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ABSTRACT. The effects of landscape pattern on forest ecosystems have been a recent focus in forest
science. Forest managers are increasingly considering landscape level processes in their manage-
ment. Natural disturbance patterns provide one baseline for such management. What has been largely
ignored is the pattern of human habitation patterns (i.e., housing), on landscapes. The objective of this
study is to discuss landscape level management options for the northwest Wisconsin Pine Barrens
based on both landscape ecology and the human demographics of the region. Using the 1990 U.S.
Decennial Census we examined current housing density, seasonal housing unit concentration, historic
housing density change and projected future housing densities. These data were related to land cover
and land ownership data using a GIS. Housing density increase was particularly pronounced in the
central Pine Barrens, an area where seasonal housing units are common. Lakes and streams were
more abundant in areas that exhibited highest growth. Within national forest lands, 80% of the area
contained no housing units. In contrast, only 12% of the area in small private land ownership contained
no housing. These results are integrated with previous studies of presettlement vegetation and
landscape change to discuss landscape level management suggestions for the Pine Barrens. For. Sci.
47(2):229-241.
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hatever progresswe make with the application of and Y olasigmaz 1999). L andscape patterns can have strong
the physical, biological and mathematical sci- effectson ecological processes (Turner 1989). This makesit
important to study landscape patterns created both by natural

encestolandscapes, it will amount to littleunless

wecanincor poratetheimpactsof human activity— an Noble
(1996, p. 175).

Forest science and forest management increasingly em-
brace the notion that scales broader than sampling plots or
single stands are required to understand and manage forest
ecosystems(Crossley 1996, Tomanand Ashton 1996, Baskent

disturbances, such asfire, and settlement patternsontheland,
such as housing density, to understand their roles in forest
ecosystems (Romme 1982). Landscape pattern in managed
landscapesisoften significantly different thanin unmanaged
landscapes (Mladenoff et al. 1993, Wallinet al. 1996). Forest
management hasastrong effect onlandscapepattern (Franklin
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and Forman 1987, Spies et al. 1994, Gustafson and Crow
1996), but traditionally these effectshave not been takeninto
account when planning harvests. Natural disturbance pat-
terns have been endorsed as potential guidelines for forest
management at thelandscapelevel (Attiwill 1994, Mladenoff
etal. 1994, Bergeronand Harvey 1997, Schnitzler and Borlea
1998). For exampl e, extensive clearcuts may resemble natu-
ral openings in the boreal forest —where crown fires are
common—for some, but not all ecological processes
(Bondrupnielsen 1995, Sturtevant et al. 1996, Mdnkkénen
1999, Niemela1999). What islargely lackinginthesestudies
is a discussion of the human dimension of landscape level
management. Wedefinelandscapelevel management hereas
forest management that attempts to maintain or reconstruct
broad scale landscape patterns, such as habitat connectivity
or large patches of mature forest. Landscape level manage-
ment operates by definition in large areas, which in most
caseswill beat least partly settled. Landscape level manage-
ment needsto be based on both, the spatial patterns of forests
and disturbance processes as well as the patterns of settle-
ment and their change over time.

Thisisnot to say that the strong influences of settlements
and human population growth on forest ecosystems are not
recognized (Foster 1992, Ehrlich 1996, Matlack 1997), but
most studies address these questions at regional or global
scales (Harrison 1991, Meyer and Turner 1992, Dale et al.
1993, Kummer and Turner 1994, Fischer and Heilig 1997,
Mather et al. 1998, Pfaff 1999). Rarely are these influences
studied at the landscape level, a scale that may be more
appropriate for identification of causal relationships and
more relevant for forest managers. At the landscape level,
human population density has been correlated with wolf
occurrencein Wisconsin (Mladenoff et al. 1995), land cover
change in several U.S. landscapes (Turner et al. 1996) and
local plant extinction in Britain (Thompson and Jones 1999).
Residential development has detrimental effects on forest-
dwelling migratory songhbirds (Friesen et al. 1995). Thereis
also astrong rel ationshi p between socioeconomicfactorsand
biodiversity (Machlis and Forester 1996). Settlement pat-
terns in the Central Amazon threaten faunal biodiversity
(Daleet a. 1994), and different land devel opment scenarios
pose varying risks to biodiversity (White et al. 1997).

