STUMP SPROUT DOMINANCE PROBABILITIES
OF FIVE OAK SPECIES IN SOUTHERN INDIANA
20 YEARS AFTER CLEARCUT HARVESTING

Dale R. Weigel, Daniel C. Dey, and Chao-Ying Joanne Peng’

Abstract.—Oak (Quercus spp.) stump sprouts are vital to sustaining oak’s presence and
long-term dominance when regenerating oak or mixed-hardwood forests in southern
Indiana. A study was initiated on the Hoosier National Forest in southern Indiana in 1987
to predict the sprouting potential and dominance probability of oaks. Before clearcut
harvesting, we sampled 2,188 trees of five oak species and measured tree age and diameter at
breast height along with site index to develop sprouting and dominance probability models
for subsequent follow-ups at years 1, 5, 10, 15, and 20. For the current study a dominant
oak was one that had one or more competitively successful sprouts per stump 20 years

after clearcutting. Two species were in the white oak group—white oak (Q. a/ba L.) and
chestnut oak (Q. prinus L.)—and three in the red oak group—black oak (Q. velutina Lam.),
scarlet oak (Q. coccinea Muenchh.), and northern red oak (Q. rubra L.). We used logistic
regression to develop preharvest predictive models for sprouting potential and dominance
probabilities as well as postharvest models for dominance probabilities of the five species.
The 20-year results will be compared to results obtained 1, 5, 10, and 15 years after harvest
(Weigel and Peng 2002, Weigel and others 2006). Managers can use our models to anticipate
regeneration failures before harvesting or sprout success after harvest.

INTRODUCTION

Oaks are important for timber, wildlife food, and stand biodiversity. Oak regeneration continues to be a
problem (Lorimer 1983, 1989). Oak advanced reproduction has been considered the main source of stems for
the future forest (Sander and others 1976, 1984). One component of the future stand that is often overlooked
is oak stump sprouts. The contribution of stump sprouts is overlooked in part because of the limited
information about the percent of oak stumps that sprout and produce competitively successful sprouts.

Thus, predicting the success or dominance of stump sprouts following overstory removal is important for

understanding the role of stump sprouts in regenerating oaks.

Early research showed that parent tree age, diameter, and site quality were significant predictors of stump
sprouting (Roth and Hepting 1943, McGee 1978). In Missouri, parent tree age, stump diameter, and site
index were important predictors of oak stump sprouting (Johnson 1977, Dey and others 1996). In northern
lower Michigan, parent tree age and stump diameter were important predictors of stump sprouting for white
oak (Quercus alba L.) and black oak (Q. velutina Lam.) (Bruggink 1988). Diameter at breast height (d.b.h.)
was a significant predictor for white, black, northern red (Q. rubra L.), and chestnut oak (Q. prinus L.) in
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Tennessee (Mann 1984). In Pennsylvania, species and d.b.h. were significant predictors at year 1 for white,
black, northern red, and chestnut (Gould and others 2007). These prior studies were primarily concerned
with short-term success of oak species in certain regions, not necessarily with the sustained dominance of

sprouts in other locations (such as southern Indiana) at longer time intervals, such as 20 years.

Thus, our objectives were to determine significant predictors of oak stump sprouting in southern Indiana
and to develop dominance probability models for oaks at year 20 that permit the forest manager to make an
informed prediction of the approximate number of dominant or codominant oak stump sprouts in future
stands. Two different types of models were developed to provide the forest manager with the ability to predict

dominance probability when either preharvest or postharvest data are available.

STUDY AREAS

The study was conducted on the Hoosier National Forest in south-central Indiana. Nine stands scheduled to
be clearcut were selected for measurement. There were three stands in each of three age classes: 71-90, 91-110,
and 110+ years. Harvesting was done between October 1987 and May 1989. In any given year, it was not
possible to determine what season (growing or dormant) individual stems were harvested, because harvesting
occurred over two seasons. For a complete discussion of the study sites, measurements, model building, and

data analysis, see Weigel and Peng (2002).

