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INTRODUCTION

At the time of European settlement, the northern border of the prairie peninsula was
a broad mosaic of prairie and oak-dominated savanna and woodland, (Curtis 1959, Davis
1977, Anderson 1983) This pattern was primarily climatically induced and controlled by fire,
with timber persisting on the lee side of firebreaks such as topographic relief and water
courses {Gleason 1913, Moran 1978, 1980, Anderson 1991, Leitner ef of., 1991} and shifling
with changing climatic conditions (Grimm 1983, 1984) Because of wide-scale deterioration
from fragmentation. fire suppression, and overgrazing, this vegetafion remains POOTTY
understood and difficult to classify (Apfelbaum & Haney 1991 Faber-Langendoen 21 press),
and has high conservation and restoration priorities (¢.g. Burger ef al. 1991, Stearns i pressy.

Due 1o the lack of information or supportive data on savanna, woodland, or barrens,
managers and restorationists often rely on historical descriptions and assumed ecological
relationships. For example, presettlement burnmg is often assumed to have maintained a
savanna-woodland continuum with a gramineid fuel matrix {e.&- Apfelbaum & Haney 1991,
Withelm 1991, Packard 1991, Packard 1993). Woody understory vegetation structure 1s
rarely discussed in this context and is often removed by managers. However, this has come
under debate in the Chicago region of Illinois (Mendelson ef ¢/ 1992, Whelan & Dilger 1992,
Packard 1993) Thus, as more oak savanna and waoodland recovery efforts are imtated. the
fates of their woody understories become the focal point of management decisions

Studies of the Goverament Public Land Survey (PLS) witness tree data {Moran 1970,
1980, Rogers & Anderson 1979, Leitner ¢/ al 1991) have used arbitrary tree density classes
to map savanna and woodland in relation to landscape features. However, these studies have
rarely provided information on the presence and structure of woody understory vegetation,
which appears critical to understanding and guiding management and restoration of oak
savanna and oak woodlands In this paper we examine effects of different landscape features
on savanna and woodland patterns and structure at the time of settlement  Research
questions were: 1} how well do landscape firebreak features correlate with patterns of prairie,
savanna. and woodland, 2} to what degree do these features affect woody species structure
and composition of savanna and woodland, 3) can this information be used to help manage
and restore native cak communities”’

STUDY AREA

We analyzed the ca. 1840 PLS data from Batavia, Blackberry, and Winfield townships
in Kane and DuPage counties, northeastern Hlinois. Surficial stratigraphy includes alternating
glacial moraines and outwash crossed by drainages (Figure 1) From west to east. these
features include the Elburn Moraine, which 1s drained by Blackberry Creek, the St Charles
Moraine, which is drained bv Mill Creek and Nelson {_ake. the Fox River. the Minooka
Moraine. and the West Chicago Moraine, which is crossed by the DuPage River
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Maximum relief between outwash and moraines is about 50 feet east of the Fox River and
over 100 feet west of the Fox River. The PLS mapped timber in four areas, the largest of
which was the "Big Woods" east of the Fox River (Figure 1},

METHODS

PLS notes for the study area provided the identity, diameter, distance, and direction
for two to four witness or line trees at half-mile intervals along a grid of 1-mile section lines,
and summarized presence and species of woody undergrowth along section lines. Using the
modified quarter method of Cottam & Curtis (1956), we calculated the relative densities and
basal areas of all trees, which were combined into importance values for four categories: open
savanna (<1-10 trees/ha), closed savanna (>10-50 trees/ha}, open woodland (>50-100
trees’ha) and closed woodland (>100 trees/ha). We then used frequency analysis to determine
the abundance of woody vegetation types recorded in section line summaries. This allowed
us to map and analyze woody vegetation patterns and structure present at the time of
settlement.

To determine the effects of landscape features on fire and vegetation, we compared
vegetation structure among wooded areas afforded different levels of fire protection. These
comparisons included woodland west of the Fox River, the Big Woods east of the Fox River,
and woodland west and east of the DuPage River on the West Chicago Moraine. We also
ordinated (McCune 1993) all section corner witness trees and quarter corner section line trees
to determine if moisture and fire gradients (sensu. Grimm 1984) could be related to species

distributions.

RESULTS

Distribution and Composition
Open and closed savanna and woodland occuppied 27%, 32%, 15%, and 26% of the

wooded landscape, respectively. Tracts west of the Fox River were 77% savanna, occupied
<25% of the overall landscape, and were closely associated with Blackberry Creek and the
Nelson Lake drainage (Figure 1). Surprisingly, few trees occurred north of Mill Creek, which
crosses the St. Charles Moraine from northwest to southeast. Six tree species occurred west
of the Fox River, where bur oak (Quercus macrocarpa) and white oak (Q. alba) comprised
81% of all trees sampled by the PLS. Timber occupied >50% of the total landscape east of
the Fox River. Twelve tree species occurred in the Big Woods, which was 31% savanna.
Here, bur oak and white oak comprised only 33% of all trees sampled. Other dominant
species included Hill's oak ((. ellipsoidalis), red oak (Q. rubra), sugar maple (Acer
saccharum), and hickory (Carya sp.). On the West Chicago Moraine, savanna comprised
82% and 64% of the timber west and east of the DuPage River, respectively. Bur, red, and
white oak and hickory occurred on the West Chicago Moraine, with bur oak and white oak
sharing dominance. Barrens, from which witness trees were not usually recorded, also
occurred on the West Chicago Moraine (Figure 1). The ordination patterns suggest that tree
species occurred along fire tolerance and moisture gradients (Figure 2, Grimm 1984).




