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Abstract.-The Missouri Ozark Forest Ecosystem Project (MOFEP) is 
a landscape-scale experiment to test for effects of the following three 
common forest management practices on upland forests: 1) even- 
aged management (EAM), 2) unwen-aged management (UAM), and 3) 
no-harvest management (NHM). The first round of harvesting treat- 
ments was applied on the nine MOFEP sites in 1996. One forest 
component evaluated on MOFEP is the ground layer vegetation. Pre- 
treatment ground flora data were collected from permanent sample 
plots during the summers of 1994 and 1995; post-treatment data 
were gathered in 1999 and 2000. We waluated differences between 
pre- and post-treatment values for ground flora parameters including 
species richness, percent ground cover, and relative abundances of 
sweral functional plant groups. Tests for treatment effects for each 
parameter were performed using analysis of variance on the differ- 
ence between pre- and post-treatment means on each site. Signifi- 
cant treatment effects were observed for species richness, percent 
ground cover, and the relative abundance of annual/biennial species, 
woody vines, and legumes. Mean species richness per plot decreased 
sigmficantly on all control (NHM) sites and increased slightly on both 
EAM and UAM sites. Total percent ground cover increased on all 
sites; harvested sites increased more than NHM sites. Annual/ 
biennial species increased slightly on all sites, but most consistently 
on EAM sites. Woody vines increased on all sites, but most noticeably 
and consistently on EAM and UAM sites. The relative abundance of 
legumes decreased sigmficantly on harvested sites and increased 
slightly on NHM sites. 

To better understand the treatment effects described above, we also 
analyzed ground flora data at the plot lwel to determine if the treat- 
ments affected uncut as well as cut plots within harvested sites. 
Overall, patterns observed among uncut plots on harvested sites 
mirrored those observed for the NHM, or control, sites. Specifically, 
species richness declined, percent cover remained unchanged, and 
there were no noticeable changes in the relative abundances of most 
plant groups. Conversely, plots directly impacted by the harvests 
mirrored the results seen for treated sites: species richness in- 
creased, cover increased dramatically, annuals/biennials and woody 
vines increased in abundance, and legumes decreased noticeably in 
abundance. Our results provide no evidence that the harvests have 
impacted areas other than those locations that were actually cut. 
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Increasingly, public forest land managers are 
being required to scientifically defend manage- 
ment practices and to identlfy potential impacts 
of those practices on multiple ecosystem com- 
ponents and processes. The Missouri Ozark 
Forest Ecosystem Project (MOFEP) is a long- 
term, large-scale experiment designed to evalu- 
ate effects of three standard forest management 
practices currently practiced on Missouri's 
public and private lands (Brookshire and 
Hauser 1993, Brookshire and Shifley 1997, 
Kurzejeski et aL 1993). The three practices, or 
treatments, being evaluated include: 1) even- 
aged management (EAM), 2) uneven-aged 
management (UAM), and 3) no-harvest manage- 
ment (NHM). Typically on Missouri's State- 
owned forests, forest inventories and manage- 
ment prescriptions are implemented on a 10- to 
15-year re-entry cycle for each compartment 
(MOFEP experimental sites average 423 ha in 
size and are equivalent to compartments). The 
first round of harvesting treatments was imple- 
mented on MOFEP sites from May 1996 
through May 1997. This paper documents 
initial changes in ground layer vegetation (both 
woody and herbaceous) following this first 
round of harvesting treatments on the MOFEP 
sites. 

Ground layer vegetation is an important compo- 
nent of any forested landscape. The composition 
and structure of the ground flora contributes 
greatly to overall forest biodiversity, to wildlife 
habitat quality, and to the character of future 
forest stands. Understory plant species have 
been successfully used as indicators of potential 
site productivity, soil moisture status, and 
disturbance history (Cajander 1926, 
Daubenmire 1976, Rowe 1956). Very few stud- 
ies of ground flora response to timber harvest- 
ing have been conducted in Missouri. Earlier 
projects typically focused either on wildlife 
forage and cover values, or on woody regenera- 
tion (Crawford 1971, 1976; Crawford and 
Harrisbn 197 1 ; Murphy and Crawford 1970). 
One recent project, conducted in southern 
Missouri, compared clearcut stands of various 
ages, but did not have the benefit of pre-treat- 

- ment data (Unger 1994). 