Although the U.S. population has been predominantly
urban/suburban for morethan acentury, urban residentshave
also expressed a preference for living in more rural areas.
Public opinion polls dating back to the 1940s have demon-
strated the desire on the part of large portions of adultsliving
incitiestoliveinnonmetropolitan areas (Fuguitt and Zuiches
1975), andtheseattitudeshaveremainedrel ativel y unchanged
up to the present (Fuguitt and Brown 1990, Brown et al.
1997). After decades of stability and decline, population
growthin northern Wisconsin proceeded at arelatively rapid
pace throughout the “turnaround” decade of the 1970s, a
decade marked by faster growthin nonmetropolitan counties
than in their metropolitan counterparts across the United
States (Fuguitt 1985). Although this nonmetropolitan turn-
around subsided in the early 1980s, there is evidence that
nonmetropolitan counties experienced somewhat similar
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growth patterns in the late 1980s and at least into the early
1990s (Beale and Fuguitt 1990, Johnson and Beale 1994,
Long and Nucci 1999). Although growth in Wisconsin's
northern tier of counties including the Pine Barrens has
partially subsided since the 1970s, selected “recreational
areas’ continue to grow at annual rates exceeding the state
average. Recreational amenities have long been recog-
nized as an important influence on migration to
nonmetropolitan areas (Marans and Wellman 1978,
Geoghegan et al. 1997). Theimpact of new growth hasnot
been uniform across Northern Wisconsin, rather, it has
focused in those subregions rich in environmental ameni-
ties, such as freshwater 1akes and mature secondary forests
(Vossand Fuguitt 1979). Theseresidential preferences(L uttik
2000) and population trends are important factors for land-
scape scale management of forest resources.

We suggest that further research isneeded tointegrate the
spatial pattern of human settlements with ecological data at
the landscape level. The lack of methods for accomplishing
thismay beonereason landscapelevel managementisstill in
itsinfancy. This study provides one such example, integrat-
ing U.SDecennial Censushousing density datawith ecologi-
cal research to identify landscape level management options
in the northwest Wisconsin Pine Barrens.

Study Area: The Northwest Wisconsin
Pine Barrens

Current management and conservation concerns in the
Pine Barrens area in northwestern Wisconsin (Figure 1)
demonstrate the necessity of landscape level forest manage-
ment. Presettlement landscape patterns of this area were
largely shaped by fire disturbance, which created large open-
ingswhere crown fires occurred and savannas where ground
fires were frequent (Radeloff et al. 1998). These landscape
patterns have changed since European settlement beginning
inthe 1860s. Timber harvest, farming, reforestation, and fire
suppression have resulted in denser forest cover (Radel off et
al. 1999). Resource management agencies are attempting to
restore elements of the presettlement landscape patterns
(Radeloff et al. 2000b). In the following section, a brief
overview of the region, the presettlement landscape and the
current management problems will be presented.

Located on a glacial outwash plain, and covering about
450,000 ha, the Pine Barrensregion isaunigque ecosystem in
northwestern Wisconsin (Murphy 1931) (Figure 1). The
coarse, sandy soilsarepronetodrought, andfireisanintegral
disturbance processinthe natural ecosystem. Fireregimesin
the Pine Barrens varied before European immigrant settle-
ment of the area. Within the region, there were at |east three
distinct subregions during presettlement times (Radel off et
al. 1999)(Figure 1). The southern Pine Barrens were shaped
by frequent but low intensity ground fires, creating savannas
withlow treedensity but oftenlargered pine (Pinusresinosa)
and burr oak (Quercus macrocarpa) (Radeloff et al. 1998).
Thecentral Pine Barrensexhibited very frequent, highinten-
sity crown fires in stands composed almost exclusively of
jack pine (P. banksiana). Fires created large openings, and
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Figure 1. The Pine Barrens region in northwestern Wisconsin and the surrounding counties that were included in our

analysis.

even-aged jack pineregenerationwascommonintheseareas.
The northern Pine Barrens also exhibited high intensity
crown fires, but their frequency waslower thanin the central
Pine Barrens. This resulted in mixed pine forest containing
white (P. strobus), red, and jack pine aswell assomered oak
(Q. rubra). European settlers altered the Pine Barrens begin-
ning in the 1860s. In the 19th century, logging and farming
removed forest cover almost entirely. Sincethe 1930s, refor-
estation and fire suppression have increased forest cover,
leading to denser forest cover than found before European
settlement (Radel off et al. 1999).

The decrease of open habitat has been detrimental to an
array of species adapted to openings previously created by
fire. Grassland bird populations declined during the second
half of the 20th century, and certai n open habitat species, such
asthe Karner Blue butterfly, have been listed as endangered
and have required special management actions. Landscape
pattern (i.e., the spatial allocation of openings) is a crucial
aspect of the habitat requirements for these species. For

example, the number of grassland bird speciesin an opening
is positively correlated with its size (Niemuth 1995).

