Mississippi State University

Scholars Junction
Theses and Dissertations

Theses and Dissertations

12-14-2018

Beta Diversity Provides Evidence of Niche Based Assembly in
Temperate Forest Understory Assemblages of Mississippi
David Steven Mason

Follow this and additional works at: https://scholarsjunction.msstate.edu/td

Recommended Citation
Mason, David Steven, "Beta Diversity Provides Evidence of Niche Based Assembly in Temperate Forest
Understory Assemblages of Mississippi" (2018). Theses and Dissertations. 870.
https://scholarsjunction.msstate.edu/td/870

This Graduate Thesis - Open Access is brought to you for free and open access by the Theses and Dissertations at
Scholars Junction. It has been accepted for inclusion in Theses and Dissertations by an authorized administrator of
Scholars Junction. For more information, please contact scholcomm@msstate.libanswers.com.

Template C v3.0 (beta): Created by J. Nail 06/2015

Beta diversity provides evidence of niche based
assembly in temperate forest understory
assemblages of Mississippi

By
TITLE PAGE
David S Mason

A Thesis
Submitted to the Faculty of
Mississippi State University
in Partial Fulfillment of the Requirements
for the Degree of Master of Science
in Biological Sciences
in the College of Arts and Sciences
Mississippi State, Mississippi
December 2018

Copyright by
COPYRIGHT PAGE
David S Mason
2018

Beta diversity provides evidence of niche based
assembly in temperate forest understory
assemblages of Mississippi
By
APPROVAL PAGE
David S Mason
Approved:
____________________________________
Gary N. Ervin
(Major Professor)
____________________________________
Brandon Barton
(Committee Member)
____________________________________
Marcus Lashley
(Committee Member)
____________________________________
Mark E. Welch
(Graduate Coordinator)
____________________________________
Rick Travis
Dean
College of Arts & Sciences

Name: David S Mason
ABSTRACT
Date of Degree: December 14, 2018
Institution: Mississippi State University
Major Field: Biological Sciences
Major Professor: Gary N. Ervin
Title of Study: Beta diversity provides evidence of niche based assembly in temperate
forest understory assemblages of Mississippi
Pages in Study 59
Candidate for Degree of Master of Science
Assembly is a process that shapes the abundance and identity of species in a
community. Niche and neutral theory explain assembly processes with mechanisms
driven by either species differences, or functional equivalence and stochastic dispersal. In
2017 I sampled vegetation and environmental variables at 59 sites in the Noxubee
National Wildlife Refuge and Tombigbee National Forest of Mississippi to explore forest
understory community assembly. I developed and assessed a framework of predictions
concerning general patterns and underlying mechanism. Evidence of dispersal limitation
and functional equivalence were expected under neutral theory. Local environmental
characteristics, surrounding landscape variables, and fire were significant determinants of
beta diversity. Dispersal was not a strong predictor of beta diversity. I found evidence of
both niche complementarity and functional equivalence, as well as niche differences
among common vines and an introduced vine (Lonicera japonica). Overall, the results
were more congruent with predictions expected under niche theory.
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CHAPTER I
1.1

Introduction
As the planet changes, ecologists seek to establish community assembly rules that

help predict ecosystem response (Keddy, 1992). Discerning whether underlying
processes of assembly are influenced more by species differences or species similarities
is a major challenge. Underlying processes seek to explain coexistence of species
(Schoener, 1974; MacArthur & Levins, 1967), and explanations have distilled into two
polarizing views: stochasticity and determinism (Götzenberger et al., 2012). According to
determinism, or niche theory, any factor used to describe where and how a species
persists is conceptualized as an axis in a multidimensional hypervolume (Holt, 2009).
Species use different space in the hypervolume (Taper & Case, 1985), and
assemblage composition is determined by site characteristics and competition (Grime,
1979; Tilman, 1988). According to neutral theory, niche independent processes (e.g.,
dispersal limitation and ecological drift) are more influential in structuring assemblages
(Hubbell, 2005; Alonso, Etienne and McKane, 2006). Ecological drift is a random
sampling based process akin to genetic drift. Species abundance can shift because of
dispersal limitation (Alonso, Etienne and McKane, 2006), just as alleles can change
abundance from random sampling effects alone (Ewens, 1972). When assemblages are
dispersal limited (e.g. species do not disperse to every place on a landscape) ecological
drift is more likely to occur and species may use similar resources without being in direct
competition (Chase, 2010; Hubbell, 2005).
1

In forest communities, local environmental variables and disturbance are known
determinants of understory assemblages, as evidenced by classification schemes. On
broad scales, geology and climate are important determinants of plant distributions
(Lomolino et al., 2010), but species can be classified by preference for light and water
availability in local environments (Symstad, 2002). Soil chemistry, soil pH, and soil
texture are relevant because they regulate nutrient and soil moisture availability (Perry,
Oren & Hart, 2009), and plants can also be classified using these variables (Grime, 1979).
Finally, plants can be classified by response to disturbance (Grime, 1979), which
increases light reaching the understory (Merritt & Pope, 1991), creates space for growth
or exposes seeds buried in the soil (Froud-Williams, Chancellor & Drennan, 1984).
Forest understory assemblages are also structured by other determinants,
including overstory species, ground cover and the surrounding landscape. Understory
light and water availability, as well as rhizosphere competition, is related to number and
size of trees (Alaback & Herman, 1988, Thomas et al., 1999), but the identity of trees is
also relevant (Barbier, Gosselin & Balandier, 2008). Species differentially regulate light
availability based on spatial arrangement (Planchais & Sinoquet, 1998) and size of leaves
(Barkman, 1992), whereas soil moisture is affected by interception (Nihlgard, 1970) and
root absorption (Ziemer, 1968). Roots and boles, as well as overstory litter, are a
component of ground cover that indicates competition, germination conditions and
resource availability. Furthermore, ground cover can reflect the surrounding landscape:
wrack, for example, may indicate proximity to water. Surrounding landscapes are
determined by environmental conditions and disturbance, but influence local sites
through dispersal as well.
2

