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Abstract.-The Missouri Ozark Forest Ecosystem Project (MOFEP) experi- 
mentally tests forest ecosystem response to (a) even-aged management 
with clearcutting, (b) uneven-aged management with single-tree and 
group selection, and (c) no-harvesting. The nine MOFEP experimental 
sites in the southeast Missouri Ozarks are small landscapes ranging 
from 772 ac (312 ha) to 1,271 ac (514 ha) in extent. In 1996-97, each of 
the nine sites received one of the three treatments. Clearcutting and 
thinning affected 26 percent of the total area on the three sites receiving 
the even-aged management treatment. Selection and group selection 
harvests affected 57 percent of the total area on the three sites receiving 
the uneven-aged treatment. The treatments sigdicantly (P<0.05) re- 
duced the mean number of trees, basal area, and canopy cover per acre 
on the harvested sites, but mean diameter was unchanged. Following 
treatment, the relative size distribution of trees by diameter class was 
virtually identical for each of the three treatments. Black oak (Quercus 
velutina Lam.) and scarlet oak (Q. coccinea Muenchh.) in combination 
comprised 60 percent of the harvested basal area; white oak (Q. alba L.) 
and post oak (Q. stelhta Wangenh.) accounted for an additional 20 to 30 
percent. On a percentage basis, harvested trees included more scarlet 
and black oak basal area and less white oak and shortleaf pine (Pinus 
echinata Mill.) basal area than the sites had prior to harvest. Between 
1995 and 1998, the total basal area on no-harvest sites increased an 
average of 1 ft2/ac (0.2 m2/ha). Trees between 3.3 ft (1 m) tall to 0.5 in. 
(1.3 cm) d.b.h. increased in number only in stands that were harvested 
by single-tree and group selection methods. Small trees decreased in all 
other treatments except those that were not harvested or thinned. Trees 
between 0.5 in. (1.3 cm) and 1.5 in. (4 cm) d.b.h. decreased in all stands 
that were harvested; the greatest decrease occurred in clearcut stands. 
In either size class, differences in pre- and post-harvest abundance were 
small and species composition did not change consistently as a result of 
treatments. More than 700 stump sprouts per acre (1,70O/ha) occurred 
in clearcuts; fewer than 120/ac (300/ha) occurred in areas harvested by 
a combination of single-tree and group selection. Single-tree selection 
harvests in the uneven-aged treatment and intermediate thinning in the 
even-aged treatments resulted in 42 and 36 sprouts per acre (104 and 
89/ha), respectively. Stands without harvesting averaged fewer than 7 
sprouts per acre (17/ha). Overall, the greatest changes in reproduction- 
sized trees occurred with stump sprouts of which nearly half were oaks. 
On all sites, white oak had the greatest basal area ingrowth. In addition d 
to providing information on stand and site response to timber harvesting, I 
the results reported in this paper provide information necessary to 
analyze how other components of the ecosystem (e.g., understory vegeta- 
tion, animals, microclimate) responded to harvest treatments. 
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The Missouri Ozark Forest Ecosystem Project 
(MOFEP) is a long-term, landscape-scale experi- 
ment to test effects of even-aged, uneven-aged. 
and no-harvest forest management practices on 
the flora and fauna of upland oak ecosystems 
(Brookshire and Hauser 1993. Brookshire and 
Shifley 1997). Because forest harvesting alters 
forest density, stand size structure, and species 
composition, identifying differences in pre- and 
post-harvest forest characteristics is critical for 
understanding forest change and for interpret- 
ing results of other MOFEP studies. 

MOFEP was initiated because the impacts of 
forest management on songbirds and on other 
non-commodity forest attributes such as diver - 
sity of native plant and animal species have 
been poorly quantified in the Missouri Ozarks. 
MOFEP provides an opportunity to experimen- 
tally measure and statistically test the effects of 
forest management practices on a suite of 
ecosystem attributes. 

Three management treatments were imple- 
mented on the MOFEP sites: (1) even-aged 
management with harvesting by clearcutting 
and intermediate thinning, (2) uneven-aged 
management with harvesting by single-tree 
selection and group selection, and (3) no- 
harvest management (see also Sheriff, this 
proceedings). Even-aged management, as 
practiced by Missouri Department of Conserva- 
tion (MDC) managers, uses clearcutting as the 
principal means of stand regeneration. With this 
method approximately 10 percent of the acreage 
in a forest compartment (i.e., a MOFEP site) is 
clearcut every 10 years for forest regeneration. 
Thinnings (intermediate cuttings) are conducted 
periodically within stands to improve quality 
and increase growing space for residual trees. 
In the Ozarks, even-aged management is simple 
to employ, provides excellent regeneration of 
shade intolerant tree species such as upland 
oaks ( ~ C U S  L.) and pine (Pinus L.), and 
provides habitat for wildlife species that prefer 
early-succession vegetation. 

In contrast, uneven-aged management, as 
practiced by MDC managers, is relatively new to 
upland oak ecosystems in the Ozarks. Uneven- 
aged management is commonly practiced in 
bottomland forests in Missouri and in mixed 
hardwood forests in the eastern United States 
where shade tolerant species are prevalent, 

competitive, and desirable. Forest management 
on the Pioneer Forest, a privately owned forest 
in the Ozarks, suggests that uneven-aged 
management may be a viable silvicultural 
alternative in Missouri's upland forests where 
soils and climate favor oak species and limit 
competition by undesirable species 
(Loewenstein 1996). As practiced by MDC A 

managers, uneven-aged management includes 'v 

single-tree selection and group selection for 
timber harvest and forest regeneration. Uneven- 
aged management is more complicated to * 
implement than even-aged management be- 
cause tree size (and age) distributions within 
individual stands must be carefully monitored 
and regulated. However, uneven-aged forests 
typically have a structurally diverse forest 
canopy containing both small trees and large- 
diameter overstory trees over a large contiguous 
area (Missouri Department of Conservation 
1986). Forests managed with uneven-aged 
methods are thought to be more favorable for 
forest interior plant and animal species than 
forests managed with even-aged methods. 

