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1. Introduction

Cities have become home to over half of
Nations, 2018)andthe understanding of urban ecosystems, their processes, and
ecosystem services should be at the forefront of urban planning and conservation
(Pickett et al. 2011; Bolund and Hunhammar 1998)these human dominated
systems, the rapid movement of plants from arounevtivel has created novel plant
assemblages. These introductions, whether they are intentional or accidental, can
become the source for invasive species that negatively impact native species
regenerating in urban natural spaces, altering attributes skenee availability and
species availability Vi t ousek et al . 1997; Kowarik 199
Kalusova 2017) When compared to their rural counterparts, urban city conditions
include increased temperatures, resulting from the urban heat island effect
(Alcoforado and Andrade 2008)ighly heteogeneous so{lPouyat et al. 2010and
higher rates of pollution and nitrogen depositiPouyat et al. 2010)Changes in
buildings, infrastructure, and land use history at a fine spatial scale in cities have
created highly heterogeneous landscapes (Pickett et al., 2011; Cadenasso et al., 2007;
Johnsoret al, 2018). These changes have a multitude of effects on the assemblage
of floral communities in cities as a whdléowarik 1990; Sukopp 2008; Bonthoux et
al. 2019; Johnson, Borowy, and Swan 2018;
Lososova et al. 2006; Aronson et al. 2016)

Within the urban matrix, there exist habitat fragments that consist of naturally
regenerating vegetatigrorman 2014; Gaston 2010; Sutton and Morgan 2008)ye

plant communities are assembled through urban fi{&uston and Morgan 2009;
1



Godefroid and Koedam 20Q3Yhese habitat fragments have been noted as potential
areas for species conservation in sités well as areas at high risk for invasion from
nortnative speciefAngold et al. 2006; Godefroid and Koedam 2003; Sutton and
Morgan 2009; Vallet et al. 2010; Kowarik 20115orest patches in urban ecosystems
havebeen a particular area of interest due the numbecabgical benefits these
habitats can provid@olund and Hunhammar 1999; Gaston 2010; Godefroid and
Koedam 2003)For est s ar e essent i awateganngnoande nt s
nutrient cyclegFood and Agriculture @anization of the United Nations 2020)
Urban forests alsplay a large role in human health and pollution mitigaf@rote et
al. 2016; Escobea] Kroeger, and Wagner 2011; Nowak, Crane, and Stevens.2006)
While the urban forest consists of all trees in an urban area, including street trees and
intentionally planted landscape tré&&cPherson et al. 1997; Escobedo, Kroeger, and
Wagner 2011)urban forest patches defined in thisdstare regenerating areas of
remnant forest habitat located within the urban m&fwhnson et al. 2020)Jrban
forest patches, in addition to benefits listed above, providieatdor urban wildlife
and have the potential to serve as a source for urban biodiV&iityan 2014;
Zipperer 2002; Honnay et al. 1998ecause bthe numerous benefits provided by
urban forest patches, it is necessary to understand their processes and responses to
natural and mamade disturbances.

Ecological restoration can be seen as a designed disturbance and serve as a
driver of change to \getation dynamics and direct them towards a set of goals
(Luken 1990; Pickett, Cadenasso, and Meiners 2009; Palmer, Ambrose, and Poff

2008) Restoration in urban ecosystems aims to restore ecosystem functions,



biodiversity, and stability, much like restoration of their rural counteraetner

2004) Like any type of disturbance, these projects also drive the assemblage of plant

communities in the targeted systéRischer, von der Lippe, and Kowarik 2013)

Understanding how restoration practices affect the filtering and assemblage of species

is critical to predicting post restoration outcomes and management post restoration

(D6Ast ous et al . 201 3; Doherty, Call away,
In trying to explain and understand ecological processes acting upon a system,

investigating functiondlraits in a community provides an insight into the processes

driving community assemblages because species in a community are assembled by

their functional traitg§Williams et al. 2009; Morin 1999; Aronacet al. 2016)

Functional traits have also been found to influence ecosystem functioning and

processes in a communiby altering carbon cyclinPwyer, Hobbs, and Mayfield

2014; Lavorel and Garnier 2002; Cornelissen et al. 2003{ic interactiongSargent

and Ackerly 2008; McCay, McCay, and Czajka 20@®d nutrient cyclingMeziane

and Shipley 1999; Eviner and Chapin 2003; Laughlin 2014; Lavorel and Garnier

2002) Based on this, it hagbn noted that functional trait composition and diversity

may explairnecosystenprocesses betténan species richness and divergidggz and

Cabido 2001; Violle et al. 2007; Lavorel and Garnier 20@8cause of the impacts

that functional traits have on ecosystemctions angrocesseand community

assemblage, investigatingnittional composition and diversity may provide a better

understanding of how urban conditiansonjunction with ecological restoration

efforts, affect plant assemblages in urban forest patches



1.1 Functional Traits

Functional traits, defined byd@&zand Cabi do (2001) as dthe
an organism that are considered relevant to its response to the environment and/or
its effects on ecosystem functioningo, pl
assemblage@iorin 1999; Williams et al. 2009; @z and Cabido Z11; Cornwell
and Ackerly 2009; Lebrif@rejos et al. 2010)According tocommunity
assembly theory, abiotic conditions and biotic interactions in a community act as
filters for species establishment and persistence in the comn{itatin 1999;

Aronson et al. 2016; Williams et al. 2009)hese environmental conditions filter
species based on their functional trégh®orin 1999; Williams et al. 2009; &g
and Cabido 2001; Cornwell and Ackerly 2009; Lebfij&jos et al. 2010)

Much like species composition and diversity, functional composition and
functional diversityare used to understand and investigate ecosystem processes
acting upon a systemfFunctional composition is defined as the presence and
relative abundance of functional traits in a community (Diaz and Cabido,,2001)
while functional diversity takes functional composition into account (Diaz and
Cabido, 2001) and is divided into a number of functional diversity indices (Mason
et al, 2005; Villégeret al, 2008). Functional richness is defined as the niche
space occupied byscies in a communityvhile functional evenness is how
evenly filled the occupied niche spacéNsason et al. 2005) Functional richness
provides an insight as to what resources are being utilized and which ones are
unused in a communiiMason et al. 2005) Functional evenness on the other
hand, can be interpreted as how well a resource is being used within a community
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where low functional evenness indicates underutilizaticaresource and a
potential niche that could be taken over by an invasive sp@dason et al.

2005) Lastly, functional divergence can be described as whether or not species
exist at extreme values for a trait oclme space at high levels or if they

congregate within a narrow ranfdason et al. 2005)High functional

divergence indicates low resource competition and may mean communities have

more efficient use of resourc@dason et al. 2005)

1.11 The Role of Functional Traits in Ecosystem Functioning in Urban

Ecosystems

While it is known that biological diversity is essential to ecosystem
functioning and processéd&g and Cabido 2001} hasalsobeen shown that
s p e cfundisnéltraitsinfluence ecosystem functions and proce¢se®per et al.
2016; Laughlin 2014; B and Cabido 2001; Funk et al. 2008; Eviner and Chapin
2003) Traits,such as pollination and seed dispersal, may affect biotic interactions
between plants and wildlif@ aki et al. 2013; Sargent and Ackerly 2008; Laughlin
2014; Howe and Miriti 2004; McCay, McCay, and Czajka 20@9)e leaf traitscan
haveeffects on carbon cyclinPwyer, Hobbs, and Mayfield 2014; Laughlin 2014;
Lavorel and Garnier 2002functional diversity plays a role in ecosystem
functioning and stability, where it has been found that ecesyptocesses are
influenced by present functional traits an
disturbancéDé&g and Cabido 2001; Hooper et2016; Cadotte, Carscadden, and
Mirotchnick 2011; Zirbel et al. 2017)Functional traits possessed by a species also

help scientists and | and managers under st a
5



tolerance to environmental conditions, and ultimatelatdtological niches a

species filldByun, de Blois, and Brisson 2018)

1.1.2The Role of Functional Traits in Biological Invasions

Becausdumansow move organisms further an@ster than historically
possible, numerous purposeful or accidental species introductions have become the
source for invasive speciégitousek etal. 1997 owar i k 1990; Lepl ovs§g,
and Kalusova 2017; Lockwood et al. 2013pue to the number of negative impacts
that invasive species have on native species populations and ecosystem processes and
desire to prevent future species invasion,theusepfe ci es 6 f bhasbeen onal t 1
used topredict species invasivenaashopes of identifying potentially invasive
speciegAronson, Handel, and Clemants 2007; Funk et al. 20B8jctional traits
are also gatentialtool to prevent invasigiwhere planting native species with
functional traits similar to invasive species may prevent a community from being
invaded by invasive speciésunk et al. 2008; Drenovsky et al. 2012; Oswalt et al.
2015)
Concepts such as biotic resistance, the limiting similarity hypothesis
(Macarthur and Levins 196@nd the insurance effect hypothgéi®es, Klug, and
Gross 2000; Tilmaet al. 1997; Yachi and Loreau 1998ed in invasion biology
have ties to functional traits as they address how invasive species may interact and
establish based on the number of filled ecological niches and number of species
filling each nichgByun, de Blois, and Brisson 2018; Lockwood et al. 2013;
Drenovsky et al. 2012; Funk et al. 2008 and Cabido 2001 Multiple species

possessing the samaitrand filling in the same ecological niche is termed functional
6



redundancy¥Naeem and Li 1997; Wohl, Arora, and Gladstone 2@d4i) has the
potential to be a useful strategy in preventing future invaggg and Cabido

2001; Walker 1992; Funk et al. 2008)he limiting similarity hypothesisuggests
thatland managersay be able tpromote the growth of native species possessing
traits similar to regionally invasive species to prevent speliss from invading
communitiegFargione, Brown, and Tilman 2003; Emery 2007; Turnbull et al. 2005;

Fagundez and Lema 2019; Laughlin 2014)

1.2 Conceptual Diagrams

To explore and visualize the drivers, and interactions between the drivers,
influencing long term outcomes of ecologicestoration in urban forest patches the
following conceptual model was developed (see Figure 1). In this model, there are
three main drivers: urban ecosystems, forest vegetation dynamics, and ecological
restoration. These drivers interact with eadtegtultimately driving long term

outcomes of ecological restoration in urban forest patches.



Forest Vegetation

Urban Ecosystems

Dynamics

Long Term Effects
of ER in Urban
Forest Patches

Ecological Restoration
(ER)

Figurel. Conceptuatliagram illustrating components of urban ecosystems,

vegetation dynamics, and ecological restoration andititenactions.Interactions

between the components are located where circles overlap. An example of this is that
ecological restoration alters species availability by removing and/or adding species
from a site. Diagram components antéractions (overlaps) and their effects on

functional traits and functional diversity are described in sections below.

To visualize how these major concepts and their interactions affect each other
directionally and to put them into the context of tisdy,this conceptual model (see

Figure 2) was developed
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Figure2. Nested conceptual model illustrating the directions of influence between
urban ecosystems, ecological restoration, and vegetation dynddasted boxes

indicate a particular habitat within the larger urban ecosystem, in this case it is urban
forest patches. Ecologicadstorations boxed to emphasize that it is a major
componentf this study. Vegetation dynamics is also boxed to indicate that it is a
mgor study component, but also to emphasize the many components nested within
this larger concept occurring in urban forest patches. Arrows and text indicate the
direction of influence and interaction between major components and their sub

components.



1.2.1 Urban Ecosystems

Changed abiotic and biotic interactions observed in cities serve as altered
filters for urbancommunityassemblage, selecting species with certain traits
(Williams, Hahs, and Vesk 2015; Aronson et al. 201®)ch filters include altered
environmental conditions, like increased temperat(iiesdin et al. 2018;

Alcoforado and Andrade 2008nd increased soil pollutiqiPouyat et al. 2010and

novel species assemblag®éilliams, Hahs, and Vesk 2015; Kowarik 2011; McCay,

McCay, and Czajka 2009¥F-ilters alsoinclude social interactions, decisions, and

policies attribuing to the heterogeneous landscapes of urban ecosystems with

changes in buildings, infrastructure, and land use higRickett et al. 2011,

Cadenasso, Pickett, and Schwarz 2007; Johnson, Borowy, and Swan 2018)
1.2.1.1 Functional Trait Trends in Urban Ecosystems

Studies investigating trends in plant functionait$ran the urban context have
found that urban environments do indeed filter species based on their functional traits
(see Table 1) Conditions of urban ecosystems filter species in favdaller plants,
heavier seeds, native species dispersed by wind or seed hoardimgtinerspecies
spread by bird consumption (erdoochory), and speciegth an affinity for high
light conditions(see Table 1) However, many of these studiesedwhole urban
floras to inform these functional trait trendsstudied specificirban areas such as
vacant lot{Borowy and Swan 2020jesidential landscapékendal, Williams, and
Williams 2012)and urban hardscap@srazee et al. 2019)For studies looking at
remnant habitajghe focus has been primarily on ripar{arg.,Burton, Samuelson,

and Mackenzie 2009; Brice, Pellerand Poulin 2017; Schwoertzig et al. 2046}

10



grasslande.g.,Fischer, von der Lippe, and Kowarik 2Q8illiams et al. 2005; van

der Walt et al. 2015habitats. Studies éwusing on trees and other woody species in
urban areas have put emphasis on the urban {@estie et al. 2016)sometimes

defined toconsist of intentionally planted street trees and landscape trees in addition
to naturally regeneratinurban forest patchésicPherson et al. 199.7For naturally
regeneration urban forest patches, little is known athairt trends irfunctional

composition and diversity

11



Tablel. Functional trait trends in urb@tosystemsTrends in functional traits

driven by conditions in urban ecosystems are indicated with arrows and are supported

by literature listed. An upwards arrow indicates an increase in the abundance of

individuals possessing listed trait, driven by urban conustioA downwards arrow

indicates a decrease in the abundance of individuals possessing listed trait.

Trait

Driver

Trends

Citations

Growth Form

Shade Tolerance

Seed Mass

SLA

Maximum Tree
Height

Seed Dispersal

Pollination

Tree Lifespan

Urban

Urban

Urban

Urban

Urban

Urban

Urban

Urban

~

g Trees; Z

Shade int

<

Seed mass

<<

Moderate SLA

y Hei ght

~

¥y Nrmative
endozoochor
Native wind dispersed
and seed hoarded specit

Bi otic

<>

Longer |

<

Williams, Hahs, and
Vesk(2015; Dolan,
Aronson, and Hipp
(2019; Chochol
and R30@BEe k
Burton, Samuelson, and
Mackenzig(2009;
Williams, Hahs, and
Vesk(2015)

Duncan et al. (2011);
Thompson and McCarthy
(2008); Williams, Hahs,
and Vesk (2015)

(Knapp 2010; Williams,
Hahs, and Vesk 2015)
Duncan et al. (2011);
Thompson and McCarthy
(2008); Williams, Hahs,
and Vesk (2015)
(Aronson, Handel, and
Clemants 2007; Knapp
2010; Burton, Samuelsor
and Mackenzie 2009;
Williams, Hahs, and
Vesk 2015; Dolan,
Aronson, and Hipp 2017
(Aronson 2007; Dolan,
Aronson, and Hipp 2017,
(Williams, Hahs, and
Vesk 2015)
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1.2.2 Forest Vegetation Dynamics

Studies investigating trends in pladologyin the urban context have found
that forestsand all ecosystems, undergo change®tomunitystructure and species
composition over time. This is referred to as ecological succession, or as vegetation
dynamics. Historically, succession has been seen as unidirectional process starting
from an helbbaceous system and ending in a forested sy&i#éements 1916) More
recently, successiorak been conceptualized as a multidirectional process with a
variety of community outcomes driven by changes in environment and species,
termed vegetation dynami¢Bickett, Cadenasso, and Meiners 200Bhe framework
for vegetation dynamics is grounded in three major causesdagek in a
communityover time site availability, species availability, and species performance
(Pickett, Cadenasso, and Meiners 2009)
In forested systems, changes in site availability may change over time as
closed treeanopieslter light conditions or from disturbances, sastfire, that open
up available soil for species growth and regenergfionner and Romme 1994)
Speciesvailable to a forested communign be altereds humans introduce new
specief Chochol ougkovs8 and Pygek 2003; Lepl ovs§
Pickett et al. 2011and by the diffeences in the surrounding landsc@pencan and
Duncan 2000; Butaye et al. 2002; Harper andddaald 2002) Species
performance i s det eyrtopersiseathd goow ithapresgnie ci es 6 ab
environmental conditiondickett, Cadenasso, and Meiners 20ifferences in

species performana@an be attributed to functional traits as they are the

13



characteristics that allow a speciegitow in its environmen{Dggz and Cabido 2001;
Morin 1999; Williams, Hahs, and Vesk 2015; Aronson et al. 2016)

1.2.2.1 Functional Traits in Forest Succession

Functionaldiversity and composition of an ecosystem changes as it undergoes
ecological succession and favors species with certain tkéuiscarella et al. 2016;
Swenson et al. 2012; Lohbeck et al. 2012; Raevel, Violle, and Munoz. 2848y
secondary succession in foreistgharacterized by high light conditions favoring
traits such as shade inrtohncgReich et al. 1998; Glitzenstein, Harcombe, and
Streng 1986; Canham et al. 19949wer seed mag&enner and Thompson 2005;
Westoby et al. 2002; Falster and Westoby 20@wer specific leaf area (SLA)
(Lambers, Chapin, and Pons 1998; Poorter 1999; Dwyer, Hobbs, and Mayfield 2014)
greater abundance of biotically pollinated spe€leki et al. 2013; Hanula, Ulyshen,
and Horn 2016; Sargent and Ackerly 2Q08)d greater abundance of wind pollinated
speciegFinegan 1984; Korner 2008ee Table 2 for more informationpver time
environmental conditions a forestchange to favor shade tolerar{&eich et al.
1998; Glitzenstein, Harcombe, and Streng 1986; Canham et al, [E994) seed
mass(Fenner and Thompson 2005; Westoby et al. 2002; Falster and Westoby 2005)
higher SLA(Lambers, Chapin, and Pons 193feater abundance of abiotically
pollinated specieéTaki et al. 2013; Hanula, Ulyshen, and Horn 2016; Sargent and
Ackerly 2008) andgreater abundance of species dispersed by seed hog@futiagan
1984; Korner 2005(see Table 2 for more infomtion). However, these are trends
found in nonurban systems and thus do not reflect urban influences on community

assemblage within urban forest patches
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Table2. Functional trait trends driven by forest vegetation dynamicsnds in
functional traits driven by forest vegetation dynamics are indicated with arrows and
are supported by literature listed. An upwards arrow indicates an increase in the
abundance of individuals possessing listed trait, dribyeforest vegetation ayamics

