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Abstract
We tested the assumption that sugar maple is replacing oaks 
in Chicago region forests by re-sampling 28 old growth upland
forests that were first sampled in 1976. These stands were
dominated by sugar maple, red oak, or white oak. Maple 
basal area increased over time, and its stem densities increased
in smaller size classes in maple and red oak stands. Oaks
decreased in basal area and in stem densities in all stands, with
the greatest loss in lower to mid size-classes. In the shrub layer,
these changes were accompanied by declines in dominant
shrubs and a shift toward dominance by tree saplings in maple
and red oak stands. Ages of declining oak cohorts indicate 
they originated in the mid-1800s, probably soon after European
settlement reduced fire frequencies; however old-growth
canopy oaks and maples are of pre-settlement origin. Causes of
oak mortality and shrub decline appear to be increasing shade
from canopy closure associated with forest succession and
stand maturation. Maple has played a role in these processes 
in maple and red oak stands, but not yet in white oak stands.
We attribute these changes to loss of landscape-scale fires that
maintained more open forests in the early 1800’s, although
over-browsing by white-tailed deer has recently contributed 
to loss of shrub layer vegetation on some sites. As these stands
shift to canopy gap replacement processes, oaks are likely to
decline further, as maples that now dominate the sapling layer
in most stands will most likely replace canopy oaks. A high
priority for management and research should be to understand
how to restore natural fire processes that will maintain oak
dominance and shrub layer diversity in these stands.

Background
Replacement of shade-intolerant fire-resistant oak (Quercus)
species by shade-tolerant fire-intolerant sugar maple (Acer 
saccharum) is a well-known successional process in midwestern
upland oak forests (McIntosh 1957; Pallardy et al. 1991;
Roovers & Shifley 1997). It is usually attributed to fire suppres-
sion (Curtis 1959; Lorimer 1985; Abrams 1992) and linked with
loss of biodiversity through decline of light and fire adapted
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understory plants (McIntosh 1957; Curtis 1959; Wilhelm 1991; Bowles et al. 2000).
Other potential causes of structural change in oak forests include self-thinning of
smaller size classes as forest canopies mature (Christensen 1977; Johnson et al. 2002),
over-browsing by eastern white-tailed deer (Strole & Anderson 1992; Anderson
1994), and invasion by alien species such as common buckthorn (Rhamnus cathartica)
and the honeysuckle Lonicera maackii (Apfelbaum & Haney 1991; Swink & Wilhelm
1994).

Despite concerns about deteriorating forest structure and composition, few studies
have documented such changes in Chicago region forests, nor clarified possible
cause and effect relationships. In this paper, we describe woody vegetation changes
in 28 maple-or-oak dominated old growth forests in the Chicago region of northeast-
ern Illinois (see Table 1 & Figure 1 in Bowles et al. 2000). The Illinois Natural Areas
Inventory (INAI) described these remnants as the last remaining old growth 
(Grade A) or old second growth (Grade B) upland forests in this region (White 1978),
and sampled them in 1976. We re-sampled them in 1997, and assessed twenty-
year changes in tree species basal area (BA), dominance (relative BA), size-class 
distribution, and changes in shrub layer stem densities and species richness. 

The INAI classified 26 of the 28 forest stands into 12 sugar maple/red oak (Acer 
saccharum-Q. rubra) dominated mesic stands and 14 white oak/red oak/black oak
(Quercus alba-Q. rubra-Q. velutina) dominated dry-mesic stands. Two additional
stands were flatwoods; one was red oak/pin oak/red maple (Q. rubra-Q. palustris-
A. rubrum) dominated and the second was swamp white oak/white oak/scarlet oak
(Q. bicolor-Q. alba Q. ellipsoidalis) dominated. Flatwoods are difficult to classify
because they occupy poorly drained uplands that retain water during much of 
the growing season and support species that occupy a wide range of moisture 
conditions. Exclusive of the flatwoods, we classified the sites into maple-dominated,
red oak-dominated and white oak-dominated stands, with red oak stands occupying
an intermediate drainage position between mesic and dry-mesic (Bowles et al. 2000). 
For this paper, we include the first flatwoods with red oak stands, and the second
with white oak stands. 

