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Long-Term Seedling Height Growth and

Compositional Changes Following Logging and

Wildfire in a Central Pennsylvania Oak Forest

Marc D. Abrams* and Kim C. Steiner

307 Forest Resources Building, Department of Ecosystem Science and Management,

Pennsylvania State University, University Park, Pennsylvania 16802

ABSTRACT Overstory and understory data were collected over a 15-year period (1996–2011)

before and after seed tree logging in 1996 and an accidental wildfire in 2006 in a young developing

mixed-oak forest in central Pennsylvania. The mature forest overstory was dominated by chestnut

oak (Quercus montana) followed by northern red oak (Quercus rubra), black oak (Quercus

velutina), scarlet oak (Quercus coccinea), and red maple (Acer rubrum). Logging reduced the stand

basal area by 76% and the tree density by 80%. Tree regeneration was dominated by red maple and

mixed-oak species with 32,956 stems per ha prior to logging, which increased to 47,170 stems per ha

eight years later. Wildfire reduced tree regeneration to an average of 22,511 stems per ha over three

sample periods, with the largest reduction in red maple (�60%), followed by red oak species (�36%)

and chestnut oak (�17%). The mean maximum height of plot-dominant regeneration for red maple

and the four oak species increased significantly during the eight years after logging (from 0.14 to 1.29

m), but was reduced by 27% after wildfire (most in red oak,�56%). The maple and oak species again

had rapid height growth for four years after wildfire, by which time they exceeded their preburn

heights. The success of oak species in this study is related to their ability to produce a relatively large

number of seedlings (before and after logging and after fire) and match or exceed the height growth

of red maple after these disturbances.

Key words: Disturbance, fire ecology, logging, oak, red maple.

INTRODUCTION A scarcity of oak

(Quercus) regeneration is a major issue facing

forest managers in eastern North America,

where oak has been declining in both density

and volume relative to other species (Abrams

1992, Brose and van Lear 1998, Fei et al. 2011).

The understory and subcanopy of many oak

stands are dominated by shade tolerant and

mesophytic species that are potential replace-

ments for the canopy oaks following a distur-

bance (Lorimer 1984, Abrams 1998, Fei and

Steiner 2007). This may be most apparent on

good quality sites where the oak replacement

species are more aggressive (Schuster et al.

2008). The lack of oak recruitment can be

attributed to many causes, but the most influen-

tial appear to be the suppression of fire since the

early twentieth century, canopy closure in

maturing forests, an increase in competing

understory vegetation, and intense deer brows-

ing (Abrams 1998, 2003; Brose and Van Lear

1999; Ward and Brose 2004). Forest understories

exposed to intense deer browsing typically

contain few tree species and individuals (Hors-

ley et al. 2003, Latham et al. 2005, Abrams and

Johnson 2012). In addition, differential browsing

on tree seedlings favored by deer, such as oak,

versus those species avoided by deer may be an

important factor affecting the composition and

density of tree regeneration (Kittredge and

Ashton 1995, Ostfeld et al. 1997, Abrams 1998).

Silviculturalists and ecologists have been

utilizing a wide variety of techniques to stimulate

the amount of oak regeneration and recruitment,

including different canopy and subcanopy re-

moval methods, prescribed burning, deer fenc-

ing, and herbicides (Deen et al. 1993, Lorimer
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1993, Buckley et al. 1998). These techniques,

either individually or in concert, have had

varying success (from very good to very poor)

in improving the status of oak regeneration. One

challenge facing oak regeneration is its unique

growth strategy. Oak seedlings typically empha-

size root growth for approximately the first five

years, during which time little height growth

occurs (including shoot-dieback; Korstian 1927,

Lorimer 1985, Abrams 1990). Thus, most of the

biomass of oak seedlings is in the root system. It

is thought that this is a strategy in which oak

seedlings are ‘‘anticipating’’ a fire that will top-

kill the plant and produce a fast growing

seedling-sprout (Brose and van Lear 1998,

Abrams 2003). However, this growth pattern is

problematic when fires do not occur and oak

seedlings fail to keep up with competing

vegetation (Abrams 1992, Lorimer et al. 1994).

