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-n Ihc carly 1990s managers in natural rcs()urcc agencies 
merit relate to {mr currunt practices? l tow might we do a bet- 
tel' ji)b ol managing larMc ecosystems?" As Ihey sta•tcd ad 
drcssin• these qucqi•ms. several p{finls emerged: 

ß Planning and mamtgillg ccosyqcms requires expertise 
in m()rc stihlCOl aleas litan any single individual can 

ß Many cc()syqcm aLl[ibulcs can bc ()hsctvc(I (rely at 
large scales, like landscapes ()• watcrq•cds. 

ß Management issues t•l'lcn inwfivc multiple {•wncrships. 
ß New h)()]$ ai'e itccried I()help symhcsi/c ilfl'()I mati()n 

mid guide dccisi()lmmking. 
The Miss()tiri laml iUallagcls aCkll()wIcdgcd those 

qrainls altd bogall disctlSSillg ways t() c()llab()ralc (m cc()sys- 
loin research aml lnanagcI11C]lt p[ (•iccts. As with any c(,I laN)- 
rali()IL the pr()ccss has n•)t boon quick, simple, ()r easy. There 
is n() master plan I'()F lifts work, but rather a series •)l'c•)lnplc- 
incnlaly large-scale research and devch)pluciH cfl'()rts l()ilU- 
prove b()lh knowledge and l()()]s. The initiatives inw)lvc h)ng- 
Icrm ccosyqcm cxpcFilllCiHs and ()thor pCFlnallCIH p]()l data, 
synthesis ()1' research results aCl'()%s nu[ucr()us disciplines, 
spatial dala compilation and analysis, aml making 
Illall•tgclllOll{ rcsp()nsivc to society. 



Long-Term Experiments 
Missouri Ozark Forest Ecosystem Pro- 

ject. The Missouri Ozark Forest Eco- 
system Project is a landscape-scale ex- 
periment to evaluate the effects of tim- 
ber harvest on a wide range of forest 
characteristics. The study is centered in 
the heavily forested southeastern 
Ozarks, and experimental units are 
nine forest compartments of approxi- 
mately 1,000 acres each. Each com- 
partment is composed predominantly 
of mature, second-growth upland oak- 
hickory forest that has been uncut 
since 1950. Five years of monitoring 
preceded the harvest treatments that 
began in 1996. Three compartments 
are managed by the clearcutting 
method, three are managed by the 
group selection harvest method, and 
the remaining three compartments are 
controls, with no timber harvest. 

The impetus for this experiment 
was the need to investigate landscape- 
scale effects of harvesting practices on 
the neotropical migrant songbirds that 
breed in Missouri (Brookshire and 
Hauser 1993; Kurzejeski et al. 1993). 
A number of studies have documented 

high rates of songbird predation and 
parasitism by cowbirds in mixed forest- 
land and farmland (Robinson et al. 
1995; Thompson et al. 1996). The 
Ozark study area, however, is heavily 
forested, with comparatively low rates 
of songbird nest predation and para- 
sitism. How would harvesting affect 
habitat availability and bird popula- 
tions? Does harvesting fragment the 
forest and cause reproductive failure? 

The experiment offered the oppor- 
tunity to examine the effect of harvest 
practices on other forest characteristics 
and ecosystem processes as well. Pre- 
treatment and posttreatment monitor- 
ing was therefore expanded to include 
overstory composition and structure, 
herbaceous vegetauon, reptiles and 
amphibians, small mammals, mast 
production, down wood, invertebrates 
in both canopy and litter, fungi and 

- lichens, hydrology and soil processes, 
tree genetic diversity, and microclimate 
in the canopy and at the forest floor. 

The Missouri Department of Con- 
servation is responsible for executing 

this study, but the research involves 
university and USDA Forest Service 
sdentists. Currently, 25 interrelated re- 
search studies have been initiated 
under its umbrella. 

Riparian Ecosystem Assessment and 
Management. The focus of the Ripar- 
ian Ecosystem Assessment and Man- 
agement project is the riparian forests 
in northern Missouri. The watersheds 

here are subject to a variety of uses and 
management practices, both silvicul- 
tural and agricultural. Vegetation, her- 
petofauna, small mammals, and arian 
communities are sampled in this pro- 
ject. In addition, several features par- 
ticulady relevant to riparian ecosys- 
tems are being studied: 
channel morphology, in- 
stream woody debris, 
soil-ground flora rela- 
tionships, and sedimenta- 
tion, nutrient, and chem- 
ical inputs from sur- 
rounding watersheds. 