In an effort to understand factors associated with understory plant assembly
structure (and thus, presumably, associated with community processes) I surveyed 59
randomly selected sites within Tombigbee National Forest (TNF) and Noxubee Wildlife
Refuge (NWR) during 2017. Each of these plots had previously been sampled between
2007-2009 using the same methodology used in my 2017 surveys. Having the same data
collected approximately 10-years apart allowed me to examine not only a current
snapshot of these understory assemblages, but also how the assemblages were different in
the preceding decade.
I developed a predictive framework to explore patterns of community assembly
and underlying processes expected by niche and neutral hypotheses (Table 1.1). The
framework consists of eight predictions related to community structure and dynamics,
along with six types of analyses meant to test my predictions, using beta diversity and
other community metrics. As the bridge between regional and local species pools, beta
diversity reveals compositional heterogeneity and can be conceptualized as a measure of
turnover among sites and as temporal turnover at one site (Baselga, 2010; Anderson et
al., 2010). Temporal turnover can be analyzed using community distance metrics, and
turnover among sites can be analyzed using ordinations, clustering analysis and variance
partitioning. Other community metrics, such as diversity and richness, can also indicate
determinants structuring understory assemblages. The framework begins by exploring the
effect of disturbance (e.g., prescribed fire) on beta diversity and temporal changes in
community metrics.
Beta diversity reveals determinants of succession and the role of disturbance. I
expected changes in local environmental conditions to be correlated with temporal
3

turnover in assemblages (i.e., between sampling events; Table 1.1, P1). Colonizing
vegetation can modify the environment, facilitating or inhibiting potential future colonists
(Connell & Slayter, 1977). After disturbance, space not already occupied by surviving
resprouters (Bond & Midgley, 2003) can be colonized from the seed bank or from
arriving seed rain (Keeley & Fotheringham, 2000). I predicted disturbance would
decrease turnover among assemblages because resprouting species that persist or are
adapted to colonize post-fire are good dispersers in temperate forests (Chase, 2007; Table
1.1, P2). As the number of fires at a site increases, I expect assemblages to have
decreased temporal turnover because conditions will become increasingly similar over
time and will increasingly favor species tolerant of fire (Table 1.1, P3).
Both niche and neutral processes can be inferred from these predictions. If, as
suggested by niche theory, species can only colonize sites within certain biotic
parameters (environmental filtering sensu Weiher & Keddy, 1995) or are competitively
superior at different points in niche space, we can expect trade-offs in species abundance
along environmental gradients (Grime, 1979). According to neutral theory, tradeoffs and
environmental filtering are also expected because species, within the constraints of
phylogenetic history, develop traits that adapt them to the most common conditions
(Hubbell, 2005). Results of disturbance are likewise explainable by both niche and
neutral theory (Catano, Dickson & Myers, 2017). Disturbance can decrease beta diversity
when dispersal rates are high because species are selectively filtered according to
functional equivalence associated with neutral theory or niche differences (Chase, 2007).
On the other hand, disturbance can increase beta diversity when dispersal rates are high
because niche-based competition from dominants is reduced (Velle et al., 2014). Neutral
4

processes also can increase beta diversity if low dispersal rates cause stochastic
colonization or reduction of individuals causes ecological drift (Orrock & Watling, 2010;
Myers et al., 2015).
Temporal changes in diversity and total understory cover can provide evidence of
dispersal limitation or niche differences. I predict decreases in richness with increases in
total understory cover between sampling events under neutral theory, and the inverse
relationship under niche theory (Table 1.1, P4). If dispersal limitation and functional
equivalence structure assemblages, the probability of adding or losing cover is
proportional to the number of individuals present (Hubbell, 2001). For example, a
dominant species will add cover and individuals as total understory cover is increased,
and diversity will decrease. On the contrary, if niche differences structure assemblages
then species have density dependent growth because they fill up niche space as
individuals are added (Morin, 2011; Chesson, 2000). Additional cover and individuals
must come from species using other points in niche space (e.g., niche complementarity
sensu Miller & Ricklefs, 2000), and diversity is increased.
Evidence of dispersal limitation can also be found with beta diversity variance
partitioning. Beta diversity (turnover among sites) can be used as a response variable in
multivariate analysis of community data (Legendre, 2008) and allows explanatory power
to be attributed to local environmental conditions, the surrounding landscape, and spatial
descriptors. Recently, authors are attributing variance associated with spatial descriptors
to dispersal limitation (Legendre, Brocard & Peres-Neto, 2005). Other authors criticize
these interpretations because spatial autocorrelation cannot be distinguished from
unmeasured environmental variables (Anderson, 2010). I expected variance partitioning
5

to identify significant determinants from local environmental conditions and surrounding
landscape characteristics regardless of underlying processes, but significant spatial
descriptors were expected only under neutral theory because of dispersal limitation
(Table 1.1, P5).
Using beta diversity variance partitioning with decreasing degrees of taxonomic
resolution can provide evidence of phylogenetic divergence (Table 1.1, P6). An
organism’s evolutionary history is a cycle alternating between survival and reproduction,
and both phases occur in the context of ecological communities. Community assembly
theories, therefore, have implications for phylogeny (Tofts & Silvertown, 2000; Webb,
2000). Environmental filtering could result in phylogenetic clustering because related
species might be expected to share similar physiological traits, but competitive exclusion
should limit niche overlap, causing phylogenetic divergence (Cavender-Bares et al.,
2004). Environmental filtering can be expected under niche and neutral theory, but
competitive exclusion should only occur with niche theory. Species site abundance totals
can be collapsed into categories of decreasing taxonomic resolution before variance
partitioning is conducted, allowing phylogenetic convergence or divergence to be
assessed. I expected explained variance to decrease with taxonomic resolution if
competitive exclusion caused phylogenetic divergence.
Explained variation in plant ecology studies is typically lower than fifty percent
(Young & Peacock, 1992; He et al., 1996; Lawton, 1999; De Ca´ceres et al., 2012; Myers
et al., 2013; Siefert et al., 2013.; Murphy et al., 2015); the residual variance can be further
explored to provide evidence for niche differences. Large fractions of unexplained
variance can be explained by stochastic, neutral processes (Murphy et al., 2015) or may
6

represent noise in a system not yet fully understood (Clark, 2009). Data resolution may
account for some of that noise: Chang et al. (2013) and Baldeck et al. (2013), both
showed that including soils data decreased the proportion of explained variance
associated with spatial descriptors. When soils are heterogeneous at local scales, one
measurement may not accurately reflect finely partitioned niches, also causing larger
fractions of unexplained variance. I derived soil variable coefficient of variation from
repeat measurements. If large fractions of unexplained variance are caused by low data
resolution, I expect coefficient of variation to be positively correlated with species
richness.
Distributions of species in a functional group can also provide evidence of niche
differences. Species introductions are naturally occurring phenomena in which species
expand ranges and join regional species pools (Lockwood, Hoopes & Marchetti, 2013),
and ecologists have used human-introduced species to explore underlying processes
(Daleo, Alberti & Iribarne, 2009). The Invasion Paradox describes negative correlations
between invasive species abundance and diversity at local scales (Tilman, 1997; Naeem
et al., 2000), and positive correlations at larger scales Shea & Chesson, 2002). This
phenomenon is explainable by null, neutral models (Herben et al., 2004; Fridley et al.,
2004). Invasions are more common with increased resources, but this too can be
explained by both underlying processes (Daehler, 2003): increased regional diversity
(Daleo, Alberti & Iribarne, 2009) and relaxed competition (Davis, Grime & Thompson,
2000) associated with increased resources may allow invasion under neutral and niche
theory, respectively.

