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(Deal and Tappeiner 2002; Fried et al. 1988; Ruth and Harris 
Advanced regeneration is also common in true fir forests (Gordon 1973~ 

Unless the canopy is opened, older seedlings eventually die as li 
intensity drops below the light compensation point- the point below whi 
light levels are too low for the seedling to produce enough photosyn 
to compensate for maintenance levels of respiration or replace tissue lost: 
herbivory or pathogens (Lieffers et al.1999). Tree growth in the unders 
may also be limited by water. Trenching to limit root cornpetitiong 
been shown to increase seedling growth even when light levels rem' 
constant (Riegel et al. 1992). Browsing and mistletoe infection 
overs tory trees can also impact growth of advanced regeneration in s 
stands. Fried et al. (1988) found that continuous browsing along with 
light severely limited bigleaf maple seedling growth in the understo~ 
Douglas-fir forests. 

Advanced regeneration is dynamic. Seedlings may die unless gapf 
the canopy occur. It is not uncommon to find slowly growing seedlit 
and saplings 30+ yr old in the understory, with new seedlings beco 
established among the older ones. 

Messier et al. (1999) provide a useful conceptual model for evalu 
the vigor and growth potential of regeneration in the understory of 
stands (Figure 9-4). This model is supported by the work of Jain 
(2004), who found that western white pine in the Rocky Moun 
became established in the understory in canopy >23% of full sky, g ;" 
a competitive advantage over the more shade-tolerant western he 
under canopies >50%, but was free to grow only under canopy < 5%):; 

The model emphasizes several important points. The first is that 
tolerance is relative. For example, Douglas-fir is shade-tolerant relatiV,'~ 

ponderosa pine in mixed-conifer forests, but it is intolerant in Dougla.t 
hemlock forests that have high leaf-area indices (Figure 9-4). Ifboth sh4, 
intolerant and shade-tolerant species are established in the understory~i 

shade-tolerant species can reach greater heights than intolerant s 
before they become stunted or die. Second, shade tolerance is reI' 
to the light compensation point. Third, although not illustrated im: 
diagram, it is probably not just light or canopy density that affects' 
ability of advanced regeneration to grow, but also soil water levels. Fi 
variability in canopy density makes a difference in how well adv 
regeneration survives and grows. 
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The suitability of advanced regeneration may vary considerably. In 
some stands it may be present but its species composition, vigor, density 
or distribution are not satisfactory. Also advanced regeneration of trees 
is not always present. A dense, continuous cover of shrubs such as salal, 
bear clover, or salmonberry prevents the regular establishment of natural 
coniferand hardwood seedlings. Relying entirely on advanced regeneration 
in mixed conifer-hardwood forests may convert a mixed-conifer stand to 
a stand dominated by hemlock, true fir, or hardwoods (Lilieholm et al. 
1990; McDonald 1978a; Tappeiner and McDonald 1984). These species 
Survive in low light conditions that will not support the establishment or 
growth of shade-intolerant species such as ponderosa pine or Douglas­
fir. Nevertheless, in many stands advanced regeneration can be relied on 
eXclusively or supplemented with planted seedlings. 

Several studies have shown that advanced regeneration responds 
favorably to release or removal of overstory trees (Table 9-5). Tesch and 
Korpela (1993) found that within 5 yr of clearcutting, height growth of 