Horizontal arrows indicate a shift in abundance of species possessing listed trait over

time.
Trait Driver Trends Citations
Growth Form  Forest Vegetatior y Tr e e s o\ (PérezHarguindeguy et
Dynamics al. 2013)
Shade Forest Vegetatior | nt ol er ant (Lienard, Florescu, and
Tolerance Dynamics Strigul 2015; Flores,
GourletFleury, and
Picard 2006; Morin 1999
Glitzenstein, Harcombe,
and Streng 1986; Finega
1984; Bazzaz 1979)
Seed Mass Forest Vegetatior Li ght er Y (Fennerand Thompson
Dynamics 2005; Westoby et al.
2002; Falster and
Westoby 2005)
SLA Forest Vegetatior Sma | | er Y (Dwyer, Hobbs, and
Dynamics Mayfield 2014; Poorter
1999; Lambers, Chapin,
and Pons 1998)
Maximum Tree Forest Vegetatior Shor t er Y (Lambers, Chapin, and
Height Dynamics Pons 1998)
Seed Dispersal Forest Vegetatior Wi nd Y S e € (Lohbeck et al. 2015;
Dynamics Hoarding Dzwonko and Loster
1992; Finegan 1984;
Kdrner 2003
Pollination Forest Vegetatior Bi ot i ¢ Y /£ (Takietal 2013; Kérner
Dynamics 2005; Skov 2000;
Finegan 1984; Hanula,
Ulyshen, and Horn@L16;
Sargent and Ackerly
2008)
Tree Lifespan Forest Vegetatior Shor t er Y (Finegan 1984; Kérner

Dynamics

2005)
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1.2.3 Ecological Restoration

Ecological restoration in urban ecosystems is important becabae
ecosystemare alterednd driven by human activif)f okohari and Amati 2005;
Ingram 2008; Purcell, Friedrich, and Resh 2002; Clarkson and Kirby 2016; Violin et
al. 2011; Miller and Hobbs 2002; Miyawaki 1998; Bounds et al. 20E4¢yogical
restoration is a process or set of methods aimed to restore ecosystem benefits,
functions, and processes to a degraded or disturbed siidtdonald et al. 2016)
Restoratiormethods an@cosystenprocesses alter abiotic and/ or biotic filtéfsink
et al. 2008; Funk and McDaniel 2016gtting the ecosystem towards a different
successional trajectofizuken 1990; Palmer, Ambrose, and Poff 2008; Aerts and
Honnay 2011) Ecological restoration often includaset of goaland restoration
methods are employed to meet identified g¢@ksnn et al. 2019; Purcell, Friedrich,
and Resh 2002)

In many cases, ecological restoration alters abiotic conditionsehat as
filters for community assembl§Funk et al. 2008; Ghdard et al. 2003; Hedberg et al.
2013; Hérault, Honnay, and Thoen 200Bping so is anotheray to exclude the
growth and establishment of invasive species is to alter abiotic conditions found
within a communityByun, de Blois, and Brisson 2018; Funk and McDaniel 2010)
While altering abiotic conditions and biotic interactions is key to ecological
restoration, the analysis of functional diversity and functional composition post
ecological remration as a measure of success has not been commonly performed

(Hérault, Honnay, and Thoen 2005; Tullos et al. 2009; Hedberg et al..2013)
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Unlike their rural counterparts, restoration in urban ecosystems needs to
consider that trajectories may differ from historical reference points due to the
changes in land ug€adenasso, Pickett, and Schw2007; Hobbs et al. 2006)
social and cultural preferenc@2ickett et al. 2011; Kendal, Williams, and Williams
2012; Kowarik 2011)soil conditiongPouyat et al. 2010; Lt et al. 2000; Pouyat,
McDonnell, and Pickett 199/)emperatur¢Alcoforado and Andrade 2008; Hardin et
al. 2018) and species interactiofidobbs, Higgs, and Harris 200@)at take place
over time in urban ecosystems. This means successional trajectories of urban forest
patches may not be tisame as rural forests. Though restoration projects have been
conducted in urban and rural habitats, there have not been many studies investigating
long term outcomes of ecological restoration due to how young the field of ecological
restoration igWortley, Hero, and Howes 2013)

1.2.3.1 FunctionalTrait Trends in Ecological Restoration

Functional traits have becomeatentialtool in preventing future species
invasion(Funk et al. 2008; Drenovsky et al. 20B2)da potential tool for ecological
restorationFunk et al. 2008; Drenovsky et al. 2012; Pywell et al. 2003; Sandel,
Corbin, and Krupa 2011)Some studies have utilized a target suite of functional traits
as a goal to identify restoration methods tkatllto communities with the identified
target set of functional traikaughlin 2014; Hérault, Honnay, and Thoen 2005)
Othersattempt to characterize a suiff traits that wouldead to successful species
establishmenpostrestoration(Fischer, von der Lippe, and Kowarik 2013; Pywell et
al. 2003) From these studies, it can be seen that changes to the abiotiomvito

and biotic interactions from ecological restoration affeetfunctional traits present
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in a communityDoherty, Callavay , and Zedl er 2011; Engst
al. 2013; Hedberg et al. 2013; Hérault, Honnay, and Thoen 20@5nethods used
in restoration can create different outcomes in functional compof€itamghlin
2014; Hérault, Honnay, and Thoen 2005)

Studies investigating trends in functional compositions and functional
diversity postrestoration haveccurred in natural grasslan@ngst et al. 2016nd
wetlandf Do her t vy, Call away, and Zedler 2011;
2013) However, few studies investigdienctional composition and functional
diversity, postrestoration, in urban remnant habit@gbel et al. 2017) To
investigate hownteractions between urban conditions, vegetation dynamics, and
ecological restoration drive trends in functional traits, | examine the functional
composition and functional diversity of urban forest patches in New York City parks

15-20 years aftethe intiation ecological restoration.

1.3 Study System

To investigate long term outcomes of ecological restoration in urban forest

patches, the study needs to take place in a city where ecological restoration has been

et

D«

initiated in the cityds urban forest patch

patches within city parksnanaged by the New York City Department of Parks and
Recreation Ecological restoration projects in these urban forest patches have been
implemented by the Natural Resources GroBpcause New York City is an urban
ecosystem with@dlogical restoration implemented in its urban forest patches, this

makes it an ideal system to investigate the impacts of urban conditions, forest
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vegetation dynamics, and ecological restoration on long term outcomes of ecological
restoration in urban fest patches.

Previous studies by Johnson and Handel (2016 and 2019) have laid down the
foundation by investigating long term effects of ecological restoration and
management on species composition and forest structure in these urban forest
patches. Thistudy buildsonthese previous studies and examines long term effects

of ecological restoration on functional traits in the same urban forest patches.

1.3.1 New York City

New York City (40.7128° N, 74.0060° W) is a large metropolis located at the
southeatern corner of New York state, bordering the state of New Jersey. The city
covers 302.6 square miles (US Census Bureal8)2@®opulation in New York City
was estimated to be 8.3 million people as of July ZQ18. Census Bureau 2019)
with a population density of 27,012.5 per square mile (US Census Bure8j, 201
Bodies of water surrounding theycihclude the Atlantic Ocean, Huds®iver, and
Long Island Sound. The larger New York metropolitan area has an estimated
population of 19.9 million people according the 2018 American Community Survey
(U.S. Census Bureau 28). It is the largest metropolitan area in the United States
and is comprised of areas in New Jersey, Pennsylvania, and New York (US Census
Bureau, 2018).

The climate of New York City is characterized by cold winters and warm,
humid summers. Urad the KopperGeiger climate classifications, New York City is
a Cfa, or humid subtropical climate. It is also subject to urban heat island effect such

as increased average and nighttime temperatures and reduced windldpesidset
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al. 2018; Gedzelman et al. 2003)verage annual air temperatures (between 1981
and 2010) are 12. 7¢eC. -Audgust Bl)ewver et eamip e2r3a téuerCe s
and winter temperatures (DecembérBe br uary 28) Averaje age at 1.
precipitation(between 1981 and 20113 126.8 cm annually and is evenly spread out
through the year. Average annual snowfall is 63.7 cm with the most snowfall
occuring in January and February.

Since 1990, summer temperatures in New York City have an increasing trend
of 0.1eC every decade in Central Par k, 0. 3
at LaGuardia Airpor{Gonzélez et al. 2019)Winters have also been getting warmer
in New York City as the number of days bel
trend of 1.9 days per decade between 1990 and (Zdrizalez et al. 2019Between
the years of 1900 and 20XBere has been an increase in 2 cm of precipitation every
decadgHorton et al. 2015) Between 2010 and 2019, precipitation averaged at 128.9
cmannually and snowfall averaged at 93.7 cm annually.

Original topographical features of New York City and adjacent areas were
shaped by the Wisconsin Ice Sheet. The terminal moraines left behind from this
glacial period, known as the Ronkonkoma and HaHilb moraines, form much of
Staten I sland and Long I slandbds backbone,
Queens are located. Also left behind were the large boulders that can be found
throughout the city. Manhattan and the Bronx sit upon 4 differetroblke formations
that serve as the foundatitor skyscrapershroughout these borough3oday the

city is primarily covered in impervious surfaces, like pavement and buildings. There
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are 37 different soil series in the city (H@dtal, 2017) that higlight the
heterogeneous nature of urban a@msiyat et al. 2010)
Plant life in New York City consists of approximately 2177 species
(DeCandido, Muir, and &giullo 2004) 2029 of which are spontanedgégha et al.
2018) and contains 56.8%f0 New Yor k St atebs plant speci e
Currently, 37. 7% of the citybés overall flo
of nonnative speciefAtha et al. 2018) Of the 1357 native species historically
recorded in New York City, 779 species perd3Candido, Muir, and Gargiullo
2004) New York City has lost 46.4% of its native herbaceous flora and 22.9% of its
woody native flora since the mitB" century(DeCandido, Muir, and Gargiullo
2004)
Forests are an important habitat found throughout the city, making up 5.5% of
the cityods | atald201®) Eriarto EBropeamn settlenemt, the regional
forests were dominated by oak3uercus spp, chestnuts@Gastanea dentatapshes
(Fraxinus spp, sweet guml(iquidambar styraciflug tulip poplar Liriodendron
tulipifera), cherries Prunus spp, mapks @Acer spp), and hickoriesGaryaspp)
(Loeb 1987; Sisinni and Emmerich 1999)he loss ofCastanea dentata present
forests was caused by chestnut bligbteller 1972) a fungal disease introduced in
the early 19006s t hat @idgntatdreesinthe Basteen maj or i
United StatesBeing bordered by bodies of fresh water and salt water, New York
City is also home to salt and freshwater marshes and me&Bowsds et al. 2014)
Presently, oalhickory forests arene of the most common forest type in New York

City and are native to the surrounding regiBregitzer etl. 2019) These forests are
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typically dominated by oak species ligriercus alba, Quercus rubrand/or
Quercus velutinand hickory species lik€arya glabra, Carya ovata, Carya

cordiformig andCarya tomentos@Menard and Drake 2015)

1.3.2 Ecological Restoration in NYC Parks

New York City has ovel29,000 acres (11,700 ha) of parkland, about 14% of
the cityds | and, under the jurisdiction of
Recreation (NYC Parks)An additional 3863 ha of parkland in New York City is
owned bythe federal government, New York State Department of Environmental
Conservation, and New York State PafReCandido, Muir, and Gargiullo 2004)n
total, 17% (14,175 ha) of New York Cityos
parkland, 10,000 acres (around 4,046 ha) are comprised of forests, woodlands,
meadows, ad fresh and saltwater marsireanaged by NYC Park®RG 2020)

In 1984, theNatural Resources Group (NRG) was created as part of NYC
Parks with the purpose Ato conserve New Yo
of ecosystem and public health through acquisition, management, restoration, and
advocacy using a scientificalyu ppor t ed and s(NRG28200nabl e r es e
Bounds et al. 2014)The group conducts ecological restoration projects and
ecological assessments in New York City parks in addition to creatidglomes for
urban habitat restoratigfNRG 2020)

Mapping of New York Cityods natural area
guality natural areas, as well as degraded natural @easds et al. 2014ohnson
and Handel 2016)High-quality habitats recorded at this time are now @mloer of

the Forever Wild Nature Preserves found throughout the 5 bor¢Bghads et al.
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2014) These findings also led the NRG to conduct ecological restoration projects in
identified degraded areéBounds et al. 2014)Projects took place in forested
habitats as well as wetland and other habitats found across tBaityds et al.
2014)

Il n New York Cityds forested habitats, e
Natural Resources Group in 198®hnson and Handel 2016)he NRG then
received funding in 1991 to start the Urban Forest and Education Program (UFEP)
(Bounds et al. 2014)Restoration efforts were then carried out by the NRG under
UFEPbetween 1991 and 199Bounds et al. 2014; Johnson and Handel 2016)
During theimplementation of thesecological restoratioproject over 150,000 trees
were planted on 8000 acres of New York City parkigBmlinds et al. 2014)Parks
that had forest patches restored during this time were located in all 5 boroughs.
Ecological restoration goals were to remove target invasive species, restore the forest
structure to resemble regional forests, and increase the regeneration of native tree

speciegBounds et al. 2014)

1.3.3 Foundational Research: Johnson Restoration and-O@ng Urban

Forest Change Study

To investigatehe longterm effects of ecological restoration efforts
performed by the NYC Par ks, dohnSantind Handel Resour
(2016, 2019performed a series of studies that are the foundation for this study
Previous sidies studied the species composition and forest structure of restored sites
15-20 years after ecological restoration to sites that were invaded but not restored

over the same periddohnson and Handel 201#&)d the effects of restoration
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treatment and management intensity and frequency on restoration ou{dohreson
and Handel 2019)Building upon these studies, this study investigates long term
outcomes of ecological resta@i on functional trait compositioand diversity in

urban forest patches.

1.4 Questions and Hypotheses

To investigate long term outcomes of ecological restoratfunctional trait
composition and diversityn urban forest patches, | &k does ecalgical restoration
drive changes in functional composition and functional diversig@logical
restoration is a process that alters abiotic conditigngstoration methodssed
(Funk and McDaniel 2010; Funk et al. 2008; M. A. Palmer, Ambrose, and Poff.2008)
Restoration also alters abiotic conditions because of alterations in successional
trajectory(Luken 1990) Biotic interactions are altered as species introductowls
removalscreate novel communiti€&owarik 2011; Hobbs et al. 2006; Hobbs, Higgs,
and Harris 2009) Changes in abiotic conditions and biotic interactions can be seen as
changes to environmental filters driving community assemblages ed on speci es
functional taits (Morin 1999; Williams et al. 2009; rdnson et al. 2016)By altering
environmental drivers, there are also alterations in the functional traits found in a
community(Aronson et al. 2016; Williams et al. 2008ecause ecological
restoration drives changes in environmental filters driving functional traits in a
community,| hypothesized thatcological restoratiodriveschanges in functional
composition and diversity in urban forest patches

The following tablgsee Table 3and hypotheses reflect my expectations of

how urban ecology, vegetation dynamics, and ecologichbration come together
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anddrive long term outcomes of functional composition and diversity in urban forest
patches.Direct goals of ecological restoration included the removal of target invasive
shrub and vine species and the planting of tfBesnds et al. 2014)Restoration
methods used to meet these goals will drive changes in growth Exatogical
restoration also aimed to restore the native forest stru@orends et al. 2014)In

aiming to restored the native forest structure, ecological restoration also altered the
successional trajectory of urban forest patches. This alteration in forest succession
will drive differences in the composition séed dispersahodes pollination

syndrome seed mass, maximum tree height, and tree lifesphese processes are
occurring in urban forest patchasdare influenced by conditions the urban
ecosystem. Uran conditions influencing these urban forest patches and ecological
restoration outcomes will drive changes in seed dispersal mode and pollination
syndrome.Detailed hypotheses regarding individual functional traits in different

forest strata are outliden Table3 and described in the following sections.

Table3. Hypotheses regarding the influences of urban ecology, vegetation dynamics,
and ecological restoration driving trends in functional trait compositiomiaedsity.

Arrows indicate trends in functional trait composition and functional diversity index in

restored urban forest patches compared to urban forest patches with no ecological restoration
work. A dash indicates no difference between restored mmdtored patches. For example,

an upwards arrow indicates that | expect the relative abundance of species with this trait to be
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greater in restored urban forest patches than in unrestored urban forest patches. Forest strata

are called out if | expectarticular trend to occur in that stratum and not in others.

Trait/Diversity
Index Hypotheses Forest Strata
Woody Understory and Ground
Growth form y in Trees Layer
Woody Understory and Ground
Z in Shrubs Layer
Shade Tolerance y S htddedamce Understory
b Trees and Ground Layers
Seed Mass y Larger Woody Understory
b Trees and Ground Layer
SLA y Larger Woody Understory
b Trees and Ground Layer
Maximum Tree
Height y Larger Trees and Woody Understory
b Ground Layer
Seed Dispersal y Hoarding Trees
Woody Understory and Ground
y Wi nd and I Layer
Woody Understory and Ground
Z E{xabchory Layer
Pollination b Trees
Woody Understory and Ground
y Abiotic Layer
Woody Understory and Ground
Lifespan y Long and r Layer
b Trees
Functional Richness b All
Functional Evenness § All
Functional
Divergence Z All

1.4.1 Growth Form

Restoration efforts, in addition to trends in present urban floras, should result
in restored plots having greater proportions of trees and less of shrub and vine growth
forms in all forest layersCompared tdnistoric urban floras, present urban floras

have increased woody species, specifically trees and shrubs due to tree planting in
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parks and escape of noative shrubgWilliams, Hahs, and/esk 2015; Dolan,
Aronson, and Hipp 2017; Chochol ougkovs§
Ecological restoration conducted in this study system had specific goals to increase
the regeneration of native trees and decrease the abundance of target ineagge sp
via removal of these species, which were of the shrub and vine growth(ioonsds

et al. 2014;Johnson and Handel 2016)

1.4.2Shade Tolerance

Restored and unrestored plots should have similar relative abundances of tree
species wittshade tolerare, intermediate shade tolexamand shade intoleraa.
Trees inunrestored plots were subject to high light conditions above the shrub layer,
which should promote the growth of shade intolerant spéGiigenstein,
Harcombe, and Stren®86; Canham et al. 1994, Reich et al. 199B)e removal of
dense shrub and vine cover in restored fB&inds et al. 2014hcreased levels of
light in these plots at the timé estoration.Because higlight levelswere present
in restored plots at the time of restoration there should also be the growth and
regeneration of shade intolerdrges Trees inrestored and unrestored plotsre
subjected taimilar light levelsandshould have similar abundancs#sshade
tolerant, intermediate shade tolerant, and shade intolerant species.