MOFEP provides one of the first opportunities in 
Missouri to experimentally test for effects of 
forest management practices at a landscape 
scale on the ground layer vegetation of upland 

Ozark forests. Information about the MOFEP 
ground flora will serve not only to address 
vegetation questions, but will also aid in the 
interpretation of many of the other MOFEP 
studies, both at the landscape (among-site) and 
local (within-site) scales. A 

v 

METHODS 

Study Area 

There are nine MOFEP experimental units or 
compartments, hereafter referred to as sites in 
this paper. All nine MOFEP sites are in the 
Current River Hills Subsection of the Ozark 
Highlands, located in Carter, Reynolds, and 
Shannon Counties of southeastern Missouri 
(see figure 1 in Sheriff, this proceedings). The 
sites range in size from 314 to 516 ha (776 to 
1,275 ac). The Current River Hills Subsection 
can be characterized as a deeply dissected 
landscape with broad to narrow ridges, steep 
sideslopes, and narrow valleys associated with 
the Current, Jacks Fork, Eleven-Point, and 
Black Rivers (Nigh et aL 2000). The MOFEP 
study sites are all within the Current River 
watershed and primarily encompass upland 
landscape positions; they do not include 
landform features associated with large creeks 
or rivers. Local relief within the MOFEP sites 
ranges from 46 to 137 m (150 to 450 ft). MOFEP 
sites include landscape positions of all aspects 
and have slopes ranging from 0 to >60 percent. 

Bedrock geology of the MOFEP sites includes 
Ordovician sandstones, cherts, and dolomites 
from the Roubidoux and Gasconade formations, 
as well as Cambrian cherts and dolomites from 
the Eminence formation (Kabrick et aL 2000, 
Meinert et aL 1997). Soils of the MOFEP sites 
are fairly typical of the Current River Hills 
Subsection, with patterns in parent matetials, 
texture, base saturation, and depth to b e p k  
strongly associated with the geology and 
landforms on which they occur (Kabrick et d. 
2000; Meinert 1998,2001; Meinert et aL 1997). 
Multiple soil parent materials are common and 
are characterized by mode of deposition or by 
type of bedrock if weathered in place. Dominant 
parent materials in the upland MOFEP sites are 
hillslope sediments, loess, and residuum 
(Meinert 1998,200 1; Meinert et aL 1997). 



Experimental Design and Treatment 
Implementation 

MOFEP is unique in being a true field experi- 
ment with nine large landscape-scale experi- 
mental units arranged in a randomized com- 
plete block design. The three silvicultural 
treatments being tested (even-aged management 
(EAM), uneven-aged management (UAM), and 
no-harvest management (NHM)) form a gradient 
from complete canopy removal to partial re- 
moval to no canopy removal. Even-aged man- 
agement, as conducted by the Missouri Depart- 
ment of Conservation, involves clearcutting and 
intermediate thinnings, and it has been 
practiced on publicly owned forest lands in 

, Missouri for more than 30 years (Missouri 
Department of Conservation 1986). MOFEP 
sites 3, 5, and 9 were designated as EAM sites. 
Uneven-aged management involves combina- 
tions of single-tree removals with scattered 
small group openings throughout the sites and 
is a relatively new technique for public land 
management in Missouri. MOFEP sites 2, 4. 
and 7 were selected as UAM sites, and the 
harvests were implemented following prescrip- 
tion guidelines presented in Law and Lorimer 
(1989). As the name implies, no timber harvest- 
ing will occur on the no-harvest management 
sites (1, 6, and 8) for the duration of the project. 
The NI-IM sites will serve as control replicates 
for the experiment and will provide valuable 
information on changes that occur over time in 
mature upland Ozark forests in the absence of 
active management. 

MOFEP was designed as a long-term study 
(>lo0 years), with harvests to be conducted 
every 10 to 15 years. The nine MOFEP sites, or 
experimental units, were grouped into three 
qeplication blocks. Treatments were randomly 
assigned within blocks so that each block L 

contains one EAM site, one UAM site, and one * 
NHM site (figs. 1 and 2 in Sheriff, this proceed- 
ings; Sheriff and He 1997). The first round of 
harvesting treatments was implemented on 
MOFEP study sites from May 1996 through'May 
1997 (Brookshire et aL 1997). For a more 
detailed description and discussion of the 
strengths and weaknesses of the MOFEP experi- 
mental design, see Brookshire et aL (1997), 
Sheriff and He (1997), and Sheriff (this proceed- 
ings). For more complete descriptions of the first 
round of harvesting treatments as well as the 
volume, density, and composition of woody 
vegetation removed, see Kabrick et aL (this 
proceedings) and Sheriff (this proceedings). 

