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ABSTRACT
The Wisconsin Department of Natural Resources (WDNR) has designated barrens
communities as high priority for restoration. These communities are globally
imperiled and support many endangered and threatened species. Many barrens are
in various stages of degradation or are unmanaged. While some studies have
demonstrated rapid return of savanna and barrens communities with restoration of
structure and fire, an intermediate term evaluation, completed in 1999, of
management efforts at the Quincy Bluff and Wetlands Area (Quincy Bluff)
demonstrated only small changes with harvesting and return of fire. This
discrepancy in results may reflect the length of fire suppression and the degree of
degradation at Quincy Bluff. Prior to initiating management, fire had been absent
from Quincy Bluff for approximately 70 years, while other restoration sites have
reported fire suppression of approximately 30 years. Located in Adams County,
Wisconsin, Quincy Bluff is owned and managed by the WDNR and The Nature
Conservancy (TNC). It consists of over 1500 ha of several community types
including considerable oak‐pine barrens. The objectives of this study were to test
the impact of prescribed fire, timber harvest, and the seed bank on understory plant
diversity at Quincy Bluff. Thirty‐nine permanent transects were established prior to
initiation of restoration efforts in five TNC management units and in the unmanaged
WDNR property. Twenty‐six newly established, independent transects and the 39
previously established transects were monitored in 2010. Cover and presence of all
living vegetation < 1 m tall; shrub and small tree cover and density; and tree cover,
density, and basal area were determined. Soil samples were obtained for
iii

greenhouse analysis of the seed bank. Species richness and ground layer cover in
2010 were lowest in management units treated with prescribed fire alone and were
50 percent to 150 percent greater in units with substantial reduction in canopy
cover and basal area. Structural changes resulted from timber harvest and/or a
tornado that struck one management unit in 2004. To refine our assessment,
utilizing a literature review, we generated a list of species likely to be indicators of
barrens vegetation. In 2010 these barrens indicator species had the largest percent
cover in the control unit; however, cover of barrens indicator species declined in all
units. In units with reduced canopy cover and basal area barrens indicator species
richness increased by two or three species and declined or remained the same in the
other units. Frequent fires eliminated shrubs and small trees. Greenhouse analysis
of the seed bank demonstrated low species richness and produced few germinants
of any restoration value. Barrens, if left unmanaged, degrade to closed canopy
forests with low species richness and low ground layer cover. Frequent fires over
17 years were ineffective at reducing canopy cover or basal area and understory
species richness remained low. Manipulation of the tree structure through timber
harvest and/or natural processes (i.e. tornado) increased understory species
richness; however, species determined to indicate barrens communities decreased
in relative cover, while richness increased marginally. These results further suggest
that the resiliency of this system may be exceeded by the long period without
management and seven decades of fire suppression.
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INTRODUCTION
Oak‐pine barrens of the upper Midwest are communities consisting of scattered
trees on infertile, droughty soils (Curtis, 1959). In central Wisconsin the trees are
predominantly Quercus ellipsoidalis (Hill’s oak) and Pinus banksiana (jack pine).
These barrens are a unique assemblage of plants and animals and few intact
systems remain (Nuzzo, 1986). Many have been degraded by management
decisions including fire suppression, livestock grazing, sand mining, and agriculture
(WDNR, 2001).

Oak‐pine barrens are communities historically maintained by fire. Fire suppression
allows succession to proceed, leading to increased tree cover and recruitment of
shade tolerant species. This leads to a shift away from barrens species, which are
largely shade intolerant. Continued fire suppression may lead to irreversible losses
of the plants that rely on the habitats found in barrens communities (Nielsen et al.,
2003).

Landowners and land managers who choose to restore or maintain these
communities often make decisions with limited information. Studies that are
available often are of short duration, limited spatial scale, or of communities with
different disturbance histories or compositions. These limitations require that
managers extrapolate to their own situation.

Quincy Bluff and Wetlands Area, located in Adams County, Wisconsin, is owned and
managed by the Wisconsin Department of Natural Resources (WDNR) and The
1

Nature Conservancy (TNC). It consists of over 1500 ha of several community types,
including oak‐pine barrens. Quincy Bluff has been managed for over 17 years and is
of sufficient size and scope to allow investigations that may overcome some of these
constraints and provide landowners and land managers with relevant information
to make more community specific decisions about management of oak‐pine barrens.
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LITERATURE REVIEW
BARRENS
Definition
Historically, the use of the term barrens has been varied and inconsistent (Nuzzo,
1986; Heikens and Robertson, 1995). The complex, heterogenic spatial and
temporal arrangements of the vegetation make precise definitions difficult. There is
also a lingering debate over the uniqueness of the understory species found in
savanna and barrens systems (Curtis, 1959; Bray, 1960; Packard, 1993; Leach and
Givnish, 1999). Many, if not all, plants and animals found in barrens are also found
in the adjacent communities. Some authors have argued that savannas and barrens
are transition zones between forest and grassland (Curtis, 1959; Bray, 1960; Nuzzo,
1986), while others have countered that the patchy distribution of the overstory has
allowed some species to become particularly adapted to these microsites (Packard,
1993; Leach and Givnish, 1999). All authors seem to agree on the high diversity of
plants and animals found in savannas and barrens. The large diversity of plants and
animals is related to a heterogeneous spatial arrangement as well as the
juxtaposition of two communities.

Curtis (1959) categorized barrens as a type of savanna, which he defined as having
mature trees forming less than 50 percent canopy. The trees found in barrens
communities are not evenly distributed across the landscape. Rather, there is a
patchy spatial distribution of isolated groups of trees or “irregular peninsulas” of
3

trees projecting from the woodland into the prairie (Curtis, 1959). Oak barrens are
communities in which hardwoods dominate and the major trees are Quercus
velutina (black oak) and Q. ellipsoidalis (Hill’s oak). Oak barrens are occur south of
the Tension Zone and P. banksiana (jack pine) is absent. If jack pine is the dominant
tree, the community is a pine barrens. The WDNR describes oak barrens and pine
barrens as communities on infertile, droughty soils dominated by grasses, forbs, low
shrubs, and scattered trees (WDNR, 2001). Nuzzo (1986) divided savannas into
open savanna and scrub savanna. Scrub savanna consists of numerous grubs on dry
to dry‐mesic sites with steeper topography. The dominant oaks are black, Hill’s, and
Quercus alba (white oak). Based on observations at over 100 oak savanna remnants
in the Midwest, Haney and Apfelbaum (1995) differentiated between oak savannas
on dry sites and mesic sites. Savannas on dry sites are further subdivided into
eastern sand savannas, southern oak savanna, and northern sand savannas. Quincy
Bluff is at the southern extent of northern sand savannas.

Structure and Composition
Curtis (1959) examined the flora of unmanaged communities in Wisconsin and
detailed 21 major and 13 lesser communities. Modal species for a community were
more likely to be found in that particular community than any other. He also ranked
species in each community based on prevalence, the number of stands a species
occurred in as a percentage of the total number of stands examined. For oak
barrens, the 10 most prevalent ground layer species, in descending order, were:
Euphorbia corollata, Amorpha canescens, Lespedeza capitata, Comandra richardsiana
(Comandra umbellata), Corylus americana, Antennaria neglecta, Coreopsis palmata,
4

Fragaria virginiana, Liatris aspera, and Lithospermum canescens. Modal species
were: A. neglecta, C. richardsiana (C. umbellata), E. corollata, Helianthemum
canadense, Krigia biflora, L. capitata, Lupinus perennis, Physalis viginiana,
Polygonatum canaliculatum (P. biflorum), Tephrosia virginiana, Asclepias
amplexicaulis, Aureolaria pedicularia, Panicum praecocius (Dichanthelium ovale),
Penstemon digitalis, P. grandiflorus, Rhus typhina (R. hirta), and Viola sagittata. For
some major communities, including oak barrens, the author also calculated a
frequency‐presence index, the product of average frequency and species prevalence.
The 10 most common taxa by this index would add Rosa sp., Smilacina stellata
(Maianthemum stellatum), Pteridium aquilinum, Smilacina racemosa (Maianthemum
racemosum), and H. canadense to the list of species likely to be found in oak barrens.

Shrubs were an important, defining component of pine barrens. The most common
species were: Ceanothus ovatus (C. herbaceous), Gaylussacia baccata, Myrica
asplenifolia (Comptonia peregrina), and Vaccinium angustifolium. For pine barrens
the 10 most prevalent ground layer taxa, in descending order, were: V.
angustifolium, E. corollata, C. americana, F. virginiana, Apocynum androsaemifolium,
Rubus pubescens, Rosa sp., Maianthemum canadense, P. aquilinum, and S. stellata (M.
stellatum). Modal species were: C. ovatus (C. herbaceous), G. baccata, Lysimachia
quadrifolia, Agastache foeniculum, and Crepis tectorum.

Bray (1960) also looked at the composition of savanna vegetation in Wisconsin. In
his major savanna type, mesic dry Q. ellipsoidalis‐velutina opening, important
understory plants included A. canescens, Andropogon scoparius (Schizachyrium
5

scoparium), Carex pensylvanica, and Stipa spartea. Characteristic ground layer taxa
included by Wills‐Wolf and Stearns (1999) are Corylus cornuta, Hieracium spp.,
Krigia biflora, and Solidago ptarmicoides.

A review of the prevalent ground layer species list in Curtis (1959) suggests that oak
and pine barrens were dominated by forbs. Only four grass species are found on the
lists and despite being listed as the second most common family in oak barrens,
grasses only represented 7.1 percent of species. Meisel et al. (2002) reported 58
percent forbs and 23 percent grasses in oak savannas in western Wisconsin. Forbs
dominated all sites, however, relatively open sites with the poorest soil had
abundant C4 grasses (Andropogon gerardii and Sorghastrum nutans). Based on 12
sites in southern Wisconsin (Leach and Givnish, 1999), ground layer composition
was strongly related to sand content and light availability. Forbs represented 64
percent ground cover, grasses 34 percent, and ferns two percent. Grasses
dominated in the areas with the highest light availability. Study sites were chosen
based on a scattered canopy with open grown oaks, a ground layer dominated by
native plants, and a history of recent fire.

Brown (1950), as reported by Curtis (1959), examined barrens in Adams County,
Wisconsin. Based on survey data, tree densities varied from 4.9 to 19.8 trees per ha
in 1851 and 100 years later had increased to 395 to 6175 trees per ha. The relative
abundance was unchanged for jack pine, Hill’s oak, and Quercus macrocarpa (bur
oak). General Land Office survey notes, for the same area, include importance
values for jack pine of 42, black oak of 40, and bur oak of 9 (unpublished report).
6

Meisel et al. (2002) reported overall tree cover of 28 percent in oak savannas in
western Wisconsin. Authors have described a heterogeneous canopy pattern, with
open areas intermixed with clumps of trees and a brush prairie structure produced
by frequent fires (Curtis, 1959; Nuzzo, 1986; Will‐Wolf and Stearns, 1999).

A black oak savanna with an intact ground layer on well‐drained sandy soils in
Marquette County, Wisconsin was surveyed in 1968 (Whitford and Whitford, 1971).
Q. velutina and Quercus rubra (northern red oak) were the dominant species.
Canopy coverage was 40 percent, basal area was 21.9 m2/ha, density 227 trees/ha,
and an average diameter at breast height was 35 cm. Evidence of wind damage and
lightning damage was noted. Canopy trees were in three cohorts, however, 2/3 of
the sample was 105 to 110 years old. The estimated tree density at the time of
settlement was 17 trees/ha. Eighty‐six herb and shrub species were identified. The
25 species with the highest frequency were similar to those reported by others
(Bray and Curtis, 1957; Curtis, 1959; Will‐Wolf and Stearns, 1999).

Extent
Nuzzo (1986) estimated that between 11 and 13 million hectares of Midwest oak
savanna existed prior to settlement. In 1985, approximately 0.02 percent remained,
and most was dry and dry‐mesic, typical of barrens habitat. Currently, barrens are
considered globally imperiled communities, represented mostly by small remnants
(Heikens and Robertson, 1994; WDNR, 2001). According to the WDNR, 12 percent
of the pre‐settlement Wisconsin landscape (1.7 million ha) was oak‐pine barrens
(WDNR, 2001). Of the 20,200 ha remaining, only 4,050 ha are of good quality, but
most are small, isolated fragments.
7

DISTURBANCE REGIME
Development and Maintenance
The development and maintenance of barrens is related to climate, edaphic
conditions, fire, disease (specifically oak wilt), and herbivory (Nuzzo, 1986; Heikens
and Robertson, 1994). Hypotheses abound about the importance of each of these
factors. It is likely that the importance of each factor is dependent upon the specific
site. Curtis (1959) stated: “as in the first two savanna types, there is no doubt that
the immediate cause of a pine barrens is fire.” Without disturbance, sites are
converted to closed canopy forests. Overstory species will reflect past composition
(Brown, 1950) and may include more shade tolerant or fire sensitive species such as
Acer rubrum, Pinus resinosa, and Pinus strobus (Apfelbaum and Haney, 1987b). With
intense fires, P. banksiana dominates along with oak grubs.

Fire and Barrens Structure
Barrens communities are patchy (Apfelbaum and Haney, 1987b; Will‐Wolf and
Stearns, 1999) in part due to the heterogeneous nature of fire on the landscape
(Rowe, 1983; Anderson and Schwegman, 1991; Lee, 2004; Knapp and Keeley, 2006).
Plant species respond differently to fire frequency, intensity, and timing (Rowe,
1983; Faber‐Langendoen and Davis, 1995; Peterson and Reich, 2001; Rocca, 2009).
Disruption of the historical fire regime has altered the structure of barrens
communities (Curtis, 1959; Haney and Apfelbaum, 1995), thus restoring structural
heterogeneity is a goal of management (Leach and Givnish, 1999). Understanding
the effects of the fire regime is therefore important.

8

Frequency
Based on historical accounts (Curtis, 1959), it is likely that fire was a frequent in
barrens communities. Based on tree cross‐sections of an oak savanna in Kenosha
County, Wisconsin, from 1804 to 2000 the minimum fire interval was two years and
the maximum fire interval was 33 years with a median of five years (Wolf, 2009).
Fifty‐three percent of fires occurred in the dormant season. In a study of an oak
savanna at Cedar Creek Natural History Area (Cedar Creek) in east‐central
Minnesota, repeated fires decreased soil nitrogen, decreased soil organic matter,
and increased soil pH in the upper 10 cm (Tester, 1989). Prescribed fires were
initiated in 1964 and fire frequency ranged from two to 19 burns in 20 years.
Species richness increased with increasing fire frequency up to eight to nine burns
in 20 years (Tester, 1989). Increased fire frequency increased cover of true prairie
species and decreased tree density.

In a subsequent study of fire frequency at Cedar Creek, seedling density was
reduced for most species by increasing frequency (Peterson and Reich, 2001). Oak
seedlings were characterized as “grubs” and densities tended to be less sensitive to
fire frequency. Sapling density of all species approached zero as fire frequency
increased. Oak saplings did not reach 1.5 m unless burning was interrupted for at
least three years. Tree size became more uniform, while overstory density and
basal area declined with increasing burn frequency. The stand structure continued
to be altered after 32 years of burning.

