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ARTICLE INFO ABSTRACT

Handling Editor: Dr Cecil Konijnendijk van den Forests within and adjacent to cities are important habitats for native species and provide vital ecosystem ser-
Bosch vices to cities and their residents. Herbaceous plants represent over 80% of all plant species in these forests, yet
little is known about the long-term effects of management and landscape context on the understory of suburban
forests. In this study, we used a 30-year dataset to fill this knowledge gap and evaluate the effect of prescribed
burns on native forest herbs in suburban forest preserves of DuPage County, Illinois, USA. We also evaluated how
the amount and configuration of forest habitat at multiple spatial scales affects native herb richness, gains, and
losses in these forests over 30 years. We found that forests managed with prescribed burns increased in native
herb richness over time, while unburned forests did not. Managed forests now have more native herb species
than unburned forests. We also found that habitat amount in the surrounding landscape, but not the configu-
ration of that habitat, had a positive effect on native herb richness and species gains over 30 years. Overall, we
conclude that prescribed burns are effective in maintaining native forest herb richness in suburban forests.
However, additional management actions such as seed augmentation may be required in areas with little sur-
rounding forest herb habitat, as both overall richness and species gains over time are reduced in isolated forests.
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1. Introduction

Forests in and around urban areas are increasingly recognized for
their ability to maintain biodiversity, provide ecosystem services to
urban residents, and contribute to the sustainability of cities (Duinker
et al., 2015; Ives et al., 2016; Nesbitt et al., 2017). In North America,
these forests may have an outsized importance for humans relative to
their size, as over 80% of residents now live in urban areas (United
Nations, 2018). Despite their importance and value, forests between the
urban core and surrounding rural areas (i.e., suburban forests) are being
threatened by urban land conversion, which has outpaced urban pop-
ulation growth in North America since 1970 (Giineralp et al., 2020).
Furthermore, these forests have received limited research attention
compared to both rural forests and more urban forests (Colgan et al.,
2014).

Herbaceous plants (“herbs” from here forward) make up over 80% of
plant species in temperate forests and thus are important to consider
when attempting to conserve native species and maintain plant biodi-
versity (Gilliam, 2007, 2014; Pregitzer et al., 2021). The diversity of
forest herbs 1is partially shaped by the heterogeneity of
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microenvironments in the understory, including variation in light and
soil (Hofmeister et al., 2009; Beatty, 2014). In urban forests, understory
heterogeneity is also created by human disturbances. For example,
Bhuju and Ohsawa (2001) found that understory diversity in urban
forests of central Japan is related to a combination of canopy distur-
bances from management activity and soil compaction from recreational
activity. Human disturbances can also interact with non-human distur-
bances to impact understory heterogeneity and shape diversity; native
herb richness was higher in areas cleared of downed and damaged trees
after a stand-replacing windstorm than in uncleared areas in an urban
forest of southern Italy (Teobaldelli et al., 2020).

For suburban forests, the process of urbanization itself, along with
associated factors such as pollution and land use change, also shape
forest herb diversity (Rogers et al., 2009; Allen et al., 2007; Breen et al.,
2015). Air pollution decreases forest herb richness by increasing canopy
defoliation, changing micro-environmental conditions in the understory
and benefiting invasive species that outcompete natives (Allen et al.,
2007). Past land uses also shape forest herb diversity. Forests on recently
abandoned land are often dominated by early successional and invasive
species in the understory, while forests that were abandoned earlier
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more closely resemble ancient forests (Breen et al., 2015). In time, as
forest species accumulate in the understory, the herb community of
these second growth forests may converge with those of ancient forests,
but this process can take a century or more (Holmes and Matlack, 2018).

Plant diversity in urban and urbanizing landscapes is partially
limited by recruitment events (Rogers et al., 2009; Piana et al., 2019).
Recruitment limitations are broadly defined as the failure of species to
add individuals to existing populations or to establish new populations
in a landscape (Piana et al., 2019). Both within a community and be-
tween communities, recruitment can be limited by a lack of propagules
and a lack of suitable sites Eriksson and Ehrlén (1992). Management
actions focused on reducing invasive species directly affect the avail-
ability of suitable sites in the understory by introducing disturbances
that alter the micro-environmental conditions, potentially aiding
recruitment of herbs and increasing diversity (Bowles et al., 2007). But
reducing invasive species does not increase the availability of native
propagules arriving at newly available sites, and seed dispersal can be
particularly limited in urban and suburban forests due to habitat frag-
mentation and isolation (Komuro and Koike, 2005; Lopez et al., 2018).
Most forest herbs in eastern North America establish after a disturbance,
are dispersed by ants, and lack specialized long-distance dispersal
mechanisms (Whigham, 2004). Many depend on herbivory by
white-tailed deer (Odoceilus virginianus) to disperse propagules over
long-distances (Matlack, 1994; Myers et al., 2004; Vellend et al., 2006).
White-tailed deer are expected to be especially important dispersers in
fragmented landscapes; without deer, most forest herbs could only
disperse a few meters from the parent plant and would be unable to
recruit into a neighboring forested area (Matlack, 1994; Cain et al. 1998;
Myers et al. 2004). In suburban landscapes, deer may be even more
critical, as urbanization shifts the primary driver of diversity from local
micro-environmental conditions in the understory to landscape factors
that limit recruitment by reducing the availability of propagules (Rogers
et al., 2009).

