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Land-use and forest management practices may facilitate the invasion success of non-native plants in for-
ests. In this study, we tested if agricultural land abandonment and subsequent forest management con-
tributed to the invasion success of Chinese tallow (Triadica sebifera (L.) Small) in the maritime forest of
Parris Island, SC. We compared the abundance of Chinese tallow between disturbed and remnant forests,
described Chinese tallow establishment patterns in relation to forest management activities, and charac-
terized the structure and composition of disturbed and remnant forests in order to better understand

Keywords: . relationships between stand characteristics and invasibility as indicated by Chinese tallow abundance.
Abandoned agriculture . . . ! . . s
Invasibility We found that stands in agricultural land use in 1939 but reforested with slash pine (Pinus elliottii
Prescribed fire Englem.) since the 1970s (i.e., disturbed forests) had significantly more Chinese tallow stems than stands
Thinning that remained forested since 1939 (i.e., remnant forests). Remnant forests had significantly greater

woody species richness and were more variable in species composition and structure than disturbed for-
ests. Disturbed forests were dominated by early successional, shade intolerant species with a denser
woody understory, while remnant forests included species associated with late successional habitats.
The number of forest management events was positively associated with Chinese tallow abundance,
explaining 34% of the total variation in stem density. Chinese tallow individuals commonly established
immediately after forest thinning and their numbers increased exponentially through time. Our findings
support that Chinese tallow establishment was strongly related to anthropogenic disturbance including
historical agricultural land-use and forest management. This suggests that Chinese tallow invasion may
be a symptom, rather than the driver, of the ecological degradation induced by persistent human
perturbations.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

The successful invasion by a non-native, invasive species is
attributed to three primary factors: the number of propagules
entering the community (propagule pressure), the characteristics
or traits of the invasive species (invasiveness), and the susceptibil-
ity of the community to invasion (invasibility) (Lonsdale, 1999).
Although characteristics of the potential invader largely determine
its invasiveness (Rejmanek and Richardson, 1996), invasibility
often increases with disturbance (Hobbs and Huenneke, 1992;
Burke and Grime, 1996; Lozon and Maclsaac, 1997) and thus
may depend on land-use history (Vila and Ibafiez, 2011).
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Disturbance and land-use legacies can affect propagule pressure
by altering habitat quality and species-specific environmental fil-
ters (Mayfield et al., 2010). Therefore, understanding the role of
disturbance and land use in facilitating or constraining invasions
may help identify opportunities for intervention and control.
Disturbances increase invasibility by providing establishment
opportunities that favor disturbance-dependent, non-native spe-
cies over native species (Hobbs and Huenneke, 1992; Davis et al.,
2000). Non-native, invasive species may outperform native species
if the disturbance is not typical of the evolutionary history of the
natives (Lockwood et al., 2013), consistent with the recognition
that species exhibit suites of adaptive traits or adaptive strategies.
Many of the world’s most tenacious invasive species are consid-
ered ‘r strategists’ (Rejmanek and Richardson, 1996), which are
favored where resources are abundant and perhaps transient. This
phenomenon has been described in communities ranging from
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Nomenclature

Triadica sebifera (L.) Small Chinese tallow, popcorn tree
Pinus elliottii Englem. Slash pine

coastal marshes where the timing of wrack deposition facilitates
the establishment of Phragmites australis (Minchinton, 2002) to
grasslands where overgrazing facilitates the invasion of Centaurea
species (DiTomaso, 2000). Perhaps the most recognized distur-
bance in eastern North America is the conversion of forestland to
agriculture. This conversion has resulted in substantial reductions
in plant diversity and abundance (Vellend, 2004; Flinn and Vellend,
2005; Hermy and Verheyen, 2007), providing a ‘window of oppor-
tunity’ for plant invasion (Davis et al., 2000; Mosher et al., 2009) in
which non-native, invasive species may establish prior to re-
vegetation of native species (Pianka, 1970).

Because trees act as ecosystem engineers and regulate ecosys-
tem function (Crooks, 2002; Belote and Jones, 2009), invasion by
non-native tree species often has profound impacts on recipient
forest communities (Lamarque et al., 2011). Tree invasions in for-
ests have been associated with hierarchical effects from changes
in species diversity to altered ecosystem function (Jackson et al.,
2002; Yelenik et al., 2004; PysSek et al., 2012). Because they are
long-lived, studies of invasive tree species benefit from the ability
to reconstruct invasion histories related to disturbance events.

Maritime forests are globally imperiled ecosystems with high
risks of extinction (NatureServe, 2012), partly due to invasive spe-
cies. In the southeastern U.S., maritime forests are considered one
of the rarest and least studied biological communities (Bellis,
1995). Chinese tallow (Triadica sebifera (L.) Small) is a highly inva-
sive, non-native tree species that poses a significant threat to these
ecosystems. It is fast-growing (Scheld and Cowles, 1981), shade
tolerant (Jones and McLeod, 1989), and able to thrive under various
conditions, including bottomlands with anoxic soil conditions, dry
upland forests, and soils with moderate levels of salinity (Conner
and Askew, 1993; Conner, 1994; Butterfield et al., 2004). Further-
more, Chinese tallow can reach sexual maturity in 3 years (Bruce
et al.,, 1997) and is highly fecund (Scheld et al., 1984), with seeds
that are bird dispersed (Renne et al., 2000) and persist in the soil
seed bank for up to 5 years (Cameron et al., 2000). Chinese tallow
has the potential to create monocultures and invade intact forests
(Bruce et al., 1995; Gan et al., 2009), leading to losses of biodiver-
sity (Cameron and Spencer, 2010; Camarillo et al., 2015). Given
that southeastern maritime forests are exposed to high levels of
both natural and anthropogenic disturbance, understanding the
role of disturbance in facilitating Chinese tallow invasion is espe-
cially important.