Similar shaded conditions occedin the ground layer in restored and

unrestored plots, there should be similar cover by shade tolerant species in both plots.

Ground layers in forests tend to have lower light levels, promoting the growth of
shade tolerant speciéSlitzengein, Harcombe, and Streng 1986; Canham et al. 1994;

Reich et al. 1998) In unrestored plots, dense layers of invasive shrubs and vines in
27



the understory covered the ground lafg@mhnson and Handel 2016; Bounds et al.
2014)casting deep shade. This gdedhade should promote the growth and
regeneration of shade tolerant species. To prevent the growth and regeneration of
target invasive species, ecological restoration aimed to create a closeddnogst
and exclude invasive species by casting sliBdands et al. 2014)If successful,
shade from the closezhnopyshould also promote the growth and regeneration of
shade tolerant species.

If restoration was successful in closimg tanopy lower light conditions
should be present in the understory promoting the growth of shade tolerant species.
In the woody understory, restored plots should have more stems of shade tolerant
species than unrestored plots. Unrestored plots wenedted by target invasive
species that prevented the toamopyfrom closing(Bounds et al. 2014greating
high light conditions in the understory. Lower light conditions, sintddater
successional stages, favor the growth of shade tolerant s(@lkiesnstein,

Harcombe, and Streng 1986; Canham et al. 1994; Reich et al. 1998; Hewitt 1998)

1.4.3Seed Mass

Because restored and unrestored plots have tree growth in similar light levels,
restored and unrestored plots should Hes®e communities witBimilar average seed
masses. High light conditions promote the growth of smaller seeded species while
lower light levels promote the growth of larger seeded spé@éemer and Thompson
2005; Westoby et al. 2002; Pésidarguindeguy et al. 2013; Falster and Westoby
2005; Wilfahrt, Collins, and White 2014; Hewitt 1998jree regeneratiowas

suppressetfom the dense understory in unrestored plBtaunds et al. 2014)
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creating high light conditions in the canoggimilarly, removal of target invasive
species during restoration cted high light levels thailanted and regenerating trees
grew in. These high light levels are also a characteristic of early successional stages
that favor species with smaller seed m@&s&ner 2005)

Average seed mass in the woody understory and grounddagenunities
should be greater in restored plots. If restoration was successful in closioggetie
canopy understories and ground layers of restored plots have regenerated under
lower light conditions. Low light levels favor species with larger seed (Rasmer
and Thompson 2005; Westoby et al. 2002; Falster and Westoby 2005; Hewitt 1998;
Wilfahrt, Collins, and White 2014)On the other hand, unrestorddts had
understories with high light conditiofidohnson and Handel 2016jigh light
conditions would promote the growth of smaller seeded spgéamer and
Thompson 2005; Westoby et al. 2002; Péfezguindeguy et al. 2013; Falster and
Westoby 2005; Wfahrt, Collins, and White 2014; Hewitt 1998This would lead to
woody understory communities with lower average seed mass. Ground layer
communities in unrestored plots should have average seed masses similar to the
ground layer communities in resgal plots. The ground layer in unrestored plots has
low light conditions, similar to restored plots, but caused by a dense understory.
These low light levels would favor species with larger seads(Fenner and
Thompson 2005; Westoby et al. 2002; Falster and Westoby 2005; Hewitt 1998;

Wilfahrt, Collins, aml White 2014)
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1.4.4Specific Leaf Area

Restored and unrestored plst®uld havdree communities witkimilar
average SLA values. If removal of target invasive species during ecological
restoration increased lighonditions vihere newly planted tes and regenerating
treesoccurred at the time of restoratjdhese higher light conditions would be
similar to open vinelands in unrestored pldtgght conditionsinfluenceSLA
(Lambers, Chapin, and Pons 1998; Westoby, Warton, and Reich&rg®8inilar
light levels should promote the growth of speciehwitnilar SLAvalues

There should also be similar average SLA values between the ground layer
communities in restored and unrestored plots. If forest canopies were closed in
restored plots, this would create low light conditions in the ground layetila8y,
in unrestored plots, the dense understory created a low light condition in the ground
layer. Low light levels created by shade from closed canopies in restored plots and
dense understory in unrestored plots would favor species with larger a8erag
(Lambers, Chapin, and Pons 1998; Westoby, WartonRanth 1999) With similar
light conditions occurring in the ground layers of restored and unrestored plots, the
average SLA for ground layer communities in restored and unrestored plots should be
similar.

In contrast, woody undersgocommunitiesof restored plots should have
greater average SLA than unrestored plots. Lower light levels favor species with
larger SLA(Lambers, Chapin, and Pons 1998; Westoby, Warton, and Reich 1999)
The dosedcanopyin restored plots would create shaded understories, promoting the

growth of species with larger SLA.
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1.4.5Maximum Tree Height

Treesin restored plots shoulthve greater average maximum tree heights.
High light conditions present in tleanopyof unrestored plotsand adrees in
restored plots wergrowing, are similar to early forest succession where shorter tree
species are more domingn. a mber s, Chapin, and Pons 1998
Claros 2003)However, thdreesof restored plots also caih species that were
purposefully planted during restoratiQfohnson and Handel 2016; Bounds et al.
2014)alteringtreespecies. These species tended to be later successional species, like
oaks, whichtendtobetallerFi negan 1984 ;;KdmerR@5)Cl ar os 200 3
Similarly, the woody understory in restored plots should have greater average
maximum tree heightsSaplings ofttee species in the woody understory of
unrestored plots were subject to high light levels once they grew past theagtaub |
High light levels in unrestored plot understories would favor shorter, early
successional speci@sinegan 1984; Lambers, Chapjmn d Pons 1998, Pefa
2003; Koérner 2005) Ecological restoration also aims to redirect ecological
succession on a trajectory similar to historic for@sksDonald et al. 2016) In the
case of oathickory forests found in New York City and the surrounding region, this
would lead to taller treeregenerating in the underst¢fRinegan 1984)
Seedlings ofree species the ground layeshould have similar average
maximum tree heightsBecause botground layers have low light conditions, tree
regenerating in this layer are growing in these conditions. Low light levels that
simulate thdower light levels in later forest successional stages tend to favor taller

treespeciec Fi negan 1984; Lambers, Chapin, and P
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1.4.6Seed Dispersal

Dense shrub and wncover creatednopen environment in unrestored plots
(Bounds et al. 2014)Similarly, the removal of target invasive species in restored
plots created open forest conditions attthree of restoration. In these open
conditions, individuals that are smaller seeded and are easier to disperse by wind
(Korner 2005) Open forest conditions are also a characteristic of early successional
forests where tree species tend to be wind dispéFseeigan 1984; Kdrner 2005)

Based a this, | expect the abundancetodewith wind dispersal to be similar.

Ecological restoration acts as a disturbance and can be seen as a reset in succession
(Luken 1990)nd created high light levels similar to early succession where wind
dispersal in trees is favorédinegan 1984K6rner 2005) Howevera number of

native trees were also planted during ecological restoration, many of which were oak
speciegJohnson and Handel 2016; Bounds et al. 20ii¢h are dispersed by

hoarding These planting would drive a greater abundarideses dispersed by seed
hoarding in restored plots.

Johnson and Handel (2016) found that native tree regeneration and abundance
was greater in restored plptghich indicated success in reaching the ecological
restoration goal to restore the nativeedrstructureln urban areasuccessful native
plants are tree species dispersed by wingkedhoarding(Aronson 2007) The
influence from urban conditions and ecological restoration methodkl makewind
and seed hoardindjspersal modes more abundamthe understory afestored plts.

On the other hand, unrestored plot understories are dominated by invasive shrub and

vine species that are dispersed by endochory, a trait that successful roative
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shrubs and vines posséssonson 2007) Becauseunrestored plots had understories
dominated by target nemative species while restored plot understories were not
(Johnson and Handel 2016inrestored plots should have more stems of-endo
zoochoric species.

Ground layers in restored plots should have a greater relative abundance of
species with wind dispersal and seed hoarding tharstameel plots. In restored
plots, tree seedlings in the ground layer would have generated in low light conditions
similar to later successional stages that favor trees dispersed by h@Erifmey
2005; Finegan 1984)The restoration atscreated more open soil in the ground layer
and had less ground cover in restored fldddirson and Handel 2016jreating more
space for wind dispersed seed to land and germinate. A greater abundance of native
tree cover in the ground layglohnson and Handel 201€)ould lead t@nincrease
in cover by species with wind dispersal and dispersal by hoarding since successful
native plants in urban areas tend to be trees dispeydbede method@ronson,
Handel, and Clemants 2007 on-native in\asive shrub and vine species in
unrestored plots tend to have ermtmchory as their mode of disperéatonson
2007) Target invasive shrub and vine species were removed during ecological
restorationBounds et al. 20149nd should lead teestored plotsaving a lower

relative abundance of species with endozoochory

1.4.7Pollination Syndrome

The canopyf unrestored plothashigh levels of light ands anopencanopy
due to the dominance of target invasive species that mimic early succession,

providing habitat for pollinatorgTaki et al. 2013; Sargent and Ackerly 20@8y
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select for biotically pollinated speciem restored plots, restoration created an open
environment with high light levels, also mimicking early successiestored and
unrestored plots shtwhhavea similar relative abundance toéeswith abiotic and
biotic pollination.

If ecological restoration was successful, there should be greater regeneration
in native trees in the understory and ground layers of restored ptatads et al.
2014) In this region, many trees are abiotically pollingfedgal 1982; Mabry,
Ackerly, and Gerhard2000; Willmer 2017) A goal of restoration was to restore the
native forest structure, which includes a closed caiiBpynds et al. 2014nd some
of the restored plots were fouhdve these closed canop{@shnson and Handel
2016) Closedcanopiedack the ability tasupport biotic pollinatoréTaki et al. 2013;
Sargent and Ackerly 2008; Hanula, Ulyshen, and Horn 2@téating conditions
favoring wind pollination. Pollination has also been shown to differ between
successful species in urban areas with successful native flora characterized by wind
pollination (a type of abiotic pollination) and noative flora characterized by insect
pollination (a type of biotic pollinationjAronson 2007) Since unrestored plots are
dominated by target invasive species in the undersind ground layerdohnson
and Handel 2016)iotic pollination is expected to be greater in unrestored plots than
in restored plotsBecauseestored plots had greater abundances in native species
(Johnson and Handel 201@)ere shoulde a greater abundance of species with

abiotic pollination in restored plots.
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1.4.8Tree Lifespan

Restored and unrestored plots should heaeswith similarrelative
abundances of long, moderate, and short lifespans, favoring short lifespan. The high
light conditions after restoration mimic light conditions of early succession, which
favor pioneer species with short lifespans and less shade t#¢kamner 2005;
Finegan 1984) Similarly, unrestored plots are dominated by target invasive species
and have little tree regenerati(Bounds et al. 2014; Johnson and Handel 2016)
creating high light levels and an open environment sinolaatly succession. Trees
in early succession tend to have shorter lifespans than those in later successional
stageqPérezHarguindeguy et al. 2013; Fenner and Thompson 2005; Kérner 2005;
Finegan 1984)

In restored plotssaplirgs of tree species in the understory and seedlings of
tree species in the ground layeth long lifespan shoultiave greater relative
abundane Lower light conditions in the woody understory and ground layers post
restoration mimic light conditions cdiler successional stages, which favee
species with longer lifespaiikérner 2005; Finegan 1984)reespeciesn later
successional stagéend to have longer lifespans than those in earlier successional
stages (Pérelarguindeguy eal., 2013; Fenner and Thompson, 2005; Finegan,
1984). In comparison, unrestored plots were noted to have primarily early
successional tree species when trees were prdsdmson and Handel 2016)
Becauseearly successional trees tend to have shorter lifegpa@nezHarguindeguy

et al. 2013; Fenner and Thompson 2005;red 2005; Finegan 1984)nrestored
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plots should have less a lower abundance of long lived trees and beaater

abundance afhorter lived trees.

1.4.9 Functional Richness

Functional richness somewhatelated to species richne@4lléger, Mason,
and Mouillot2008) Johnson and Handel (2016) found that while there was greater
tree regeneration, the species richness and diversity present in restored and unrestored
plots were not differentJlohnson and Handel 2016functional richness tends to
decrease with stand af{fghaskar, Dawson, and Balvanera 2QT¥wever both
restored and unrestored plots had charactesistiearly secondary forests with high
light levels and later successional stages with low light levels. These similar
conditions and similar species richness should cause similar levels in functional

richnessbetween restored and unrestored plots

1.4.10Functional Evenness

Functional evenness in restored plots should be greater than unrestored plots
in all layers. Functional evenness is a functional diversity indices affected by species
abundancgVilléger, Mason and Mouillot 2008; Mason et al. 2005)nrestored
plots were dominated by a handful of species, many of which were target invasive
species for ecological restoratiGlohnson and Handel 2016; Bounds et al. 2014)
Restored plots had these species remalkging restoration and were then dominated
by a greater number of speci{@shnson and Hantl2016) Unrestored plotare

dominated by a few species while restored plots have a greater number of dominant
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specie, indicating that restored plots should have greater functional evenness than

unrestored plots.

1.4.11 Functional Divergence

Similar to functional evenness, functional divergence in restored plots should
be greater than unrestored plots in all layers. Functional divergence is another
functional index changed by species abunddWdkger, Mason, and Mouillot
2008) In unrestored plots, few taginvasive species were dominant in the woody
understory and ground layglohnson and Hand2016) Restored plots were instead
dominated by a greater number of speCiehnson antlandel 2016) Because few
species dominated unrestored plots, it is expected for functional divergence to be low

as many of the individuals would be of the same species and have the same traits.
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2. Methods

To test my hypotheses, | used species abundance data from Johnson and
Handel 6s (2016) vegetation sampling and st
calculate functional composition and functional diversity indices for the different

forest layers in restodeand unrestored plots.

2.1 Trait Data

Functional traits selected in a study need to be considered carefully to reflect
important aspects in the communities of interest and what is being configeatd
and Ackerly 2010; Weiher et al. 1999; PéHarguindeguy et al. 2013; Zhu et al.
2017) In thisstudy, traits of interest are those expected to change in response to
urban conditions, forest vegetation dynamics, and conditions changed during
ecological restoration. Because this study compares restored urban forest patches to
unrestored patches damaited by invasive species, traits associated with potentially
invasive nomative species in comparison to successful native species, whose

distribution has increased in urban areas, also needed to be considered.

2.1.1 Trait Selection

Traits were selged based on their relevance to conditions in urban
ecosystems, forest vegetation dynamics and ecological restoration. Ecological
restoration alters vegetation dynamics and has been referred to as a way to reset
ecological successidibuken 1990) Traits reflecting such changes need to be
considered. Seed mass (mg), tree height, and lifespan were selected because these

traits increase as succession progre@sasier 2005; Finegan 1984; Wilfahrt,
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Collins, and White 2014)Seed dispersal and pollination syndrome were also
selected because these traits differ between early and later successional species
(Korner 2@5; Finegan 1984)

To reflect direct restoration goals that were to decrease presence of target
shrub and vine species and increase tree regenef@bands et al. 2014growth
form was selected.

Specific leaf area, a trait that correlates with relative growth rate and
photosynthetic rate€ornelssen et al. 2003; Pérétarguindeguy et al. 2013\vas
selected to observe changes in light levels that occur during forest succession
(Lohbeck et al. 2014; Kérner 20Q0%jnce SLA has been shown to change with
changs in light conditiongLambers, Chapin, and Pons 1998; Poorter 199®ade
tolerance was also chosen to investigate how changes in light affected functional
traits during ecological restoration.

Seed dispersal was sekedtbecause it has been shown to be an important trait
that indicates successful native and-mative plants in urban ecosyste(dsonson,
Handel, and Clemants 2007ollination was selected because it tends to indicate
potential pollinator habitat or relationships in a sys(Pwits et al. 2003; Sargent and
Ackerly 2008)and may indicate human selection for showy flowering pldan,
Aronson, and Hipp 2017; Kendal, Williams, and Williams 2QkBpwn to attract
pollinators.

Traits were also selected if 50% or more of the species present in each forest
layer contained data for chosen traits. For this reason, maximum treedrmight

lifespan were only analyzed among tree species in each forest layer.
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2.1.2 Trait Data Sources

| assembled tables of speciesd function
data sets: species occurring in the New York City Metropolitan region (Aronson and
Williams, unpublished data), traits of species occurring in urban hard4€apese
et al. 2019) From tlesedata, | gathered functional trait data for species identified in
the 20092010 vegetation sampling from Johnson and Handel (2016). To fill in gaps
in trait data and traits of missing speciessleid Mi c h a e | Dirrdés Manual
Landscape Plan{®irr 2009) TRY Plant Trait Databag&attge et al. 2011(see also
AppendixA.1 for data contributors), USDA PLANTS databdsSDA 2020)
Missouri Botanic Garden Plant Finder (see Appedl), USFS plant profiles (see
AppendixA.2),and Lady Bird Johnson Wil dfl ower Cen
(Lady Bird Johnson Wildflower Center 2020)RY Plant Trait database is a
database containing and compiling spedienctional trait datasets at a global scale
(Kattge et al. 2011)
In creating queries for collecting functional trait daanfrTRY Plant Trait Database,
| created a species list containing accepted taxonomic names as well as taxonomic
synonyms was generated using the Integrated Taxonomic Information System (ITIS).
This species list was then compared to the TRY plant spestidésrinumeric
identification codes.
| then assembled species codes for pulling data queries. TRY codes were also
assembled for selected traifraits similar in name were also selected and codes

assembled for pulling data. Using the species codfuactional trait codes, |
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generated a data request in TRY and only requested public datasets. Once requests
were fulfilled, data files were downloaded as a tab delimited text file along with files

describing the structure of the data and the TRY Irtieifd Property Guidelines.