Sometimes, managers or land owners choose 
not to alter or manipulate forest vegetation. For 
example, managers may desire late-succes- 
sional or old-growth forests on public lands. 
and private land owners may choose not to cut 
trees on their lands. At MOFEP sites, the no- 
harvest treatment serves two purposes. It 
demonstrates patterns of forest development 
that result from natural disturbances h d  
successional processes, and it serves as an 
experimental control to compare with the two 
other management practices. 

Our paper has four objectives. First, it surnma- 
rizes the forest harvesting, including the stand- 
scale effects on tree species density, basal area, 
and composition. Second, it evaluates site-scale 
(landscape-scale) effects on tree species density 
and basal area. Third, it evaluates the effects of 
harvest treatments on forest regeneratioh. 
Finally, it evaluates site-level forest chatage 
since inventories began on MOFEP in 1990. Our 
results and discussion are focused on harvest 
effects on trees, but the findings are also di- 
rectly relevant to the other studies in this 
volume that describe how other components of 
the forest ecosystem respond to the three forest 
management treatments. 



METHODS 

The MOFEP study design is described in detail 
by Brookshire et al. (1 997), Sheriff and He 
(1997), and Sheriff (this proceedings). There are 
nine study sites (compartments) that range in 
size from 772 ac (312 ha) to 1,271 ac (514 ha). 
These were allocated into three "complete" 
statistical blocks of three sites each. Sites 
within each block were randomly designated to 
be managed as even-aged, uneven-aged, or no- 
harvest, yielding three replicates of each treat- 
ment (Sheriff and He 1997). The Missouri 
Department of Conservation Forest Land Man- 
agement Guidelines (Missouri Department of 
Conservation 1986) and the guidelines for 

I marlaging uneven-aged stands (Law and 
Lorimer 1989) provided the general recommen- 
dations for harvesting in even-aged and uneven- 
aged MOFEP sites. Also see Sheriff (this pro- 
ceedings) for additional details on treatments. 

Forest Vegetation Sampling and Data Sets 

Shortly after MOFEP was initiated, each site 
was divided into areas of common slope and 
aspect. These were further divided into stands 
that averaged approximately 12 ac. Stands were 4 

used to stratify the placement of permanent v 

vegetation plots (fig. 1). Vegetation plots were 
randomly located within stands, and each stand 
received at least one plot. There were 645 
vegetation plots established between October* 
1990 and September 1992. Three additional 
vegetation plots were added in 1994 to intensify 
sampling in bottomland areas for a total of 648 
permanent inventory plots. Plot center and 
subplot centers of all vegetation plots were 
permanently marked with steel rods. Since 
199 1, these permanent plots have been re- 
inventoried approximately every 3 years to 
document the condition of woody vegetation. 
During each re-inventory within permanent 

Size Limits for plots and subplots Down, dead wood transects 
0.5 acre plot includes trees 14.5 DBH 56.5' transects (4 per plot) used to measure 

0.05 acre subplot includes trees 11.5" and c 4.5" DBH down dead wood 1 2" diameter and 1 2' in length 
0.01 acre subplot includes trees 2 1 m tall and c 1.5" DBH 
I m2 sublplot includes herbaceous vegetation 1 ac = 0.405 ha, 1 ft = 0.305 m 

Figure 1 . - M O W  vegetation plot design 
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plots, live and dead trees 2 4.5 in. (1 1 crn) 
diameter at breast height (d.b.h.) are sampled in 
0.5-ac (0.2 ha) circular plots; trees between 1.5 
in. (4 cm) and 4.5 in. (11 cm) d.b.h. are sampled 
in four 0.05-ac (0.02 ha) circular subplots; and 
trees at least 3.3 ft  (1 m) tall and less than 1.5 
in. (4 cm) d.b.h. are sampled in four 0.01-ac 
(0.004 ha) circular subplots nested within the 
0.05-ac subplots. Characteristics recorded for 
each tree include species, d.b.h. (or size class 
for trees < 4.5 in. (1 1 cm) d.b.h.), and status 
(e.g., live, dead, den, cut, blow-down). Plot and 
subplot data are combined to obtain plot aver- 
ages by d.b. h. or size class, and all values are 
converted to an acre basis for analysis. Addi- 
tional details about vegetation data collection 
can be found in Shifley and Brookshire (2000). 

We summarized information about the har- 
vested stands (e.g . , location, size, area, harvest 
regime) using spatial data compiled by MDC. We 
used two data sets to determine the effects of 
forest harvesting on trees. The first was col- 
lected between May 1994 and January 1995 
(hereafter referred to as 1995). This inventory 
was conducted before the first forest harvest 
entry, which occurred from May 1996 to May 
1997. The second data set was collected be- 
tween October 1997 and June 1998 (hereafter 
referred to as 1998). We determined forest 
growth, ingrowth, and mortality during the 
entire course of MOFEP by comparing data 
collected in 199 1 - 1992 (hereafter referred to as 
1992) to data collected in 1998 in all stands 
and all MOFEP sites. Growth refers to basal 
area increases of existing trees 2 4.5 in. (1 1 cm) 
d.b.h., ingrowth refers to basal area increases 
for trees that have grown into the 2 4.5 in. (1 1 
cm) d.b.h. size class, and mortality refers to all 
trees 2 4.5 in. (11 cm) d.b.h. that have died. 

Statistical Analysis 

We statistically evaluated pre- and post-treat- 
ment differences in the number of tree species 
per plot, number of trees per acre, quadratic 
mean diameter, basal area, and percent canopy 

- cover. For quadratic mean diameter and basal 
area, analyses were conducted by combining 
data by size classes corresponding to sampling 
thresholds for vegetation plots and subplots: 
trees 2 3.3 ft (1 m) tall, trees 2 1.5 in. (4 cm) 
d.b.h., and trees 2 4.5 in. (11 cm) d.b.h. We also 
evaluated pre- and post-treatment differences in 

. the number of trees per acre, quadratic mean 
diameter, and basal areas per acre for the most 

abundant tree species: white oak (Qtmcus alba 
L.), black oak (Q. velutina Lam.), scarlet oak (Q. 
coccinea Muenchh.), shortleaf pine (Plnus 
echinata Mill.), and post oak (Q. steUata 
Wangenh.). 