Ground Flora Data Collection 

MOFEP ground flora data were collected on' the 
same 645 0.2-ha (0.5 ac) permanent circular 
plots used for the woody vegetation projects 
(Brookshire and Dey 2000, Kabrick et aL 1997 
and this proceedings, Shifley et aL 1997). 
Vegetation plots were initially located in a 
stratified random manner, ensuring 1 plot per 
stand, for a range of 70 to 74 plots per site 
(table 1). For the ground flora data collection, 
16 permanently marked 1 -m2 quadrats were 
sampled within each 0.2-ha (0.5 ac) plot. For a 

Table 1.-Number of MOEEP vegetation plots according to the management they received as a result of the 
1996 harvest treatment implementation. Site-level treatments refer to the three treatments being 
experimentally tested. even-aged management (EAM), uneven-aged management (VAM), and no- 
harvest management o. 

I 

Plots in Plots with Plots with Total 
Clearcut Group intermediate Multiple Uncut Plots Number of 

Block Site Trea"ents Openings selection cuts Treatments Plots 

1 1 NHM 73 73 
1 2 UAM 16 33 0 24 73 
1 3 EAM 7 16 1 48 72 
2 4 UAM 21 25 0 28 74 
2 5 EAM 8 13 9 40 70 
2 6 NHM 7 1 7 1 
3 7 UAM 8 2 1 0 42 7 1 
3 8 NHM 70 70 
3 9 EAM 7 4 1 59 7 1 

Totals: 9 sites 3 treatments 22 45 112 3 458 645 



diagram of the MOFEP vegetation plot design, 
see figure 1 in Kabrick et al. (this proceedings). 

Within each 1-m2 quadrat, all herbaceous 
plants, and all woody plants with live foliage 
less than 1 m above the ground, were identified 
to species and assigned estimates of percent live 
fbliar coverage. Plants not identifiable to the 
species level were labeled to genera when 
possible, or to the next most precise taxonomic 
level known (e.g., family, functional group. 
monocot or dicot, etc.). Nomenclature follows 
that of Steyermark (1963). Our sample included 
individuals rooted within the quadrat frame as 
well as those not rooted in but with live foliage 
hanging over the frame. Numbers of stems less 
than 1 m tall were recorded for all tree species; 
total percent ground cover (vegetation <1 m tall) 
was recorded for each quadrat. Although not 
summarized for this report, estimates of percent 
cover were also recorded for features such as 
rock, bare ground, leaf litter, dead wood, non- 
vascular species, and canopy closure. For a 
more detailed description of methods used to 
collect MOFEP ground flora data, see Grabner 
(2000). 

Pre-treatment data used for this report were 
collected during the summers (June 1 through 
August 25) of 1994 and 1995; post-treatment 
data were gathered from June through August 
of 1999 and 2000. MOFEP sites were sampled 
in the same order and, as a result, during the 
same basic period each year to avoid potentially 
confounding seasonal effects. Immediate post- 
harvest data were collected in 1997 but were 
incomplete and were not used for this report. 
Ground flora data were not collected in 1998 
due to budget constraints. 

Numerical Analyses 

Calculations and Plant Groups 

Species richness per plot was calculated as the 
total number of species identified on the 16-m2 
quadrat samples within each 0.2-ha (0.5 ac) 

- plot. Mean total percent ground cover per plot 
was calculated by summing the total coverages 
for each quadrat and then dividing by 16. 
Percent relative cover was calculated by sum- 
ming the coverage of each individual species (or 
species group) on each plot, dividing by the sum 
of all species coverages on that plot, and then 

. multiplying by 100. For all analyses. pre- 
treatment means were calculated as the average 

of 1994 and 1995 values, and post-treatments 
means were calculated as the average of 1999 
and 2000 values. 

mnctional plant groups used for this report 
were 1) exotic species (all life forms), 2) native L 

annual and/or biennial species, 3) native non- * 
leguminous forbs, herbaceous vines, and ferns, 
4) native grasses, sedges, and rushes. 5) native 
legumes, 6) native shrubs, 7) native trees, 6) 
native woody vines, and 9) unknowns. . 