The goal of this study was to better understand the relation-
ships between anthropogenic disturbance and Chinese tallow inva-
sion in maritime forests. We compared the abundance of Chinese
tallow among forest stands representing two classes of disturbance
history: remnant sites with no significant disturbance other than
low severity agricultural uses in the 1700s (i.e., the remnant forest)
and a more intensive disturbance history of agriculture use
through the 1950s followed by the establishment and subsequent
management of slash pine plantations (i.e., the disturbed forest).
We reasoned that if disturbance events facilitate Chinese tallow
establishment, there would be a relationship between the timing
of disturbance and the age of Chinese tallow cohorts. Additionally,
informal observation suggested that Chinese tallow was not as
successful in remnant compared to disturbed forests, even though,
based on their proximity to each other, they were exposed to

similar propagule pressure through time. We reasoned that, in
addition to the absence of acute disturbance events, the remnant
forest may exhibit compositional and structural characteristics
reportedly associated with reduced invasibility, such as high spe-
cies richness or structural complexity (Tilman, 1997; Naeem
et al.,, 2000; Dukes, 2001; Munro et al., 2009). We hypothesized
that: (1) Chinese tallow is more abundant in disturbed forests than
remnant forests; (2) remnant forests are more species-rich and
structurally diverse than disturbed forests, consistent with
decreased community invasibility; and (3) Chinese tallow abun-
dance is positively related to the number of forest thinning and
prescribed fire events and the timing of Chinese tallow establish-
ment is positively related to the occurrence of forest management
practices.

2. Methods
2.1. Site description and history

Parris Island Marine Corps Recruit Depot (referred to as ‘Parris
Island’, hereafter) is located in Beaufort County, SC (Lat.
32.3289N, Long. —80.6947W). It comprises 3257 hectares, of which
608 ha are managed forests, 1538 hectares are salt water marsh
and tidal streams, and 1111 hectares are developed (housing, mil-
itary training facilities) or cultivated (parks, golf course). Parris
Island is located in the Southern Coastal Plain eco-region (EPA,
2003) and has flat topography, with elevations that range from 0
to 7 m above mean sea level. Mild winters and hot summers char-
acterize the study area. Soils in the study area are generally
described as fine sands to fine loamy sands. Soil series include
Wando fine sands (sandy marine sediments, very deep and well-
drained), Wahee fine sandy loam (clayey and loamy marine sedi-
ments, very deep and somewhat poorly drained), Murad fine sand
(loamy marine deposit, moderately well to somewhat poorly
drained), Williman loamy fine sand (loamy marine deposit, poorly
drained), and Seewee fine sand (sandy marine deposits, somewhat
poorly drained) (Soil Survey Staff, 2013). All soil types in our study
area are known to be cultivated for row crops and pasture (Soil
Survey Staff, 2013).

Most of Parris Island remained forested during early European
settlement due its saline soils. Beginning in the 1740s some forests
were cleared for the establishment of indigo (Indigofera spp. L.),
and during the 1790s, Sea Island cotton (Gossypium barbadense
L.) replaced indigo as the primary agricultural crop. By 1825, the
plantations were divided and most of the arable land was used
for cotton farming, leaving few remaining wooded patches. Civilian
residents remained on Parris Island until 1938, when the Marine
Corps expanded the Recruit Depot operations to encompass the
entire island. Most of the previous agricultural lands were main-
tained as open fields until slash pine (Pinus elliottii Engelm.) was
planted in the 1970s.

2.2. Historical land-use effects on Chinese tallow abundance

To assess hypotheses 1 and 2, we classified forest stands into
two types based on historical land-use: stands in the ‘disturbed
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forest’ classification were cleared before 1939 and reforested, and
stands in the ‘remnant forest’ classification were forested in 1939
and remained forested thereafter. A comparison of these classes
was the basis for evaluating effects of land use history on species
richness, composition, and forest structure to serve as a proxy for
community invasibility and its possible relationship with Chinese
tallow abundance.

2.2.1. Land use classification and management histories

To understand patterns of historical land use on Parris Island,
aerial photograph images were collected from the University of
South Carolina Map Library for 1939, 1951, and 1972, and digital
orthophoto quarter quadrangles for 1994 were downloaded from
the South Carolina Department of Natural Resources data clearing-
house. We used an ArcGIS 10.1 Bing basemap to derive 2011 land
use data. Images were georeferenced using a 3rd order polynomial
with a minimum of 20 control points and a total maximum resid-
ual of 25 m. Forest land cover was classified for each time period
based on a visual estimation of land cover type. We defined rem-
nant forest patches as those that were forested in 1939 and
remained forested thereafter. Those that were not classified as
remnant forests were considered disturbed forests as they were
cleared at some point prior to 1939 and were re-forested. Each
remnant forest layer was clipped over the next time period to
determine which forest patches remained intact from 1939
through 2011 (Fig. 1). Although we were able to differentiate
between post-agricultural areas and remnant maritime forests
from 1939, we note that this area has had a long history of human
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use, from Native Americans to early European settlement. We clas-
sify sites as “remnant” but acknowledge that they were not with-
out human influence and may have been disturbed by humans
prior to 1939.