Methods
The INAI sampled each forest stand with 20 nested plots, which we re-sampled in
1997 (Bowles et al. 2000). Data used to compare temporal change included density 
of trees by 1-dm size-class in 0.025 hectare plots and density of shrub layer stems in
circular 0.001 hectare plots. We also aged dominant tree species with increment 
cores. Twenty-year changes in basal area, dominance and size class distribution 
were compared within each stand type. For this analysis, we used dominant and
sub-dominant tree species that occurred in all stand types and exceeded 5% 
dominance in at least one stand type. This group includes sugar maple, basswood
(Tilia americana), white ash (Fraxinus americana), red oak, white oak and bur oak 
(Q. macrocarpa). Because swamp white oak and bur oak can hybridize when they 
co-occur, these species were combined as “bur oak.” Basal area was calculated 
by using size-class medians as estimates of tree diameters, and dominance was 
calculated as the percentage of total basal area for each species within stand types
(Bowles et al. 2000). To analyze temporal change in the shrub layer, we partitioned
species data into three life-form groups: true shrubs, understory tree species (which
do not enter forest tree canopies) and tree saplings representing potential canopy
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trees. Percent change in stems/ha was calculated for life-form
groups as well as for dominant species. 

Results
Change in canopy structure
The three stand types differed in canopy structure primarily
among single dominant and subdominant species (Figure 1). 
In sugar maple stands, red oak was sub-dominant over other
secondary species, while red oak stands had sub-dominance 
of white oak, and white oak stands had sub-dominance of red
oak. White oak stands also tended to have lower dominance 
of white ash and basswood, and greater dominance of bur oak.
Across all stands, BA of sugar maple increased significantly 
(P = 0.017) over time, while BA of oaks dropped significantly
(P = 0.013). In all three stand types, maple gained from 6-9 %
in dominance (Figure 1). 

Figure 1. Temporal change in 
dominance (relative basal area) of
dominant and sub-dominant trees
among maple, red oak and white oak
forest stand types sampled by the
Illinois Natural Areas Inventory.
(Figure 1 continued on page 8.)
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Figure 1. Temporal change in dominance (relative basal area) of dominant and sub-
dominant trees among maple, red oak and white oak forest stand types sampled by
the Illinois Natural Areas Inventory.  

Red oaks decreased in dominance in maple and red oak
stands, but increased in white oak sands. White oaks decreased
in red oak and white oak stands. These changes were accompa-
nied by a 100% or more increase in maple stem densities in the
smallest size class, which was non-significant only in white
oak stands (Figure 2). In contrast, oaks underwent a significant
decline, dropping by 50% in mid-size classes.

Regression analyses of tree age vs. size indicate that, excluding
basswood, forest-grown trees exceeding 0.75 m diameter are
likely of pre-settlement (pre-1820) origin, and individuals
reaching 1 m originated prior to 1800. These analyses also 
suggest that the large cohorts of maple appearing in the 
smallest size class in 1997 originated in about 1950, while
declining oak cohorts in the > 3-4 and > 5-6 dm size classes
appear to have originated between 1820-1880. 

Change in shrub layer structure
The structure of shrub layer species groups differed among
stand types and changed significantly over time, with the
greatest decline among shrubs in oak stands (Figure 3). In
1976, shrub layer stem densities ranged from about 5,000
stems/ha in maple stands, which were dominated by tree
saplings, to 9,000 stems/ha in white oak stands, which were
dominated by shrubs. By 1997, total stem densities had
declined significantly (P < 0.0001) to about 3,000 stems/ha
across all stand types. This decline was accompanied by 
a significant (P < 0.0001) decrease from about 2.2 to 1.2
species/plot. 
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Figure 2. Change in
size class distribu-
tion of sugar maple
and oaks among
maple, red oak and
white oak stand
types. ANOVA:
Maple stands: maple
(P = 0.0106), oaks
(P < 0.0001), red
oak stands maple 
(P = 0.0188), oaks
(P < 0.0001), white
oak stands: maple 
(P = 0.2088), oaks
(P < 0.0001).
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Figure 3. Temporal
change in shrub layer
structure in maple,
red oak and white oak
stand types between
1976 and 1997.  
Chi-square: maple
stands (X2 = 5.886, 
P = 0.004), red oak
stands (X2 = 19.216,
P < 0.001), white oak
stands (X2 = 26.507,
P < 0.001).
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The distribution of dominant shrub layer species varied across
stand types (Table 1). In 1976, maple stands were dominated
by maple saplings, but also had a strong component of witch
hazel (Hamamelis virginiana) and maple-leaved arrow-wood
(Viburnum acerifolium). In 1976, red oak stands were also 
dominated by maple-leaved arrow-wood and maple saplings,
as well as choke cherry (Prunus virginiana), and had minor 
representation of eastern hop-hornbeam (Ostrya virginiana).
White oak stand shrub layers in 1976 were dominated by
downy arrow-wood (Viburnum rafinesquianum), gray dogwood
(Cornus racemosa) and American hazelnut (Corylus americana),
with moderate representation of eastern hop-hornbeam and
American hornbeam (Carpinus caroliniana). Almost all shrub
layer species declined by 1997, with dominance shifting to
maple saplings in both maple and red oak stands (Table 1).
Most species retained their dominance in white oak stands, 
but underwent substantial declines. The alien buckthorn was
rarely encountered in 1976; although it had increased by 1997,
it remained a minor component of all stands. 