After 25 years of low intensity burning at Allison Savanna in east‐central Minnesota,
canopy cover increased despite a three to five year fire return interval (Faber‐
9

Langendoen and Davis, 1995). It was necessary to have a one to two year fire return
interval before canopy cover decreased. Fire return intervals of five years or less
reduced oak recruitment. Bur oak was less sensitive to frequent fire than Hill’s oak
and was more abundant in the larger size classes.

A study of 27 species of trees in two xeric forest types in the Great Smoky Mountains
National Park demonstrated that, in general, the impact of fire is related to the size
of the trees and the fire return interval (Harmon, 1984). As trees become bigger,
bark thickness increases, and mortality from low intensity surface fire decreases.
The critical size necessary for trees to become tolerant of low intensity surface fires
was species specific and related to the growth rate of individual trees (i.e. fast
growing trees produce thicker bark).

Frequent fire limits oak recruitment (Faber‐Langendoen and Davis, 1995; Peterson
and Reich, 2001). Based on field observations and tree core samples, oak
recruitment is related to periodic disruptions of fire that lasts for 10 to 20 years
(Apfelbaum and Haney, 1987a). During that time, oaks reach sufficient size to be
tolerant of low intensity fire (Harmon, 1984; Faber‐Langendoen and Davis, 1995),
while fire sensitive species are killed. Shade tolerant trees may persist if the fire‐
return interval is prolonged.

In fire dependent communities like savannas, fire has been viewed as a stabilizing
mechanism (Anderson and Brown, 1986) and fire suppression as a disturbance
mechanism (Barnes et al., 1998). With fire suppression, fire sensitive, mesic species
invade savannas and eliminate savanna species. This conversion from savanna to
10

an oak forest can occur in less than three decades (Curtis, 1959; Nuzzo, 1986;
Bowles and McBride, 1998), although drier, nutrient poor oak barrens may change
more slowly than more mesic oak openings (Faber‐Langendoen and Davis, 1995).

A study of an xeric woodland in Okmulgee Game Management Area in Tulsa,
Oklahoma demonstrated that succession to shade tolerant, fire intolerant species is
possible and begins within 20 to 30 years (Burton et al., 2010). Twenty years of fire
suppression resulted in a sapling density of 900 stems/ha and a richness of 14 tree
species. Two fires per decade, however, reduced the stem density by 80 percent and
the richness by 60 percent. Richness and density of large and small trees showed no
relationship to fire frequency ranging from one to five fires per decade. The
diameter distribution of oaks was unaffected by fire frequency.

Intensity
Fuel load directly impacts fire intensity and therefore affects species response to fire
(Rocca, 2009). Rowe (1983) correlated fire interval, fuel buildup, and intensity.
Longer fire intervals may result in increased fuel loads, deeper burning fires, and
increased tree mortality. Evidence of decreased fire intensity has been seen at the
base of open grown trees and has been related to decreased litter and changes in
microclimate (Anderson and Brown, 1983). Accumulated fuel at the base of trees is
more likely to cause mortality than if it is scattered away from trees (McCaw et al.,
1997). As a result of the way trees are distributed across the barrens landscape,
barrens are more heterogeneous in structure than prairies or woodlands. This
complex, patchy mosaic of open areas mixed with partially shaded areas results in
microclimates that influence fuel moisture, composition, and quantity. When
11

disturbances are limited, barrens convert to closed forests and accumulate fuels,
which may result in high‐intensity fires. Prior to a single prescribed burn on a site
in Mason County, Illinois, Anderson and Brown (1986) reported that estimated fuel
was greatest in a closed canopy forest and lowest in an adjacent prairie. Tree
mortality after fire was higher in the closed canopy, degraded savanna, than in an
open savanna (Anderson and Brown, 1983). The more open areas of the landscape
may behave like prairies. Frequent fires produce decreased spatial and temporal
homogeneity (Collins and Smith, 2006) along with reduced fuel loads, resulting in
low intensity, uniform fires that exclude small woody plants, but have little impact
on larger trees.

Tefft Savanna Nature Preserve in northwest Indiana has a relatively large 197 ha
eastern sand savanna remnant (Haney et al., 2008). After approximately 30 years of
fire suppression, dormant season prescribed burning was initiated in 1982. High
fire intensity significantly reduced oak cover, basal area, and density compared to
low fire intensity burning and control sties. Basal area approached the
presettlement condition, however, tree densities remained high. Repeated low
intensity burns (three fires per decade) maintained structure after high‐intensity
burns indicating that periodic high‐intensity fires contribute to restoring open
structural conditions in degraded savannas.

Timing
The timing of prescribed fire is often chosen when fire is more manageable and less
likely to escape (King, 2000). Growing‐season burns may be more difficult to ignite
because living ground layer vegetation has high moisture content (Pavlovic et al.,
12

2010). Dormant season fires may not mimic historical fire timing and may not give
the ecological result desired. The timing of fire influences vegetation composition
and is directly related to the phenology and reproductive characteristics of
individual species (Pavlovic et al., 2010). A study in south‐central Wisconsin
demonstrated the importance of fire season on different grasses (Henderson et al.,
1982). In a comparison of early spring burn, late spring burn, fall burn, and a
control, response was related to photosynthetic pathway and to reproductive
method. Late spring burns reduced flowering of all cool‐season grasses by 70
percent or more. Flowering of warm‐season grasses increased with all burning
regimes; however, late spring burns had the most positive impact. Plants that
reproduce by seed (i.e. Panicum sp.) were reduced in number if timing of burning
negatively impacted flowering. At the same site, early‐blooming forbs were
negatively impacted by late spring fires and had increased flower and fruit
production with fall and early‐spring burns (Lovell et al., 1982). Late spring fires
likely damaged flower buds and significantly reduced flowering. These species may
persist despite years of late spring burning (Henderson, 1992). In a tallgrass prairie
in southwest Wisconsin, species composition was significantly impacted by the
season of burning (Howe, 1994). Burning during the dormant season favored late‐
flowering species, while summer burning favored early‐flowering species.

Seed germination may also be affected by timing of burning (Pratt et al., 1984). In a
study of ponderosa pine, post‐stratification heating, which simulated spring
burning, was detrimental to seed germination (Pratt et al., 1984). Seed germination
was enhanced for some species by pre‐stratification heating, which simulated fall
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burning. Spring burning of L. perennis seeds influenced the percentage of seeds that
germinated and the time to germination (Grigore and Tramer, 1996). Seeds were
exposed to burning in the field and vegetative cover influenced ground temperature.
None of the seeds exposed to high temperatures germinated, seven of 100 seeds
exposed to moderate temperatures germinated, and approximately 75 percent of
seeds buried 1 cm below ground and control seeds germinated. Time to
germination, however, decreased with moderate temperatures. Response varies
with species. Meliotus alba is an Old World biennial legume introduced to the
United States as a forage crop (Heitlinger, 1975). M. alba seeds are covered with a
hard shell and remain viable in the seed bank for years. Early spring burning
increases seed germination, perhaps by breakdown of the hard shell, while fall
burning was detrimental to first and second year plants and did not stimulate
germination.

Disease, Grazing, Drought, and Windthrow
While fire was the major historical disturbance shaping the barrens landscape,
disease, grazing, drought, and windthrow are also germane. Insects, as a
disturbance mechanism, may directly affect the forest canopy. The most relevant
disease in Midwest barrens communities is oak wilt, caused by the fungus
Ceratocystis fagacearum. Oak wilt was first identified in Wisconsin in 1881
(Warder, 1881; Koch et al., 2010), and is often fatal to members of the black oak
group (Kline, 1982; McCune and Cottam, 1985). The infection can spread through
root grafts and accounts for patches of dead oaks in infected areas (Gibbs and
French, 1980). Oak wilt is widespread throughout southern Wisconsin (WDNR,
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2001). A study in southern Wisconsin demonstrated significant mortality of black
oaks in woods heavily infested by oak wilt (McCune and Cottam, 1985). Understory
response to oak wilt and insect defoliation may be similar. In a model of herbaceous
layer response to disturbance, Roberts (2004) predicted that communities
defoliated by insects would have modest increases in herbaceous‐layer cover, when
“subordinate” layers were present. A study in a Wisconsin sand savanna
demonstrated increased total ground layer cover in oak wilt patches compared to
degraded barrens (Collada, 1998). C. pensylvanica was almost twice as abundant in
the patches. In a study conducted at Quincy Bluff, sites with oak wilt demonstrated
higher species richness than controls or burned sites one year after burning (Pierce,
1996).

It is likely that native ungulates played an important role in determining the
structure and composition of barrens communities, however, information is lacking.
Many native ungulates in Wisconsin, including Cervus elaphus (elk) and Bison bison
(bison), have been extirpated (WDNR, 2010). Elk in Wisconsin were once common
and were most numerous in open woodlands, oak openings, and grassland‐forest
edges (Schorger, 1954). Elk were certainly found in Adams County and bison
probably occurred in the western half of the county (Schorger, 1937). It is
productive to consider the loss of native ungulates and the impacts of implementing
new grazing regimes (Hobbs and Huenneke, 1992). Selective browsing and grazing
are part of a complex interaction between disturbance regimes, nutrient cycling, and
succession, which can impact the composition and structure of forested landscapes
(Pastor et al., 1988; Hobbs, 1996). Grazing can limit succession of grasslands and
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savanna to woodland (Hobbs and Huenneke, 1992) and influence nutrient
availability. These interactions are species (Towne et al., 2005) and site dependent
(Apfelbaum and Haney, 1987b). Livestock grazing in sand savannas limit
recruitment of woody understory species while having little impact on herb layer
richness (Apfelbaum and Haney, 1987b). When grazing was excluded, a heavy
understory of more mesic trees and shrubs developed. The increased shade was
associated with decreased oak recruitment and reduced herb layer cover and
richness. Rotational grazing with Scottish Highland cattle on dry calcareous
savannas in southwestern Wisconsin did reduce shrub densities comparable to
burning (Harrington and Kathol, 2009). Grazing and burning impacts on plants
were species specific and grazing introduced exotics. Severe grazing in savannas
may result in near‐monocultures of C. pensylvanica (Leach and Givnish, 1999). The
influence of large ungulates on barrens may be similar to the effects in tallgrass
prairie. Grazing positively influences the diversity of plants, invertebrates, birds
and small mammals (Anderson, 2006) and by reducing dominant vegetation,
increased abundance of infrequent species (Howe, 1999). Bison may play a
keystone role in tallgrass prairie by increasing spatial and temporal heterogeneity
through selective grazing, influences on nutrient cycling, and physical impacts on
the environment (Knapp and Keeley, 2006). Cattle may be an acceptable substitute
for bison if ecologically sensitive management strategies are followed.

A study of a 6 month drought on a sand savanna (Faber‐Langendoen and Tester,
1993) concluded that mortality among well‐established trees increases with
drought and is higher in Hill’s oak than bur oak. Drought may also predispose an
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area to fire (Apfelbaum and Haney, 1987b; Abrams, 1992; Wolf, 2009). A study in
northeast Wisconsin (Lorimer and Gough, 1988) indicated that larger fires and
lightning‐ignited fire frequency increased with increasing soil and duff layer
dryness, an index of drought severity. Drought may also influence mortality of forbs
and this may be synergistic with fire. A severe spring/summer drought on a dry to
dry‐mesic prairie remnant in south‐central Wisconsin resulted in significant
disappearance of many forb species (Henderson, 1992). These declines were noted
during a study of fire timing. One year of drought had a more significant impact on
species density and composition than did frequent burning. Many of the declines
were independent of burn timing; however, certain species were differentially
influenced by the season of the burning. A study of a black oak savanna in
Marquette County, Wisconsin (Whitford and Whitford, 1971) demonstrated relative
stability of canopy closure despite decades of fire suppression, which was
attributed, in part, to frequent drought.

The impact of major windstorms on forest communities has been documented in the
forested regions of the Midwest (Canham and Loucks, 1984; Schulte and Mladenoff,
2005; Moser et al., 2007; USDA Forest Service, 2007). Catastrophic storms may
have played an under‐appreciated role in shaping pre‐settlement communities in
Wisconsin (Canham and Loucks, 1984). Wind events create coarse woody debris,
pits, mounds, and exposed mineral soil, and the severity will influence the
recruitment of vegetation (Roberts, 2004). After low severity wind events
herbaceous regeneration will come from aboveground and surficial vegetative
mechanisms and the seed bank. With increasing severity herbaceous regeneration
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will also come from deep‐seated vegetation. The impacts of these events are
understudied, but evidence from the July 4, 1999, windstorm in the Boundary
Waters Canoe Area Wilderness suggest that understory diversity may increase
shortly after these events (Moser et al., 2007). Mortality after wind disturbances
occurs predominantly in the overstory (Will‐Wolf and Stearns, 1999) and may
promote recruitment of understory trees into the canopy. Overstory mortality from
wind events increases the fuel load, making subsequent fires more intense (Moser et
al., 2007). The open nature of barrens communities limits the impact of wind
events. Portions of the barrens landscape may contain stands of more closely
spaced, mature trees. These may occur in areas with long periods of above‐average
rainfall or in areas protected from fire. In these dense stands, windthrow may have
a significant impact.

RECRUITMENT OF VEGETATION

Barrens convert to closed‐canopy forests without disturbance (Curtis, 1959).
Roberts (2004) developed a disturbance‐severity model to help predict herbaceous‐
layer response for North American forests. In this model, eight factors influence
herbaceous‐layer response to disturbance: competition within higher strata;
competition within the herb layer; microclimate; coarse woody debris substrate;
pits and mounds; mineral soil substrates; damage to preexisting plants; and
propagule availability. Life‐history characteristics determine the ability of
individual species to regenerate after specific disturbances. Plants appear after
disturbance based on the initial composition of the site, the ability of individuals to
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survive the disturbance, and by recruitment of new individuals by vegetative means,
from dispersed seeds, and from the seed bank. Recruitment depends on the
availability of propagules and the site condition upon which they arrive.

Asexual Reproduction
Vegetative reproduction is an important component of community response to
disturbance (Archibold, 1979; Abrams and Dickmann, 1982; Pratt et al., 1984; Vose
and White, 1987; Haeussler et al., 2002; Lee, 2004). Vegetative reproduction does
not recruit new species, but allows species to persist and often expand after
disturbance. Plants often survive disturbances depending on the location and
tolerance of perennating buds (Rowe, 1983; Pyke et al., 2010). Herbaceous
perennials, such as many graminoids, may persist vegetatively if they have buds that
are protected by the soil and escape the effects of disturbances such as low‐severity
surface fires. Woody plants may persist after disturbance if resprouting or
coppicing is possible (Pyke et al., 2010). Oaks can persist after fire (Reich et al.,
1990; Abrams, 1992) and herbivory in barrens communities. In barrens that have
experienced frequent fires, oak grubs may dominate the shrub layer (Curtis, 1959;
WDNR, 2001). The ability to re‐sprout repeatedly after fire gives oaks a competitive
advantage in systems that experience frequent fire (Peterson and Reich, 2001).
Perennial plants that are killed by disturbances such as fire must rely on seeds
rather than asexual reproduction for survival (Pyke et al., 2010).