The amount and quality of habitat in the landscape directly affects
the distribution and diversity of propagules that can disperse to sites in
the understory. Species-area relationships predict that more habitat will
lead to higher diversity, because more species can coexist in a larger area
(Lomolino, 2000; Fahrig, 2013). In suburban landscapes, the amount of
forest habitat directly affects species richness in the understory by
altering plant recruitment, with Rogers et al. (2009) finding that sites
with more forest habitat within five kilometers had higher colonization
rates and lower extirpation rates than sites with less forest. The spatial
arrangement (configuration) of habitat is also expected to affect di-
versity, but the extent to which configuration independent of habitat
amount affects diversity is still a matter of debate (Fahrig, 2013; Hanski,
2015). The spatial scale at which landscape context affects biological
responses, the ‘scale of effect’, is often not known, and cannot yet be
predicted effectivity a priori, so multiple nested scales within a land-
scape need to be evaluated (Jackson and Fahrig, 2015; Miguet et al.,
2016). Understanding the ‘scale of effect” for suburban forests may be
especially important for effective management, as the unique factors
that shape plant communities in these landscapes may act at different
spatial scales than in other landscapes (Aronson et al., 2016). For
example, white-tailed deer have smaller home ranges in suburban
landscapes as compared to rural landscapes (Cornicelli et al., 1996;
Gaughan and DeStefano, 2005).

Management actions such as invasive species removal (Farmer et al.,
2016; Johnson and Handel, 2016; Mattingly et al., 2016; Bierzychudeck
2020), selective harvest of canopy trees Tessier (2010), herbivore
exclusion (Faison et al. 2016), and prescribed burns (Heuberger and
Putz, 2003; Bowles et al., 2007) can also shape forest herb diversity, but
there is still uncertainty in the effect of these management actions in a
suburban context (Pregitzer et al., 2021). Most previous studies of
suburban forest management have focused on the effect of invasive
species removal on the forest plant community (e.g., Farmer et al., 2016;
Mattingly et al. 2016; Bierzychudek, 2020; Fuselier et al., 2017; Johnson
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and Handel, 2016, 2019; Gharehaghaji et al., 2019; Bowles et al., 2007).
This focus makes sense, as it is the most commonly conducted man-
agement activity in suburban forests in the United States (Pregitzer
et al., 2021).

Another common management activity is prescribed fire, although
this is less well-studied in suburban forests. Fire is particularly common
in the prairie-forest interface of the American Midwest and is used to
control woody invasive species including common buckthorn, Rhamnus
carthartica, and bush honeysuckles, Lonicera spp. (Bowles et al., 2007;
Meunier et al., 2021). Of the previous studies that considered the effect
of prescribed management burns in suburban forests, only one study
that we are aware of considered both a broad spatial (multiple forests)
and broad temporal (multiple decades) scale (Gharehaghaji et al.,
2019). But Gharehaghaji et al., (2019) focused exclusively on woody
species and did not consider forest herbs. Previous studies of forest herbs
were conducted at limited spatial scales or over shorter periods of time,
usually considering only one forested area (e.g., Heuberger and Putz,
2003; Bowles et al., 2007; Mattingly et al., 2016) or ten years or less of
data (e.g., Heuberger and Putz, 2003; Mattingly et al., 2016). A better
understanding of the long-term effect of management actions in subur-
ban forests is needed, as natural resource managers face unique chal-
lenges in these forests, including a prevalence of woody invasive species
such as common buckthorn, Rhamnus carthartica, and frequent intro-
duction of non-native species that may outcompete natives (Kurylo
et al., 2007; Gaertner et al., 2017). No previous studies of management
on forest herbs in suburban landscapes that we are aware of has
considered the surrounding landscape context of the managed area.

In this study, we use a unique long-term dataset to investigate the
effect of prescribed management burns and landscape context on the
richness and turnover of native herbs. Studying 16 suburban forest
preserves across DuPage County, Illinois, USA, we address three
research questions:

1. Has the richness of native forest herbs changed over time, and do
these changes depend on whether or not a plot was ever burned?

2. Which best explains current herb richness, species gains, and species
losses over 30-years in the forest understory: whether the plot was
burned, the amount of surrounding habitat, the configuration of that
habitat, or a combination of these factors?

3. If habitat amount, habitat configuration, or both affect current spe-
cies richness or turnover over 30 years, at which spatial scale do
these have the biggest effect?

We aim to fill a gap in the research literature by evaluating the effect
of both management and landscape context on forest herbs across
multiple suburban forests. This study will help natural resource man-
agers in suburban landscapes better understand long-term effects of past
management actions, and better plan future management actions.

