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%_ MOFEP .

. The Missouri Ozark Forest Ecosystem Project (MOFEP) is a centuries-long experiment to examine
the impacts of alternative forest management practices on a wide array of ecosystem attributes.
MOFEP includes an integrated program of research studies conducted by dozens of scientists and
technicians. The studies are replicated on nine forest compartments that are the experiment sites.
Between 1990 and 1996, all MOFEP sites were monitored to collect pre-treatment baseline data.
The pre-treatment conditions are thoroughly documented in two previous MOFEP publications:

FOREWORD

Brookshire, Brian L.; Shifley, Stephen R., eds. 1997. Proceedings of the Missouri

.Ozark Forest Ecosystem Project Symposium: an experimental approach to land-

scape research; 1997 June 3-5; St. Louis, MO. Gen. Tech. Rep. NC-193. St. Paul,

MN: U.S. Department of Agriculture, Forest Service, North Central Forest Experi-
- ment Station. 378 p.

Shifley, Stephen R.; Brookshire, Brian L., eds. 2000. Missouri Ozark Forest Ecosys-
tem Project: Site history, soils, landforms, woody and herbaceous vegetation, down
wood, and inventory methods for the landscape experiment. Gen. Tech. Rep. NC-

. 208. St. Paul, MN: U.S. Department of Agriculture, Forest Service, North Central
Research Station. 314 p.

This publication complements the first MOFEP Proceedings (Brookshire and Shifley 1997). This
second proceedings reports findings 2 to 3 years after implementation of the even-aged, uneven-
aged, and no-harvest management treatments. The introductory paper by Sheriff describes the
experiment and sets the stage. The remaining papers describe the treatment effects for many

_ different ecosystems attributes.

In combination, the papers quantitatively and qualitatively describe the response of the forest
ecosystem. Most papers describe treatment effects (or their absence) at the landscape scale. Many
papers also present information on responses measured at finer spatial scales (e.g., due to varia-
tion within a treatment unit). The papers in this volume provide a detailed summary of short-term
forest changes that result from operational forest management. Over time, as the MOFEP experi-

- ment continues, long-term treatment responses will be documented.

We thank the authors of the 15 papers included in this volume. They put great energy into data

. collection , analysis, manuscript preparation, and revision. Each paper received two statistical
reviews, a review by one or more subject matter specialists, and two rounds of editorial review.
Steven Sheriff (Missouri Department of Conservation) and Carl Mize (Iowa State University, Natural

.- Resource Ecology and Management Department) reviewed all manuscripts with a particular eye

. toward statistical details. The many reviewers from other disciplines are listed on the following
page. They have our thanks, as do several others who chose to remain anonymous. We also thank
B.J. Gorlinsky for creating the detailed site maps showing all study locations. Finally, we thank

- Lucy Burde and Mary Peterson for their unerring editorial guidance and skill in preparing the
prlnted doeument.

Stephen R. Shifley John M. Kabrick
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PESTICIDE PRECAUTIONARY STATEMENT

This publication reports research involving pesticides. It does not contain
recommendations for their use, nor does it imply that the uses discussed
here have been or are currently registered. All uses of pesticides must be
‘registered by the appropriate State and/or Federal agencies before they
~ can be recommended.

Caution: Pesticides can be injurious to humans, dometic animals, desir-
able plants, and fish or other wildlife—if they are not handled or applied
properly. Use all pesticides selectively and carefully. Follow recommended
practices for the disposal of surplus pesticides and pesticide containers.

CAUTION:

The use of trade, firm, or corporation names in this publication is for the
information and convenience of the reader. Such use does not sonstitute
an official endorsement or approval by the U.S. Department of Agricul-
ture, Forest Service of any product or service to the exclusion of others
that may be suitable. Statements of the contributors from outside the
U.S. Departm,ent of Agriculture, Forest Service may not necessarily
reflect the policy of the Department.
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Missouri Ozark Forest Ecosystem Project: The Experiment

Steven L. Sheriff!