Analysis of Variance and Con_fidme Limits 

Analyses for this report were conducted at two 
levels: among sites and within sites. Analysis of 
variance (ANOVA) was used to test for treatment 
effects among sites. Response variables were 
plotted and checked for adherence to the as- 
sumptions of the analysis of variance (particu- 
larly the equal variance assumption). Our 
analysis indicated transformations were not 
needed, so we proceeded with untransformed 
response variables. Variables tested included 
mean plot richness, mean percent ground cover 
per plot, and the percent relative cover of each 
of the functional plant groups described above. 
The ANOVA model used for these analyses was 
as follows: 

Y, = p + block, + treatment, + E, 

where "p" is the mean difference between post- 
and pre-treatment values, block, is the blocking 
effect, treatment, is the site-level harvesting 
treatment effect (EAM, UAM, or NHM), and E, is 
the error term N(0, 02). All ANOVAs were per- 
formed using the PROC GLM statement in SAS 
for Windows (version 8). 

Upper and lower 95 percent confidence intervals 
around the means were calculated for each site 
using pooled variance estimates based on lot 

f f  data. Simple scatter plots of the mean dif r- 
ences with error bars showing lower and upper 
confidence limits illustrate treatment effects 
identified by the ANOVAs for each site. 

Due to the landscape-level design of this study, 
analysis of variance was not performed for 
within-site data. We conservatively assumed 
that vegetation plots within sites could not be 
considered independent sample points. Rather, 
for the within-site data, mean post- minus pre- 
treatment differences and their associated 
confidence intervals were computed. For this 
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analysis, confidence intervals that did not 
include zero were considered to represent 
"significant" treatment effects. 

RESULTS 

Treatment Effects Among Sites 
(Landscape-scale Analyses) 

The MOFEP experimental design allows testing 
for treatment effects by comparing differences 
between pre- and post-treatment observations. 
Tables 2 and 3 provide the results of significant 
ANOVAs and a list of the site-level pre- and 
post-treatment mean values used in these 
analyses, respectively. Si@cant treatment 
effects (a<0.05) were detected for mean species 
richness and percent ground cover per plot, as 
well as for the relative abundances of several 
plant groups (tables 2A and B). Noticeable 
changes in species richness occurred on the 
control sites (i.e., NHM sites 1, 6, and 8), where 
richness decreased by an average of 1.8 species 
per pIot (95% CI: -3.2 to -0.5, p=0.02) from the 
pre- to post-treatment samples. Conversely, 
EAM sites (3, 5, and 9) and UAM sites (2, 4, and 
7) showed increases in richness by an average 
of 1.8 species (95% CI: 0.4 to 3.1, p=0.02) and 
2.3 species (95% CI: 0.9 to 3.6, p=0.01) per plot, 
respectively (table 3, fig. 1A). In all sites, ground 
cover increased from pre- to post-treatment. 
NHM sites had the smallest increase in ground 
cover (2.2% with a 95% CI from 0.8 to 3.7%. 
p=0.01). EAM sites (6.3% with a 95% CI from 

4.8 to 7.7%. p<O.Ol) and UAM sites (6.7% with 
a 95% CI from 5.5 to 8.4%. pe0.01) increased 
more in ground cover than did NHM sites 
(ANOVA contrast (EAM+UAM)/2 vs. NHM, 
difference estimated to be 3.3%, p=0.06) (table 
3, fig. 1B). L 

v 

Si@cant treatment effects were also observed 
at the site level for annual and biennial species, 
woody vines, and legumes. Annuals and bienni- 
als, essentially not present on most sites priok 
to the harvests, increased consistently in mean 
relative percent cover on all EAM sites (0.5% 
with a 95% CI from 0.4 to 0.6%, p<0.01). The 
patterns were less consistent on both UAM and 
NHM sites, where annual and biennial species 
increased by an average of 0.2 percent relative 
cover (95% CI from 0.1 to 0.396, p=0.01), but 
with confidence intervals for three of the six 
sites (1, 2, and 4) overlapping zero (fig. 2A). 
Mean relative percent cover of woody vine 
species (e.g., Vitis spp., Parthenocissus 
quinquefolia, etc.) increased in all sites following 
treatment, but the increase was most noticeable 
and consistent for the EAM (3.7% with a 95% CI 
from 2.9 to 4.5% p<0.01) and UAM sites (3.3% 
with a 95% CI from 2.5 to 4.096, p<0.01). NHM 
sites (1.6% with a95% CI from 0.8 to 2.4, 
p<0.0 1) had a significantly smaller increase 
than the harvested sites (ANOVA contrast 
(EAM+UAM)/2 vs. NHM, difference estimated to 
be 2.6%, p=0.02) (fig. 2B). Mean relative percent 
cover of legumes (e.g., Desmodium spp. and 
Lespedeza spp.) decreased noticeably on all 
treated sites (UAM: -5.2% with a 95% CI from 

Table 2.-Analysis of variance tables for signt$cant variables at the site scale. Testing for treatment 
effects on structural and compositional parameters: mean post-pre dt@erences in A) m a n  species 
richness and mean percent ground cover, and B) mean relative cover of annual/biennial species, 
woody vines, and legumes. 

