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Introduction
Overstory structural and compositional change      

Both stem density and basal area of white oak increased under each Introduction

The long-term fire suppression and land use patterns have caused a decrease in the extent of 

Both stem density and basal area of white oak increased under each 

treatment, which indicates that fire did not change the growth pattern of 

overstory white oak over the 10 years of treatment. Red oak density The long-term fire suppression and land use patterns have caused a decrease in the extent of 

oak/hickory/shortleaf pine (Quercus/Carya/Pinus echinata) woodlands in the Missouri Ozark Highlands 

(Hartman and Heumann, 2003). In 1996, the Chilton Creek Prescribe Burning Project (CCPBP) was 

overstory white oak over the 10 years of treatment. Red oak density 

decreased under each treatment, but basal area increased under the 

annual and random fire treatments compared to the decrease in basal (Hartman and Heumann, 2003). In 1996, the Chilton Creek Prescribe Burning Project (CCPBP) was 

initiated on the Nature Conservancy’s Chilton Creek property to restore historic woodland structure and 

annual and random fire treatments compared to the decrease in basal 

area under the no-fire treatment (Figure 1). This indicates that fire may initiated on the Nature Conservancy’s Chilton Creek property to restore historic woodland structure and 

composition by reducing stand density and to promote the diversity of native species in this ecosystem 

restoration. The objective of this study was to evaluate the effect of frequent low-intensity fires on the 

area under the no-fire treatment (Figure 1). This indicates that fire may 

have improved midstory red oak growth or reduced overstory mortality, 

or both. Hickory, shortleaf pine, and other species did not change in Fiuure. 1 Overstory (dbh>11.5cm) tree density (TPH) and basal area (m2 ha-1) by species groups in 1997(prior to burn), restoration. The objective of this study was to evaluate the effect of frequent low-intensity fires on the 

overstory structure and composition of upland oak forests. Specifically, the study was to evaluate changes 

in stem density and basal area in five species groups in the overstory, midstory and understory.

or both. Hickory, shortleaf pine, and other species did not change in 

stem density. Hickory basal area did not change in the no-fire treatment, 

Fiuure. 1 Overstory (dbh>11.5cm) tree density (TPH) and basal area (m ha ) by species groups in 1997(prior to burn), 
2001 and 2007 (4 and 10 years following the fire treatments, respectively) 

in stem density and basal area in five species groups in the overstory, midstory and understory.
But it did increase slightly in the two fire treatments. Shortleaf pine basal area increased slightly in the annual fire treatment, but did not 

change in the no-fire and random fire treatments. Other species basal area increased slightly under all three treatments. This indicates 

Methods

change in the no-fire and random fire treatments. Other species basal area increased slightly under all three treatments. This indicates 

that fire does not significantly affect the growth of these species. Methods

CCPBP was implemented in the 1,000-ha Chilton Creek site. A total of 250 0.2-ha permanent plots were 
Midstory structural and compositional change

During the period from 1997 to 2007, both stem density and basal CCPBP was implemented in the 1,000-ha Chilton Creek site. A total of 250 0.2-ha permanent plots were 

established within five burning units. The burning plan for each unit is listed in Table 1. Adjacent to the 

Chilton Creek property is Site 8 of MOFEP, which is 340 ha and includes 70 permanent plots (0.2ha) in a no 

During the period from 1997 to 2007, both stem density and basal 

area continually decreased for the annual and random fire treatments, 

but they remained stable in the control (no fire) (Figure 2). This Chilton Creek property is Site 8 of MOFEP, which is 340 ha and includes 70 permanent plots (0.2ha) in a no 

harvest and no burning treatment. This was used as the no-burn control to compare effects of fire on 

restoring oak-hickory woodland ecosystems.

but they remained stable in the control (no fire) (Figure 2). This 

decrease in stem density and basal area occurred in all five species 
restoring oak-hickory woodland ecosystems.

Woody vegetation and herbaceous data collected from 314 plots (70 plots from MOFEP site 8 and 244 

decrease in stem density and basal area occurred in all five species 

groups. The red oak group had the largest decrease, followed by the 

white oak group, then the other three groups, suggesting that fire may Woody vegetation and herbaceous data collected from 314 plots (70 plots from MOFEP site 8 and 244 

plots from CCPBP) were used to compare the effects of treatments on multiple attributes of upland oak 

forests. Tree characteristics included species, dbh, crown class, and status. Herbaceous vegetation 

white oak group, then the other three groups, suggesting that fire may 

have had more significant effects on the oaks than on other species. 