For this reason and others, including controlling

competition, light, and litter layer, many forest-

ers have employed periodic prescribed fire in the

management of eastern oak forests in order to

favor oak regeneration.

In 1996, a salvage tree and regeneration

harvest was conducted in a mixed-oak forest in

the Ridge and Valley province of central Penn-

sylvania for the purpose of stimulating oak

regeneration. The forest had experienced a

significant amount of gypsy moth defoliation

and tree mortality. Following logging, an electri-

cal deer fence was constructed to exclude deer

from the site. Prior to cutting, permanent plots

were established and monitored for long-term

changes in overstory and understory vegetation.

In 2006, an accidental wildfire occurred that

intensively burned the study area, which may

have mimicked a shelterwood-burn prescription.

It is relatively rare for wildfire to burn through

young oak forest, but not unprecedented (Loo-

mis 1977, Abrams and Johnson 2013b). This

represented a rather unique opportunity to

monitor vegetation composition and seedling

height growth before and after logging of a

mature oak forest and the impacts of wildfire in

a young oak forest. We were especially interest-

ed in whether logging and wildfire improved

seedling density and stimulated the height

growth of oak seedlings relative to their com-

petitors.

STUDY AREA DESCRIPTION A 16-

ha mixed-oak forest near Tussey Mountain in the

Rothrock district of the Ridge and Valley

province of central Pennsylvania was used for

study (latitude 40.752918N, longitude 77.22418W).

The site is referred to as Treaster Kettle and is a

basin located at a midslope position with an

average elevation of 488 m, a general aspect of

1358, and an average slope of 20%. It occurs on a

Laidig extremely stony loam soil derived from

sandstone and siltstone alluvium (Braker 1981).

Due to a moderate amount of tree mortality from

gypsy moth defoliation, a salvage and regenera-

tion harvest was conducted during the summer

of 1996 to stimulate oak regeneration at the site.

Basal area removed averaged 16.1 m2/ha of live

trees and 3.9 m2/ha of dead trees. In early May

1996, permanent plots were established to

characterize overstory and understory vegeta-

tion before logging and to monitor regeneration

development afterward. In October 1996, a

seven-strand electric fence was installed around

the area to exclude deer. The fence was removed

in June 2001. On the afternoon of May 1, 2006, a

wildfire was started from a downed power line

and eventually burned (as a combination of

surface and canopy fire) approximately 172 ha of

the Treaster Kettle area, including 95% of the

study area and all but two of our 33 study plots.

At the time of the fire, wind speed was 4.4 to 6.0

m/min, temperature was 228C and the relative

humidity was 22%. The fuel involved was

hardwood litter (Fuel Model 9; Albini 1976).

The fire was described as intense, fast moving (6

to 8 m/min), with flame heights of 0.9 to 1.2 m in

hardwood litter and 7.6 to 9.1 m in patches of

mountain laurel (Kalmia latifolia). An electric

fence was reinstalled in June 2007 and removed

in March 2009. The permanent plots were

surveyed in 1996, 1998, 2001, 2004, 2007, 2008,

and 2011.

METHODS In May 1996, prior to harvest

later that year, the composition of the overstory,

understory, advance regeneration, and woody

and nonwoody ground cover was measured on

33 permanent, circular 0.02 ha plots using

protocols common to the broader study of which

this is a part, the Oak Forest Regeneration Study

in Pennsylvania. Plots were systematically es-

tablished, beginning with an arbitrary starting

point, on a 20 by 20 m square grid that covered

the entirety of the stand. Plot centers were

marked with a permanent stake and their

locations established via GPS to aid in relocation

during subsequent measurements. Within each

circular plot, there are four circular subplots
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0.0004 ha (milacre) established on centers

located 5 m from plot center in each of the four

cardinal directions.