4 
Pre- and post-treatment tree attribute differ- * 
ences were evaluated at the site level using 
analysis of variance with the following fixed 
effects model: 

Y, = p + block, + treatmentJ + E,, 

Where p is the mean difference between the pre- 
and post-treatment attribute, block, is the block 
effect, treatment, is the treatment effect (i.e., 
harvest treatment), and E,~  is the error effect N(0, 
02). Blocks and treatments each received two 
degrees of freedom, leaving four degrees of 
freedom for error. For analyses that we con- 
ducted with this model, we used an a-level of 
0.05. Where overall significance was found, we 
used a least significant difference test to iden* 
attributes that differed significantly from those 
of no-harvest sites. 

RESULTS AND DISCUSSION 

Forest Harvesting 

The acreage and volume harvested varied 
considerably between treatment types (tables 1 
and 2). On even-aged treatment sites, approxi- 
mately 320 ac (130 ha) (1 1% of the total area) 
were clearcut and 4 1 1 ac (1 66 ha) (1 5%) were 
thinned. Stands that were clearcut averaged 13 
ac (5 ha) and stands that were thinned on the 
even-aged sites averaged 11 ac (4 ha). On 
uneven-aged sites, 2,124 ac (860 ha) (57%) 
received single-tree selection harvests, and 
group openings were created to regenerate the 
shade intolerant oaks and pine. Group openings 
70 ft (21 m) in diameter (i.e., approximately one 
tree height) were created on south-facing slopes; 
openings 105 ft (32 m) were created on " 
ridgetops; and openings 140 f t  (43 m) in diam- 
eter were created on north-facing slopes (Law 
and Lorimer 1989). In uneven-aged sites, there 
were between 153 and 267 group openings. 
These covered a total area of 24 to 46 ac (10 to 
19 ha) per site and occupied roughly 5 percent 
of the area in each cutting unit (table 3). Within 
group openings, all or nearly all trees were 
removed. The average cutting unit size averaged 
21 ac (9 ha) in the uneven-aged sites. Overall, a 
greater volume was harvested from uneven-aged 
sites than from even-aged sites (3.4 million bd ft 
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Table 1 .-Total and percent area harvested and commercial volume harvested in even-aged and 
.uneven-aged sites 

Site Site area1 Area Area . Area Area Volume 
clearcut clearcut thinned? thinned harvesteda 4 

Acres Acres Percent Acres Percent Thousand 
bd ft 

Even-aged 
3 889 93 10 21 1 24 754' 
5 772 114 15 1 42 18 927 
9 1,141 113 10 58 5 773 

Even-aged 
total . 2,802 320 11 41 1 15 2,454 

2 1,271 - - 876 69 1,146 
4 1,183 - - 735 62 952 
7 1,240 - - 51 3 41 1,344 

Uneven-aged 
total 3,694 - - 2,124 57 3,442 

Metric conversions are 1 acre = 0.4047 ha. 
* Includes intermediate thinning on even-aged management sites and single-tree selection and group selection harvest on 
uneven-aged management sites. 

This does not include cull or slash volume: from Brookshire eta/. 1997. 

Table 2.-Number of stands (ie., cutting urtits) and stand size for even-aged and uneven-aged sites 

Site No. of Mean stand No. of Mean stand No. trees Basal area 
stands size thinned size 24.5" d.b.h. for trees 

clearcut clearcutl stands2 thinned1 harvested1 2 4.5" d.b.h. 
(range) (range) harvested1 
Acres Acres Treedacre F/ac 

9 1 9 13 7-23) 4 10 I 
Even-aged total 24 13 (2-32) 40 1 1 (1 -31) 2 1 15 r 

7 - - 28 18 (6-51) 12 12 
Uneven-aged total - - 110 21 (3-80) 2 1 15 

1 acre = 0.4047 ha, 4.5 in. = 11 cm, 1 treelac = 2.47 treeslha. 
* Includes intermediate thinning on even-aged management sites and single-tree selection and group selection harvest on 
uneven-aged management sites. 
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Table 3.-Number; btal size, and percent area of grow openings in uneven-aged cutting units 

Site - No. of group openings Total area of openings1 Total area of openings 
Acres Percent 

Uneven-aged total 641 107 5 

1 acre = 0.4047 ha. 

vs. 2.5 million bd ft) because more of the total 
area on the uneven-aged sites was treated with 
selection and group selection harvests than was 
thinned or clearcut on the even-aged sites. 
Moreover, by chance, the total area of the three 
sites treated with uneven-aged management 
was about 30 percent greater than the total 
area of sites treated by even-aged management. 

, The number of residual trees, the residual basal 
area, and residual overstory canopy cover 
within harvested stands or cutting units also 
differed by treatment (table 4). As expected, 

very few residual trees 2 1.5 in. (4 cm) d.b.h. 
remained in clearcut stands except those left to 
produce seed for forest regeneration or to 
provide wildlife food and shelter. The residual 
basal area of clearcut stands was 6 ft2/ac (1.5 
m2/ha) compared to 97 ft2/ac (22 m2/ha) prior 
to harvest; canopy cover was reduced from 86 
to 3 percent. Thinned stands in even-aged sites 
and cutting units harvested by the selection 
method in uneven-aged sites had roughly a 25 
percent reduction in both trees per unit area 
and basal area; overstory canopy cover was 
reduced from 86 to 56 percent. 

Table ,4.-Pre- and post-treatment tree density, basal area and canopy cover in harvested stands or cult& units 

Trees per acre I 
(standard deviation) 

Canopy 
coverage 

Basal area ( fL2 1 ac)' (standard 
(standard deviation) deviation) 

r 3.3 ft tall 2 1.5 in. d.b.h. 2 4.5 in. d.b.h. 2 1.5 in. d.b.h. 2 4.5 in. d.b.h. 

