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ARTICLE INFO ABSTRACT

Keywords: There are well-known difficulties associated with regenerating oak stands throughout the Central Hardwoods
Oak advance reproduction region. To successfully regenerate oak, competitive sources of advance reproduction are required ahead of
Regeneration

harvesting—a condition that is rarely present, especially on productive sites. While treatments that enhance
seedling competitiveness (e.g, midstory removals, burning, competing vegetation control) are available, in
practice, these are rarely implemented and/or effective because of high treatment costs and/or because they
require delaying harvest.

As a potential alternative practice, we report the 10-yr results of a strip clearcut reproduction method that
removes alternating 45.7 m wide strips across a mixed Appalachian hardwood forest, where the initial harvested
strips provide timber revenue while simultaneously elevating understory light levels to increase oak seedling size
within the residual strips to increase oak presence in a future harvest.

After 10 yr, we found that strip clearcutting facilitated the development of competitive northern red oak
(Quercus rubra L.) advance reproduction within the residual strips. Northern red oak seedling densities (>10,000
stems/ha) were greater than any other species. Northern red oak seedlings were most competitive within the
interior 11.4 m positions in the residual strips, while the high densities of competitive northern red oak seedlings
along the edges of the residual strips were also associated with competitive black birch (Betula lenta L.) and black
cherry (Prunus serotina Ehrh.) reproduction. By contrast, in the cut strips, black birch and yellow-poplar (Lir-

Northern red oak

iodendron tulipifera L.) were the dominant stems and oaks were almost nonexistent.

1. Introduction

Oaks are keystone species in the eastern United States and
throughout the Appalachians. Upland oak forest types cover about 60
million hectares (150 million acres) of eastern forests, and the central
Appalachian Mountains have some of the highest oak densities in the U.
S. (McWilliams et al., 2002). Oaks are valued as a source of habitat and
food for wildlife, as a timber species, and for provisioning ecosystem
services and cultural benefits (Frankel et al., 2022).

Oaks have been declining across the eastern U.S. (Hix and Lorimer,
1991; Nowacki and Abrams, 1992). While they still dominate the upper
canopy, oaks have been replaced in the seedling, sapling, and midstory
layers, which suggests an inability to successfully recruit (Fei et al.,
2011; Widmann et al., 2011). This failure in oak regeneration is due in
part to the exclusion of fire and the subsequent “mesophication” of
eastern forests (Alexander et al., 2021: Nowacki and Abrams, 2008). Fire
exclusion has resulted in the densification of forests by shade-tolerant
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mesophytes whose traits create poor conditions for frequent, low
severity fire, to which oaks are adapted (Alexander et al., 2021; Nowacki
and Abrams, 2008). As a result, understory light conditions (less than
5 % full sunlight) are not conducive to the survival and growth of oak
seedlings (Brose, 2008; Patterson et al., 2022) but instead favor
shade-tolerant species in the absence of disturbance or opportunistic
species following canopy disturbance (Alexander et al., 2021; Iverson
et al., 2017).

The presence of competitive advance reproduction prior to overstory
removal is usually required to successfully regenerate oaks (Dey et al.,
2008; Loftis, 2004; Sander et al., 1976). To create competitive oak
advance reproduction (seedlings >0.91 m (3 ft) tall) (Brose et al., 2008),
treatments that create understory light conditions conducive to oak
seedling development (full sunlight between 12 % and 30 %) (Brose and
Rebbeck, 2017; Craig et al., 2014; Gottschalk et al., 1985; Miller et al.,
2004; Miller et al., 2017; Patterson et al., 2022; Rebbeck et al., 2011) are
recommended prior to overstory removal (Schuler et al., 2017).
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However, commonly suggested treatments (e.g. midstory removal, her-
bicide application, prescribed fire) can be hindered by high costs (Bailey
et al., 2011; Rathfon, 2011) or other barriers such as restrictions on
burning (e.g. Evans et al., 2018), perception of chemical use (e.g Huff-
man, 1983), or the need for immediate income. Even when treatments
are applied, there needs to be a willingness to allow enough time for
seedlings to attain competitive sizes (i.e., delayed harvest for 5-10
years).