The decline of many open habitat species prompted the
Wisconsin Department of Natural Resources (WDNR) to
investigate options for landscape level management
(Borgerding et al. 1995). Two workshops (in 1993 and 1999)
attended by WDNR officials, university researchers, re-
gional planning commission members, and local government
officialswere conducted to share results from various scien-
tific studies in the area with resource managers and the
general public. Initial steps are currently being taken to
implement adaptive management (G. Bartelt, WDNR, 1999,
personal communication). Asaresult of theseworkshops, as
well asfurther scientific study, the WDNR identified thelack
of open habitat, and especially of large openings, asoneof the
major management problemsinthePineBarrens. TheWDNR
is currently seeking input from the scientific community to
assist in developing feasible landscape management sce-
narios (B. Moss, WDNR, 2000, personal communication).
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Study Objective

Previous research provided ecological information for
landscape level management, such as presettlement vegeta-
tion pattern, disturbance regimes, and historic landscape
change, in the Pine Barrens (Radeloff et al. 1998, 1999,
2000b, 2000c). Thisstudy integratesthisecological informa-
tion with (a) 1990 housing density, (b) concentrations of
seasonal housing, (c) historic housing densities since 1940
and (d) projected future housing densities to 2020. Housing
dataisintegrated with land cover and land ownership datato
examine correlation and possible causal relationships with
housing growth. The objective of this study is to discuss
landscape level management options in the Pine Barrens by
analyzing the spatial pattern of housing density and its
changeover timeinthe context of the disturbance pattern and
vegetation composition in the presettlement landscape.

Methods

The 1990 Census of Population and Housing

The analysis of housing density in the Pine Barrens is
primarily based on the 1990 Census of Popul ation and Hous-
ing conducted by the U.S. Census Bureau (1992). The 1990
censuswasthefirst ever to be released with a corresponding
nationwide digital map, permitting detailed spatial analysis.
The smallest geographic unit in the census is the census
block, which isdefined by both physical boundaries, such as
railroad tracks, roads, and lake shores and political bound-
aries such as property lines and municipal boundaries. The
size and shape of census blocks can vary widely, largely
based on housing unit density with the smallest unitslocated
in areas of high density.

IntheU.S. Decennial Census, every householdisrequired
to fill out the so-called “short form” questionnaire, where
only basic questions about housing units and households are
asked. A national sample of about 17% of households (with
alarger sample in rural areas) fills out the so-called “long
form” questionnaire, containing more detailed housing, so-
cial, and economic questions. Because of concerns about
confidentiality and sampling error, census data from the
“long form” questionnaire are not rel eased for census blocks
but only for the more aggregated census block groups and
other larger units of census geography.

Givenitsavailability, we analyze overall housing density
and seasonal housing density in 1990 at the census block
level. Since the detailed housing questions are only asked in
the “long form” questionnaire, we only analyze historic and
projected future housing densities at the block group level.
Housing densities in 1990 (unitskm?) were calculated by
dividing the number of housing units by the land area of the
census block.

Weexamineseasonal/recreational housing separately from
the overall housing stock and housing density. Although the
differences in attitudes and behaviors among seasonal and
permanent residents are not well understood, seasonal
homeowners, attracted by the area’ s recreational and scenic
amenities, may differ markedly from permanent residentsin
their attitudestowards forest management. For instance, one
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study of attitudes toward economic development in asingle
county of northern Wisconsin (not one of the Pine Barrens
counties) found that permanent residents were | ess support-
ive of land use planning than were seasonal residents, even
when controlling for social and economic characteristics
(Green et a. 1996). Seasonal housing units are unoccupied
units determined to be for seasonal, recreational, or occa-
sional use. As defined by the U.S. Census Bureau, seasonal
unitsincludethosefor summer or winter sportsor recreation,
such as beach cottages and hunting cabins, as well as time-
sharing or interval ownership condominiums. Like vacancy
status itself, and other characteristics of vacant units, sea-
sonal use of units is determined by census enumerators
obtaining information from landlords, owners, neighbors,
rental agents, and others(U.S. CensusBureau 1992, p. B-49).
We identified seasonal housing concentration areas as those
where seasonal housing density was high and/or where the
majority of housing units was seasonal (Table 1).

Our analysis of the census dataincluded not only the area
of the Pine Barrens itself, but also the remainder of five
Wisconsin countiesthat lay partly inthe Pine Barrensaswell
astwo neighboring Minnesota counties. We opted to include
theseareasto provide amore compl eteview of the settlement
patternsthat affect the PineBarrens. Hereafter, theentirearea
under investigation will be referred to as the Pine Barrens
counties.