7

Niche differences between introduced species and functional counterparts,
however, are only explained by niche theory (Daleo, Alberti & Iribarne, 2009).
According to neutral theory, these species are functionally equivalent (Hubbell,2005).
Ordination can display the distribution of species and identify significant variables
structuring assemblages (McCune, Grace & Urban, 2002). Differences in niches between
species can also be explored with multivariate comparisons using local environmental
characteristics and surrounding landscape variables. If niche processes drive community
assembly, I expected niche differences to be evident between a widespread introduced
species (Lonicera japonica, in the case of my research) and functionally equivalent
common native species (Table 1.1, P8).
1.2

Methods
To test the predictions within this framework, I used plant and environmental data

from 59 randomly selected points in within TNF and NWR. I visited all plots during the
2017 growing season (during May-June, and August). For temporal analyses, I used data
that were collected from the same locations during the growing season of 2007, 2008, or
2009. The same sampling methodology was used during both time periods, and I tried to
sample as close to the original sampling date as possible, to avoid potential impacts on
vegetation chance from seasonal differences. Most sites (43 out of 59, or 73%) were
sampled within 20 days of the 2007-2009 sampling day, with sites, on average, being
sampled four days later. Mississippi State University Extension Service Soil Testing
Laboratory analyzed soil chemistry and acidity, and soil texture analyses were conducted
in-house by the hydrometer method (Ashworth et al., 2001; Foth, 1990). Two of the 59
sites were on highway medians, and weren’t used in many community analyses.
8

I conducted all statistical analysis in R version 3.5.1 (R Core Development Team,
2018) and derived GIS data using ArcGIS version 10.1 for (ESRI, 2013). I used the
vegan package (Oksanen et al., 2018) to conduct community ecology analyses (e.g.,
ordinations, beta diversity, and community metrics). For common statistical analyses
(e.g., coefficient of variation, correlation analyses, multivariate analysis of variance, and
post-hoc comparisons) I used the native stats package (R Core Development Team,
2018). When discussing an analysis in the methods section I list the function used and the
package containing the function.
1.2.1

Correlation analysis using temporal turnover
I considered succession by looking for correlations among changes in local site

conditions and temporal turnover. To measure temporal turnover, I calculated BrayCurtis dissimilarity between assemblages from the 2007-2009 survey and resurvey at
each site. Bray-Curtis dissimilarity is a proportion (bounded between 0-1) calculated by
dividing abundance differences by total abundance of all species (Clarke, Somerfield, &
Chapman, 2006). Abundance differences are the total, absolute value of the difference in
each species abundance between sites. I measured changes in local environmental
determinants as the difference between values at sampling periods. Next, I conducted
correlation analysis among temporal turnover and the change in local environmental
determinants. I conducted a separate analysis for each category of local environmental
determinants (e.g., overstory characteristics, soil variables, and ground cover).

9

1.2.2

Hierarchical clustering analysis
I assessed the role of disturbance using hierarchical clustering analysis and

ordination. I completed hierarchical clustering analysis by calculating Bray-Curtis
dissimilarity among 20 sites at Noxubee subjected to different numbers of prescribed
burns between sampling events. Agglomerative clustering employs an iterative approach
in which the most similar points are merged to form dendrogram leaves. Clusters were
determined as dendrogram branches representing Bray Curtis dissimilarity of less than
0.7.
1.2.3

Correlation analysis using changes in diversity and total understory cover
I used correlation analysis with temporal diversity and total understory cover

changes to look for evidence of dispersal limitation or niche complementarity. First, I
determined the difference between average total understory cover during both sampling
events at each site. Shannon’s index combines richness (total number of species) and
evenness (how equal is the abundance of species) to characterize the diversity of
communities (Miller & Ricklefs, 2000). Values approaching zero indicate low diversity,
whereas values over four indicate high richness with equal abundance. I conducted
correlation analysis to assess the relationship between changes in total understory cover
and diversity. Correlation analysis measures the relationship (e.g., direction and strength
of linear association) of two, numerically measured, continuous variables (Zar, 2010).
Upon visual inspection, the data was obviously not normally distributed so I used
Spearman’s rank order correlation. This method which measures the statistical
dependence of the rankings of two variables (Zar, 2010).
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1.2.4

Beta diversity variance partitioning
I used beta diversity variance partitioning to explore dispersal limitation. Beta

diversity variance partitioning uses partial linear regression with an environmental matrix
as explanatory variables and assemblage composition as a response variable (Legendre,
2008; Legendre, Brocard & Peres-Neto, 2005; Legendre & De Cáceres, 2014).
Nonparametric methods of multivariate linear regression are often conducted on distance
matrices instead of raw data (Lichstein, 2007). I applied the Hellinger transformation
prior to analysis; this method creates a distance matrix that gives rare species lower
weights and is preferred for community data (Legendre & Gallagher, 2001). Coefficient
of determination (explained variance) was calculated with variables categorized as spatial
descriptors, local environmental conditions and surrounding landscape variables. By
comparing coefficient of determination values when using one category with values when
using combinations of categories, I determined overlap and solely attributable variance
associated with each category (Legendre, 2008; Legendre, Brocard & Peres-Neto, 2005;
Legendre & De Cáceres, 2014).
1.2.4.1

Phylogenetic resolution
I also used beta diversity variance partitioning to explore phylogenetic

divergence. Using the 2007-2009 species assemblage composition matrix, I created
matrices of decreasing taxonomic resolution: genus, family and wetland indicator status
(306 species, 163 genera, 79 families, and five facultative groups). Wetland indicator
statuses is a scheme that directly categorizes species according to hydrologic niches
(Lichvar ,2013; Reed, 1988). Sample sites exhibited diverse hydrologic conditions (e.g.,
from wetland to upland), and plant assemblages varied along this gradient. Because of
11

this obvious and influential environmental gradient, wetland indicator status was a valid
and readily available functional classification for species in this study. Next, I repeated
beta diversity variance partitioning for each level of taxonomic resolution. Many studies
have previously assessed the role of taxonomic resolution on statistical results with the
aim of determining what level of taxonomic resolution is most efficient in sampling
efforts (Schipper et al., 2010; Warwick, 1988; Somerfield & Clarke, 1995; Olsgard,
Somerfield, & Carr, 1998; Olsgard & Somerfield, 2000; Stark, Riddle, & Simpson,
2003). Beta diversity variance partitioning can produce different results depending on the
level of taxonomic resolution used (Bringloe et al., 2016).
1.2.5

Correlation analysis using repeated soil measurements
I used repeat soil samples to look for evidence of fine scale niche partitioning.