Structure
There were no apparent differences in tree size between timbered tracts. Mean tree

diameter was 17.6 cm west of the Fox River, 15.6 cm in the Big Woods, and 14.4 ¢cm on the
West Chicago Moraine. However, tree density was much higher in the Big Woods, with
211.6 trees’ha compared to 53.8 trees/ha west of the Fox River and 75.3 trees/ha on the West
Chicago Moraine.

Dramatic differences in importance values of different tree species occurred across
gradients of tree density, which are probably related to gradients of fire frequency or intensity
(Figure 3). West of the Fox River, bur oak was dominant in open savanna and shared
dominance with white oak in closed savanna, while white oak was dominant in open and
closed woodland. In the Big Woods, Hill's oak was dominant in open savanna and shared
dominance with bur oak in closed savanna. These species were replaced by red oak, white
oak, and sugar maple in woodland. Presence of the DuPage River affected tree dominance
and distribution on the West Chicago Moraine. Bur oak and red oak were most important
west of the DuPage River, while white oak was most important east of the river.

Wooded tracts throughout the study area were characterized by the PLS as either
"timber with undergrowth" or "timber without undergrowth.” At least 14 woody species
were recorded as undergrowth, but hazel (Corylus americana) was the only frequent species,
occurring in ~80% of all l-mile sample transects with undergrowth (Figure 4). This
undergrowth was most strongly associated with the east flanks of rivers. It was infrequent
west of the Fox River, but occurred on about 90% of the section lines in the Big Woods. On
the West Chicago Moraine, frequency of undergrowth was 42% and 66% west and east of

the DuPage River, respectively (Figure 5).

DISCUSSION

As ini other areas of the prairie/forest transition, landscape firebreaks clearly controlled
the position of prairie, savanna, and woodland on the presettlement landscape in northeastern
Hiinois (Figure 5). These communities were probably spatially and temporally dynamic, with
landscape processes such as drought induced growing season fires a primary factor in the
structure and condition of woody understory vegetation (Anderson 1982). In general, prairies
developed on level outwash or ground moraines, woodland persisted on the east flanks of
well-defined firebreaks, and savanna developed in areas of intermediate fire protection
(Gleason 1913, Moran 1978, 1980, Anderson 1991). In Batavia, Blackben'y, and Winfield
townships, open savanna and open woodland were less frequent than closed savanna and
woodland. Watercourses and topographic relief interacted as firebreaks, with tree density and
fire intolerant tree species increasing with increasing fire protection. The largest stream, the
Fox River, was the most effective firebreak, allowing persistence of fire-intolerant species
such as sugar maple. -In contrast, bur oak, a fire tolerant species, reached highest importance
in savanna west of the Fox River and west of the DuPage River on the West Chicago
Moraine. White and red oaks were more important in areas of intermediate fire protection,
but may have had different soil and moisture requirements.

The abundance of undergrowth and hazel has not been emphasized in PLS studies,
and hazel appears to have been an important species throughout the savanna-woodland
continuum. Since hazel has high light requirements and is fire adapted (Stearns 1974), its



abundance in the Big Woods suggests that either strong fire effects or dynamic gap formation
processes were present in closed woodland. Barrens, which were comprised of scrub oaks,
hazel and wild plum (Prunus americana), apparently represented a late stage of forest
degeneration with loss of canopy trees and persistence of undergrowth, and were converted
into forest "as by magic" (Gleason 1922) with settlement and fire protection.

These results have important implications and suggest that landscape analysis of PLS
data can be used to help guide management and restoration of community structure, patterns,
and processes for oak savanna, woodland, and barrens. Management for savanna would be
most applicable in areas of moderate topographic relief without protection of stream
firebreaks, while woodland management would be most applicable where more relief or
watercourses add to fire protection. Woody undergrowth dominated by hazel appears to
have been an important component of savanna, woodland, and barrens, and was most
frequent in areas receiving some landscape level of fire protection. Thus, clearing of all native
woody understory species should not be an overriding objective for management or
restoration of these communities, while restoring this component of the savanna-woodland

continuum appears to be of high importance.
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Figure 1. Presettlement woody vegetation pattern and structure in Blackberry, Batavia, and Winfield
townships, Kane and DuPage counties, IL.. Dashed lines are boundaries between outwash (OW) and
the Elburn (EMC), St. Charles (SCM), Minooka {MM), and West Chicago (WCM) moraines. Small
open circles are open savanna (<1-10 trees/ha), large open circles are closed savanna (>>10-50
trees/ha), small dots are open woodland (>50-100 trees/ha), and large dots are closed woodland
(>100 trees’ha) at section and quarter corners. Shading is timber with undergrowth, cross hatching
is barrens (B). Unmarked section comers and lines are prainie.
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Figure 2. Presumed ecological relationships among tree species in presettlement Blackberry, Batavia,
and Winfield townships, Kane and DuPage counties, IL; based on DECORANA ordination of PLS
section and quarter corner witness frees data. Axis one is increasing moisture gradient; axis two is
decreasing fire tolerance (sensu Grimm 1994).
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Figure 3. Effect of landscape position west or east (Big Woods) of the Fox River and west
or east of the DuPage River on tree species importance values in open (<1-10 trees/ha) and
closed savanna (>10-50), and in open (>50-100), and closed woodland (>100). No. of sample
plots (section & quarter corners) and No. of trees sampled are given in parentheses.
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Figure 4. Percent frequency of woody understory species recorded by the PLS from 97 I-mile
section line transects in Kane and DuPage counties in ~1840.
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Figure 5. Effects of landscape position west or east of rivers on proportion of savanna,
woodland, and woody undergrowth along section lines in Kane and DuPage counties in

~1840.