Historic Housing Density and Future Projections

The 1990 census dataincludes information on the decade
of origin of a housing unit, as reported by the occupant. By
itself, data on the decade of origin of housing units enumer-
ated in the 1990 census underestimates historic housing
densities. For example, a housing unit established in 1942
and demolished in 1986 is not included in the 1990 census.
Therefore, ancillary information is required to obtain better
estimates of historic housing densities. The total number of
housing units per county is known for every decade from
previous censuses. We used this information to adjust the
dataontheyear of origin of housing unitsinthe 1990 census.

Aﬁ'l, the net number of housing unitsin county j at time
t — 1 missing from the 1990 census, is defined as:

ATt = - HT 1)

where Ci™ is the estimated number of housing units in
county j at timet — 1 based on census taken at timet — 1,
and Htj‘l is the estimated number of housing units in
county j at timet — 1 based on the 1990 census.

Table 1. The classification of seasonal housing concentration
areas based on the seasonal housing density and the relative
importance of seasonal housing compared to all housing.

Percentage seasonal housing

Seasonal housing Low Medium High
density (units/km?) <33 > 33-66 > 66
Low 0-1 Class 5 Class 4 Class 4
Low >1-2 Class 5 Class 4 Class 2
Medium >2-3 Class 5 Class 2 Class 2
High >3-4 Class 3 Class 1 Class 1
High >4 Class 3 Class 1 Class 1




Using theratio of Al™*and H!™ asthe adjustment factor
we calculated |3|itj_1, the adjusted housing density in block
group i of county j at timet — 1 asfollows:

o algd
Al t-1 t-1."
o= Hit + Hji—=0
H|J 1 E 1] HE_]_E (2)

where H}j‘l istheestimated number of housing unitsin block
group i of county j at timet — 1 based on 1990 census.

Using thismethod, adj usted block group housing densities
were calculated for years ending in zero (census years) for
every decade starting with 1940. Thesedataallowed calcula-
tion of growth ratesfor every decade. These estimates of the
historic growth in housing densitieswerethen used to project
future housing density, assuming that growth rates remain
unchanged. To project future housing densities, we applied
the average growth rate of a census block group between
1940 and 1990 to the 1990 census data to derive housing
densities for 2000, 2010 and 2020.

I ntegrating Land Cover and Land Ownership I nformation

Housing development is strongly influenced by two fac-
tors, land cover (“Where would | like to build my house?’)
and land ownership (“Where am | alowed to build my
house?’). Census datawas related to both of these factorsin
order to better understand development in the Pine Barrens
counties.

A previous study quantified the relationship between
land cover data and 1990 housing density (Radel off et al.
2000a). The current study examines the relationship be-
tween land cover and housing density growth over time at
the census block group level. The overall increase in
housing density between 1940 (adjusted) and 1990 was
divided into five housing density growth classes. Class 1
contained census block groups with growth <=1 unit/km
and the remaining census block groups were divided so
that each class represented an equal area. Land cover data
were incorporated using a Landsat satellite image classi-
fication based on a 1987 Thematic Mapper scene and
several Multispectral Scanner images (Wolter et al. 1995).
Using the approach outlined in Radel off et al. (2000a), the
average proportionsof land cover classesfor each housing
density growth class were summarized. Using equal area
class boundaries for the census block groups ensured that
the estimates of land cover class proportions represent
areas large enough to provide robust results.

Land ownership information was incorporated using a
GIS coverage provided by the Wisconsin Department of
Natural Resources. Private industrial forest holdings were
added as described by Mladenoff et al. (1995). Using these
data (Figure 2) we calculated the relative abundance of five
land ownership classes (national forest, state land, county
forest, private industrial forest holdings and small private
landowners) for each of the 1990 housing density classes
(Figure 3a) at the census block level. Land ownership infor-
mationwasonly availablefor the Pine Barrensitself, and this
analysis could not be conducted in the remainder of the Pine
Barrens counties.

Results

1990 Overall Housing Density and Seasonal Housing
Focus Areas

The 1990 overall housing densitiesin the Pine Barrens
counties reveal several patterns (Figure 3a). As ageneral
trend, housing densitiesincrease from Northeast to South-
west. High density concentrations of housing units are
widely dispersed across the region and often occur along
lake shores. Medium housing densities are more common
south and west of the Pine Barrens, dueto the proximity of
the Minneapolis-St. Paul and the Duluth-Superior metro-
politan areas. In these areas the spatial pattern of housing
unit density is more homogeneous.