METHODS
MEASUREMENTS

Prior to harvest, 0.04-ha plots were established along transects in the nine stands. We inventoried and tagged
1,371 white oak, 180 chestnut oak, 399 black oak, 130 scarlet oak (Q. coccinea Muenchh.), and 108 northern
red oak > 4.0 cm d.b.h. on the plots. Measurements included d.b.h. on all trees and heights and ages of
selected trees used for site index determination. Postharvest measurements were completed 1, 5, 10, 15, and
20 years after clearcutting. First-year measurements included determining parent-tree age by counting rings
on the stump surface and noting whether any sprouts were present. At years 5, 10, 15, and 20, we remeasured
surviving oak stump sprouts and recorded the number of sprouts and the height of the tallest sprout. Tenth-,
fifteenth-, and twentieth-year measurements included recording the crown class. Fifteenth- and twentieth-year

measurements included d.b.h. of the tallest sprout.

Each stand was subdivided into smaller units that were uniform in aspect (north, 315°-135°% south, 136°-
314°) and slope (ridge, upper slope, lower slope, and bottom). The mean height of the competition was
computed for each of these units by averaging the heights of measured dominant or codominant competition
within 1 m of selected stumps. The mean height of competition was used to determine whether a stcump
sprout at years 5 and 10 was competitively successful; successful competition was achieved if the sprout’s
height equaled or exceeded 80 percent of the mean height of the competition for the individual unit. This
approach was taken because stand crown closure does not happen in the first 10 years, so the traditional
concept of crown class (Smith and others 1997) is not useful in determining the social position, or
competitiveness, of tree reproduction. At ages 15 and 20, oak sprout success was determined by its crown
class position. This measure of sprout potential, success, or competitiveness is embodied in the concept of
dominance probability (Spetich and others 2002). By year 15, crown closure had occurred; therefore, the use
of crown class would provide meaningful success rates.
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DATA ANALYSIS

We used logistic regression to model the dominance probability of oak stump sprouts based on the above
definition of a successful, competitive, or dominant sprout, i.e., that the main sprout was at least 80 percent
of the mean competition height at stand ages 5 and 10, or that the oak sprout was in the dominant or
codominant crown class at ages 15 and 20. We used logistic regression because the outcome variable, success,

is dichotomous and not continuous, as with the usual linear regression model.

The five-step model building approach suggested by Hosmer and Lemeshow (2000) was used. We used the
maximum likelihood method implemented in PROC LOGISTIC of SAS version 9.1.3 (SAS Institute Inc.,
Cary, NC, 2004) to perform the logistic modeling.

Two different types of models were developed. The first type of model used preharvest measurements and
therefore was not dependent on sprouting success at years 1, 5, 10, 15, or 20. The second type of model did

not use preharvest data and consequently was dependent on sprouting success at years 1, 5, 10, 15, or 20.

Because the first type of model does not depend on stump sprouting status at years 1, 5, 10, 15, or 20, the
model is useful when preharvest measurements can be made. Thus, probability estimates for year 20 can be
obtained for the stand before harvest. The same dependent variable and independent variables for year 20
were used as in the 1-, 5-, 10-, or 15-year models (Weigel and Peng 2002, Weigel, Dey, and Peng 2006). The
dependent variable was presence of a dominant or codominant stump sprout 20 years after the parent stem
was harvested. The independent variables were species, parent tree age, d.b.h., natural log of d.b.h., site index,

natural log of site index, and interactions between two or more of these independent variables.

Previous research emphasized developing preharvest models, which are not useful for evaluating regeneration
after harvesting. To accommodate the need for predicting oak stump sprout performance after harvest, the
postharvest models were developed in the present study. Postharvest models estimated dominance probabilities
of stems at age 20 from stumps that had at least one live sprout at age 1, 5, 10, or 15. These models used the
same dependent variable as in the preharvest models, but the number of independent variables was reduced

so that only stump diameter, species, and site index were considered. These models were developed with the
understanding that foresters would be examining the harvested stands at 1, 5, 10, or 15 years after harvest,

and thus they would not have preharvest tree age or d.b.h. information.

The species were grouped into the white oak group and the red oak group for both types of models. The white
oak group consisted of white and chestnut oaks, and the red oak group consisted of northern red, black, and

scarlet oaks.