Strip clearcutting is a possible alternative regeneration method to
improve the chances of successfully regenerating oak. In our cases,
alternative cut and leave strips provide a trade-off between managing
understory light conditions in the residual stand and providing upfront
revenue in the harvested cut strips (Schuler et al., 2017). Strip clearcuts
are easy to mark and harvest, which can increase efficiencies and reduce
logging damage to residual overstory trees.

When carried out properly, strip clearcutting creates a light gradient
where the centers of cut strips have the greatest amount of light and the
centers of the residual strips have the least light (Schuler et al., 2017).
The cut strips will generally promote fast-growing hardwoods such as
yellow-poplar (Liriodendron tulipifera L.) and therefore the residual strips
will be the major source of oak for the next cohort (Schuler et al., 2017).
When strips are oriented north-south, light penetrates into the residual
forest from the sides as the sun progresses from east (morning hours) to
west (afternoon hours) (Marquis, 1965). This penetration of light into
the forest edge and residual stand increases light levels at the forest floor
and affects the development of oak seedlings (Patterson et al., 2022).
The residual strips should experience increased light levels for a period
of 5-10 years, thereby enhancing the development of oak seedlings.
Once seedlings reach competitive size the residual strips can be har-
vested to fully release the developed oak understory.

Strip clearcutting is a somewhat novel practice for regenerating oak
in Appalachia. Intuitively light availability will increase throughout cut
and residual strips following a gradient of high to low from the center of
cut strips to the center of residual strips. The increased light availability
should positively affect oak seedling development along strip edges and
within residual strips. However, we expect high light availability within
the cut strips to stimulate the growth of shade intolerant competitors,
hindering oak seedling development. We report the effects of position
within cut and residual strip pairings on the development of natural
regeneration 10 years after the harvest of the initial strips.

2. Methods
2.1. Study site

The study site was located in the central Appalachian Mountain re-
gion on the West Virginia University Research Forest in Preston County,
West Virginia, USA. The study site has a north-facing aspect with 20
percent average slopes. The site index was estimated to be 21-23 m
(base age 50) for upland oak using site index curves from Schnur (1937).
Soils were estimated as Dekalb channery sandy loam (Soil Survey Staff,
2024). Overstory species composition prior to harvesting was largely
yellow-poplar, northern red oak (Quercus rubra L.), black cherry (Prunus
serotina Ehrh.), and red maple (Acer rubrum L.), representing 66 %, 21 %,
5 %, and 3 % of the harvested volume (in 2014) and 55 %, 21 %, 6 %,
and 13 % of the basal area, respectively. The study site is roughly 14 ha
in size, harvesting occurred in the early summer and fall of 2014 (Fig. 1)
coinciding with an anecdotally better than average year for northern red
oak acorn production. Yellow-poplar, black cherry, red maple, and black
birch (Betula lenta L.) are capable of accumulating seed within the seed
bank and seed sources for these species were represented across the
elevational gradient on the site. Although we did not measure seed fall it
was assumed that each species had ample seed sources and opportunity
to establish. Strips were 45.7 m wide (roughly 1.25 times the height of
the canopy) and oriented in a north-south direction. All stems > 2.5
centimeters (1 in) diameter at breast height were hand-felled and
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Fig. 1. The study site following the initial strip harvest (U.S. Geological Sur-
vey, 2016).

merchantable material extracted with rubber-tired cable skidders.

2.2. Field measurements

Regeneration plots were measured across the site beginning in May
2024, ten years after one-half of the strips were harvested. Plots had a
1.8-meter radius and all tree species greater than 15 cm tall were
counted and placed into 0.3-meter height classes. All species present in
the plots were tallied, but our analysis focused on the most abundant
species. Northern red oak stems greater than 0.91 m in height were
considered competitive based on the recommendations of Brose et al.
(2008). Within residual strips trees with a DBH greater than 7.6 cm were
considered residual stems and excluded from the count.

