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Season of burn has minimal effect on groundlayer
community structure and composition in an
Appalachian mixed-oak forest
Tara L. Keyser1,2 , Cathryn H. Greenberg3

The groundlayer flora has a disproportionate influence on ecosystem function and contributes to the biodiversity in temperate
Quercus forests of eastern North America. Historically open understory conditions perpetuated, in part by fire, have become
closed and homogenized by long-term fire exclusion, likely impacting the groundlayer community. We explored the effects of
burn season (unburned = CON, dormant season = DSB, growing season = GSB) on groundlayer (<1 m) vegetation attributes
pre- and post-burn. The difference (post-burn – pre-burn) in tree cover was greater in GSB (+8.22%) than DSB (+1.24%) and
CON (+0.15%), while the change in forb cover was greater in GSB (+1.17%) than CON (�0.15%). Minor effects of burning
were observed in diversity metrics, with the change in forb richness greater in GSB (+0.11 species/m2) than CON
(�0.78 species/m2), while the change in tree richness was greater in GSB (+1.11 species/m2) than DSB (�1.11 species/m2)
andCON (�1.67 species/m2). Nonmetric multi-dimensional scaling provided evidence that between pre- and post-burn, modest
composition shifts in DSB and GSB were associated with more open conditions and lower litter depth. Understory composition
did not vary among burn treatments pre-burn, while post-burn, composition differed significantly between CON and DSB and
DSB and GSB. However, overall, a growing season burn had relatively minor effects on the groundlayer community compared
to a dormant season burn. A better understanding ofmultiple factors affecting groundlayer response to burning is critical to the
effective use of prescribed burning in attaining restoration goals.
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Implications for Practice

• A single low-intensity growing versus dormant season
burn had negligible and similar effects on the lifeform
abundance and diversity of the groundlayer flora of a
mixed-oak forest.

• Between pre- and post-burn time periods, species compo-
sition shifts were associated with slightly more open
understory conditions and reduced litter depth. However,
a shade-intolerant, highly competitive woody species,
yellow-poplar (Liriodendron tulipifera), became an indi-
cator of the growing season burn.

• A single growing season burn did not alter the groun-
dlayer flora in a more efficient and meaningful manner
relative to dormant season burns.

• Repeated burning, regardless of seasonality, and a greater
degree of canopy reduction are likely necessary to modify
the understory environment and facilitate the development
of a more diverse and abundant groundlayer community.

Introduction

Temperate oak (Quercus) forests, including those common to
eastern North America and central Europe, are undergoing
a transition, whereby the relatively shade-intolerant to
mid-tolerant oak and hickory (Carya) species prevalent in the

forest overstory are being replaced by more shade-tolerant and
primarily mesophytic species (Hédl et al. 2010; Fei et al. 2011).
This species replacement is particularly evident in the forest
understory and lower canopy layers (Fei & Steiner 2007; Spînu
et al. 2020), where ubiquitous and heavily shaded conditions limit
the establishment, growth, and recruitment of oak and hickory
seedlings and saplings (and other shade-intolerant and mid-tolerant
species) in the absence of disturbance (Aldrich et al. 2005;
Annighöfer et al. 2015). The process of transitioning away from
more xeric, disturbance-adapted oak species to more mesic and
shade-tolerant species is termed mesophication (Nowacki &
Abrams 2008). Mesophication threatens the long-term sustain-
ability of oak-dominated forests and the ecosystem services they
provide, such as water yield (Caldwell et al. 2016), wildlife
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habitat, food resources (McShea et al. 2007), and biodiversity
(Hiers et al. 2014) along with economic values that include
high-quality sawtimber (Dhungel et al. 2023) and livestock
forage, among others (Stavi et al. 2022).