2.2.2. Vegetation plots

To describe forest composition and structure, we sampled veg-
etation in a random subset of the available disturbed (n=6) and
remnant (n =4) forest stands that were at least 1.6 ha (Table 1,
Fig. 2). In each stand, we established between 2 and 8 plots that
were placed at least 30 meters from the forest edge and at least
50 meters apart. Each plot measured 20 x 40 m and was divided
into eight 10 x 10 m subplots, with a 1 m? quadrat placed in the
center of each subplot. For all trees >3 cm diameter at breast
height (DBH) in each plot, we recorded species and DBH. In four
randomly selected subplots, we recorded species and DBH of all
saplings (trees >1.4 m tall and <3 cm DBH) and shrubs (> 1.4 m
tall). For all herbaceous and woody species less than 1.4 m tall in
each quadrat, we recorded Braun-Blanquet’s cover class [1 (<0.1);
2 (0-1%); 3 (1-2%); 4 (2-5%); 5 (5-10%); 6 (10-25%); 7 (25-
50%); 8 (50-75%); 9 (75-95%); 10 (>95%)], and height class [1
(<10 cm); 2 (10-50 cm); 3 (50-140 cm)] by species. We assigned
each species to one of the following growth habit functional
groups: forb, graminoid, shrub, subshrub, tree, or vine. Vegetation
surveys were conducted in June and July 2012 for the disturbed
forest and 2013 for the remnant forest. Nomenclature, plant spe-
cies codes, and plant growth habit functional groups follow the
USDA PLANTS Database (2014).

Fig. 1. Changes in forest cover through time at Parris Island, SC. Dark green polygons represent areas forested at the time of aerial image year.
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Disturbance type, size (ha), number of plots, known establishment year, number of thinning operations, thinning years, number of burns, and burn year for sampled areas at Parris
Island, South Carolina.

Stand Disturbance type Size (ha) Plots (n) Establishment year Thinned (n) Thin year Burn (n) Burn year
1 Remnant 37.6 4 0 0

2 Disturbed 4 4 1969 1 1992 1 2004

5 Remnant 1.6 2 0 0

33 Disturbed 53 4 1965 2 1984, 1990 2 2002, 2005
38 Disturbed 3.6 4 1969 2 1990, 2004 2 2002, 2005
45 Remnant 6.1 3 0 0

51 Disturbed 13.4 8 1957 2 1992, 2007 2 2002, 2005
123 Remnant 2 2 0 0

131 Disturbed 7.7 4 1943 1 1998 1 1997

141 Disturbed 7.7 8 1972 3 1984, 1990, 1998 0

Legend
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Fig. 2. Map of forest stands and selected study sites at Parris Island, SC.
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We determined species richness, basal area, density (trees per
hectare), and percent cover of the ground layer functional groups
for each sampled vegetation plot and summarized at the stand
level. Richness, basal area, density, and percent cover were com-
pared between the two disturbance types with a two sample t-
test using stand-level means. Percent cover was determined as
the mid-point of the range for each cover class. Between-stand
similarity was determined by calculating Jaccard’s Coefficient of
Similarity s = ﬁ (Jaccard, 1912); p is the number of species that
occurs in both stands, g is the number of species that occurs in
stand Q but not in stand D, and d is the number of species that
occur in D but not in Q. Jaccard’s Coefficient of Similarity (s) has
a value between 0 and 1, with 1 being equality. We then conducted
a permutation-based F-test using a Permutational multivariate
analysis of variance (PerMANOVA) to evaluate differences in
woody composition and relative abundance between the two dis-
turbance types (Anderson, 2001; McArdle and Anderson, 2001;
Peck, 2016).

2.3. Effects of contemporary forest management practices on Chinese
tallow abundance and establishment

To assess hypothesis 3, we used multiple regression to quantify
the relationship of Chinese tallow abundance with the number of
thinning entries and the number of prescribed burns within dis-
turbed forest plots only (no thinning or burning was recorded in
remnant forests). Data on the timing of contemporary prescribed
burns and thinning activities by stand were collected from the Nat-
ural Resource Office at Parris Island MCRD. Data on prescribed
burns were available from 1990 through present, and data from
timber activities were available from 1988 through present.

We estimated the establishment year of each sampled Chinese
tallow stem by developing an equation based on age at breast
height (BH; 140 cm) and DBH and a second equation based on
age at BH and age at the ground line. To develop the equations,
we destructively sampled a total of 50 trees across 4 sites outside
of the study plots at Parris Island. We measured diameter and age
at BH and used regression to derive the following equation:

age140 = 2.08560 + 0.91895 « DBH
(n =50; MSE = 0.18; F =232.51; p < 0.001; R’ = 0.83)

We then used age at ground line to determine the relationship
between time since establishment (ageO) and growth to BH
(age140).

age0 =0.78421 + 1.11265 x age140
(n=33; MSE =0.69; F=674.11; p < 0.001; R?> = 0.96)

Using this equation, we calculated the time since establishment
(age0) for each measured Chinese tallow and subtracted age0 from
the survey year to determine establishment year of each sampled
tree.