2.1.3Trait Data Standardization

TRY functional trait data for seed mass, SLA, and maximum plant height
were standardized to the units outlined in Tablé then calculated the species
average for each trait. Onlydatanoted have an AError Risko of
included in calculations for species average. This was because the TRY release
documentation on data structure noted that data with an error risk of greater than 4
may indicate problems with the d4téattge et al. 2011) For maximum plant height,
TRY data records were only wused in species
n a mwas entered as maximum height or max height.
Growth form data was originally recorded as codes corresponding to written
standards from bZornelissen et al. (2003)This data was then modified describe the
respective growth form (see Taldléor list of trait states). Herbaceous growth forms
were modified to using similar growth form categories usdoalan, Aronson, and
Hipp (2017) Herbaceous growth forms used fr@uolan, Aronson, and Hipp (2017)
were fern, parasite, and gr amiDolan, d. The i
Aronson, and Hipp (201%yas further broken down by annual, biennial, and
perennial (see Tabl® to reflect the multiple life histories that can bard in the
broader growth fornfPérezHarguindeguy et al. 2013)
Shade tolerance was determined using categories used in BEBMTS

Characteristics (see Tag. Species were placed into a shade tolerance category
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based on the category assigned in the USDA PLANTS Characteristics pages. Species
missing shade tolerance data in USDA PLANTS characteristics, but possessed data
inUS Forest Servides Fi re Ef f ect gseelApperdirm@)aRlanton Sy st ermr
Invaders of MidAtlantic Natural AreagSwearingen et al. 201,3ndhorticultural
resourcegDirr 2009; Lady Bird Johnson Wildflower Center 20R0issouri
Botanical Garden Plant Finde2020)were assigned a shade tolerance category of
ATol eranto, Alntermediateodo, or Alntolerant
Seed dispersal categories were originally recordeddessccorresponding to
categories fronCornelissen et al. (2003Data used in this study are the categories
used inCornelissen et al. (2003)nstead of using codes, | used the corresponding
namegqsee Table 4) This allowed for sekdispersal data from TRY and horticultural
resources to be easily added and merged.
Pollination syndrome was categorized as
no pollination data in collaborator data, but data in TRY or horticultural resources
were asigned a pollination syndrome category of abiotic if observed as wind or water
pollinated, and biotic if observed as insect or bird pollinated.
Lifespan standards were based on standards used in USDA PLANTS. TRY
data for lifespan consisted of numeri¢adaln this case, averages were calculated
using protocols similar to seed mass and SLA then compared to the USDA PLANTS

standards for lifespan.
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Table4. Plant functional traits used in this studyata from listed sourcesere used

to fill in species trait datandstandardized to the units/categories outlined below.

Trait Type of Units/Categories
Data
Growth form Categorical Tree, Shrub, Vine, Annual, Biennial,
Perennial, Graminoid, Fern, Parasite
Shaddolerance Categorical Tolerant, Intermediate, Intolerant
Seed Dispersal Categorical Unassisted, Wind, Enemoochory,
Exo-zoochory, Ant, Hoarding, Other
Pollination Categorical Abiotic, Biotic
Seed Mass Continuous milligrams (mg)

Specific Leaf Area  Continuous millimeters2/milligrams (mm2/mg)
(SLA)

Maximum Tree Continuous meters (m)
Height
Tree Lifespan Categorical Long (>250 years), Moderate (300

250 years), Short (<100 years)

2.2 Species Abundance Data

2.2.2Site Selection

In 1991, the Urban Forestry and Education Program (UFEP) was established
by the City Parks Foundation with Natural Resources Group (NB&iinds et al.
2014) Between 1991 and 1996tlJFEP ecological restoration projects in New
York City parks removed target invasive species and planted(Beaads et al.
2014) These restoration projects occurred in parkdl i laoroughs.

Johnson and Handel (2016) used records of these restoration projects from
NYC Parks to select plots that had received ecological restoration under UFEP
(referred to as restored plots from here on out). Restored plots were located in 3

paks: Inwood Park in Manhattan, Pelham Bay in the Bronx, and Prospect Park in
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Brooklyn (Johnsorand Handel 2016)Each park had 10 plots selected based on
completeness and quality of records dibscg prerestoration conditions, restoration
treatments, and peséstoration management and monitorfdghnson and Handel
2016)

In addition to restored plots, Johnson and Handel (2016) established
comparison plots referred to as unrestbplots from here on out. They selected
unrestored plots based on NRGO6s inventory
ReportgBounds et al. 2014rompleted between 1984 and 1990 thexcribed
locations with conditions similar to areas selected for restoration under UFEP, but
were not restored during the same time pefdatinson and Handel 2016)

Entitation reports at the time of original mapping were used to identify plots
dominated by invasive speci€dysa multiflora, Ampelopsis brevipedunculatad
Celastrus orbicudtus. Then management records and interviews with land managers
were used to ensure and select plots located in sites that had not received any
restoration work or management at the ti me
on these criteria, Johnsand Handel (2016) established plots in the three parks:
Cunningham Park in Queens and Pelham Bay and Van Cortlandt Parks in the Bronx.
Each park had 10 unrestored plots, also sized at 20 m x(20hmson and Handel

2016)

2.2.3Vegetation Sampling

Vegetation sampling took place in the established 20 m x 20 m plots in 2009
and 201QJohnsorand Handel 2016)Johnson and Handel (2016) created plot the

size and vegetation sampling protocols for comparability with the Permanent Forest
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Reference Plot Syste(ivicDonnell et al. 1990)ised in long term urbarural
gradient studie@McDonnell et al. 2008; Poay, McDonnell, and Pickett 1997;
Cadenasso et al. 2007lRestored plots were sampled in between June and August of
2009 and unrestored plots were sampled between June and August (fatGEdNn
and Handel 2016)

Johnson and Handel (2016) divided the vegetation sampling into 3 groups
based on forest layetanopy tregswoody understory [gubs, vines, and tree
saplings), and the ground layer. Trees with a diameter at breast height (DBH) of 2.54
cm or greater and height greater than 1 m in the entire 20 m x 20 m plot were
identified and DBH measured. Multemmed trees had their diameterasured
below the point of branch division and height of division meas(d&ahson and
Hancel 2016)

To sample the woody understory, Johnson and Handel (2016) randomly
selected three 5 m x 5 m subplots within each 20 m x 20 m plot.s $testmrub and
vine species greater 1 m in height were counted in the subplots. Johnson and Handel
(2016 also counted the stems of tree saplings, defined as tree species with less than
2.54 cm DBH and under 1 m in height, within subplots. If stems at ground level were
within the subplot boundaries they were considered to be inside the Hudloploson
and Handel 2016)

Ground layer sampling included herbaceous species and seedlings of woody
species that were less than 1 m in hei@lmhnson and Handel 2016) o record
ground layespecies and species cover, Johnson and Handel (2016) created four 10 m

long transects using a 1 cm wide measuring tape. Each transect started at a plot
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corner, extended 45¢ from the corner,
each of these transis, Johnson and Handel (2016) measured centimeters of cover of
each species to the whole centimeter using taut measuring tapes. Each species was
sampled separately, making it possible for cover to exceed 100 cm where plants
overlappedJohnson and Handel 2016 over measured was from leaves and/or
stems intercepting the transects with onling leaves and stems counted.
Vegetation was considered continuous unless there was a gap of 5 cm or greater
(Johnson and Handel 2016)Vhere shrub and/or vine cover over the transect line
was greater than 1 m in height, selective hand pruning was performed to move the top
layer of stems to allow ground layer vegetation under 1 m in heidig sampled
(Johnson and Handel 2016)

Once each stratum was sampled according tortiteqols mentioned above,
Johnson and Handel (2016) inspected plots for other species not captured in the

methods above and classified them as common or uncommon

2.3 Data Preparation

To prepare species abundance data from Johnson and Handel (2016) and
assemble functional trait data for functional composition and functional diversity
calculations, | created separate files for species abundance and functional trait data
and saved them as .CSV files. To prepare the functional trait data, | created a
spreasheet listed species by row and functional trait by column. Functional trait data
was filled according to trait standards outlined in Tébld he spreadsheet contained
both continuous and nominal trait datdotedin vegetation sampling methods, each

layer of the forest had species abundance measured using differenSanigded
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DBH for treeswas standardized to basal are&/tra) for each species. Other layers
utilized raw stem counts (understory) and centimeters of cover (ground layers) from
Johrson and Handel (2016) to calculate functional trait composition. Because of this,
each forest layer needed to have its own sheet.
To calculate functional diversity indices, | combirtad specief sampled
treesand woody understofyecausastem count fotreeswas also measured during
Johnson and Handel 6s (2016) vegetation sam
layer were standardized to number of stems per hectare (stems/ha) then added
together. The waty and herbaceous ground layers were combined togathboth

were sampled using the same units (centimeters of cover).

2.4 Statistical Analyses

All functional composition, functional diversity calculations, and statistical
analyses were calculated in(R Core Team 2020)

To compare functional composition between restored and unrestored plots, |
calculated the community weighted means for each plot using species abundance data
and species functional trait data. To compare functional diversity of restored and
unrestored contions, | calculated the functional diversity indices of functional
richness, functional evenness, and functional diverg@éviason et al. 2005; Villéger,
Mason, and Mouillot 2008)

Calculations for functional tradomposition and functional diversity indices
were broken down bfprest stratum Strata were broken down as followddees
woody understorytree saplings, shrubs, and vinespody species in the ground

layer (tree seedlings, shrubs, and vinasy hebaceouspecies in thground layer
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2.4.1 Community Weighted Means and Relative Frequency

Community weighted means (CWM) were for traits with continuous values
(like seed mass). For categorical traits, like shade tolerance, | calculated relative
frequency using the proportion of abundance by species with the trait state of interest.
To calculate CWM, | used the functcomp() function in the FD package for R
(Laliberté, Legendre, and Shipley 2014). These calculations created plot averages for
seed masar{g), SLA (mm2/ha), and maximum plant height (m) using species
abundance data and species averages for each trait. This was done for each trait in
each forest layer. Using the same function, | calculated the relative frequencies for

categorical traits byrait states in each plot.

2.4.2Functional Diversity Indices

| calculated functional diversity indices scores using the dbfd() function in the
R package F@Laliberté, Legendre, and Shipley 20140his function allowed for the

calculation of multidimensional functional diversity indices.

2.4.3Statistical Tests and Boxplots

To test for normality, histograms plotting therpent cover for trait states or
trait averages for restored and unrestored plots were generated using the hist()
function(R Core Team 202(¥ee Figures in Appendix A.5None of the data had
normal distributions, which did not allow the use-tés$ts as an assumption dests
is that data are normally distributed. Instead, | used thgpaametric Mann
Whitney U test (also known as Wilcoxon Rank Sum test) to eestidnificant

differences in functional trait composition and functional diversity indices between
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restored and unrestored plots. The confidence level for each of these tests was set to
95%.

Box and whisker plots visualizing the analyzed differences in functional trait
composition and functional diversity indices were generated using the ggplot function
in the ggplot2 package in Vickham 2016; R Core Team 202pisplayed in each
of the box and whisker plots are: the median (solid horizontal line within the box,
represents the $(ercentile), mean (dotted line within the box),"2&d 7%
percentile (loweand upper box ends), and whiskers extending to further plots that
fall within £1.5 times the interquartile range. Points falling outside of the box and

whiskers represent outliers

2.5 Data Management Plan

2.5.1Documentation

All sources used for assétimg functional trait data were documented
throughout the study.

Code used in R was annotated in R Markdown where | described the
necessary steps needed to prepare for functional diversity and community weighted
mean calculations and how to run the aldtions using the dbfd() and functcomp()
functions. | also documented code | used for statistical analysis and creating

graphics.All libraries and packages were listed in R Markdown documents.
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2.5.2Data File Types

Functional trait data from TRYWas dwnloaded as a .txt file. Once imported
into R, it was exported as a .csv file since this file type can be easily viewed in
Microsoft Excel.

All data tables that were going to be imported into R were stored as .csv files
and all tables exported out ofviere stored as .csv files. Graphs created in R were

downloaded as .pdf files. R Markdown files were saved as .html files.

2.5.3Data Storage

All data files used in this study were stored on the Johnson Lab Google Drive
in the ANYC Trnmypdsonadltiaptapyaad nfy persdnaliGoogle Drive.

Files were backed up every time there were edits made to the data tables or code.
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3. Results

Fifteen to twenty years after ecological restoration in New York City urban forest

patches, restored pladdfered from unrestored plots in their functional composition

and functional diversitysee Tablé and6).

Table5. P-Values and summarized trends in functional composhjoforest

stratum Asterisks indicate significant differences (Mawthitney U Test, ns = Not

Significant, * = P < 0.5, * = P < 0.01, *** = P < 0.005Where there are significant

differences, tha&lirection of difference is indicated.

Trait Trait State P-value Direction of Difference
Canopy
Shade Tolerance Tolerant 0.0004 **  Restored > Unrestored
Intermediate 0.1941 ns NA
Intolerant 0.1139 ns NA
Seed Mass 0.08234 ns NA
SLA 0.9538 ns NA
Maximum Plant Height 0.0191 * Restored > Unrestored
Seed Dispersal Unassisted 0.1319 ns NA
Wind 0.1731 ns NA
Endo
zoochory 0.02022 * Restored < Unrestored
Hoarding 0.0125 * Restored > Unrestored
Pollination Abiotic 0.02171 * Restored > Unrestored
Biotic 0.02171 * Restored < Unrestored
Lifespan Long 0.0815 ns NA
Moderate 0.2398 ns NA
Short 0.2865 ns NA
Woody Understory
Growth Form Tree 1.69E07 **  Restored > Unrestored
Shrub 0.813 ns NA
Vine 1.76E06 *** Restored < Unrestored
Shade Tolerance Tolerant 0.01496 * Restored < Unrestored
Intermediate  0.02812 *
Intolerant 0.04688 ns NA
Seed Mass 5.05E05 **  Restored > Unrestored
SLA 0.0266 * Restored > Unrestored
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Maximum PlantHeight 0.3500 ns NA

Seed Dispersal Unassisted 0.7935 ns NA
Wind 6.40E06 *** Restored > Unrestored
Endo
zoochory 7.44E09 ***  Restored < Unrestored
Hoarding 0.0026 ** Restored > Unrestored
Pollination Abiotic 2.15E07 **  Restored }Jnrestored
Biotic 3.83E07 *** Restored < Unrestored
Lifespan Long 0.0118 * Restored > Unrestored
Moderate 0.1684 ns NA
Short 0.0407 * Restored < Unrestored
Woody Ground Layer
Growth Form Tree 0.0017 ***  Restored > Unrestored
Shrub 0.2760 ns NA
Vine 0.3572 ns NA
Shade Tolerance Tolerant 0564 ns NA
Intermediate 0.0057 ** Restored > Unrestored
Intolerant 0.0014 *** Restored < Unrestored
Seed Mass 0.0055 ** Restored > Unrestored
SLA 0.69 ns NA
Maximum PlantHeight 0.0803 ns NA
Seed Dispersal Unassisted 0.8588 ns NA
Wind 0.0033 ** Restored > Unrestored
Endo
zoochory 0.0010 ** Restored < Unrestored
Hoarding 0.0922 ns NA
Ants 0.3173 ns NA
Pollination Abiotic 0.0339 ns NA
Biotic 0.0750 ns NA
Lifespan Long 0.7380 ns NA
Moderate 0.1691 ns NA
Short 0.1003 ns NA
Herbaceous Ground Layer
Growth Form Annual 0.5848 ns NA
Perennial 3.93E05 *** Restored > Unrestored
Biennial 0.0002 *** Restored < Unrestored
Graminoid 0.0165 * Restored < Unrestored
Fern 0.3772 ns NA
Parasite 0.3006 ns NA
Shade Tolerance Tolerant 0.0036 ***  Restored < Unrestored
Intermediate 0.0039 *** Restored > Unrestored
Intolerant 0.2674 ns NA
Seed Mass 0.0527 ns NA
SLA 0.2019 ns NA
Seed Dispersal Unassisted 0.0270 * NA
Wind 0.9619 ns NA
Endo
zoochory 0.6667 ns NA
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Pollination

Exo-

zoochory 0.0051 **
Other 0.9232 ns
Abiotic 0.03714 *
Biotic 0.1046 ns

Restored > Unrestored
NA
Restored > Unrestored
NA

Table6. P-values and summarized trends of different functional indifeserisks

indicate significant differences (MatWhitney U Test, ns = Not Significant, * = P <

0.5, * =P <0.01, ** = P < 0.005)Where there are significant differences, the

direction of difference is indicated.

Functional Direction of
Diversity Indices Forest Layer P-value Difference
Functional Canopy and Woody
Richness Understory 0.9474 ns NA
Ground Layer 0.7524 ns NA
Functional Canopy and Woody
Evenness Understory 0.0120 * Restored > Unrestore:
Ground Layer 0.0005 ** Restored *Jnrestored
Functional Canopy and Woody
Divergence Understory 0.9240 ns NA
Ground Layer 0.0823 ns NA
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3.1 Functional Composition

The woody understory and ground layer of restored plots contained for trees
compared to unrestored plots. Shade tolerant species were more abundant in trees
and herbaceous species in the ground and less abundant in the woody understory of
restored plotsWind dispersed and seed hoarded species were more abundant in
restored plots, while endoochoric species were less abundant. There was a greater
abundance of plants with larger average seed mass and average SLA in restored plots.
Tree community compdason of restored plots contained a greater proportion of-long
lived trees while unrestored plots had more sheed trees. Abiotically pollinated
species were significantly more abundant in woody species and less abundant in
herbaceous species of resi plots. A table of /alues calculated for each analysis

can be found at the end of the results section.