2. Methods
2.1. Study area

This study was conducted in DuPage County, Illinois, USA, an ur-
banizing county in the Chicago metropolitan area with a population of
932,877 people (U.S. Census Bureau, 2021). DuPage County has a
humid continental climate, with an average annual maximum temper-
ature of 15° Celsius, average annual minimum temperature of 3.6°
Celsius, and an average of 97.8 centimeters of precipitation a year
(NOAA Climate Normals, Morton Arboretum, Lisle, IL 1961-2010).

Prior to European arrival, DuPage was inhabited by the Potowatomi
people and primarily covered in tall grass prairie interspersed with oak
(Quercus spp.) dominated forests, woodlands, and savannahs (Thomson,
1985; Bowles et al. 1994 & 1998; McBride and Bowles, 2001). Fire, set
by the indigenous peoples and lightning, maintained these ecosystems,
and forests and woodlands were generally restricted to firebreaks in the
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landscape (Bowles et al., 1994 & 1998; McBride and Bowles, 2001).
Public land surveys from the early 1800s indicate that approximately
20% of DuPage County was covered in wooded ecosystems (Bowles
etal., 1994 & 1998; McBride and Bowles, 2001). These ecosystems were
primarily forests with an average density of 125.4 trees/ha, with much
of the remainder being woodland, with an average density of 70.3
trees/ha (Bowles et al., 1998; McBride and Bowles, 2001). White
(Q. alba) and red oak (Q. rubra) were the dominant canopy species in
these forests, with a lesser importance of bur oak (Q. macrocarpa) and
hickory (Carya spp.), and an understory of hazel (Corylus americana)
(Bowles et al. 1998; McBride and Bowles, 2001). Fire-intolerant and
more mesic species such as elm (Ulmus americana), basswoods (Tilia
americana), and maple (Acer spp.) were restricted to larger forests and
areas along waterways that experienced both less frequent and less
intense fires (Bowles et al., 1998). Much of the landscape was converted
to farmland or forest through plowing or wildfire suppression (respec-
tively) by 1850, before urban land development began in the 1920s
(Thomson, 1985). The county rapidly urbanized during the 1950-1980s,
and over 80% of DuPage is now considered developed (Thomson, 1985;
Yang et al., 2018; Fig. 1). Prairies and forests are now restricted to public
and private conservation areas, with wooded ecosystems comprising
only about 8% of the county (Yang et al., 2018; Fig. 1).

All study locations are in forest preserves managed by the Forest
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Preserve District of DuPage County and are in, or directly adjacent to (<
500 m), areas identified as forests and woodlands in the public land
surveys prior to European arrival (Bowles et al., 1998). The tree canopy
in these forests is primarily composed of native deciduous species,
including white oak (Q. alba), red oak (Q. rubra), bur oak
(Q. macrocarpa), wild black cherry (Prunus serotina), white ash (Fraxinus
americana), American elm (U. americana), sugar maple (A. saccharum),
and basswood (T. americana) (Gharehaghaji et al., 2019).

The Forest Preserve District actively manages their forest preserves
using a variety of techniques, including prescribed burns, woody brush
removal, and limited herbicide application. Prescribed burns are con-
ducted in fall or spring and focus on burning ecosystem units within the
forest preserves. In addition, the white-tailed deer (Odocoileus virgin-
ianus) herd has been managed since 1993, with the goal of reducing the
herd to 6-8 individuals per square kilometer before fawning. Deer
density in DuPage County greatly exceeded this goal at the start of our
study (>40 deer per square kilometer) but declined toward 4-6 deer per
square kilometer by 1998 with intensive management (Etter et al.,
2000). The deer population continued to decline through the remainder
of our study (Illinois Department of Natural Resources, 2020). In this
study, we focus explicitly on the effect of prescribed burns, as they are
the most common and frequently applied management technique in
these forests. We implicitly consider the effect of deer through our
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analysis of the surrounding landscape.
2.2. Plant sampling and classification

Vegetation data were collected by forest preserve staff in 34 long-
term plots located within 16 forest preserves throughout the county
(Fig. 1). Plots are approximately square, 0.45ha in size, and are
permanently marked in the field by painted trees and steel rods at all
corners. Seven plots were established in 1986, 19 were added to the
study by 1991, and 9 more were added by 1994. The understory com-
munity in each plot was surveyed at approximately 5-year intervals
using 48, 0.25 x 0.25 m, quadrats placed randomly throughout the plot
during the growing season. Understory surveys began in 1987, and
initial surveys for all plots were conducted between 1987 and 1994. All
vascular plants in the quadrats were identified to species.