We used a t-test to determine if mean establishment date was
significantly different from the date of the most recent thinning
or prescribed burn at the stand level. If disturbance was facilitating
Chinese tallow establishment, we would expect that the t-test
would be non-significant and establishment would occur shortly
after the disturbance event.

Data were analyzed using JMP®, Version 11 (SAS Institute Inc.,
Cary, NC) or SAS® 9.1.3 (SAS Institute Inc., Cary, NC). PerMANOVA
was conducted in PC-ORD®, Version 7 (MjM Software Design Data,
Gleneden, OR). Prior to PerMANOVA analysis, abundance data were
relativized by maximum across forest stands. To meet the balanced
design requirements of PerMANOVA, a stratified random sample
with replacement of four sample units per disturbance type were
batched across 5000 runs. The PerMANOVA analysis was then

bootstrapped (5000 iterations) across the batched sample units.
Results of the PerMANOVA bootstrapping procedure are reported
as the mean F-statistic and p-value across all iterations. Data are
reported as means and standard errors of the mean. If necessary,
data were transformed to meet the assumptions of hypothesis test-
ing, but values are reported in original scale to aid interpretability.
Each p-value less than 0.05 was considered evidence of a signifi-
cant difference.

3. Results

3.1. Effects of historical land use on the abundance of Chinese tallow
and the composition and structure of maritime forests

The remnant and disturbed forests differed in native species
composition and abundance, including the abundance of Chinese
tallow. Basal area and density of Chinese tallow were significantly
different by forest type (t=3.6; p<0.01 and t=6.4; p<0.01,
respectively) (Table 2). Basal area (m?/ha) of Chinese tallow was
3.11 £ 0.67 in disturbed forests and 0.53 = 1.90 m?/ha in remnant
forests. Density (trees/ha) was 1875 + 392 in disturbed forest and
141 £ 135 trees/ha in remnant forest. Percent cover of Chinese tal-
low regeneration recorded in the ground layer of disturbed forests
was 14%, and there was only one occurrence of regeneration in
remnant forests.

Overall, the two disturbance types were statistically different
from each other based on woody species composition (PerMA-
NOVA: F=4.1; p=0.03). The Jaccard Coefficient of Similarity for
woody species reflects the homogenization of these former agricul-
tural lands as species composition was more similar among the
disturbed forests (0.54 +0.02) than among the remnant forests
(0.41 £0.03), and disturbed and remnant forests were dissimilar
from each other (0.43 +£0.02). Species richness was significantly
different between disturbance types (t=2.0; p = 0.04), with rem-
nant forests having greater woody species richness (rem-
nant =9.6 +0.63; disturbed=9.1+£0.37) and disturbed forests
having greater richness of non-native, invasive woody plants (rem-
nant = 0.73 + 0.2; disturbed = 1.22 £ 0.2; t = 2.6; p=0.01).

Disturbed forests had greater woody stem density
(1530 + 136 stems/ha) than remnant forests (237 + 215 stems/ha)
(t=5.1; p<0.01). However, tree basal area did not differ between
disturbance types (t=0.65; p=0.51), indicating that the remnant
forests had bigger trees than the disturbed stands. Basal area
(m?/ha) and density (trees/ha) were significantly greater for wax
myrtle (Morella cerifera (L.) Small), slash pine, and Chinese tallow
in disturbed forests than remnant forests. The densities, but not
basal areas, of yaupon (Ilex vomitoria Aiton) and cherrybark oak
(Quercus pagoda Raf.) were also significantly greater in disturbed
forests, whereas Darlington oak (Quercus hemisphaerica W. Bartram
ex. Willd.) and southern redcedar (Juniperus virginiana var. silicicola
(Small) Silba) were denser in the remnant forests. Red mulberry
(Morus rubra L.), Darlington oak, and live oak (Quercus virginiana
Mill.) had greater basal areas in the remnant forests when com-
pared to the disturbed forests.

Species recorded only in remnant forests are more generally
characterized as tolerant of shade, with habitat specificity to occur
on moist, rich sites that are not subjected to fire (Burns and
Honkala, 1990; Miller and Miller, 2005) (Tables 3 and 4). In con-
trast, species recorded only in disturbed forests are characterized
as shade-intolerant pioneer species that potentially occupy a wide
range of habitat types (Table 3). For species common to both dis-
turbance types, we found a greater number of shade tolerant spe-
cies in larger diameter classes (>30 cm in DBH) in the remnant
forests and a greater number of shade intolerant species of smaller
diameter classes in disturbed forests (Fig. 3, Table 5).
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Table 2

Means and standard error of the mean for basal area (m?/ha) and density (trees/ha) of trees and shrubs by disturbance type (disturbed vs. remnant) at Parris Island, South
Carolina. Comparisons by forest stand type were determined using t-tests by species and disturbance.