RESULTS
PREHARVEST TO AGE 20-YEAR MODELS
White Oak Group

Chestnut oak had higher dominance probabilities than white oak for a given tree age, d.b.h., and site quality
(Fig. 1). For example, when age, d.b.h., and site index were held constant at 50 years, 10 cm, and 18 m,
respectively, 92 percent of chestnut oak stumps are expected to produce a dominant sprout compared to only

54 percent of white oak stumps at stand age 20 years. Also, lower-quality sites (site index 18 m) had higher
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Figure 1.—Estimated dominance probability that a white oak or chestnut oak stump will produce a sprout that is either
dominant or codominant 20 years after the parent tree is cut in a clearcut regeneration harvest based on parent age,
d.b.h., and black oak site index.

dominance probabilities than higher-quality sites (site index 22 m). For instance, the dominance probability
for white oak was 54 percent at site index 18 m, compared to 46 percent at site index 22 m. This influence
of site quality on sprout dominance has been reported for 10-year- and 15-year-old stands (Weigel and Peng
2002, Weigel and others 20006). As in previous years, dominance probabilities decreased as oak trees became
older and larger in diameter.

The best preharvest model (model 1 in Table 1) included four predictors: species, the interaction of parent tree
age with d.b.h., site index, and the natural log of site index. The rationales for identifying the best model were
explained in Weigel and Peng (2002); hence, they are not repeated here.

Table 1.—Preharvest Models: logistic regression models for estimating the probability that an oak
stump sprout will be dominant or codominant at year 20.

Parameter estimates®® Model evaluation statistics
Model No. Species b, b, b, b, X H-L°
1 White oak -72.0747 -0.00144 -1.9628 37.4688 404.7816 12.1489
Chestnut oak -69.8599  -0.00144 -1.9628 37.4688 (p <0.0001) (p=0.1447)
2 Red & black oaks 0.2260 -0.00060 124.9196 14.2244
Scarlet oak 1.7408 -0.00060 (p <0.0001) (p=0.2441)

aRegression models are of the form P = [1+g P0b1X1#b2X243X3)1-1 \yhere P is the estimated probability that a cut tree will produce a
successful (dominant or codominant) stump sprout at age 20: X1 = (dbh in centimeters x tree age); X2 is black oak site index in
meters (where site index is derived from Carmean and others 1989); X3 is the natural log of site index.

PAll parameter estimates differ significantly from zero at p < 0.05.

°Hosmer-Lemeshow goodness-of-fit test (Hosmer and Lemeshow 2000).
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The overall significance of model 1 reached a likelihood ratio chi-square value of 404.7816, which was
significant at p < 0.0001 with 4 degrees of freedom. The four predictors were each significant at p < 0.05.
The goodness-of-fit of model 1 was confirmed by the insignificant Hosmer-Lemeshow (H-L) test (chi-square
=12.1489, p =0.1447) (Table 1) (Hosmer and Lemeshow 2000).

The overall correct classification rate based on model 1 was 84.3 percent, which was a significant and
meaningful improvement over the chance level. Model 1 was more successful in classifying stcumps that did
not produce a dominant or codominant stump sprout (specificity) than those that did (sensitivity). This
observation was supported by the magnitude of specificity (91.9 percent), compared with that of sensitivity
(45.3 percent). False positive and false negative rates were 47.7 percent and 10.5 percent, respectively.

Red Oak Group

In general, scarlet oak trees had higher stump sprout dominance probabilities than northern red oak and black
oak combined (Fig. 2). Overall dominance probabilities continued to decline from year 1 (Weigel and Peng
2002) to year 20. The continued decline in dominance probability indicated that the three species were not
able to compete with the surrounding vegetation. Scarlet oak had higher dominance probabilities at smaller
d.b.h. and younger ages than northern red and black oak (81 percent at age 50 and 10 cm d.b.h. versus

48 percent at age 50 and 10 cm d.b.h., respectively).

The dominance probabilities for northern red oak and black oak did not differ (» > 0.05) at year 20. They did,
however, differ from scarlet oak (p < 0.05). Therefore, the two species were combined in subsequent analysis.
Similar to the white oak model, the best red oak year-20 model (model 2 in Table 1) included the same
variables as those in the year-15 dominance probability model presented by Weigel and others (2006). Species
and the interaction of parent tree age with d.b.h. were significantly related to future dominance probability in
red oak group stump sprouts.
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Figure 2.—Estimated dominance probability that a black oak or northern red oak, or scarlet oak, stump will produce
a sprout that is either dominant or codominant 20 years after the parent tree is cut in a clearcut regeneration harvest
based on parent age and d.b.h.
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The overall significance of model 2 reached a likelihood ratio chi-square value of 124.9196, which is
significant at p < 0.0001 with 2 degrees of freedom. The two predictors were each significant at p < 0.05. The
goodness-of-fit of model 2 was confirmed by the insignificant H-L test (chi-square = 14.2244, p = 0.0761)
(Table 1).