1995 1998 1995 1998 1995 1998 1995 1998 1995 1998 1995 1997 

1 
Clearcut stands 1,305 1,277 437 17 136 8 97 6 85 6 86 3 
(even-aged treatment) (349) (230) (138) (9) (13) (2) (4.6) (0.5) (4.9) (0.7) p.3) (1.0) 

1ntermediate.thinning 1,350 91 1 491 354 158 133 100 71 86 62 86 55 
(even-aged treatment) (356) (201) (42) (46) (23) (14) (1 1.0) (7.5) (13.0) (9.2) (3.6) (8.1) 

Selection cutting units 1,228 968 475 332 158 127 100 76 87 67 85 57 
(uneven-agedtreatment) (84) (240) (101) (61) (19) (16) (6.2) (5.8) (2.7) (3.8) (3.8) (12.7) 

l 3.3 ft = 1 m; 1.5 in. = 4 cm, 4.5 in. = 11 cm, 1 treelac = 2.47 treeslha, and 1 ft2/ac basal area = 0.2296 m2/ha. 



In combination, black oak, scarlet oak, white 
oak, post oak, shortleaf pine, and hickories 
(Carya spp. Nutt.) comprised 95 percent of the 
live basal area immediately prior to harvest and 
96 percent of the harvested basal area. To- 
gether, black oak and scarlet oak comprised 
approximately 60 percent of the harvested basal 
area; white oak and post oak accounted for an 
additional 20 to 30 percent of the harvest (fig. 
2). Compared to the species composition of the 
sites prior to harvest, the harvested trees 
included a greater percentage of scarlet and 
black oak basal area and a lesser percentage of 
white oak and shortleaf pine basal area. In the 
even-aged treatment, the harvested basal areas 
of scarlet and white oak were nearly equal. 
However, in the uneven-aged treatment, harvest 
of scarlet oak was proportionately greater than 
that of white oak (33 vs. 2 1% of total). Shortleaf 
pine was 3 percent of the harvested basal area 
although it was 9 percent of the total basal area 
prior to the harvest. 

Both harvest treatments removed trees ranging 
from 5 to more than 29 in. (13 to 74 cm) in 
diameter. The size distribution of diameters for 
harvested trees was similar to that of the live 
trees that were retained (fig. 3). Snags (i.e., 
standing dead trees) also had a diameter size 
distribution similar in form to that of live trees. 

Diameter distributions for live, cut, and stand- 
ing dead trees each had a negative exponential 
(reverse J) shape. However, compared to the 
inventory of live trees, the population of snags 
included a greater proportion of small diameter 
trees (less than 7 in. 118 cm] d.b.h.) and fewer 4 

trees in size classes between 10 and 20 in. v 

d.b.h., regardless of harvest treatment. 

Relative to the size distribution of live trees that 
remained following harvest treatments har- ' 
vested trees included proportionately more trees 
greater than 10 in. (25 cm) d.b.h. for even-aged 
treatments and greater than 15 in. (38 cm) 
d.b.h. for uneven-aged treatments (fig. 3). 
Clearcut stands in the even-aged treatment 
were typically older and included more large 
trees than the average for untreated stands. 
Following harvest, the diameter distribution of 
the live trees was nearly identical for &he three 
treatments (fig. 3). 

The q-value is a measure 'of the shape of a 
negative exponential (reverse 4) diameter distri- 
bution, and it is often used in uneven-aged 
management to describe desired stand struc- 
ture. For tree diameter distributions with a 
negative exponential form, the q-value corre- 
sponds to the raiio of the number of trees in a 
given diameter class to the number of trees in 

. . Live trees 

no harvest 
Q) 

Y 

Live trees C, 

uneven-aged 8s f2 L 
!I 

Live trees 
even-aged 

1 L 

Cut trees 
A I 

uneven-aged 15 8 
: 
V 

Cut trees C, 

3 

even-aged 14 
0 

I I I I 

0% 20% 40% 60% 80% 100% 

Fraction of basal area 
Figure 2.-Proportion of live basal area by species and treatment prior to harvest ( 1  994-951, and 

proportion of cut basal area by species (1 997-98) for the even-aged and weven-aged treatments. 
Values are means for three sites in each treatment group. Mean basal area per acre for each 
category is shown to the right of each bar 
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Figure 3.-(A) to (C). Proportion of trees 2 4.5 in. (1 1.4 cm) d b. k by diameter class for live, dead, and 
cut trees, 1998. The mean number of trees per acre for the live, cut, and dead categories is shown 
adjacent to the live, cut, and dead labels. Values are a composite for all plots in each treatment. 
All diameter distributions shown follow a negative exponential form Distribution curves for live 
trees are virtually identical for each of the three treatments; the q-value for each of the three live 
tree distributions is 1.2. (D) to @?I. Number of live trees by diameter class for the white oak group 
(white and post oak), the red oak group (black and scarlet oak), the maple group (red and sugar 
maple), and shortleaf pine, 1998. I 

the next larger diameter class. When all plots in 
. a treatment were combined, the live tree diam- 

eter distributions following harvest were nearly 
identical for each of the three management 
treatments. Each had a q-value of 1.2 (com- 
puted using 1-in. diameter classes). Individual 
live tree diameter distributions for maples (Acer 
rubnun L. and A. saccharurn Marsh.) and for 
white oaks (white oak and post oak) also had 
negative exponential diameter distributions (fig. 

3). Of the four species groups illustrated, the 
white oak group (white oak and post oak) 
dominated the size classes between 5 and 7 in. 
(13 and 18 cm) d.b.h. The red oak group (black 
oak and scarlet oak) and shortleaf pine were 
unimodal in form, and the red oak group had a 
greater proportion of trees in the larger diam- 
eter classes at  all sites. We attribute this pat- 
tern to greater shade tolerance of white oak and 
maples, and to the comparatively rapid growth 

9 1 



of the shortleaf pines and trees in the red oak 
group. The data for smaller diameter classes 
(fig. 3) show that maple is not increasing. 