Seed Bank and Seed Dispersal
Community composition is related to loss of current species and recruitment of new
species (Ozinga et al., 2004). In order for restoration efforts to increase plant
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richness, recruitment must exceed local extinction. New species are either recruited
from the seed bank, vegetative bank, or are transported to the site (Lee, 2004;
Fenner and Thompson, 2005). Species that were historically part of the community
or dispersed to the site, and produce dormant seed, may regenerate from the seed
bank. The relative contribution of the seed bank, vegetative bank, and dispersing
seed is, in part, related to the severity the disturbance (Roberts, 2004). In a boreal
forest dominated by Populus tremuloides in western Canada, early successional and
ruderal species were most prevalent in the seed bank following a wildfire; these
species were, however, under‐represented in the emergent understory after
wildfires (Lee, 2004). The authors surmised that another disturbance might be
necessary to facilitate germination and emergence. Fire depth in the boreal Swedish
forest determined vegetation cover and seedling establishment (Schimmel and
Granström, 1996). All rhizomatous species reached or exceeded preburn cover
after superficial fires. Species with shallower rhizomes were nearly eliminated with
deeper burning fires and the deepest burning fires eliminated nearly all
rhizomatous species. Colonization from seed occurred after deeper fires and
dispersers showed better establishment after fires that consumed most of the
organic soil layer.

a. Seed Bank
While the primary function of the seed is reproduction, seeds also allow plants to
colonize new areas, are more tolerant of extreme conditions than plants, and can
persist in the soil (Fenner and Thompson, 2005). Seeds that do not germinate
immediately remain either on or in the soil. Seed banks are either transient or
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persistent (Thompson and Grime, 1979). Persistence of seeds appears to be species
specific, is common in annual plants and in environments that experience frequent,
unpredictable, catastrophic events (Fenner and Thompson, 2005). In a study of a
ponderosa pine community, annual forb seeds comprised 45 percent of the total
seed bank population (Pratt et al., 1984). Trees and shrubs were only one percent
of the total seed bank. The litter contained the greatest amount of viable seed. The
proportion of perennial forb seeds was greatest from 6 to 10 cm soil depth. Seeds at
greater depth likely represent vegetation present in the past, suggesting perennial
forb seeds have greater longevity. The lack of recruitment of tree species from the
seed bank has been confirmed for the same type of community in another region
(Vose and White, 1987). Low density of conifer in the seed bank has also been
reported, however, B. papyrifera seeds were abundant (Qi and Scarratt, 1998). The
B. papyrifera seed bank is transient and abundance reflects the time of year the soil
was collected and recent input from seed rain. In Saskatchewan, Canada, Archibold
(1979) examined the seed bank following a wildfire. Tree species represented by B.
papyrifera, Picea ssp., and P. tremuloides, comprised 39 percent of the seed bank.
These species were present on the site prior to burning and are prolific seed
producers. Viable P. tremuloides seeds were present only on unburned sites
because the seeds did not survive after burning. These studies confirm the influence
of species’ characteristics, region, and community type on seed bank populations.

In a study conducted at Quincy Bluff, 21 herbaceous species germinated from seed
bank samples (Pierce, 1996). C. pensylvanica was the most common species
encountered during vegetative monitoring and was the most common species that
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germinated from the seed bank. Seed bank germinants included two shrub species,
Rosa Carolina and Rubus occidentalis; one grass, Poa compressa; and no tree species.

Systems that are degraded for a long period of time may not be resilient because of a
depleted seed bank. The species richness and quantity of seeds in the seed bank are
related to seed input, mortality, and depletion from germination. Seeds germinate
from the seed bank in response to the environment (Granstrom, 1987; Fenner and
Thompson, 2005). The rate of depletion varies with individual species and the
community (Granstrom, 1987).

b. Seed Dispersal
Seed dispersal is a potential source of new species to a community. Dispersal modes
include bird, invertebrate (including ants), mammal, water, and wind. Seed
dispersal can occur at multiple spatial scales including very local, within community,
from adjacent communities, and from distant communities. Desirable species that
are absent from degraded savanna sites may need to be re‐introduced during
restoration because of life history traits and/or dispersal modes that limit their
recruitment (Kirkman et al., 2004). In a Midwestern oak savanna, degraded sites
had fewer native perennial forbs and grasses and fewer species with passively
dispersed and heavier seeds (Brudvig and Mabry, 2008). Short stature, non‐clonal
specialist forb species declined over 55 years on dry prairie remnants in south‐
central Wisconsin (Kraszewski and Waller, 2008).

In general, most plants exhibit short‐range dispersal with the seed shadow
diminishing exponentially as the distance from the plant increases (Willson, 1993).
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Viable seeds of S. scoparium were found to disperse less than 2 m even in high winds
(Rice et al., 1960). Plants with specialized morphology and some wind‐dispersed
seeds generally travel further than other mechanisms. Animals have the potential to
disperse seeds great distances (Willson, 1993). Effective long‐distance dispersal
events occur very infrequently, are related to dispersal adaptations (e.g. seeds with
burrs), nonstandard dispersal mechanisms, and stochastic events (Higgins et al.,
2003). A study conducted in a fragmented landscape in southern Ontario
demonstrated that the ability of species to colonize a pine plantation over a four to
11 year period was related to the distance separating sites, seed crop size, the
presence of vegetative connections between sites, the dispersal modes, and seed
size (Hewitt and Kellman, 2002). Ninety‐three percent of the colonizing species had
a seed source within 25m. Rodent‐dispersed and bird‐dispersed species were more
common than wind‐dispersed species. Seed size and dispersal mechanism were
correlated. Large‐seeded, rodent‐dispersed seeds and seeds with unspecialized
dispersal mechanisms were poorly dispersed between fragments and may be more
prone to local extinction. In southern Wisconsin forests two species that increased
from 1950 to 2005 had seeds that are dispersed by mammals (Rogers et al., 2008).
Shrub species populations, with fruits dispersed by birds, were minimally impacted
by a fragmented landscape.
Rogers et al. (2009) looked at understory response to habitat size, fragmentation,
and urbanization in southern Wisconsin forests. While this study was focused on
community homogenization, they also reported rates of extirpation and apparent
colonization. Extirpations and recruitment of native herbaceous and shrub species
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did occur in southern Wisconsin forests, supporting the idea that native species are
capable of recruiting in a fragmented landscape. The rate of recruitment, for a
particular site, was related to patch characteristics and the landscape context.
Surrounding landscape cover was the most important predictor of species losses or
recruitment. Large forest patches in largely intact landscapes were more likely to
recruit new species and “may be more resilient to stochastic extirpations and
changing canopy conditions” (Rogers et al., 2009). Species that rely on dispersal
over short distances may be more prone to local extinction in spatially
heterogeneous, fragmented landscapes. The rate of understory species loss in
southern Wisconsin forests from 1950 to 2005 was greatest in small patches with
small amounts of surrounding forested habitat (Rogers et al., 2009). However, low
diversity of colonists may reflect a lack of seed availability (Foster and Tilman,
2003).

While typically applied to non‐native species, the invasibility of a community
influences the success of native species recruitment (Davis et al., 2000). Invasibility
is affected by a combination of abiotic and biotic factors including climate, the
disturbance regime, competition, mutualisms, and predation. The lack of an
acceptable physical environment may decrease the influence of the seed rain and
biologic filters such as competition and predation may determine germination
success (Orrock et al., 2006). Davis (2000) hypothesized that recruitment will be
more successful with an increase in unused resources. Recruitment success may
increase after disturbance as resource use by resident vegetation decreases. A
meta‐analysis (Myers and Harms, 2009) of 28 studies, including 62 experiments,
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demonstrated that seed arrival had a positive effect on species richness and was
greater in disturbed versus undisturbed communities.

Fire and herbivory are important disturbance mechanisms in barrens communities.
Low severity fire and herbivory generally have little impact on the forest canopy or
soil. As a result, plant recruitment after these disturbances relies on surficial
vegetative mechanisms and the seed bank (Roberts, 2004). After low‐severity
surface fire, damage to preexisting plants and propagule availability are important
in determining the resulting herbaceous response. Fire may also expose bare
mineral soil and alter the microclimate, influencing the success of recruitment. With
increasing severity, plant recruitment would rely more on seed dispersal and deep‐
seated vegetative means. High severity fires may affect the forest canopy, forest
floor, soil, and understory vegetation (Roberts, 2004). Rowe (1983), based on
observation in the boreal forest, also categorized modes of recruitment for plants
after fire. Specific plants utilized one or several mechanisms for persistence or
recruitment after fire. Invaders, evaders, and avoiders persist by seed bank and
seed dispersal mechanisms. Resisters and endurers persist through vegetative
mechanisms. Disturbance interval and severity determine which mechanisms are
more important for plant persistence or recruitment.

Timber harvest is a commonly used technique in barrens restoration. Harvest
severity changes the plants that emerge immediately after disturbance (Haeussler et
al., 2002). With increasing severity, residual plants were less abundant and weedy
species increased. Harvest equipment will disturb the soil and increase the
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likelihood that seeds deeper in the seed bank will germinate. These deeper seeds
likely represent seeds with greater longevity (Qi and Scarratt, 1998) and may not be
representative of the current vegetation. Fire is less likely to expose these species to
the environmental conditions needed for germination.

CAREX PENSYLVANICA
C. pensylvanica is an important understory species in many contemporary barrens
communities (Abrams et al., 1985; Leach and Givnish, 1999; Nielsen et al., 2003). C.
pensylvanica is a native perennial sedge in the family Cyperaceae located in every
county in Wisconsin (Freckmann, 2010). C. pensylvanica, like other members of the
genus, reproduces asexually by rhizomes to form clones (Bernard, 1990). C.
pensylvanica produces long, spreading and short, clumping rhizomes forming a
matted and tufted growth pattern. Spring growth begins from shoots that were
produced and emerge the previous fall. C. pensylvanica may have overwintering
leaves. It is one of the first plants to flower in the spring.

Many authors recognize that C. pensylvanica can dominate degraded barrens
systems (Abrams et al., 1985; Leach and Givnish, 1999; Nielsen et al., 2003). The
relationship between historical land use, disturbance regimes, non‐native species,
and herbivory is not resolved. Leach and Givnish (1999) suggested that dominance
of C. pensylvanica is an indicator of severe grazing, while Nielsen et al. (2003)
speculated that it was a natural phenomenon in most degraded oak barrens.
Abrams and Dickmann (1982) reported relative cover of C. pensylvanica in northern
lower Michigan increased on unburned clear‐cut sites to a maximum of 70% four

26

years after cutting. While burned sites tended to have lower relative cover of C.
pensylvanica one burned site had cover of 86%. Low diversity of sites was directly
linked to dominance of C. pensylvanica. C. pensylvanica relative cover was eight
percent prior to clear‐cutting.

Northern hardwood forests in Minnesota have been transformed by non‐native
earthworm invasion to simplified communities dominated by a few species such as
C. pensylvanica (Hale et al., 2005). A study of 18 hardwood stands in northern
Wisconsin (Powers and Nagel, 2008) also found a positive relationship between
earthworm invasion and C. pensylvanica cover. Cover was, however, more
dramatically increased in association with increasing deer density.

Several studies conducted at Quincy Bluff have examined C. pensylvanica and its
response to disturbance. Pierce (1996) examined the response of the understory to
prescribed burning and oak wilt. Three treatments were compared: burned, oak
wilt opening, and unburned. The oak wilt sites were not burned. Vegetative
monitoring occurred in 1993 and in 1994, one and two years after burning. C.
pensylvanica had the highest percent cover of all species on all sites. After the spring
burn, C. pensylvanica cover decreased from 56 percent to 24 percent. On the
unburned, oak wilt site C. pensylvanica cover was 95 percent. On the control sites C.
pensylvanica cover was 36 percent and 74 percent for 1993 and 1994, respectively.
The author suggested that areas dominated by C. pensylvanica might benefit from
fire.
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In 1999 extensive monitoring of Quincy Bluff was conducted and compared to data
collected before treatments were initiated (Nielsen et al., 2003). C. pensylvanica was
the dominant understory species in many areas. Restoration efforts were
insufficient to reestablish the historically diverse barrens understory and resulted
in an “alternative steady state” with an oversimplified ground layer dominated by C.
pensylvanica.

Cassidy (2007) studied the impacts of the June, 2004, tornado on the northern
portion of TNC managed Quincy Bluff. C. pensylvanica had a percent frequency of
87.5 percent by 2006. Decreases in species richness and the dominance of C.
pensylvanica were attributed to historical domestic grazing and fire suppression.

MANAGEMENT
The WDNR has identified pine and oak barrens as rare and imperiled communities
with good opportunities for preservation and restoration (WDNR, 2001). One goal
of restoration is the recovery of lost biodiversity (Clewell and Aronson, 2006).
According to the Society of Ecological Restoration International (2004), restoration
attempts to return an ecosystem to its historical trajectory. Historical conditions
are therefore a suitable starting point for restoration goals. The information
provided by Curtis (1959) and Brown (1950), as described above, is likely the most
accurate representation of the structure and composition of presettlement barrens
communities in Adams County. Presettlement trees were primarily P. banksiana
and Q. velutina (>80 percent), with smaller numbers of P. resinosa, P. strobus, Q. alba,
Q. rubra, and Populus ssp. Tree densities varied from 4.9 to 19.8 trees per ha.
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Understory composition likely reflected the modal species and prevalent species for
oak and pine barrens (Curtis, 1959).

Management prescribed for barrens communities often rely on fire and/or
mechanical thinning (Vogl, 1964; Apfelbaum and Haney, 1987a; Faber‐Langendoen
and Davis, 1995; Tester, 1996; Peterson and Reich, 2001; Nielsen et al., 2003;
Brudvig and Asbjornsen, 2009). Fire frequency, intensity, and timing are important
to the success of management. Two years of burning followed by two years of no
fire yielded the maximum species richness on a nutrient poor, sandy soil savanna in
Minnesota (Tester, 1996). Annual to biennial fires over decades may be necessary
to reduce tree canopy density (Peterson and Reich, 2001). Frequent burns can
reduce canopy cover and increase species diversity (Vogl, 1964; Faber‐Langendoen
and Tester, 1993; Peterson and Reich, 2001) over long periods of time. The use of
fire alone may be constrained by concerns about safety (King, 2000). Selective tree
harvest opens the canopy more quickly (Nielsen et al., 2003).