The projected dura- 
tion of both the Ozark 

forest ecosystem project 
and the riparian experi- 
ments is at least a century. 
Obviously, managers can- 
not wait until the conclu- 

sion of these large-scale 
experiments before mak- 
ing ecosystem management decisions. 
Fortunately, these studies have begun 
to provide information. 

Several long-term monitoring stud- 
ies in Missouri help document how 
our forests reached their current state 

and form a baseline against which to 
evaluate change. Primarily forest in- 
ventories and research studies that were 

started in the 1950s and 1960s, they 
also include long-term fire records and 
centuries of fire history that have been 
recovered from dendrochronology 
studies (Guyette 1995). 

Predicting Outcomes 
Synthesizing the knowledge ob- 

tained in the current ecosystem re- 
search projects with existing scientific 
knowledge of midwestern forests will 
provide insight into the landscape- 
scale implications of management de- 

cisions. Most silvicultural research, for 
example, is applicable to the stand 
(roughly 10 to 20 acres in Missouri) 
and to a rotation (roughly a century). 
Wildlife populations and their re- 
sponses to changes in habitat, however, 
operate in different scales. Compare 
the longevity and reproductive rates of 
mice, deer, bears, and migratory song- 
birds. Then consider the distances they 
travel to feed and breed: a few yards for 
mice, a few miles for deer, hundreds of 
miles for bears, and thousands of miles 
for birds. Human response to forest 
change may also involve different spa- 
tial scales and vary in duration from an 
immediate emotional reaction to a life- 

Monitoring the effects of timber- 
harvesting practices on neotropical 
migrant songbirds like the worm-eating 
warbler, researchers from a range of 
disciplines work together to under- 
stand the complex ways in which an 
ecosystem responds to disturbances. 
Forest fragmentation has led to a rise 
in nest predation by cowbirds. 

time of observations and experience. 
Predicting the multiple response of 

even a few populations that operate on 
different spatial and temporal scales is 
complex; it requires predicting both 
where and when landscape distur- 
bances are likely, far into the future. 
Analyses are complicated because 
plants and animals operate in vastly 
different spatial scales. For real land- 
scapes the analysis can be done using 
spatially explicit simulation model- 
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ing--starting with a map and predict- 
ing how that landscape will change 
over time with various assumed distur- 

bance regimes. 
Wind, fire, and harvesting are the 

major disturbances shaping Missouri 
forests. Of these, wind is strictly nat- 
ural; fire and harvesting are regulated 
to varying degrees by humans. All 
three factors can greatly affect the 
species composition and structure of 
vegetation across the landscape. These 
in turn influence the expected response 
of wildlife populations and of the peo- 
ple who have social or economic inter- 
ests in the forest. 

In 1994 the North Central Forest 

Experiment Station, in Columbia, 
Missouri, began a research project to 
develop tools suitable for predicting 
the response of hardwood ecosystems 
to disturbance by wind, fire, and har- 
vesting. This research was initially im- 
plemented in the Missouri Ozarks to 
take advantage of the large information 
base developed in the Ozark forest eco- 
system project, Mark Twain National 
Forest studies, and other data-inten- 

sive, long-term research and monitor- 
ing projects. Because the modeling ap- 
proach is spatially explicit, it requires 
mapped landscapes that can 
be manipulated and dis- 
played by a geographic in- 
formation system (GIS). 
Furthermore, because the 
model simulates harvesting 
practices, the digitized maps 
must include stand bound- • 
aries. The largest mapped 
landscapes in Missouri are 
the Mark Twain National 

Forest and Missouri Depart- 
ment of Conservation lands 
in the southeastern Ozarks. 

Conceptually, construct- 
ing a landscape-scale simula- 
tion model is simple: 

Step 1. Begin with a 
mapped landscape showing 
current vegetation, ecological classifi- 
cation or site quality, stand boundaries, 
management units, and other signifi- 
cant physical characteristics, such as 
roads, water, topography, and owner- 
ship. 

Step 2. For a short period (typically 
one year or one decade), simulate the 
amount and location of disturbance by 
wind, fire, and harvesting. 