First I calculated coefficient of variation for soil variables using two repeat samples and
the original sample from 10 sites. Repeat samples were randomized in distance and
direction with regard to plot centroid (original sample), and random samples were
generated again if they were within 1 meter of another sample. Coefficient of variation is
a measure of relative variability and is calculated by taking the ratio of the standard
deviation and the mean (Zar, 2010). I conducted correlation analysis between the
coefficient of variation for soil variables and species richness, diversity, and evenness at
sites where repeat samples were taken.
1.2.6

Ordination of common vine assemblages
I examined niche differences among common species of native vines

(Toxicodendron radicans, Parthenocissus quinquefolia, Vitis spp., Smilax spp.) and non12

native vine L. japonica using ordination. Ordination is used to collapse multivariate data
into lower dimensional graphics by identifying major axes explaining the most inertia in
the data. I used Bray-Curtis dissimilarity with Nonmetric multidimensional scaling
(NMDS), a robust method that maximizes rank-order correlation between iteratively
generated ordination distances and dissimilarity. Sites were only included if at least one
those species were present at either sampling event (n = 53). In vegan, the NMDS
function applies Wisconsin double standardization on a Bray-Curtis distance matrix
derived from the original community matrix. The Wisconsin double standardization
standardizes species total by their maxima and sites by column totals to improve
ordination interpretation (Okanesen, 2010).
I also displayed significant variables (p = 0.05) driving abundances for common
vines and L. japonica using permutation tests (function envfit, package vegan).
Permutation methods randomly rearrange observation values (e.g., environmental
characteristics and surrounding landscape features) without replacement (unlike
bootstrapping) and assign them to observations (e.g., status) to build sampling
distributions, and test statistics and alpha values are derived from this distribution (Ernst,
2004). I used local environmental characteristics and surrounding landscape features
measured during the 2007-2009 sampling event and projected ellipses onto the ordination
(function ordiellipse, package vegan) that encircled sites where a species persisted
(present at both sampling events), appeared (present at second sampling event only),
disappeared (present at first sampling event only), or was absent (not present at either
sampling event). This approach leverages the strength of the data set (repeat samples) by
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allowing comparison between a determinant’s influence on distribution (in space) and
persistence (in time).
1.2.6.1

Status ANOVA
I examined niche differences further using boxplots and multivariate analysis of

variance (ANOVA). I made side by side boxplots (function boxplot, package stats) with
95% confidence interval notches (e.g., the probability that a value will exist within the
bounds of a probability distribution) comparing local environmental characteristics and
surrounding landscape features among species and status. Boxplots display the
relationship between numerical and categorical variables (Whitlock & Schluter, 2015),
and confidence interval notches provide an approximate measure of significance of
differences (McGill, Tukey, & Larsen, 1978). I visually inspected boxplots and
conducted further analyses on species in which the relationship between variables and
status appeared significant.
I explored these relationships using ANOVA (function aov, package stats) and
post-hoc comparisons (function TukeyHSD, package stats). ANOVA uses within-group
and among-group variance to tests whether or not group means are significantly different
and post-hoc pairwise comparisons of group means reveal which groups differ
significantly from others (Whitlock & Schluter, 2015). After conducting the ANOVA, I
explored histograms and residual plots to look for evidence of homoscedastic variance
and normal distribution of residuals. If these assumptions were not violated, I continued
with the analysis; if the assumptions were violated, I stopped the analysis. If the results of
the plot were ambiguous, I tested for homoscedastic variance using a Levene’s test
(function LeveneTest, package car). Although ANOVA is robust to deviations from
14

normality, equality of variance is important (Zar, 2010). If the assumption of equality of
variance was met, I continued with the ANOVA analysis; if they were not, I stopped the
analysis.
1.3
1.3.1

Results
Correlation analysis using temporal turnover
Changes in canopy cover and temporal turnover were positively correlated. I

calculated an adjusted threshold for significance using the Bonferroni correction for each
correlation analysis (soil variables, overstory characteristics, and ground cover). The
correlation between changes in canopy cover and temporal turnover was significant
(r(57) = 0.4 p = 0.0016) using the adjusted threshold for overstory characteristics (23
variables, p = 0.002). Canopy cover changed at all sites between the two sampling time
points (n=59); 28 sites lost canopy cover between sampling events and 31 gained canopy
cover. On average, sites with decreasing canopy cover lost 17%, and those with
increasing cover gained 19% canopy cover, respectively, with 18% average absolute
value of canopy cover change (Figure 1.1).
1.3.2

Hierarchical clustering analysis
Hierarchical clustering analysis indicated that there were more clusters, and sites

more often changed clusters, among sites experiencing disturbance during the 2007-2017
interval. Conducting the analysis with 2007-2009 community data revealed three clusters,
but using assemblages from the second sampling event there were four (Figures 1.2 &
1.3). Sites burned recently (< one year before sampling) were slightly more often
assigned to a different cluster in the second sampling event than sites burned further in
15

the past (≥ 2 years). Of the 11 sites burned less than a year before the second sampling
event, seven were assigned to a different cluster (63%) and four remained in the same
cluster. Of the nine sites burned more than a year before the second sampling event, five
were assigned to a different cluster (55%) and four remained in the same cluster.
Furthermore, recently burned sites more often changed clusters when they were burned
more than once. Of the recently burned sites, six of the seven sites that were assigned to a
different cluster (87%) were burned at least two times, and all four of the sites that
remained in the same cluster were only burned once.
1.3.3

Correlation analysis using changes in diversity and understory cover

Temporal diversity changes and total understory cover changes were positively correlated
(Figure 1.4). Diversity decreased at 35 sites and increased at 23 sites. On average,
diversity decreased by 0.59 at sites experiencing a decrease in diversity and increased by
0.56 at sites where diversity increased. Total understory cover decreased at 45 sites and
increased at 14 sites. On average, absolute total understory cover decreased by 79% at
sites exhibiting a decrease in cover and increased by 35% at sites where cover increased
between sampling periods. There was no significant correlation between difference in
sampling day and average total cover (r(59) = -0.13, p = 0.31; Figure 1.5). Changes in
diversity and total understory cover were positively correlated (r(57) = 0.64, p < 0.001).
1.3.4

Beta diversity variance partitioning
Spatial and temporal descriptors solely explained less than three percent of

understory assemblage turnover, regardless of taxonomic resolution (Figure 1.6). On the
other hand, overstory diversity, soil pH, rock (ground cover), tree density (number of
16

trees per plot), canopy cover, importance value (IV) of Liquidambar styraciflua and IV of
Pinus taeda were significant local environmental variables. All local environmental
variables solely explained 5% of beta diversity variance at the species level (Figure 1.6).
Distance to barren, evergreen, emergent wetland, medium developed land cover, open
developed land cover, and the presence of water within 20 meters of the sample point
were significant surrounding landscape variables. All surrounding landscape variables
solely explained less than ten percent of beta diversity variance, regardless of taxonomic
resolution. Collectively, all variables explained 17% of beta diversity variance. There was
approximately 1% overlap variance between landscape and local environmental
variables, local environmental variables and spatial descriptors, and among all categories
(Figure 1.6).
1.3.4.1

Phylogenetic resolution
Explained variance increased with decreasing taxonomic resolution (Figure 1.6).