Species Basal area (m?/ha) Density (trees/ha)

Disturbed Remnant F(p - value) Disturbed Remnant F(p-value)
Acer rubrum 0.71 (3.03) 0.89 (2.94) 0.12 (p=0.75) 31 (42) 79 (35) 0.76 (p=0.45)
Aesculus pavia 0.01 (5.10) 13 (269)
Ailanthus altissima® 0.10 (4.29) 38 (2219)
Baccharis halimifolia 0.04 (1.75) 285 (906)
Callicarpa americana 0.06 (1.92) 1480 (992)
Carya tomentosa 0.13 (5.10) 13 (269)
Carya ovata 0.86 (4.29) 13 (2219)
Celtis laevigata 0.38 (2.48) 4,28 (3.61) 1.67 (p=10.29) 17 (12) 38 (15) 1.15 (p=10.36)
Diospyros virginiana 0.02 (4.29) 13 (2219)
Fraxinus pennsylvanica 2.09 (1.75) 11.43 (2.94) 3.16 (p=0.12) 23(7) 50 (10) 5.12 (p=0.06)
Ilex opaca 0.03 (5.10) 13 (269)
llex vomitoria 0.56 (0.76) 0.62 (1.54) 1.17 (p=0.29) 3017 (385) 1398 (656) 4.53 (p=0.04)
Juniperus virginiana var. silicicola 0.26 (1.36) 0.64 (5.10) 2.13(p=0.18) 31(5) 88 (15) 3.59 (p<0.01)
Lantana camara® 25 (992)
Ligustrum sinense® 0.24 (2.95) 100 (156)
Liquidambar styraciflua 1.88 (1.19) 4.23(2.28) 1.77 (p = 0.20) 730 (354) 163 (592) 0.68 (p=0.42)
Magnolia grandiflora 1.80 (2.08) 54 (102)
Melia azedarach® 0.26 (3.03) 38 (1569)
Morella cerifera 0.71 (0.78) 0.07 (2.55) 19.03 (p < 0.01) 2851 (392) 125 (135) 19.40 (p < 0.01)
Morus rubra 0.02 (0.75) 1.96 (0.44) 108.4 (p < 0.01) 13 (57) 108 (33) 2.07 (p=0.29)
Nyssa sylvatica 0.77 (3.03) 13 (1568)
Osmanthus americanus 0.24 (5.10) 125 (269)
Persea borbonia 0.08 (2.08) 88 (110)
Pinus elliottii 24.65 (1.62) 9.67 (1.70) 16.2 (p<0.01) 3862 (392) 142 (90) 8.17 (p<0.01)
Prunus serotina 0.41 (1.62) 70 (839)
Quercus hemisphaerica 0.89 (1.15) 4.31(1.92) 8.62 (p=0.01) 53 (573) 138 (102) 6.75 (p = 0.02)
Quercus laurifolia 6.27 (2.28) 130 (120)
Quercus nigra 0.90 (1.01) 1.19 (2.08) 0.68 (p =0.68) 78 (496) 44 (110) 232 (p=0.14)
Quercus pagoda 0.16 (1.43) 0.19 (2.94) 0.07 (p=0.80) 81 (17) 13 (29) 8.11 (p=0.02)
Quercus virginiana 222 (1.11) 8.06 (1.70) 4.68 (p = 0.04) 64 (593) 146 (90) 2.76 (p=0.11)
Sabal palmetto 3.04 (1.92) 2.79 (2.94) 0.03 (p=0.87) 38 (992) 33 (156) 0.05 (p=0.83)
Tilia americana var. caroliniana 447 (3.61) 206 (190)
Triadica sebifera® 3.11 (0.67) 0.53 (1.90) 13.04 (p < 0.01) 1875 (392) 141 (135) 40.70 (p < 0.01)
Vaccinium arboreum 0.09 (2.55) 31(135)

32.95 (1.48) 31.03 (2.52) 0.82 (p=0.37) 1530 (136) 237 (215) 25.85 (p < 0.01)

2 Denotes non-native species.

Table 3
Ecological characteristics of woody species recorded only in disturbed forests at Parris
Island, South Carolina.

Species Ecological characteristics
Ailanthus Non-native invasive. Intolerant of shade, pioneer species
altissima® (Burns and Honkala, 1990)
Baccharis Occurs along right-of-ways and in open forests and new
halimifolia forest plantations as well as shore hammocks, sea beaches,
salt marshes, and low grounds inland. Noxiously weedy
with expansion of range along right-of-ways and disturbed
areas (Miller and Miller, 2005)
Callicarpa Open to shady habitats. Most frequent and abundant on
americana moist sites under open pine canopies (Miller and Miller,
2005)
Diospyros Grows in a wide range of conditions. Shade tolerant, slow
virginiana growing (Burns and Honkala, 1990)
Lantana Non-native invasive
camara®
Melia Non-native invasive. Frequently associated with disturbance
azedarach®  and is commonly associated with other early successional

species such as P. taeda and L. styraciflua (Waggy, 2009)

Nyssa sylvatica Tolerant of shade, moderate growth rate (Burns and

Honkala, 1990)

Prunus
serotina

Intolerant of shade. Does not live for extended periods or
move up to larger size classes without moderate to heavy
opening in the overstory canopy (Burns and Honkala, 1990)