In this study, we focused on native, herbaceous plant species,
including all forbs, grasses, ferns, sedges, and non-woody vines. Species
were considered native if the USDA Plants database identified them as
such for the state of Illinois (USDA, 2021). While all plots were invaded
by non-native species—garlic mustard, Alliaria petiolata, occurred in
every plot, and woody invasives common buckthorn, Rhamnus carthar-
tica, and bush honeysuckles, Lonicera spp, were also common—fewer
than three non-native herbaceous species were recorded on average in
each plot (mean number of species = 2.15; range: [1,8]). Furthermore,
there were few non-native herbaceous plant species across all plots and
little variation between plots over the study period (Supplemental
Fig. 1). We therefore did not analyze non-native species in this study.

For each 0.45 ha plot, we identified the native species richness over
all quadrats in each understory survey. We also determined the identity
and number of species gained and lost over the 30 years of the study by
comparing the species lists of the initial and most recent survey for each
plot.

2.3. Characterization of the management regime

Burn management data were collated from notes by the burn chief
who conducted each burn. These notes are preserved by the Forest
Preserve District of DuPage County. We coded burn management as a
binary variable (burned / unburned) because preliminary analysis
showed an effect of burns for our sites over time but no difference be-
tween sites burned only once and those burned multiple times during the
study (Supplemental Table 1 & 2). Long-term plots were considered
burned if the ecosystem unit in which they are located was burned any
time since 1986. This resulted in 28 plots that were burned and 6 plots
that were not burned between 1986 and 2016. Burned plots experienced
between 1 and 19 burns (Supplemental Fig. 2) over the 30 years, but
most plots were burned at regular intervals every 3-5 years (mean 7.6
burns; median 7.5 burns; Supplemental Fig. 3), potentially limiting our
ability to detect an effect of different burn frequencies.

2.4. Herb habitat & landscape patterns

Forest herb habitat surrounding each long-term plot was estimated
using the National Land Cover Database (NLCD; Yang et al., 2018) and
the land use database from the Chicago Metropolitan Agency for Plan-
ning (CMAP; Clark et al., 2016). We defined herb habitat as areas where
conservation land use (from CMAP) and forest cover (from the NLCD)
intersect; this allowed us to exclude areas with forest overstory but
which are not considered forested natural areas, such as residential areas
with substantial canopy cover. Forest cover included deciduous, ever-
green, and mixed forests, as classified in the NLCD. We also included
wooded wetlands as forest cover after reviewing NLCD forest cover in
DuPage County and identifying several study sites that were classified as
wooded wetland (Supplemental Table 3).

As the most relevant spatial scale for forest herb richness is not
known, we measured forest herb habitat at 37 nested spatial scales
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(0.3-4 km by 0.1 km increments) surrounding the plots. This range
encompasses the average summer and fall home range and maximum
dispersal distance of white-tailed deer in DuPage County, a main long-
distance seed disperser of forest herbs in the region (Etter et al.,
2002). The potential forest herb habitat at each spatial scale was map-
ped with ArcGIS 10.7 with the Spatial Analyst extension (ESRI, 2020)
using circular buffers of corresponding radii around each plot center.

We determined the total amount and configuration of herb habitat at
each spatial scale using FRAGSTATS 4.2.1 (McGarigal et al., 2012) using
the ‘Class Area’ (CA, in hectares) metric and ‘Clumpiness Index’
(CLUMPY). The ‘Clumpiness Index’ ranges from — 1-1, with maximally
disaggregated habitat having an index of — 1, maximally aggregated
habitat having an index of 1, and landscapes with randomly distributed
habitat having an index of 0. We selected the ‘Clumpiness Index’ as a
measure of habitat configuration because it has low correlation with
habitat abundance, unlike many other measures of configuration (Wang
et al., 2014).

Of the 37 potential spatial scales considered for both habitat amount
and configuration, we selected a smaller number of independent
candidate spatial scales to include in the analyses. Following the
methods of Martin and Fahrig (2012), we selected candidate scales using
Spearman’s correlation between measures of habitat amount and
configuration (individually) at adjacent spatial scales, starting at 0.3 km
around the plot. Adjacent scales were compared, and the increment
between compared scales was increased by 0.1 km (i.e. correlation be-
tween habitat amount at 0.3 km and 0.4 km, 0.3 km and 0.5 km, etc.)
until the measure of habitat amount or configuration was no longer
strongly correlated (r < 0.7). Spearman’s correlations were conducted
using R (R Core Team, 2021).

2.5. Statistical analysis

Has forest herb richness changed over time, and do these changes
depend on whether or not a plot was ever burned?

For the first research question, we constructed a single model a priori
to investigate the effect of time, burn management, and the interaction
of time and burn management on forest herb richness. This model
included the fixed covariates time (in years since 1987; a continuous
variable) and burn management (a categorical variable with two levels:
burned and unburned) in the model. The interaction term time x burn
management was also included. To incorporate the dependencies of
multiple repeated surveys of a long-term plot and multiple plots co-
occurring in the same preserve, we included plot ID as a random effect
nested within the random effect preserve. We also included year, the year
the plot was surveyed, as a random effect to account for potential
variation between years and variation in which plots were surveyed
each year.