The overall correct classification rate based on model 2 was 65.0 percent which was a significant and
meaningful improvement over the chance level. Model 2 correctly classified stumps that produced a dominant
or codominant stump sprout more frequently than those that did not. This observation was supported by the
magnitude of sensitivity (83.7 percent), compared with that of specificity (57.0 percent). False positive and
false negative rates were 54.7 percent and 10.8 percent, respectively.

POSTHARVEST TO AGE 20 MODELS

The after-harvest models allow foresters to enter a harvested stand 1, 5, 10, or 15 years after harvest to

determine the dominance probability at year 20 for those stumps that have sprouts at 1, 5, 10, or 15 years.

White Oak Group

Year 1—Oaks were more likely to produce dominant

or codominant stems at year 20 on lower-quality

1.0
sites than on higher-quality sites (Fig. 3). Dominance

Site index 18 (m)

and codominance probabilities also were greater for
smaller-diameter stumps. The best results were for 0.8
10-cm diameter stumps with site index of 18 m

(79 percent), while the lowest dominance probability 06
was for sprouts on 60-cm diameter stumps with site

Year 20
dominance probability

index of 22 m (6 percent). The higher-quality sites 04
most likely had more and faster growing competition. '
Consequently, the oaks were unable to compete as

well on higher-quality sites as on lower-quality sites. 0.2

At year 1, the success probabilities for white and 0.0

T T T
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re combined 0.05). The significant predictor. .
were C(? ed (> 0.05) ) csen Ca. pre 'C o Parent tree stump diameter (cm)
were diameter at stcump height and the interaction of

site index with the natural log of site index (model 3

in Table 2). Figure 3.—Estimated dominance probability that a
white or chestnut oak stump sprout that is present
at year 1, 5, or 10 will produce a sprout that is either
The overall significance of model 3 reached a dominant or codominant 20 years after the parent tree

likelihood ratio chi—square value of 85.8272, which is is cut in a clearcut regeneration harvest based on parent
tree stump diameter and site index.

significant at p < 0.0001 with 2 degrees of freedom.
Both predictors were significant at p < 0.05. The insignificant H-L test (chi-square = 7.4618, p = 0.3824)
confirmed the goodness-of-fit of model 3 (Table 2).

The overall correct classification rate based on model 3 was 66.0 percent, which was a significant and

meaningful improvement over the chance level. Model 3 more correctly classified stump sprouts whose
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sprouts were dominant or codominant at year 20 (sensitivity) than those that were no longer dominant

or codominant at year 20 (specificity). This observation was supported by the magnitude of sensitivity

(74.4 percent), compared with that of specificity (58.1 percent). False positive and false negative rates were

37.3 percent and 29.4 percent, respectively.

Year 5—As in the year-1 model, the smallest stcumps on lower quality sites had the highest dominance rates

(Fig. 3). The dominance probabilities decreased with increasing parent tree stump diameter and increasing site

index.

Table 2.—Postharvest Models: logistic regression models for estimating the dominance

probability that an oak stump sprout will be in either the dominant or codominant crown class
at year 20 when sprouts were present at year 1, 5, 10, or 15 after clearcutting.

Parameter estimates®®

Model evaluation statistics

Model No. Species and year b, b, b, X? H-Le°
3 White & chestnut oaks, 1 45566 -0.0664 -0.0489 85.8272 7.4618
(p <0.0001) (p=0.3824)
4 White & chestnut oaks, 5 54713 -0.0474 -0.0655 57.6083 9.7525
(p < 0.0001) (p=0.2828)
5 White & chestnut oaks, 10 54129 -0.0325 -0.0669 44,9576 6.1552
(p < 0.0001) (p=0.6299)
6 White & chestnut oaks, 15 5.7753 -0.0779 47.5109 10.5270
(p <0.0001) (p=0.1606)
7 Black & red oaks, 1 3.5918 -0.0321 -0.0422 63.8500 6.9883
(p <0.0001) (p=0.5379)
Scarlet oak, 1 55106 -0.0321 -0.0422
8 Black & red oaks, 5 4.3213 -0.0632 51.2045 2.4795
(p < 0.0001) (p=0.9286)
Scarlet oak, 5 5.7665 -0.0632
9 Black & red oaks, 10 4.1130 -0.0568 41.9118 0.9743
(p <0.0001) (p=0.9952)
Scarlet oak, 10 5.6756 -0.0568
10 Black & red oaks, 15 4.2917 -0.0531 28.7678 1.1007
(p <0.0001) (p=0.9930)
Scarlet oak, 15 5.9057 -0.0531

aRegression models are of the form P = [1+g(00*b1X1#b2X2+03X3)11 "\where P is the estimated dominance probability that a cut tree will
produce a stump sprout that is successful (dominant or codominant crown class) at age 20: X1 = stump diameter in centimeters

15 centimeters above ground level; X2 is black oak site index in meters x natural log of site index (where site index is derived from
Carmean and others 1989); X3 is the natural log of site index.