Maple Red oak White oak

————stands———— ————stands———— ————stands————

Species/type 1976 1997 % change 1976 1997 % change 1976 1997 % change

True shrubs (total) 1400 545 -61.07 4400 1273 -71.07 5580 1555 -72.13

Prunus virginiana 150.00 42.33 -71.78 811.11 448.09 -44.76 220.00 85.00 -61.36

Viburnum acerifolium 310.00 195.77 -36.85 1155.55 125.68 -89.12 -------- -------- --------

Hamamelis virginiana 510.00 301.59 -40.86 -------- -------- -------- -------- -------- --------

Corylus americana -------- -------- -------- 222.22 38.25 -82.79 700.00 460.00 -34.29

Cornus racemosa -------- -------- -------- 588.89 103.93 -82.35 910.00 155.00 -82.97

Viburnum prunifolium -------- -------- -------- -------- -------- -------- 320.00 45.00 -85.94

Viburnum rafinesquianum -------- -------- -------- -------- -------- -------- 1840.00 230.00 -87.50

*Rhamnus cathartica 0.00 5.30 100.00 27.78 54.56 96.40 33.33 122.22 266.67

Small trees (total) 760 265 -65.13 467 148 -68.31 1750 935 -46.57

Ostrya virginiana 80.00 60.00 -25.00 188.89 89.33 -52.71 455.56 200.00 -56.10

Carpinus caroliniana 70.00 115.00 64.29 33.33 46.00 38.00 566.67 422.22 -25.49

Saplings (total) 3660 1561 -57.35 3511 1650 -53.00 1800 725 -59.72

Acer sacchrum 4080.00 1616.90 -60.37 1011.11 776.11 -23.24 166.67 122.22 -26.67

Ulmus rubra 230.00 15.00 -93.48 355.56 142.44 -59.94 266.67 50.00 -81.25

Fraxinus sp 70.00 95.60 36.57 455.56 98.00 -78.49 488.89 166.67 -65.91

Tilia americana 120.00 45.00 -62.50 611.11 128.67 -78.95 55.56 38.89 -30.00

Table 1. Density (in stems/ha) and percent change in total, dominant native, and
alien (*) shrubs, small trees, and tree saplings in old growth forest stands sampled by
the Illinois Natural Areas Inventory in the Chicago region of northeastern Illinois.
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Discussion
Processes of forest change
The woody composition and structure of Chicago region old-growth forests is linked
with historic pre-settlement and post settlement conditions. The pre-settlement 
ages of larger canopy trees indicates that these stands would have been exposed to
natural fire processes occurring before European settlement. The large number of
mid-size class oaks that originated during the early- to mid-1800s appears to have
been released by reduced fire frequencies associated with landscape fragmentation
that began after settlement (Anderson 1991). The appearance of these oaks also 
suggests that an open canopy structure in the mid-1800s allowed enough light to
promote their regeneration from seedlings or grubs (Bowles & McBride 1998).
Original fire processes appear to have been moderated by landscape fire breaks, as
maples and smaller oak cohorts co-occurred in more mesic stands that would have
received more fire protection (Bowles et al. 1994). Nevertheless, these smaller oak
cohorts also declined over time.