These results help illustrate that even-aged and 
uneven-aged forest management systems create 
very different forest structures (fig. 4). Clearcut- 
ting is an intensive tree harvesting method that 
removes nearly all trees in a treated stand; most 
large trees that do not have commercial value 
are cut down in post-harvest "slashing" opera- 
tions that facilitate regeneration of desirable 
trees. However, MDC guidelines specify that 
clearcuts be small in area (a range of 2 to 20 ac 
11 to 8 ha] is recommended) to protect water 
and soil resources and to ensure that different 
size classes of trees are represented across the 
forest (Missouri Department of Conservation 
1986). Even when the total acres clearcut and 
thinned are combined, only one-fourth of the 
total land area was affected by harvest in the 
even-aged treatment. In contrast, uneven-aged 
management by the single-tree selection and 
group selection methods was much more exten- 
sive. Harvests occurred over a larger proportion 
(57%) of uneven-aged sites, explaining why 
nearly 40 percent more merchantable volume 
was harvested from uneven-aged sites than 
from even-aged sites. 

The scarlet oak harvest was disproportionately 
large in the uneven-aged treatment because 
MDC foresters purposely marked uneven-aged 
cutting units to retain longer lived tree species 
such as white oak over the comparatively short- 
lived tree species such as scarlet oak. In the 
Ozarks, scarlet oaks are often short lived be- 
cause they are particularly susceptible to oak 
decline, largely caused by Armillaria root dis- 
ease (Johnson and Law 1989). Compared to 
even-age methods, single-tree selection methods 
used in uneven-aged sites provide greater 
flexibility to favor long-lived species during 
timber marking. 

Treatment Effects Among Sites 

-One of MOFEP's strengths is that it was de- 
signed to be a long-term, landscape-scale inves- 
tigation. Although we can address only short- 
term results at this early stage of the experi- 
ment, we can begin assessing some short-term 

landscape-scale effects. MOFEP sites (or com- 
partments) serve as contiguous forest "land- 
scapes." For all species combined in our study, 
there were detectable treatment-level effects for 
five of nine woody vegetation variables (table 5). 
Values of variables that changed significantly A 

after harvesting were usually for the larger size * 
classes of trees. For example, there were no 
significant reductions in the total number of 
trees per acre although significant decreaies 
were detected for trees 2 1.5 in. (4 cm) d.b.H. in 
the uneven-aged treatment and for trees 2 4.5 
in. (11 cm) d.b.h. in both even-aged and un- 
even-aged treatments. One exception was basal 
area, which decreased sigmflcantly in all size 
classes on harvested sites. As expected, the 
average canopy cover of harvested sites de- 
creased following harvesting and was signifi- 
cantly lower than the no-harvest sites. We note 
that the average canopy cover of no-harvest 
sites also decreased. However, we do not know if 
this decrease was simply sampling variation or 
a decrease in canopy cover (e.g., due to tree 
blowdown, mortality, defoliation), or both. 
Changes in numbers, diameters, and basal 
areas for the most abundant species were 
similar to those of all species combined (table 
5). White oak, black oak, and especially scarlet 
oak stems per acre and/or basal areas of the 
larger size classes were decreased significantly 
by harvesting, especially in uneven-aged sites. 
We found small, but sigmflcant changes in post 
oak basal area for trees 2 4.5 in. d.b.h. There 
were no changes in shortleaf pine abundance, 
diameter, and basal area. 

Even though individual cutting units and 
stands were impacted by harvesting in both 
even-aged and uneven-aged sites, we found 
relatively few site-scale treatment effects. When 
averaged across an entire site, many vegetation 
characteristics were not significantly different 
from those in no-harvest sites. Most changds 
were detected only for the numbers of treeg and 
basal area per acre. Clearly, both even-aged and 
uneven-aged harvest treatments impacted the 
sites, and did so in very different ways (see fig. 
4). The first even-aged harvest treatments left 
mature forests containing large patches (stands) 
where few mature trees remain. The first un- 
even-aged harvest treatments left a mature 
forest having slightly lower density than the 
pre-harvest forest and containing small patches 
(group openings) where few trees remain. 



Figure 4.-(A) to 0. D~Terent forest structures are created by even-aged and uneven-aged manage- 
ment. These photographs were taken in April 1997, nearly 1 year afcer haruesting began. (A). 
Even-aged MOFEP site 9 illustrating clearcuts. (B). Close-up photograph of a clearcut. Note that 
few residual trees remain and that a Zarge volume of slash was left on the ground. (C). Uneuen- 
aged MOFEP site 7 fllustraiing single-tree selection and group openings. 0. Close-up photograph 
of an area harvested with single-tree selection and group openings. Few trees per acre were 

. removed within single-tree selection cutting units, leaving a nearly closed-canopy forest. Within 
group openings, aU trees were harvested and some slash remains on the ground. 
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Table 5.-Pre- and post-treatment means and diflerences for attributes of all tree species and for white oak, black oak, 
scarlet oak, shortleaf p w ,  and post oak. Values dflering signiflantly (a = 0.05)frorn the no-harvest treatment are 
shown in bold. 

No-harvest Even-aged Uneven-aged F-valuec P-value 
(sites l ,6 ,8)  (sites 3,5,9) (sites 2,4,7) (for (for , 

difference) differeng) 
Species and attribute" 1995 1998 diff. 1995 1998 diff. 1995 1998 diff. 

All trees 
No. of species per plot 
No. of trees > 0 in. d.b.h. 
No. of trees 1 1.5 in. d.b.h. 
No. of trees 2 4.5 in. d.b.h. 
Qmd 2 1.5 in. d.b.h. 
Qmd 2 4.5 in. db.h. 
Basal area (ft2/ac) r 1.5 in. d.b.h. 
Basal area (ft2/ac) z 4.5 in. d.b.h. 