Communities that have been unmanaged for long periods of time may not have the
potential to recover species diversity simply by introducing historical disturbance
regimes (Abrams and Dickmann, 1982; Howe, 1999; Nielsen et al., 2003). At many
sites, a near monoculture of C. pensylvanica is often encountered (Leach and Givnish,
1999; Nielsen et al., 2003), which can complicate management decisions. Pierce
examined the response of the understory at Quincy Bluff to prescribed burning
(Pierce, 1996). After a single spring burn, total herbaceous cover did not change,
however, 15 new species were identified and the average percent cover of
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prairie/savanna species increased from 11 percent to 27 percent. A. gerardii
showed the greatest increase. C. pensylvanica had the highest percent cover of all
species on all sites. A broader investigation at Quincy Bluff showed no significant
change in species richness, diversity, or evenness after repeated spring burns
(Nielsen et al., 2003). They attributed the lack of response to altered understory
dynamics resulting from degradation and the domination of the ground layer by C.
pensylvanica.

Some seeds may not germinate in closed canopy conditions (Pratt et al., 1984;
Pierce, 1996); however, if the biological legacy remains intact, thinning alone may
increase species richness in oak savannas (Brudvig, 2008). Soil disturbance may be
necessary to stimulate germination (Granstrom, 1987). If the seed bank becomes
depleted, providing adequate structural heterogeneity by thinning may not be
adequate to increase species richness (Nielsen et al., 2003). Species richness and
evenness can be increased by adding seeds to savanna communities in conjunction
with frequent prescribed fire (Foster and Tilman, 2003). This increase in richness
and evenness persisted for eight years after sowing seeds.
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OBJECTIVES

We determined whether prescribed treatments, implemented over the last 17 years,
have resulted in measurable differences between management units in 2010. We
determined whether the plants identified as modal and having a high fidelity for oak
and pine barrens (Curtis, 1959; Bray, 1960; Will‐Wolf and Stearns, 1999) increased
in presence and relative cover, and if tree density and composition returned to
historically defined levels (Brown, 1950). We characterized the composition of the
seed bank and its relationship to restoration success.
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METHODS
Site Description
Quincy Bluff is a large area (over 1500 ha) located in Adams County, Wisconsin, 8
km east of the Wisconsin River (Figure 1). The study site is located in Adams and
Quincy townships, T16N‐R5E, Sections 2, 3, 10, 11, 14, 15, 22, and 23 and T17N‐
R5E, Sections 25, 26, 27, 34, 35, and 36. The WDNR and TNC jointly own the area. It
is located in the Central Sand Plains Ecological Landscape in central Wisconsin
(WDNR, 2006a). The area formed in the bed of Glacial Lake Wisconsin. The site
contains wetlands, sandstone ridges, and barrens. Communities include northern
dry forest, southern sedge meadow, open cliff, northern sedge meadow, shrub‐carr,
northern wet forest, barrens, sand prairie, and wet‐mesic, white pine‐red maple
forest (Besadny, 1992). Sandstone buttes including Quincy Bluff, Rattlesnake
Mound, and Lone Rock dominate the landscape. Quincy Bluff is 60 m high and over
3.2 km long.

TNC established twelve management units on their property. Units three, four, five,
six, and eight comprise the study site. WDNR property, in the northern and
northeastern portion of the study site, was the control unit (Figure 2). The control
unit is at the lowest elevation and has the least topographic variability; however,
subtle changes in elevation often marked significant changes in vegetation. Areas of
lower elevation generally had year‐round moisture and wetland vegetation.
Adjacent areas had upland vegetation consistent with barrens communities.
Management unit three is at mid‐ to low‐ elevations on the western slope of the 60
m high Quincy Bluff. Management unit four is directly east of unit three and
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straddles Quincy Bluff; its eastern edge abuts a wetland. Management unit five is
directly north of unit four and straddles Quincy Bluff. Management unit six is
contiguous with restored prairie to the south and west. It is also at low elevation
relative to the other management units. Management unit eight may have been the
most diverse unit prior to initiating management. Duck Creek travels north to south
through the unit. There is also an intermittent stream that meanders through the
eastern part of the unit.

Brown and Curtis (1952) described the upland forests of northern Wisconsin as a
continuum, gradually grading from one community type to another rather than
separate, identifiable entities. The barrens communities found at Quincy Bluff fall
along the continuum between what Curtis (1959) described as oak barrens and pine
barrens. Other authors have described these communities as northern sand
savannas (Haney and Apfelbaum, 1995; Will‐Wolf and Stearns, 1999), which occur
in south‐central Wisconsin and into the Upper Peninsula of Michigan. They occur on
glacial moraines, outwash plains, and sandy lakebeds. Hill’s oak dominates in these
communities. P. banksiana, P. strobus, P. resinosa also occur. Q. macrocarpa and Q.
alba may also be present. Oaks are often reduced to grubs by frequent fire.
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Figure 1. The map depicts the study site location in Adams County, Wisconsin. The
WDNR owned Quincy Bluff and Wetlands Natural Area #272 and land to the
southwest owned by TNC are shaded green. Map from Wisconsin Department of
Natural Resources (http://dnr.wi.gov/Org/land/er/sna/index.asp?SNA=272).

Soils include deep sandy soil that belong to the Plainfield and Delton series (Jakel,
1980). The northern portion of the site contains a large variety of soil series
including Brems, Brems‐Newsom, Newsom, and Meehan loamy sands as well as
Plainfield sands and Adrian Muck.
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The climate in Adams County is characterized by long, cold, snowy winters and
warm, humid summers (Jakel, 1980). For the 30‐year period ending in 2000 the
normal daily high and low temperature in January is ‐4C and ‐16C. The average,
daily high and low temperature in July is 15C and 28C. The normal total
precipitation is 84 cm including 101 cm of snowfall (NOAA, 2010).

Haney and Apfelbaum (unpublished data) dated the origin of most jack pine and
aspen trees to 1925. They attributed this cohort to the last significant fire at the
site. Younger jack pine dated to 1945, when grazing last occurred on the site. Most
oaks dated were from 1890 to 1945. These findings were confirmed by Vine
(unpublished data) who did not identify any jack pine older than 1933 with most
establishing between 1945 and 1965. Oaks ranged in age from 53 years to 196 yrs
old and with most recruiting after 1920. Historical photos from 1937 obtained from
The Arthur H. Robinson Map Library at the University of Wisconsin‐Madison reveal
large areas of open grown, scattered trees with a few hay fields (Appendix 1,2, and
3). By 1957 most of the areas with scattered trees are closed canopy forests.

Experimental Design
Permanent inventory units were established in 1991 and 1994 prior to initiating
restoration (Nielsen et al., 2003). Random UTM points were selected for inventory
unit starting points. The points were stratified based on ecosystem type, with a
preference for oak savannas, barrens, and woodlands. Selected points allowed for a
50 m inventory unit within the same ecosystem type and a 50 m buffer from
management unit edges. Starting points for inventory units were located by global
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positioning system (GPS) and were permanently marked with metal rods driven
flush to the ground. Seven inventory units were established on TNC property
consisting of four independent, 250 m inventory units; one 350 m inventory unit;
one 200 m inventory unit; and one 100 m inventory. Each independent inventory
unit was constructed of contiguous 50 m segments (Figure 2). Nielsen et al. (2003)
categorized the 33 intervening 50 m segments as independent transects. While the
seven inventory units are biologically independent, the 50 m segments within each
inventory unit are not. All 33 segments were monitored in 2010 and were labeled
“temporal transects” for analysis.

Thirty‐two biologically independent control transects were established in 1994 on
the WDNR property. Of these, five were impacted by a wildfire in 2006; four were
significantly influenced by trails; four were impacted by the 2004 tornado; and one
was located in a pine plantation. Based on vegetative composition, six additional
transects were considered outliers (PC‐ORD 5.32). Of the remaining 12 transects,
eight were randomly chosen for monitoring in 2010.
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Figure 2. Starting points for transects located on the TNC managed portion of
Quincy Bluff. Control transects on WDNR property are to the northeast.
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Based on 30, 50 m segments sampled in 1999 (Nielsen et al., 2003), mean basal area
for live trees was 21 m2/ha with a standard deviation of 11 m2/ha. Mean shrub
density was 1020 stems per ha with a standard deviation of 2099 stems per ha.
Mean tree density was 1309 trees per ha with a standard deviation of 699 trees per
ha. Mean richness was 11.6 with a standard deviation of 3.4; mean evenness was
0.62 with a standard deviation of 0.12. Using these data and a probability of 90
percent, the number of transects in each management unit was calculated such that
the observed mean for each response variable is within 30 percent of the true
population mean (Bonham, 1989). The sample size calculated was six transects per
management unit. The variability of shrub density would require an impractically
large number of observations. In order to meet or exceed these criteria, we chose a
sample size of eight transects per management unit. The end segments for each of
the seven previously established independent inventory units were considered
biologically independent transects: two in unit three, four in unit four, two in unit
five, two in unit six, and three in unit eight. The portion of unit six available for
monitoring was considerably smaller than the other units and fewer independent
transects were added. Therefore, 24 new, biologically independent transects were
randomly placed in the management units; six in unit three, four in unit four, six in
unit five, three in unit six, and five in unit eight. When choosing transect starting
locations, a 50 m buffer was established along the perimeter of each management
unit and around each previously established transect. Random GPS coordinates and
50 m buffers were created in ArcMap version 9.3.1.
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In 2010, 65 transects were monitored. This included the 33 segments on TNC
property that had been monitored in 1991 or 1994, the 24 new transects, and eight
control transects on WDNR property. Descriptive and qualitative statistics from
these 65 transects were used to compare management units in 2010. The 24 new
transects, combined with the end segments for each of the seven previously
established independent inventory units, were collectively considered biologically
independent transects for analysis. Data collected from the previously established
segments (“temporal transects”) were used to make descriptive and qualitative
assessments over time.

Experimental Treatments
Management unit boundaries and the prescribed treatments were not assigned
based on rigorous scientific criteria. Instead, boundaries were constructed based on
ease of installing firebreaks and along lines of abrupt changes in vegetation types,
while treatment prescriptions were made based on management objectives of TNC
(Hannah Spaul, personal communication). Transects were established in
management units three, four, five, six, and eight. Experimental units were burned
(spring and fall), harvested, tornado damaged, and control. Each TNC management
unit has had a combination of one or more of these treatments (Table 1).
Management unit six includes two abandoned fields that have been planted with
prairie plants; therefore the area available for monitoring (10.7 ha) is a subset of the
entire management unit (25.5 ha).
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Table 1. Type of treatment, year, and size for each management unit sampled on
TNC property.
Management
Unit

Spring
Burn

Fall
burn

3

1996,
1997,
1998,
2010
1997,
2000,
2002,
2010
2003
1994,
2000,
2001,
2002,
2004,
2010
2004

2001,
2006

4

5
6

8

Timber
harvest

Tornado

Size of
unit (ha)
19.8

58.3

1998

1995,
1996

2002

2000

36.9
25.5(10.7)

2004

60.7

Starting points for all previously established transects were relocated using GPS and
survey techniques. Transects continue 50 m north from each starting point stake
except one transect on TNC property that runs east. A survey compass established
the correct azimuth (corrected for declination) and a 50 m tape marked transects.

In addition, I was asked by TNC to organize a bird survey of Quincy Bluff. Details are
provided in Appendix 4.

Field Methods
To make full use of the previous data, we replicated, as closely as possible, the
methods presented by Nielsen et al. (2003). Vegetative sampling occurred between
June 7th and June 29th of 2010. At each transect a photograph was taken, at the time
of monitoring, from the starting point (0 m) to the north (0 azimuth). One meter
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squared circular quadrats were centered along the 50 m transects at 5, 15, 25, 35,
and 45 m (Figure 3). All living vegetation < 1 m tall was sampled. Vascular plants
were identified to species level for presence and percent cover. Percent cover of
bryophytes was recorded as a single taxon. Percent exposed mineral soil was
estimated visually. Percent cover was assigned using 14 cover classes and the
midpoint for each class was used for analysis. Cover classes were: <1, 1, 2,3,4,5, 6‐
10, 11‐20, 21‐35, 36‐50, 51‐65, 66‐80, 81‐95, and >95 percent.

Cover is the vertical projection of the vegetation parts onto the ground (Bonham,
1989). Cover could potentially exceed 100 percent if vegetation of different plants
overlapped. Vegetative parts inside the quadrat were counted even when the plant
was rooted outside the quadrat. Plant parts falling outside the quadrat were
excluded even if the plants were rooted inside the quadrat. Many of the grasses and
sedges had long, slender leaves with significant gaps between the leaves; therefore,
plants were grasped by hand to eliminate gaps. Estimating cover of these life forms
without eliminating gaps may significantly overestimate cover (Bonham, 1989).
Sykes (1983) found the highest variability in visual estimates of plant cover for fine‐
leaved species. For most taxa, a 90 percent confidence interval for cover estimates
was +/‐ 10 to 20 percent.

Voucher specimens were collected for many of the herbaceous species identified
and are housed in the Robert W. Freckmann Herbarium, University of Wisconsin‐
Stevens Point (UWSP).
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Figure 3. Field monitoring diagram for 2010.
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We evaluated trees by cover, density, and basal area. Trees were defined as >1 m
tall and >5 cm dbh. Tree cover by species was estimated by the line intercept
method (Canfield, 1941). All trees within 1 m of either side of the tape were
recorded by diameter, species, and whether the stem was alive or dead. This
created a 100‐m2 belt transect for tree density. Basal area was estimated by species
with a 10‐factor prism at the beginning and end of each transect. Shrubs and small
trees (woody vegetation < 5 cm dbh) were evaluated for cover. Cover was
estimated by the line intercept method. All shrubs and small trees within 1 m of one
side of the tape were recorded by species. This created a 50‐m2 belt transect for
shrub and small tree density.

Seed Bank
Evidence suggests precision of seed bank analysis is increased by increasing the
total volume of soil sampled (Bigwood and Inouye, 1988). Using a large number of
small samples and pooling them together, we attempted to accomplish this. In a
previous study at Quincy Bluff, Pierce (1996) collected 10 soil samples per transect
and identified 21 herbaceous species. In a ponderosa pine community, the litter
contained the greatest amount of viable seeds (Pratt et al., 1984).

Seed bank samples were collected on May 24th – May 26th, 2010. Three samples 2
cm diameter and 10 cm deep (Pratt et al., 1984), including the overlying litter, were
taken every 10 meters along each 50 m transect. Combined soil and litter samples
were divided equally and one‐half was prepared for germination immediately and
the other half stratified at 0C for 3 months. Combined soil and litter samples were

43

spread over sterilized potting soil in individual 10cm by 10cm trays. Potting soil
consisted of a 50:50 mixture of sterile sand and Pro‐Mix. Trays were placed in The
University of Wisconsin‐Stevens Point greenhouse. The greenhouse has natural, full
spectrum light intensity and trays were watered as needed. Temperatures in the
greenhouse are reported to vary from 12 to 31C and light levels fluctuate from 100
to 210 mmols m‐2s‐1 (Galbraith, 2005). Trays were checked every four days for 3
months and emergent seedlings were indentified to species or genus.

Species Categorization
We used Plants of Wisconsin (Freckmann, 2010), a regional taxonomic source, for
nomenclature and vegetative life forms. Plants were categorized as a bryophyte,
fern, forb, graminoid, Lycopodiaceae, tree, shrub, or vine. If applicable, plants were
further categorized as nitrogen fixers and as barrens indicator species. Barrens
indicator species (Table 2) were determined from a review of the literature (Curtis,
1959; Bray, 1960; Will‐Wolf and Stearns, 1999).
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Table 2. Barrens indicator species as determined from a review of the literature.