PAll parameter estimates differ significantly from zero at p < 0.05.

°Hosmer-Lemeshow goodness-of-fit test (Hosmer and Lemeshow 2000).
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Two predictors for model 4 were significant (p < 0.05): diameter at stump height and the interaction of site
index with the natural log of site index (model 4 in Table 2).

The overall significance of model 4 reached a likelihood ratio chi-square value of 57.6083, which is significant
at p < 0.0001 with 2 degrees of freedom. The goodness-of-fit of model 4 was confirmed by the insignificant
H-L test (chi-square = 9.7525, p = 0.2828) (Table 2).

The overall correct classification rate based on model 4 was 68.6 percent, which was a significant and
meaningful improvement over the chance level. Model 4 more correctly classified stump sprouts that were
dominant or codominant at year 20 than those that were no longer dominant or codominant at year 20. This
observation was supported by the magnitude of sensitivity (78.0 percent), compared with that of specificity

(54.4 percent). False positive and false negative rates were 28.0 percent and 37.8 percent, respectively.

Year 10—As with year 1 and 5 models, the smallest stcumps on lower-quality sites were more likely to
produce dominant or codominant stems at year 20 than stumps on higher-quality sites. The dominance
or codominance probabilities at year 20 were best predicted by the presence of a stump sprout at year 10,
followed by that at year 5, then that at year 1 (Fig. 3).

As with years 1 and 5, the same two predictors once again were significant in year 10 (p < 0.05): diameter at
stump height and the interaction of site index with the natural log of site index (model 5 in Table 2).

The overall significance of model 5 reached a likelihood ratio chi-square value of 44.9576, which is significant
at p < 0.0001 with 2 degrees of freedom. The goodness-of-fit of model 5 was confirmed by the insignificant
H-L test (chi-square = 6.1552, p = 0.6299) (Table 2).

The overall correct classification rate based on model 5 was 68.3 percent, which was a significant and
meaningful improvement over the chance level. Model 5 more correctly classified stump sprouts that were
dominant or codominant at year 20 than those that were no longer dominant or codominant at year 20. This
observation was supported by the magnitude of sensitivity (90.2 percent), compared with that of specificity

(26.9 percent). False positive and false negative rates were 30.0 percent and 41.0 percent, respectively.

Year 15—The year-15 model was very simple with only one predictor. Similar to the other white oak group
models, the year-15 model predicted higher probabilities for lower-quality sites and lower probabilities for
higher-quality sites (Table 3).

Table 3.—The estimated dominance probability that a white or chestnut oak stump sprout present
at year 15 will produce a sprout that is either dominant or codominant 20 years after the parent
tree is cut.

Site index
Initial year and species 18 22
Year 15
white & chestnut oaks 0.848 0.556
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Only one predictor was significant in year 15 (p < 0.05): the interaction of site index with the natural log of
site index (model 6 in Table 2).

The overall significance of model 6 reached a likelihood ratio chi-square value of 47.5109, which is significant
at p < 0.0001 with 1 degree of freedom. The goodness-of-fit of model 6 was confirmed by the insignificant H-
L test (chi-square = 10.5270, p = 0.1606) (Table 2).

The overall correct classification rate based on model 6 was 75.8 percent, which was a significant and
meaningful improvement over the chance level. Model 6 more correctly classified stump sprouts that were
dominant or codominant at year 20 than those that were no longer dominant or codominant at year 20. This
observation was supported by the magnitude of sensitivity (88.2 percent), compared with that of specificity

(41.9 percent). False positive and false negative rates were 19.4 percent and 43.5 percent, respectively.