Ten years following the fire treatments the midstory stem density and 
Figure. 2 Mid-story (3.8 cm≤ dbh<11.5cm) tree density (TPH) and basal area (m2 ha-1) by species groups in 1997(prior 
to burn), 2001 and 2007 (4 and 10 years following the fire treatments, respectively) forests. Tree characteristics included species, dbh, crown class, and status. Herbaceous vegetation 

included species abundance, height, and cover. Data were from three measurements: 1997 (pre-burn), and 

two post-burn years 2001 and 2007. 

Ten years following the fire treatments the midstory stem density and 

basal were reduced nearly 50 and 35%, respectively.  

to burn), 2001 and 2007 (4 and 10 years following the fire treatments, respectively) 

two post-burn years 2001 and 2007. 

Because the experimental units were heterogeneous in initial condition across this large landscape 

basal were reduced nearly 50 and 35%, respectively.  

Understory structural and compositional change
Because the experimental units were heterogeneous in initial condition across this large landscape 

study, it was necessary to block based on pre-treatment tree density and basal area, and use relative 

change of stem density and basal area as responses in a multivariate analysis of variance (MANOVA).  The 

Understory structural and compositional change

The patterns of stem density change in understory were similar to the midstory, except for a change of stem density and basal area as responses in a multivariate analysis of variance (MANOVA).  The 

plots under the annual fire, random fire and control treatments were randomly classified into three groups 

(replicates). Relative changes in stem density or basal area in 2001 and 2007, 4 and 10 years following 

The patterns of stem density change in understory were similar to the midstory, except for a 

greater reduction in the annual and random fire treatments. Stem density in the annually burned site 

was extremely low. Stem density was reduced to less than 20 tph in the annual and random fire (replicates). Relative changes in stem density or basal area in 2001 and 2007, 4 and 10 years following 

initiation of the fire treatments, were calculated as the difference in stem density or basal area between 

1997 and the re-inventory year divided by the stem density or basal area in 1997, which ranged from -2.0 to 

was extremely low. Stem density was reduced to less than 20 tph in the annual and random fire 

treatments 10 years following the fire treatments. The annual fire killed more trees than the random 

fire, but the difference was not statistically significant (Figure 3).1997 and the re-inventory year divided by the stem density or basal area in 1997, which ranged from -2.0 to 

4.0 for the CCPBP experiment.  The MANOVA  model to evaluate the effects of fire treatments on oak forest 

fire, but the difference was not statistically significant (Figure 3).

Figure. 3 Understory (dbh<3.8cm) stem density before fire 
treatment (1997) and after fire treatments (2001 and 2007)

4.0 for the CCPBP experiment.  The MANOVA  model to evaluate the effects of fire treatments on oak forest 

structural and compositional change can be expressed as:

The relative change of overall basal area in the overstory by year 

treatment (1997) and after fire treatments (2001 and 2007)

y εαµ ++=  Table 2. Relative change of basal area (%) and stem density (%) by 

where y = relative change in tree density or basal area at replicate j (j = 1, 2, 3) for fire treatment i (i = 1, 2 
Species group 2001 2007

The relative change of overall basal area in the overstory by year 

2001 was 2.3, 19.5 and 15.5% for the no-fire, annual fire and random ijkikkijky εαµ ++=  Table 2. Relative change of basal area (%) and stem density (%) by 
the fire treatments in 2001 and 2007*

where yijk = relative change in tree density or basal area at replicate j (j = 1, 2, 3) for fire treatment i (i = 1, 2 

and 3, representing the no-fire, annual fire and random fire treatments, respectively) at year k (k=2001, 

Species group 2001 2007

No burn Annual burn Random burn No burn Annual burn Random burn

Overstory

Overall 2.3c 19.5a 15.3b -7.9c 12.6a -5.5b

fire treatments, respectively; and the increase in the annual fire and 

random fire treatments was significantly higher than the no-fire and 3, representing the no-fire, annual fire and random fire treatments, respectively) at year k (k=2001, 

2007),  µk = overall mean of tree density or basal area at year k, αik = µik - µk, the effect of treatment i at 

year k, and εijk = unexplained error associated with jth replicate of treatment i at year k.