Within each plot, we recorded the species and

diameter at breast height (dbh) of all overstory

trees and standing snags >5 cm dbh. Tree

regeneration and ground cover measurements

were made on the subplots. Tallies were made of

all regenerating tree seedlings (<5 cm dbh), and

both species and height class (0–4.9 cm, 5–15

cm, 15.1–30 cm, 30.1–60 cm, 61–90 cm, 91–120

cm, 121–150 cm, and >150 cm) were tallied and

their origins (seedling, stump sprout, postfire

seedling sprout) were recorded. Diameter at

breast height was recorded by species for all

stems greater than 1.4 m in height. In addition,

the height and species of the highest density oak

and non-oak (if present) were recorded for each

subplot. The species of the cut stump closest to

each subplot was recorded, and the number of

sprouts (if any) and the height of the dominant

sprout were measured and recorded. After the

initial, preharvest measurement in May 1996,

height measurements were repeated in 1998,

2001, 2004, and (after the May 2006 fire) in 2007,

2008, and 2011. Student’s t test was used to

compare heights of regeneration between years

and species, and chi-square analysis was used to

compare counts and frequency data.

RESULTS Prior to logging in 1996, the

mature forest overstory was dominated by

chestnut oak (Quercus montana) followed by

red oak (Quercus rubra), black oak (Quercus

velutina), scarlet oak (Quercus coccinea), and

red maple (Acer rubrum). Scarlet oak was

infrequent in the overstory and the regeneration,

and we combined black and scarlet oak for these

summaries. In 1998, following logging, basal area

was reduced from 21.1 to 5.1 m2/ha, and density

was reduced from 368 to 72 trees/ha; chestnut

oak remained the dominant residual tree. Total

basal area and tree density declined slightly

between 1998 and 2004, mainly due to a decline

in chestnut oak. Following wildfire in May 2006,

the overstory composition saw little change

except a slight drop in total basal area and

density. This trend continued through 2011.

In 1996, tree regeneration in the understory of

the mature forest was dominated by red maple

and chestnut oak (Table 1). After logging, in 1998

and 2001, these two species continued to

dominate, but increases were recorded in red

oak, black oak/scarlet oak, and blackgum (Nyssa

sylvatica) regeneration. Stump sprouts were

common in the stand after harvest, but because

we tallied only one sprout per group (sprouts

originating from a single cut stump) these

accounted for less than 1% of all stems in Table

1. Except where noted, the following compari-

sons are restricted to seedling stems and, after

the wildfire, seedling sprouts. For convenience,

we will refer to these collectively as ‘‘seedlings’’

even though by the time of the 2004 measure-

ments many of the stems were in the sapling size

class.

Increases in total regeneration density were

observed between the 2001 and 2004 measure-

ments, despite the removal of the deer fence in

2001, mainly because of the increase in red

maple. Following the 2006 wildfire, total regen-

eration density declined from 47,170 to 25,904/

ha, principally because of decreases in red maple

(�60%), chestnut oak (�17%) and the red oak

species (�36%; Table 1). Ailanthus altissima

and a variety of minor species comprising the

‘‘other species’’ group increased after fire. The

majority of A. altissima were root suckers from

probably one top-killed tree. The composition

and density of regeneration continued to change

between 2007 and 2011, including an overall

reduction in density of 30% for all species other

than red maple. Red maple decreased by 27%

between the first and second year postfire then

increased by 2011 to approximately its 2007

level. Tree regeneration between 1996 and 2004

(prefire) versus 2007 and 2011 (postfire) aver-

aged 37,300 and 22,500 stems/ha, respectively,

and these values are significantly different (p <
0.01).