Red Oak Group

Year 1—Scarlet oak stump sprouts present at year
1 had much higher probabilities of being dominant

1.0
or codominant at year 20 than did northern red or

black oak (Fig. 4). Scarlet oak’s probabilities ranged
from 95 percent (10-cm stump diameter, 18-m 0.8 1
site index) to 71 percent (70-cm stump diameter,
22-m site index), compared to 75 percent and 06 |
27 percent for the combined northern red and black

Year 20
dominance probability

oak over the same range. Stump sprouts on lower-
o . e . 0.4
quality sites had higher probabilities for dominance

or codominance than those on higher-quality sites.

Similar to the white oak group (Fig. 3), red oak 0.2

Site index 22 (m)

group stump sprouts (Fig. 4) were able to compete

better on the lower-quality sites than on the higher- 0.0 -
quality sites. However, the difference between lower- 0 10 20 30 40 50 60 70 80

lit higher-quality sit t t fa .
quality and higher-quality sites was not as great for Parent tree stump diameter (cm)

the red oak group as it was for the white oak group

(Fig. 4 vs. Fig. 3).

Figure 4 —Estimated dominance probability that a black

oak or northern red oak, or scarlet oak, stump sprout that
Scarlet oak was significantly different (p < 0.05) is present at year 1 will produce a sprout that is either
dominant or codominant 20 years after the parent tree is

cut in a clearcut regeneration harvest based on parent
modeled separately. The signiﬁcant predictors tree stump diameter and site index.

from black and northern red oak and thus was

(p < 0.05) besides species were: diameter at stump
height and the natural log of site index (model 7 in Table 2).

The overall significance of model 7 reached a likelihood ratio chi-square value of 63.6104, which is significant
at p < 0.0001 with 3 degrees of freedom. The goodness-of-fit of model 7 was confirmed by the insignificant
H-L test (chi-square = 10.5321, p = 0.2296) (Table 2).

The overall correct classification rate based on model 7 was 66.0 percent, which was a significant and

meaningful improvement over the chance level. Model 7 more correctly classified stump sprouts that were

Proceedings of the 17th Central Hardwood Forest Conference GTR-NRS-P-78 (2011) 18



dominant or codominant at year 20 (sensitivity) than those that were no longer dominant or codominant
at year 20 (specificity). This observation was supported by the magnitude of sensitivity (85.2 percent),
compared with that of specificity (42.3 percent). False positive and false negative rates were 35.5 percent

and 30.0 percent, respectively.

Year 5—While diameter at stump height was no longer a significant predictor, the simplified model 8 still
predicted higher probabilities for scarlet oak than for northern red or black oaks combined (Table 4). And
again, lower-quality sites resulted in higher probabilities for sprout’s dominance or codominance than
higher-quality sites.

Scarlet oak differed significantly (p < 0.05) from black and northern red oaks. The other significant predictor
(p < 0.05) was the interaction of site index with the natural log of site index (model 8 in Table 2).

The overall significance of model 8 reached a likelihood ratio chi-square value of 51.2045, which is significant
at p < 0.0001 with 2 degrees of freedom. The goodness-of-fit of model 8 was confirmed by the insignificant
H-L test (chi-square = 2.4795, p = 0.9286) (Table 2).

The overall correct classification rate based on model 8 was 72.7 percent, which was a significant and
meaningful improvement over the chance level. Model 8 more correctly classified stump sprouts that were
dominant or codominant at year 20 than those that were no longer dominant or codominant at year 20. This
observation was supported by the magnitude of sensitivity (87.4 percent), compared with that of specificity

(44.4 percent). False positive and false negative rates were 24.9 percent and 35.3 percent, respectively.

Year 10—Similar to model 8, model 9 was very simple, predicting higher probabilities for scarlet oak than for
northern red and black oaks combined (Table 4). Stump sprouts on lower-quality sites performed better than
those on higher-quality sites. The probabilities for dominance or codominance increased from model 8 to
model 9 for any given species and site index. This is a reasonable and predictable finding because model 9 was
based on a shorter time span than model 8 (until year 20). Consequently, the predicted probability that stump
sprouts would survive was higher and more accurate.

Table 4.—The estimated dominance probability that a black, red, or scarlet oak stump sprout
present at year 5, 10, or 15 will produce a sprout that is either dominant or codominant 20 years
after the parent tree is cut.