Plots were placed in each of eight positions within each residual-cut
strip pairing that represented a gradient of light conditions (Fig. 2). Four
separate strip pairings were used as replicates and plots were blocked by
slope location (low, intermediate, and upper). There were 24 plots
within each slope position (Fig. 2) resulting in 72 plots per strip pairing
and a total of 288 plots. Plots were placed in the inner 4 strip pairings of
the stand (Fig. 1) and at least 7.5 m away from skid roads to avoid the
effects of soil disturbance.

Position 1 represents the edge of the residual strip receiving morning
light (a.m. edge), position 5 represents the edge of the residual strip
receiving afternoon light (p.m. edge), positions 2 and 4 represent one-
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Fig. 2. Layout of one slope-strip pairing replicate of regeneration plots. This
block of plots represents 1 strip-pairing block.
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quarter of the way into the residual strip, and position 3 is halfway into
the residual strip. Similarly, positions 4 and 6 are one-quarter into the
cut strip, and position 7 represents halfway into the cut strip.

Photosynthetically active radiation (wavelengths of light between
400 and 700 nm) (PAR) was measured using an ACCUPAR LP-80 sensor
(METER Group, Inc., San Francisco, CA, 2024) 1 m above the ground in
July 2024 on a completely cloudless day (July 2) between 10 a.m. and
2:30 p.m. Five instantaneous readings were taken consecutively at each
plot and averaged. Full sunlight reference measurements were taken
simultaneously in an open area adjacent to the stand. PAR was also
measured in 2016, 2 years after the initial harvest. Measurements in
2016 were taken using the same methods as in 2024, although not
necessarily at the same locations.

2.3. Data analysis

Regeneration data were analyzed as a randomized block (n = 4)
design with subsampling (9 plots per position per replicate). The four
strip pairings represented the four replicates. Analysis of variance
(ANOVA) was used to examine differences in positions and among
species. Statistical tests were conducted using alpha value = 0.05 level
of significance.

Two generalized linear mixed models using negative binomial dis-
tributions were used, the first tested the effect of position on the stems/
ha of competitive northern red oaks across the residual and edge posi-
tions (positions 1-5). Position was used as the fixed effect in the first
model while slope position, and subsample were used as random effects.
The second model was used to test the effect of species on the stems/ha
of competitive northern red oak and black birch across the residual and
edge positions. Black birch and northern red oak were the only species
tested to simplify Tukey’s tests and black birch was the most important
competitor across the residual strips. Species was used as the fixed effect
in the second model while slope position, subsample, and plot were used
as random effects. We used a Tukey’s test on least squares means to test
the differences between treatment levels.

A one-way ANOVA using a beta distribution was utilized to test the
effects of position on percent full sunlight in 2016 and 2024 separately.
A Tukey’s test on least squares means was utilized to separate differ-
ences between treatment levels.

The R statistical software (R Core Team, 2024) was used to analyze
data, the package glmmTMB was utilized to create ANOVA models
(Brooks et al., 2017), and the package emmeans was used to carry out
Tukey’s tests (Lenth, 2024).

2.4. Dominance probabilities

The number of seedlings required to successfully regenerate domi-
nant and codominant oaks was calculated based on Loftis’s (1990b)
dominance probabilities. Dominance probability equations are based
upon the quality of the site (site index) and the root collar diameter of
the seedlings. We estimated the root collar diameter (RCD) of tallied
northern red oak seedlings based on height. Using the classes described
by Brose et al. (2008), stems between 0.15 and 0.91 m have an RCD of
1 cm and stems with a height greater than 0.91 m have an RCD of
1.9 cm. A stocking target of 20 % was set based on the initial basal area
of northern red oak present in the stand prior to harvesting. Using
Gingrich’s stocking equation (1967), 363 oak trees/ha are needed at age
20, when the average stand diameter is 7.6 cm. Dividing the desired
number of dominant oaks at age 20 (363 trees/ha) by the dominance
probability of different seedling size classes yields the required number
of seedlings for successful regeneration.