Step 3. Estimate the changes in the 
composition, structure, and landscape- 
scale spatial arrangement of vegetation 
resulting from the disturbance. 

Step 4. Estimate the changes in 
product outputs, wildlife populations, 
human reactions, and other aspects as 
they relate to predicted vegetation com- 
position, structure, and spatial pattern. 

Step 5. Update maps to reflect all ex- 
pected changes over the time interval. 

Step 6. Return to step 2 and repeat. 
In practice, realistically simulating 

wind, fire, and harvesting across a 
landscape is complicated. Predicting 
vegetation response to disturbances 
and predicting the subsequent re- 
sponse of wildlife and humans to 
changes is also complex. However, we 
know at least a little about most such 

relationships and considerably more 
about others, such as how oak forests 
respond to harvesting. 

We are relying on the LANDIS 
simulation software (Mladenoff et al. 
1996) to simulate spatially explicit dis- 
turbance regimes and related vegeta- 

r• 

Cindy Becker, an employee of the 
Missouri Department of Conservation, 
is determining percentage coverage by 
species for all plants less than one 
meter tall in a one-meter-square 
plot•an initial stage in constructing a 
landscape-scale simulation model. 

tion response. A series of supplemental 
models are being developed to estimate 
response of human and wildlife popu- 
lations to alternative types, amounts, 
and patterns of disturbance. 

Sharing Data 
Ecosystem management and re- 

search requires assessment of patterns 
and trends at large spatial scales. This 
is often most efficiently accomplished 
with a combination of GIS software, 

satellite imagery, and digitized maps 
with linked databases. For spatial 
analysis, many resource management 
and research organizations need basic 
data layers, including satellite images, 
road networks, waterways, political 
boundaries, hypsography (elevation), 
ecological classification units, aerial 
photography, and a wide variety of 
composites or derived products based 
on these data. Given the equipment 
and training needed to acquire such 
products and the mosaic of ownership 
patterns in the state, a shared ap- 
proach to developing data layers and 
products seemed prudent. Ten state 
and federal agencies therefore formed 
the Missouri Resource Assessment 

Partnership, which will compile, de- 
velop, and distribute digital 
spatial data for natural re- 
source management and re- 
search in the state. 

At the landscape scale, the 
combined effects of manage- 

g ment decisions directly and 
• indirectly affect many peo- 
• ple. The Missouri Depart- 
• ment of Conservation initi- 

• ated a planning process called 
• Coordinated Resource Man- 
• agement to facilitate setting 
• multidisciplinary resource 
• management priorities. The 
• process involves defining re- 
•- source management goals for 
• the major ecoregions of the 

state and determining how 
agency activities can be tailored to 
achieve those goals. The process does 
not dictate management for private 
lands. Rather, it determines how public 
lands might best be managed to con- 
tribute to regional goals. 
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Guidelines 

•, Forest ecosystems are extremely 
complex. There is little reason to think 
that we will resolve the scientific and 

social issues surrounding ecosystem 
management in the next decade or 
even the next century. Nevertheless, 
progress is being made in many areas 
that support ecosystem management: 
ecosystem processes, assessment of 
human response to forest management 
activities, and forest change involving 
multiple attributes at multiple spatial 
and temporal scales. 

Virtually any research activity re- 
lated to the physical, biological, or so- 
Clal dimensions of forests and forestry 
falls in the realm of ecosystem manage- 
ment. How then can we allocate our 

efforts in ecosystem management so 
that the results are cohesive and rele- 

vant to management issues? We believe 
there are several principles that help 
define productive research for ecosys- 
tem management. Our involvement 
with the ecosystem management and 
research projects based in Missouri has 
led us to 10 recommendations: 

[ Management and research must deal with large landscapes. This is 
not to say we should ignore smaller- 
scale phenomena, but at some point 
we must look at the forest across thou- 

sands, tens of thousands, or hundreds 
of thousands of acres. Some important 
processes are readily observed only at 
the landscape scale--patterns of forest 
distribution, composition, and struc- 
ture; patterns of natural disturbance; 
movement and habitat use by large 
mammals, including humans. The cu- 
mulative effects of processes that typi- 
cally function at smaller scales, such as 
stand-level silvicultural treatments, can 
be observed only if we step back to 
take that wide-angle view of the forest. 