Which best explains current herb richness, species gains, and species
losses over 30-years in the forest understory: whether the plot was
burned, the amount of surrounding habitat, the configuration of that
habitat, or a combination of these factors?

For the second research question, we took an information theoretic
approach with multi model averaging (Grueber et al., 2011). Current
native herb richness, species gains, and species losses were modeled
separately. We constructed 21 models for each response variable with
different combinations of fixed covariates based on the following
framework: management only, management + habitat amount, man-
agement + habitat configuration, and management + habitat amount
+ habitat configuration. All models included the fixed covariate man-
agement (a categorical variable with two levels: burn managed and un-
burned), as our initial analysis revealed that burns increased herb
richness over time in these plots. Models with the covariate habitat
amount (a continuous variable) and habitat configuration (a continuous
variable) included the amount and configuration of habitat at each of
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the selected candidate spatial scales, one model for each scale. We also
considered a null model that only included random effects. The habitat
amount and habitat configuration variables were standardized through
mean centering and scaling by the standard deviation to aid in model
convergence. Only preserve was included as a random effect in these
models, as only the most recent survey or the change from the initial to
the most recent survey were used and we did not need to account for
repeated measures. We ranked candidate models by AIC scores adjusted
for small sample sizes (AICc), and determined the top model set using
95% confidence of Aikake’s weights (w;; Burnham and Anderson, 2002).
If multiple models were included in the top model set, we used natural
averaging to determine coefficient estimates to avoid shrinking the es-
timate towards zero (Grueber et al., 2011).

If habitat amount, habitat configuration, or both affect current spe-
cies richness or turnover over 30 years, at which spatial scale do
these have an effect?

To answer the third research question, we evaluated the top model
set for all models considered for research question two. We determined
which landscape covariates (habitat amount and habitat configuration)
were retained within the top model set and at which spatial scale. We
considered a covariate to have an effect on the response if the 95%
confidence interval around the estimate of the multi model average did
not overlap zero.

All statistical analyses for each research question were performed
with R (R Core Team, 2021). GLMMs were constructed using the ‘lme4’
and ‘lmerTest’ packages (Bates et al., 2015; Kuznetsova et al., 2017).
Model assumptions for each GLMM were evaluated visually by plotting
residuals versus fitted values and all covariates. We conducted model
rankings and multi model averaging using the ‘AlCcmodavg’ and
‘MuMIn’ packages (Mazerolle, 2020; Barton, 2020). Overall model fit for
the first research question and the best model within the top set for the
second question were evaluated using the ‘MuMIn’ package (Barton,
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2020).
3. Results
3.1. Native herb richness and turnover

Native herb richness recorded in DuPage forest plots ranged from 2
to 58 species per plot over the ~30 years of the study. Overall, FPDDC
staff identified 213 native herbaceous species, including 163 forbs, 22
sedges, 18 grasses, 5 non-woody vines, and 5 ferns (Supplemental
Table 4). Over the same ~30 years, plots gained 0-47 native herb spe-
cies and lost between 0 and 17 species. The most common species gained
across all sites were Hackelia virginiana, Symphyotrichum lateriflorum,
Amphicarpaea bracteata, Carex rosea, and Ageratina altissima, while the
most commonly lost species were Dentaria laciniata and Erythronium
albidum. Ninety-three species were only gained in burned sites, while
two species, Asclepias exaltata and Viola striata, were gained only in
unburned sites. Of the species that were uniquely gained in burned sites,
the most common were Hystrix patula, Solidago canadensis, Carex blanda,
Leersia virginica, and Oxalis stricta.

3.2. Herb habitat amount and configuration

Spearman’s correlation for measures of habitat amount and config-
uration at adjacent spatial scales identified three independent scales for
habitat amount (0.3 km, 0.9 km, and 3.4 km; Fig. 2A) and four inde-
pendent scales for habitat configuration (0.3 km, 0.6 km, 2.7 km, and
3.3 km; Fig. 2B). Habitat amount within 0.3 km of the plots ranged from
4.0 to 28.1 ha (approximately 14-100% of the landscape, respectively),
habitat amount within 0.9 km ranged from 4.9 to 178.9 ha (2-70% of
the landscape), and habitat amount within 3.4 km ranged from 60.0 to
916.3 ha (2-25% of the landscape). Habitat surrounding the plots was
largely aggregated at all spatial scales, with less variation in the
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‘Clumpiness Index’ between scales.

3.3. Native herb richness and burn management over time

Our analysis of change in species richness over time revealed a sig-
nificant interaction between time and management. Generally, native
herb richness increased over time in plots managed with prescribed
burns but did not increase in unburned plots (Fig. 3; Table 1). The model
explained 87% of the overall variation in herb richness, with fixed ef-
fects and their interaction explaining 12.3% of the variation. Model
residuals indicated no problems.