I 

v 
A) 

Species richness Percent ground cover 

S o u  DF :tz Of F P Sum of 
ares sauares P 

Block 2 0.29 0.19 0.83 24.43 14.66 0.01 
Treatment 2 29.8 20.01 ~0.01 39.56 23.74 c0.01 
Error 4 2.98 - - 3.33 - - 

B) 
AnnuaVbiennial abundance Woody vine abundance Legume abundance 

source DF ~~~~~ F P Sum of sauares P Sum of 
sauares P 

Block 2 0.17 17.39 0.01 16.55 36.99 <0.01 8.66 6.42 0.06 
Treatment 2 0.13 13.65 0.02 7.5 16.77 0.01 81.43 60.4 c0.01 
Error 4 0.02 - - 0.89 - -- 2.7 - - 
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Figure 1 .-Mean dzerences between post- and pre-treatment site-level datafor A) mean species 

richness per plot, and B) mean percent ground cover per plot. Error bars are 95 percent confi- 
dence intervals. 

Table 3.-Mean values cdculated per site and used in ANOVAs to test for treatment eflects among sites. "pre" = 
the mean of pre-treatment datafrom 1994 and 1995; "post" = the mean of post-treatment datafrom 1999 
and 2000. Units for relative cover are in percent. 
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3 ~ e a m  

1 2 uarn 
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3 7Uam 
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2 6nhm 

3 8nhm 
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-6.5 to -3.9943, pc0.01; EAM: -4.4% with a 95% 
CI from -5.7 to -3.1%. p<0.01), while either 
increasing or remaining unchanged on control 
sites (1.6% with a 95% CI from 0.2 to 2.9%, 
p=0.03) (fig. 2C). No significant treatment effects 
were observed a t  the site lwel for other func- 
tional groups such as exotics (p=0.33), non- 
leguminous forbs, herbaceous vines and ferns 
(p=0.27), grasses and sedges (p=O. 15). shrubs 
(p=O. 14). trees (p=0.3 1). and unknowns (p=0.24) 
(table 3). 

Treatment Effects Within Sites 
' ("Local Scale" Analyses) 

Given that 69 percent of vegetation plots on 
EAM sites (147/213) and 43 percent of those on 
UAM sites (94/2 18) were not harvested during 
this first round of treatment (table 1). we 

wanted to determine whether the site-level 
treatment effects described above were also 
evident within treated sites on plots not directly 
impacted by the harvesting. In other words, we 
.wanted to know whether there was evidence of 
actual landscape-level changes across the 4 
treated sites, or whether the effects were re- v 

stricted to cut plots only. 

In general, there was little evidence of hafvest- 
ing effects anywhere except on plots directly 
impacted by tree removal. Comparisons of pre- 
and post-treatment conditions on uncut plots 
within treated sites essentially mirrored those 
observed among control sites for the site-scale 
analyses presented above. As with no-harvest 
sites (1, 6, and 8). uncut plots within both EAM 
and UAM sites decreased noticeably in mean 
species richness (figs. 3A and 4A) and showed 
no change in percent ground cover (figs. 3B and 

A) Species Richness 
per Plot 

- 
- ........................................... 

- * I  

B) % Ground Cover 
per Plot 

- 
- 

1 - 
- 
- - . . . . . . . . .  "" " i  w 

............................................................................................. @ .............................. ........... @ 
7 

Site Site Site Site Site Site Site Site Site 
3 5 9 3 5 9 3 5 9 

Clearcut Plots Intermediate Plots Uncut Plots 

Figure 3.-Mean drflerences between post- and pre-treatment data within even-aged management 
sites only for A) mean species richness per plot, and B) mean percent ground cover per plot. Error 
bars are 95 percent con$dence intervals. 
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4B). Plots subjected to intermediate thinnings 
(EAM) or single-tree selection (UAM) increased 
slightly (although usually not significantly) in 
species richness; plots located in group open- 
ings (UAM) or clearcuts (EAM) increased signifi- 
cantly in species richness (figs. 3A and 4A). All 
harvested plots increased substantially in mean 
percent total ground cover (figs. 3B and 4B), 
with native woody vine and shrub species such 
as Vitis aestivalis (summer grape) and Rubus 
pensylvanicus (blackberry) contributing largely 
to this increase (table 4B). 