Agastache foeniculum
Euphorbia corollata
Penstemon digitalis
Amorpha canescens
Fragaria virginiana
Penstemon grandiflorus
Antennaria neglecta
Gaylussacia baccata
Phsalis virginiana
Apocynum
Helianthemum canadense Polygonatum biflorum
androsaemifolium
Asclepias amplexicaulis Hieracium spp.
Pteridium aquilinum
Aureolaria pedicularia Krigia biflora
Rhus hirta
Ceanothus herbaceous
Lespedeza capitata
Rosa spp.
Comandra umbellate
Liatris aspera
Rubus pubescens
Comptonia peregrina
Lithospermum canescens
Schizachyrium scoparium
Coreopsis palmate
Lupinus perennis
Solidago ptarmicoides
Corylus americana
Lysimachia quadrifolia
Stipa spartea
Corylus cornuta
Maiantheum canadense
Tephrosia virginiana
Crepis tectorum
Maiantheum racemosum
Vaccinium angustifolium
Dichanthelium ovale
Maiantheum stellatum
Viola sagittata.

Within North America there are three sections of the genus Quercus (Nixon, 1993;
Jensen, 1997); section Quercus, section Protobalanus, and section Lobatae. Fertile
hybrids between members of the same section, many of which are named, are
known to occur (Palmer, 1942; Jensen and Eshbaugh, 1976; Cottam et al., 1982).
Many authors have commented on the difficulty of distinguishing Q. ellipsoidalis, Q.
velutina, and their hybrids (Palmer, 1942; Whitford and Whitford, 1971; Jensen,
1977; Fewless, 2004; Hipp and Weber, 2009). During vegetative monitoring in
2010, if characters were consistent and distinct, the specimen of Quercus section
Quercus was identified to species; however, if characters were intermediate then the
specimen was identified to the section level.
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ANALYSIS
Descriptive Statistics 2010
Species richness and barrens indicator species richness for each management unit
were calculated. Box plots were constructed for each response variable. Box plots
depict the sample median, interquartile range, sample minimum, sample maximum,
and possible outliers (SPSS Statistics 18). Each figure depicts all management unit
box plots for a specific response variable in 2010.

Non‐Parametric Correlation
Spearman rank‐order correlation (SPSS Statistics 18) was used to determine
whether an association exists between median tree density and species richness,
and median tree density and graminoid cover minus C. pensylvanica cover.

Multi‐Response Permutation Procedures (MRPP)
Data from the biologically independent transects were not normally distributed,
could not be transformed to meet this assumption, did not have homogeneity of
variance, and followed no common discernable distribution. Statistical analysis was
conducted using MRPP (McCune and Grace, 2002). Only the biologically
independent transects were analyzed. MRPP does not have distributional
assumptions, but does require that the groups be independent. MRPP was used to
test the hypothesis of no difference in species composition between management
units. The MRPP analysis was conducted in PC‐ORD 5.32, with Euclidean distance
measure at a significance level of p<.05 for overall comparison and p<.01
(Bonferroni corrected) for pair‐wise comparisons. MRPP also provides an
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agreement statistic A, which describes within‐group homogeneity. In community
ecology A<0.1 is common and A>0.3 is high (McCune and Grace, 2002).

Ordination
We used ordination to describe patterns in species composition. The ordination
method used was Nonmetric Multidimensional Scaling (NMS) using PC‐ORD 5.32,
with the Sorensen distance measure. Only the biologically independent transects
were analyzed. Using NMS autopilot, 50 runs were completed with real data and 50
runs were completed with random data; each run began with a random starting
configuration. PC‐ORD selects the final dimensionality by comparing the final stress
values among the best solutions. PC‐ORD selects the highest dimensionality that
reduces the final stress by more than five and the final stress must be lower than
that for 95 percent of the randomized runs. Using NMS autopilot a three‐
dimensional solution was recommended. The ordination was run with this
dimensionality selecting the best starting configuration from the 50 real runs. The
final stress for the best solution was 15.05 and the final instability was 0.000 with
66 iterations.
Correlation coefficients (Pearson’s r) were calculated to express the linear
relationship between ordination values and environmental variables (McCune and
Grace, 2002). Environmental variables used for calculating correlation coefficients
between ordination values were tree density, shrub density, basal area alive, basal
area dead, total ground layer cover, and ground layer cover for ferns, forbs,
graminoids, shrubs, trees, vines, and nitrogen fixers. To reduce the number of
environmental variables chosen for correlation analyses, Spearman’s rank
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correlation coefficient () was calculated for all paired environmental variables
(SPSS Statistics 18). A single variable was selected from pairs that were highly
correlated. Tree density and tree cover (= 0.65); basal area alive and tree cover
(=0.73); and shrub density and shrub cover (=0.89) were highly correlated
(PASW Statistics 18).
Temporal Statistics
To test for temporal effects, we calculated an effect size statistic (Hedges and Olkin,
1985) for each response variable, by management unit. The effect size statistic
provides the ability to account for temporal changes in the control group as well as
variance in the system. Effect size is unitless, which allows comparisons of various
response variables. One assumption of the estimator is normality of the data. Many
or our response variables do not meet this assumption, therefore we have refrained
from constructing confidence intervals or presenting probability statistics. For our
measure of variance we have chosen the standard deviation of the control group.
Pooling the standard deviation of the experimental and control groups as other
authors have suggested (Nielsen et al., 2003) introduces potential
misrepresentation of the effect size estimate if the sample standard deviations of
each treatment group differ, as is the case with our data.
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Effect size (dj) was defined as
dj 

MT MC
SC

where j represents the management unit; MT is the mean of the difference, for the
response variable, between transects in unit j in 2010 and before treatment in 1991
or 1994; and MC is the mean of the difference between the response value in 2010
and before treatment for each control transect; Sc is the standard deviation of the
difference between the response value in 2010 and before treatment for control
transects. Positive values represent an increase in the response value, relative to
control, for the management unit between pre‐treatment sampling and the year
2010.
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RESULTS
Descriptive Statistics 2010
Sixty‐five transects were sampled in 2010. This represents additional transects that
were not monitored in 1991 or 1994. In total 170 species were identified including
30 barrens indicator species (Appendix 5). Sampling intensity varied between
management units, therefore second‐order jacknife estimates of species richness
(McCune and Grace, 2002) are also reported (Table 3); however, the trends were
similar. The second‐order jacknife estimated species richness for the study area
was 265. Species richness in units five and six was 50 percent greater than in the
control unit and was over 100 percent greater in unit eight than the control unit.
Spearman rank‐order correlation indicates a significant negative association
between median tree density and species richness (rs=‐0.88, p<0.05) (Figure 4). C.
pensylvanica was the most common species by relative cover in the control unit and
either the second or third most common species in the other units (Appendix 6). A.
bracteata was the most common species in units four and five, while Quercus section
Lobatae seedlings was the most common in units three, six, and eight. Barrens
indicator richness was lowest in units five and the control unit, and was 18 species
in unit eight (Table 3). Management unit three had the lowest median barrens
indicator richness (Figure 5).
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Table 3. Species richness, second order jacknife estimates of species richness, and
barrens indicator richness for all transects sampled in 2010 (n=number of
transects).
Management unit

n

Species
richness

Second order
jacknife

Barrens indicator
richness

all transects

65

170

265

30

control

8

42

69

10

unit 3

10

42

83

13

unit 4

14

56

93

14

unit 5

11

63

109

8

unit 6

8

63

110

13

unit 8

14

87

153

18

Measures of overstory structure (i.e. density, cover, and basal area) in management
units three, four, and five were similar to the control unit and were consistent with a
closed canopy forest ( Figure 5). Management unit six had intermediate to low
values, while unit eight had values at or near zero. Shrub and small tree cover and
density were at or near zero for units three and four. Management unit six had a
median shrub cover of zero. The remaining units including the control unit had
relatively low median values for cover and density; however, the interquartile and
sample ranges were relatively large. In the control unit, eight species contributed to
shrub and small tree cover: A. rubrum, P. banksiana, P. tremuloides, Q. alba, C.
americana, Rubus allegheniensis, G. baccata, and Ilex verticillata, in order of relative
cover. In unit five, Populus grandidentata was a major contributor to small tree
cover and density.
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Figure 4. Scatter‐graph of species richness versus median tree density for all
transects sampled in 2010.

Trees identified on the study site included A. rubrum, P. banksiana, P. resinosa, P.
strobus, P. grandidentata, P. serotina, Q. alba, Q. ellipsoidalis, Q. macrocarpa, Q. rubra,
and Q. velutina. Oaks with intermediate characters were categorized as Quercus
section Lobatae. Oaks were the dominant trees in units that were managed with
frequent fire, although jack pine was common in the mid‐diameters in unit three
(Figure 6). Tree diameter for oak species varied between management units,
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however, oaks were always in the highest size classes and was often the only genus
with dbh >36 cm. The control unit had a diverse range of species and size classes
including a large proportion of A. rubrum in the small size classes. In unit four we
observed a single white pine in the 46 to 51cm range. P. grandidentata trees were
observed in six of 11 transects in unit six. In unit six, tree density was low for all
diameter ranges. Oak stem density was highest in the 20 to 25 cm range. Unit eight
was conspicuous for the absence of large trees. Most of the tree density was
attributable to small diameter jack pine.
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Figure 6. Tree diameter distribution by 5 cm diameter classes for oaks, jack pine,
and all other species for all transects. Units three and four were treated with
frequent burning alone, unit five had one spring burn in 2003, unit six had timber
harvest and burning, while unit eight was impacted by the 2004 tornado.
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Ground layer median cover ranged from 15.7 percent to 36.4 percent and was
lowest for units three and four ( Figure 5). Unit five had the highest median ground
layer cover. Median cover for C. pensylvanica never exceeded 10 percent and only
three transects exceeded 20 percent C. pensylvanica cover. Median forb cover was
below 10 percent for all management units and the control unit. Graminoid cover
was lowest in units three and four and median graminoid cover was highest in unit
eight. Median graminoid cover minus C. pensylvanica cover was less than 6 percent
for all units; however, Spearman rank‐order correlation indicates a significant
negative association (rs=‐0.94, p<0.05) (Figure 7). In management unit six C.
pensylvanica was the most abundant graminoid based on relative cover followed by
an unidentified Carex and Elytrigia repens. In management unit eight C. pensylvanica
was the most abundant graminoid based on relative cover followed by S. scoparium,
and Poa pratensis. Amphicarpaea bracteata, a nitrogen fixing vine, exceeded 20
percent cover in three transects in management unit five. Fern cover also reached
its maximum in unit five. Vines and nitrogen fixers were a minor component of
units three, four, and six and were at or near zero for relative cover in unit eight and
the control unit.

Multi‐Response Permutation Procedures (MRPP):
MRPP analysis showed that management units differed in species composition
(A=0.09 (chance‐corrected within group agreement), p<0.05). A comparison of each
management unit with the control demonstrated a significant difference for all
management units except number five (A=.018, p=.157). The other pairs, which
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demonstrated statistical significance, were units four and five (A=0.06, p=.01) and
units four and eight (A=0.075, p=.009).
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Figure 7. Scatter‐graph of graminoid minus C. pensylvanica cover versus median
tree density for all transects sampled in 2010.
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Ordination
The NMS ordination showed that the management units became most distinct along
axis one and three and were generally centered on axis two (Figure 8). The
cumulative variation accounted for by all three axes was 71.3 percent and axis one
and three together accounted for 55.7 percent of the variation of ground layer
composition, while axis two accounted for only 15.6 percent of the variation. We,
therefore, only further considered axis one and three. Axis one accounted for 34.2
percent of the variation in ground layer composition with management units three
and six significantly overlapping and centered on the axis, while management units
zero (control), four, and five were on the positive side of the axis and unit eight was
on the negative side of the axis. The positive side of the axis was associated with
basal area alive and dead (r=0.677 and 0.524, respectively) and fern cover
(r=0.439), and the negative side of the axis was associated with ground layer tree
cover (r=‐0.455) (Table 4). PC‐ORD does not report p‐values for correlations
between environmental variables and ordination axes. Axis three accounted for
21.5 percent of the variation in ground layer composition with management units
three and six significantly overlapping and were on the negative side of the axis,
units zero (control) and five had significant overlap and were centered on axis
three, while unit four spanned the negative end, and unit eight was on the positive
side of the axis. The strongest positive association with axis three was graminoid
cover (r=0.558); the negative side of axis three was more weakly associated with
vine cover and nitrogen fixer cover (r=‐0.273 and ‐0.269, respectively) and the
positive side of the axis was weakly associated with ground layer shrub cover
(r=0.243).
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The same symbol is used for transects within a management unit and are connected
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Table 4. Correlation coefficients (Pearson's r) between ordination scores and
vegetation variables for axis one and three. Bold numbers are referenced in the text.
Axis:
Tree density
Shrub density
BA alive
BA dead
Ground layer cover
Fern cover
Forb cover
Graminoid cover
Ground layer shrub
cover
Ground layer tree cover
Vine cover
Ground layer nitrogen
fixers

1
r
0.161
‐0.133
0.677
0.524
0.192
0.439
‐0.004
0.05
0.42

3
r
‐0.048
0.338
‐0.39
‐0.062
0.189
‐0.048
‐0.066
0.558
0.243

‐0.455
0.223
0.202

‐0.135
‐0.273
‐0.269

Temporal Change
Thirty‐nine transects were sampled in both 1991 or 1994 and 2010. These
temporal transects represent a subset of the 65 total transects monitored in 2010.
Photographs depicting temporal changes for representative transects are in
Appendix 7. Species richness for control transects ranged from 10 to 19 species
(n=6) in 2010 and mean difference among the six transects was 1.3 (4.5) species
(Table 5). Numbers in parenthesis represent standard deviation for mean
difference between the control transects. Species richness, relative to control,
increased from 1991 or 1994 to 2010 for all management units. The largest effect
size was seen in units six and eight and was lowest for unit four (Table 5).
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Table 5. Effect size and mean difference for species richness, barrens indicator
species richness, and barrens indicator cover. Control unit standard deviation was
the measure of variability used to calculate effect size for the management units and
is provided in parenthesis.
Species
richness

Effect size
dj

control
unit 3
unit 4
unit 5
unit 6
unit 8

1.49
0.77
1.51
2.59
1.96

Barrens Effect size
indicator
dj
richness
control
unit 3
1.38
unit 4
‐0.69
unit 5
1.21
unit 6
2.04
unit 8
2.37

Mean
difference
#
‐1.3 (4.5)
5.3
2.1
5.4
10.2
7.4
Mean
difference
‐0.67 (1.2)
1.0
‐1.5
0.8
1.8
2.2

Barrens
indicator
cover
control
unit 3
unit 4
unit 5
unit 6
unit 8

Effect size
dj

Mean
difference

0.56
0.24
0.91
1.01
1.17

‐18.3 (16.3)
‐9.2
‐14.3
‐3.5
‐1.8
0.8

Barrens indicator richness, per transect in the control unit, ranged from four to
seven species and the mean difference between transects was ‐0.67 (1.2) species
(Table 5). The mean difference between transects for barrens indicator cover was
‐18.3 percent. Except for a negative response in barrens indicator richness in unit
four, the effect size was positive for barrens indicator richness and cover for all
units. The largest values were in units six and eight.