Prior to widespread fire suppression policies in the eastern
United States in the early to mid-twentieth century, a relatively
frequent anthropogenically driven fire regime was key in main-
taining successional oak forests and abating mesophication
across spatial and temporal scales (Delcourt et al. 1998; Lafon
et al. 2017; Elliott et al. 2020). Altered disturbance regimes,
including cessation of anthropogenic burning, have homoge-
nized forest conditions and altered tree regeneration dynamics
at stand (Grover et al. 2023), watershed (Elliott & Vose 2011),
and landscape and regional scales (Woodbridge et al. 2022).
Most temperate oak forests in both Europe and North America
are closed-canopied, multi-layered, and mature (Keyser et al. 2014;
Lanta et al. 2020) and represent conditions where mesophication is
most severe or advanced (Woodbridge et al. 2022). Common
activities used to slow or reverse mesophication, promote oak
regeneration, and restore more open understory conditions
include prescribed fire, thinning, and targeted application of
herbicide (Vander Yacht et al. 2017a). These activities may con-
comitantly restore other key ecosystem attributes associated with
more open conditions, including increased productivity and diver-
sity of the groundlayer flora (Hanberry et al. 2020). Although the
groundlayer flora constitutes less than 1% of aboveground forest
biomass (Gilliam 2007), it has a disproportionate influence on
nutrient cycling (Elliott et al. 2015), filters tree regeneration
(De Lombaerde et al. 2021), provides wildlife food resources
(Turner et al. 2020), and affects the abundance and diversity of
arthropod and pollinator communities (Hanula et al. 2015).

Among the tools and treatments available, prescribed fire is
most often used as a treatment that, over time, is presumed to
restore open understory conditions and increase heterogeneity
across large spatial scales in the diverse upland oak forests of
eastern North America. Prescribed fire may elicit a change in
the groundlayer flora by consuming forest floor material and
increasing plant nutrient availability (Knoepp et al. 2009), creat-
ing spatially heterogenous understory light environments
(Iverson et al. 2017), and stimulating germination from the bur-
ied seed bank (Keyser et al. 2012). Despite the increased use of
prescribed fire to restore upland oak forests in the eastern
United States, research on how it affects groundlayer vegetation
is scarce, observational, or geographically limited. Low inten-
sity dormant season burns rarely kill/topkill stems greater than
15 cm in diameter (Keyser et al. 2018), resulting in only minor
and transient changes to forest structure and understory light
availability (Arthur et al. 2015). Oakman et al. (2019) reported
that even after conducting four dormant season burns over
15 years in a southeastern United States oak forest, forb, and
graminoid cover remained similar to unburned conditions,
suggesting that changes in groundlayer cover and abundance
following fire are either short-lived (Hutchinson et al. 2005a)
and/or depend on or interact with significant changes in forest
structure (Vander Yacht et al. 2017b).

Differences in fire intensity and physiological activity of
vegetation between growing and dormant season burns may

interact to shape fire effects and resultant forest structure and
composition (Knapp et al. 2009; Brose et al. 2013; Waldrop
et al. 2016). For example, Barnes and Van Lear (1998) docu-
mented that a single growing season burn in a South Carolina
upland oak forest was just as effective at creating open under-
story conditions as three dormant season burns due to increased
fire intensity and resultant fire effects on woody vegetation.
Although a single high-intensity growing season burn can
increase oak seedling density and size by controlling competi-
tion from mesophytic seedlings (Brose 2010), a recent study in
a southeastern United States oak forest found no benefit of a
growing season versus dormant season burn on the diversity or
abundance of groundlayer vegetation (<1.37 m) (Vaughan
et al. 2022). Similarly, although Vander Yacht et al. (2017b)
noted a significant increase in herbaceous diversity and richness
after harvests that reduced basal area to less than 15 m2/ha in an
eastern Tennessee oak forest, a single follow-up burn conducted
during the late growing or dormant season failed to further alter
the characteristics of the groundlayer community.

Forest managers are increasingly burning during the growing
season in efforts to extend limited burn windows (Chiodi
et al. 2018) and accelerate restoration goals (Waldrop
et al. 2016), highlighting the need for research addressing how
season of burning affects forest vegetation structure and compo-
sition. A small but growing body of research on prescribed fire
effects in upland oak forests suggests that burning during the
growing season may be an important factor in controlling
woody understory vegetation and creating the more open forest
conditions (Brose et al. 2013; Melcher et al. 2023) conducive to
development of a diverse and abundant groundlayer community
(Hanberry et al. 2020). In this study, we examined the short-term
effects of a single early growing versus dormant season burn on
groundlayer flora. Our objectives were to determine: (1) How
season of burn influences diversity of the groundlayer plant
community, (2) the effects of season of burn on the abundance
(cover) of groundlayer vegetation, including forbs, graminoids,
vines, shrubs, and trees, and (3) the effects of season of burn on
the groundlayer plant community composition.