At the species level, 17% of beta diversity was explained by the descriptors, 22% was
explained at the level of genera, 25% was explained when grouping species into families,
and 37% was explained using the wetland indicator status (WIS) functional grouping.
Explained variance solely attributable to landscape features remained the same when
using genera, increased when using families, and was lowest when using WIS. When
using WIS, however, explained variance attributable to both landscape features and
spatial and temporal descriptors (e.g., overlap), increased. Explained variance solely
attributable to local environmental conditions increased when using genera, decreased
when using families, and increased again when using wetland indicator status. It is
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unclear how the reduction in group numbers (e.g., columns in the matrix) effected
explained variance beyond the influence of taxonomic resolution.
1.3.5

Correlation analysis using repeated soil measurements
Coefficient of variation in soil variables was not significantly correlated with

species richness, diversity, or evenness. Organic matter and sulfur were monotonically
related and highly correlated. Therefore, both were negatively correlated with species
richness (r(9) = -0.73, p = 0.0168), but with the Bonferroni correction (n = 12), the
adjusted threshold of significance was p = 0.004. Coefficient of variation was lowest at
sites with greater averages of soil organic matter.
1.3.6

Common vine ordinations
Ordination did not provide strong evidence of niche differences among L.

japonica and common vines (Figure 1.7). After twenty iterations, the NMDS ordination
resulted in two dimensions with stress of 0.18. Eight significant or nearly significant
variables were identified from environmental fitting: organic matter (r2 = 0.15, p = 0.02),
sand (r2 = 0.11, p = 0.05), Aceraceae IV (r2 = 0.13, p = 0.03), P. taeda IV (r2 = 0.14, p =
0.02), distance to deciduous land cover (r2 = 0.11, p = 0.6), distance to woody wetlands
(r2 = 0.17, p = 0.01), and disturbance related to storms (r2 = 0.12, p = 0.4)). No p-value
adjustment for multiple comparisons is made when fitting environmental vectors in
vegan; none of the variables would be significant if one were applied.
Abundance of common vines in 2017 was associated with overstory
characteristics in the 2007-2009 survey: Parthenocissus quinquefolia was abundant with
Pinaceae (e.g., Pinus) dominance in the overstory during the original survey,
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Toxicodendron radicans with pioneer hardwoods (e.g., L. styraciflua & Carya spp.),
Smilax spp. with Fagaceae, and Vitis spp. with Aceraceae. Lonicera japonica was
associated with overstory species common to moist sites and riverbanks (e.g., Carpinus
caroliniana & Magnolia spp.), as well as being close to water (woody wetlands) and
present at sites with less sandy soil. In addition, L. japonica and Smilax spp. were also
associated with storm disturbance. Ellipses projected onto the ordination revealed broad
overlap when considering locations where species disappeared, appeared, or persisted
between sampling events; but less overlap was observed when considering only sites
where species persisted (Figures 1.8-1.13).
1.3.6.1

Status ANOVA
Residual plots and histograms produced by the ANOVA analyzing the

relationship between L. japonica and cover of trees in the understory were ambiguous for
homoscedasticity and normality. Variance in understory tree cover was not significantly
different among L. japonica statuses (F 3,52 = 2.3719, p = 0.081), so I continued with the
ANOVA. Mean understory tree cover during the 2007-2009 sampling event differed
significantly among sites where L. japonica persisted, appeared, disappeared, or was
absent (F 3,52 = 3.063, p = 0.0361). A post hoc Tukey test showed that sites where L.
japonica persisted had significantly greater percent cover of trees in the understory than
sites where L. japonica was absent (p = 0.042; Figure 1.14).
Residual plots and histograms analyzing the relationship between Vitis spp. and
density of overstory trees were ambiguous for homoscedasticity and normality. Variance
in density of overstory trees was not significantly different among Vitis spp. statuses (F
3,52 = 1.4154, p = 0.2487) so I continued with the ANOVA. Analysis of variance
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showed that density of overstory trees was significantly different at sites where Vitis spp.
persisted, appeared, disappeared, or was absent (F 3,52 = 3.281, p = 0.028). A post hoc
Tukey test showed that sites where Vitis spp. disappeared had significantly greater
density of overstory trees than sites where Vitis spp. was absent (p = 0.016; Figure 1.15).
Residual plots and histograms produced by the ANOVA analyzing the
relationship between Vitis spp. and organic matter showed that the residuals were
homoscedastic and normally distributed. Variance in soil organic matter was not
significantly different among Vitis spp. statuses (F 3,52 = 1.7733, p = 0.01631). Organic
matter was significantly different at sites where Vitis spp. persisted, appeared,
disappeared, or was absent (F 3,52 = 3.859, p = 0.0177). Residual plots and histograms
produced by the ANOVA analyzing the relationship between Vitis spp. and density of
overstory trees were ambiguous for homoscedasticity and normality. A post hoc Tukey
test showed that sites where Vitis spp. were persistent had significantly greater soil
organic matter than sites where Vitis spp. disappeared (p = 0.016; Figure 1.16).
Residual plots and histograms produced by the ANOVA analyzing the
relationship between P. quinquefolia and cover of woody vines and shrubs were
ambiguous for homoscedasticity and normality. Variance cover of woody vines and
shrubs was not significantly different among P. quinquefolia statuses (F 3,52 = 1,2664, p
= 0.2956) so I continued with the ANOVA. Analysis of variance showed that mean
understory woody vines and shrubs cover during the 2007-2009 sampling event was
significantly different among sites where P. quinquefolia persisted, appeared,
disappeared, or was absent (F 3,52 = 3.062, p = 0.0361). A post hoc Tukey test, however,
found no significant differences among statuses among P. quinquefolia, likely because p
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values are adjusted in the procedure. Therefore, sites where P. quinquefolia was absent
were not significantly different than persistent (p = 0.051; Figure 1.17).
Residual plots and histograms produced by the ANOVA analyzing the
relationship between T. radicans and canopy cover were ambiguous for homoscedasticity
and normality. Variance in canopy cover was significantly different among T. radicans
statuses (F 3,52 = 3.3191, p = 0.0268), so I stopped the analysis. Residual plots and
histograms produced by the ANOVA analyzing the relationship between P. quinquefolia
and L. styraciflua IV were ambiguous for homoscedasticity and normal distribution.
Variance in L. styraciflua was significantly different among P. quinquefolia statuses (F
3,52 = 3.5134, p = 0.0214) so I stopped the analysis.
1.4
1.4.1