Forest Ecology and Management 586 (2025) 122701
3. Results
3.1. Photosynthetically active radiation

PAR measurements taken in 2016 (second growing season after
initial harvest) show distinct differences in light levels by position
within the strip pairs (Fig. 3). PAR levels ranged from 11 % to 73 % of
full light across all positions. Clearly, harvest strips had higher PAR
levels, but levels of PAR in different positions within cut and residual
strips were different (Fig. 3). Position significantly affected percent full
sunlight (Chisq=73.046, df=7, p < 0.0001). The edges and the cut strip
had significantly greater full sunlight than the center of the residual
strip. The a.m. edge and cut strip also had significantly greater full
sunlight than the one -quarter and three-quarter positions (quarter po-
sitions) of the residual strip.

Light measurements collected in 2024 reveal a distinct drop in PAR
from the 2016 levels (Fig. 3). Every position except the a.m. edge (13 %
of full sunlight) had full sunlight below 6 %. Position significantly
affected percent of full sunlight (Chisq= 26.385, df=7, p < 0.0005). Due
to the high variance in measurements, the a.m. edge was only signifi-
cantly greater than the cut strip (positions 6, 7, 8). Low PAR levels in the
cut strips reflect measurements taken below a well-established canopy of
the ten-year-old tree saplings.

3.2. Regeneration

Regeneration analysis was focused on northern red oak (NRO), black
birch (BB), yellow-poplar (YP), black cherry (BC), and red maple (RM)
as they constituted 94.4 % of all trees counted out of 21 different species
tallied. Northern red oak was the most common species with > 10,000
trees/ha across the entire stand. However, more than 75 % of these
stems were noncompetitive (<0.91 m tall) (Table 1).

As expected, the cut strips regenerated mostly to non-oak species;
yellow-poplar, black birch, and black cherry were very common (Fig. 4).
Yellow-poplar had the greatest stem density across the cut positions
followed closely by black birch.

Competitive black birch and northern red oak stem densities were
not statistically different along edges, however the trends suggest
slightly higher stem densities of black birch at edge positions. There was
a decline in density of competitive stems across all species from the
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Fig. 3. Least squares mean % full PAR at the different positions within the strip
clearcut 2 yrs (gray) and 10 yrs (blue) after treatment. Error bars represent
95 % confidence intervals. Values with different letters denote significant
differences.
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Table 1

Stem density (trees/ha) of the five most common regenerating species by height class for the entire stand. One standard error is represented below means.
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Height Class (m)

Species <0.3 0.31-0.91 0.911-1.5 1.51-3 3.1-4.6 4.61-7.6 >7.6
BB Mean 327 1070 449 796 687 842 145
SE +49 +119 +63 +91 +89 + 104 +28
BC Mean 380 469 198 327 231 426 158
SE +65 +73 +42 +61 +41 +60 +32
NRO Mean 4051 5165 925 459 92 9 0
SE +537 + 498 +122 +68 +20 +7 +0
RM Mean 1774 839 92 52 69 99 56
SE +197 +118 + 22 +16 +21 +26 +22
YP Mean 380 865 330 783 614 723 49
SE +77 +184 +63 +129 +101 + 104 +14
Other Mean 439 360 82 313 105 82 33
SE +66 +43 + 24 +74 + 24 +23 +13
7500 -
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Fig. 4. Stem density of competitive stems (>0.91 m tall) for the 5 most common regenerating species across the cut and residual strip pairings. Error bars represent 1
standard error. Letters are associated with NRO in positions 1-5 and denote significant differences among treatments.

edges towards the center of the residual strips (Fig. 4).

Competitive stems of northern red oak and black birch outnumbered
the competitive stems of other species within the interior of the residual
strips (Positions 2-4) (Fig. 4). Northern red oak was most competitive
within the interior of the residual strips as there was a greater number of
competitive oak stems and less competition from other species in com-
parison with the edge and cut positions. Within residual strips there
were roughly 608, 1242, and 1559 competitive stems/ha in center, one-
quarter, and three-quarter positions, respectively (Fig. 4). Competitive
northern red oak was significantly more abundant along the edge po-
sitions compared to the center of the residual strips (p < 0.003) (Fig. 4).
There were no significant differences between competitive black birch
and competitive northern red oak stems/ha within the residual strips
(p = 0.783 3).