3.4. Native herbs, burn management, & landscape context

Burn management and the amount of habitat in a 0.9 km radius were
significant predictors of current herb richness and gains in herb richness
over 30 years in the herb community (Fig. 4). No variables were sig-
nificant predictors of native herb loss over 30 years. Habitat configu-
ration was not a predictor of any response variable. Generally, burn
managed sites currently have more native species than unburned sites
(Fig. 4 & 5). Similarly, sites with more habitat within 0.9 km have more
native species than plots with less habitat (Fig. 4 & 5). Burn managed
plots, and those with more habitat within 0.9 km, also gained more herb
species over 30 years (Figs. 4, 5, & 6).

The best model for current richness and species gains over 30 years
explained 83% and 86% of the overall variation respectively, with fixed
effects explaining 44% and 52% of the variation (Fig. 4). Model residuals
generally indicated no problems, except for an outlier plot that only
appeared in the subset of models that included both habitat amount
within 3.4 km and habitat configuration within 0.6 km as fixed effects.
We have no ecological reason to exclude this site from our analysis, and
these models were not among the top models of the set.

4. Discussion

Our study shows that native herb richness increased over time with
prescribed burns in suburban forests. Unburned plots gained signifi-
cantly fewer species than burned plots over 30 years and also lost more
species than burned plots over the same time, but this difference was not
significant. Plots that have been burned at least once in the last 30 years
now have more native herb species than unburned plots. We also found
support that landscape context, specifically the amount of habitat within
0.9km of a plot, influenced the number of species gained there.
Together, these results suggest that prescribed burns have the potential
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Table 1

Poisson GLMM indicates that native herb richness increased from 1987 to 2016
in burn managed plots but not in unburned plots in DuPage County, IL. Esti-
mated value for 6preserve = 0.199, 6pjor= 0.456, and Gyea,— 0.148.

Response Predictor Estimate SE Z- P- RZ (R
value value
Richness  (Intercept) 2.79 0.26 10.87 < 0.01 0.12 (0.87)
Burned -0.16 0.28 -0.58 0.56
Time -0.00 0.01 -0.52 0.61
Burned: 0.03 0.01 4.48 < 0.01
Time

to increase native herb diversity anywhere in a suburban forest land-
scape, but areas with more habitat within 0.9 km may benefit most.
Increasing native herb richness is a goal of land managers and con-
servationists but should not be misinterpreted as a return of these forest
understories to a pre-European condition. While we don’t have infor-
mation about the herbaceous plant species on the landscape prior to
European arrival, contemporary forests in the American upper-Midwest
are considerably different from the early forests (Fahey et al., 2012 &
2014) and are unlikely to return to their previous state, even with a
return of burns (Nowacki and Abrams, 2008). As seen in other
contemporary forests (e.g., Dzwonko and Loster, 1990), the composition
and richness of forest herbs in DuPage County may differ from those in
the ancient forests on this land. The current forests, like others in urban
areas (e.g., Dresner et al., 2017, Kowarik et al. 2019, Solérzano et al.,
2021), may be novel ecosystems, particularly due to the many
non-native woody species that have become established within (Ghar-
ehaghaji et al. 2019). However, increased native herb richness still
benefits the forest community; forests with greater native herb richness
and more native habitat specialists store more carbon, nitrogen, and
phosphorus than forests with lower native herb richness, impacting
nutrient cycling (Gerken Golay et al., 2016). Increased native herb
richness can also lead to increased richness of arthropods and other
wildlife that support other ecosystem services that benefit urban resi-
dents, such as pollination, pest control, and organic matter decomposi-
tion (Mata et al., 2021; Kotze et al., 2022). Finally, many native herbs
have spring wildflowers that are of interest to hikers and naturalists,
providing cultural ecosystem services as well (Graves et al., 2017). More
research is needed to determine whether the increased richness is
indicative of increasingly-healthy forest herb populations in the under-
story or whether it represents increased detection of relict native herbs
populations in poor health that have yet to pay the extinction debt.
Our result of increased herb richness with management burns is in
line with a systematic review by Eales et al., (2018), who found that
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Fig. 3. Fit for the Poisson GLMM for native herb richness from 1987 to 2016. Shaded areas represent 95% confidence intervals. The overall model explained 87% of

the variance in native herb richness, while fixed effects explain 12.3%.
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Fig. 5. (A) Current native herb richness in the understory of long-term monitoring sites that have been managed with prescribed burns or not managed over 30-years
in suburban forests of DuPage County. (B) Number of native herb species gained over a ~30-year period in long-term monitoring sites that were burned and un-
burned. (C) Number of native herb species lost over a ~30-year period in burned and unburned sites. Brackets and p-values refer to prescribed burn management
having an effect on the observed response when modelled with GLMMs. Prescribed burn management had no effect on the number of native herb species lost over the

~30-year period.