Abstract.—The Missouri Ozark Forest Ecosystem Project (MOFEP) is
a unique experiment to learn about the impacts of management
practices on a forest system. Three forest management practices
(uneven-aged management, even-aged management, and no-harvest
‘management) as practiced by the Missouri Department of Conserva-
tion were randomly assigned to nine forest management sites using a
randomized complete block design. Unique features of the MOFEP
experimental design include collection of pre-treatment information,
use of replicate forest management units, and the long-term nature
of the project. In the case of MOFEP, pre-treatment data were col-

. lected up to 5 years before the harvest treatments were applied in
1996-1997. The design of MOFEP also allows for three complete
rotations of harvest treatments with each site. Since the periods
between the application of even-aged and uneven-aged harvest
practices will be 10 to 15 years and the rotation length will be about
100 years, we expect the life of MOFEP to be at least 300 years.
Throughout this project, results will provide information valuable to
understanding and designing forest management practices that will
benefit forest ecosystem health. Through MOFEP's example, lessons
can be learned about the application of large-scale (spatially and
temporally) experiments in natural resources management. The
MOFEP experience has demonstrated that learning about the impacts
of management on natural ecosystems can be accomplished on a
scale relevant to managers and researchers.

.

Forest management, as well as most other
natural resources management, has moved into
" an era in which decisions must be based on
sound science that correctly predicts the out-
come of the chosen practice. In Missouri, the

' public demands science-based forest manage-

ment decisions (Missouri Department of Con-

servation 1996, Palmer 1996). Conducting

~ research for making sound predictions requires

going beyond developing hypotheses. Research

that tests hypotheses and theory is required

before predictions can be made with any cer-
tainty.

During the mid-1980s,.the impact of forest
management on neotropical migrant songbirds

- caught the attention of ornithologists and the

" public alike. Monitoring of bird communities in
forest systems led to hypotheses of how these

‘1Terrestrial Biometrics Supervisor, Missouri Depart-
ment of Conservation, 1110 S. College Avenue,
‘Columbia, MO 65201; e-mail:
sheris@mail.conservation.state.mo.us

communities might be affected by forest man-
agement (Annard and Thompson 1997; Robbins
et al 1989; Robinson et al. 1995; Thompson et
al 1992, 1993). These hypotheses, however,
had not been rigorously tested to develop infor-
mation useful in predicting implications for
forest management decisions. Short-term data
from these studies provided the foundation for
sound hypotheses and helped establish theories
that decision makers could consider. However,
these hypotheses and theories about the gffects
of forest management on the bird communities
and the entire forest ecosystem needed testing.

Romesburg (1981) called for natural resources
management and research to go beyond hypoth-
esis development to hypothesis testing. In a
decision process, if only untested hypotheses
are used, then “educated guesses” as to the
viability of each hypothesis are required. The
decision maker must rely upon his or her own
experiences and perceptions in predicting the
outcome of management alternatives. The
uncertainty in hypotheses and predictions is not
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easily evaluated in the informal atmosphere
that often accompanies the natural resource
- decision making process (Walters 1986). Even
though in most cases the decision maker may
understand and “mentally” evaluate the impacts
of a management decision, the information
gained is not often or easily transmitted to the
next generation of decision makers. In other
words, lessons learned through experience are
often lost. To “learn” while managing requires a
more formal framework for the decision process.
. Walters (1993) advocated the use of large-scale
field experiments in impact assessment and
management. Romesburg (1981) advocated the
use of hypothetico-deduction when testing
hypotheses. By combining the hypothetico-
deductive process with the management by
experiment idea, experiments are designed to
determine cause-and-effect relationships among
management alternatives. Through this para-
digm and the desire to confront forest manage-
ment decisions based on data, the Missouri
Ozark Forest Ecosystem Project (MOFEP) was
designed and implemented.

. Designing MOFEP was a difficult task that
" required much thought and cooperation over
several years (Kurzejeski et al. 1993), but there
was a tremendous desire to implement a project
that would provide an opportunity to learn
about impacts of different forest management
practices at a landscape scale typically used by
‘managers in the Missouri Ozark forests. The
development of this unique project in the late
1980s required a herculean effort by many
individuals (Brookshire et al. 1997, Kurzejeski
et al. 1993).

. Objectives of this paper are: (1) to provide a

-review of the design of MOFEP, (2) to supply
background information on the forest manage-
ment treatments, and (3) to critique MOFEP so
that others might learn from our experiences
when designing similar projects in other ecosys-
. tems. Our goal is to provide information about
things that we have done right and those that
we have done wrong.

THE MOFEP DESIGN

MOFEP was initiated in 1989 to investigate
forest management effects on the forest and
wildlife community of the Missouri Ozarks
(Brookshire et al. 1997). In designing MOFEP,

we used experimental design techniques em-
phasizing the manipulative or hypothetico-
deductive approach for hypothesis testing
(Sheriff and He 1997). The manipulative experi-
mental approach employed in MOFEP allows for
cause-and-effect relationships to be inferred
(Eberhardt and Thomas 1991, Green 1979,
James and McCulloch 1985, Romesburg 1981,
White and Garrott 1990).