'Canopy cover (%) 
White oak 
No. of trees > 0 in. d.b.h. 
No. of trees 2 1.5 in. d.b.h. 
No. of trees 2 4.5 in. d.b.h. 
Qmd 2 1.5 in. d.b.h. 
Qmd 1 4.5 in. d.b.h. 
Basal area (ft2/ac) s 1.5 in. d.b.h. 
Basal area (ft2/ac) 2 4.5 in. d.b.h. 
Black oak 
No. of trees > 0 in. d.b.h. 
No. of trees 2 1.5 in. d.b.h. 
No. of trees 1 4.5 in. d.b.h. 
Qmd 1 1.5 in. d.b.h. 
Qmd 1 4.5 in. d.b.h. 
Basal area (ft2/ac) s 1.5 in. d.b.h. 
Basal area (ft2/ac) 2 4.5 in. d.b.h. 
Scarlet oak 
No. of trees > 0 in. d.b.h. 
No. of trees 2 1.5 in. d.b.h. 
No. of trees 2 4.5 in. d.b.h. 
Qmd 2 1.5 in. d.b.h. 
Qmd 2 4.5 in. d.b.h. 
Basal area (ft2/ac) 2 1.5 in. d.b.h. 
Basal area (ft2/ac) 2 4.5 in. d.b.h. 
Shortleaf pine 
No. of trees > 0 in. d.b.h. 
No. of trees 2 1.5 in. d.b.h. 
No. of trees 2 4.5 in. d.b.h. 
Omd 1 1.5 in. d.b.h. 
Qrhd 14 .5  in. d.b.h. 
Basal area (ft2/ac) 2 1.5 in. d.b.h. 
Basal area (ft2/ac) 2 4.5 in. d.b.h. 
Post oak 
No. of trees > 0 in. d.b.h. 
No. of trees 2 1.5 in. d.b.h. 
No. of trees 14 .5  in. d.b.h. 
Qmd 2 1.5 in. d.b.h. 
Qmd 1 4.5 in. d.b.h. 
Basal area (ft2/ac) 2 1.5 in. d.b.h. 
Basal area (ft2/ac) r 4.5 in. d.b.h. 

" Reported values are per acre except as noted. Metric conversions are 1.5 in. = 4 cm, 4.5 in. = 11 cm, 1 treelac = 2.47 treesJha, and 1 ft2/ac basal area 
= 0.2296 m2/ha basal area. 

Qmd'= quadratic mean d.b.h. (in inches) for trees in the specified size class. 
For ANOVA of treatment effects, F has (2,4) degrees of freedom. 
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Figure 5.-Number of smaU trees and sprouts per acre before and after haroest treatments (1 995 and 
1998). Summaries are for individual plots that were clearcut (CC), received an  intermediate harvest 
as part of the even-aged treatment (2). were left unharvested 0, received single-tree selection 
haroest as part of the uneven-aged treatment 0, or received both single-tree and group selection 
harvesting as part of the uneven-aged treatment (UG). Species shown are: the white oak group 
(white and post oak); the red oak group (black and scarlet oak); the maple group (red and sugar 
maple); the hickory group (black, mockernut, pignut, and bitternut hickory); blackgum' shortleaf 
pine. Values are for (A) treesfrom 3.33 (1 m) tau to 0.5 in (1.3 cm) db.h ;  (B) trees 2 0.5 in. (1.3 
cm) to 1.5 in. (4 cm) d.b.h; and (C) recent sprouts of any diameter. The bars show the proportion 95 
attributable to each species group; order of species groups (top to bottom) matches vertical order 
shown in the legend. One acre = 0 . 4 0 4 7 ~ ~ .  



However, it is clear that the impact of these 
treatments on forest structure at site scales 
(i.e., approximately 1,000-ac compartments) 
cannot be fully described or understood by 
evaluating the forest vegetation data with 
analysis of variance. To better quantify site- 
scale effects of the different treatments, we need 
to apply other descriptive measures of the forest 
structure. These measures should include 
q u a n w g  the number, area, perimeter, and 
spatial arrangement of patches of forest having 
contrasting diameter and/or height distribu- 
tions (e.g., clearcut stands, group openings, and 
the matrix af forest between these patches). 
These statistics would provide a different per- 
spective on the treatment effects. 

1 

Forest Reproduction 

An important purpose of harvesting by either 
even-aged or uneven-aged methods is to regen- 
erate a future stand. Therefore, it is important 
to determine the effects of harvesting on species 
composition, abundance, and total numbers of 
trees in the reproduction size class. Trees from 
3.3 ft (1 m) tall to 0.5 in. (1.3 cm) d.b.h. in- 
creased in number only on plots that were 
harvested by single-tree and group selection. 
Small trees decreased on plots in other treat- 
ments except those that were not harvested or 
thinned (fig. 5A). Trees between 0.5 in. (1.3 cm) 
and 1.5 in. (4 cm) d.b.h. decreased in all treat- 
ments; the greatest decrease occurred in 
clearcut plots (fig. 5B). In either size class, 
differences in pre- and post-harvest abundance 
were small, and species composition did not 
change consistently as a result of treatments. 
Most trees in these size classes were in the 
"other" category; of trees in this category, most 
were dogwoods (Comusjl~rida L.) and sassafras 
(Sassafras albidwn [Nutt.] Nees). Neither of 
these is an overstory species in Ozark forests. 
More than 700 stump sprouts per acre (1,700/ 
ha) occurfed in clearcuts; fewer than 120/ac 
(300/ha) occurred in areas harvested by a 
combination of single-tree and group selection 
(fig. 5C). Single-tree selection harvests in the 
uneven-aged treatment and intermediate thin- 
ning in the even-aged treatments resulted in 42 
and 36 sprouts per acre (104 and 89/ha), 
respectively. Stands without harvesting aver- 
aged fewer than 7 sprouts per acre (1 7/ha). 
Overall, the greatest changes in reproduction- 
sized trees occurred with stump sprouts of 
which nearly half were oaks. Blackgums (Nyssa 

sylvaffca Marsh.) also sprouted prolifically in 
clearcuts and sprout numbers were similar to 
those of white oak. The order of sprout abun- 
dance followed the expectations for available 
light at the forest floor: clearcut > group open- 
ing > single-tree section or thinning > no har- I 

vest (fig. 5C). C 

Although it is too early to draw definitive con- 
clusions with the data collected only 2 years 
after harvesting, cutting apparently has had ' 

very little effect on the species composition or 
abundance of the reproduction layer. During 
the next few years, we anticipate that oaks will 
become more abundant in the reproduction 
layer within harvested areas, especially in 
clearcuts and group openings, primarily be- 
cause of oak stump sprouting. 