prescribed burns increased herb richness in broadleaf forests globally.
Management burns impact forest herb richness through multiple po-
tential mechanisms, including increased light and space in the under-
story and altered nutrient availability (Bowles et al., 2007; Taylor and
Midgley, 2018). These changes can potentially enable relict native herb
populations in the understory to expand into open microsites and
become more viable. Holmes and Matlack (2018) suggest this mecha-
nism to explain rapid increases of forest herbs in secondary forests
growing on abandoned agricultural pasture in Ohio, USA. Unfortu-
nately, light and nutrient levels in the understory were not measured in a
consistent or comparable way in our study sites, limiting our insights
into the effect of these variables. However, some species that were
frequently recruited to burned plots do suggest that light may have
increased. Calico aster, Symphyotrichum lateriflorum, and Canada

goldenrod, Solidago canadensis, which both recruited to at least half the
burned sites during our study, are intolerant of shade and commonly
occur in locations where light is a less limiting factor, such as open
woodlands and savannas (USDA Plants; Wilhelm et al., (2017)). Not all
species gained at burned sites, however, are shade intolerant. The
common wood sedge, Carex blanda, and white grass, Leersia virginica, for
example, were also commonly gained in burned sites, but are shade
tolerant (USDA Plants). The mixture of shade tolerant and intolerant
species gained at burned sites over time may reflect increased microsite
heterogeneity with burns at a site, a key driver of understory herb di-
versity (Gilliam, 2007). Microsite heterogeneity can also be affected by
burns through altered soil nutrients, such as nitrogen, which is known to
affect herb richness (Hofmeister et al., 2009; Taylor and Midgley, 2018).
Since management burns can alter microsite conditions in the
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understory in multiple ways, further research on changes in life history
and functional traits within the forest herb community is needed to
better understand not just if, but how and why prescribed burns change
herb richness in suburban forests.

Using prescribed burns as a management tool comes with some
challenges, especially in urban and suburban areas. For example, when
conducting burns, the Forest Preserve District of DuPage County must
carefully consider the proximity to roadways and developed land, along
with current wind conditions, to minimize smoke drifting into roads,
residential, or commercial areas. As a result, some areas are burned less
frequently than desired by natural resource managers (S. Kobal, per-
sonal observation). Future climate change in the region may further
restrict management burns; the region is predicted to warm and expe-
rience increased precipitation events during the dormant season when
most management burns occur, potentially limiting the number of
suitable days to conduct burns and reducing their effectiveness when
they do occur (Hayhoe et al., 2010; Xue et al., 2022). However, despite
these challenges, our results suggest that natural resource managers
should consider using prescribed burns to maintain forest herb richness
in suburban forests, especially in landscapes where fire is a historical
disturbance.

We found that the amount of forest herb habitat within the landscape
positively correlated with current herb richness and species gains over
time, while the configuration of that habitat had no effect. Our results
are in line with Rogers et al. (2009), who studied forest understory
richness in southern Wisconsin, USA, and found that sites with more
forest cover within five kilometers had higher rates of colonization and a
lower rate of extinction over a 55-year period. The authors speculated
that sites with more forest in the surrounding landscape were better able
to recover species lost and add new species to the community when
stochastic events opened new habitat in the understory (Rogers et al.,
2009), perhaps due to greater habitat continuity (Wulf and Kolk, 2014).
The surrounding landscape may be especially important for the initial
colonization of sites after a disturbance, as the influence of landscape
context may diminish over time with succession (Alexander et al.,
2012). Other research has shown that areas with more habitat have
higher population growth rates, and more viable populations, than areas
with less habitat (Valdés et al., 2014). These populations may be more
able to act as seed sources for neighboring habitat, as they have
increased flowering and fruit production, likely due to increased polli-
nation and outcrossing, and produce more seeds than populations with

less surrounding habitat (Valdés and Garcia, 2011). Additional research
that investigates the relationship between flowering, fruiting, and seed
production of herb populations, and direct measures of species recruit-
ment, is necessary to confirm that increased habitat improves recruit-
ment in suburban forests.

In contrast to the amount of habitat, the configuration (i.e. the ag-
gregation of habitat into continuous patches; fragmentation per se) of
potential habitat around our study plots had no effect on the native herb
richness observed there, or the number of native herbs gained and lost
over 30-years. However, it is important to note that our study sites were
not established in a way to capture a range of independent habitat
amounts or configurations and the amount of habitat varied more be-
tween sites than configuration, potentially limiting our ability to detect
an effect of configuration. The role of habitat configuration on species
richness is still a matter of debate (Fahrig, 2013; Hanski, 2015). Fahrig
(2013), in outlining the ‘habitat amount hypothesis’, argued that the
configuration of habitat within a local landscape (fragmentation per se)
plays little to no role in determining species richness at a site. This claim
has been criticized (Hanski, 2015) and various studies have found mixed
support for the importance of habitat configuration for species richness
(Haddad et al., 2017 and references therein; Watling et al., 2020 and
references therein). Nonetheless, our results are in line with a recent
synthesis in which Watling et al., (2020) found a positive effect of
landscape-level habitat amount and a negligible effect of habitat
configuration on the species richness of eight taxonomic groups
(including plants) across 35 studies.