We must be concerned with long timeframes. Just as the extent, 
structure, and condition of midwest- 
ern forests today have been determined 
by harvesting practices that took place 
a century ago, so the impact of current 
management activities will persist at 
least a century into the future. 

We must consider both where and when we create a disturbance. 

There are important spatial and tem- 
poral components associated with any 
forest management activity or any nat- 
ural disturbance. If, for example, our 
management activities will disturb half 
the acreage in a given landscape over 
the next century, it makes a difference 
whether affected acres are contiguous 
or dispersed and whether the distur- 
bance occurs in a single year or is 
spread over the full century. 

We have enough scientific knowledge to start managing 
ecosystems. We will never fully under- 
stand all aspects of forest ecosystems. 
It is a fallacy to believe that we will 
someday understand forest ecosystems 
completely, and it is wrong to suggest 
that we cannot manage them until we 
do. Since we know a great deal about 
some parts of forest ecosystems and at 
least a little about most, a prudent ap- 
proach is to begin by using the best 
science we have, even as we continue 
our research. 

We must synthesize the results of research that addresses many dif- 
ferent ecosystem attributes and 
processes. This is extraordinarily im- 
portant. Only by combining what we 
know about ecosystem components 
and ecosystem processes can we arrive 
at a more complete understanding of 
how ecosystems work and how they re- 
spond to disturbance. Synthesis also 
serves to identify the major gaps in our 
knowledge. 

The complexity associated with ecosystem management is so 
great that we must employ mathemat- 
ical models. Tracking details, measur- 
ing interactions and tradeoffs, dealing 
with long timeframes, dealing simul- 
taneously with many species, and 
mapping the results all require the use 
of computer models. 

We must facilitate cooperation and collaboration. The complex- 
ity of forest ecosystems requires the 
attention of teams of scientists and 

managers representing a wide range of 
expertise. 

PAULOWNIA 
HARDWOOD TI•s 

ELONGATA CAROLINIA 

"Patent Applied" 

MAKE MORE SIN LESS TIME 
ß Cut for lumber in 8-12 years 

ß Genetically Improved 

Supercloned tissue cultures 
(not propagated from seed) 

ß Join the hundreds of forest farmers 

and lumber growers who have 
planted Paulownia elongata. 

ß Excellent profit potential from well 
planned and properly maintained 
plantations. 

Call or write now for FREE advice. 

The trees prefer well drained, sandy 
loam type soils and direct sunlight. 

Planting season May-September 

CAROLINA PACIFIC 
INTERNATIONAL INC. 

111 Lindsey St. 
Lenox, GA 31637 
Phone (912) 546-4563 or 
(800) 706-5037 

B Researchers must share sites so that they can integrate their find- 
ings and investigate change in each 
ecosystem component over multiple 
spatial and temporal scales. Agencies 
must therefore make long-term com- 
mitments to maintain research sites as 
well as to fund basic site measure- 

ments. As long as a base level of mea- 
surements exists, the marginal cost of 
additional projects is quite low. 

We must simultaneously focus our collaborative research efforts 

on real landscapes. This is the ulti- 
mate test of our work. Only when ex- 
perts from many fields apply their 
collective wisdom to the same piece 
of land over the same timeframe will 

we increase our understanding of the 
interactions and tradeoffs. Purely the- 
oretical approaches to ecosystem 
management research have great 
merit, but ultimately the evaluation 
must be in the field. 

l0 We must remember that people are part of the ecosys- 
tem. Human activity has left an in- 
delible mark on our forest resources, 
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and people's desire to either instigate 
or eliminate future disturbances will 

also have long-lasting effects. Ulti- 
mately, it is people who decide which 
forest practices are acceptable. Our 
role as scientists and practitioners 
must be to (a) identify and discour- 
age those activities that will likely 
cause short-term or long-term eco- 
system degradation, (b) clarify the 
tradeoffs among the array of accept- 
able management alternatives, and 

(c) identify and encourage the alter- 
natives that will likely produce the 
desired outcomes. 

That list captures many of the im- 
portant guidelines for ecosystem 
management research in Missouri, yet 
none are specific to the Midwest. We 
suggest they serve as a basis for dis- 
cussions about research priorities in 
other regions. The approach taken in 
Missouri is certainly not the only op- 
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tion for conducting ecosystem man- 
agement and related research, but %e 
believe it is working well. 