An examination of the regeneration density of

oak and hickory (considered fire adapted)

versus all other species (considered fire sensi-

tive) revealed that the latter had a greater total

loss (18,000 stems/ha) and percentage loss (60%)

of seedlings following the 2006 wildfire (Table

1). Moreover, the total and percentage increase

in oak and hickory was greater than that of the

other species group in 2007. From 2007 to 2011,

however, oak and hickory species experienced a

greater loss in regeneration. The difference in

species’ responses to the fire is especially strong

in the contrast between red maple and oaks

considered as a class. Between the 2004 and

2007 measurements, bracketing the 2006 fire,

red maple suffered a 60% reduction in numbers

and oaks a significantly smaller reduction of 22%
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(p < 0.001; Table 1). This is accounted for by the

difference in occurrence of seedling sprouts

following the fire, which were much less

frequent among red maples. We estimated the

fire-damaged cohort of seedlings to be those lost

between 2004 and 2007 plus the number of those

counted in 2007 as fire-damaged seedling

sprouts. Based upon this, 74% of fire-damaged

oak seedlings survived as seedling sprouts

compared to only 20% of fire-damaged red maple

seedlings (p < 0.001).

Oak seedlings were present on 51–62% of all

subplots in each year of measurement, and the

largest was usually chestnut oak (data not

shown). The largest non-oak species was red

maple on 80–89% of subplots that had a non-oak

seedling before the fire and 61–73% of subplots

afterward (Figures 1 and 2). Subplot-dominant

seedlings were short in the mature forest

understory in 1996, averaging about 0.15 m.

Height growth increased dramatically following

1996 logging through 2004. At that time, average

maximum seedling height per plot was highest

for red maple (1.5 m) and lowest for black and

scarlet oak (1.0 m). Chestnut oak had the second

highest average height in 2004. The 2006 fire

resulted in a significant (p < 0.0001) drop in

average height for all four species combined in

2007 relative to 2004. Red oak had the largest

decline in average maximum height (56%), while

black or scarlet oak actually had a slight

increase (1.0 m to 1.1 m) as a result of seedling

sprouts (see below). In 2007 and 2008, the

average height of red oak was significantly (p

< 0.01) lower than that of the other oaks and red

maple. Between 2008 and 2011, average height

increased significantly relative to 2007 (p <
0.0001) with red oak having the largest increase

(156%), followed by chestnut oak (87%). In 2011,

the average maximum regeneration height ex-

ceeded that of 2004 (preburn) for the oak and

red maple species.

Most seedlings that survived the fire did so as

resprouts from the bases of dead stems, and this

caused changes in the size class distributions of

seedlings from prefire (2004) to postfire (2007)

populations. This is illustrated in Table 2 for red

maple and the oak species considered in

aggregate. Both groups suffered the heaviest

losses in the smallest and largest size classes,

the smallest most likely because of heavy

mortality. Mortality from fire in the intermediate

Table 1. Species composition and density (stems/ha) of tree regeneration (<5 cm dbh) by year at the

Treaster Kettle study area in central Pennsylvania

1996

Preharvest

1998

Postharvest

2001

Postharvest

2004

Postharvest

2006

Postfire

2007

Postfire

2008

Postfire

2011

Postfire

Acer rubrum 21,827 15,783 18,217 28,541 9,904 11,438 8,347 11,831
Quercus montana 9,281 10,519 10,967 10,603 6,697 8,780 5,728 5,748
Quercus rubra 363 2,978 3,462 2,849 961 1,292 1,236 1,648
Quercus coccinea/

velutina

934 1,930 1,129 1,643 904 1,569 1,122 823

Quercus alba 0 57 0 40 0 148 20 40
Carya glabra 205 393 526 662 494 640 692 655
Carya spp.* 15 0 40 96 40 171 210 116
Nyssa sylvatica 0 1,366 749 1,796 736 487 450 507
Amelanchier spp. 0 151 57 190 20 133 151 57
Prunus serotina 0 57 57 190 40 74 40 114
Prunus pensylvanica 175 0 59 0 37 57 0 0
Sassafras albidum 0 57 59 40 20 37 0 37
Ailanthus altissima 0 20 0 59 660 526 282 96
Acer pensylvanicum 15 20 77 96 20 20 40 20
Betula lenta 15 20 133 264 20 40 20 37
Cornus florida 0 20 57 20 0 40 655 37
Liriodendron

tulipifera

0 20 57 20 20 77 59 0

Populus spp.** 0 0 40 20 20 20 267 151
Other*** 126 20 20 40 848 356 395 0
Total 32,956 33,409 35,704 47,170 21,439 25,904 19,712 21,916

*Includes C. tomentosa, C. ovata, and C. cordiformis.