Methods

Study Site and Treatments

This study was conducted on Bent Creek Experimental Forest
(2500 ha) in the Pisgah National Forest in Asheville, North
Carolina, United States. The study site falls within the Blue
Ridge Mountains section of the Central Appalachian Broadleaf
Forest—Coniferous Forest—Meadow Province (Cleland et al.
2007). Topography is characterized by low-elevation mountains
with moderately steep slopes. Average temperatures range
from 1.9�C in January to 28.9�C in July (https://www.ncei.
noaa.gov/access/us-climate-normals/#dataset=normals-monthly&
timeframe=30&location=NC&station=USC00310724).

In 2011, we established nine experimental units that ranged
between 3.5 and 7.4 ha under a completely random design. Burn
units were separated by fire lines and typically extended from
the lower slope to the ridge crest. Average elevation of the units

Restoration Ecology2 of 9

Burn seasonality effects on groundlayer vegetation

 1526100x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/rec.14131 by N

ational Forest Service L
ibrary, W

iley O
nline L

ibrary on [07/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.ncei.noaa.gov/access/us-climate-normals/#dataset=normals-monthly%26timeframe=30%26location=NC%26station=USC00310724
https://www.ncei.noaa.gov/access/us-climate-normals/#dataset=normals-monthly%26timeframe=30%26location=NC%26station=USC00310724
https://www.ncei.noaa.gov/access/us-climate-normals/#dataset=normals-monthly%26timeframe=30%26location=NC%26station=USC00310724


was 730 m (660–790 m), and the aspectwas generally southwesterly.
The nine units were mature (>100 years old), long-unburned
upland oak forests with an overstory dominated by black oak
(Quercus velutina Lam.), chestnut oak (Q. montana L.), scarlet
oak (Q. coccinea Muenchh.), and white oak (Q. alba L.) and a
lower canopy dominated by sourwood (Oxydendrum arboretum
[L.] D.C.), red maple, and flowering dogwood (Cornus florida L.).
Shortleaf (Pinus echinata Mill.) and eastern white pine
(P. strobus L.) occurred sporadically throughout the units.
Groundlayer cover was sparse, which was likely caused by
low canopy openness (1.6–2.6% across all the nine units).

Three burn treatments were randomly assigned to the nine
experimental units (n = 3). Treatments were: (1) growing
season burn (GSB), (2) dormant season burn (DSB), and
(3) control (CON). We used the phenology of woody vegetation
to differentiate between dormant and growing season burn treat-
ments. The GSB treatment was defined by the presence of new,
small leaves on deciduous tree species (e.g. red maple and
sourwood), and full flowering by dogwood and several oak
species. In contrast, the absence of live leaves and flowering
structures in deciduous tree species defined the DSB. Growing
season burns were conducted on 26 April, 2013, and dormant
season burns were conducted on 5 March, 2014. Ignition
techniques utilized in both GSB and DSB were similar to those
used throughout the region, with ignitions originating from
established fire lines using backing and flanking fires. Interior
ignition was completed using strip-head firing techniques.
Using the closest, most representative remote automated
weather station (RAWS) data, air temperature at the time of igni-
tion, relative humidity, and 10-hour fuel moisture were 18.3�C,
26%, and 7%, respectively, in GSB and 8.3�C, 61%, and 8%,
respectively, in DSB.

Sampling Methods

Prior to treatment, we installed three permanent, 0.05 ha circular
sampling plots within each burn unit. Plots were randomly
located within each burn unit and separated by at least 30 m.
We measured groundlayer vegetation (vegetation <1 m tall)
in eight, 1-m2 quadrats located 6 m from each plot center in
cardinal and off-cardinal directions. In each quadrat, we
recorded cover by species rooted within the quadrats using six
cover classes: 1 (<1%), 2 (1 to <5%), 3 (5 to <25%), 3 (25 to
<50%), 4 (50 to <75%), 5 (75 to <95%), and 6 (95–100%).
When identification to species was not possible, we identified
to the genus level. In GSB and DSB, groundlayer cover was
measured at the time of plot installation and four growing sea-
sons following the burn; in CON, understory cover was recorded
at the time of installation and five growing seasons following
pre-treatment data collection. Nomenclature follows the USDA
NRCS (2022).

Data Analysis

For all analyses, cover class data were converted to continuous
values by using the midpoint of each cover class. Understory
diversity of the groundlayer was quantified by species richness (S),

evenness (J), and the Shannon Diversity Index (H0). In addition,
we calculated S and H0 of five lifeforms: forb, graminoid,
shrub, tree, and vine. All diversity metrics and cover values were
calculated at the plot-level (average of the eight, 1 m2 quadrats)
and then averaged to the unit-level (average of the three plots
per unit). In addition, we calculated a unit-level value of
S (Sγ), which represents the total number of species observed
across the 24, 1 m2 quadrats in each experimental burn unit.