2 Denotes non-native species.

Although species richness was not significantly different
between disturbance types for the ground layer vegetation (rem-
nant=12.5+1.5 species; disturbed=14.9+0.9 species; t=1.4;
p = 0.19), abundance patterns varied. Mean total cover was greater
for the disturbed forests (15.9 + 0.6) compared to the remnant for-
ests (8.8 +1.0) (t=6.1; p<0.01). Similarly, mean cover of several
functional groups differed between disturbance types; shrubs
(t=3.2; p<0.01), subshrubs (t=3.2; p<0.01), trees (t=6.6;
p<0.01), and vines (t=4.8; p<0.01) had significantly greater
cover in disturbed forests than in remnant forests (Fig. 4).

3.2. Chinese tallow establishment patterns in relation to contemporary
anthropogenic disturbance

Chinese tallow density was significantly related to the number
of entries from silvicultural practices. The number of prescribed
burns (since 1990) and number of thinning entries (since 1989)
explained approximately 34% of the variation in Chinese tallow
density across all disturbed forest plots (F=10.24; p<0.01). The
t-test showed that the establishment date of Chinese tallow was
not statistically different from the timing of thinning operations
(n=1047; t=0.83; p=0.41). The mean difference between thin-
ning and establishment date was 0.22 years, suggesting that inva-
sion occurred coincident with thinning. In contrast, year of burn
was statistically different from establishment year (n=740;
t=-12.8; p<0.001). Mean difference of establishment and year
of burn was —3.38 years, suggesting that establishment occurred
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Table 4
Ecological characteristics of woody species recorded only in remnant forests at Parris
Island, South Carolina.

Species Ecological characteristics

Common shrub in fertile, well-drained and moist
forests, including low forests, protected sites on
upland forests, and swamp margins (Miller and Miller,
2005)

Aesculus pavia

Carya tomentosa Tolerant to intolerant of shade (Burns and Honkala,

1990)

Ilex opaca Very tolerant of shade. Mainly associated with trees of
bottomlands, swamps, or other sites not subjected to

fire (Burns and Honkala, 1990)

Non-native invasive. Shade tolerant and can invade
relatively undisturbed habitats following the
formation of canopy gaps (Munger, 2003)

Ligustrum sinense®

Magnolia grandiflora  Tolerant of shade. Grows on rich lowland sites, or
mesic upland sites where fire is rare. Considered to be
one of the major species of the potential climax forest
of the southeastern coastal plain (Burns and Honkala,
1990)

Tolerant of shade. Understory component of mesic
coastal plain forests (Fralish and Franklin, 2002)

Osmanthus
americanus

Persea borbonia Tolerant of shade. Occurs on the borders of swamps
and swampy drains in the rich, moist, mucky soil of the
lower coastal plain, or in shallow ponds, strands, and

pococins of pine woods (Burns and Honkala, 1990)

Tolerant of shade. Particular in its soil and moisture
requirements, cannot tolerate very wet to very dry
conditions, and almost always grows on moist but
well-drained soils (Burns and Honkala, 1990)

Tilia americana var.
caroliniana

Vaccinium arboreum  Occupies a wide range of sites and conditions, and is a
component of southern mixed hardwood forests which
represent the dominant climax upland vegetation in

the southeastern coastal plain (Tirmenstein, 1991)

2 Denotes non-native species.

prior to burning, and thus Chinese tallow may survive fire if burned
after four growing seasons of growth. The number of Chinese tal-
low stems that established within the disturbed plots increased
exponentially through time [number = 2.3e—152 x exp
(0.176701 x* est year); R? = 0.89; MSE = 291.0] (Fig. 5), with a large
proportion establishing within three years of disturbance.

4. Discussion

Our study provides evidence that land cleared for agriculture
and then reforested to pine plantations and managed with thin-
ning and prescribed fire resulted in persistent alterations in stand
composition and structure that might have provided establishment
opportunities and facilitated the growth of Chinese tallow popula-
tions. For example, disturbed stands had lower species richness,
greater between-stand similarity in species composition, and
reduced heterogeneity in stand structure, with smaller diameter
classes dominated by a few pioneer species. The greater richness
and density of all woody, non-native invasives in disturbed stands
suggest that community invasibility generally increased with dis-
turbance. Previous studies have also shown that areas cleared for
agriculture often become compositionally and biogeochemically
distinct from adjacent areas that have never been cleared or used
for agricultural purposes (Compton and Boone, 2000; Eberhardt
et al., 2003). In longleaf pine savannas, post-agricultural sites had
lower species richness attributed to the depletion of soil resource
availability, the increase of tree abundance, and suppression of fire
(Flinn and Marks, 2007; Veldman et al., 2014). Conversion of forest
to agriculture and subsequent abandonment in Quebec, Canada
resulted in functionally diverse forests transitioning to functionally

similar old-field communities (Mayfield et al., 2010). These human
land-use alterations can make enduring changes to patterns of bio-
diversity that may persist for decades or longer (Vellend et al.,
2007).