From 1991 or 1994 to 2010 the mean difference between transects for all measures
of overstory structure (i.e. basal area, tree cover, and tree density) decreased or was
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near zero for all units (Table 6). The effect size for unit three was positive because
the decrease was less than in the control unit. Management units four and five had
very similar mean differences in all overstory variables. Basal area in units four and
five did not decrease as much as the control unit and basal area effect size for these
units is positive. Overstory structure, as measured by the effect size of basal area,
tree cover, and tree density, decreased substantially in units six and eight. In
contrast to overstory variables, shrub cover and shrub density varied between
management units (Table 6). Units three, four and six experienced negative
responses, while units five and eight had positive responses.

Ground layer cover estimates were dramatically lower in the control transects and
substantially lower in all management units (Table 7). Differences may be partially
attributed to inter‐observer differences between measurement periods. Cover for
graminoid species is the life form most prone to overestimations (Sykes et al., 1983;
Bonham, 1989). The consistently large reductions in relative cover measured for C.
pensylvanica (Penn. sedge) may be partially accounted for by differences in
estimating relative cover; however, substantial reductions in C. pensylvanica cover
have been anecdotally observed (personal communication, Hannah Spaul, TNC
director of conservation). After excluding C. pensylvanica cover, ground layer cover
decreased by approximately 20 percent in units three and four and unit five
increased by 10.7 percent. Relative to control all units had a decrease in relative
ground layer cover. Changes in fern and forb cover were relatively minor. Ground
layer tree and shrub cover decreased in units three and four. Relative to control
unit three had a negative response. Unit eight had large relative and absolute
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increases in ground layer tree and shrub cover. Much of this increase was related
to oak grub sprouts and Rubus steelei.

Table 6. Effect size and mean difference for basal area (BA), tree cover, tree density,
shrub cover, and shrub density. Control unit standard deviation was the measure of
variability used to calculate effect size for the management units and is provided in
parenthesis.
BA
m2/ha

Effect
size
dj

control
unit 3

0.81

Mean
difference
m2/ha
‐8.3 (10.3)
0

unit 4
unit 5
unit 6
unit 8

0.70
0.65
‐0.28
‐0.65

‐1.1
‐1.6
‐11.2
‐14.9

Trees
per ha

Effect
size
dj

control
unit 3
unit 4
unit 5
unit 6

0.30
‐0.43
‐0.33
‐0.33

Mean
difference
trees/ha
‐267 (468)
‐125
‐470
‐420
‐420

unit 8

‐0.59

‐544

Shrub
cover
percent
control
unit 3
unit 4
unit 5
unit 6
unit 8

Effect
size
dj

Mean
difference
percent
8.83 (10.37)
‐10.3
‐3.3
14.4
‐14.8
3.5

‐1.84
‐1.12
0.54
‐2.28
‐0.51

Tree
cover
percent
control
unit 3

Effect
size
dj
0.04

Mean
difference
percent
1.77 (41.8)
3.3

unit 4
unit 5
unit 6
unit 8

‐0.49
‐0.48
‐1.91
‐1.17

‐18.9
‐18.6
‐78.2
‐47.0

Shrubs
per ha

Effect
size
dj

Mean
difference
shrubs/ha
‐267 (2193)
‐1600
‐1040
2760
‐2760
1489

control
unit 3
unit 4
unit 5
unit 6
unit 8

65

‐0.61
‐0.35
1.38
‐1.14
0.80

Table 7. Effect size and mean difference for ground layer cover, C. pensylvanica
(Penn. sedge) cover, ground layer minus Penn. sedge cover, graminoid minus Penn.
sedge cover, forb cover, fern cover, nitrogen fixer cover, vine cover, ground layer
tree species cover, and ground layer shrub species cover.
Ground layer
cover
control
unit 3
unit 4
unit 5
unit 6
unit 8

Effect
size
dj
1.84
1.60
2.51
1.33
1.96

Ground layer
minus Penn.
sedge
control
unit 3
unit 4
unit 5
unit 6
unit 8

Effect
size
dj

Forb cover

Effect
size
dj

control
unit 3
unit 4
unit 5
unit 6
unit 8

0.81
0.88
1.91
1.66
1.32

0.52
0.50
0.35
0.64
‐0.06

Mean
difference
percent
‐85.1 (27.9)
‐33.7
‐40.5
‐15.0
‐48.0
‐30.5

Penn. sedge
cover

Mean
difference
percent
‐45.45 (29.35)
‐21.6
‐19.6
10.7
3.3
‐6.6

Graminoid
cover minus
Penn. sedge
control
unit 3
unit 4
unit 5
unit 6
unit 8

Effect
size
dj

Mean
difference
percent
‐6.5 (14.1)
0.8
0.5
‐1.6
2.5
‐7.3

Fern cover

Effect
size
dj

control
unit 3
unit 4
unit 5
unit 6
unit 8

control
unit 3
unit 4
unit 5
unit 6
unit 8
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Effect
size
dj
2.60
1.77
1.33
‐1.10
1.49

0.70
0.52
0.84
1.29
‐0.62

0.81
0.08
‐0.01
0.71
0.71

Mean
difference
percent
‐39.65 (10.6)
‐12.1
‐20.9
‐25.6
‐51.3
‐23.9
Mean
difference
percent
‐4.5 (6.3)
‐0.1
‐1.2
0.8
3.6
‐8.4
Mean
difference
percent
‐5.4 (7.62)
0.8
‐4.8
‐5.5
0.0
0.0

Table 7, continued.
Nitrogen fixer
cover
control
unit 3
unit 4
unit 5
unit 6
unit 8
Ground layer
tree cover
control
unit 3
unit 4
unit 5
unit 6
unit 8

Effect
size
dj
‐1.73
0.17
1.32
1.17
3.07

Mean
difference
percent
‐0.017 (.04)
8.3
4.4
15.3
0.2
0.3

Vine cover

Mean
difference
percent
‐7.8 (4.1)
‐14.9
‐7.1
‐2.4
‐3.0
4.8

Ground layer
shrub cover

Mean
difference
percent
0 (0)
8.0
3.9
15.6
0.0
0.0

control
unit 3
unit 4
unit 5
unit 6
unit 8

control
unit 3
unit 4
unit 5
unit 6
unit 8

Effect
size
dj
0.32
0.63
1.52
1.30
1.56

Mean
difference
percent
‐21.3 (16.4)
‐16.1
‐10.9
3.7
0.2
4.3

Seed Bank
Two hundred and twelve germinants represented by 21 species were identified
(Table 8). Mollugo verticillata and Cyperus lupulinus accounted for 136 of the 215
germinants. L. quadrifolia was the only germinant identified that was a barrens
indicator species. Management unit five and the control unit had the fewest
germinants, while unit eight had more than double any other unit (Table 9).
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Table 8. Number of germinants by species identified from the greenhouse
investigation of seed bank.
Species name
Mollugo verticillata
Cyperus lupulinus
Antennaria plantaginifolia
Verbascum thapsus
Oxalis stricta
Conyza canadensis
Dichanthelium
acuminatum
Lysimachia quadrifolia
Erechtites hieracifolia
Physalis heterophylla
Potentilla simplex
Rumex acetosella
C. pensylvanica
Chenopodium album
Viola sororia
Danthonia spicata
Chenopodium glaucum
Lactuca sp.
Muhlenbergia mexicana
Potentilla norvegica
Solanum ptycanthum
Total

Number of germinants identified
70
66
13
12
10
9
5
4
3
3
3
3
3
2
2
2
1
1
1
1
1
215

Table 9. Total number of germinants identified in the greenhouse for each
management unit.
Management Unit Germinants
Control
Unit 3
Unit 4
Unit 5
Unit 6
Unit 8
Total

17
29
26
16
39
88
215
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DISCUSSION
The WDNR has designated barrens communities as a high priority for restoration.
These communities are globally imperiled and support many endangered and
threatened species (WDNR, 2001). Many existing barrens are in various stages of
degradation, or are unmanaged. Quincy Bluff contains significant areas of barrens
communities. Situated in the bed of Glacial Lake Wisconsin, views of the
surrounding landscape are interrupted by several sandstone buttes, including Lone
Rock, Rattlesnake Mound, and Quincy Bluff. TNC purchased Quincy Bluff in the early
1990s and restoration of the degraded barrens commenced with a spring burn in
1993, ending fire suppression, which began in the late 1920s or early 1930s
(Cassidy, 2007).

Necedah National Wildlife Refuge (Necedah) is also located in the bed of Glacial
Lake Wisconsin and similarly has extensive areas of barrens communities. As part
of an adaptive management plan for Necedah, a model was developed to help
predict the response of barrens to natural disturbances and guide management
plans (Haney and Power, 1996). In this model, barrens succession leads to closed
canopy woodlands. Natural disturbances such as fire, insects, disease, grazing, and
browsing limit succession and maintain the barrens communities. After
management at Necedah was started the model was modified. Nielsen et al. (2003)
proposed that with fire suppression, barrens degrade to closed canopy woodlands
with many even‐aged oaks, loss of oak grubs, recruitment of a shrub layer, and
replacement of the highly diverse ground layer with a resistant sedge mat (C.
69

pensylvanica). Restoration, if started after degradation had proceeded beyond some
time threshold, resulted in an “oversimplified” ground layer dominated by C.
pensylvanica. This model was strongly influenced by Abrams et al. (1985), who
proposed a model with multiple successional pathways in a jack pine ecosystem.
One pathway resulted in arrested succession, with low species diversity, after the
establishment of C. pensylvanica dominance.

Managers at Quincy Bluff recognized the potential for landscape scale restoration to
a barrens community resembling presettlement conditions. Management has been
guided, in part, by studies done on the site. After the original purchase, efforts to
restore the barrens at Quincy Bluff began with a 16 ha spring burn in 1993 and have
continued with a combination of burning and timber harvests (Table 1). Based on
the understory response to prescribed burning and oak wilt, Pierce (1996)
recommended low intensity fires every two to three years to gradually increase
prairie/savanna species richness. Pierce also suggested that the response to fire in
areas dominated by C. pensylvanica might be increased competition from
prairie/savanna species and a subsequent decrease in sedge cover. The author
recognized this protocol would not have an impact on the overstory structure. In
1999, more extensive monitoring of Quincy Bluff was conducted and compared to
data collected before treatments were initiated (Nielsen et al., 2003).
Recommendations for restoration were for removal of the overstory by timber
harvest to achieve 40 to 50 percent canopy cover, followed by prescribed burning.
Cassidy (2007) studied the impacts of the June, 2004, tornado on the northern
portion of TNC managed Quincy Bluff and cautioned against relying on colonization
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from the surrounding landscape or recovery of natives previously on‐site. She
recommended planting of native savanna species as part of the restoration
prescription.

The current investigation, conducted 17 years after restoration efforts were
initiated, helps refine previously defined models and direct future management as
the adaptive management process intended (Haney and Power, 1996). Adaptive
management recognizes that strict adherence to the scientific method including the
use of appropriate controls and replication is a goal that is often difficult to
implement for private and public agencies. It is important not to discount the
results of studying management practices, applied at large spatial and temporal
scales in rare communities. Management prescriptions as applied at Quincy Bluff
did not provide for meaningful replication and the control transects, while
physically adjacent to the study site, were topographically distinct. However,
pretreatment data were collected and permanent transects were maintained,
allowing for temporal comparisons. The original transects were not independent,
limiting statistical analysis. Even with strict adherence to experimental design,
biological communities often have spatial and temporal heterogeneity that limits the
use of traditional statistical techniques (McCune and Grace, 2002). The addition of
randomly placed, biologically independent transects in this investigation allowed
for a more complete understanding of the heterogeneity of the study site.

Overstory Response
Measurable differences between the management units have occurred as a result of
various management prescriptions. Timer harvest and the impact of the tornado
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produced canopy cover and tree densities more consistent with historical barrens
communities. Overstory structural variables were similar for the control unit and
units three, four, and five suggesting that as many as six dormant season burns in 17
years did not meaningfully contribute to overstory mortality. At Allison Savanna 32
years of burning, high‐frequency fire (11 or more fires in 32 years) resulted in
declines of overstory density and basal area (Faber‐Langendoen and Davis, 1995).
The rate of decline was approximately 7 to 8 percent annually. A fire return
interval at our site of 2.3 to 3.3 years instituted over 17 years failed to approximate
the overstory density, cover, or basal area described in historical accounts of
barrens communities. While tree cover and density declined in unit four relative to
control, units three and four continued to have median canopy cover greater than
80 percent and some transects exceeded 120 percent. Tree composition was
consistent with that reported by Brown (1950); however, median tree density was
far in excess of his reported historical range of 4.9 to 19.8 trees per ha.

Understory Woody Response
High frequency burning for long periods of time results in a failure of recruitment of
seedlings to the larger size classes (Faber‐Langendoen and Davis, 1995). Repeated
burning in units three, four, and six removed essentially all woody vegetation over 1
m tall and less than 5 cm in diameter. Shrubs and small trees were common in the
unburned units, however, the composition varied. The control transects have not
experienced significant disturbance except for windthrow on one transect.
Succession has been allowed to proceed, and therefore A. rubrum, a shade tolerant
species (Burns and Honkala, 1990), was the most abundant mid‐story tree. In unit
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five, P. grandidentata was the most common mid‐story tree. P. grandidentata
reproduces vegetatively and produces large numbers of suckers after fire (Burns
and Honkala, 1990). The slightly lower median overstory cover, the heterogeneity
of overstory cover, and the burn in 2003 likely contribute to the presence of P.
grandidentata. Unit eight was burned twice prior to the tornado and currently oak
grubs dominate the shrub and small tree layer. Oaks reproduce from stump sprouts
(Sander, 1971) and likely survived the tornado, allowing for prolific sprouting.

At Allison Savanna (Faber‐Langendoen and Davis, 1995), there were few saplings or
seedlings after frequent fire. At Cedar Creek (Peterson and Reich, 2001), sapling
densities were nearly zero in the frequently burned units. At the same site (Tester,
1989), shrub density was relatively unchanged with frequent fire and cover for true
prairie shrubs increased; whereas non‐prairie shrub cover decreased. True prairie
shrubs, as defined by Tester (1989), were uncommon on our frequently burned
sites. Rubus allegheniensis was the most common species based on relative cover.
Of the top 15 species by relative cover, the unburned control unit actually had the
most “true shrub” species at four and unit five (one burn) and the control unit had
the highest relative cover of V. angustiflium (Appendix 6).