Seasonal housing units, asubset of all housing units, show
a different spatial pattern (Figure 3b). Seasonal housing
density is higher in the Pine Barrens itself than in the sur-
rounding areas (Figure 3b). Concentrations of high seasonal
housing density especially occur in the central Pine Barrens.
A second important aspect of seasonal housing densitiesis
their relative contribution to overall housing densities. Areas
where nearly al the housing units are seasonal are concen-
trated in the southern and central Pine Barrens and in some
neighboring areas both to the West and East of the central
PineBarrens(Figure3c). Theintegration of seasonal housing
density and the percentage of seasonal housing units allows
identification of seasonal housing concentration areas (Fig-
ure 3d), where both seasonal housing density ishigh and the
majority of the housing units are seasonal.

Historic Housing Densities and Future Projections

The adjusted housing densities between 1940 and 1990
reveal a strong increase in housing densities particularly
between 1970 and 1990 (Figure 4). Thisis especially the
case in the southern Pine Barrens, which experienced a
significant increase during the 1980s. The northern and
central Pine Barrens exhibited relatively low housing
densities up to 1990.

The projectionsof future housing densitiesare based on
a linear extrapolation of historic rates of increase and
show, therefore, similar spatial pattern (Figure 5). The
strongest increase in housing density between 2000 and
2020 is expected to occur in the southern and central Pine
Barrens. The areas south of the Pine Barrens are expected
to experiencelessof anincrease. Thisisdueto thefact that
these areas already contained medium housing density
levelsin 1940 and did not increase as dramatically as the
southern and central Pine Barrens. The central and south-
ern Pine Barrens are expected to “ catch up” with the more
densely settled areas along their southern boundary. This
represents an expansion of theareainfluenced by the Twin
Cities metropolitan area.

Housing Density, Land Cover, and Land Ownership

The relationship between 1990 housing density and land
cover data at the census block level was identified in a
previous study (Radeloff et al. 2000a). For example, the
relativeabundance of water wasthreetimeshigher inareasin
the highest housing density class compared with lowest
housing density class. Expanding on thisresearch, this study
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Figure 2. Land ownership pattern in the Pine Barrens. Data courtesy of the Wisconsin DNR.

examines the relationship between housing density growth
andland cover (Figure5). Although housing density declined
between 1940 and 1990 in alimited area (421 ha), none of it
isfound in the Pine Barrensitself and istherefore left out of
the discussion and figures.

The four housing density growth categories represent
housing unit growth during the period ranging from low
growthin category one (growthrate<2.17) to high growthin
category four (growthrate > 3.924). Surfacewater bodiesare
relatively more abundant in areas that exhibited the highest
growth. This correspondsto the high housing density blocks
surrounding lakes. The same trend is found for pine forests
and to alesser degree other conifer forests. In contrast, areas
classified asgrass, aland cover classthat represents pastures
as well as agricultural fields, are most abundant where the
least growth occurred. These patterns may reflect people’s
preferences when selecting the location of new houses
(Sullivan 1994).
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Another factor of the housing density growth pattern is
land ownership, which limits the location of new residential
development. We examined both the relative abundance of
the different land ownership classes within a given housing
density class (Figure 6a) and of different housing density
classeswithin each land ownership class (Figure6b). Most
of the area with no housing units (Class 0) is in public
ownership, and the relative abundance of public lands
rapidly decreases with increasing housing densities, com-
prising less than 15% of density classes 3 through 5
(Figure 6a). Small, private land ownership dominates
housing density classes 2-5, and to alesser extent class 1.
Census blocks that contain water are also predominantly
within areas of small private land ownership. The state of
Wisconsin is the second most important owner of “water
blocks,” possibly due to wildlife management complexes
that contain extensive wetlands in the southern Pine Bar-
rens. The strong effect of public land ownership becomes
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Figure 3. (a) The 1990 overall housing density in the Pine Barrens counties. The Pine Barrens itself is outlined in blue. Spatial pattern of
seasonal housing inthe 1990 census; (b) seasonal housing densities, (c) percentage of seasonal housing units relative to all housing units,
and (d) seasonal housing concentration areas. The Pine Barrens itself is outlined in blue.
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even more apparent when examining housing densities
within each land ownership class (Figure 7b). Within the
national forest lands, 80% of the area contains no housing
units. In contrast, only 12% of the area in small private
land ownership contains no housing units.

Discussion

The analysis of the 1990 census data reveals a strong
spatial patternin overall housing density and its growth. We
have identified seasonal housing concentration areas, and
projected future housing unit densities after adjusting and
analyzing historic trends, and related growth rates to land
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cover and ownership. What do these results suggest for
landscape level forest management of the Pine Barrens re-
gion? In the following we discuss different landscape level
management prioritiesfor each of thethreesubregionswithin
the Pine Barrens.