Within-site responses of functional plant groups 
following the harvests were somewhat variable, 
although still similar to those we observed when 

, evaluating site-level means. Annual and bien- 
nial species including Erechtites hieracijiolia 

(fireweed), Erigeron spp. (daisy fleabanes), and 
Gnaphaliurn spp. (cudweed) increased their 
presence on cut plots of all types (clearcuts, 
group openings, intermediate and selection 
cuts), although not consistently (figs. 5A and 
6 ~ ) .  Woody vines such as Vitis aestivalis and L 

Parthenocissus quinquefolius (Virginia creeper) * 
increased in abundance across most plots, but 
most noticeably in clearcuts, group openings, 
and other cut plots (figs. 5B and 6B). As with 
the site-level means for both EAM and UAM 
sites, legumes decreased significantly in abun- 
dance on all harvested plots, but remained 
basically unchanged on most uncut plots (figs. 
5C and 6C). This decrease was due primarily to 
marked declines in the abundance of two very 
common species, Desmodiurn nud~flonun (com- 
mon tick trefoil) and Amphicarpaea bracteata 
(hog peanut) (table 4A). 
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Figure $.-Mean diflerences between post- and pre-treatment data within uneven-aged management 
. sites only for A) mean species richness per plot, and B) mean percent ground cover per plot. Error 

bars are 95 percent conmence intervals. 
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Table 4A.-Species that showed the greatest decreases in mean relative cover andfrequency on plots 
that had been either clearcut or subjected to intennediate thinnings or single-tree selection 

Decreased in: Decreased in: 
Mean Relative Cover per Plot Mean Relative Frequency per Plot 

Clearcut Plots 
Desmodium nudiflorum (legume) Galium concinnuum (forb) 

Amphicarpaea bracteata (legume) Psoralea psoralioides (legume) 
Psoralea psoralioides (legume) Desmodium nudiflorum (legume) 
Cornus florida (understory tree) Vitis vulpina (woody vine) 

Sassafras albidum (understory tree) Hepatica nobilis (forb) 
Cercis canadensis (understory tree) Cimicifuga racemosa (forb) 

Vaccinium stamineum (shrub) Carex cephalophora (sedge) 
Cimicifuga racemosa (forb) Phryma leptostachya (forb) 

Hepatica nobilis (forb) Viola sororia (forb) 
Vaccinium vacillans (shrub) Botrychium virginianum (fern) 

Plots with Intermediate/Selection Cuts 
Amphicarpaea bracteata (legume) Viola sororia (forb) 

Cornus florida (understory tree) Rubus occidentalis (shrub) 
Asimina triloba (understory tree) Pzissiflora lutea (vine) 
Desmodium nudiflorum (legume) Agrimonia pubescens (forb) 

Sassafras albidum (understory tree) Carex retroflexa (sedge) 
Amelanchier arborea (understory tree) Cornus florida (understory tree) 

Vaccinium vacillans (shrub) Aristolochia serpentaria (forb) 
Cimicifuga racemosa (forb) Muhlenbergia sobolifera (grass) 
Quercus marilandica (tree) Asimina triloba (understory tree) 

Corylus americanus (understory tree) Smilax pulverulenta (vine) 

Table 4B.-Species that showed the greatest increases in mean relative cover andfrequency on plots 
that had been either clearcut or subjected to intennediate thinnings or single-tree selection 

Increased in: Increased in: 8 

Mean Relative Cover per Plot Mean Relative Frequency per Plot 

Clearcut Plots 
Vitis aestivalis (woody vine) Vitis aestivalis (woody vine) 

Rubus pensylvanicus (shrub) Panicum boscii (grass) 
Quercus alba (tree) Scleria triglomerata (sedge) 

Potentilla simplex (forb) Rubus pensylvanicus (shrub) 
Scleria triglomerata (sedge) Potentilla simplex (forb) 
Pteridium aquilinum (fern) Parthenocissus quinquefolius (woody vine) 

Panicum boscii (grass) Ulmus alata (understory tree) 
Parthenocissus quinquefolius (woody vine) Heliopsis helianthoides (forb) 

Heliopsis helianthoides (forb) Carex nigromarginata (sedge) 
Carex nigromarginata (sedge) Nyssa sylvatica (tree) u 

Plots with Intermediate/Selection Cuts 
Vitis aestivalis (woody vine) Vitis aestivalis (woody vine) 
Vaccinium arboreum (shrub) Sanicula gregaria (forb) 
Rubus pensylvanicus (shrub) Juniperus virginiana (tree) 