We found the scale of effect for forest herb habitat to be between 0.9
and 3.3 km around our plots. We suggest that this distance reflects the
mechanism by which seeds of native herbs disperse into our plots. Seeds
of most forest herbs generally travel only a few meters from the parent
plant if they are not attached to or eaten by white-tailed deer (Matlack,
1994; Vellend et al., 2004). However, there is increasing evidence that
white-tailed deer are a generalist long-distance dispersal vector for
forest herbs, dispersing seed hundreds to thousands of meters from the
parent plant (Matlack, 1994; Vellend et al., 2004; Myers et al., 2004).
Previous studies have shown that forest herb seeds ingested by deer are
viable (Myers et al., 2004), and modeled seed shadows estimate that
over 25% of the seeds ingested by deer are dispersed beyond 1 km, while
few are predicted to be dispersed beyond 3 km (Vellend et al., 2003).
These seed shadows suggest that deer are capable of dispersing seeds
from populations within 0.9-3.3 km of our sites, our estimated scale of
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effect. This range is well within the documented movement distances of
white-tailed deer in DuPage County, who have a mean home range
diameter of 0.9 km (Etter et al., 2002). The particular species gained at
our sites over the 30-year period also suggest the movement of seed by
deer or other wildlife. For example, stickseed, Hackelia virginiana, was
the most commonly gained native herb species across all our sites. As its
name suggests, it has barbed seeds that easily attach to wildlife.
Furthermore, species such as Canada goldenrod, Solidago canadensis, and
sedge species (e.g. curly-styled wood sedge, Carex rosea, and common
wood sedge, C. blanda) were also commonly gained at our sites over
30-years and are known to be dispersed by white-tailed deer via endo-
zoochory (Myers et al., 2004). Human hikers and mountain bikers may
unintentionally disperse seeds over similar distances as deer (Ansong
et al., 2015; Weiss et al., 2016; Pickering, 2022), particularly sticky
seeds like H. virginiana, and particularly if hikers are going off-trail
(Pickering, 2022), but these activities rarely disperse seeds beyond
20 m (Ansong et al., 2015; Weiss et al., 2016). We think it unlikely,
therefore, that hiking or mountain biking are driving our observed scale
of effect.

Deer are common in many suburban landscapes due to abundant
forage and a lack of predators (Coté et al., 2004), and thus could
potentially play an outsized role in the structure and regeneration of
suburban forests. In addition to dispersal of native species, deer can
suppress the regeneration of canopy trees through herbivory (Aronson
and Handel, 2011), facilitate the spread of non-native and invasive
species (Williams et al. 2008; Duguay and Farfaras, 2011), and shift the
composition of the understory towards different plant growth forms
(Faison et al., 2016). The ability of deer to benefit native species through
dispersal is counterbalanced by their negative impact on plant pop-
ulations through herbivory and depends on density of the deer (Vellend
et al., 2006). The deer herd in DuPage County was intensively managed
during our study, and reductions in deer density at the beginning of our
study were associated with increased ground cover, plant height, and an
increase in a number of native indicator species (Etter et al., 2000).
Therefore, the potentially-positive impact of deer on herb richness in
DuPage County likely depends on this intensive management.

To our knowledge, our study is the first to consider the effect of both
a management action and landscape context on understory herbs in
suburban forests over multiple decades and across multiple sites. For our
analyses, we utilized an existing long-term monitoring dataset collected
by a county forest preserve district. Similar datasets are regularly
collected by government agencies across the United States but are
currently underutilized in addressing ecological questions related to
ecosystem management in urban and suburban landscapes (Pregitzer
et al., 2021). However, this kind of dataset can come with challenges
since the studies are rarely designed as controlled experiments. Agencies
charged with managing forested natural areas are often restricted in
where and when they can implement management actions, particularly
in urban and suburban areas. Furthermore, funding realities can limit
monitoring of these natural areas; over 90% of agencies reported
funding and staff shortage as an important or very important challenge
to accomplishing their mission (Pregitzer et al., 2021). For this reason,
managed sites are more likely to be monitored compared to unmanaged
sites, as agencies want to observe the outcomes of their management
activities. This was the case with our dataset but can pose difficulties
when trying to statistically evaluate the long-term effect of manage-
ment. We therefore recommend that natural resource managers
continue to invest in monitoring unmanaged natural areas in suburban
landscapes, as these provide an important baseline for evaluating the
impact of management actions on native species. This may be especially
important for understory herbs, as these, unlike shrubs and canopy tree
species, were not recorded in the public land survey, and do not have a
comparable historic baseline for comparison. Natural resource managers
can potentially supplement these structured biodiversity monitoring
efforts with free, publicly collected, citizen science data to fill in any
spatial or taxonomic gaps. We also suggest, as others have (e.g. Pregitzer
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et al., 2021), that available monitoring data collected by local agencies
be identified, analyzed, and synthesized, to provide greater insight into
the effect of management practices not only within but across multiple
cities. This will allow for a better understanding of the effect of man-
agement actions on native diversity, so we can better protect these
valuable natural areas in urban and suburban landscapes.
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