Site index
Initial year and species 18 22
Year 5
scarlet oak 0.923 0.813
northern red & black oaks 0.738 0.506
Year 10
scarlet oak 0.938 0.860
northern red & black oaks 0.761 0.562
Year 15
scarlet oak 0.959 0.908
northern red & black oaks 0.822 0.664
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Similar to year 1 and year 5, scarlet oak differed (p < 0.05) from black and northern red oak. The other
significant predictor (p < 0.05) was the interaction of site index with the natural log of site index (model 9 in

Table 2).

The overall significance of model 9 reached a likelihood ratio chi-square value of 41.9118, which is significant
at p < 0.0001 with 2 degrees of freedom. The goodness-of-fit of model 9 was confirmed by the insignificant
H-L test (chi-square = 0.9743, p = 0.9952) (Table 2).

The overall correct classification rate based on model 9 was 74.3 percent, which was a significant and
meaningful improvement over the chance level. Model 9 more correctly classified stump sprouts that were
dominant or codominant at year 20 than those that were no longer dominant or codominant at year 20. This
observation was supported by the magnitude of sensitivity (87.4 percent), compared with that of specificity

(43.0 percent). False positive and false negative rates were 21.3 percent and 41.4 percent, respectively.

Year 15—Like models 8 and 9, model 10 was again very simple, predicting higher probabilities for scarlet
oak than northern red and black oaks combined (Table 4). Stump sprouts on lower-quality sites had higher
probabilities than stump sprouts on higher-quality sites. Dominance or codominance probabilities continued

to increase from year-5 and year-10 models.

As in years 1, 5, and 10, scarlet oak differed (p < 0.05) from black and northern red oak. The other significant
predictor (p < 0.05) was the interaction of site index with the natural log of site index (model 10 in Table 2).

The overall significance of model 10 reached a likelihood ratio chi-square value of 28.8108, which is
significant at p < 0.0001 with 2 degrees of freedom. The goodness-of-fit of model 10 was confirmed by the
insignificant H-L test (chi-square = 1.0406, p = 0.9941) (Table 2).

The overall correct classification rate based on model 10 was 76.8 percent, which was a significant and
meaningful improvement over the chance level. Model 10 more correctly classified stump sprouts that were
dominant or codominant at year 20 than those that were no longer dominant or codominant at year 20. This
observation was supported by the magnitude of sensitivity (87.4 percent), compared with that of specificity

(37.3 percent). False positive and false negative rates were 16.2 percent and 55.8 percent, respectively.

DISCUSSION

Across all 10 models, stump sprouts were more successful on lower-quality sites than on higher-quality sites.
Additionally, stump sprouts from younger parent trees had higher success probabilities than stump sprouts of
older parent trees. In the white oak group, chestnut oak did better than white oak in the preharvest model,
but in the postharvest models there was no difference. In the red oak group, however, scarlet oak always
performed better in both preharvest and postharvest models than did northern red and black oaks. Site index
was the most important predictor. It was present in all models except for the red oak group preharvest model.
In the two preharvest models the interaction of parent tree age and d.b.h. was also an important predictor. In
the postharvest models stump diameter was an important predictor for the white oak group while species was

an important predictor for the red oak group.
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The 10 models presented in this paper are valuable for predicting the contribution of stump sprouts to forest
regeneration. The models allow forest managers to predict the percent of competitive oak stump sprouts

20 years after an even-aged timber harvest. Models 1 and 2 can be used to predict the likelihood of dominant
and codominant stump sprouts 20 years after clearcut harvest based on preharvest information. These
models also permit forest managers to assess the contribution of stump sprouts to the desired stocking of oak
advanced reproduction and to adjust stand prescriptions to promote oak advance reproduction by reducing
the vigor and abundance of major woody competitors.

The remaining eight models, models 3 to 10, predict the likelihood of dominant and codominant stump
sprouts at year 20 based on their presence at year 1, 5, 10, or 15. Forest managers are then able to assess the
need for crop tree release or another type of precommercial thinning to maintain desired stocking of oak.
Forest modelers can use these models to better predict and describe the influence of oak stump sprouts on

future stands and stand stocking.

Our study differs from many other stump sprout studies by using logistic regression to predict the
contribution of stump sprouts to the future stand and hence the sustainability of oak in that stand. Our
model incorporates data regarding whether a stump produces sprouts, whether those sprouts survive and
grow, and how competitive these sprouts are relative to competing vegetation. Another unique quality of this
study is that it provides a long-term understanding of stump sprouts. We examined the fate of oak stump
sprouts at age 20, when crown closure and differentiation are occurring, providing a better indication of the

reproduction assuming dominance.