Nyssa sylvatica (tree) Ulmus rubra (tree) 
Quercus coccinea (tree) Viola spp. (forb) 

Parthenocissus quinquefolius (woody vine) Carex nigromarginata (sedge) 
Ulmus rubra (tree) Sassafras albidum (understory tree) 

Carex nigromargina ta (sedge) Erechtites hieracifolia (forb) 
Quercus alba (tree) Lindera benzoin (understory tree) 

Sanicula gregaria (forb) Cercis canadensis (understory tree) 
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Coverage by grarninoids increased across most 
plots.on treated sites, but the increase was 
generally greater on clearcut and group opening 
plots, specifically for species such as Panicurn 
boscii (panic grass), Scleria triglornerata (nut 
rush), and Carex nigrornarginclta (black-edged 
sedge). Patterns in average relative cover for all 
shrubs and trees, and for overall tree density, 
were less clear and did not reveal clear relation- 
ships to the harvesting treatments (table 3). 
Table 4 lists the ground flora species that 
changed most drastically from pre- to post- 
treatment in relative cover and/or frequency on 
harvested plots. 

In addition to evaluating changes in the relative 
cover and density of all tree species (< 1 m tall), 
we wanted to focus briefly on a few key species 
of economical and ecological importance within 
the MOFEP region. To do this, we looked at 
changes in mean stem density per plot for 
Quercus aZba (white oak), $3. velutina (black 
oak), $3. coccinea (scarlet oak), and Pinus 
echinata (shortleaf pine). On clearcut plots, 
shortleaf pine, scarlet oak, and white oak 
decreased noticeably in mean seedling stem 
density per plot (fig. 7). On intermediate and/or 
selectively cut plots, white oak again decreased, 
but the densities of the other three species did 
not change appreciably. Little evidence of 
change in densities was observed for uncut 
plots. 

SUMMARY AND DISCUSSION 

The Missouri Ozark Forest Ecosystem Project 
(MOFEP) is a large-scale, long-term project that 
experimentally tests for effects of even-aged 
management (EAM), uneven-aged management 
(UAM), and no-harvest management (NHM) on 
upland forest components. Pre- (1994, 1995) 
and post-treatment (1999, 2000) data were 
collected from 645 permanent vegetation plots 
as part of the MOFEP ground flora study. 
Analyses of ground flora data for this report 
were conducted at two levels: 1) following the 
experimental model using among-site data in an 
analysis of variance (ANOVA) framework, and 2) 
using within-site data to see if ground flora 
changes in treated sites were confined to har- 
vested plots only. 

Patterns in ground flora species richness, total 
percent ground cover, and species composition 
observed among treatments at the site level 
were similar to those observed within treated 

sites, among cut and uncut plots. We observed 
no evidence that changes due to the harvesting 
have occurred anywhere except on cut plots. In 
general, patterns among uncut plots on treated 
sites mirrored those observed among control 
sites; patterns among intermediate (EAM) and 4 

selectively cut (UAM) plots were similar to each * 
other; and plots in clearcuts (EAM) and group 
openings (UAM) exhibited similar responses for 
the variables evaluated. 

Based on our experience and on existing litera- 
ture describing early-successional plant re- 
sponses to canopy removal, we expected that 
variables such as species richness and ground 
cover would increase on harvested plots. What 
we did not expect, however, was the significant 
decrease in mean plot richness on control sites 
and on uncut plots within treated sites. One 
explanation for this decrease may be the excep- 
tionally dry weather in southern Missouri 
during 1999 and 2000. On cut plots within 
treated sites, the dramatic increase in light 
availability may have enabled many plant 
species to overcome (or at least ignore) the 
stresses caused by drought. At this point, it is 
somewhat difficult to confidently describe pre- 
to post-harvest changes in abundance or fre- 
quency for most of the individual plant species 
encountered on MOFEP sites. Reasons for this 
difficulty include: 1) normal variations over time 
in plant populations related to weather,*life 
history traits, and other natural factors not 
controlled for in this study, 2) the fact that 60 
to 70 percent of the species encountered oc- 
curred on less than 10 percent of the plots (i.e., 
very low sample numbers for most species), and 
3) year-to-year differences in crew bias and 
sampling error. Further work is needed to 
determine if patterns exist (both at landscape 
and local scales) with regard to which individual 
species (and groups of species) are decreasing 
or increasing noticeably in abundance on llcut 
and on uncut plots, and how this might $e 
related to life history traits or some other aspect 
of plant population biology. 