3.1.1 Growth Form

Growth forms differed between restored and unrestored plots. In addition to
differences in growth form, there were also diéfgces in most abundant spedsse
Appendix A.3 for more information)

3.1.1.1 Woody Understory Stems by Growth Form

Woody understory plants in restored plots significantly differed from
unrestored plote the proportion of stems that belonged to &ird vine species.
Restored plots had greater relative abundances of tree and vine stems in comparison
unrestored plots (see FiguBe The proportion of shrub stems did not differ between

restored and unrestored plots (see FiQlir&dowever dominant shrub species did
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differ between restored and unrestored plots (see Pab®. Total shrub stems in

restored plots were lower than unrestored plots (see Hyure
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Figure3. Woody Understorypy growth formin restored (n=30) and unrestored
(n=30) plots. Woody understory stems include tieglings shrubs, and vines > 1 m
in height and < 2.5 cm DBH. Asterisks indicataalyses witlsignificant differences
(MannWhitney U Test, * = P < 0.5, *= P < 0.01, ** = P < 0.005). Points outside
of whiskers indicate outliers. Solid horizontal lines indicate the median of all samples

and dashed lines indicate the mean of all samples.
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Figure4. Woody understory stems by griwform. Stems consisted of shrubs, vines,
and trees > 1 m in height and a DBH < 2.54 cm. Restored plots had less stems in the

woody understory then unrestored plots.

3.1.1.2 Ground Layer Cover by Growth Form

Growth form in the ground layer of restored plots significantly differed from
unrestored plotsRestored plots had greater relative abundances of tree seedlings,
shrubs, vinesperennial herbsand graminoid¢see Figire5). As a whole, restored

plots hal less totatoverin the ground layethan unrestored plots.
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Figure5. Total ground layer cover (cm) by growth fori8pecies in the ground layer
included herbaceous species and woody species consisting of tree seedlings, shrubs,
and vines <1 min height. Restored (n=30) plots had less cover by species in the

ground layer than unrestored (n=30) plots.
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3.1.13 Woody Species in the Ground Layer by Growth Form

Woody plant cover in the ground layer of restored plots had greater relative
abundance of trees than unrestored plots (see Fguigroportional woody plant
cover of shrub and vine species did not differ leetwrestored and unrestored plots
(Figure6). The most abundant shrub species in unrestored plotRasasmultiflora
(see TabléA.30). In restored plotRR. multiflora andLindera benzoimwere the two
most abundant shrub species (see TAB8). Dominant vine species also differed
between restored and unrestored plots (see PaBy. The most abundant vine
species in the ground layer of restored plots Wer@codendron radicanand
Parthenocissus quinquefolidn unrestored plots, the most abundant vine in the

ground layer was target invasive speciaspelopsis brevipedunculata
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Figure6. Woody species in the ground layerdrpwth formin restored (n=3) and
unrestored (n=30) plotaVoody species in the ground layer includieseseedlings
shrubs, and vines 1 m inheight Asterisks indicatanalyses witlsignificant

differences (ManiWhitney U Test, * = P < 0.5, ** = P < 0.01, *** = P < 0.005).
Points outside of whiskers indicate outliers. Solid horizontal lines indicate the

median of all samples and dashed lines indicate the mean of all samples.

3.1.14 Herbaceous Ground Layer Cover by Growth Form

Biennial and perennial plants had significantly greater relative abundances in
restored plots than unrestored plots (see Figur& he biennial speciesllaria
petiolatawas abundant in restored and unrestored plots and the only biennial species
in restaed plots ¢ee TableA.48). While a rare growth form found in both plot types,
graminoids made up a greater proportion of herbaceous ground layer cover in
unrestored plots (see kige 7). Restored and unrestored plots did not differ in cover

by annualfern, and parasite species (see FigQire
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Figure7. Herbaceous species in the ground layegioyth formin restored (n=30)
and unrestored (n=30) plotésterisks indicatanalyses witlsignificant differences
(MannWhitney U Test, * = P < 0.5, * = P < 0.01, *** = P < 0.005). Points outside
of whiskers indicate outliers. Solid horizontal lines indicate the median of all samples

and dashed lines indicate the mean of all samples.
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3.1.2 Shade Tolerance

Restored and unrestm plots had different relative abundances of species
with shade tolerance, intermediate shade tolerance, and shade intol&iaeree.
were also differences in most abundant tree species with intermediate shade tolerance
andshade tolerant species in tweody understory.

3.1.2.1 Shade Tolerance of Tree Species

There was a greater relative abundancghafle tolerant trees in restored plots
(see Figure). In both plot typeskraxinus pennsylvanicaasthe most abundant
shade tolerant tree species. Basal aréa pénnsylvanicavas over three times
greater in restored plots and occurred in three times the number of restored plots
compared to unrestored plots (see T#bB).

The relative abundance of tree specie$ witermediate shade toleraraid
not differ between restored and unrestored plots (see Ryurewever the most
abundant species with intermediate shade tolerance differed between restored and
unrestored plots (see Tal#e3). Most abundant shade atgérant trees of restored
plots wereRobinia pseudoacacia, Carya cordiformis, Prunus serotamal
Liriodendron tulipifera(see TableA.4). In unrestored plot§assafras albidurand

R.pseudoacaciavere the most abundant shade intolerant trees (see Adble
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Figure8. Trees by shade toleranicerestored (n=30) and unrestored (n=30) plots.
Asterisks indicat@analyses wittsignificant differences (Mankvhitney U Test, * = P
<0.5,* =P <0.01, * =P <0.005). Points outside of whiskers indicate outliers.
Solid horizontal lines indicate the median of all samples and dashed lines indicate the

mean of all samples.

3.1.22 Shade Tolerance of Species in the Woody Understory

Restored plots had lower relative abundances of shade tolerant species in the
woody understory than unrestored plots (see Figuréntermediate shade tolerant
species had greater relative abundamntesstored plots (see kige9). Shade
intolerant species in the woody understdiy not differ between restored and
unrestored plots (see Fig8e The majority of shade tolerant stems in unrestored
plots were stems dfonicera japonica, Rubus penglnicus andCelastrus
orbiculatus These three species, based on their importance value index (IVI), were
the most abundant in unrestored plots and occurred in the majority of unrestored plots

(see TabléA.17). In restored plotdonicera japonicaAcernegundaandRubus
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pensilvanicusvere the most abundant shade tolerant species (seeAlabje The
three most abundant shade tolerant species in unrestored plots had over three times
the number of stems and were present in over twice the number ahplotihe three
most abundant shade tolerant species in restored plots (sed\Tk)le

The shade intolerant species with the largest stem count in restored and
unrestored plots wadosa multiflora R multiflorahad over six times the number of
stems inunrestored plots than in restored plots. It was also present in almost three

times the number of unrestored plots than restored plots (seeAl &Bje
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Figure9. Relative abundance of woody understory stems by sioéetancan
restored (n=30) and unrestored (n=30) pl@&tems in the woody understory include
shrubs, vines, and tree saplings with height > 1 m and DBH < 2.54 cm for saplings.
Asterisks indicat@analyses wittsignificant differences (Markhitney U Test, * = P
<0.5,*=P<0.01, * =P <0.005). Points outside of whiskers indicate outliers.
Solid horizontal lines indicate the median of all samples and dashed lines indicate the

mean of all samples.
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3.1.2.3Shade Tolerance of Woody Species in tieround Layer

Species with intermediate shade tolerant and shade intolerant species covered
asignificantlygreater proportion of the ground layer in restored plots than unrestored
plots Gee Figire 10). Restored and unrestored plots did not differ inptiogortion of
ground layer cover by shade tolerant woody spesexsKigire10). Tree species in
the ground layer of restored and unrestored plots did not differ in relative abundance

of species with shade tolerance (seaifeéd.1).
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Figure10. Woody species in the ground layerdiade toleranca restored (n=30)
and unrestored (n=30) plot8Voody species in the ground layer include shrubs,
vines, and tree seedlings < 1 m in heighsterisks indicat@analyses wittsignificant
differences (ManiWhitney U Test, * = P < 0.5, ** = P < 0.01, ** = P < 0.005).
Points outside of whiskers indicadatliers. Solid horizontal lines indicate the

median of all samples and dashed lines indicate the mean of all samples.
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3.1.2.4Shade Tolerance of Herbaceous Species in the Ground Layer

Restored plots had a greater relative abundance ofdesnis species with
intermediate shade tolerance in restored plots compared to unrestored plots (see
Figurel?). There was a greater proportion of herbaceous species with shade
tolerance in unrestored plots. The proportion of shade intolerant herbaogeus c

did not differ between restored and unrestored plots (see Higure
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Figurel2 Herbaceous species in the ground layesligde toleranca restored
(n=30) and unrestored (n=30) plot&sterisks indicat@analyses wittsignificant
differences (ManitWhitney U Test, * = P < 0.5, * = P < 0.01, *** = P < 0.005).
Points outside of whiskers indicate outliers. Solid horizontal lines indicate the

median of all samples and dashed lines indicate the mean of all samples.
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3.1.3 ®ed Mass

Average seed mass of woody understory communities and communities of
woody species in the ground layer differed between restored and unrestored plots.

3.13.1 Seed Mass of Tree Species

Tree community compositions did not have different average seedsnasse
between restored and unrestored plsee Figire13).

3.13.2 Seed Mass of Spres in the Woody Understory

The average seed mass in the woody understory communitigméfscantly
greater in restored plofsee Figre 13). Tree sapling commurnésin the woody
understory did not differ in average seed mass between restored and unrestored plots
(see Figrre 13.

3.13.3 Seed Mass of Woody Species in the Ground Layer

Restored plots hadsagnificantlygreater proportion of cover by woody
speciewith larger average seed masses in the ground layer than unrestored plots (see
Figure13). Tree seedling communities in the ground layer did not differ in average
seed mass between restored and unrestored plots (see Fig

3.1.3.4Seed Mas®f Herbaceous Species in the Ground Layer

Communities of herbaceous species in the ground layer did not differ in

average seed mass between restored and unrestore@edoEgure 13)
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Figurel3. Average seed mass @hof forest stratum communitiéis restored (n=30)
and unrestored (n=30) plot&\verage seed mass in each plot was calculated using
community weighted meanwhich usedpecies abundance and average seed mass
for each speciesAsterisks indicatanalyss with significant differences (Mann
Whitney U Test, * =P < 0.5, * = P <0.01, ** = P < 0.005). Points outside of
whiskers indicate outliers. Solid horizontal lines indicate the median of all samples

and dashed lines indicate the mean of all samples.
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3.1.4 Specific Leaf Area

Average SLA only differed between woody understory communities and tree
seedlings in the ground layer of restored and unrestored plots.

3.1.4.1Specific Leaf Area of Trees

Tree communities did not have different average SLA betwestored and
unrestored plots (see Fkig 19.

3.1.4.2Specific Leaf Area of Species in the Woody Understory

Restored plots hadsagnificantly greater proportion of stems of species with
larger average SLA in the woody understory compared to uneegpots (see Fige
14). Tree saplings in the woody understory of restored and unrestored plots did not
have different average SLA (see tig 19.

3.1.4.3Specific Leaf Area of Woody Species in the Ground Layer

Average SLA of the proportion of cover by woody species in the ground layer
did notsignificantly differ between restored and unrestored pls¢® Figrre 19.
Tree seedlings in the ground layer had greater average SLA in unrestored plots
(Figure 19.

3.1.4.4 Pecific Leaf Areaof Herbaceous Species in the Ground Layer

The communities ofdérbaceous species in the ground layer had similar

average SLA in restored and unrestored plste Figire 14.
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Figure14. AverageSLA (mn?/mg) of forest stratum communitiés restored (n=30)

and unrestored (n=30) plotéwverageSLA in each plot was calculated using

community weighted meanwhich usedpecies abundance and aver&gé for

each speciesAsterisks indicat@analyses witlsignificant differences (Manwhitney
UTest,*=P<0.5,*=P<0.01, * =P <0.005). Points outside of whiskers
indicate outliers. Solid horizontal lines indicate the median of all samples and dashed

lines indicate the mean of all samples.
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3.1.5Maximum Tree Height

Average maximum tree height only differed in tree communities between
restored and unrestored plots.

3.15.1 Maximum Tree Height of Trees

Trees had significantly greater average maximum tree height in restored plots
(see Figire 15. Trees in restored plots had larger relative abundandgargh
cordiformisandLiriodendron tulipifera These species were some of the tallest tree
species foundni both plot types with average maximum plant heights of 33.7m and
44.6m respectivelyThe three most abundant trees in unrestored plots were the
shorter specieSassafras albidum, Robinia pseudoacaaraPrunus serotina
Average maximum plant heightrfthese species were 22.4 m, 17.1 m, and 17.8 m
respectively.

3.15.2 Maximum Tree Height of Tree Saplings in the Woody Understory

Tree saplings in the woody understory did not have significantly difference
average maximum tree heights between restarddiarestored plotsde Figire 15.

3.15.3 Maximum Tree Height of Tree Seedlings in the Ground Layer

Average maximum tree height of tree seedlings in the ground layer did not

differ between restored and unrestored pls¢e Figure 15)
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Figurel15. Average maximum tree height (m) of forest stratum communities
restored (n=30) and unrestored (n=30) pl&seragemaximum tree heighh each

plot was calculated using community weighted meaéch usedspecies abundance
and averagenaximum tree heighbr each speciesAsterisks indicatanalyses with
significant differences (Mankihitney U Test, * =P <0.5,* =P <0.01, ** =f
0.005). Points outside of whiskers indicate outliers. Solid horizontal lines indicate

the median of all samples and dashed lines indicate the mean of all samples.

3.1.6 Seed Dispersal

Restored and unrestored plots had differed in seed dispersadsetim
addition, abundant endozoochoric species differed between restored and unrestored
plots.

3.1.6.1 Unassisted Seed Dispersal

Relative abundance of species with unassisted seed dispersal only differed
significantly in herbaceous species in thewyrd layer of restored and unrestored
plots. Unassisted seed dispersal was rare among woody species, with only 7 of 106

woody species having this dispersal method.
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3.1.6.1.1 Unassisted Seed Dispersal in Trees

Tree communities did not differ in the aéive abundance of species with

unassisted seed dispersal between restored and unrestored plotguiseag-i

3.1.6.1.2 Unassisted Seed Dispersal in Species in the Woody Understory

There was no significant difference in the relative abundanspeaaies with
unassisted seed disperésde Figure 16)The relative abundance of tree saplings
with unassisted seed dispersal was significantly greater in the woody understory of
unrestored plots (see Fkige 17. This was driven by the lack of tree sagk with

unassisted seed dispersal in the ground layer of restored plots (se@.28ple

3.1.6.1.3 Unassisted Seed Dispersal in Woody Species in the Ground Layer
Woody species with unassisted seed dispersal did not have differ in the
proportion of cover in the ground layers of restored and unrestoredgaet&igure
16). There was no significant difference in the proportion of cover by tree seedlings
with unassisted seed dispersal in the ground layers of restored and unrestered plot
(see Figrre 17.

3.1.6.1.4 Unassisted Seed Dispersal in Herbaceous Species in the Ground

Layer

Herbaceous species with unassisted seed dispersal covered a greater
proportion of the ground layer in unrestored plots (seerBi@§. The most
abundanspecies with unassisted seed dispersal in restored and unrestored plots was
Alliaria petiolata, however total centimeters of cover Aypetiolatain unrestored

plots was double the total cover in restored ple¢e Tablé\.55).
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Figure16. Relative abundance species withunassisted seed disperbgiforest

stratum communitiem restored (n=30) and unrestored (n=30) pl@sterisks
indicateanalyses wittsignificant differences (Mankvhitney U Test, * = P < 0.5, **

=P <0.01, ** = P < 0.005). Points outside of whiskers indicate outliers. Solid
horizontal lines indicate the median of all samples and dashed lines indicate the mean

of all samples.
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Figurel7. Relative abundance of tree saplings (left) and tree seedlings (right) with
unassisted seed dispersal in forest stratum commuinittestored (n=30) and

unrestored (n=30) plotsAsterisks indicat@analyses witlsignificant differences
(MannWhitney U Test, * = P < 0.5, * = P < 0.01, ** = P < 0.005). Points outside

of whiskers indicate outliers. Solid horizontal lines indicate the median of all samples

and dashed lines indicate the mean of all samples.

3.1.6.2 Wind Dispersal

3.1.6.2.1 Wind Disper$in Trees

The relative abundance of trees with wind dispersal did not significantly differ

between restored and unrestored plots (se&r&itg.

3.1.6.2.2 Wind Dispersal in Species in the Woody Understory

Stems of species with wind dispersal in Weeody understory were more

abundant in restored plots (seel¥g)19. There was also a greater relative
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abundance of tree saplings with wind dispersal in the woody understory of restored
plots (see Figre 19. Of the 14 wind dispersed species in thedpunderstory, 13

were tree specidsee Tablé\. 21).

3.1.6.2.3 Wind Dispersal in Woody Species in the Ground Layer

There were greater proportions of cover by woody species with wind dispersal
in the ground layer in restored plots (seeuFeéd.8). Restored plots had a greater
relative abundance of tree seedlings with wind dispersal compared to unrestored plots
(see Figre19). There were 13 woody species in the ground layer that are wind

dispersed, 12 of which were also tree spe(des Tablé\.35).

3.1.6.2.4 Wind Dispersal in Herbaceous Species in the Ground Layer
Herbaceous species with wind dispersal in the ground layer did not
significantly differ in relative abundance between restored and unrestored plots (see

Figure18).
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Figure18. Relative abundance of wind dispersed species in forest stratum
communitiedn restored (n=30) and unrestored (n=30) pldtsterisks indicate
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Figurel9. Relative abundance of wind dispersegktsaplings (left) and tree

seedlings (right) in forest stratum communitiesestored (n=30) and unrestored

(n=30) plots. Asterisks indicatanalyses witlsignificant differences (Manwhitney
UTest,*=P<0.5,*=P<0.01, * =P <0.005). Points outside of whiskers
indicate outliers. Solid horizontal lines indicate the median of all samples and dashed

lines indicate the mean of all samples.