Oak seedlings, in the two management units with a short fire return interval, were
relatively common. However, recruitment to the small tree size was close to zero.
Peterson and Reich (2001) found that three years were necessary for oak sprouts to
reach 1.5 m in height, therefore a fire every two to three years would continually
top‐kill sprouts, preventing recruitment to the taller size class. The authors
73

recommended a combination of mechanical thinning and variable fire frequency to
balance obtaining overstory structure, recruitment of new cohorts, and control of
undesirable woody plants.

Ground Layer
Frequent surface fires under a closed canopy forest resulted in the lowest
contribution of all life forms to ground layer cover and the lowest species richness
in units three and four. Median ground layer cover in these two units was below 20
percent. Forb cover for all units was relatively and absolutely low. Leach and
Givnish evaluated 12 savanna sites in southern Wisconsin (Leach and Givnish,
1999). In sites that had scattered open‐grown oaks, a rich native plant understory,
and a recent history of fire they found that soil texture and light gradient were the
most important predictors of ground layer composition. Forbs accounted for 64
percent of the total herb cover. On sites with the most sand and the most light
availability, graminoid cover exceeded forb cover. Among the graminoids, C4
grasses dominated in the brightest microsites, C3 grasses in the shadier microsites,
and sedges in the shadiest microsites. Meisel et al. (2002) also found that grasses
dominated in open areas with poor soil and C. pensylvanica was common and
abundant under heavy canopy. All of the sites at Quincy Bluff are located on sandy
soils (Jakel, 1980). Graminoid cover appeared to increase with increased light
availability, however, C. pensylvanica and introduced cool‐season grasses were
common. Tester (1989) stated that true prairie grasses comprise a major
proportion of the herbaceous cover at Cedar Creek and true prairie grass cover
increased with frequent fires. At Quincy Bluff, native grasses were very infrequent
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in units three and four despite frequent burning. Light availability, rather than
burning, may be more important in determining grass cover (Leach and Givnish,
1999; Meisel, 2002).

Species identified as modal and having a high fidelity for oak and pine barrens
(Curtis, 1959; Bray, 1960; Will‐Wolf and Stearns, 1999) did not meaningfully
increase in presence or relative cover. Management units three and four have not
seen an increase in barrens indicator presence. Species richness and ground layer
cover were lowest for these two units. Barrens indicator cover decreased 285
percent and 375 percent for unit three and four, respectively. Barrens indicator
richness remained the same in unit three and declined from 14 to 10 in unit four.

NMS ordination demonstrated significant understory compositional overlap
between management units five and the control. Results from MRPP analysis show
that all management units except unit five were different than the control unit.
Given its topographical similarity and proximity, unit five likely represents a control
for unit four. Species richness was 12.5 percent greater in unit five than in unit four.
The temporal changes in basal area, tree cover, and tree density in unit five were
nearly identical to unit four. This demonstrates more conclusively that the
overstory structural changes seen in unit four were unrelated to repeated burning
and species richness did not increase with frequent fires.

Species richness appears to be inversely correlated to tree cover, however, the
relationship between barrens indicator species richness and cover is not as simple.
In 1991 unit six was a nearly closed canopy woodland (average=97 percent,
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stdev=29 percent, range 63 to 143 percent) with few remaining barrens species.
Management unit six experienced the greatest decrease in overstory cover relative
to the control unit. Overstory cover and density most closely reflect historical
observations (Brown, 1950; Curtis, 1959). Barrens indicator richness increased,
however, it increased from four species to seven species and remained the lowest of
all units (unit five also had seven species). Prior to any treatment management, unit
eight had the most heterogeneity of tree cover (average=50 percent, stdev=42
percent, range 0 to 100 percent) and relatively high barrens indicator richness at 9
species. In 2010 median tree cover was almost zero and barrens indicator richness
was the highest over all units. Historical photos reveal widely spaced trees over
much of unit eight; however, lower elevation areas surrounding Duck Creek appear
to be without tree cover. Sequential photographs from 1937 to 2008 reveal a steady
closure of the canopy in the areas with scattered trees in 1937 (Appendix 3). In
contrast, the open areas remain relatively free of trees. The open areas may have
been a source of savanna species for recolonization of the closed canopy areas that
were cleared by the 2004 tornado.

Seed Bank
Based on our seed bank analysis of 975 core samples, it is unlikely that recruitment
of new, desirable species to Quincy Bluff will occur from this source. This is
consistent with findings from a sand prairie in Illinois (McNicoll and Augspurger,
2010). The four most common seed bank species identified at the Illinois site were
Antennaria plantaginifolia, M. verticillata, C. canadensis, and Linaria canadensis, and
these accounted for three of our top six seed bank species. Their conclusion was
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that management for increased richness or abundance of desirable species should
not rely on the seed bank. Understory species in barrens communities are not
evenly distributed; therefore seed bank sampling may significantly under represent
the true richness of the seed bank; however, review of the use of the seed bank for
restoration in European communities reached similar conclusions (Bossuyt and
Honnay, 2008).

In contrast, to a previous seed bank analysis done at Quincy Bluff (Pierce, 1996), C.
pensylvanica occurred as only three germinants in our sample. This change may
have occurred because absolute and relative cover of C. pensylvanica has been
reduced on the study site; furthermore, C. pensylvanica reproduces vegetatively and
individual plants may not produce seeds for seven to eight years (Bernard, 1990).

Heterogeneity
Barrens communities are heterogeneous, patchy communities (Curtis, 1959) with
high diversity at a variety of temporal and spatial scales (Leach and Givnish, 1999).
Significant heterogeneity was demonstrated within and among management units at
Quincy Bluff. Heterogeneity likely reflected edaphic, topographical, and light
availability characteristics of the site. Soil texture, soil quality, and light availability
strongly influence ground layer composition (Leach and Givnish, 1999; Meisel et al.,
2002). The patchy distribution of the barrens canopy creates a broad range of
microsites, which influence the highly diverse suite of species and guilds.
Heterogeneity was apparent at Quincy Bluff by simple observation, but is also
reflected in the interquartile range, sample range and number of possible outliers
depicted in box plots for each response variable ( Figure 5). MRPP analysis
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demonstrated that the management units differed in species composition. NMS
ordination represented patterns of species composition and abundance with
substantial differences between management units (Figure 8).

Leach and Givnish (1999) recognized the implications of this heterogeneity for
conservation. The internal patchiness and the juxtaposition of sunny and shady
microsites support a high diversity of plants and subsequently support rare and
endangered animals. Spatial and temporal heterogeneity may be necessary for the
diversity associated with intact barrens communities, but may not be sufficient. The
length of degradation may limit restoration potential. Vogel (1964) predicted that
many savanna species would be eliminated following succession, thereby limiting
restoration after prolonged periods without disturbance.

Period of Degradation
Nielsen et al. (2003) concluded that most savanna species were unable to persist in
the ground layer as a result of the length of degradation at Necedah. Fire
suppression at Necedah began in the 1930s. No significant disturbance had
occurred on the site for approximately 60 years. Timber harvest occurred in 1996,
1997, and 1998 followed by prescribed fires in 1998 and 1999. Monitoring of the
site in 1999 demonstrated an increase in species richness, C3 grasses, bracken‐fern,
modal savanna, and modal grassland species relative to control. No increase was
seen in C4 grasses or legumes. However, the magnitude of the changes observed
was small relative to the near domination of the site by C. pensylvanica before and
after treatment.
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In contrast, prescribed fire at Cedar Creek began in 1964 following 30 years without
fire (Tester, 1989). Species richness, including “true prairie” species, increased with
increasing fire frequency. Tester (1989) recommended burning two consecutive
years, followed by two years without fire to maximize species richness. After 30
years of burning at this site, Peterson and Reich (2008) demonstrated maximum
forb and grass richness with biennial fires. Total species richness was maximized
with intermediate canopy cover.

Historical photos and tree ring data (Haney and Apfelbaum, unpublished report)
confirm that most of the current canopy trees recruited to Quincy Bluff in the 1920s
and 1930s. A recent investigation confirmed that a significant increase in oak
recruitment began around 1920 (Vine, unpublished report). Historical photos
demonstrate that canopy closure was complete for most of the site by 1957. A
quantitative analysis of tree cover of the Quincy site (excluding wetlands), using GIS
techniques, revealed a total canopy cover of 41 percent in 1941 and 82 percent in
1981 (Cassidy, 2007). Current management did not begin until 1993 and the first
meaningful reduction in canopy cover occurred on only two management units
starting in 1995 and 2000. It is likely that Quincy Bluff did not experience a
significant disturbance for approximately 65 years and had nearly complete canopy
closure for approximately 40 years. Cassidy (2007) reviewed species lists from
three sites similar to Quincy Bluff, visited by Curtis in the 1950s, and found that the
number of species and the similarity of species were not at all similar. The absolute
and relative number of native species was much lower at the Quincy Bluff site.
Vegetative monitoring in 2010 confirmed that meaningful increases in barrens
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indicator species has not occurred as the result of management at this site. It
appears that Quincy Bluff has exceeded a resilience threshold, as postulated by
Nielsen et al. (2003).

The differences in response between the Quincy, Necedah, and Cedar Creek sites
may reflect the length of time between the start of fire suppression and
implementation of restoration. The degree to which the understory was dominated
by C. pensylvanica may have influenced the results. The relationship between
degree of degradation and C. pensylvanica cover is unclear. Models predicting
altered understory dynamics (Nielsen et al., 2003) and arrested succession (Abrams
et al., 1985) as the consequence of C. pensylvanica are limited by relatively short
periods of observation and may not continue through time. At Quincy Bluff C.
pensylvanica became less important as a species in terms of absolute cover and
relative cover for all of our management units. In 1991, 1994, and 1999 C.
pensylvanica had the highest relative cover of all understory species in all transects.
In 2010 C. pensylvanica relative cover remained the highest among the control
transects. C. pensylvanica was replaced by Quercus seedlings in units three, six, and
eight and by A. bracteata in unit five. C. pensylvanica remained in the top three for
relative cover in each management unit. C. pensylvanica dominance in the seed bank
also appears to be substantially diminished.

The recruitment of new species to Quincy Bluff is dependent on seed dispersal,
regeneration from the seed bank, and vegetative means. Propagule availability is
limited at Quincy Bluff. Seed limitation has been shown to be an important factor
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limiting increases in species richness on a similar site (Foster and Tilman, 2003).
Seed bank analysis failed to demonstrate meaningful numbers of viable seeds of
desirable species. Most seeds disperse over short distances (Willson, 1993). Local
sources at Quincy Bluff are limited because of the low richness of barrens species.
Several prairie restorations have been initiated on adjacent communities and may
provide a seed source in the future. Historically these prairies were used for grazing
and agriculture and were poor in native species. Management unit eight probably
had the most spatial heterogeneity prior to initiating management. This may have
allowed for the persistence of species despite prolonged canopy closure for a
portion of the unit. Long distance dispersal at Quincy Bluff is unlikely because
agriculture, pine plantations, and degraded communities dominate the surrounding
landscape. The addition of new species, either by planting or seeding, is likely to be
necessary (Foster and Tilman, 2003). Many of the plants on our list of barrens
indicator species would do poorly in a closed canopy environment, therefore timber
harvest to reduce canopy cover, in a timely fashion, will also be necessary.
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SUMMARY AND MANAGEMENT IMPLICATIONS
Oak‐pine barrens in the upper Midwest are rare communities. Quincy Bluff is a
landscape scale site with large areas of oak‐pine barrens in various stages of
restoration and degradation. Previous studies have demonstrated relatively low
species richness, few barrens species, areas dominated by C. pensylvanica, and
varied responses to natural and human directed disturbance. Recommendations
from these studies have varied from regular low intensity fires, to removal of the
overstory followed by regular surface fires, to planting of native species. Our results
indicate that approximately seven decades of fire suppression and four decades of
canopy closure have reduced the potential of the site to recover understory
diversity consistent with historical accounts of similar barrens communities.
Management prescriptions will need to address the low propagule availability,
current and historical heterogeneity of the site, and resilience of the overstory to
repeated surface fires. C. pensylvanica appears to be less dominant on much of the
study site, and may continue to be a management concern at specific locations or
following specific management prescriptions.
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APPENDICES
Appendix 1. Historical photos of management unit three. These photos represent
the same location in the central portion of unit three.
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Appendix 2. Historical photos of management unit four. These photos represent
the same location in the southern portion of unit four.
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Appendix 3. Historical photos of management unit eight. These photos represent
the same location in the west and central portion of unit eight.
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Appendix 4. Bird survey conducted on management unit four at Quincy Bluff
during 2010.
In 1992 Haney and Apfelbaum (unpublished report) conducted five bird censuses of
a 250 by 250 m grid in the northeast portion of management unit four, 10 May
through 27 June. Twenty‐four species were identified (Table 9). No information is
available about relative abundance. Nine additional point count locations were
added to unit four in 2010. Using ArcMap version 9.3.1 a 125 m buffer was created
around unit four. Within this buffer a randomly selected point was used to establish
two north south transects separated by 125 m. Point count locations were placed
every 200 m along these transects. Point count locations were identified with a GPS
and permanently marked with a steel fence post.
In 2010 Alyssa Untiedt, an undergraduate at UWSP, conducted bird surveys on five
days: 10 May, 20 May, 25 May, 24 June, and 29 June. Starting time ranged from 6:00
to 7:00 am and ending time ranged from 8:30 to 9:45 am. Starting temperature
ranged from three to 22C and ending temperature ranged from seven to 27C.
Wind speed never exceeded 15 km/hr. Each day point counts were conducted at
the four corners of the previous 250 by 250 m grid and at the nine newly
established locations (Figure 9). Starting location and order of visiting point count
locations was varied each day. Species were recorded as present if the bird was
heard or seen at any distance within management unit four during five minutes at
each location. Relative abundance for each species was calculated. If a bird was
present at all 13 locations on all five days then the relative abundance for that
species was 65.
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Figure 9. Point count locations for 2010 bird surveys conducted in management
unit four of Quincy Bluff in 2010.
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Forty‐one species were identified in 2010 (Table 9). Of the top five species, based
on relative abundance, American robin (Turdus migratorius) and Northern flicker
(Colaptes auratus) were not observed in 1992. The American robin is a common
bird that can be found in urban settings as well as deciduous woodlands,
shrublands, and forests after fires and logging. The Northern flicker spends lots of
time on the ground and is found in open habitats near trees (The Cornell Lab of
Ornithology, 2009).
Savannas appear to have few specialist bird species, however several studies
suggest that red‐headed woodpeckers (Melanerpes erythrocephalus) may be more
abundant in savannas and woodlands (Brawn, 2006; Grundel and Pavlovic, 2007).
Red‐headed woodpecker abundance has been declining in the Midwest for decades
(Sauer et al., 2008). Red‐headed woodpeckers are short distance migrants, with
some individuals present all year (Wisconsin Bird Conservation Initiative, 2010).
Their winter range is dependent on a source of acorns, so oak trees are important
for maintaining healthy woodpecker populations. Red‐headed woodpeckers nest in
the trunks of dead trees and when attending the nest spend considerable amounts
of time in the nest cavity (Reller, 1972). Red‐headed woodpeckers can be territorial
and aggressive toward other bird species particularly in the winter when foraging
for food. Red‐headed woodpeckers forage on the ground and also hawk insects
(Reller, 1972).
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Table 10. Common name and relative abundance of birds observed during point
count surveys in 2010. Common names of birds observed during censuses in 1992.
Species identified in 2010 Relative abundance in 2010
Eastern Wood Peewee
American robin
Blue jay
Red‐headed woodpecker
Northern Flicker
Chipping sparrow
White‐breasted nuthatch
Great crested flycatcher
Rose‐breasted grosbeak
Black‐capped chickadee
Brown‐headed cowbird
Scarlet tanager
Red‐eyed vireo
Mourning dove
Downy or Hairy woodpecker
Black and white warbler
Red‐tailed hawk
Eastern phoebe
American Redstart
Blackburnian warbler
Warbling vireo
Kentucky warbler
Least flycatcher
Pileated woodpecker
Wild turkey
American crow