Oak stump sprouting is an important source of 
regeneration in upland hardwood forests 
throughout the Central Hardwood region (Dey 
and Jensen, this proceedings; Johnson 1992; 
Sander et aL 1984; Weigel and Johnson 1998). 
In clearcuts, stump sprouts may provide most 
of the oaks that will later grow into dominant or 
codominant canopy positions (Johnson 1975, 
Weigel and Johnson 1998). The contribution of 
stump sprouts to oak regeneration depends 
upon many factors. Some important factors are 
parent tree species, age, and diameter (Sander 
et aL 1984, Weigel and Johnson 1998). Large (> 
8 in. 120 cml d.b.h.) black oaks and scarlet oaks 
are more likely to stump sprout than large 
white oaks (Sander et aL 1984). Younger oaks 
sprout more readily than older ones and smaller 
diameter oaks sprout more readily than larger 
ones (Weigel and Johnson 1998). 

We do not know the exact number of reproduc- 
tion-sized oak trees needed to ensure adequate 
regeneration, but oak regeneration is seldom a 
problem in even-aged stands in this part of t3e 
Missouri Ozarks. However, it is not clear to 
what extent oak regeneration will be successkl 
in uneven-aged stands because oak seedlings 
require about one-third full sunlight for maxi- 
mum photosynthesis (Law and Lorimer 1989) 
and uneven-aged stands may not provide 
enough sunlight for oak seedlings to compete 
with other tree species. For Missouri Ozark 
forests, Larsen et aL (1999) recommended a 
residual basal area of about 50 ft2/ac (12 m2/ha) 
to ensure adequate oak regeneration in stands 
harvested only by single-tree selection methods. 
On MOFEP sites, the residual basal area in 



selection harvest cutting units was 67 ft2/ac 
(1 5 m2/ha), considerably higher than recom- 
mended by Larsen et al. (1999) for single-tree 
selection if used alone. However, uneven-aged 
harvesting at MOFEP followed the guidelines of 
Law and Lorimer (1 989). who recommended 
using group openings nested within single-tree 
selection cutting units to encourage oak regen- 
eration. Accordingly, MOFEP single-tree selec- 
tion cutting units within uneven-aged sites 
contained from 153 to 267 group openings (or 
about 5% of the area of cutting units) to en- 
hance oak regeneration. Moreover, the residual 
basal area within single-tree selection cutting 
units (excluding the group openings) is within 
the recommendations made by Law and Lorimer 

t (1989). Our analysis was conducted too soon 
after harvesting to determine how successful 
the combination of single-tree selection and 
group openings will be over the long term in 
providing adequate oak regeneration on MOFEP 
sites. Monitoring the regeneration dynamics of 
all MOFEP treatments will continue in order to 
measure effects on forest regeneration. 

Forest Dynamics 

Forest species composition is always changing. 
Some trees continue to grow while others die 
and are eventually replaced. Human-caused 
disturbances such as timber harvesting often 
create the most striking short-term changes in 
species composition, but natural disturbances 
and succession also alter species composition 
over time. To evaluate some of these changes for 
the most abundant tree species on MOFEP 
sites, we compared the growth, ingrowth, and 
mortality of individual tree species and species 
groups for trees 2 4.5 in. (1 1 cm) d.b.h. in each 
treatment and site. 

From 1992 to 1998, white oak had the greatest 
net basal area growth on no-harvest sites and a 
net basal area increase on three of six sites 
receiving harvest treatments despite substantial 
white oak removal (fig. 6). We attribute this 
greater net growth rate to white oak's initial 

- high abundance, moderate growth rate, high 
ingrowth rate, and low natural mortality (fig. 6). 
Because white oak is moderately shade tolerant 
(Rogers 1990), the steady increase of white oak 
net growth in no-harvest sites and moderate 
losses of white oak in harvested sites were 
expected. Its moderate shade tolerance allows 

. some white oak regeneration to persist in the 

forest's partial shade. Once regeneration is 
established, white oak seedlings can be re- 
cruited into larger size classes in natural 
canopy gaps or in openings created by harvest- 

; ing. Recruitment of white oaks into the 2 4.5 in. 
(1 1 cm) diameter class explains the large I 

amount of white oak ingrowth shown in figure * 
6. Moreover, white oaks are less susceptible to 
disease or decline than the common red oak 
species, and they often live longer than fed oaks 
(Hicks 1998. Rogers 1990). explaining the low 
white oak mortality on all MOFEP sites. Shortly 
after MOFEP was initiated, Pallardy (1995) 
predicted that white oak would become more 
important in the overstory. His prediction was 
based upon analysis of the first MOFEP inven- 
tory data set that showed that white oak was 
much more abundant in the understory com- 
pared to species in the red oak group and 
shortleaf pine (Pallardy 1995). Data collected on 
MOFEP thus f& support Pallardy's prediction. 

Black oak had low to moderate net basal area 
growth increases on no-harvest sites 1 and 6 
but a net loss on no-harvest site 8 (fig. 6). 
Scarlet oak had modest net basal area growth 
on all no-harvest sites. Both black oak and 
scarlet oak had net basal area losses on all sites 
that received harvest treatments (fig. 6) because 
of low ingrowth rates, high mortality rates, and 
substantial harvesting. We expected greater 
black oak ingrowth than we observed because of 
its moderate shade tolerance and moderate 
growth rate (Sander 1990). Even though black 
oak is considered moderately shade tolerant, 
black oak seedlings and saplings must not be 
as shade tolerant as those of white oak or else 
we would have observed greater black oak 
ingrowth. We did not anticipate much scarlet 
oak ingrowth because it is shade intolerant 
(Johnson 1990); substantial regeneration and 
recruitment of scarlet oak would typically 
require a major canopy-removing disturWce. 