We evaluated the effects of burn season (GSB, DSB, and
CON) on the difference (post-burn values – pre-burn values)
in metrics that describe the groundlayer, including total
cover, cover by lifeform, S, Sγ, J, and H0 using a mixed-
effects general linear model. A similar analysis was con-
ducted on diversity attributes (S and H0) of each lifeform.
For all models, treatment was the fixed effect and unit within
treatment was a random effect. To improve normality and
stabilize variance, some dependent variables were trans-
formed using an arcsine-square root (cover data) or square
root (richness) transformation. All post hoc multiple com-
parisons were performed using the adaptive false discovery
rate (Benjamini & Hochberg 2000).

We used nonmetric multidimensional scales (NMS) to com-
pare understory composition within and among burned and
unburned units. Ordinations were performed using cover for
each species averaged across the three plots (subsamples) at
the experimental unit-level. Rare species, which were those spe-
cies occurring on fewer than 5% of the stands, were removed
from the species matrix. We used the slow-and-thorough auto-
pilot (250 runs with real data and 250 runs with randomized
data) in conjunction with the Sørensen’s distance to obtain the
final solution that minimized stress. Relationships between
understory community composition and pre-burn and post-burn
structural attributes (Table 1) were related to the NMS ordina-
tion results via joint plots. We used successional vectors to visu-
alize changes in community composition for each stand between
pre- and post-burn sampling periods.

We quantified differences in groundlayer community compo-
sition among treatments both pre- and post-burn using multi-
response permutation procedures (MRPP). MRPP analyses
were conducted using cover for each species averaged across
the three plots (subsamples) per experimental unit. The
chance-corrected within group agreement (A) and associated
p value provided a quantitative measure of the differences in
groundlayer community composition among the treatments.
Within group distances for MRPP analyses were calculated
using Sørensen’s distance. MRPP results were further investi-
gated with an indicator species analysis (ISA) to identify the
affinity of any specific species for a particular treatment
(Dufendre & Legendre 1997).

Due to the heterogeneity in groundlayer vegetation (Small &
McCarthy 2002) coupled with variability in fire behavior and
resultant fire effects arising from differences in fuelbed compo-
sition and environmental gradients (Franklin et al. 1997; Arthur
et al. 2015) along with minimal replication (n = 3) of treatment
units, we interpreted significance at an a priori α = 0.10. We
conducted univariate analyses with SAS v9.4 and multivariate
analyses with PC-ORD v7.08 (McCune & Mefford 2018).
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Results

Diversity

Across the study area, within the sample quadrats, we documented
73 species/morphospecies pre-burn (23 forbs, 9 graminoids,
13 shrubs, 5 vines, and 23 trees) and 80 species post-burn (23 forbs,
10 graminoids, 17 shrubs, 5 vines, and 25 trees) (Table S1). The
difference between pre- and post-burn local S (species/m2)
was significantly greater in GSB (+4.78 species/m2) than
either CON (�2.11 species/m2) or DSB (�1.11 species/m2),
while the difference in local H0 was significantly greater in
GSB (+0.51) than CON (�0.24) (Table 2). Burn treatment
did not significantly affect the change in Sγ (species/24 m2),
with the difference between post-burn and pre-burn periods
averaging +0.67 (2.22) species.

The difference between pre- and post-burn S and H0 was not
significantly affected by burn treatment for the graminoid,
shrub, or vine lifeforms (Table 3). Between pre- and post-
burn, forb S in GSB increased by 0.11 species/m2, which
was significantly different than the change in CON
(�0.78 species/m2). The change in tree S between pre- and
post-burn in GSB (+1.11 species/m2) was significantly dif-
ferent than the change in CON (�1.67 species/m2) and
DSB (�1.11 species/m2). Between pre- and post-burn, tree
H0 changed significantly more in CON (�0.21) than in
DSB (+0.07) and GSB (+0.04).

Cover

Prior to treatment, cover, across all units, averaged 0.63% for
forbs, 0.13% (graminoids), 9.06% (shrubs), 10.73% (trees),
and 0.86% (vines). Burn treatment had no significant effect on
the difference in total, graminoid, vine, and shrub cover between
pre- and post-burn time periods (Fig. 1). In comparison, forb
cover in GSB increased by 1.17% between pre- and post-burn,
which was significantly different than the change observed in
CON (�0.15%). The change in tree cover was significantly
affected by burn treatment, with the change in GSB (+8.22%)
greater than the change in both CON (+0.15%) and
DSB (+1.24%).