3.1.63 Endozoochory

3.1.6.2.4 Endozoochory in Trees

Endozoochoric trees in unrestored plots had greater relative abundances than
restored plots (see Rige20). In restored plots, the most abundant endozoochoric
species waPRrunus serotinavhile the most abundant endozoochoric species in
unrestored plots waSassafras albidurfsee TabléA.7). S. albidumn unrestored
plots had three times more total basal #én@aP. serotinain restored plots (see

TableA.7).
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3.1.6.2.4 Endozoochory in Species in the Woody Understory

Restored plots had a significantly lower relative abundance of endozoochoric
species in the woody understory (seeurég2Q. Endozoochorictems in the woody
understory were primarily shrub and vine speclesiestored plots, the most
abundant endozoochoric species was natindera benzoirfsee Tablé\.22). The
most abundant endozoochoric species in unrestored plots was target invasioe sp
Rosa multiflorawhich had over three times the total amount of stems than the most
abundant endozoochoric species in restored plotsenzoin(see Tablé\.22).

There vas agreater relative abundanoéendozoochoric trees in unrestored
plots (see Figre21). The most abundant endozoochoric tree species in the woody
understory of unrestored plots waassafras albidurwhile in restored plots, the

most abundant endozoochoric tree speciesRuaisus seotina (see Tabl&\.23).

3.1.6.2.4 Endozoochory in Woody Species in the Ground Layer

Unrestored plots haal greater relative abundance of endozoochoric woody
species in the ground layer. The most abundant woody endozoochoric species in the
ground laye wasRosa multiflora R. multiflorain unrestored plots had over eight
times more covewith 30,408 cm of covethan the most abundant woody
endozoochoric species in restored pldtsxicodendron radicansvhich had 3758 cm
of cover(see Tablé\.37). R. multiflorawas also present in 97% of unrestored plots
while T. radicanswas present in 80% of restored plots.

In the ground layer, there was more cover by endozoochoric tree
species in unrestored plots (seeur@ll). The most abundant endozoochdree in

the ground layer of unrestored plots Vi&sssafras albidunwhich had over three
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times the amount of cover than the most abundant endozoochoric tree species in

restored plotsPrunus serotingsee Tablé\.37).

3.1.6.2.4Endozoochoryn Herbaceous Species in the Ground Layer

There was no significant difference in the relative abundance of
endozoochoric herbaceous species in the ground layer of restored and unrestored

plots(see Figire 20).
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Figure20. Relative abundance of endozoochoric species in forest stratum
communitiedn restored (n=30) and unrestored (n=30) pldtsterisks indicate
analyses wittsignificant differences (Mankvhitney U Test, * =P < 0.5, * =P <
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lines indicate the median of all samples and dashed lines indicate the mean of all

samples.
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Figure2l. Relative abundance of endozoochoric tree saplings (left) and &ekngs

(right) in woody understory and ground layer communitiegstored (n=30) and
unrestored (n=30) plotsAsterisks indicat@analyses witlsignificant differences
(MannWhitney U Test, * =P < 0.5, * = P < 0.01, ** = P < 0.005). Points outside

of whiskers indicate outliers. Solid horizontal lines indicate the median of all samples

and dashed lines indicate the mean of all samples.

3.16.4 Exozoochory

Exozoochory was only found in herbaceous species in the ground layer.
Restored plots had more proportional cover by exozoochoric herbaceous species than
unrestored plotésee Figire22). The most dominant exozoochoric species in both
plot types wa<£ircaea lutetiana HoweverC. lutetianahad over double the
centimeters of cover in restored plots, with 4385 cm, than in unrestored plots, where

it only had 1775 cm of cover (see TaBl&8).
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Figure22. Relative abundance of lxrceous exozoochoric species in ground layer
communities ofestored (n=30) and unrestored (n=30) pl&gozoochory was only
found among herbaceous speciésterisks indicat@analyses wittsignificant
differences (ManfWhitney U Test, * = P < 0.5, *= P < 0.01, *** = P < 0.005).
Points outside of whiskers indicate outliers. Solid horizontal lines indicate the
median of all samples and dashed lines indicate the mean of all samples.

3.16.5 Seed hoarding

Dispersal by seed hoarding was only found é&e tspeciesThere were
significant differences in the relative abundance of species dispersed by seed

hoarding between restored and unrestored plots.

3.1.6.2.4Seed Hoarded Trees

Restored plots had a greater relative abundance ofdigessed by seed
hoarding than unrestored plots (seeurég23. While the most abundant seed
hoarded species in restored and unrestored plot€ams cordiformisC.
cordiformisin restored plots had over ten times the total basal area than in teutesto

plots (see Tabla.8).

83



3.1.6.2.4Seed Hoarded Species in the Woody Understory

There was aignificantlygreater relative abundance of species dispersed by
seed hoarding in the woody understory of restored plots (seeFd§. In restored
plots, the most abundant species dispersed by seed hoardingamgscordiformis
followed byQuercus rubrgsee Tablé\.23). The most abundant species dispersed
by seed hoarding in unrestored plots was @lswordiformis howeverC. cordiformis
in restored plat had eight times the number of stems than in unrestared(pée
TableA.23). Theproportion of stems belonging to seed hoarded tree saplings was

not different between restored and unrestored plots (seesRig.

3.1.6.2.4Seed Hoarded Specimsthe Ground Layer

The relative abundance of species dispersed by seed hoarding in the ground
layer was not different between restored and unrestored plots (see £33 There
was also naignificant difference in the relative abundance of tred|sess

dispersed by seed hoarding between restored and unrestored plotsyse@4rig
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Figure23. Relative abundance of species dispersed by seed hoarding in forest stratum
communities ofestored (n=30) and unrestored (03Blots. Dispersal by seed

hoarding was only found among tree specigsterisks indicat@analyses with

significant differences (Manihitney U Test, * =P <0.5,* =P <0.01, ** =P <
0.005). Points outside of whiskers indicate outliers. Solitztwtal lines indicate

the median of all samples and dashed lines indicate the mean of all samples.
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Figure24. Relative abundance of tree saplings and tree seedlings dispersed by seed

hoarding species in woodyderstory and ground layer communitiesestored
(n=30) and unrestored (n=30) plot&sterisks indicat@analyses witlsignificant
differences (ManiWhitney U Test, * = P < 0.5, ** = P < 0.01, *** = P < 0.005).
Points outside of whiskers indicate aoeits. Solid horizontal lines indicate the

median of all samples and dashed lines indicate the mean of all samples.

3.16.6 Ant Dispersal

The proportion of cover by species dispersed by ants was not significantly
different between restored and unrestqieds (see Figire25). Species dispersed by
ants were only found in woody species in the ground Jayign the only species

beingVinca minor(see also Table A.39)
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Figure25. Relative abundance of herbaceous speatisgsersed by ants in ground
layer communities afestored (n=30) and unrestored (n=30) pl&tst dispersal was
only found among herbaceous speciasterisks indicatanalyses wittsignificant
differences (ManitWhitney U Test, * = P < 0.5, ** = P < Q10*** = P < 0.005).
Points outside of whiskers indicate outliers. Solid horizontal lines indicate the

median of all samples and dashed lines indicate the mean of all samples.

3.16.7 Other Modes ofSeed Dispersal

Woodyand herbaceowspecies in the gund layer with other dispersal modes
did not have significantly different proportions of cover between restored and
unrestored plots (see kige 26). Other modes of seed dispersal, which consisted of
water dispersal and dispersal by launching, were anigd in the ground layer and

were relatively rare among species in the ground lgesr Tableé\.40 andA.59).
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Figure26. Relative abundance of species with other dispersal modes in ground layer
communities ofestored (n=30) and unrestored (n=30) pldher dispersal modes
included dispersal by water and launchirgterisks indicat@nalyses with
significant differences (Manihitney U Test, * =P <0.5,* =P <0.01, ** =P <
0.005). Points outsidd whiskers indicate outliers. Solid horizontal lines indicate

the median of all samples and dashed lines indicate the mean of all samples.

3.1.7 Pollination Syndrome

Pollination syndrome significantly differed between restored and unrestored
plots. There were also differences in abundant abiotic and biotically pollinated
species between restored and unrestored plots.

3.17.1 Treesby Pollination Syndrome

In restoredplots, there was a greater relative abundance of trees with abiotic
pollination (see Figre 27. Unrestored plots had greatgroportions of biotically
pollinated tree¢see Figire 27. Median proportion of abiotically pollinated &ein

restored plots was three times greater than unrestored plots (se@ Gaple
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The most abundant tree in restored plots with abiotic pollinatiorFneasnus
pennsylvanicawhich had over three times the basal area of the most abundant
abioticallypollinated tree in unrest restored pld@s,cordiformis(see Tablé\.9).

For biotically pollinated trees, the most abundant species in restored pld®sumas

serotinawhile in unrestored plots it w&assafras albidum
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Figure27. Relative abundance of trees by pollinatiomeéstored (n=30) and

unrestored (n=30) plotsAsterisks indicat@analyses wittsignificant differences
(MannWhitney U Test, * =P < 0.5, * = P < 0.01, ** = P < 0.005). Points outside

of whiskers ndicate outliers. Solid horizontal lines indicate the median of all samples

and dashed lines indicate the mean of all samples.
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3.1.7.2 Species in the Woody Understory by Pollination Syndrome

The relative abundance of species with abiotic pollinatidgherwoody
understory wasignificantlygreater in restored plots than unrestored plots (sesd-ig
28). Conversely, unrestored plots hadignificantlygreater relative abundance of
biotically pollinated species in the woody underst@se Figire 29. Restored and
unrestored plots had similar relative abundances of abiotically pollinated tree species
in the woody understory (see Eirg 29.

In unrestored plots, the most abundant biotically pollinated specieRwgas
multiflora, which had over threegmes more stems than the most abundant biotically
pollinated species in restored pldigydera benzoirfsee Tabl&\.25). Unrestored
plots also had a greater relative abundance of biotically pollinated tree saplings in the

woody understory (see kige D).

90



1.00 | . *kk | | T $l*-;nvc
. - .
075 ]
U —
=
L
v 0.50 ] : .
o -
° —
= -
.8
= 0.25 |
g .
) :
(=T} -

0.00 | 2 —— ] .

Restored  Unrestored Restored  Unrestored
Abiotic Biotic

Figure28. Woody understory stems by pollination syndromeestored (n=30) and
unrestored (n=30) plotsAsterisks indicat@analyses wittsignificant differences
(MannWhitney U Test, * = P < 0.5, * = P < 0.01, ** = P < 0.005). Points outside

of whiskers indicate outliers. Solid horizontal lines indicate the median of all samples

and dashed lines indicate the mean of all samples.
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Figure29. Tree saplings in the woody understory by pollination syndromesitored
(n=30) and unrestored (n=30) plot&sterisks indicat@analyses wittsignificant
differences (ManiWhitney U Test, * = P < 0.5, ** = P < 0.01, ** P < 0.005).
Points outside of whiskers indicate outliers. Solid horizontal lines indicate the

median of all samples and dashed lines indicate the mean of all samples.

3.1.7.3 Woody Species in the Ground Layer by Pollination Syndrome

Woody species with abiotic pollination in the ground layer had significantly
greater relative abundance in restored ple¢e Figire 3Q. There was a significantly
lower relative abundance of woody species with biotic pollination in restored plots
(see Figre30). Relative abundances of abiotically and biotically pollinated tree
seedlings in the ground layer were not significantly different between restored and
unrestored plots (see kige 3). Of the woody species with abiotic pollination, 14 of

the 16 spees were tree species (see Tahlél).
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The two most abundant biotically pollinated woody species in the ground
layer of unrestored plots w&osa multifloreand Ampelopsis brevipedunculata
These two species each had over six times the amount of hawnethe two most
abundant biotically pollinated woody species in restored plotsicodendron

radicansandParthenocissus quinquefol{aee Table#&.42).
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Figure30. Woody species cover by pollination syndroméhi@ ground layer of
restored (n=30) and unrestored (n=30) pl&sterisks indicatanalyses with
significant differences (Manrdhitney U Test, * =P < 0.5, * =P <0.01, ** =P <
0.005). Points outside of whiskers indicate outliers. Solid horizimésl indicate

the median of all samples and dashed lines indicate the mean of all samples.
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Figure31 Tree seedling cover by pollination syndromedstored (n=30) and

unrestored (n=30) plotsAsterisks indicat@analyses wh significant differences
(MannWhitney U Test, * =P < 0.5, * = P < 0.01, ** = P < 0.005). Points outside

of whiskers indicate outliers. Solid horizontal lines indicate the median of all samples

and dashed lines indicate the mean of all samples.

3.1.7.4 Herbaceous Species in the Ground Layer by Pollination Syndrome

There was a greater relative abundance of herbaceous species with abiotic
pollination in the ground layer of unrestored plots (sear€i@). The relative
abundance of herbaceous gpsavith biotic pollination in the woody understory was
similar between restored and unrestored plots (seed-Rf).

In unrestored plots, the most abundant herbaceous species with abiotic
pollination wasArtemisia vulgarisvith 2819 cm of cover. In coparison, the most
abundant abiotically pollinated herbaceous species in restored plotspasea
canadensiswhich only had 289 cm of coveAbiotically pollinated herbaceous
species were not present in the majority of restored or unrestored péoisafde

A.65).
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Figure32. Herbaceous species cover by pollination syndrontledrground layer of
restored (n=30) and unrestored (n=30) pl&sterisks indicatanalyses with
significant differences (Manhitney U Test, * =P < 0.5, * =P <0.01, ** =P <
0.005). Points outside of whiskers indicate outliers. Solid horizontal lines indicate

the median of all samples and dashed lines indicate the mean of all samples.

3.1.8Tree Lifespan
There were only significant differences in tree lifespan in the woody
understory communities of restored and unrestored plots.

3.17.4 Trees by Tree Lifespan

There was no significant difference in the relative abundance ofwides

long, moderate, or short lifespans (seeur&B3).
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Figure33. Trees by lifespan irestored (n=30) and unrestored (n=30) plots.

Asterisks indicat@analyses wittsignificant differences (Markvhitney U Test, * = P

< 0.5, * =P <0.01, ** =P < 0.005). Points outside of whiskers indicate outliers.
Solid horizontal lines indicate the median of all samples and dashed lines indicate the

mean of all samples.

3.17.4 Tree Saplings in the Woody Understory by Tree Lifespan
The relative abundance of tree saplings with long lifespansigasicantly
greater in theestored plots woody understdigee Figire 34. In total, there were
only 3 tree species in the woody understory with long lifespans (seeA.2B)e
Unrestoré plots only had one tree species with long lifespan in the woody
understory, which wa&cer saccharunfsee Tabl&\.26).
Unrestored plots had a significantly greatee sapling relative abundance
with short lifespans than restored plots (sea@fé@4. There was no significant
difference in the relative abundance of tree saplings with moderate lifespans between

restored and unrestored plots (seaiFedg3).
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Figure34. Tree saplings in the woody understory by fifsspan inrestored (n=30)
and unrestored (n=30) plotésterisks indicatanalyses witlsignificant differences
(MannWhitney U Test, * =P < 0.5, * = P < 0.01, ** = P < 0.005). Points outside
of whiskers indicate outliers. Solid horizontal linedicate the median of all samples

and dashed lines indicate the mean of all samples.
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3.1.7.4 Tree Seedlings in the Ground Layer by Tree Lifespan
Tree seedlings with long, moderate, and short lifespans in the ground layer did

not have differentelative abundances between restored and unrestored plots (see

Figure 35).
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Figure35. Tree seedling cover by tree lifespamrastored (n=30) and unrestored
(n=30) plots. Asterisks indicat@analyses witlsignificant diffeences (MartWhitney
UTest,*=P<0.5,*=P<0.01, * =P <0.005). Points outside of whiskers
indicate outliers. Solid horizontal lines indicate the median of all samples and dashed

lines indicate the mean of all samples.

3.2 Functional Diversity
Functional evenness was the only diversity index that was significantly

different between restored and unrestored plots. Other indices did not have statistical

differences between restored and unrestored plots.
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3.2.1 Functional Richness

Restored andrnuestored plots did not differ in functional richnes®ath the

combined trees and species in the woody understoryr{geee 3§. There was also

no significant difference in functional richness between the ground layers of restored

and unrestored plst(see Figre 3§.
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Figure36. Functional richness of forest strata@stored (n=30) and unrestored
(n=30) plots. Functional richness was calculated using the @ls€chction in the R
p a ¢ k a g eAsterisks Ddicatanalyses witlsignificant differences (Mann
Whitney U Test, * =P < 0.5, * = P <0.01, ** = P < 0.005). Points outside of
whiskers indicate outliers. Solid horizontal lines indicate the mediath dmples

and dashed lines indicate the mean of all samples.

3.2.2 Functional Evenness
Functional evenness was higher in the combined trees and species in the
woody understorysee Figire 373. In the ground layer, restored plots also had higher

functional evenness than unrestored plots Ksgere 37).
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Figure37. Functional evenness of forest stratagstored (n=30) and unrestored
(n=30) plots. Functional evenrss was calculated using the dbfd() function in the R
p a ¢ k a g eAsterfskds Ddicatanalyses witlsignificant differences (Mann
Whitney U Test, * =P < 0.5, * = P <0.01, ** = P < 0.005). Points outside of
whiskers indicate outliers. Solid horizahtines indicate the median of all samples

and dashed lines indicate the mean of all samples.

3.2.3 Functional Divergence

Combined treeandspecies in thevoody understory did not have different
functional divergence scores between restored and uredgitmts(see Figire 38).
Functional divergence scores in the ground layer did not differ between restored and

unrestored plotésee Fgure B).
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Figure38. Functional divergence of forest strata@stored (n=30) and unrestored
(n=30) plots. Functional divergence was calculated using the dbfd() function in the R
p a ¢ k a g eAsterisks Ddicatanalyses witlsignificant differences (Mann

Whitney U Test, * =P < 0.5, * =P <0.01, *** = P <@P). Points outside of
whiskers indicate outliers. Solid horizontal lines indicate the median of all samples

and dashed lines indicate the mean of all samples.
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4. Discussion

Ecological restoration, forest vegetation dynamics, and urban infludroes
thetrendsfoundin functional composition and diversity in urban forest patches.
Each driver of change influenced some traits more than otfiezsds observed in
this study indicate that restoration was successful in redirecting ecological succession

in restored plots and restoration goals were met.