Overall 2.3c 19.5a 15.3b -7.9c 12.6a -5.5b

Wite oak 5.8c 25.5a 17.6b 11.4c 36.97a 25.7b

Red oak -0.7b 11.3a 12.4a -8.6b 16.9a 13.8a

Hickory 5.7c 21.3a 16.9b 12.4c 32.3a 24.3b

random fire treatments was significantly higher than the no-fire 

treatment. The significant increase (p = 0.05) in relative change of basal 

area by species groups for the annual fire and random fire treatments year k, and εijk = unexplained error associated with jth replicate of treatment i at year k.

Table 1 Schedule of prescribed burns in each of the five burn unit at Chilton Creek.

Hickory 5.7c 21.3a 16.9b 12.4c 32.3a 24.3b

Slf pine 6.1c 21.8a 13.4b 17.7b 34.1a 23.1b

Dogwood 4.98a -10.7a -13.9b 45.4a -12.6a -28.9a

area by species groups for the annual fire and random fire treatments 

was three to four times larger than the no-fire treatment . By 2007, 10 

years following the prescribed fire treatments, the difference of the 

Burn unit Plot Dormant season fire

Table 1 Schedule of prescribed burns in each of the five burn unit at Chilton Creek. Other spp 10.2b 31.7a 32.1a 19.6b 49.0a 44.0a

Midstory

Overall 2.4a -12.9b -15.5b -0.2a -41.1b -49.0b

years following the prescribed fire treatments, the difference of the 

relative change in basal area for all species combined or by species Burn unit Plot 

(n)

Dormant season fire

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Overall 2.4 -12.9 -15.5 -0.2 -41.1 -49.0

Wite oak -2.9a -2.3a -6.4a -5.8a -36.6b -42.98b

Red oak 5.3a -4.7c -2.8b 4.2a -78.8b -82.5b

Hickory 12.8a 1.8ab -4.8b 14.1a -27.5b -39.2c

relative change in basal area for all species combined or by species 

group between the annual and random fire treatments and the no-fire 

treatment was less than in 2001, but the difference was still different 
Kelly South 43 X X X X

Kelly North 63 X X X X X X X X X X

Hickory 12.8 1.8 -4.8 14.1 -27.5 -39.2

Slf pine -3.3a -18.6a -20.4a -23.4a -58.1a -65.2a

Dogwood -0.3a -17.2ab -28.7b -35.5a -43.4b -51.8b

Other spp 13.2a -9.4b -5.2b 11.9a -27.4b -27.3b

treatment was less than in 2001, but the difference was still different 

statistically (p = 0.05) for all species combined and for most species 

groups except for shortleaf pine in the random fire treatment (Table 2).  
Kelly North 63 X X X X X X X X X X

Chilton South 78 X X X X X

Chilton North 44 X X X X

Other spp 13.2a -9.4b -5.2b 11.9a -27.4b -27.3b

Species group 2001 2007

No burn Annual burn Random burn No burn Annual burn Random burn

groups except for shortleaf pine in the random fire treatment (Table 2).  

Relative change in stem density showed the same trend as basal area 
Chilton North 44 X X X X

Chilton East 22 X X X X

No burn Annual burn Random burn No burn Annual burn Random burn

Overstory

Overall -0.3c 8.4a -4.9b -4.3b 11.0a -0.96b

among the three treatments (Table 2). The difference in relative change 

in stem density and basal area between the annual fire and random fire 
MOFEP S8 70 Wite oak 3.9c 13.5a 8.4b 4.8b 18.4a 7.2ab

Red oak -8.2c -2.96b -2.3a -24.7c -13.4a -18.4b

Hickory 3.2b 9.8a 8.9a 6.0b 15.6a 7.3b

in stem density and basal area between the annual fire and random fire 

treatments was statistically significant for all species combined in 2001 

and 2007 with the annual fire treatment having larger increases, but the 

Results and Discussion

Hickory 3.2 9.8 8.9 6.0 15.6 7.3

Slf pine 3.8a 12.2a 4.4a 10.2a 12.5a 3.3a

Dogwood 2.2a -14.9a -14.7a 37.95a -12.2a -33.4a

Other spp 11.9a 24.3a 22.9a 24.5a 35.7a 28.6a

and 2007 with the annual fire treatment having larger increases, but the 

significance varied for different species groups and inventory years. The 

increase in stem basal area and density following the fire treatments 
Results and Discussion