We recorded the dominant species (by height) on each plot and
summarized the data by position (Table 2). Black birch dominated the
highest percentage of edge and cut plots. Yellow-poplar and black cherry
were the second and third most common species dominating edge and
cut plots, respectively. Northern red oak dominated the highest per-
centage of plots in the residual strips (39 %) (Table 2). However,
northern red oak dominated only 8 % of plots in edge positions and
nearly 0 % of plots in cut positions.

Table 2
Percent of plots with each species as the dominant tree (by height) for the top 3
species of each position grouping.

Residual Strip Edge Positions Cut Strip

Species % Species % Species %
NRO 38.9 BB 57.3 BB 37.6
BB 33.6 BC 17.3 YP 29.4
BC 10.7 NRO 8.0 BC 18.4

Despite their dominance throughout the residual strips, most oak
seedlings were relatively small. Roughly one-half of the plots dominated
by an oak stem in residual strips were comprised of individuals less than
0.91 meters tall.

3.3. Dominance probabilities

Using Loftis” (1990b) dominance probabilities for oak reproduction
to become dominant or codominant 20 years following overstory
removal, stems between 0.15 and 0.91 m tall have a 0.065 probability of
dominance and stems > 0.91 m tall have a 0.19 probability of domi-
nance in a stand with a site index of 21 m at base age 50 (for upland
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oaks). Under these conditions it would take roughly 5585 stems/ha
between 0.15 and 0.91 m tall to reach desired stocking or roughly 1911
stems/ha > 0.91 m tall to reach desired stocking. Required stem den-
sities for different size classes and the stem densities of different size
class northern red oaks for positions 1-5 are summarized in Table 3.
Both edge positions would have adequate densities of northern red
oak advance reproduction as both positions have > 1911 stems/ha
> 0.91 m tall (Table 3). Both quarter positions and the center of the
residual strip have sufficient densities of advance reproduction as the
density of stems between 0.15 and 0.91 m tall is greater than the esti-
mated required amount. Even removing stems < 0.3 m tall all residual
positions still have sufficient stems/ha of advance reproduction based on
this estimation. Also considering the combined density of stems between
0.15 and 0.91 m tall and stems > 0.91 m tall all residual positions have
beyond the required density of reproduction for regeneration success.

4. Discussion

The strip clearcut approach used here was intended to provide a
compromise between oak regeneration and landowner income. The cut
strips provided immediate income but very little control of reproduc-
tion. The residual strips were designed to cultivate oak advance seed-
lings. After ten years there were few oak seedlings within the cut strips.
Furthermore, the very few oak stems that were in the cut strips were
dominated by black birch, yellow-poplar and black cherry. Yellow-
poplar, black birch, and black cherry were favored by the initial high
light intensities (Fig. 3) within the cut strips and their relatively fast
growth under full light conditions.

Although yellow-poplar and black cherry were well represented in
the cut strips (Fig. 4), black birch trees were taller on average, occupying
the most dominant crown positions (Table 2). Economically, black
cherry and yellow-poplar are valuable hardwood species in Appalachia,
while black birch generally has low commercial value and is often
considered a less desired species. Black birch generally does not reach
heights greater than 21-24 m and is commonly a midstory inhabitant
(Lamson, 1990). Black birch gains height very rapidly immediately
following canopy release (Fei et al., 2005) but slows down after roughly
40 years (Lamson, 1990). Yellow-poplar and black cherry generally
attain heights of roughly 27.5-30.5 m in 50 years on sites of similar
quality to the study area (Beck et al., 1990; Beck and Della-Bianca, 1981;
Marquis, 1990).

It is possible that the yellow-poplar will overtop the black birch as
stand development continues. We suspect that the currently dominant
black birch may act to thin the suppressed yellow-poplar. Continued
monitoring of this study will reveal whether black birch remains a
dominant member of the overstory canopy or if it will fall behind the fast
growing yellow-poplar and black cherry within the initial cut strips.