Discussion
General patterns
Canopy cover was identified as an important correlate of plant species dynamics

in this study (Figures 1.1 & 1.6). This is in agreement with previous work that identified
two major groups of understory plants, shade tolerators and shade avoiders, in both
temperate (Whitmore, 1989) and tropical forests (Hubbell, 2001). These groups are
usually associated with gap dynamics, in which a large portion of canopy cover is
removed due to disturbance or death, allowing shade avoiding species to colonize from
the seed bank or seed rain (Whitmore, 1989). Shade avoiding species may persist for
approximately ten years before the canopy closes and shade tolerant species ascend
(Masters, Warde, & Lochmiller, 1997). Although, on average, changes in canopy cover
were not as drastic in sites at NWR and TNF as those associated with gap dynamics,
these changes were closely correlated with turnover in understory assemblages.
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Obviously, species may disappear from a site for reasons unrelated to changes in light
availability, allowing other species to colonize, and in some study plots, temporal
turnover occurred even when canopy cover between sampling periods was minimal.
Nevertheless, the frequency with which canopy cover appeared as a significant predictor
of understory assemblage dynamics is noteworthy.
A second major finding of this work is that fire was associated with an increase in
beta diversity (Figures 1.2-1.3). Previous work has demonstrated both increased and
decreased beta diversity with disturbance because the facets of community assembly
invoked by disturbance (e.g., environmental filtering, and ecological drift) can have
different effects depending on dispersal (Catano, Dickson & Myers, 2017). Interactions
among environmental filtering, ecological drift and fire remain mysterious, but we can
explore the role of assemblage composition in mediating the effect of fire on beta
diversity. More specifically, plant assemblages became more heterogeneous after fires
because some assemblages retain their members while others experienced turnover. Sites
with prolific woody resprouters, such as Acer species, or herbaceous species that
reproduce vegetatively and produce a seed bank, such as Smilax species & L. japonica,
experienced less turnover. Sites without these species may have been compositionally
similar during the 2007-2009 survey, but diverged because they experienced turnover in
different directions. These sites were burned prior to the original sampling event, but
historical burn data was not available. Previous fires may have influenced the results of
the prescribed burns between sampling events.
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1.4.2

Underlying processes

My work also showed that changes in diversity were positively correlated with changes
in average total understory cover, indicating the importance of niche complementarity in
assembly (Figure 1.4). When neutral mechanisms govern assembly, population dynamics,
such as birth and death, are random. If population dynamics are random, the most
abundant species have the best chance of being lost or gained, and diversity would be
negatively correlated with changes in average total understory cover. Previous research
demonstrated a positive relationship between plant diversity and productivity (Tilman et
al., 2001) because interspecific differences in resource use (e.g., more species are able to
access a larger portion of available niche space) allow "species packing" at productive
sites (Tilman et al., 2001).
Beta diversity was explained more by local environment and surrounding
landscape than dispersal limitation (e.g., spatio-temporal variables; Figure 1.6). Previous
research has also attributed variance in beta diversity to local environmental
characteristics, such as soil variables, in both temperate (Murphy et al., 2015) and
tropical forests (Baldeck, 2013; Chang, 2013). Other work has shown surrounding
landscape variables, such as distance to water (Schauwecker et al., 2011), elevation
(Sinai, Zaslavsky & Golany, 1981), and urban land use (Gavier-Pizarro et al., 2010) to be
important determinants structuring understory assemblages. My results contained less
explained variance than studies focused on overstory species, likely because understory
assemblages are more diverse and dynamic than overstory assemblages (Gilliam, 2007).
Variance attributable to spatial descriptors varies in previous work (Legendre et al. 2009;
De Ca´ceres et al. 2012; Baldeck et al. 2013; Myers et al. 2013; Murphy, 2015; Siefert et
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al. 2013), but was significantly less in my analysis (less than 1%; Figure 1.6). However,
one other study (Gilbert and Lechowicz 2004) also found low variance attributable to
spatial descriptors (less than 10% for most groups), while using a design that specifically
accounted for spatial autocorrelation in environmental data. Like the study by Gilbert and
Lechowicz (2004), many other studies have used grid-based sampling designs with
sampling points at much closer intervals, in part because dispersal limitation may be
more important at finer scales for population dynamics. In contrast, points in my design
are irregularly spaced and much farther apart; this could account for some of the
difference in results between my work and previous studies.
Beta diversity variance partitioning using decreasing levels of taxonomic
resolution revealed phylogenetic clustering indicative of broad environmental filtering.
Some previous work found evidence of phylogenetic over-dispersion in rain forest trees
(Webb et al., 2000) and grassland assemblages (Tofts & Silvertown, 2000). In temperate
forests, however, studies of both overstory (Cavender-Bares et al., 2004) and understory
(Gilbert & Lechowicz, 2004) assemblages found evidence of phylogenetic clustering. In
this study, explained variance increased with decreasing taxonomic resolution and was
highest using wetland indicator statuses (36%). The increase in explained variance was
associated with local environmental conditions. In addition, wetland indicator statuses are
specifically ascribed to species based on their hydrologic niche. If explained variance is
associated with local environmental conditions and highest when using a niche based
classification, increasing variance with decreasing taxonomic resolution likely captures
phylogenetic dispersion.
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The near significant negative correlation between coefficient of variation in soil
organic matter and sulfur, and species richness, may indicate a role for these variables in
structuring assemblages. Coefficient of variation was lower when soil organic matter was
greater, and previous research demonstrates a quadratic relationship between soil organic
matter and species richness driven by increased soil fertility (Laughlin et al., 2007). In the
study conducted by Gilbert and Lechowicz (2004), soil organic matter determined the
distribution of some understory species, such as Carex spp., Asteraceae spp., seedless
plants and shrubs; but not others, such as tree seedlings and Poaceae spp. (Gilbert &
Lechowicz, 2004). Soil organic matter is also related to leaf litter, which can reduce
germination by interfering with light reaching the soil or producing leachates, and
otherwise alter soil temperature and water availability (Facelli & Pickett, 1991).
Ordinations of common native vines and L. japonica did not provide strong
evidence of niche differences. The ordination was not a high quality fit (stress =
0.178633): stress ranges between 0.10-0.20 are considered "usable" but not good (0.5010) or excellent (<0.5) (McCune Grace & Urban, 2002; Kruskal, 1964; Clarke, 1993). In
addition, important environmental characteristics identified by the ordination of common
vines and L. japonica were not significant after Bonferroni correction. At any given time,
species are distributed in a greater variety of habitats than the habitats where they can
actually persist. As a result, describing the composition of common vine assemblages as
solely the function of environmental and landscape determinants ignores the temporal
nature of population dynamics and may not adequately describe niche differences. By
comparing differences in environmental characteristics associated with status, however,
niche differences may be delineated.
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Multivariate analyses comparing status revealed niche differences among
common native vines and L. japonica related to both successional stage (e.g., density of
overstory trees, mean percent cover of trees in the understory, and mean percent cover of
woody vines and shrubs in the understory) and overstory composition (e.g., soil organic
matter). Consistent with previous research documenting the introduction of another
introduced Lonicera spp. in North America (Woods 1993), common native vines were
absent in mature forests but L. japonica was able to colonize. Organic matter generally
increases with forest age (Gilliam & Adams, 1995), but is also dependent on overstory
composition (e.g., evergreen needles decompose slower than deciduous leaves, Augusto
et al., 2002). Although sites where Vitis spp. disappeared had lower organic matter, this is
likely not associated with an affinity for later successional stages. Vitis spp. were
associated with overstory assemblages dominated by Pinus and upland areas where
decomposition is slower due to decreased soil moisture (Thongjoo, Miyagawa &
Kawakubo, 2005).
Other research has identified fine-scale niche partitioning in hydrologic gradients
(Silverton, Araya & Gowing, 2015), light gradients associated with gap dynamics (Kern
et al., 2013), and soil nutrients (Peñuelas et al., 2008). Neutral theory allows for turnover
in assemblage composition when functional convergence results in different preferences
(e.g., species that will or will not tolerate shade). Many classic drivers of plant
community composition (e.g., soil pH, canopy cover, soil texture) were not significantly
different among statuses and species, indicating similar resource use in this functional
group. Some significant differences in status associated with other environmental
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variables, however, were unique to species. Evidence of within-functional group tradeoffs in population dynamics or colonization strategy support niche theory.
1.5