Community Composition

Species composition of the groundlayer community was best
described by a three-dimensional solution in the NMS analysis
(final stress = 10.20, p = 0.0199) (Fig. 2). The ordination
explained 88.6% of the total variability in groundlayer vegeta-
tion composition, with the greatest proportion of variance
explained by axis 1 (52.4%), followed by axis 2 (20.4%), and
axis 3 (15.8%). Ecological attributes were significantly corre-
lated with the axes that explained the greatest proportion of
variability. The variables with the strongest correlation with axis
1 included overstory basal area (OSBA, r = �0.576) and duff
depth (Duff, r = 0.452), while variables most strongly corre-
lated with axis 2 included canopy openness (Open, r = 0.528),
litter depth (Litter, r = �0.612), and duff depth (r = �0.436).
Successional vectors provided evidence that the groundlayer
composition of all units, but particularly those in DSB and
GSB, shifted upwards in the ordination space toward more open
conditions and lower litter depth post-burn.

The MRPP analysis conducted on pre-burn groundlayer
composition provided no evidence (A = 0.0864, p = 0.1160)
that composition varied among CON, DSB, or GSB units. The
ISA identified two species that were indicative of CON and
DSB prior to fire, with red maple an indicator of DSB
(p = 0.0324) and eastern white pine an indicator of CON
(p = 0.0316). Post-burn, however, the MRPP analysis suggested
that groundlayer composition varied among treatments
(A = 0.1023, p = 0.0650), with significant differences in post-
fire composition between CON and DSB and DSB and GSB.
Post-burn, we found that red maple (p = 0.0322) and eastern
white pine (p = 0.0324) remained indicators of DSB and CON,
respectively. In addition, we found yellow-poplar (p = 0.0344)
was an indicator of GSB post-burn.

Table 1. Range of stand-level conditions (minimum and maximum),
including overstory (stems ≥25 cm dbh) and midstory (stems ≥5 cm and
<25 cm dbh) basal area (m2/ha), canopy openness (%), and litter and duff
depth (cm), prior to and after burning in an Appalachian hardwood forest
(Keyser et al. 2019). Litter and duff depths were not remeasured in CON,
so pre-burn depths were used to reflect post-burn depths.

CON DSB GSB

Pre-burn
Overstory 7.1, 25.1 19.6, 27.7 18.2. 21.8
Midstory 5.7, 20.5 6.8, 16.5 7.6, 13.2
Openness 2.4, 4.2 1.6, 2.6 1.6, 2.1
Litter 2.7, 4.3 6.3, 7.1 2.8, 4.6
Duff 2.5, 3.9 2.7, 5.2 2.8, 5.0

Post-burn
Overstory 7.1, 25.1 19.2, 26.4 11.7, 21.0
Midstory 5.7, 18.6 4.9, 15.8 4.5, 11.2
Openness 5.0, 6.0 6.3, 8.5 5.2, 21.7
Litter 2.7, 4.3 1.1, 1.6 0.4, 1.2

Duff 2.5, 3.9 1.0, 2.4 2.3, 4.5

Table 2. Mean difference (SE) (post-burn – pre-burn) in alpha (i.e. species/m2) diversity (S = species richness, J = evenness, and H0 = Shannon diversity
index) and stand-level diversity metrics (Sγ = species richness/24 m2) of the total groundlayer community. CON, control/unburned; DSB, dormant season burn;
GSB, growing season burn. Uppercase letters reflect significant differences among treatments.

Diversity metric CON DSB GSB ptrt

S �2.11 (0.56)A �1.11 (1.35)A 4.78 (1.95)B F[2,6] = 5.07, p = 0.0514
J �0.06 (0.04) 0.06 (0.01) 0.13 (0.13) F[2,6] = 2.24, p = 0.1880
H0 �0.24 (0.13)A 0.10 (0.06)AB 0.51 (0.27)B F[2,6] = 4.40, p = 0.0667

Sγ �3.00 (0.58) �2.00 (4.93) 7.00 (2.08) F[2,6] = 3.14, p = 0.1168
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Discussion

We found that a single low-intensity burn, regardless of the season
burned, had only minimal effects on groundlayer cover relative to
unburned conditions. Although forb cover in GSB changed signif-
icantly more than in CON, groundlayer cover remained dominated
by woody species across all treatments. Our results corroborate
others showing that a single low-intensity burn generally has neu-
tral to only slightly positive effects on herbaceous (forb plus grami-
noid) cover, likely due to the limited effect on forest structure, the
understory light environment, and mineral soil exposure often
required to stimulate germination (Elliott et al. 1999; Glasgow &
Matlack 2007; Elliott & Vose 2010).