Based on dominance probabilities and the target of 20 % stocking of
dominant and codominant oaks there were adequate densities of
northern red oak advance reproduction to regenerate the residual strips.
Roughly 20 % of plots within residual strips were dominated by an oak
of competitive size. However, there were also high densities of com-
petitors within residual strips. Black birch was the most common and
dominant competitor for oak along the edges and the interior of the
residual strip, though black cherry was also an important competitor
along the edges (Table 2).

Table 3
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Light levels along the edges were quite high (40-55 % of full sun-
light) two years after the first strips were harvested (Fig. 3). These levels
are higher than the 12-30 % recommended for oak seedling develop-
ment (Gottschalk et al., 1985; Loftis 1990a). This stimulated the growth
of competitors, especially black birch, as the edges were the only posi-
tions within the residual strips where competitive oaks were out-
numbered by any single other species (Fig. 4). Although the edge
positions have high numbers of black birch and black cherry, the very
high density of larger oak stems along the edges makes it likely that
some of them will attain dominant canopy positions.

The light levels of the quarter positions following the initial harvest
were within the recommended range of light for oak seedling develop-
ment (15-17 %) (Fig. 3). Regeneration most favors northern red oak
along the quarter positions. Although there was not a significant dif-
ference between black birch and northern red oak regeneration densities
within the residual strips, the quarter positions held the greatest
disparity between northern red oak and black birch in the favor of oak
(Fig. 4).

The center of the residual strip had the lowest density of competitive
oak stems (608 stems/ha) (Fig. 4) and the light levels following the
initial harvest were lower than recommended (10 %) (Fig. 3). This light
level was likely too low to fully benefit oak seedling development.
Although competitive northern red oak advance reproduction in the
center of the residual strip is similar to the amount of black birch
reproduction and outnumbers the reproduction of all other species, new
seedlings of opportunistic competitors (yellow-poplar and black cherry)
could become established and outcompete oak reproduction following
overstory removal.

One possible solution to reduced light levels in the center of residual
strips would be to reduce the residual strip widths to allow more light
infiltration to the center. Although light along the quarters was within
recommended levels it could increase further within that range and light
along the center should increase to properly benefit oak seedling
development. Our data as well as others (e.g., Patterson et al., 2022)
show greater than 10 % of full light levels 10-12 m away from gap edge
and less than 10 % of full light levels beyond that distance, which is
more consistent with closed-canopy forests.

Black birch was the most important competitor with northern red
oak across the residual strips. Understanding how black birch and
northern red oak may interact as stand development continues will be
very important to recruiting dominant oaks. Oliver (1975) found that
oak can catch up to and overtop initially dominant black birch and red
maple following intense canopy disturbances (such as a clearcut).
Although there are important differences between our study site and
those studied by Oliver (New England vs. Central Appalachian location,
site index, and preharvest overstory and understory conditions) the
silvical characteristics of northern red oak and black birch could support
this possibility.

Oaks are drought adapted species which first build large root net-
works before putting energy into aboveground shoot growth (Johnson
et al., 2002), if several drought events were to occur following harvest
oaks would be less affected by moisture stress and could likely attain
dominance over the less drought resistant black birch (Daley et al.,
2007; Lamson, 1990; Turnbull et al., 2002; Vivin et al., 1993).

The understory light levels in 2024 (Fig. 3) were extremely low in
every position (<6 % full sunlight) except the a.m. edge (13 % full

Northern red oak stem density by size class and position compared to the required stem density for regeneration success based on dominance probabilities. One

standard error is represented below means.

size class required a.m. edge uncut 1/4 uncut 1/2 uncut 3/4 p.m. edge
0.15-0.91'm Mean 5585 11,581 11,131 16,393 22,316 10,127
SE + 2125 + 2081 + 3249 + 4372 + 2526
>091m Mean 1911 2644 1243 608 1560 3331
SE + 552 + 629 4170 4417 + 812
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sunlight). Understory light levels will decrease with time as side shading
increases from the regenerating cut strips. These decreasing light levels
create declining conditions for oak seedling development. Waiting
longer than 10 years after the initial strip harvest to remove the residual
strips could reduce the amount of competitive oak reproduction due to
these decreased light levels. Additionally, when implementing an ideal
strip clearcut, acorn crops should be monitored prior to any harvesting
and implementation of the initial strips should take place after a bumper
crop of acorns so that an abundance of new oak seedlings is present.