Conclusion
The results conform predominantly to predictions expected under niche-based

community assembly, but some processes associated with neutral theory may play a role
(Tables 1.2-1.3). Patterns of species-abundance distributions and species-area richness
observed in nature can be reproduced using models derived from both neutral and niche
theory (Adler et al., 2007; Chisholm and Pacala, 2010; Hubbell 2001; McGill 2003;
Volkov et al. 2003; Bell, 2000). Most of the evidence for neutral theory comes from
studies conducted in tropical forests (Condit et al., 2002; Hubbell, 2001; Latimer,
Silander & Cowling, 2005; Volkov et al. 2003), whereas evidence from studies
conducted in temperate forests overwhelming support niche theory (Gilbert &
Lechowicz, 2004; Clark & McLachlan, 2003).
Because the role of stochasticity in assembly appears to increase with diversity
and productivity (Chase, 2010), neutral processes may play a role in temperate forests
during early successional stages that occur after disturbance (Kadmon & Benjamini,
2006). After a fire, competition is reduced because open space, nutrient availability, and
light penetration all increase (Grime, 1979). Understory assemblages are repopulated by
seed banks, seed rain, or resprouting individuals (Keeley & Fotheringham, 2000), and
colonization order may be important if species preemptively occupy or subsequently
modify niche space (Diamond, 1975; Connell & Slatyer, 1977; Fukami, 2018). These
historically contingent communities (sensu Fukami, 2018) are alternate stable or
transition states that occur because of stochastic colonization and dispersal limitation.
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By incorporating processes from niche and neutral theory to explain coexistence,
historical contingency provides the best approximation of temperate forest understory
assembly. In Chesson’s (2000) modern coexistence framework, species fitness
differences approach zero with greater niche overlap. Stabilizing mechanisms quantify
the amount of niche overlap (e.g., niche differences) and cause negative density
dependent population growth. Equalizing mechanisms reduce fitness differences and
include any process that isn’t caused by niche differences. Historical contingency is an
equalizing mechanism that results in alternate transient or stable states, and allows for
niche overlap. Contingency is caused by niche preemption or niche modification and,
when colonization is stochastic or species are dispersal limited, contingency can be
viewed as a partially neutral processes even if competition following colonization is
deterministic. The residual variance from beta diversity variance partitioning we
observed is compatible with historical contingency and some degree of niche overlap.
Understory assembly in temperate forests happens in stages; processes and
patterns may be more or less important depending on which stage of assembly is
occurring. Locations suitable for species germination, recruitment, and persistence are
determined by broad environmental filters. I observed environmental filtering using
variance partitioning at varying levels of taxonomic resolution. Within the boundaries of
environmental filters, colonization involves some degree of stochasticity. I inferred
stochasticity from residual variance of beta diversity variance partitioning. After
colonization, competition and succession are niche-based and deterministic, but
contingent on history. I documented competition in abundance trade-offs among common
native vines and L. japonica, succession using the relationship between changes in
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assemblages and canopy cover, and niche complementarity using the relationship
between changes in diversity and cover. In addition, I observed historical contingency at
disturbed sites because post-fire turnover was dependent upon the assemblage
composition.
The insights gleaned from my research contributes to ecological theory because
vegetation ecology has a rich history of sampling community data, but temporal patterns
are either frequently not considered or addressed indirectly through space for time
substitutions. Understanding the relative influence of niche and neutral mechanisms
underlying assembly is important to describe selective forces (McInnes et al., 2001). I
presented a framework using multiple analyses to leverage repeat surveys for the
investigation of understory assembly and provided evidence for interwoven influences
attributable to both explanations, but that mostly supported niche theory.
Future work should focus on complex interactions mediating established
community assembly processes. Many ecological interactions influence the competition,
reproduction, and dispersal in vegetation assemblages, but these are often ignored
because they are difficult to quantify and incorporate into vegetation surveys. A gap
exists between community and vegetation ecologists, but incorporating community
interactions may elucidate the large amount of unexplained variance in vegetation
analyses. Some authors, for example, have found evidence of linkage between
belowground fungal communities and plant assemblages. If overstory assemblages can
explain some portion of turnover in understory assemblages, fungal assemblages may do
the same (Hooper et al., 2000). Many species in temperature forest understory
assemblages are dispersed by animals, and directed dispersal may play an important role
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in structuring understory assemblages. Finally, the role of historical contingency needs to
be examined in future research.
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Table 1.1

Predictive framework and analyses

Predictions are explained and labeled in the text. Predictions about general patterns of
community assembly (P1-P3) do not describe underlying processes (do not have niche or
neutral heading). Phylogenetic divergence could indicate niche mechanisms (P6) but
phylogenetic convergence could be explained by niche and neutral mechanisms (e.g., no
unique prediction indicates neutral mechanisms).
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Table 1.2

Results of general pattern predictions
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Table 1.3

Results of underlying processes predictions
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Figure 1.1

Temporal turnover and change in canopy cover

Turnover at sites between sampling events (n=59) is positively correlated with absolute
changes in log transformed canopy cover. Turnover was measured using Bray-Curtis
dissimilarity (BCd) and is bounded between 0 and 1. Average absolute change in canopy
value was 18% (ln = 2.89), maxima was 87% (ln = 4.47), and minima was 0.25% (ln = 1.39).
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Figure 1.2