Burning during the growing season has been proposed to
control woody competition more effectively than dormant
season burns by more effectively depleting root carbohydrate
reserves that have been translocated to stems and leaves during
spring growth (Miller et al. 2019). We found no support for this
hypothesis and, in fact, found the opposite; the change in tree
cover in GSB (+8.22%) between pre- and post-burn was
significantly greater than the change in CON and DSB. Results

from fire-adapted southeastern pine forests have found greater
mortality and topkill of understory broadleaved trees after
growing season burns, with the qualification that this differential
mortality between seasons was observed after multiple, repeated
burns (Waldrop et al. 1992; Robertson & Hmielowski 2014).
However, fire intensity can differ between dormant and growing
season burns, with growing season burns often experiencing
greater fire intensity due to warmer temperatures, lower relative
humidity, and lower fuel moisture (Vander Yacht et al. 2020;
Vaughan et al. 2021). Studies that control for differences in fire
intensity between seasons generally show low mortality of hard-
wood seedlings even when topkilled during growing season
burns (Ruswick et al. 2021). Prolific resprouting is common fol-
lowing topkill, leading to greater density and cover of woody
species as resprouting individuals quickly capture any available
growing space created by a burn (Chiang et al. 2005).

Table 3. Mean difference (SE) (post-burn – pre-burn) in diversity metrics (S = species richness and H0 = Shannon diversity index) of individual lifeforms
(species/m2). CON, control/unburned; DSB, dormant season burn; GSB, growing season burn. Uppercase letters reflect significant differences among treatments.

Treatment CON DSB GSB ptrt

Forb S �0.78 (0.11)A �0.33 (0.19)AB 0.11 (0.22)B F[2,6] = 6.01, p = 0.0370
Forb H0 �0.14 (0.15) 0.00 (0.17) 0.16 (0.10) F[2,6] = 1.04, p = 0.4096
Graminoid S 0.00 (0.19) 0.44 (0.80) 2.11 (0.99) F[2,6] = 2.25, p = 0.1869
Graminoid H0 0.00 (0.20) 0.19 (0.19) 0.32 (0.39) F[2,6] = 0.36, p = 0.7144
Shrub S 0.33 (0.84) 0.00 (0.39) 1.22 (0.62) F[2,6] = 0.97, p = 0.4315
Shrub H0 �0.07 (0.09) 0.09 (0.09) 0.22 (0.14) F[2,6] = 1.81, p = 0.2426
Vine S 0.00 (0.33) �0.11 (0.11) 0.22 (0.22) F[2,6] = 0.50, p = 0.6296
Vine H0 �0.14 (0.11) �0.08 (0.05) 0.10 (0.12) F[2,6] = 1.69, p = 0.2611
Tree S �1.67 (0.38)A �1.11 (0.40)A 1.11 (0.73)B F[2,6] = 7.72, p = 0.0219

Tree H0 �0.21 (0.08)A 0.07 (0.04)B 0.00 (0.04)B F[2,6] = 6.67, p = 0.0299

Figure 1. Difference between post-burn and pre-burn cover (percent), by
lifeform, of the groundlayer vegetation (<1 m). Error bars indicate � SE.
Uppercase letters indicate significant differences among treatments.