Our study was restricted to a single site and therefore interpretation
of our results should be restricted to similar sites within the central
Appalachians. Our site had a site index of roughly 21-23 m for upland
oaks, was located on north facing slopes, and had a pre-harvest overstory
composition of roughly 55 % yellow-poplar and 20 % northern red oak
with lesser amounts of red maple and black cherry. Sites like this are
common throughout the Central Appalachian region.

Site productivity (related to soils and topographic position) and
overstory composition prior to harvest will affect the establishment of
seedlings within cut and residual strips. Oak reproduction can more
readily accumulate on lower quality sites, as such more light can be
made available without stimulating the growth of shade intolerant
competitors such as black cherry or yellow-poplar due to water avail-
ability becoming restricting. On higher quality sites it is likely that strip
widths may need to be narrower to avoid stimulating yellow-poplar
establishment (Loftis 1990b). A commercial thinning targeting the
removal of yellow-poplar from the overstory well in advance of initi-
ating the strip clearcutting regeneration method could help to reduce the
seed source of yellow-poplar.

In areas with little or no presence of yellow-poplar (uncommon in
Central Appalachia) it is likely that smaller oak advance reproduction
can have a greater chance at competition. This is due to the extremely
fast growing newly established yellow-poplar seedlings being absent
post-harvest. On sites with a dense midstory of shade tolerant compet-
itors such as red maple or American beech (Fagus grandifolia Ehrh.)
competition control treatments may be necessary to establish oak
reproduction. Our stand experienced high densities of black birch
reproduction despite taking up a small portion of the preharvest over-
story composition. In areas without an abundant response of black birch
reproduction oak seedlings will be more competitive.

On south or west facing sites, site quality tends to be reduced thereby
reducing competition from fast-growing mesic species (e.g yellow-
poplar). However, on S-W facing sites with high site indices manipula-
tion of light availability needs to be careful, south facing slopes will
receive a greater amount of light relative to north facing slopes which
could stimulate the growth and establishment of shade-intolerant
competitors. As well on east or west facing slopes with extreme slopes,
the slope effect on shadow length could result in different light avail-
ability between eastern or western edges of strips.

Further research on strip clearcutting to regenerate oaks should be
carried out on sites with different productivity levels, different aspects,
and different overstory compositions and should experiment with
changing residual and cut strip widths. As well further research needs to
be carried out within different geographic regions to better understand
how this harvesting method can regenerate oak species.

5. Conclusions

Compared to clearcutting (conditions similar to cut strip positions),
strip clearcutting seems to offer a reasonable compromise between in-
come generation, ease of implementation and regeneration of oak spe-
cies. Strip clearcutting increased understory light levels within the
residual strips to levels benefiting oak seedling development. Competi-
tive advance oak reproduction was cultivated throughout the residual
strips (positions 1-5), although oak seedlings experienced the least
competition at 11.4 m into residual strips from strip edges. Based on the
dominance probability estimates and the abundance of northern red oak
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seedlings, there appears to be sufficient quality and quantity of oak
advance reproduction to regenerate northern red oak to its pre-harvest
stocking within residual strips.

Follow-up competition control treatments could be used during the
regeneration process to further enhance oak reproduction. Although no
additional treatments were conducted within the cut or residual strips,
controlling competing herbaceous and woody vegetation may provide
additional resources to accelerate oak seedling survival and develop-
ment. Similarly, manipulating strip widths, both residual and cut, can
influence light levels. Depending on the oak species and competing tree
species present on the site these strip widths may need to change.

The residual strips were harvested following sampling in 2024.
Continued monitoring is needed to determine if the advance reproduc-
tion cultivated since the initial harvest will be sufficient to recruit stems
into dominant canopy positions after the harvest of the residual strips.
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