Original sampling event cluster dendrogram

Dendrogram reveals three clusters from hierarchical clustering analysis using community
composition from the 2007-2009 sampling event (n = 20). Sites are labeled at tips of
branches. Clusters were determined as using Bray-Curtis dissimilarity (e.g. clusters are
defined by BCd of less than 0.7 among all sites within a cluster, and BCd among sites in
different clusters are greater than 0. Cluster identity (A-C) was assigned in order from left
to right. Sites in cluster A were characterized by P. taeda in the understory; cluster B by
L. styraciflua, T.radicans, and V. rotundifolia; and cluster C by Smilax spp., A. rubrum,
and L. japonica. Sites in cluster B had more organic matter, phosphorous, and potassium
than sites in cluster C. Sites in clusters A and B had higher proportions of clay than sites
in cluster C.
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Figure 1.3

Repeat sampling event cluster dendrogram

Dendrogram reveals four clusters from hierarchical clustering analysis using community
composition from the 2017 sampling event (n = 20). Sites are labeled at tips of branches.
Cluster identity (A-C) was determined based on which cluster sites were in during the
2007-2009 sampling event, and a new cluster was assigned (D). Sites were assigned to
different clusters because community composition changed between sampling events.
Community composition changed when sites were burned multiple times. Sites
characterized by prolific woody resprouters Acer spp.), or vines capable of both
vegetative propagation or development of a seed bank (Smilax spp. & L. japonica), were
less likely to change even when burned multiple times (Cluster C).
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Figure 1.4

Changes in diversity and change in cover

Change in diversity is positively correlated with changes in average cover (n=59).
Dashed lines along axes represent locations of zero change between sampling events.
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Figure 1.5

Difference in understory cover and difference in sampling day

Difference in average total understory cover and difference in sampling day are not
significantly correlated (n = 59). The extra day associated with a leap year (2007) was
accounted for in this analysis.
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Figure 1.6

Beta diversity variance partitioning

Local environmental characteristics and the surrounding landscape structure beta
diversity in understory assemblages. Explained variance increases with decreased
taxonomic resolution and when using wetland indicator status. Variance in outermost
sections of the Venn diagram is solely attributable to respective categories. Variance in
overlapping sections is solely attributable to overlapping categories but is not
distinguishable among or between overlapping categories.

39

Figure 1.7

Ordination of common vine assemblages

Ordination of common vine assemblage using environmental characteristics from first
sampling event and community composition from the second sampling event does not
reveal strong evidence of niche differences. Circles represent sampling sites (n = 56) and
crosses indicate common vines (SMILA2 = Smilax spp., VITIS = Vitis spp., PARTH3 =
Parthenocissus quinquefolia, TORA2 = Toxicodendron radicans, and LOJA = Lonicera
japonica). Arrows represent local environmental characteristics and surrounding
landscape variables. Size of arrow is determined amount of explained variance (greater
length = more explained variance) and angles between arrows indicate relationship
between variables and characteristics (overlapping arrows are monotonically related and
orthogonal arrows are not correlated with one another).
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Figure 1.8

Common vines persistence sites

Ordination of sites based on composition of common vines. Ellipses enclose sites of
persistence. Persistence is defined as being present at 2007-2009 and 2017 surveys. Sites
are represented by hollow circles (n = 53). Ellipses enclose all sites where each species
persisted, but each site within an ellipse is not necessarily a site where that species
persisted (SMILA2 = Smilax spp., VITIS = Vitis spp., PARTH3 = Parthenocissus
quinquefolia, TORA2 = Toxicodendrons radicans, and LOJA = Lonicera japonica).
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Figure 1.9

Smilax spp. status

Ordination of sites based on composition of common vines. Ellipses enclose sites where
sites where L. japonica persisted, disappeared, and appeared (persistent = solid line,
disappeared = hashed line labeled “D”, and appeared = hashed line labeled “A”). Sites
where L. japonica disappeared and appeared show some overlap with persistent sites.
Sites where L. japonica disappeared overlap with persistent ellipses of Smilax and Vitis
spp. The ellipse enclosing disappeared sites is larger than ellipses enclosing sites where
L. japonica persisted and appeared.
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Figure 1.10

L. japonica status

Ordination of sites based on composition of common vines. Ellipses enclose sites where
sites where L. japonica persisted, disappeared, and appeared (persistent = solid line,
disappeared = hashed line labeled “D”, and appeared = hashed line labeled “A”). Sites
where L. japonica disappeared and appeared show some overlap with persistent sites.
Sites where L. japonica disappeared overlap with persistent ellipses of Smilax and Vitis
spp. The ellipse enclosing disappeared sites is larger than ellipses enclosing sites where
L. japonica persisted and appeared.
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Figure 1.11

T. radicans status

Ordination of sites based on composition of common vines. Ellipses enclose sites where
sites where T. radicans persisted, disappeared, and appeared (persistent = solid line,
disappeared = hashed line labeled “D”, and appeared = hashed line labeled “A”). Sites
where T. radicans disappeared and appeared show some overlap with persistent sites.
Sites where T. radicans disappeared overlap with persistent ellipses of Smilax and Vitis
spp. Sites where T. radicans appeared overlap with persistent ellipses of P. quinquefolia.
The ellipse enclosing disappeared, appeared, and persistent sites are similarly sized.
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Figure 1.12

P. quinquefolia status

Ordination of sites based on composition of common vines. Ellipses enclose sites where
sites where P. quinquefolia persisted, disappeared, and appeared (persistent = solid line,
disappeared = hashed line labeled “D”, and appeared = hashed line labeled “A”). Sites
where P. quinquefolia persisted fully enclosed appeared sites and overlapped with
disappeared sites. Sites where P. quinquefolia disappeared overlap with persistent ellipses
of all species, but overlap more with persistent ellipses of T. radicans and Vitis spp. The
ellipse enclosing disappeared sites is larger than the ellipses enclosing appeared and
persistent sites
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Figure 1.13

Vitis spp. status

Ordination of sites based on composition of common vines. Ellipses enclose sites where
sites where Vitis spp. persisted, disappeared, and appeared (persistent = solid line,
disappeared = hashed line labeled “D”, and appeared = hashed line labeled “A”). Sites
where Vitis spp. persisted overlaps with disappeared sites but not with appeared sites.
Sites where Vitis appeared overlap with persistent ellipses of all common vines, and sites
where Vitis disappeared overlap with persist ellipses of T. radicans and L. japonica. The
ellipses enclosing disappeared, appeared, and persistent sites are similarly sized.
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Figure 1.14

L. japonica status and mean percent cover of trees in the understory

Sites where L. japonica persisted had significantly greater percent cover of trees in the
understory than sites where L. japonica appeared.
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Figure 1.15

Vitis spp. status and density of trees in the overstory

Sites where Vitis spp. persisted had significantly greater percent organic matter than sites
where Vitis spp. disappeared.
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Figure 1.16

P. quinquefolia status and mean cover of woody vines and shrubs in the
understory.

Sites where P. quinquefolia disappeared had significantly greater cover of woody vines
and shrubs in the understory than sites where P. quinquefolia was absent.
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