**Includes P. gradidentata and P. tremuloides.

***Includes Quercus spp., Rhus sp., Pinus strobus, Prunus sp., Tsuga canadensis, Fraxinus americana, Crataegus spp., and

Aralia sp.
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size classes was partially offset by resprouts of

seedlings that were larger before the fire. Every

size class of red maple had a larger reduction in

seedling density, or a smaller increase, com-

pared to the prefire density than did oak species.

For example, in the 0.05–0.15 m class the

number of red maple seedlings declined by

81%, while oaks declined by only 46%. Oaks

had substantial increases in numbers in the

intermediate classes, mostly as a result of

resprouting ‘‘ingrowth’’ from other size classes,

but red maple increased only in the 0.9–1.2 m

class and by a smaller amount. Because red

maple was more abundant than oaks in each

class, absolute reductions in the density of

seedlings were similarly greater for red maple

in each class.

All red maple stump sprout groups that we

were monitoring survived the fire. Approximate-

ly 15% of oak sprout groups did not, and most of

these were sprout groups that were of poor vigor

before the fire occurred. All but a few of the

sprout groups that survived the fire nonetheless

suffered obvious damage. Considering only

those sprout groups that were injured by the

fire and survived, the fire caused an average

260% increase in the number of sprouts per

group and over a 66% decrease in mean height of

Figure 1. Average height (m) of subplot-dominant oak and red maple seedlings at the Treaster Kettle study area in

central Pennsylvania as a function of year: 1996 is preharvest, 1998–2004 is postharvest, 2007–2011 is postfire.

Figure 2. Height class (m) distribution of stump sprout

groups of red maple (n ¼ 16) and oaks (n ¼ 45)

subsequently burned by the 2006 fire at the Treaster

Kettle study area in central Pennsylvania: (A) Seven full

growing seasons following overstory harvest but before

fire, (B) Five full growing seasons following the fire.
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the dominant sprout (taking 2004 heights as the

prefire condition). By 2011, oak sprout groups

had thinned to their prefire average of 10 sprouts

per group, but red maple still averaged 15 per

group, which was significantly (p < 0.05) more

than oak (Table 3). Although red maple sprout

groups had a nearly 50% average height advan-

tage over oak before the fire (p < 0.001), the fire

erased this advantage, and five years later the

average heights were almost identical (Table 3).

Although the tallest oak sprouts were consider-

ably shorter than the tallest red maple sprouts

seven years after harvest, this was not true five

years after the fire (Figure 2).

DISCUSSION Prior to logging in 1996,

the study area forest was dominated by chestnut

oak, red oak species, and red maple. This is

typical of dry-mesic, mid-elevation oak forest in

central Pennsylvania, which has been identified

as a chestnut oak–red oak forest type (Nowacki

and Abrams 1992). These authors reported that

average regeneration in this type is dominated by

red maple (20,000 seedlings/ha) and chestnut

oak (18,000 seedlings/ha). The Treaster Kettle

study site had a similar density of red maple

seedlings, but only about half the chestnut oak

seedlings reported by Nowacki and Abrams

(1992). Red maple dominates the understory of

many eastern oak forests primarily because its

shade tolerance is higher than that of oak

(Graham 1954, Abrams 1998). In addition, red

maple is less favored by feeding deer compared

to oak (Kittredge and Ashton 1995). Deer density

is moderately high at the Rothrock State Forest

and is estimated at about 39 deer per square mile

(Pennsylvania Game Commission 1999–2010).