The analysis of the presettlement Pine Barrens land-
scape provides important background information for
management decisions (Radeloff et al. 1998, 1999). We
outlined above the need for more open habitat in the Pine
Barrens because this habitat type diminished as aresult of
reforestation and fire suppression since the 1930s. How-
ever, we do not advocate restoring the Pine Barrens land-
scape to a specific point in time.
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Figure 5. The relative abundance of different land cover classes
within each of five housing density growth classes. Class 1
represents census block groups with negative growth. The other
classes were defined so that they represent equal areas of the
Pine Barrens counties (Class 2: 1-2.170; Class 3: 2.171-2.930;
Class 4: 2.931-3.924, Class 5: > 3.924).

Our discussion is based on two assumptions. First, the
presettlement landscape provided crucial open habitat that is
currently lacking. Providing such habitat isthe key ecologi-
cal criterion for management decisions. Second, the creation
of open habitat via management, such as clearcutting, is apt
to be contentious among residents, particularly neighboring
small-scale landowners. A greater number of landownersin
agiven areawill result in a need to involve more people in
decision making processes in order to achieve consensus
concerning forest management practices, such asclearcutting
or prescribed burning. In the absence of detailed spatial data
on landownership and landowner attitude, housing density is
the key sociological criterion when discussing landscape
scale management. The validity of these assumptions is
discussed below.

Housing Density and Landscape L evel Management
Options

The northern Pine Barrens exhibited the lowest fire
frequency at presettlement times, and the forests con-
tained amix of red, jack and white pine. Today, thisregion
ismostly forested, but jack pineand deciduousstandshave
replaced former mixed pine forests (Radel off et al. 1999).
Since the northern Pine Barrens is mostly within the
Chequamegon National Forest, the housing density pat-
terns are more homogeneous, and the implications for
forest management are more apparent. This area exhibits
low housing density and very limited historical housing
density growth or potential for such future growth. These
factors make landscape level management particularly
feasible in this part of the Pine Barrens.

From an ecological perspective, the main management goal
may be to re-establish mixed pine forests that contain multiple
age cohort red, white, and jack pine. Mixtures of these three
speciesat thestand level arecurrently rare, and natural regenera-
tion of theseforestscould beattempted using prescribed surface
fires to remove herbaceous and shrub layers. Supplemental
planting of red and whitepinemay berequiredinareaswhereno
mature trees remain as seed sources.
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Figure 6. Relationship between 1990 housing density and land
ownership data: (a) the relative abundance of different land
ownership classes within each 1990 housing density class, and
(b) the relative abundance of different 1990 housing density
classes within each land ownership class.

The central Pine Barrens was historically dominated by
jack pine, and experienced extensive crownfires. Jack pineis
gtill the dominant tree species in this area, but landscape
patterns have been altered (Radel off et al. 1999). Previously,
large open areas, created by fires, and extensive jack pine
stands, formed a shifting mosaic. These historic landscape
patterns do not occur currently; smaller clearcuts predomi-
nantly shape contemporary landscape patterns. The central
Pine Barrens contains large blocks of county forest and
private timber industry holdings (Figure 2). Due to these
landownership patterns, housing density in the central Pine
Barrens is also comparatively low. However, growth rates
are higher than in the northern Pine Barrens. Lakes are less
abundant than in the southern Pine Barrens, but where they
occur, seasona housing density exhibits local high density
clusters. Thepercentageof housing unitsthat are seasonal are
highest in the central Pine Barrens, when compared to the
other two regions.

The restoration of large openings previously created by
crown fires may be feasible by creating aggregated large
clearcuts. This silvicultural tool appears to be a possible
solution to reverse the historic trend of decreasing forest
opening size (Radeloff et al. 1999). Prescribed burning after
harvesting may be beneficial for prairie herbsand associated
invertebrates. The areas of high seasonal housing density as
well as historic high housing density and projected high
housing density growth indicate areas for which landscape
level management may provelessfeasibleintheCentral Pine
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Barrens. The extensive large-block ownership patternin the
central Pine Barrens both public and private provides a
setting where aggregated clearcutting might be more fea-
sible. The Douglas county forest is currently exploring such
harvesting schemes (Borgerding et al. 1995). The future of
landscape level management in this region may depend on
the continuation of large-block land ownership.

During presettlement times, the southern Pine Barrens
contained extensive oak and red pine savannas (Radel off et
al. 1998). European settlement removed these ecosystems,
and today farming and deciduousforestsprevail (Radel off et
al. 1999). The southern Pine Barrens have been particularly
affected by housing density growth over the last 50 yr, and
thistrend is expected to continue (Figure 4). The projections
anticipate a large area with housing densities in the highest
category (> 16 unit¥km?) dominating the southern Pine
Barrens by the year 2020. Most of the southern Pine Barrens
isin private ownership, making the areaparticularly proneto
devel opment. Thisareaal so containsabundant |akes, making
theareaespecially attractiveto developersand homeowners.

