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ABSTRACT

Almost all harvested sites in the Interior Cedar Hemlock zone are
currently planted, but natural regeneration can be a viable reforestation
alternative in small patch cuts or where a partial canopy is retained.
Natural regeneration is also vitally important in helping to maintain the
natural diversity of most reforested sites. In 1997, five small, variable-sized
patch cuts in an ICHmw:2 forest were studied to determine the effects of
opening size, edge characteristics, and substrate quality on the distribution
and composition of natural regeneration. All of the openings were readily
regenerated with conifers within so m of forest edges, but regeneration
was patchy in the centre of the opening that exceeded 100 m in width.
Regeneration was denser at the south than north edge of openings, and
most was of seed-origin that had germinated on forest floor materials.
Species composition was similar at the north and south edges, but varied
across the opening in response to changes in resource conditions and
distance from seed source. Composition of the natural regeneration
closely resembled that of the overstorey in adjacent stands.
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FIGURE1 Location and layout of the Ptarmigan Creek study site.




Analysis

Composition of
the Surrounding
Forest

forest, advance regeneration was tallied and the diameter of each overstorey
tree was recorded to determine species composition by basal area.

Because only one site was sampled, the scope of statistical analysis was
somewhat limited. Nevertheless, trends in regeneration characteristics were
identified by calculating mean densities at specific distances from forest
edges. Linear regression analysis was used to examine relationships between
density of conifer or broadleaf regeneration and distance from the forest
edge. Regressions were run separately for the largest opening and the
smaller openings combined. One linear model was tested:

[1] log,Y=a+bX

where Y is seedling density, X is distance from the forest edge, a is conifer
or broadleaf density at the forest edge (intercept), and b is the slope of the
relationship. All conifer tree species and all broadleaf tree species were
combined for the conifer and broadleaf density regressions, respectively.

RESULTS

Basal area of the forest surrounding the patch cuts at Ptarmigan Creek

was 90% coniferous (54% Douglas-fir, 25% western redcedar, 10% western
larch, 1% lodgepole pine) and 10% broadleaf (8% paper birch, 2% trembling
aspen (Populus tremuloides Michx.)) (Figure 2). These species were not
evenly distributed, however, and Douglas-fir in particular, was more
dominant in some areas than others. The average canopy cover was 65%.
Under the canopy, there were an average of 3945 stems ha! advance
regeneration, of which 64% were western redcedar, 24% Douglas-fir, 8.5%
paper birch, and 3.5% trembling aspen.
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FIGURE 2 Species composition of the adjacent uncut forest, compared with species
composition of advance regeneration under the forest canopy, natural
regeneration in harvested openings, and planted seedlings in the
harvested openings.




Relationships
between
Regeneration
Density and
Distance from Edge

Regeneration and
Choice of
Silvicultural
System

Regeneration and
Substrate Type

In spite of the strong patterns observed with edge aspect in our study,
regression analysis showed that distance from the north or south forest
edge (east and west edges were not evaluated) was a poor predictor of the
abundance of conifer regeneration in both large and small openings. This
result suggests that other factors such as substrate, moisture, shade,
predation, seed availability are important to conifer seedling establishment.
By contrast, distance accounted for 37- 38% of the variation in density of
broadleaf regeneration in the larger opening, probably because paper birch
seed is light and dependent on wind dispersal (paper birch was the
dominant broadleaf species at Ptarmigan Creek). The relationship between
density of broadleaf regeneration and distance was poor in smaller
openings, likely because seed from all edges would have been dispersed
across the entire area.

Results from our study indicate that silviculture sytems using small patch
cuts <100 m wide from the south to north edge can be favourable for
abundant and diverse natural regeneration in the ICHmw subzone. Another
study in northern ICH variants similarly concluded that a silviculture
system which combined the creation of large gaps (60% removal through
the creation of o.1- to 0.5-ha openings) with partial harvest (30% canopy
removal by cutting single or groups of stems) was the most conducive to
natural regeneration (LePage et al. 2000). In that study, the abundance of
germinants surviving at least one winter depended on seed abundance and
substrate favourability, and the relative importance of these factors varied
with canopy structure. In undisturbed stands, for example, there was an
abundant seed source, but the substrate (dense moss) was unfavourable for
germination. Gaps had lower seedling densities than did partial cuts because
there were fewer trees serving as a seed source, but seed dispersal was better
because there were fewer physical barriers to dispersal. Seedling density in
20-ha clearcuts was lower than in the partial cuts, with most seedlings
occurring in a narrow strip along the southern edges of the openings, a
result supported by our study. Gaps, clearcuts, and partial cuts all had
diverse mixtures of substrates as a result of disturbance during harvest,

but seedling densities in the clearcut may have been reduced as a result of
harsher microclimatic conditions.