Deer densities above 0.09/ ha2 (20/mi2) may be

highly inhibitory to tree regeneration (Horsley et

al. 2003, Latham et al. 2005). Therefore, the

moderate level of chestnut oak seedlings and the

relative scarcity of other oak species may be

related to their moderately low shade tolerance

and deer browsing. However, the forest stand

used in this study had about 40% and 25% lower

basal area and tree density, respectively, than

undisturbed, mature oak forests in central

Pennsylvania (Abrams and Nowacki 1992). The

more open character of the study area, occa-

sioned by gypsy moth-induced mortality, should

have favored the accumulation of oak regener-

ation.

In the first five years after logging, there was

little change in total regeneration density,

although small increases in oak, hickory, and

blackgum did occur. Blackgum typically shows a

large increase in density after harvest because

most of the regeneration is from root suckering

from cut trees (Abrams 2007). Typically, large

increases in seedling density occur for many

species after canopy removal in eastern oak

forests (Loftis 1990, Lorimer 1993, Fei and

Steiner 2007). The biggest change in regenera-

tion was an increase in red maple density that

showed up in the 2004 measurements. Most

regenerating stands on similar sites exhibit

Table 2. Proportional change in seedling density by tree height class (m) from prefire (2004) to postfire

(2007) state at the Treaster Kettle study area in central Pennsylvania

Species

Size Class (m)

0.05–<0.15 0.15–<0.3 0.3–<0.6 0.6–<0.9 0.9–<1.2 1.2–<1.5 1.5þ

Acer rubrum �0.81 �0.63 �0.54 �0.15 0.26 �0.16 �0.84
Quercus spp. �0.46 �0.23 �0.22 0.23 0.40 0.38 �0.74

Table 3. Height and abundance of red maple and oak stump sprouts for sprout groups (cluster of sprouts

arising from a single cut stump) that were injured but not killed by the 2006 fire at the Treaster Kettle study

area in central Pennsylvania. Sprout groups were the same throughout the period of measurement except

where lost by mortality; 2004 is prefire and 2007 and 2011 are postfire. Standard errors are shown in

parentheses

Species N

Number of Sprouts per Group Mean Height (m) of Dominant Sprout

2004 2007 2011 2004 2007 2011

Acer rubrum 16 10.6 (1.75) 30.6 (4.55) 15.4 (2.12) 6.6 (1.21) 1.5 (0.35) 3.2 (0.72)
Quercus spp. 45 10.2 (0.72) 24.8 (2.15) 10.4 (1.10) 4.5 (0.52) 1.8 (0.37) 3.3 (0.55)
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sizable increases in red maple seedling density

during the first 4–7 years after harvest, probably

because of the growing fruitfulness of residual

saplings and stump sprouts (Steiner, unpubl.

data). Oaks do not exhibit similar increases

except immediately after harvest and only then

when the harvest coincides with a seed crop.

Logging can accelerate the dominance of red

maple over oak in the developing forest canopy

(Abrams and Nowacki 1992, Fei and Steiner

2007), especially by facilitating sprout develop-

ment from previously suppressed red maples

(Fei and Steiner 2009). Red maple will likely be a

larger component of the developing forest

overstory than it was in the previous one.

The 2006 wildfire caused a 45% reduction in

regeneration density, including red maple, oak,

and blackgum. Fire typically causes a decrease

in seedling density over the short term (Brose

and Van Lear 1998, Green and Arthur 2010,

Arthur et al. 2012). For example, an intense

wildfire in a young oak, post-clearcut forest in

southern Pennsylvania caused a 43% reduction in

total regeneration density relative to unburned

sites (Abrams and Johnson 2013b). A similar

event in a young oak forest in Missouri reduced

tree density and basal area by about 90% the first

year after fire (Loomis 1977). However, an

unusually large amount of red oak regeneration

became established after understory burning and

a mast year in mature oak forests in an eastern

New York forest (Abrams and Johnson 2013a).