Maritime forests have an herbaceous layer that is typically
sparse and low in species diversity, with most of the diversity
being in trees and shrubs (Bellis, 1995). The dissimilarity of woody
species in remnant forests in our study is consistent with Schafale
and Weakley (1990), who reported that maritime forest communi-
ties vary naturally based on their physio-topographic position (e.g.,
distance from marsh, degree of protection from salt spray, eleva-
tion, height of water table). Our results are also consistent with
those of Bratton and Miller (1994), who reported a greater abun-
dance of vines, grasses, and forbs in former agricultural fields
and grazing lands on Cumberland Island, GA than in sites without
agricultural history. Changes in structure and composition of mar-
itime forests have been attributed to historical fire suppression,
land-clearing, and logging, leading to dense woody vegetation
and abundant greenbriars (Smilax spp.) (Frost, 2005), similar to
the differences seen in the remnant and disturbed forests at Parris
Island (Fig. 6).

Reforestation to pine plantations following agricultural aban-
donment resulted in highly similar forest structure and composi-
tion dominated by four woody species (slash pine, Chinese
tallow, yaupon, and wax myrtle) and a very dense shrub layer. In
contrast, remnant forest communities had fewer stems per hectare
but greater woody species richness and more shade tolerant spe-
cies across the range of diameter classes, resulting in heteroge-
neous forest structure and composition. Most of the disturbed
forests at Parris Island were established as part of a reforestation
effort on post-agricultural lands in the 1970s, and these stands
were also thinned for the management of timber resources and
burned to promote military training exercises and wildlife habitat.
The shift in canopy composition from hardwood to pine, and the
canopy openness resulting from thinning and burning likely con-
tributed to the observed greater abundance of ground layer vege-
tation in disturbed forests.

Life history traits and modes of reproduction can define a spe-
cies’ ability to overcome barriers to invasion and hence their ability
to invade (Richardson et al., 2011). Chinese tallow is documented
as being relatively shade tolerant and is more shade tolerant than
native cherrybark oak (Jones and McLeod, 1989). In comparison to
the other commonly occurring native woody species at Parris
Island, Chinese tallow has the shortest period to maturity and
the longest known period for soil seed banking (Table 5). Being rel-
atively shade tolerant also allows Chinese tallow to establish under
an intact forest canopy, while rapid growth and high tolerance to
stress may allow it to outcompete less disturbance-adapted native
species. These characteristics may allow Chinese tallow popula-
tions to rapidly increase and continue to grow after initial
establishment.

The concept that disturbance facilitates invasions is one of the
most commonly accepted ideas in invasion ecology (Lockwood
et al., 2013). In our study, Chinese tallow occurred most commonly
in stands with disturbance histories that included agriculture, pine
plantation establishment, and ongoing forest management. These
disturbances changed the structure and composition of the forest
community, possibly increasing available resources and niche
space for non-native plant invasion. We speculate that these dis-
turbances facilitated Chinese tallow invasion by increasing avail-
able resources at least temporarily, as suggested by the
fluctuating resource hypothesis (Davis et al.,, 2000; Lockwood
et al., 2013). Thus, the invasibility of a community is a dynamic
property that changes with time and circumstances (Lockwood
et al., 2013). Our findings are similar to those of Mosher et al.
(2009), who found that areas in the northeastern U.S. that had
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Fig. 3. Diameter distributions by density (trees/ha) of tree (>3 cm DBH) species common to both forest disturbance types (disturbed vs. remnant) at Parris Island, SC.

not undergone land use changes since 1934, remaining as either abundance on plots that had regrown to forest from abandoned
continuously forested or in constant cultivation, had the lowest agriculture since the 1940s (Kuhman et al., 2010), suggesting that
incidence of woody plant invasion. In the southern Appalachian species establish in response to the changes caused by land use
mountains, invasive plant species were found in the greatest history. Chinese tallow was present on Parris Island prior to the
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Fig. 3 (continued)
establishment of plantation forests. While maintained as agricul- Forest operations, such as thinning, can provide favorable con-
tural fields, these sites may have resisted invasion by Chinese tal- ditions for plant establishment, including increased sunlight to

low due to repeated mowing. However, after conversion to pine the forest floor, exposed mineral soil, and reduced competition.
plantations, reduced mechanical disturbance may have allowed Thinning and burning have been documented to have positive
Chinese tallow to invade, grow, and reproduce at these sites. effects on some non-native plant species (Nelson et al., 2008).
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Fig. 3 (continued)

We found that thinning facilitated the establishment in Chinese
tallow in the disturbed forests, and remnant forests, which had
not been actively managed, had few established Chinese tallow
individuals. Although we are unable to separate effects of
land-use history from contemporary forest thinning effects on Chi-
nese tallow establishment, the coincidence of Chinese tallow

establishment year and year of thinning event suggests that this
practice provided an additional opportunity for establishment.
Additionally, our results indicate that Chinese tallow has the ability
to survive low intensity surface fires and may have a greater like-
lihood of survival if burning occurs at least 4-years after
establishment.
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Fig. 3 (continued)