To be successful, an experiment must have five
major components (Hurlbert 1984): (1) the
hypothesis, (2) experimental design, (3) experi-
ment execution, (4) statistical analysis, and (5)
interpretation of results. If one of these ele-
ments is missing or completed poorly, doubt
and suspicion can cloud the usefulness of the
results in the decision process and compromise
the value of the experiment.

The Hypothesis of MOFEP

MOFEP’s null hypothesis is that no effects on
ecosystem components, such as vegetative and
animal communities, will be found due to the
forest management practices used (Sheriff and
He 1997). This hypothesis is a testable statisti-
cal hypothesis. It is reasonable and desirable to
determine if forest management practices affect
different components of the forest ecosystem.
This null hypothesis, however, is also a Ronsen-
sical hypothesis, because we know that it is
false from the beginning (Johnson 1999). By
merely harvesting a single tree within a forested
area, we affect the forest in some way. The
challenge is to measure the impact and magni-
tude of this manipulation. The question also
needs to be asked: does this manipulation
create a significant biological difference even if a
statistical difference can be found (Steidl et al
1997)?

]
To defend the stated hypothesis of MOFEP, it is
important to understand that it is testable’and
allows us the opportunity to learn about the
uncertainties associated with forest manage-
ment. By testing this hypothesis, we can learn
about the magnitude of differences, the tempo-
ral aspect of effects, the ways in which different
forest management practices diverge and con-
verge through time, and their similarities and
differences. The time series of data derived from
each experimental unit is important in our
understanding of how the null hypothesis is
shown to be false during the statistical analysis
phase of the experiment (more on this topic in
the experimental design section).
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The experimental unit chosen for MOFEP is the
site (Brookshire et al 1997). Each site is a large
forested area typically managed as a unique
“administrative unit. Nine sites were defined for
use in MOFEP in Carter, Reynolds, and Shan-
non Counties in the southeast Missouri Ozarks.
This part of Missouri is approximately 84
-percent forested. The area has not been glaci-
“ated and most soils have been exposed for more
than 250 million years. Physical site character-
istics are presented in detail by Meinert et al.
(1997) and Kabrick et al (2000). Selected sites
“had to be: (1) at least 600 acres in size; (2) in
contiguous tracts with minimal edge; (3) largely
free from manipulation for at least 40 years and
_preferably longer (i.e., less than 5% of area
disturbed); (4) owned by the Missouri Depart-
ment of Conservation (MDC); (5) located in the
southeast Missouri Ozarks; and (6) in close
proximity to each other. Sites were selected
following a search of MDC inventory records,
discussions with local site managers, and
numerous aerial and field evaluations
(Kurzejeski et al. 1993). Additional description
of the study area is provided by Brookshire et
“al (1997), Brookshire and Hauser (1993),
Brookshire and Shifley (1997), and Shifley and
Brookshire (2000) (fig. 1). MOFEP experimental
sites are analogous to forest compartments and
.. each includes between 41 and 70 forest stands.

Three forest management practices were defined
as treatments (Brookshire et al 1997): uneven-

~ aged management, even-aged management, and
no-harvest management. The nine sites were
visually inspected to determine if like sites
could be blocked to aid in the efficiency of the
experimental design. Through these observa-
tions, three blocks containing three sites each
were made. A randomized complete block design
(Steel and Torrie 1980:196-197) was used to
assign treatments to sites within each block
(Sheriff and He 1997).

- To strengthen the design and increase the

" “learning power” from MOFEP, data were col-
lected in the 5 years before treatments were
begun. These pre-treatment data are critical to

-~ understanding the impacts of the three forest
management practices (Sheriff and He 1997).
For example, if information from MOFEP re-

"sembled that shown in figure 2A, then we would
conclude that forest management practice 2
‘had an impact. If data resembled those shown

in figure 2B, then we would conclude that forest

Post Treatment Results of the Landscape Experiment

management did not have an impact. If only
post-treatment data were available, figure 2B
would appear to indicate practice 2 had an
impact. If results resembled those shown in

: figure 2C, then we might conclude that there

was a confounding of effects due to the treat-
ments or there was some broader ecological
impact occurring at the time treatments were
applied. Without the pre-treatment data, we
might not even be aware of the phenomenon
demonstrated in figure 2C. ‘

The Execution of MOFEP
Treatments

The three forest management treatments com-
pared in the MOFEP experiment are even-aged
management (EAM), uneven-aged management
(UAM), and no-harvest management (NHM) (fig.
3). These treatments represent the range of
silviculture practices applied on private and
public lands in Missouri. Treatments are briefly
described below; additional detail is available in
Brookshire and Hauser (1993) and Brookshire
et al. (1997).

