
MPB impacts on understory light conditions and resultant understory seedling survival and growth
Modelling by Coates and Hall (2005) indicates that stands heavily impacted by mountain pine beetle will, initially, have understory light levels of approximately 8% full sunlight.  This gradually increases to 21% full sunlight after 10 years of canopy decay.  The retention of needles and small twigs extends the shading capabilities of the overstory for several years after mountain pine beetle infestation.  These light levels (85 and 21%) are estimated to translate into 76% to 27%, respectively, annual mortality of understory pine.  
If understory light levels fall below 15% surviving Pl height and diameter growth becomes negligible and, as light levels increase, both diameter and height growth responds in a linear fashion (Astrup, 2005).  Thus, if light levels are at 50% then height and diameter growth will be approximately 50% of the maximum for that site.
For the first 5 to 8 years understory pine growth and mortality are similar under MPB impacted stands as under live canopies.  After, this period the growth and survival rate accelerates as the canopy decays and light levels approach those of open conditions.
Therefore, even under heavily impacted stands it appears that if lodgepole pine is planted in the understory few will survive long enough to get to a point where the light levels increase enough, through canopy decay, to provide for adequate growth rates. 
Coates and Hall (2005) modelling also indicates that hybrid spruce and subalpine fir survival under these heavily impacted MPB stands appears to be much greater than lodgepole pine.  Both of these species have less than 10% annual mortality at approximately 15% of full sunlight.  Chen (1997) found that planted interior Douglas-fir had a similar survival rate of that of Engelman spruce with very little mortality occurring at low light levels. 
[image: image1]
Day (2006) found that Douglas-fir had a 91% and 79% survival rate in the first two years, respectively, after planting under a mature lodgepole pine canopy. Chen (1997) also showed that both height and diameter growth of interior Douglas fir seedlings decreases significantly with decreasing light levels. Wright et al (1998) have shown that diameter and height growth of white spruce are 70 and 80% of maximum values, respectively, where light availability is 60% of full sunlight.  Light levels of heavily impacted stands will reach about 60% of full sunlight approximately 15 years after MPB caused infestation (Coates and Hall, 2005). 
Based on the predicted light levels under heavily impacted lodgepole pine stands by Coates and Hall (2005) the planting of either of Douglas-fir, hybrid spruce or subalpine fir may not result in significant amounts of low light induced mortality.  These seedlings however, may initially grow at a slow rate finally achieving near maximum rates approximately 15 years after overstory mortality. 
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Consideration must also be given to the impacts of the changing light environment on understory brush growth.  The growth response to the varying light levels will be dependant upon the understory plant species.  The growth response of some understory competing vegetation may achieve maximum levels at lower light levels than the tree seedlings attempting to be established.
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