4.1 Functional Trait Composition

Ecologicalrestoration, forest vegetation dynamics, and urban ecosystems
drove functional composition and diversity in urban forest patcRestoration
methods clearly mve functional trait compositioinends in tree communities of
restored plotsparticularly inseed dispersapollination andmaximum tree height.
In the woody understory, restoration drove differences in growth form. Forest
vegetatiordynamics also drove trendsseed dispersal and shade tolerandben
woody understory and ground layarrestored plotslt also drove trends in tree
lifespan in urban forest patchedrban conditions drove trends in seed dispersal and
growth form. Interaction between drivers drove functional trait composition trends in
the ground layerln the woody understory, trends in shade tolerance, maximum tree
height, seed dispersaked massnd pollination were driven by interactions among

the three driers.

4.1.1 Effects of Ecological Restoration

Ecological restoration drove growth form trends seen in restored plots woody

understories. Removal of target invasive vine species during restoration resulted in
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the lower relative abundance of vines species in the woody underStuey.
dominance of mobt native shrub species in restored plots indicates the success of
ecological restoration in lowering the regeneration of target invasive species. There
were also less shrub species stems overall in restoredgrioen by target invasive
shrub speciesemoval

Restoration methods used during initial restoration resulted in trends of shade
tolerance in restored urban forest patches. Tree plardur@sy restoratiomrove
greater relative abundances of shade tolerant trees in restoredjuaighantshade
tolerant species in restored platach ad-raxinus pennsylvanicandAcer
saccharumwere among species plant@hnson and Handel 20168)Vhile
proportions of intermediate shade tolermaéswere similar between restored and
unrestored plots, the frequent plantingafercus rubraandAcerrubrumduring
restorationJohnson and Handel 201y have beethedriving force behind the
large total basal area of intermediate shade toltneed

Tree plantings also resulted in restored plots haaiggeater average
maximum tree height than unrestored plots amangss. High light conditions in
unrestored aaopies and during initial restoration should have favored shorter species
(Lambers, Chapin, and Pons 1.94H9Weyer,iRi negan
restored plots, planted species likeodendron tulipifera(tulip poplar) Carya
cordiformis(bitternut hickory) andQuercus rubrgred oak)increased the average
maximum tree height in trees.

Seed dispersal modes found among teeekwoody understoriy restored

plots weredriven bymethodsused during initial restoratioriThe greater proportions
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of seed hoardetiees in restored plotsese driven by oak and hickory speci€3aks
were commonly planted during restoration, thus their dominarite itnee
communitywas expectedHowever, thehigh relative abundance Gfarya
cordiformiswas not as expected due to low planting frequency during restoration
(Johnson and Handel 2016%0mething that may be driving this trend are
populations of rodent species, a group known to spread seeds via hoarding and have
higher populations in urban areas (Hein, 1997; Gliwical, 1994). Whié seeds of
C. cordiformismay be spread by rodent species, tateuslsin the seedsay
discourage mammals from consuming the seegasslibly increasthe chances for
germination.

Removal of target invasive species drove the lower relabwedance of
endozoochoric species in the woody undersaoiy ground layerSignificant
dominance byRosa multifloravas the primary driver of greater ergdoochoric
woody speciestems and@over in unrestored plots. In addition, unrestored plots were
dominated by other endzoochorus, nomative shrub and vine species like
Ampelopsis brevipedunculata, Lonicera jamanandCelastrus orbiculatus These
are traits identified to be successful invaders in urban areas (Arehabr2007;
McCayet al, 2009). Taking these species out of restored plots would then lower the
relative abundance of endozoochoric species.

In the ground layer, removal of target invasive species in restored plots drove
a greater relative abundanceheirbaceous exozoochoricegpes. The emoval of
dense invasive shrub and vine cover during restoratioreased the amount of open

spacgBoundset al., 2005; Johnson and Handel, 201%his increase in space would
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have allowed notflying animals to move about the urban fongatch without much
obstruction. An increase in moving dispersers to latch on to would favor plants
dispersed via exozoochory.

Lack of target invasive species removal in unrestored plots led to the greater
relative abundance of herbaceous ground layatiepavith unassisted seed dispersal.
This trend was alsdriven by thegreatempresence ofllaria petiolatain unrestored
plots. In the unrestored ground layer where tigittle room, it may be
advantageous to have unassisted seed dispersal anddwls fall relatively close by
where conditions may be favorable (Howe and Miriti, 2004).

Tree planting during initial restoration in restored plots drove a greater
proportion of trees with abiotic pollinatiorpecies planted during restoration
included a number of wind pollinated speclég Quercus spp(Johnsn and Handel
2016; Bounds et al. 2014)ecauseestoration aimed to set successional trajectories
towards that of regional oakckory forests.Unrestored plots were noted to have
more opercanopieghan restored plotSimpson and Johnson 2019)his open
canopyin unrestored plots would favordtically pollinated trees becauggrovides
ideal conditions for pollinator speci€Baki et al. 2013; Hanula, Ulyshen, and Horn

2016)

4.1.2 Effects of Forest Vegetation Dynamics

The changes in successional trajectory towards one similar to regional forests
has influenced the functional compositiobserved in restored plots. Since the
removal of target invasive species and planting of trees, the successional trajectory of

restored plots resembled the native forest structure (@doh@son and Handel 2016)
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Shade tolerance is a clear indicatbhow succession in restored plots has affected
functional compositionThe greater presenoé shade tolerant invasive specieshe
woody understory, likkonicera japonicaandCelastrus orbiculatusvere areason
why unrestored plots had greatelative abundances shade tolerargpecies
While the top of the understory in unrestoredpis exposed to high levels of light,
light underneath the dense shrub and vine layer is extremelSiowpson and
Johnson 2019) The low light levels underneath the wtayer is likely why there
was a differencebecausdow light levels tend to favor shade tolerant species
(Canham et al. 1994; Morin 1999; Glitzenstein, Harcombe, and Streng 1986)

In the ground layer, restored and unrestored plots were both S(&ingrson
and Johnson 2019reating an environment where shade tolerant species could be
equally favoredn both plot types. These similar conditions explain the lack of
difference in woodypecies in the ground layley shade tolerant specieGreater
proportional cover by intermediate shade tolerant species in restored plots could be a
sign of changing ligt conditions under the canopy towards lower light conditions, as
there were a greater number of intermediate shade tolerant tree sfdweds.
underneath thRosa multifloran unrestored plots may be denser than in restored
plots, driving the greatebandance of shade tolerant herbaceous species in the
ground layer. In restored plots, greater proportional cover by intermediate shade
tolerant herbaceous species may indicate that ecological succession in restored plots
is moving towards a more shadeddition, but still in earlier stages sficcession.

The lack of difference in cover from shade intolerant herbaceous species is likely due
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to the shaded conditions present in the ground |agsuch conditions do not favor
shade intolerant species (Canhet al., 1994; Morin, 1999; Glitzenstein et al., 1986).

Influences from these changing light levels were observed with the greater
proportion of intermediate shade tolerant tree stams woody and herbaceous
species with intermediate shade toleramcthée ground layerThis indicates a shift
towards a more shaded environment. Johnson and Handel (2016) noted that restored
plots were relatively young, which explains why the abundance of shade tolerant
species was not high in restored plots. Futuedyaes of functional traits in these
urban forest patches at later time points would determine if restored plots continue to
follow successional trajectories similar to regional forests.

Similar light conditions at the time of initial restoration and & ¢anopy of
unrestored plots resulted in the similar average SLA between the tree communities.
Beingexposed to similar conditions, the trees are being filtered to favor similar traits
(Morin, 1999; Williamset al, 2015; Aronsoret al, 2017). Shaded coditions in the
ground layer of both plot types is the driversohilar average SLAn herbaceous
species in the ground layer

The largempresence of early successional species in both restored and
unrestored plots what drove similar average maximurae height of tree sapling
communities in woody understorieBraxinus amerianavas the most abundainee
species in the woody understory of restored plots v8akesafras albidurwasthe
most abundarih unrestored plots. These two species had gimilarage maximum

tree heights (24.4 m and 22.4 m respectively) and is a reason for seeing similar
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average maximum tree height between restored and unrestored plots woody
understories.

While greater proportional basal aarees inrestored plots walskely
influenced by direct planting of tree species, the larger proportion of stems by seed
hoarded trees in the woody understory reflects trends in seed dispersal modes found
in forests with mature treg¢finegan 1984; Korne2005). Tree species recorded in
the woody understory were stems under 1 m tall and DBH less than 2.54 cm, too
young to be planted 1%0 years prior, reflecting the potenteanopyin urban forest
patches.

High light conditions in the woody understorfyumrestored plots drove a
greater abundance of biotically pollinatgaecies.In unrestored plots, the woody
understory was exposed to high light from the lac& ofosed canop{Simpson and
Johnson 2019)These conditionsreate favorable environments faollinators (Taki

et al, 2013; Hanulat al, 2016), favoring species with biotic pollination.

4.1.3 Effects of Urban Ecosystems

Urban forest patches used in thisdy are nested within the larger urban
ecosystem, being affected and influenced by conditions inherent to urban ecosystems.
The way urban forest patch functional composition was driven by urban conditions in
this study was illustrated by the differenceseed dispersal methods in combination
with growth form. Nomnative species that thrive in urban ecosystems tend to be
shrub and vine species with erdoochory(Aronson, Handel, and Clemants 2007)

Unrestored plots, dominated bwasiveshrubs and vines, demonstrated this triend
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the woody understoryMany of theselots were dominated gosa multiflora
and/orAmpelopsis brevipedunculataoth of which were target invasive species.
Successful native species in urban ecosystems tend tree species are wind
dispersed or dispersed by hoard{dgonson, Handel, and Clemants 2007This
trend was observed imoody understory commuingts ofrestored plots.Seed
hoarding was primarily driven by the greater tree presence in the understory because
only tree species in this layer had this dispersal mode. Species wise, restored plots
had oaks and hickories as dominant species. Thisatedicuccessful regeneration of
these native ntibearing species, a trait that favors native trees in urban environments
(Aronson et al., 2007). In unrestored plots, the dominant species was C. cordiformis
However, presence was low in overall as it only had 9 stems and made up under 1%

of total stems in the woody understory.

4.1.4 Effects of Interacting Drivers

Drivers in this study systemiso interacted with each other, resulting in these
interactons driving trends in functional trait composition of urban forest patches.
The removal of target invasive species, at the time of initial restoration, influenced
site availability for other species by increasing the amount of open g(doimason
and Handel 2016 restored plots. This made it possible for other species to
regenerate in thground layer Inrestored plots there was a greatdative
abundancef tree species the ground layer, indicating greater regeneration of trees.
Regeneration of tregpecies driven by the effects of increased space availability due
to target invasig species removal was also seen in the woody understory. Though

the relative abundance of shrubs in the woody understory and ground layer of
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restored plots did not differ, this interaction altered the most abundant shrub species
in restored plotsRosa maltiflora was the dominant shrub in both plot types, but had
significantly less total cover and was-dominant withLindera benzoirn restored

plots.

There was also a difference in abundant vine species in the ground layer of
restored plots driven by¢ interaction of restoration and forest vegetation dynamics.
Vines in the ground layer of restored plots were primarily the native species
Toxicodendron radicansvhich was present iB0 percent ofestored plotaind 3758
cm of coveralong withParthenaissus quingquefoliavhich was also present in 80
percent of restored plots and had 2915 cm of coVéis is a stark contrast from
unrestored plotarere the most abundant vine in the ground layertamget invasive
speciesAmpelopsis brevipedunculataresent in 80 percent of plasd made up9
percentof total groundcover. Difference immbundanspecies between plot types
indicates that ecological restoration was successful in lowering the regeneration of
target invasive vine specieblaving lesgyround cover by target invasive species
(Johnson and Handel 201&s0 drovean increaseni perenniakpeciesn the ground
layer of restored plots.

Removal of target invasive species, resulting in increased open ground drove
trends seen in shade tolerandde dominance of native intermediate shade tolerant
speciesLindera benzoinin restored woody understories indicates that ecological
restorationwvas successful in lowering the abundance and regeneratfonpelopsis

brevipedunculataan intermediate shade tolerant speciesbrevipedunculatavas a
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target invasive species removed during initial restoration, which resulted in more
room for otherspecies to regenerate in its place.

The removal of target invasive species in restored plots led to more space for
species to regeneratdohnson and Handel 201®ut it also led to closing canopies
where there was less light reaching the underg&irgpson andohnson 2019)
Greaterground cover bghade intolerantvoody species unrestored plots was
driven by the dominance &osa multiflorawhich was present in 97 percent of
unrestored plots and had 30,408 cm of coveoverby R. multifiorawas so dese
that it was found dominant the woody understory and ground layer of unrestored
plots R. multifiorawas also a target invasive species removed during initial
restoration The combination of removing. multiflora andclosing canopy not only
led to kss cover of this species, but a change in most abundant shade tolerant species.
In the ground layer of restored plots, thedmminant shade intolerant woody species
werePrunusseroting with 349 cm of cover over 57 percent of restored plotsRand
multiflora, with 1527 cm of cover over 53 percent of plot®sscover by shade
intolerant invasive specigsuch ask. multiflora in restored plots also indicates that
ecological restoration was successful in suppressing the regeneration of these specie
by closing the canopy

Results of average seed masthmtree communitgupported the hypothesis
that seed mass would be similar between restored and unrestored plots. This was
expecteecausdrees in both plot typesereexposed and grew in high light levels.
Being exposed to similar environmental conditions would thearfindividuals with

similar traits (Morin, 1999; Williamst al, 2015; Aronsoret al, 2017). Though high
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light levels tend to favor species with lighter se@ifdfahrt, Collins, and White

2014; Korner 2005; Navas et al. 2010; Muscarella et db6R@ees in both plots had
species with large seed masshksrestored plots, this was driven by species planted
during initial restoration.Species that affected this were oaRsiércus spp.and

hickories Carya spp.. Oak species were commonliapted during the restoration
project amongst other speci@®hnson and Handel 2016 owever, species like

Carya cordiformisnvere not as frequently planted and was a species commonly found
in both restored (present in 40%) and unrestored plots (present in 30%jmaktie
driven by the lack of seed consumption by predators, giving sedlis species a
greater chance of germinating.

In the woody understory, the removal of target invasive species that led to the
increase in tree regeneration drove the average seed mass to be greater in woody
understory communities in restored plolsis clear that the difference was driven by
the greater presence of trees in restored understories as seen from the growth form
analyses. Greater average seed mas®ofly species in the ground laysrrestored
plots was also driven by the larger presevitieees. Tree species tend to have larger
seed masses than shrib®les et al. 2005)thus a greater presence in trees/
drive anincrease the average seed mass in a community.

The greater regeneration of trees in restored plots driven by increased space
by target species removal in restored plots, also drove a greater average SLA for
woody understory communities in restored ploksee species tended to have larger
SLA than theshrubs and lianas in this systeiffhough there were more tree

seedlings in the ground layer of restored pliotser proportional cover of trees in the
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ground layers overatirove aerage SLA of woody communitiés not differ
between restored and uni@std plots

In general, trees found in the ground layer were early successional species that
had similar maximum plant heights. In restored plots, this could mean that early
successional species are able to regenerate more with the open ground. Doohinance
Sassafraslbidum a highly clonal species, in the ground layer of unrestored plots
may be due to a large numberSalbidumclones from individuals found in other
forest strata. This could explain how this shade intolerant species was so dominant i
unrestored plot ground layers containing extremely shaded conditions.

Ecological restoration exposéte ground layer to high light and increase
ground space created conditions where early successional species may germinate
(Finegan, 1984; Howe and Ntir 2004). This drove greater relative abundances in
wind dispersed species and species dispersed by seed hoarding in restored plots
Greater proportional cover by wind disperseabdy species irthe ground layer of
restored plots was driven primarily bye greater tree presence in the ground layer. It
also means that wind dispersed, early successional tree species are successfully
regenerating in the ground layer, indicating successful trajectory towards the
restoration project goal to increase treesreggation. The open ground increased the
chance of wind dispersed seed to reach the soil and germinate, acting as pioneer trees
(Howe and Miriti, 2004).

In restored plots, the greater relative abundance of abiotically pollinated
woody species in the gand layer waslriven by the greater cover by treeedlings

The proportion of biotically pollinated woody species in the ground layer was similar
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in restored and unrestored plots. Because most of the ground layer in both plot types
were covered in shibis and vines, it makes sense as to why there was a lack of
difference. Howevethe most abundant biotically pollinatedeciesn the ground
layerwere different between restored and unrestored pldis was driven by the
removal of target invasive species, which in turn provided the opportunity for other
species to regenerate in the ground lay&estored plots were dominated primarily
by nativespeciesToxicodendron radicanandParthenocissus quinquefoliavhile
unrestored plots were severely dominateddoget invasive specieRosa multiflora
andAmpelopsis brevipedunculatd otal cover by shrubs and vines was also lower in
restored plots.

Other trends were influenced by the low abundance of speussessing a
particular trait stateGraminoids were only found in the ground layer of unrestored
plots, which may be due to sparse distribution and low abundémtiee case of
biennials n the ground layer, lower proportional cover by biennials in restored plots
was due to less cover Bylaria petiolata Herbaceous species tend to have very light
seed masses and is the likely reason for the lack of difference seen in the average seed
mas of herbaceous ground layer species cover between restored and unrestored plots.
This was reflected in the results as restored plots had a median average seed mass of 4
mg while unrestored plots had a median average of 2.6 mg.

Greater proportion of & saplingstemsin the woody understory of restored
plots also drove the greater relative abundance ofligad tree species found in
restored plots.The low number of unrestored plots with tree species in the woody

understory is an influence on thessults as well. Where there were trees,
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unrestored plots had greater proportions of trees with short lifespan. The species
driving this wasS. albidumwhich occurred in 37% of the unrestored plots. Restored
plots had 9 species with short lifespans, haveheir stem count and presence
throughout restored plots was loRelative abundance of tree species in the woody
understorydriven by the interactions of ecological restoration methods on site

conditions greatly influencedrends of functional trastin restored plots.