Even-aged Management

Even-aged management followed MDC"Forest
Land Management Guidelines (1986), with a
cutting rotation of 100 years. Under this man-
agement, approximately 10 percent of each site
(i.e., each compartment) is left as old growth
and reserved from harvest in perpetuity. In the
remainder of the site, the desirable tree size
class distribution is 10 percent seedlings, 20
percent small trees (2.5 to 5.5 in. or 6 to 14 cm
diameter at breast height (d.b.h.)), 30 percent
poles (5.6 to 11.5 in. or 14 to 29 cm d.b.h.) and
40 percent sawtimber (>11.5 in. or 29 cnd
d.b.h.). To achieve this size distributiongregu-
lated harvests of 10-12 percent of the area per
entry are done on a 10- to 15-year re-entry
period. Harvest prescriptions follow Roach and
Gingrich (1968). For MOFEP’s first entry into
even-aged managed sites, clearcutting was used
to regenerate stands scheduled for harvesting.
With clearcutting, nearly all trees are cut down
except for some snags or den trees left to pro-
vide wildlife shelter and for some shortleaf pine
(Pinus echinata Mill.) left to provide seed for pine
regeneration. Non-merchantable trees that were
not harvested are cut down during slashing
operations following commercial harvesting.
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&/ MOFEP Study Sites
é Treatments

Uneven-aged

- Even-aged )

Figure 1.—Location of the nine MOFEP experimental sites (compartments) and their assigned treat-
ments. See figure 3 _for additional detail about each site.
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Figure 2.—[llustration of results from three experimental studies showing importance of pre-treatment
-data. Mustration A shows a treatment effect for practice 2, whereas illustration B has no treat-
ment effect. Mustration C shows a possible confounding of treatments or a broad ecological effect
at the time of treatment. Vertical line between period 5 and 6 shows when treatment was ap-

plied.




| Data Collection Location
Legend

®  Permanent Weather Station (Chen et al., 1997%)
o Sampled Soil Profile  (Meinert, 2001°)

Cox Soil Nutrient Sample  (Spratt)
.(=G>= Soil Nutrient Sample, Watershed Study  (Spraty)

| v Litter Invertebrate Sample (Weaver and Heyman, 1997°)
< Canopy Invertebrate Sample (Marquis et al.)
o | Genetic Sample . (Apsit et al.; Guyette and Kabrick)
o Hard Mast Sample Plot (Vangilder, 1997 t

e Vegetation Plot With Armillaria Sampling
(Bruhn et al.; Grabner and Zenner; Kabrick et al.; Dey and Jensen;
Jensen and Kabrick; Guyette and Kabrick)
®  Vegetation Plot
(Dey and Jensen; Grabner and Zenner; Jensen and Kabrick; Kabrick et al.;

Guyette and Kabrick)
~ & Herpetofaunal Array (Renken and Fantz; Guyette and Kabrick)
/' Bird Transect (Clawson et al.; Guyette and Kabrick) .

- Small Mammal Sample Grid (Fantz and Renken)
l:] Uneven-aged Management Stands (Sheriff)
L—__:' Even-aged Management - Clear Cut Stands ~ (Sheriff)
- - Even-aged Management - Intermediate Cut Stands  (Sheriff)

" 1 See Brookshire, Brian L.; Shifley, Stephen R., eds. Proceedings of the Missouri Ozark Forest
Ecosystem Project Symposium: An Experimental Approach to Landscape Research;
1997 June 3-5; St. Louis, MO. Gen. Tech. Rep. NC-193. St. Paul, MN: U.S. Department of ’
Agriculture, Forest Service, North Central Forest Experiment Station

2 Meinert, DM. 2001. Soils-Geo-Landform Relationships and the Missouri Ozark Forest
Ecosystem Project. Missouri Department of Conservation Publication.

Figure 3.— The nine MOFEP sites (nine maps plus a legend) showing the areas treated by
clearcutting or intermediate thinning (even-aged treatment) and by individual-tree selection or
group selection (uneven-aged treatment). Sampling locations for all the associated MOFEP studies

" are also shown. The legend indicates sources of more information about methods and results for
the various studies. When the legend lists an author without a publication date, the reference is
- to another paper included in this proceedings. See figure 1 for the general location of each site,
g and see table 1 for a summary of harvested volumes and areas.
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Site 1

Data Collection Locations

(Block 1 - No Harvest Management - 389 ha)

Kilometers
































































































































































































































































































































































































































































































































































































































































































