tall. The MPB had attacked less than 
0.2% of pines under 0 m tall. The 
outbreak had just started in this area 
when we sampled. Therefore, we ex-
pect the attack rate to increase, but 
the low rate of attack in small trees 
suggests that most small pines will 
survive the attack.

The overstorey in our study plots 
consisted mainly of lodgepole pine, 
hybrid spruce (Picea glauca (Moench) 
Voss × P. engelmannii Parry ex 
Engelm.), Douglas-fir (Pseudotsuga 
menziesii (Mirb.) Franco), and sub-
alpine fir (Abies lasiocarpa (Hook.) 
Nutt). Lodgepole pine was most 

abundant on mesic sites (Table ). 
Hybrid spruce grew mainly on wet-
ter sites, whereas overstorey trees of 
both Douglas-fir and subalpine fir 
were sparse across the three moisture 
regimes. This result is an artefact of 
sampling in lodgepole pine–leading 
stands.

The amount of advance regenera-
tion was highly variable (e.g., 20 to 
over 23 000 stems per hectare). Two 

stands in the MSmw had the largest 
amounts of advance regeneration, 
whereas stands in the MSxk2 generally 
had the least (Figure 2). The amount 
of advance regeneration differed 
among moisture regimes, averaging 
646 stems per hectare for the dry, 
290 stems per hectare for the mesic, 
and 3357 stems per hectare for the 
wet regime. Species composition also 
differed, with pine predominating 



figure 1 Map of the Merritt TSA showing the location of the study sites (black dots).



on dry sites, and spruce and subal-
pine fir predominating on wet sites. 
Advance regeneration occurred in all 
height classes, but species differed in 
abundance across the range of classes 
(Table 2).

The abundance of advance re-
generation was negatively related 
to overstorey basal area (Figure 2). 
Advance regeneration also tended to 
be clumped; for example, a quarter 
of the subplots had no regeneration 
and another quarter had six or more 
individuals. However, half the subplots 
had two or more individuals, indica-

ting that advance regeneration was 
widespread within a stand.

The Models

The data described in the Field 
Methods section were used to develop 
models to predict the abundance and 
spatial distribution of advance regen-
eration from soil moisture regime and 
pre-attack basal area of the stands, 
which was reconstructed, where 

necessary, using recently killed trees. 
Separate models were developed for 
all species and for the lodgepole pine 
and spruce components. The models 
also predict an index of spatial pat-
tern for the advance regeneration. If 
the index is zero, then the advance 
regeneration is random. Values less 
than zero indicate regularity in the 
pattern and values greater than zero 
suggest that the advance regeneration 
is clumped. A high cluster index sug-
gests that regeneration will not be well 
spaced. More details about these mod-
els can be found in Nigh et al. (2008).

The models provide general in-
formation on advance regeneration; 
however, considerable variation is still 
not addressed by the models (e.g., see 
Figure 2). Nevertheless, these models 
can aid forest managers in predicting 
both the abundance and spatial dis-
tribution of advance regeneration in 
MPB-attacked stands in the MS zone 
in the Merritt TSA. This informa-
tion can then be used to make forest 
management decisions. The models 
have been programmed in an Excel 
spreadsheet (Microsoft Corporation 
2003) (FSP_M08600_MS Advance 
Regeneration Calculator.xls; see exam-
ple in Figure 3), which is available 
from the Forest Investment Account 
– Forest Science Program project 



table 1   Overstorey stems per hectare of 
four commercial species in the 28 
study plots located throughout 
the MS zone of the Merritt TSA by 
moisture regime

 Average stems per hectare

Species Dry Mesic Wet

Lodgepole pine 860 1013 558
Douglas-fir 13 9 20
Subalpine fir 9 11 8
Hybrid spruce 1 34 99

table 2   Abundance (stems per hectare) of species by height class in 28 stands in the MS 
zone in Merritt TSA

 Average stems per hectare

 Height class (m)

Species < 0.1 0.1 - 0.3 0.3 - 1.0 1.0 - 2.0 2.0 - 10.0 10.0+

Subalpine fir 270 440 442 68 74 9
Hybrid spruce 6 33 88 54 115 45
Lodgepole pine 44 168 152 41 114 823
White pine 1 12 23 7 1 0
Trembling aspen 0 20 6 0 0 1
Douglas-fir 36 131 149 91 98 14
Western hemlock 1 1 1 0 3 0
All species 358 805 861 261 405 892

figure 2 Density of advance regeneration vs. overstorey basal area.
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repository (http://www.for.gov.bc.ca/
hcp/fia/searchreports.htm).

In summary, we found considerable 
advance regeneration in many stands. 
Allowing some stands to regenerate 
naturally from this source of new 
canopy trees is a viable option worth 
consideration. However, other stands 
have limited advance regeneration 
and will require treatment to create 
adequately stocked stands in a reason-
able time frame. Given the magnitude 
of the beetle infestation, it is highly 
unlikely that all stands can be treated. 
Nevertheless, it is encouraging that 
treatment is probably not necessary on 
stands with adequate advance regen-
eration. The question then becomes 
which stands should be treated?  Our 
models, in combination with field  
evaluation, can help managers to make 
these decisions and focus resources on 
the stands most in need of attention.
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figure 3 Example of Excel® Advance Regeneration Calculator.
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