Figure 2. Nonmetric multi-dimensional scaling (NMS) ordination of the
groundlayer community (vegetation <1 m tall) in species space comparing
changes in species composition pre-burn and 4 years post-burn. Joint biplot
vectors display the strength and correlation (r2 > 0.2) between ordination
axes and ecological conditions. Successional vectors display movement of
units in ordination space over time (pre-fire vs. post-fire. Vector
abbreviations: OS, overstory (stems ≥25 cm dbh) basal area (m2/ha); MS,
midstory (stems ≥5 and <25 cm dbh) basal area (m2/ha); Open, canopy
openness (%); Litter, litter depth (cm); Duff, duff depth (cm).
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Studies that specifically address the effects of season of burn
on groundlayer diversity in mixed-oak forests are sparse.
Although there is some evidence that a single high-intensity
growing season fire can alter the structure and composition of
the understory woody vegetation more efficiently than a lower-
intensity dormant season burn (Brose et al. 2013; Melcher
et al. 2023), this does not appear to translate into meaningful
changes in the composition and diversity of the groundlayer
vegetation when the growing season burn is conducted early in
the growing season and/or is of low intensity. For example,
in the mountains of South Carolina, a single prescribed burn,
regardless of whether it was conducted during the dormant
(January–early April) or early growing (mid-April) season,
had no effect on groundlayer diversity metrics in oak and oak-
pine forests (Vaughan et al. 2022). Similarly, Vander Yacht
et al. (2020) found no detectable differences in herbaceous spe-
cies richness or diversity after an October versus March burn in
an upland oak forest in the Appalachian Mountains. In our
study, GSB caused a greater change in local richness of the total
groundlayer (+4.78 species/m2) than DSB (�1.11 species/m2)
or CON (�2.11 species/m2). Although GSB elicited a greater
change in forb richness (+0.11 species/m2) than in CON
(�0.78 species/m2), it also caused a greater change in tree rich-
ness (+1.11 species/m2) than either DSB (�1.11 species/m2) or
CON (�1.67 species/m2). Static to decreasing diversity over
time in undisturbed forests is associated with low understory
light availability, which can lead to a depauperate herbaceous
layer dominated by relatively few shade-tolerant species
(Rogers et al. 2008; Plue et al. 2013; Borden et al. 2021).
Although fire may have interacted with other natural and anthro-
pogenic disturbances to have historically maintained a more rich
and diverse groundlayer community (Hanberry et al. 2020), the
efficacy and efficiency of a single low-intensity burn to increase
groundlayer diversity and richness in contemporary mixed-oak
forests have mixed results, with most studies—including
ours—showing neutral to only negligible increases in richness
and/or diversity (Elliott et al. 1999; Elliott & Vose 2010).

We found a significant but modest shift in species composition
with burning, regardless of season; this was significantly associ-
ated with more open understory conditions and reduced litter
depth. Results from the MRPP analysis post-burn, in part, con-
firmed the NMS ordination, with species composition differing
between CON and DSB and DSB and GSB. Other studies indi-
cate that post-burn canopy openness and litter depth influence
groundlayer vegetation response and post-burn community com-
position (Harrod et al. 2000; Glasgow & Matlack 2007).
Although canopy openness in our study remained largely similar
among CON, DSB, and GSB, it increased slightly relative to pre-
burn conditions in GSB (Keyser et al. 2019) and could be related
to the modest shift in groundlayer species composition in GSB.
Not surprisingly, redmaple and eastern white pinewere indicators
of pre-burn conditions in the DSB and CON units. These two spe-
cies are generalists and thrive in the forest understory in the
absence of disturbance (Blankenship & Arthur 1999; Fei & Stei-
ner 2007). Although eastern white pine and red maple remained
indicators of CON and DSB post-burn, yellow-poplar was a
new species indicative of post-burn conditions in GSB. This

finding corroborates findings by Oakman et al. (2021) indicating
that fire may promote the germination and subsequent establish-
ment of yellow-poplar seedlings, which are often abundant in
the buried seed bank (Keyser et al. 2012). Due to its shade intol-
erance, however, the yellow-polar cohort that established after
GSB is unlikely to recruit into larger size classes without subse-
quent overstory disturbance or additional burns (Hutchinson
et al. 2005b).