In our study, we found that the majority of natural regeneration occurred
on organic substrates, which were far more abundant than mineral soil.
Mineral soil is documented as the favoured germination substrate for
most of the tree species in our study (Leadem et al. 1997), and our results
probably reflect the greater availability of organic substrates, more so than
their suitability. LePage et al. (2000) found that mineral soil was the most
favourable substrate for natural recruitment of most species in the ICHmMc
in north-central British Columbia, but that it also accounted for less than
7% of total substrate cover. Rotten wood tended to be a favourable
substrate for conifers but not broadleaves in that study, and organic
materials also supported western hemlock well.
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CONCLUSION

Planting, retention of advance regeneration and green trees, the presence
of broadleaf trees, and natural regeneration of various conifer species all
contribute to the species and structural diversity of regenerating ICH
forests. The distribution of natural regeneration 4 years after harvest at
Ptarmigan Creek indicates that a second-growth forest of natural origin
would eventually resemble the original stand. Our data suggest that
Douglas-fir would contribute the greatest basal area, but would be
distributed irregularly. Broadleaves and western redcedar would be
dominant in localized areas, and lodgepole pine and western larch would
form minor but important structural components of the forest. Delong and
Butt (1994) also found that natural regeneration on partially cut sites
reflected overstorey composition, except in the case of western larch, which
did not regenerate well, possibly because of its shade intolerance. The
presence of mineral soil as a substrate is also known to be important to
the germination and survival of western larch (Stoehr 2000).

By contrast, we predict that favouring the so:50 mixture of planted
Douglas-fir and lodgepole pine as crop trees during subsequent brushing
and spacing operations at Ptarmigan Creek would change the character of
the mature second-growth forest. In that scenario, the new forest would
have a more even distribution of shade-intolerant conifers in the main
canopy. Lodgepole pine, which occupied only about 1% of the original stand
in our study, would be a major component of the second-growth forest.
Shade-intolerant paper birch and aspen would be less prominent than in
naturally regenerated stands because the dominant, planted conifers are
predicted to be more evenly distributed, reducing the suitability of gaps for
broadleaf survival.

Further study is needed to help us increase our understanding of factors
influencing natural regeneration in southern Interior ICH variants. The
more we know, the better we can confidently prescribe silviculture systems
for achieving successful natural regeneration. In this way, not only will we
be able to maintain diversity in these complex forests, but we may reduce
reforestation costs.
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TABLE 1 Regression coefficients, adjusted r2 values, and p-values for regression equations relating regeneration density to distance from forest edge

for the small and the large openings

Small openings (0.4 ha, 0.6 ha, 0.8 ha, 2.0 ha)?

Large opening (4.3 ha)®

Type of
regeneration Linear Linear

Edge included regression Adjusted regression Adjusted

aspect in regression n equation® r2 p-value n equation® r2 p-value
South Conifers 46 log Y = 2.689 — 0.037X 0.081 0.031 40 log Y = 1.193 - 0.001X 0.000 0.787
South Broadleaves 28 log Y = 2.302 - 0.015X 0.000 0.410 8 log Y = 2.040 - 0.019X 0.381 0.061
South All regeneration 48 log Y =2.901 - 0.028X 0.045 0.079 40 log Y = 1.849 - 0.007X 0.049 0.092
North Conifers 44 log Y = 1.639 + 0.002X 0.000 0.893 41 log Y = 1.686 — 0.005X 0.064 0.060
North Broadleaves 28 log Y = 1.482 + 0.015X 0.001 0.321 10 logY =1.733 - 0.011X 0.372 0.036
North All regeneration 45 log Y =2.069 + 0.002X 0.000 0.857 43 logY =1.970 - 0.007X 0.133 0.009

2 Data from the four smallest openings (0.4 ha, 0.6 ha, 0.8 ha, 2.0 ha) were combined for the regression analysis.
b Data from the largest opening (4.3 ha) were used for the regression analysis.
¢ General form of linear equation is: log Y = a + bX, where Y is regeneration density, X is distance from forest edge, a is the intercept, and b is the slope.
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