The lag phase of Chinese tallow establishment in the disturbed
stands is evident from the 1970s, when reforestation began, to the
late 1990s when the exponential increase began (Fig. 5). The high
rate of seed production of Chinese tallow has been cited as

important to its invasiveness (Conway et al., 2000). Chinese tallow
has been cultivated in China for 14 centuries as a seed producing
crop species (Bruce et al., 1997), and the invasive success of Chi-
nese tallow could be a result of the artificial selection for high seed
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Table 5
Physiological and seed characteristics of the most common tree species found in both disturbance types at Parris Island. Information gathered from Burns and Honkala (1990).
Species Shade tolerance Age to reproductive maturity Growth rate Seed bank
(years) (years)
Acer rubrum Tolerant 4 Rapid when young 1
Celtis laevigata Tolerant 15 Moderate to fast
Fraxinus pennsylvanica Intermediate to intolerant 8-10 cm DBH (or 40+ years) Moderate 4
Juniperus virginiana var. Intolerant to very 10 Moderate to slow
silicicola intolerant
Liquidambar styraciflua Intolerant 20 to 30 Fast
Morus rubra Tolerant 10
Pinus elliottii Intolerant 10to 15 Rapid
Quercus hemisphaerica Tolerant 15 to 20 Fast
Quercus nigra Intolerant 20 Slow early growth; rapid on favorable sites
Quercus pagoda Intermediate to intolerant 25 Fast
Quercus virginiana Intermediate 50 Rapid when young
Triadica sebifera® Intermediate to intolerant 3 Rapid 5
¢ Denotes non-native species.
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Fig. 4. Cover of plant habit functional groups (mean and standard error) recorded in 1 x 1 m ground layer quadrats at Parris Island by disturbance type (asterisks depict level

of significance: ** significance of p < 0.01; *** significance of p < 0.001).

production prior to its introduction to North America (Butterfield
et al.,, 2004). In addition, Chinese tallow seeds are consumed in
large numbers by diverse bird assemblages (Renne et al., 2000,
2001). In the absence of disturbance, the lag phase for invasion
in the remnant stands may be longer as the propagules continue
to accumulate through active seed dispersal from adjacent dis-
turbed forest into the remnant forest, especially as Chinese tallow
seeds are known to remain viable for at least 5-years in the soil
seed bank (Cameron et al., 2000).

Human-mediated disturbance events have been previously
cited as facilitating Chinese tallow invasions. In South Carolina,
the greatest density and largest reproductive Chinese tallow trees
were found predominately on highly impacted spoil dredge areas
and other very disturbed sites (Renne et al., 2001). Forest distur-
bances from timber management practices, including forest
restoration, have also been shown to facilitate Chinese tallow
establishment (Johns et al., 1999). Chinese tallow was reported
as a minor component of three pine plantations prior to harvest
in an effort to restore bottomland forests in Texas, after which Chi-
nese tallow invaded and was the dominant species in all three
areas (Johns et al., 1999). In eastern Texas, more than 50% of the

forests invaded by Chinese tallow were documented as managed
forest stands less than 30 years old (Wang et al., 2014).

Although disturbance events may drive the initial establish-
ment of Chinese tallow, increased propagule supply can lead to
continued establishment without additional disturbance. Commu-
nity resistance to invasion can be overwhelmed as the propagule
supply increases, and, as a result, even small-scale disturbances
(e.g., single tree mortality, soil disturbance from faunal inhabitants,
weather events) could lead to increased establishment in the
nearby remnant forests. High propagule supply will increase the
likelihood of seeds and seedlings finding refuge (i.e., “safe sites”
for establishment) from competition (D’Antonio et al., 2001). The
exponential increase in Chinese tallow establishment through time
in our study is characteristic of biological invasions, suggesting
that as an increasing number of individuals become established
the propagule pressure also increases.

5. Management implications

Disturbed forests should be a high management priority for the
treatment and monitoring of Chinese tallow due to its ability to
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Fig. 6. Photographs providing examples of disturbed forest stands (left) and remnant forest stands (right) at Parris Island, SC. Disturbed forests are characterized by high stem
density of smaller diameter trees and a ground layer vegetation dominated by woody species. Remnant forests have multiple strata in the forest canopy and a sparse

herbaceous layer.

rapidly establish and obtain dominance following disturbance
events. Invasive species management in disturbed forests should
take a proactive approach to restore desired native communities
or a novel assemblage of desired species to create an ecological
community that may have greater resistance to invasion by Chi-
nese tallow.

Our study found that contemporary silvicultural practices such
as thinning and prescribed burning facilitated the establishment of
Chinese tallow. Therefore, in forests that are currently managed for
timber resources and wildlife habitat and readily exposed to
propagules of Chinese tallow, innovative management practices
that can reduce the invasion of non-native invasive species and
promote native species diversity must be developed and adopted.
Combined management approaches that build community resis-
tance to invasion and/or the use of biological control agents may
provide effective options for the Chinese tallow control (Wheeler
and Ding, 2014; Wheeler et al., 2017; Pile et al., in press). More
research is required to better understand the effects of manage-

ment activities such as thinning and prescribed burning on Chinese
tallow recruitment, establishment, and persistence.

Existing remnant forests are important for many reasons,
including the provision of propagules to foster a resilient land-
scape, serving as the reference for the restoration of maritime for-
ests, and providing important ecosystem services. Therefore, these
remnant forests should be given a high conservation priority,
avoiding anthropogenic activities that may promote the invasion
of Chinese tallow or other exotic plants.
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