Annual and biennial species, which were essen- 
tially not present on MOFEP vegetation plots 
prior to treatment, increased moderately in 
mean relative cover after harvests, particularly 
on clearcut and group opening plots, where they 
were able to take advantage of the dramatically 
increased light. Woody vines such as the sum- 
mer grape (Vitis aestivalis) and early-succes- 
sional shrubs like blackbemes (Rubus 



pensylvanicus) increased drastically in abun- 
dance on cut plots from pre- to post-treatment, 
particularly on clearcut and group opening 
plots. 

Another result that was somewhat surprising 
was the decline in mean relative cover for 
legumes, both at the landscape scale among all 
treated sites, and at a more local scale among 
all harvested plots within both EAM and UAM 
sites. A large part of this decline seems to be 
explained by marked decreases in abundance 
from pre- to post-treatment for two of the most 
common g r~und  flora species encpuntered on 
MOFEP sites: common tick trefoil (Desmodium 
nudiflonun) and hog peanut (Amphicarpa 
bracteata). Prior to treatment, each of these 
species typically occurred on 85 to 95 percent of 
all MOFEP plots, and they were always among 
the top 10 species in terms of mean relative 
cover (Grabner et aL 1997). These legumes are 
generalists within a closed-canopy forest envi- 
ronment, but do not appear to be as successful 
in conditions of increased light. It will be inter- 
esting to see if and when these common forest 
legumes regain their relative dominance on cut 
plots. 

MOFEP is now at the juncture where field 
observations and experimental analyses must 
be combined with the concepts of patch dynarn- 
ics and hierarchy theory to develop a coherent, 
spatially explicit, across-scale understanding of 
forest dynamics. Understanding what controls 
the rate and direction of vegetational change 
across spatial scales will be critical to develop- 
ing appropriate management and conservation 
plans. We have engaged in a long-term, large- 
scale experiment to evaluate the effects of forest 
management practices on several ecosystem 
components. Results from this study suggest 
that anthropogenically induced disturbances in 
the form of different forest management prac- 
tices at a local level (i.e., a stand) can dominate, 
statistically speaking, the ground-layer vegeta- 
tion at site scales. But, as our analyses re- 
vealed, it is quite possible to show sigmficant 
treatment effects at the site scale, and yet have 
these treatment effects spatially confined to the 
areas actually treated. Post- and pre-treatment 
differences between 10 and 30 percent for 
species richness and between 30 and 50 per- 
cent for ground cover on 11 percent of all 

vegetation plots (i.e., all clearcut plots) within 
even-aged sites (fig. 3) were large enough to 
translate into statistically significant differences 
at the site level. Are the results of this study 
the~efore suggestive of processes that occur at 
larger, site-level or landscape scales? What 
would constitute a true site-level effect? w 

Results from this study highhght the need for a 
distinction between statistical and biological ' 
sigdicance. Whether observed changes in thiS 
study are biologically significant may depend on 
the scale to which we want to reference the 
change, i.e., are we interested in stand-level or 
site-level processes. At the stand scale, dra- 
matic differences were observed along a gradi- 
ent of no harvest, intermediate plots (i.e.. 
thinned areas), and clearcut areas. A s  MOFEP 
continues, we will be able to track species 
invasions, species recovery, and species turno- 
ver at the stand level. Site-level questions, on 
the other hand, will not only focus more on 
questions that scale up the results gleaned from 
stand manipulation, but will also need to be 
expanded to include more process research. For 
example, will changes in the composition of the 
understory continue to be proportional to the 
area treated or is there a point where those 
changes will become non-linear? In other words, 
is there a critical level of site-scale fragmenta- 
tion, where a combination of habitat loss and 
dispersal limitation affects the heterogeneity of 
the ground-layer flora at the stand scale? 

Because the characteristics of ecological sys- 
tems at relatively fine scales differ from those at 
broader scales, these differences must be 
reflected in the questions and approaches used 
to study systems (Wiens 1989). Consequently, 
site-level questions are not merely stand-level 
questions scaled up. We contend that future 
efforts should be directed toward developing 
predictive models that scale stand-level resullls 
up to the site level. A s  with the ground flora 
study, most projects associated with MOFEP 
employ some sort of plot or subsampling ap- 
proach to data collection, and will therefore 
have similar challenges for interpreting data- 
before concluding whether or not there is a 
landscape change. Creative new statistical 
designs may be needed to address scaling 
issues and process research within the frame- 
work of MOFEP. 
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