High mortality of both black oak and sc&let oak 
was not surprising. Both species are susceptible 
to oak decline and to ArrnilZariu rnellea (Bruhn 
et d. 2000). As indicated previously, oak decline 
is often attributed to Armillaria root disease in 
the Missouri Ozarks (Bruhn et d. 2000, 
Johnson and Law 1989). The abundance of 
Armillaria mellea, the most virulent of the 
Armillaria species documented in the study 
area, is positively correlated with black oak and 
scarlet oak abundance on MOFEP sites and is 
correlated with very gravelly and drought-prone 
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Figure 6.-Growth of initial trees, ingrowth, mortality, and harvest of trees 2 4.5 in. (1 1 cm) d.b.h for 
the most abundant trees species. Values show mean basal area change per m e  for trees on each 
site. The line within the bar of each species shows the net change in basal area when mortality 
and harvest are subtractedfrom growth and ingrowth. The hickory group includes black, 
mockernut, and pignut hickory. Oneft2/ac of basal area = 0.2296 m2/ha. 



and acidic soils associated with summit, shoul- 
der, and shoulder ridge landform positions and 
with gravelly hillslope sediments from the 
Roubidoux and upper Gasconade bedrock 
formations (Bruhn et d 2000). Soils having 
these characteristics are much more extensive 
on MOFEP sites 7 and 8 (Meinert et d 1997). 
thus explaining the greater black oak and 
scarlet oak mortality observed on these two 
sites. 

Shortleaf pine had neghgible ingrowth and little 
mortality during the sampling period and 
maintained a modest, positive net growth on 
nearly every site (fig. 6). This modest positive 
net growth of shortleaf pine was also found on 
harvested sites because relatively few shortleaf 
pine trees were removed. The hickory group, 
which includes pignut hickory (C. glabra Mill.), 
mockernut hickory (C. tornentosa Nutt.), and 
black hickory (C. texana Buckl.), had modest 
but positive net growth on no-harvest sites and 
negligible or modest net basal area decreases on 
harvested sites (fig. 6). 

These findings have implications for MOFEP 
overstory vegetation composition in the future. 
On no-harvest sites, we expect white oak to 
become much more abundant over time be- 
cause the absence of harvest disturbances will 
favor the growth of longer lived, more shade- 
tolerant species such as white oak. Similarly, 
we also expect white oak to become more 
abundant on uneven-aged sites because single- 
tree selection harvesting favors species that are 
more shade tolerant and because more scarlet 
oak was harvested on uneven-aged sites. How- 
ever, we do expect some eventual recruitment of 
black oak and scarlet oak in uneven-aged group 
openings. Overstory composition will likely 
change the least on even-aged sites: 
clearcutting leaves behind very few residual 
trees so there is little opportunity to alter 
species composition except through thinning. 
Moreover, most of the forest regeneration on 
even-aged sites appears to be from both white 
oak group and red oak group sprouts. It is 
difficult to predict composition changes for the 
other species because their abundances are so 
low. However, it appears that shortleaf pine 
basal area will increase on all treatments 
because of modest but positive net growth. 

SUMMARY 

The Missouri Ozark Forest Ecosystem Project 
(MOFEP) is a long-term, landscape-scale experi- 
ment to test effects of even-aged, uneven-aged, 
&d no-harvest forest management practices on , 
the flora and fauna of upland oak ecosystems. w 

Three management treatments have been 
implemented on the MOFEP sites: (1) even-aged 
management with harvest by clearcutting-and 
intermediate thinning, (2) uneven-aged manage- 
ment with harvest by single-tree selection and 
group selection, and (3) no harvest. 

On even-aged treatment sites, approximately 
320 ac (130 ha) (1 1%) were clearcut and 41 1 ac 
(166 ha) (1 5%) were thinned. Stands that were 
clearcut averaged 13 ac (5 ha) in size, and 
stands that were thinned on the even-aged sites 
averaged 11 ac (4 ha). In uneven-aged treatment 
sites, 2,124 ac (860 ha) (57%) were harvested. 
On uneven-aged sites, stands were grouped into 
cutting units that averaged 21 ac (9 ha) in size. 
Clearcutting removed more trees per cutting 
unit than thinning or single-tree selection, 
although a greater total merchantable volume 
was cut on uneven-aged sites. 

Black oak and scarlet oak in combination made 
up approximately 60 percent of the harvested 
basal area; white oak and post oak accounted 
for an additional 20 to 30 percent of the har- 
vest. In the even-aged treatment, the harvested 
basal areas of scarlet and white oak were nearly 
equal. In the uneven-aged treatment, however, 
harvest of scarlet oak was proportionately 
greater than that of white oak. 

On both even-aged and uneven-aged sites for all 
species combined, there were decreases in trees 
per acre and in basal area per acre. Changes 
that differed significantly from those of the no- 
harvest control were usually detected for @e 
larger size classes of trees. One exception was 
basal area, which decreased significantly'ln all 
size classes on harvested sites. The average 
canopy cover of all sites decreased, and de- 
creased significantly more on harvested sites. 
Changes in numbers, diameters, and basal 
areas for the most abundant species were 
similar to those for all species combined. 



Abundance in reproduction-sized trees did not 
change consistently as  a result of treatments. 
We found that the greatest changes in repro- 
duction occurred with stump sprouts. Clearcuts 
had the greatest number of sprouts, followed by 
areas harvested by a combination of single-tree 
and group selection. Some sprouting occurred 
in thinned and selectively harvested stands. 
Few sprouts were found in non-harvested 
stands. 

From 1992 to 1998, white oak had the greatest 
net basal area growth on no-harvest sites. Black 
oak had low to modest net basal area growth 
increases on no-harvest sites 1 and 6 but a net 
loss on no-harvest site 8. Scarlet oak had 

, modest net basal area growth on no-harvest 
sites. Both black oak and scarlet oak had net 
basal area losses on all sites that received 
harvest treatments because of a low ingrowth 
rate, a high mortality rate, and substantial 
harvesting. Shortleaf pine had negligible in- 
growth during the sampling period, but main- 
tained a modest, positive net growth, even on 
sites that received harvest treatments because 
relatively few shortleaf pines were removed. 
Among the other most abundant tree species, 
there was little net growth during the sampling 
period on all sites regardless of harvest treat- 
ment. 
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