We emphasize the benefits of col- 
laboration when attempting land- 
scape-level ecosystem research. Eco- 
system analyses are so complicated 
that few people have the breadth•of 
knowledge to accomplish the work 
on their own. A cooperative approach 
becomes the obvious alternative, but 
it requires people with both technical 
skills and cooperative attitudes. Five 
years ago we would not have been 
able to predict the high level of en- 
ergy and resources devoted to ecosys- 
tem management and research pro- 
jects in Missouri. Participants are 
committed to sharing expertise, in- 
formation, and resources. The net re- 
suit is a synergistic consortium of sci- 
entists and managers addressing land- 
scapes and ecosystems. m• 

Literature Cited 
BROOKSMIRE, B., and C. I-I•USER. 1993. The M•s- 

souri Forest Ecosystem Project. In Proceedings, 
9th Central Hardwood Forest Conj•rence, eds 
A.R. Gillespie, G.R. Parker, EE. Pope, and G 
Rink, 289-307. General Technical Report NC- 
161. St. Paul: USDA Forest Service. 

GUYETTE, R. 1995. A history of wildland fire tn 
the current river watershed. Report prepared 
for the Missouri Department of Conserva- 
tion, The Ozark National Scenic Riverways; 
and The National Park Service Climate 

Change Program. Columbia: University of 
Missouri-Columbia. 

KUP, ZEIESga, E.W., R.L. CI•WSON, R.B. RENKEN, 
S.L. SHERIFF, L.D. VANGILDER, C.C. HAUSER, 

and J. FaABORG. 1993. Experimental evaluation 
of forest management: The Missouri Ozark For- 
est Ecosystem Project. In Transactions of the 58th 
North American •'ldlt• and Natural Resources 
Conference. Washington, DC: Wildlife Manage- 
ment Institute. 

MLaDENOIq:, D.J., G.E. HOST, J. BOEDER, and 
T.R. CROW. 1996. LANDIS: A spatial model 
of forest landscape disturbance, succession, and 
management. In GIS and environmental mod- 
eling: Progress and research issues, eds. M F 
Goodchild, L.T. Steyaert, B.O. Parks, C. John- 
ston, D. Maidment, M. Crane, and S 

Glendinning, 175-79. Fort Collins, CO: GIS 
World Books. 

ROBINSON, S.K., ElL THOMPSON III, T.M. DONO- 
vt,'q, D.R. WHITEHWD, and J. FaABORG. 1995 , 
Regional forest fragmentation and the nesting 
success of migratory birds. Science 267 
1,987-990. 

THOMPSON III, ER., S.K. ROBINSON, T.M 
DONOVt•N, J. F•BORG, D.R. WHITEH•D, and 

8 April 1997 



D.IL LARSEN. 1996. Biogeographic, landscape, 
and local factors affecting cowbird abundance 
and host parasitism levels. In Ecology and man- 
agement of cowbirds, eds. T. Cook, S.K. Robin- 
son, S.I. Rothstien, S.G. Sealy, and J.N. Smith. 
Austin: University of Texas Press. 

ABOUT THE AUTHORS 

David R. Larsen is assistant proj•ssor, 
School of Natural Resources, University 
of Missouri-Columbia, 1-30Agriculture 
Building, Columbia, MO 65211; 
Stephen R. Shirley is research j•rester and 
Frank R. Thompson III is project leader, 
North Central Forest Experiment Sta- 
uon, USDA Forest Service, Columbia, 
Missouri; Brian L. Brookshire is research 

sdviculturist and Daniel C. Dey is fbrest 
research staff supervisor, Missouri De- 
partment of Conservation, Jeerson City; 
Eric W. Kurzejeski is research wildlift bi- 
ologist, Missouri Department of Conser- 
vation, Columbia; Kristine England is 
resource staff officer, Mark Twain Na- 
ttonal Forest, Rolla, Mhsouri. 

PENGUIN USA 

(RUSLE) for 
superior site 
specific 

The bottom line is that you know our high. 

mind you desk. 
FOR FURTIeR 

INTORMATION CALL: 

•ada 1-800-448-2040 

or contact your local distxibutor. 

14649 Highway 41 North 
Evansville, IN 47711 

www. nagreen.com 

Journal of Forestry g 