LITERATURE CITED

Bruggink, J.L. 1988. Oak stump sprouting potential on outwash ecosystems of northern lower Michigan.
East Lansing, MI: Michigan State University. 109 p. M.S. thesis.

Carmean, W.H.; Hahn, J.T.; Jacobs, R.R. 1989. Site index curves for forest tree species in the eastern
United States. Gen. Tech. Rep. NC-128. St. Paul, MN: U.S. Department of Agriculture, Forest Service,
North Central Forest Experiment Station. 142 p.

Dey, D.C.; Johnson, PS.; Garrett, H.E. 1996. Modeling the regeneration of oak stands in the Missouri
Ozark Highlands. Canadian Journal of Forest Research. 26: 573-583.

Gould, PJ.; Fei, S.; Steiner, K.C. 2007. Modeling sprout-origin oak regeneration in the central
Appalachians. Canadian Journal of Forest Research. 37: 170-177.

Hosmer, D.W.; Lemeshow, S. 2000. Applied logistic regression. 2nd ed. New York, NY: John Wiley & Sons,
Inc. 375 p.

Johnson, P.S. 1977. Predicting oak stump sprouting and sprout development in the Missouri Ozarks.
Res. Pap. NC-149. St.Paul, MN: U.S. Department of Agriculture, Forest Service, North Central Forest
Experiment Station. 11 p.

Proceedings of the 17th Central Hardwood Forest Conference GTR-NRS-P-78 (2011) 21



Lorimer, C.G. 1983. Causes of the oak regeneration problem. In: Loftis, D.; McGee, C.E., eds. Oak
regeneration: serious problems, practical recommendations. Symposium proceedings. Gen. Tech. Rep.

SE-84. Asheville, NC: U.S. Department of Agriculture, Forest Service, Southeastern Forest Experiment
Station: 14-39.

Lorimer, C.G. 1989. The oak regeneration problem: new evidence on causes and possible solutions.
Forest Research Bulletin 8. Madison, WI: University of Wisconsin. 31 p.

Mann, L.K. 1984. First-year regeneration upland hardwoods after two levels of residue removal.
Canadian Journal of Forest Research. 14: 336-342.

McGee, C.E. 1978. Size and age of tree affect white oak stump sprouting. Res. Note SO-239. New

Orleans, LA: U.S. Department of Agriculture, Forest Service, Southern Forest Experiment Station. 2 p.

Roth, E.R.; Hepting, G.H. 1943. Origin and development of oak stump sprouts as affecting their
likelihood to decay. Journal of Forestry. 41: 27-36.

Sander, I.L.; Johnson, P.S.; Rogers, R. 1984. Evaluating oak advance reproduction in the Missouri Ozarks.
Res. Paper NC-251. St. Paul, MN: U.S. Department of Agriculture, Forest Service, North Central Forest
Experiment Station. 16 p.

Sander, I.L.; Johnson, P.S.; Watt, R.E 1976. A guide for evaluating the adequacy of oak advance
reproduction. Gen. Tech. Rep. NC-23. St. Paul, MN: U.S. Department of Agriculture, Forest Service,
North Central Forest Experiment Station. 7 p.

Smith, D.M.; Larson, B.C.; Kelty, M.].; Ashton, PM. 1997. The practice of silviculture: applied forest
ecology. New York: John Wiley & Sons, Inc. 537 p.

Spetich, M.A.; Dey, D.C.; Johnson, PS.; Graney, D.L. 2002. Competitive capacity of Quercus rubra L.
planted in Arkansas’ Boston Mountains. Forest Science. 48(3): 504-517.

Weigel, D.R.; Dey, D.C.; Peng, C.J. 2006. Stump sprout dominance probabilities of five oak species
in southern Indiana 15 years after clearcut harvesting. In: Connor, K.E, ed. Proceedings of the
13¢h biennial southern silvicultural research conference. Gen. Tech. Rep. SRS-92. Asheville, NC:
U.S. Department of Agriculture, Forest Service, Southern Research Station: 551-558.

Weigel, D.R.; Peng, C.]J. 2002. Predicting stump sprouting and competitive success of five oak species in
southern Indiana. Canadian Journal of Forest Research. 32: 703-712.

The content of this paper reflects the views of the author(s), who are
responsible for the facts and accuracy of the information presented herein.

Proceedings of the 17th Central Hardwood Forest Conference GTR-NRS-P-78 (2011) 22




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