The deer fence was removed in 2001, after it

became apparent that the stand would regener-

ate successfully without further protection from

browsing. Some browsing within the study area

was evident in summer 2006, and an electric

fence was reinstalled in 2007 as a precautionary

measure. Although it is likely that browsing had

some influence on postfire vegetation response,

the influence was minimized by the sudden

availability of forage throughout the unusually

large burn, whose size exceeded the study area

by a factor of ten.

Fire can negatively impact fire sensitive tree

seedlings to a greater extent than fire resistant

species (Reich et al. 1990, Van Lear et al. 2000).

This can increase the relative proportion of

pyrogenic species, such as oak, even though

total species density might decline. This oc-

curred in the present study for the first two years

after fire, afterwards nonpyrogenic (fire sensi-

tive) species increased more than oaks and

hickory. The reason for the decline (e.g.,

chestnut oak) or lack of increase in oak and

hickory is not known, but may be related to

differential deer browsing. Blackgum is another

species that increased after logging, but declined

after fire. Indeed, this species is considered fire

sensitive in the seedling stage, but fire resistant

as an adult (Abrams 2007). Blackgum is one of

few eastern tree species that is shade tolerant

and fire resistant. It also can grow on a wide

range of sites from very dry to wet. The decline

in blackgum after fire may also be attributed to

browsing by deer, who feed aggressively on

young sprouts of this and other species (Abrams

2007).

We considered the reduction in numbers of

seedlings between 2004 and 2007 to be a

measure of fire-induced mortality and counted,

as well, the occurrence of seedling sprouts in

2007 as a measure of fire-induced injury.

Although oak seedlings appeared to be about

10% less likely than red maple to survive the fire

with no injury or mortality, it is possible that

there was an inadvertent species bias in the

classification of seedlings vs. seedling sprouts

and, therefore, in our estimates of the extent of

fire-induced injury. However, even taking this

possibility into account, our data show that fire-

injured oaks were 3.4 times as likely as red

maple to survive as seedling sprouts. Our visual

observations of the study area 15 weeks after the

burn indicated that fire-damaged red maple

seedlings were resprouting with both less

frequency and less vigor than fire-damaged oak

seedlings.

A notable aspect of this study is the rapid

height growth displayed by the oak regeneration

after logging and wildfire. Eight years after

logging, the entire population of oaks seedlings

grew from an average of 1.0 m to 1.37 m, and

after wildfire they grew from 1.79 m to 7.8 m

within five years. This included chestnut oak

having a higher growth rate than red maple. In

contrast, young oak seedlings are thought to

have very little height growth, emphasizing root

growth instead as a fire adaptation, and being

overtopped by red maple (Korstian 1927, Lor-

imer 1985, Lorimer et al. 1994). The reason for

the rapid height growth in oak seedlings in this

study may be due to the fact that they were older

advanced regeneration in the forest understory

prior to logging and then became seedling

sprouts after wildfire. In contrast, five-year-old,
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planted red oak seedlings were only 0.3 m in

deer fenced plots and 0.15 m in unfenced plots in

Pennsylvania (Long et al. 2012). Three-year-old

chestnut oak and red oak seedlings were about

0.13 m tall in burned and unburned sites in

Kentucky (Royse et al. 2010). However, 20 years

after clearcutting in Pennsylvania, the tallest oak

saplings (mostly red, white, and chestnut oaks)

were 6.6 m (Abrams and Johnson 2013b). A

reconstruction of height and age relationships

for red oak, chestnut oak, and red maple

overstory trees in Pennsylvania reported that

trees ranged from about 1.8 m to 4.5 m tall at age

nine (Zenner et al. 2012).

The results of this study suggest that logging

and fire can promote oak regeneration density

and height growth, facilitating their sustainabil-

ity in eastern forests. We predict the future

forest canopy will be dominated by a combina-

tion of mixed-oak and red maple. The success of

oak in this study is related to its ability to

produce a relatively large number of seedlings

(before and after logging, and after fire) and

match or exceed the height growth of red maple

after these disturbances. Nevertheless, repeated

burning in maturing forests may be required to

further promote oak and to control oak replace-

ment species such as red maple.
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