Thelack of red pine/oak savannasisprobably theforemost
management concern in the southern Pine Barrens from an
ecological perspective. Oak savannas are one of the most
threatened ecosystemsin Wisconsin, and red pine savannas
have almost entirely vanished. However, restoration of red
pine and oak savannas may only be feasible in relatively
small restoration areas. Savanna restoration requires pre-
scribed burning and potentially also planting red pineto re-
establish seed sourcesin thelandscape. Prescribed burningis
often contentious because of the smoke and the danger that
firesmay burn out of control and threaten homes (Winter and
Fried 2000). Also, someresidentsmay prefer closed forestin
the vicinity of their homes (Sullivan 1994). The relatively
high housing density across the southern Pine Barrens, the
strong growth rates, and the abundance of seasonal homes
may makelandscapelevel management objectivesespecially
challenging in this part of the region (Carlsson et al. 1998).
Correspondingly, development along theshoreisalso seenas
the highest risk for the ecosystem of the St. Croix National
Scenic Riverway (Wenger et a. 2000), which marks the
border between Minnesota and Wisconsin in the southern
PineBarrens. Theonly areawithinthe southern Pine Barrens
where housing unit growth does not follow the general
pattern is the teardrop shaped southernmost portion of the
PineBarrens. Our projectionsdo notindicatealargeincrease
in housing units, and a significant proportion of this areais
owned by state and county government. These low density
areasmay present an opportunity asred pineand oak savanna
restoration sites.

The Pine Barrens represent a fairly unique case, where
landscape change due to European settlement over the last
150 yr resulted in increasing forest cover. Whereas in many
other areas, forest habitat |osseshaveto bemediated, wildlife
managersin the Pine Barrens aim to maintain and/or restore
large patches of open habitat. Large, aggregated clearcuts
may present a viable method to create open habitat in man-
aged forests without preventing timber production. How-
ever, thekey issueisthat openingsneedtobeextensiveinsize
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to resembl e fire patches. The projected high housing densi-
ties across the Pine Barrens may limit the opportunities to
create extensive clearcuts in several ways.

First, housing units themselves present physical limita-
tions to extensive clearcuts. For instance, even spacing of
housing units at a density of four housing units’km? corre-
sponds to 500 m distance between housing units and a
maximum clearcut size of 25 ha. Inreality, housing unitsare
rarely evenly spaced, and themaximum clearcut sizedepends
onthelevel of clustering among housing units. Our analysis
clearly indicated high density clustering along lakeshores.
Similar preferencesfor building locationshave beenreported
inother areas (L uttick 2000). Detailed spatial information on
the location of individual housing units is not available,
thereby precluding the calculation of a critical threshold of
housing unit density above which landscape level manage-
ment in the Pine Barrens would no longer be possible.

Second, housing development is often accompanied by
fragmentation of land ownership. Small parcel sizesnecessi-
tate building consensus among many owners to support
clearcuts, as well as increased coordination when timing
harvesting operations. Furthermore, housing developmentin
Burnett County in the southern Pine Barrens occursincreas-
ingly at the boundaries of public land holdings. This makes
itincreasingly difficult for county forestersto acquirelandto
consolidate their holdings spatially (M. Luedeke, WDNR,
1999, personal communication). Thesetrendsinland owner-
ship patterns make landscape level management not impos-
sibleto achieve, but poselogistical challenges(Stevenset al.
1999).

Third, home owners may object to extensive clearcutsfor
esthetic reasons and/or out of environmental concerns.
Clearcutting iswidely regarded as an environmental menace
amongthepublic, especially whenclearcutsarelarge(Kangas
and Niemeldinen 1996). Asnoted, the Pine Barrenspresent a
special case, where clearcuts may bedesirablefor ecological
reasons. Furthermore, many of the common detrimental
effects of clearcuts, such as soil erosion, do not occur in the
Pine Barrens, because of the lack of topography and surface
runoff on the sandy soils. However, residents in the Pine
Barrensdonot view extensivecl earcutsfavorably (S. Gilchrist,
WDNR, personal communication). An increase in the num-
ber of housing unitsmay result in growing public pressureto
limit clearcuts. Surveys are necessary to examine the atti-
tudes of home ownersto clearcutsin more detail.