Overstory structural and compositional change

Other spp 11.9a 24.3a 22.9a 24.5a 35.7a 28.6a

Midstory

Overall 4.1a -24.8b -21.6b -1.4a -53.1b -57.4b

Wite oak -4.6a -14.9b -12.2b -10.6a -47.6b -52.9b

increase in stem basal area and density following the fire treatments 

was attributed to 1) the ingrowth into the midstory size class, 2) Overstory structural and compositional change

Prior to prescribed burning, the overstory stem density in the no-fire treatment (310 TPH) was lower than 

in the annual fire (350 TPH) and random fire (360 TPH) treatments, but differences in the basal area was 

Wite oak -4.6a -14.9b -12.2b -10.6a -47.6b -52.9b

Red oak 8.7a -33.4b -54.3b 7.0a -81.9b -86.5b

Hickory 11.7a -8.9b -13.2b 24.4a -37.6b -51.2b

Slf pine 9.4a -22.3ab -34.1b 2.6a -69.9b -71.7b

was attributed to 1) the ingrowth into the midstory size class, 2) 

reduction in overstory mortality, and 3) growth of overstory trees. 

Compared to other species groups, the red oak group was more in the annual fire (350 TPH) and random fire (360 TPH) treatments, but differences in the basal area was 

the reverse (Figure 2.1). The average initial basal areas for the no fire, annual fire, and random fire 

Slf pine 9.4a -22.3ab -34.1b 2.6a -69.9b -71.7b

Dogwood -0.5a -26.7b -29.7b -10.7a -52.4b -54.9b

Other spp 12.8a -25.8b -18.6b 9.4a -51.8b -49.7b

Compared to other species groups, the red oak group was more 

intensely affected by fire. Fire significantly reduced midstory and 

understory density and basal area, but the difference between the 
the reverse (Figure 2.1). The average initial basal areas for the no fire, annual fire, and random fire 

treatments were approximately 20, 15, and 17 m2 per ha, respectively. Tree size in the overstory in the no 

fire treatment was relatively larger than in the annual fire, and random fire treatments. In the no-fire 

Understory

Overall 2.8a -83.5b -74.3b -3.2a -97.0b -94.1b

Wite oak 18.4a -88.6b -85.4b -0.8a -98.9b -96.4b

understory density and basal area, but the difference between the 

annual fire and random fire treatments was not significant (Table 2).  fire treatment was relatively larger than in the annual fire, and random fire treatments. In the no-fire 

treatment, the overstory total density decreased slightly since 1997, yet the basal area remained relatively 

stable by year 2007 because growth of living trees compensated for any basal area lost to mortality. In the 

Wite oak 18.4 -88.6 -85.4 -0.8 -98.9 -96.4

Red oak 3.9a -85.4b -78.2b 18.8a -96.5b -95.5b

Hickory 0.6a -88.9b -77.2b -6.5a -95.3b -94.1b

Slf pine -30.0a NA -98.7b -41.9a NA -1.0a

stable by year 2007 because growth of living trees compensated for any basal area lost to mortality. In the 

annual fire treatment, the overstory stem density increased during the first three years after burning was 

Slf pine -30.0 NA -98.7 -41.9 NA -1.0

Dogwood -18.9a -83.9b -81.6b -37.7a -1.0b -1.0b

Other spp -12.2a -63.9b -80.9b 8.9a -96.2b -89.6b
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initiated (from 1997 to 2001), and then it remained constant until 2007. In the random fire treatment, the 

overstory stem density increased for three years, then decreased over the next seven years. The total basal Hartman, G., and B. Heumann 2003. Prescribed fire effects in the Ozarks of Missouri: The Chilton Creek Project 1996-2001. overstory stem density increased for three years, then decreased over the next seven years. The total basal 

area increased rapidly in both fire treatments. This indicates that more small-size trees were killed by fire.