Meaningful changes to the groundlayer community, such as
decreasing the abundance of woody trees and shrubs and
increasing more shade-intolerant graminoids and forbs, require
a greater reduction in overstory/midstory density than occurs
during typical low-intensity prescribed burns. Although some
studies (Willson et al. 2018; Maginel et al. 2019; Hutchinson
et al. 2024) indicate that frequent burns repeated over the long
term (e.g. decades) can promote the abundance and diversity
of forbs and graminoids, others suggest burningmust be coupled
with mechanical thinning to effectively change the composition
and make-up of the groundlayer (Bassett et al. 2020). In a south-
eastern Missouri oak forest, Knapp et al. (2015) found that
annual burning conducted over 60 years reduced canopy cover
via tree mortality of midstory saplings (stems ≥3 cm and
<10 cm dbh), creating conditions that increased the herbaceous
component of the groundlayer relative to unburned conditions.
The authors report that periodic burning on a 4-year return inter-
val, however, resulted in a similarly diverse groundlayer com-
munity, but cover was dominated by woody species,
highlighting the rapid recovery of tree seedlings and shrubs dur-
ing even a short fire-free interval. Vander Yacht et al. (2017b)
report that fire following light thinnings, where basal areas
exceeded 15 m2/ha (>80% canopy closure), creates conditions
that often maintain a woody-dominated groundlayer, whereas
heavy overstory removal to levels below that threshold followed
by fire may stimulate the seed bank, which coupled with a higher
light environment, facilitates an increase in the richness, diver-
sity, and total cover of herbaceous and graminoid components.
Burning after thinning can further promote and/or maintain the
herbaceous (forb plus graminoid) component over time
(Willson et al. 2018; Barefoot et al. 2019; Bassett et al. 2020).
In contrast, Oakman et al. (2019) reported a negligible change
in herbaceous or graminoid cover and diversity after thinning
and four dormant season burns that together reduced overstory
basal area (stems >10 cm dbh) to approximately 15 m2/ha in a
mixed-oak forest similar to and within proximity (approxi-
mately 60 km) to our study site. The density of midstory stems
(<10 cm dbh); however, in that thin/burn treatment exceeded
control and burn only treatments by 8178 and 6869 stems/ha,
respectively (Waldrop et al. 2016), likely restricting further her-
baceous and graminoid development.

Limitations associated with this study are representative of
those common in applied ecological research. Site availability,
controlling environmental variability to the extent possible in a
highly complex landscape, and a lack of similarity in design and
forest conditions across disparate studies are all factors that limit
the scope and applicability of results beyond any given study. In
addition, the small burn units (maximum size of 7.4 ha) uti-
lized in this study did not likely experience the variability in
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fire behavior and associated fire effects documented in other
topographically complex landscape-level prescribed burning
studies (e.g. Iverson et al. 2008; Vaughan et al. 2021). It is
also possible that our experimental design characterized by
low replication (n = 3) and sampling intensity (three sample
plots randomly located per unit) did not capture the variabil-
ity in fire effects on vegetation within any given experimental
unit. Despite these limitations, our results tend to corroborate
most other studies showing that a single early growing season
burn does not substantially alter the groundlayer vegetation
over a single dormant season burn, with the groundlayer
dominated by woody species both pre- and post-burn in both
burn treatments. Heterogeneous forest and fuels conditions,
weather, and strong environmental gradients influence both
fire severity and vegetation response (Arthur et al. 2015;
Maginel et al. 2019), likely contributing to variation in results
among studies addressing fire effects on groundlayer vegeta-
tion. In addition, despite relatively similar treatments, differ-
ences in the abundance and diversity of buried seed related to
historic land use and previous management coupled with
post-disturbance propagule availability further influence
results (Schiffman & Johnson 1992; Reilly et al. 2006; Van-
der Yacht et al. 2017b). Comparisons among studies are fur-
ther confounded by a lack of standardized definitions and
metrics used to categorize growing versus dormant season;
the timing of a burn within a “growing season” can greatly
affect plant population responses based on changes in physiol-
ogy across the annual cycle (Miller et al. 2019).

In addition to knowledge gaps regarding the effects of burn
season on attaining restoration goals, the practicality of
growing season burns is also a consideration. The timing of pre-
scribed burning is limited by “burn windows” based on weather,
fuels condition, smoke dispersal and air quality standards,
and/or considerations for federally listed endangered species
(Arthur et al. 2021). Due to limited burn windows in April–
September (Chiodi et al. 2018), restricting prescribed burns to
the growing season may be difficult to adhere to over the long
term. Delays in implementing periodic burns while waiting for
a growing season burn window that may or may not occur in
any given year can slow or reverse gains made toward restora-
tion goals by permitting recruitment of woody stems and reduc-
ing canopy openness (Chiang et al. 2005; Maginel et al. 2019).
These practical issues and confounding variables affecting the
outcomes of prescribed burning highlight the need for a system-
atic research approach to season of burn effects on groundlayer
vegetation that incorporates factors such as repeated burning,
vegetation physiology at the time of burn, environmental and
edaphic factors contributing to fire behavior and effects, fire
intensity, and canopy cover or light availability in the under-
story. A better understanding of multiple factors affecting
groundlayer response to burning is critical to the efficient use
of prescribed burning in attaining restoration goals.
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