38
34
29
20
19
17
16
14
12
12
10
10
10
9
7
5
4
4
3
3
3
3
3
3
3
2

Species identified in 1992
Eastern Wood Peewee
Blue jay
Red‐headed woodpecker
White‐breasted nuthatch
Great crested flycatcher
Rose‐breasted grosbeak
Black‐capped chickadee
Brown‐headed cowbird
Scarlet tanager
Hairy woodpecker
Black and white warbler

Blackburnian warbler

Pileated woodpecker
Wild turkey
Tennessee warbler
Chestnut‐sided warbler
Ovenbird

Black ‐throated blue warbler
Black‐throated green warbler
Brown creeper
Red‐eyed vireo

2
2
2
2

Turkey vulture

2

Red‐eyed vireo
Parula warbler
Ruby‐throated Hummingbird
Ruffed Grouse
Yellow‐rumped warbler
Yellow‐throated warbler

Veery
Willow flycatcher
Wood thrush
Field sparrow
Gray catbird
Red‐winged blackbird
Tufted titmouse
Wood duck
Yellow warbler

2
2
2
1
1
1
1
1
1
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Red‐winged blackbird

The WDNR (WDNR, 2006b) recommends protection of snags, removal of invasive
shrubs, controlled burns, and timber thinning as management strategies for red‐
headed woodpeckers. The Necedah National Wildlife Refuge, in central Wisconsin,
has studied land management and its impacts on nesting abundance. (King et al.,
2007). They concluded that red‐headed woodpecker abundance is highest after
controlled burning. The birds prefer to nest in dead trees or in dead limbs on living
trees; they prefer large trees with cavities in trees with an average diameter greater
than 17 inches. Savanna restoration at this site resulted in approximately 70 trees
per ha and 32 snags per ha. An interesting aspect of this study was the importance
of fire. Timber harvest alone created the structure and composition of a savanna,
however burning was necessary to provide the snags required for woodpecker
nesting. Restoration success with similar methods has also been demonstrated by
Brawn (2006).
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Appendix 5. Species observed at Quincy Bluff and Wetland Area during 2010
sampling.
Scientific name
Acer rubrum
Achillea millefolium
Agrostis scabra
Ambrosia sp.
Amelanchier
Amorpha canescens
Amphicarpaea bracteata
Andropogon gerardii
Anemone cylindrica
Anemone quinquefolia
Antennaria plantaginifolia
Apocynum androsaemifolium
Apocynum cannabinum
Aquilegia canadensis
Arabis lyrata
Aralia nudicaulis
Arenaria lateriflora
Aronia melanocarpa
Artemisia campestris
Asclepias amplexicaulis
Asclepias sp.
Asclepias syriaca
Asclepias verticillata
Aster lanceolatus
Aster oolentangiensis
Bidens sp.
Bromus inermis
Bryophytes
Calystegia spithamaeae
Carex bicknellii
Carex foenea
Carex muhlenbergii
Carex pensylvanica
Carex siccata
Carex sp.
Carex trichocarpa
Ceanothus americanus
Ceanothus herbaceus
Celastrus scandens

Common name
red maple
common yarrow
rough bent grass
ragweed
Juneberry
lead‐plant
American hog‐peanut
big blue‐stem
thimbleweed
wood anemone
plantain pussy‐toes
spreading dogbane
hemp‐dogbane
wild columbine
lyrate rock‐cress
wild sarsaparilla
wood sandwort
black chokeberry
field sage‐wort
clasping milkweed
milkweed
common milkweed
whorled milkweed
panicled aster
azure aster
beggar‐ticks
smooth brome
moses/liverworts/hornworts
low bindweed
Bicknell's sedge
bronze‐headed oval sedge
Muhlenberg's sedge
Pennsylvania sedge
running savanna sedge
sedge
hairy‐fruit sedge
New Jersey tea
prairie red‐root
American bittersweet
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Guild

Nitrogen
fixer

tree
forb
graminoid
forb
tree
shrub
yes
vine
yes
graminoid
forb
forb
forb
forb
forb
forb
forb
forb
forb
shrub
forb
forb
forb
forb
forb
forb
forb
forb
graminoid
forb
graminoid
graminoid
graminoid
graminoid
graminoid
graminoid
graminoid
shrub
yes
shrub
yes
vine

Barrens
indicator

yes

yes

yes

yes

Chenopodium album
Cirsium arvense
Cirsium vulgare
Comandra umbellata
Comptonia peregrina
Conyza canadensis
Coptis trifolia
Coreopsis palmata
Cornus racemosa
Cornus sp.
Corylus americana
Crepis tectorum
Cystopteris fragilis
Danthonia spicata
Desmodium glutinosum
Dichanthelium acuminatum
Dichanthelium depauperatum
Dichanthelium oligosanthes
Dichanthelium ovale
Dichanthelium xanthophysum
Diphasiastrum digitatum
Dryopteris carthusiana
Dryopteris sp.
Elymus trachycaulus
Elytrigia repens
Erigeron strigosus
Euphorbia corollata
Euthamia graminifolia
Festuca sp.
Fragaria sp.
Fragaria vesca
Fragaria virginiana
Galium boreale
Galium sp.
Galium trflorum
Gaultheria procumbens
Gaylussacia baccata
Geranium maculatum
Gnaphalium obtusifolium
Hedeoma hispida
Helianthemum bicknellii
Helianthus occidentalis
Helianthus strumosus

common lamb's quarters
Canada thistle
bull thistle
bastard‐toadflax
sweet‐fern
Canadian horseweed
three‐leaved gold‐thread
prairie coreopsis
gray dogwood
dogwood
American hazelnut
hawk's‐beard
bladder fern
poverty oat grass
pointed tick‐trefoil
hairy panic grass
poverty panic grass
Scribner's panic grass
stiff‐leaved panic grass
pale panic grass
groundcedar
toothed wood fern
wood fern
slender wheat grass
quackgrass
daisy fleabane
flowering spurge
grass‐leaved goldenrod
fescue
strawberry
hillside strawberry
wild strawberry
northern bedstraw
bedstraw
sweet‐scented bedstraw
wintergreen
huckleberry
wild geranium
fragrant cudweed
rough pennyroyal
hoary frostweed
western sunflower
rough‐leaved sunflower
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forb
forb
forb
forb
shrub
yes
forb
forb
forb
shrub
shrub
shrub
forb
fern
graminoid
forb
yes
graminoid
graminoid
graminoid
graminoid
graminoid
Lycopodiaceae
fern
fern
graminoid
graminoid
forb
forb
forb
graminoid
forb
forb
forb
forb
forb
forb
forb
shrub
forb
forb
forb
forb
forb
forb

yes
yes

yes

yes
yes

yes

yes

yes

yes

Hesperostipa spartea
Hieracium caespitosum
Hieracium scabrum
Ilex verticillata
Juncus dudleyi
Koeleria macrantha
Krigia biflora
Lechea stricta
Lespedeza capitata
Liatris aspera
Liliaceae
Linaria canadensis
Lupinus perennis
Lysimachia lanceolata
Lysimachia quadrifolia
Maianthemum canadense
Maianthemum racemosum
Maianthemum stellatum
Monarda fistulosa
Muhlenbergia mexicana
Oryzopsis pungens
Osmunda cinnamomea
Oxalis stricta
Parthenocissus quinquefolia
Phemeranthus rugospermus
Physalis heterophylla
Physalis virginiana
Poa compressa
Poa pratensis
Poa sp.
Polygala polygama
Polygonatum biflorum
Polypodium virginianum
Populus grandidentata
Populus tremuloides
Potentilla arguta
Potentilla simplex
Prunella vulgaris
Prunus serotina
Prunus virginiana
Pteridium aquilinum
Quercus alba
Quercus macrocarpa

porcupine grass
yellow king‐devil
rough hawkweed
common winterberry
Dudley's rush
June grass
false‐dandelion
prairie pinweed
round‐headed bush‐clover
rough blazing‐star
lily
blue toadflax
wild lupine
lance‐leaved yellow loosestrife
whorled loosestrife
Canada mayflower
false Solomon's seal
little false Solomon's seal
wild bergamont
Mexican muhly
mountain rice grass
cinnamon fern
tall wood‐sorel
Virginia creeper
prairie fame‐flower
clammy ground‐cherry
Virginia ground‐cherry
Canada bluegrass
Kentucky bluegrass
bluegrass
purple milkwort
Solomon's seal
rock polypody
big‐toothed aspen
quaking aspen
prairie cinquefoil
old‐field cinquefoil
heal‐all
wild black cherry
chokecherry
bracken fern
white oak
bur oak
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graminoid
forb
forb
shrub
graminoid
graminoid
forb
forb
forb
yes
forb
forb
forb
forb
yes
forb
forb
forb
forb
forb
forb
graminoid
graminoid
fern
forb
vine
forb
forb
forb
graminoid
graminoid
graminoid
forb
forb
fern
tree
tree
forb
forb
forb
tree
tree
fern
tree
tree

yes
yes
yes

yes
yes
yes
yes
yes

yes

yes

yes

Quercus rubra
Quercus section Lobatae
Quercus section Quercus
Quercus sp.
Quercus velutina
Rhus hirta
Rosa carolina
Rose
Rubus allegheniensis
Rubus flagellaris
Rubus idaeus
Rubus occedentalis
Rubus sp.
Rubus steelei
Rudbeckia hirta
Rumex acetosella
Schizachyrium scoparium
Scutellaria parvula
Sisyrinchium campestre
Smilax lasioneura
Smilax tamnoides
Solidago canadensis
Solidago gigantea
Solidago hispida
Solidago missouriensis
Solidago nemoralis
Solidago speciosa
Solidago sp.
Spiraea alba
Taraxacum officinale
Tephrosia virginiana
Teucrium canadense
Toxicodendron rydbergii
Tradescantia ohiensis
Tragopogon dubius
Trientalis borealis
Uvularia sessilifolia
Vaccinium angustifolium
Verbena hasta
Viola pedata
Viola pedatifida
Viola sororia
Viola sp.

red oak
red oak section
white oak section
oak
black oak
staghorn sumac
pasture rose
rose
common blackberry
common dewberry
red raspberry
black raspberry
bramble
Steele's dewberry
black‐eyed Susan
sheep sorrel
little blue‐stem
small skullcap
prairie blue‐eyed grass
common carrion flower
bristly greenbrier
Canadian goldenrod
late goldenrod
hairy goldenrod
Missouri goldenrod
gray goldenrod
showy goldenrod
goldenrod
white meadowsweet
common dandelion
goat's‐rue
American germander
western poison‐ivy
common spiderwort
greater sand goat's‐beard
American starflower
sessile bellwort
early low blueberry
blue vervain
bird's‐foot violet
prairie violet
common blue violet
violet
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tree
tree
tree
tree
tree
shrub
shrub
shrub
shrub
shrub
shrub
shrub
shrub
shrub
forb
forb
graminoid
forb
forb
vine
vine
forb
forb
forb
forb
forb
forb
forb
shrub
forb
forb
yes
forb
vine
forb
forb
forb
forb
shrub
forb
forb
forb
forb
forb

yes
yes
yes

yes

yes

yes

Vitis riparia
Zanthoxylum americanum

river bank grape
common prickly‐ash
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vine
shrub

Appendix 6. Fifteen most common species, as determined by relative cover, for each management unit sampled in
2010.
Management Unit
Control

Management Unit
Unit 3

Management Unit
Unit 4

Management Unit
Unit 5

Management Unit
Unit 6

Management Unit
Unit 8

Carex pensylvanica

Quercus section
Lobatae
Amphicarpaea
bracteata
Carex pensylvanica

Amphicarpaea
bracteata
Carex pensylvanica

Amphicarpaea
bracteata
Carex pensylvanica

Quercus section
Lobatae
Carex pensylvanica

Quercus section
Lobatae
Carex pensylvanica

Quercus section
Lobatae
Pteridium aquilinum

Pteridium aquilinum

Desmodium
glutinosum
Carex sp.

Schizachyrium
scoparium
Euphorbia corollata

Lysimachia
quadrifolia
Asclepias syriaca

Vaccinium
angustifolium
Rubus allegheniensis

Prunus serotina

Rubus steelei
Rumex acetosella

Desmodium
glutinosum
Quercus rubra

Rubus steelei

Amphicarpaea
bracteata
Rubus allegheniensis

Gaylussacia baccata
Vaccinium
angustifolium
Coptis trifolia
Acer rubrum
Andropogon gerardii
Rubus steelei
Quercus section
Lobatae
Corylus americana

Desmodium
glutinosum
Quercus alba
Lysimachia
quadrifolia
Pteridium aquilinum
Rumex acetosella

Gaylussacia baccata

Cornus racemosa

Lysimachia
quadrifolia
Andropogon gerardii

Asclepias syriaca

Poa pratensis

Corylus americana

Rhus hirta

Quercus section
Lobatae
Carex siccata

Lysimachia
quadrifolia
Galium boreale

bryophytes

Quercus alba

Vaccinium
angustifolium
bryophytes
Elytrigia repens

Rubus allegheniensis

Pteridium aquilinum

Helianthemum
bicknellii
Asclepias syriaca

Comptonia peregrina

Rubus allegheniensis

Rubus sp.

Rosa carolina

Euphorbia corollata

bryophytes
Carex siccata

bryophytes
Gaylussacia baccata

Vaccinium
angustifolium
Carex siccata
Andropogon gerardii

Poa pratensis
Solidago canadensis

Osmunda
cinnamomea

Quercus rubra

Gaylussacia baccata

bryophytes

Prunus serotina
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Zanthoxylum
americanum

Hieracium
caespitosum
Solidago speciosa
Rubus idaeus
Ceanothus
americanus
Pteridium aquilinum

Appendix 7. Photographs of individual transects depicting temporal changes.

Transect 352 in unit three, 1999.

Transect 352 in unit three, 2010.
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Transect 366 in unit four, 1999.

Transect 366 in unit four, 2010.
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Transect 357 in unit five, 1999.

Transect 357 in unit five, 2010.
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Transect 371 in unit six, 1999.

Transect 371 in unit six, 2010.
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Transect 309 in unit eight, 1994.

Transect 309 in unit eight, 2010.
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