Seasonal housing concentrati onareaspresent special chal -
lenges to landscape level management in the Pine Barrens.
Seasonal housing is often more spatially dispersed, presum-
ably because of thedesiretolive“inthewoods.” The owners
of seasonal homes are more likely to have an urban back-
ground and may belessfamiliar with natural resource extrac-
tion than people whose primary residence is in the Pine
Barrens, especially during their working years. Theresponse
to clearcuts may be quite different among these different
types of residents. Surveys are necessary to examine differ-
ences in attitude between seasonal and residential home
owners. In addition, some of the seasonal housing residents
will retire in the Pine Barrens in the future, thus converting



seasonal homes into permanent residences. Public involve-
ment in management decisions requires targeting seasonal
housing owners as a unique group of stakeholders.

Assumptions and Possible Effects on Results

Our analysis of 1990 housing density and of seasonal
housing concentration areas did not necessitate making any
assumptions. In contrast, the adjustment of the historic hous-
ing densities and the future projections required making
several assumptions—these should be kept in mind when
interpreting our results.

First, census block groups are the lowest level of geogra-
phy permitting an analysis of housing unit change. A com-
parison of the 1990 housing density at the census block level
(Figure 3) with the census block group level (Figure 5)
revealsthat much of the heterogeneity inthe spatial pattern of
housing density captured at the finer resolution (i.e., census
block) is lost at the census block group level. Medium
housing densities at the census block group level may bethe
result of a single settlement surrounded by areas with no or
few housing units. The analysis at the census block group
level may have missed or underrepresented the degree of
spatial heterogeneity.

Second, our method of adjusting past housing densitiesfor
units missing from the 1990 data adds a fixed percentage of
housing unitsto each block group based on the proportion of
the housing units in the county located in that block group.
Thismeansthat block groupsthat declined or grew very little
during thenext decaderecei ved the same proportional adjust-
ment asblock groupsthat increased significantly. Asaresult,
it is possible to show more housing units at timet — 1 than at
time t. This might result in an upward bias in housing unit
growth in areas with low housing density in earlier census
years, especialy1940. Those areas may have been more
prone to housing demalition resulting in a disproportionally
high number of 1940 housing units not accounted for by the
1990 census. Thestrongincrease of housing unitsthroughout
our study period limits this problem, but it may be more
important when applying our method elsewhere.

Third, our future housing density proj ectionsassumed that
the average growth rate over the last 50 yr will also apply to
the next 30 yr. This is most likely not the case but is a
reasonabl e assumption for projection purposes. The projec-
tion method is very simple, fitting into the category of
mathematical methods for subnational population projec-
tions. It is desirable in this application because it relies on
minimal assumptions and does not require additional infor-
mation such as trends in fertility, mortality, and internal
migration (Shryock et al. 1976). The assumption of the
continuation of historic growth trendsisgenerally viewed as
acceptable. Although the method yields housing unit projec-
tions that would be considered inaccurate in many contexts,
they are sufficient for relating housing unit density to the
types of forestry management applications addressed in this
research. Basing projections on a mathematical curve can
result in unreasonably large figuresfor local areasthat upon
aggregation surpass independently derived projections for
the parent region. Since the maximum housing density cat-
egory that we examineis 16 units per square mile or greater,

areas with unreasonably high projected densities do not
affect our analysis. However, the projections should only be
used as densities with areasonably low maximum value and
should not be used to determine the future actual number of
housing unitsin a block group, municipality, or other more
aggregated level of geography.

Housing density growth is affected by many socioeco-
nomic factors, noneof which areincorporatedin our analysis
due to our utilization of a simple mathematical projection
method. At the block group level, therate of housing growth
will level off asthe area approaches some maximum desired
density, or morelikely inrural areasoncethe most attractive
areas are developed. The overall economic conditionsinthe
regionwill affect how much new devel opment will occur and
local governments may foster or limit future development.
Our extrapolated future housing densities, therefore, should
not be interpreted as exact predictions but rather illustrative
projected tragjectories of possible future growth. What the
projectionsdo provideiscrucia information to help identify
constraints on landscape level management options.

Conclusions

This study presented an approach to integrate landscape
ecology, and the analysis of presettlement vegetation and
natural disturbance patternswiththeanalysisof past, current,
and future housing density to derivelandscapelevel manage-
ment recommendations for the northwest Wisconsin Pine
Barrens. Onecurrenttrendinforest management isto attempt
management at broader scales. A wealth of landscape ecol-
ogy studies suggest a heed for broad scale management and
give forest management recommendations. Unfortunately,
most of these management recommendation are presented
without taking current and potential future settlement pat-
terns into consideration. We suggest that landscape scale
management recommendations should be based on both
ecological and sociological data.
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