In the narrow time frame of 20 years, these forests have undergone substantial 
losses of oak saplings and native shrubs, with increasing dominance by sugar 
maple in maple and red oak stands. This pattern of changing structure represents
two interconnected processes of forest change that are closely linked with fire 
suppression. A successional process of increasing maple dominance and replacement
of oaks characterizes changes in mesic stands, while a stand maturation process best
describes the loss of subcanopy oaks in dry-mesic stands (e.g., Christensen 1977;
Abrams & Downs 1990; Oliver & Larson 1990; Abrams 1992). These changes occur
because oaks are relatively shade-intolerant and fire-tolerant, regenerating after 
disturbance and declining as closing forest canopies reduce shade and cause 
mortality of sub-canopy individuals (Crow 1988; Abrams 1992; Crow 1992; Will-Wolf
& Roberts 1993). Successional replacement by more shade tolerant maples occurs as
part of the maturation process when they are present or occur as adjacent seed
sources (Schlesinger 1976; Pallardy et al. 1991). The decline in shrub layer species
also appears to fit these models because many shrubs sprout after fire and are rela-
tively shade-intolerant, declining with increasing tree basal area (Loucks & Schnur
1976). An important finding is that the significant decline of oaks and shrub layer
species in white oak stands, and to some extent in red oak stands, has occurred with-
out significant maple invasion and appears linked with increasing oak canopy cover.
Oak forests are thus unstable without recurring disturbance (McCune & Cottam
1985; Abrams 1992; Will-Wolf & Roberts 1993).

These changes indicate that the stands we studied have shifted toward canopy gap
tree replacement processes, in which shade-intolerant oaks will not reproduce in the
face of increasing maple dominance and shade (e.g., Bray 1956; Schlesinger 1976;
Christensen 1977; Anderson & Adams 1978; Canham 1985; Abrams & Downs 1990;
Pallardy et al. 1991; Abrams 1992; Roovers & Shifley 1997). This process appears to
be much further developed in maple stands, which have comparatively lower 
structural and compositional diversity, as well as greater percent canopy cover
(Bowles et al. 2000).

The increasingly high population levels of eastern white-tailed deer in the Chicago
region (Witham & Jones 1990) are no doubt contributing to loss of woody plant
diversity in forest stands. Browsing was almost always evident in 1997, and probably
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contributed to reduced densities of shrubs. It reduced height of arrow-wood stems
from the shrub layer to the ground layer in one white oak stand; but, it also led to 
an increase in Carpinus caroliniana basal stem sprouts. Deer browsing also contributes
to mortality of oak seedlings (Buckley et al. 1998), and consumption of acorns may
also reduce oak recruitment. However, the significant losses of larger oak saplings 
is apparently not a direct result of deer browsing, but more likely an effect of
decreasing light availability due to canopy closure. Although the alien buckthorn
increased across all stand types, it remained at low densities and appears not to 
have caused the wide-scale loss of shrubs. 

Management challenges
Although the INAI described these forests as “old growth” or “old second growth,”
structural changes indicate that they are temporally unstable and will require fire
management to prevent further decline and to restore former levels of structure 
and diversity. Effective fire management may be difficult because of the advanced
degree of change in these forests and because we lack specific information on their
pre-settlement structure and the fire processes that maintained them (Anderson 1991;
Mendelson 1998). There is experimental evidence that reduction of canopy cover and
competing saplings increases oak survival and regeneration (Crow 1992; Lorimer et
al. 1994). However, larger trees that contribute to canopy shade may be fire-resistant,
and modeling suggests that major fire disturbance may be needed for regeneration 
of oak stands (Will-Wolf & Roberts 1993). These results raise relevant questions for
Chicago region old-growth forests—most importantly, can fire be used to maintain
oak-dominated old-growth structure that promotes oak regeneration in canopy gaps
and maintains a forest shrub-layer? The direct impact of different fire frequencies
and intensities on forest ground layer vegetation is also unknown, and fire may 
promote the spread and persistence of the alien garlic mustard (Alliaria petiolata) in
forests (Bowles et al. 2000; Luken & Shea 2000). The effect of fire on forest interior
birds is an important concern, as some species appear to decline with increasing fire
frequency—probably due to reduction of shrub layer and leaf litter habitats (Blake
2005). Potential fire effects on forest invertebrates are also an important concern, 
and there are almost no relevant data available from Midwest forests. For example,
species richness of springtails (Collembola), which are forest litter dwelling 
arthropods, is reduced by burning, although some species may prefer burned areas
(Brand 2002). Many factors other than fire can affect stand successional trajectories.
For example, loss of American elm (Ulmus americana) to Dutch elm disease in 
wet-mesic stands may promote increases of either shrubs (Dunn 1986) or maple
saplings (Bowles et al. 2003). Control of deer herds is apparently critical, as 
continued over-grazing may prevent recovery of woody and herbaceous species
(Anderson 1994), and can reduce bird nesting habitat (DeCalesta 1994). These are 
difficult management decisions that should be tested by sound experimental
approaches and more frequent monitoring than at 20-year intervals.
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