4.2 Functional Diversity

Ecological restoratiodrovegreater functional evenness in restored plotsch was
driven by the removal of few dominant target invasive species making room for other
species to grow. The lack of diffex@nin functional richness and functional

divergence was driven by similar conditions present in restored and unrestored plots.

4.2.1 Functional Richness

Functional richness is a trait that is correlated to species ric{\vidéger,
Mason, and Mouillot 2008)Notedin Johnson and Handel (2018pecies richness
was not different between restored and unrestpi@d. This would explain why
restored and unrestored plots did not differ in functional richness scores. This may
change as ecological succession in these urban forest patches continues.

Lack of difference in functional richness indicates that restptots and
unrestored plots are filling in a similaumber ofiches in their communitgMason
et al. 2005) However, | did not use a null model in this study to test whether my
calculated functional diversity incits were higher or lower than expecBdllo
2012) Running null models on data in this study may reveal whether these plots
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were more or less functionally rich than expected due to influencedamtified in

this study.

4.2.2 Functional Evenness

Functionalevenness is related to species abundance in a comr{\itlidger,
Mason, and Mouillot 2008)t was expected that functional evenness would differ
between restored and unrestored plots and findingsrsthdy support this
hypothesis. Unrestored plots, while similar in species richness to restored plots,
differed in species abundan@hnson and Handel 201lg§causdew target invasive
species were highly dominant. The removal of the few dominant target invasive
species in restored plots created and opportunity for more species taidseroles.
In each trait analysis, restored plots tended to have more species with similar levels of
dominance amongst the most common species. This could also mean that light
conditions were more evenly spread throughout the forest strata in redtised p

Greater functional evennessrestored plots indicates that restored plots have
niches filled by multiple speci€®gg and Cabido 2001; Mason et al. 200bhis
means that in the case of species loss, there are likely to be other species filling in the
same niche, or role, as lost spe¢iegg and Cabido 2001; Funk et al. 2008; Mason

et al. 2005pnd may indicate greatezgilience in restored plots.

4.2.3 Functional Divergence

The lack of difference in functional divergence scores between restored and
unrestored plots is likely due to the presence of similar conditions found in restored

and unrestored plots. Both pldtad areas in the forest strata where species were
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filtered by high light conditions and others where they were filtered by shaded
conditions. These were the two extremes of the light spectrum, and created
conditions filtered for traits favored at bothr@mes.

Results may also indicate that species in restored and unrestored plots have
similar levels of resource competition. Functional divergence scores indicate whether
there is high resource competition or (Mdasm et al. 2005) Similar functional
divergence scores would then indicate similar levels of resource competition between

communities.

4.3 Implications

Ecological restoration is a process that alters environmental conditions and
driving species compdsin by direct changes and by changing successional
trajectoriegLuken 1990; Palmer, Ambrose, and Poff 2008; McDonald et al. 2016)
Understanding which species will be successful based on their functional traits can
assist land managers in selecting plants that will establish and regenerate successfully
immediately after restoration and during succession. Being informed about the
functional traits of invasive species could also aid land managers in planning and
creating environmental conditions that would inhibit their growth and regeneration. It
may also help identify any potential unwanted species that could invade restosed plot
as conditions change. In the case of this study, if ecological succession continues to
move towards a closedhnopy shaded conditions may favor shade tolerant non
native species

In urban ecosystems, understanding how urban conditions affect thdossem

of species in urban forest patches or other remnant habitats can help land managers
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create plans that consider these altered conditiBemnant habitats serve as a
potential source and strong hold for urban biodivelsitywarik 2011; Angold eal.
2006; Godefroid and Koedam 20G8)d understanding how urban conditions select
for or against species could assist land managensreasing and maintaining urban
biodiversity in urban forest patches.

Habitat fragmentare essential in providinecosystem services and
ecosystem functions in a ci(olund and Hunhammar 1999; Kowarik 2018;
Tyrvainen et al. 2014)and the resilience of habijadtchesare importahto
maintaining and providing further ecosystem services and ecosystem furiEttkes
et al. 2004; Andersson et al. 2014; AhernP0linvestigating the functional
diversity in remnant habitats could assist land managers and city planners in
increasing the resilience of these habitats as each of the functional diversity indices
used in this study correspond to ecosystem functipand process€®&g and
Cabido 2001; Mason et al. 2005yunctional richness may inform land managers of
the breadth of ecological niches filled by species in a comm(¥gon et al. 2005)
Functional eveness may provide an indication on whether or not ecosystem
processes or functions would be lost in a disturbance due to low numbers of
individuals filling in those roles. Finally, functional divergence could help identify

areas with low ecosystem funatiMason et al. 2005)
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4.4 Future Studies

Moving forward methods and concepts in this study can be used to inform us
about how ecological restoration, forest vegetation dynamics, and urban ecology
drive functional composition and diversity over time. Because ecological restoration
in this studyfocused on theegeneration of native trees and removal of invasive
species, an analysis investigating the functional composition and diversity of native
and nonnative species in restored and unrestored plots would be a future study that
should be conducted. An analybetween native and namative plants would show
that functional composition and diversity in restored plots from this study was driven
by native plants or if the combination of native and-native plants were the reason
for trends observed in this study

As part of a longterm study investigating effects of ecological restoration in
urban forest patches, additional vegetation sampling was performed in 2015 and
2016, giving us another time point to compare to. A study usexgdata would
show how sccession has further affected functional composition and diversity in
these urban forest patches and if restored plots are continuing on a successional
trajectory different from unrestored plots. Between 2010 and 2015, there were a
number of natural disgers creating large disturbances. An analysis of functional
composition and diversity between 20020 data and 20156 data could identify
how these disturbances may alter successional trajectory of urban forest patches.
Management data collected ighnson and Hand&019)could be used with #se
data to investigate the effects of different ngeraent levels, methods, and
intensities on functional composition and diversity in restored plots.
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Using vegetation sampling data collected in an urban old growth forest
located at New York Botanical Garden (NYBG), a comparison with thisefata
200910, and 201516 vegetation sampling data would indicate if restored plots are
becoming more similar to old growth urban forests or are on a separate successional
trajectory. Urban old growth forest data and trait data for those species could be
compared taegional forest species and trait data to study thetermg influences of
urban conditions on urban forest patches.

Soil seed bank species data collecteddiynson and Whitehe&2019) could be
used to investigatand compare function#aits of species in the soil seed bamki
species regenerating in the ground layer. This would aid in understanding what
environmental filters are acting on the s@kd bank species and preventing or
encouraging the germination of these species.

Data on light conditions in the forest strata of restored and unrestored plots
(Simpson ad Johnson 2019)ould be used to further investigate #fiects of light
levels at each forest stratum on functional composition and diversity in urban forest

patches.

4.5 Conclusion

This study demonstrates that ecological restoration drives chiaridpes
functional composition and diversity of urban forest patches. These shifts have
indicated that restoration goals have been met and altered environmental filters have
shifted functional trait composition and diversity away from those of unresttsd p

after 1520 years.
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Resilience and ecosystem functioning in urban ecosystems are influenced by
the functional traits of its organisms and functional diversity of its communities.
Restoration can be a tool directing the functional composition aedsiti of urban
ecosystems. Disturbances common to urban ecosystems and those caused by stronger
natural disasters will require future ecological restoration efforts. Because restoration
is a longterm process, it will be necessary to continue monitornmanaging, and
researching restoration projects to provide information that will inform future
restoration and adaptive management decisions. Restoration in urban ecosystems is
critical to the ecosystem functioning affecting the health andlvestlg ofover half
of the worl dds population and increasingly

cities is important in the face of uncertain change.
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A.3 Tables of Species byrorest Stratum and-unctional Trait

A.3.1Tree Species

A.l. Treesof restored (n=30) and unrestored plots (n=3eciesnformation
includes:importance value index (IV{Curtis and Mcintosh 1951{otal basal area
percent ototd basal aregand percent of restored and unrestored plots where species

were sampled. Species are ranked by their IVI. Native species are bolded.

Restored
Total Basal % Basal

Species VI Area (m?/ha) Area % of Plots
Prunus serotina 102.5 492.37 10.48 76.67
Robinia pseudoacacia 85.9 1741.19 37.05 40.00
Liriodendron tulipifera 73.3 468.81 9.98 50.00
Fraxinus

pennsylvanica 66.7 172.56 3.67 53.33
Carya cordiformis 58.9 593.89 12.64 40.00
Acer saccharum 56.7 84.44 1.80 50.00
Quercus rubra 56.5 306.99 6.53 46.67
Acer rubrum 41.9 189.12 4.02 30.00
Celtis occidentalis 38.5 46.44 0.99 33.33
Ulmus rubra 34.6 61.66 1.31 33.33
Quercus palustris 28.6 173.72 3.70 23.33
Morus alba 25.4 18.74 0.40 23.33
Prunus avium 24.9 2.21 0.05 23.33
Liquidambar

styraciflua 23.0 76.24 1.62 20.00
Sassafras albidum 20.9 43.23 0.92 16.67
Betula lenta 18.7 10.03 0.21 16.67
Fraxinus americana 15.2 33.68 0.72 10.00
Fagus grandifolia 10.7 0.47 0.01 10.00
Quercus alba 10.7 12.91 0.27 10.00
Acer saccharinum 10.4 0.62 0.01 10.00
Aesculus hippocastanui 10.4 2.29 0.05 10.00
Tilia cordata 10.2 1.27 0.03 10.00
Carya tomentosa 7.6 23.59 0.50 6.67
Ailanthus altissima 6.9 1.50 0.03 6.67
Quercus montana 6.9 0.10 0.002 6.67
Gleditsia triacanthos 4.2 29.37 0.62 3.33
Ulmus glabra 4.0 2.69 0.06 3.33
Carya glabra 3.7 8.76 0.19 3.33
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Pinus strobus 3.7 0.40 0.01 3.33
Ostrya virginiana 3.6 1.71 0.04 3.33
Nyssa sylvatica 3.5 0.09 0.002 3.33
Populus deltoides 3.5 0.80 0.02 3.33
Quercus bicolor 3.5 0.53 0.01 3.33
Juglans nigra 3.4 0.30 0.01 3.33
Platanus occidentalis 3.4 0.22 0.005 3.33
Ulmus parvifolia 3.4 0.06 0.001 3.33
Betula nigra 3.4 0.02 0.001 3.33
Broussonetia papyrifere 3.4 0.02 0.0004 3.33
Tilia americana 3.4 0.02 0.0004 3.33
Acer platanoides 3.4 61.37 1.31 0.23
Betula populifolia 3.3 0.19 0.004 3.33
Acer pseudoplatanus 2.4 31.09 0.66 0.17
Acer negundo 1.6 3.83 0.08 0.10
Carya ovata 0.00

Morus rubra 0.00

Quercus velutina 0.00

Ulmus americana 0.00

Cornus florida 0.00

Unrestored

Sassafras albidum 118.9 1589.70 47.61 40.00
Prunus serotina 103.1 429.96 12.88 73.33
Robinia pseudoacacia 66.2 720.21 21.57 33.33
Carya cordiformis 37.4 45.80 1.37 30.00
Liquidambar

styraciflua 31.8 185.95 5.57 23.33
Morus alba 29.5 59.51 1.78 23.33
Acer rubrum 23.9 33.24 1.00 20.00
Quercus palustris 22.3 34.85 1.04 20.00
Carya ovata 20.1 37.09 1.11 16.67
Fraxinus

pennsylvanica 19.9 45.53 1.36 16.67
Quercusrubra 18.8 29.75 0.89 16.67
Liriodendron tulipifera 18.7 19.92 0.60 16.67
Juglans nigra 18.2 16.20 0.49 16.67
Fraxinus americana 16.5 1.95 0.06 13.33
Quercus velutina 14.6 7.52 0.23 13.33
Acer saccharum 115 23.27 0.70 6.67
Ailanthusaltissima 111 1.59 0.05 10.00
Quercus alba 11.1 8.13 0.24 10.00
Ulmus americana 7.7 20.07 0.60 6.67
Ulmus rubra 7.0 9.94 0.30 6.67
Populus deltoides 3.9 11.79 0.35 3.33
Tilia americana 3.8 0.79 0.02 3.33
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Cornus florida

Morus rubra

Acer platanoides
Acer pseudoplatanus
Acer negundo

Acer saccharinum
Aesculus hippocastanum
Betula lenta

Betula nigra

Betula populifolia
Broussonetia papyrifera
Carya glabra

Carya tomentosa
Celtis occidentalis
Fagus grandifolia
Gleditsia triacanthos
Nyssa sylvatica
Ostrya virginiana
Pinus strobus
Platanus occidentalis
Prunus avium
Quercus bicolor
Quercus montana
Tilia cordata

Ulmus glabra

Ulmus parvifolia

3.6
3.5
3.4
0.5

134

0.50
0.10
5.17
0.24
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.02
0.003
0.15
0.01

3.33
3.33
0.30
0.07



A.3.1.1 Shade Tolerance of Trees
A.2. Shade tolerant tre@srestored (n=30) and unrestored plots (n=3pecies
information includesimportance value index (IVCurtis and McIntosh 195 {otal
basal aregpercent obasal area of shade tolerant trgercent ofotal basal areand
percent of restored and unrestored plots where species were samplads &pec

ranked by their IVI. Native species are bolded.

Restored

Basal % Shade % Total

Area Tolerant Basal % of
Species IVl (m?#ha) Cover Area Plots
Fraxinus pennsylvanica 66.70 172.56 53.1 3.7 53.3
Acer saccharum 56.75 84.44 26.0 1.8 50.0
Celtis occidentalis 38.54 46.44 7.2 1.0 333
Ulmus rubra 34.65 61.66 19.0 1.3 333
Fagus grandifolia 10.75 0.47 0.1 0.01 10.0
Ostrya virginiana 3.58 1.71 0.5 0.04 33
Nyssa sylvatica 3.55 0.09 0.03 0.002 3.3
Tilia americana 3.44 0.02
Acernegundo 1.55 3.83 1.2 0.1 10.0
Cornus florida 0.00
Morus rubra 0.00
Unrestored
Fraxinus pennsylvanica 19.91  45.53 52 14 16.7
Acer saccharum 11.54 23.27 26.5 0.7 6.7
Ulmus rubra 6.96 9.94 11.3 0.3 6.7
Tilia americana 3.77 0.79 0.9 0.02 6.7
Cornus florida 3.56 0.50 0.6 0.02 3.3
Morus rubra 3.54 0.10 0.1 0.003 3.3
Acer negundo 0.00
Celtis occidentalis 0.00
Fagus grandifolia 0.00
Nyssa sylvatica 0.00
Ostrya virginiana 0.00
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A.3. Treeswith intermediate shade tolerancer@stored (n=30) and unrestored plots
(n=30). Speciesnformation includesimportance value index (IVICurtis and
Mclintosh 1951)total basal aregercent obasal area ahtermediate shade tolerant
trees percent ototal basal areaand percent of restored and unrestored plots where

species were sampled. Species are ranked by their IVI. Native species are bolded.

Restored

Basal % Intermediate % Total

Area  Shade Tolerant Basal % of
Species IVl (m?/ha) Basal Area Area Plots
Quercus rubra 56.47 306.99 47.5 6.5 46.7
Acer rubrum 41.93 189.12 29.3 4.0 30.0
Morus alba 25.42 18.74 2.9 0.4 233
Prunus avium 24.86 2.21 0.3 0.05 23.3
Quercus alba 10.70 1291 2.0 0.3 10.0
Acer saccharinum 10.43 0.62 0.1 0.01 10.0
Aesculus hippocastanur 10.36 2.29 0.4 0.05 10.0
Tilia cordata 10.24 1.27 0.2 0.03 10.0
Quercus montana 6.88 0.10 0.02 0.002 6.7
Ulmus glabra 4.02 2.69 0.4 0.1 33
Carya glabra 3.73 8.76 0.23 0.19 3.30
Pinus strobus 3.66 0.40 0.1 0.01 33
Quercus bicolor 3.45 0.53 0.1 0.01 3.3
Platanus occidentalis 3.44 0.22 0.03 0.005 3.3
Acer platanoides 3.44 61.37 9.5 1.3 233
Betula populifolia 3.34 0.19 0.01 0.004 3.30
Carya ovata 0.00
Quercus velutina 0.00
Ulmus americana 0.00
Unrestored
Morus alba 29.50 59.51 30.8 1.8 23.3
Acer rubrum 2392 33.24 17.2 1.0 20.0
Carya ovata 20.07  37.09 19.2 1.1 16.7
Quercusrubra 18.81 29.75 154 0.9 16.7
Quercus velutina 14.60 7.52 8.6 0.2 133
Quercus alba 11.08 8.13 4.2 0.2 10.0
Ulmus americana 7.69 20.07 104 0.6 6.7
Acer platanoides 3.38 5.17 2.7 0.2 30.0
Acer saccharinum 0.00
Aesculus hippocastanum 0.00
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Betula populifolia
Carya glabra

Pinus strobus
Platanus occidentalis
Prunus avium
Quercus bicolor
Quercus montana
Tilia cordata

Ulmus glabra

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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A.4. Trees with shade intolerance in restored (n=30) and unrestored plots (n=30).
Speciesnformation includesimportance value index (IVCurtis and Mcintosh

1951) total basal aregpercent obasal area of shade intolerant trgercent ofotal

basal areaand percent of restored and unrestored plots where species were sampled.

Species are ranked by their IVI. Native species are bolded.

Restored

Basal % Shade % Total

Area Intolerant Basal % of
Species IVI  (m?/ha) Basal Area Area Plots
Prunus serotina 102.53 492.37 13.20 10.48 76.70
Robinia pseudoacacia 85.90 1741.19 46.70 37.05 40.00
Liriodendron tulipifera 73.25 468.81 12.57 9.98 50.00
Caryacordiformis 58.85 593.89 15.93 12.64 40.00
Quercus palustris 28.61 173.72 4.66 3.70 23.30
Liquidambar styraciflua 22.99 76.24 2.04 1.62 20.00
Sassafras albidum 20.85 43.23 1.16 0.92 16.70
Betula lenta 18.67 10.03 0.27 0.21 16.70
Fraxinus americana 15.25 33.68 0.90 0.72 10.00
Carya tomentosa 7.59 23.59 0.63 0.50 6.70
Ailanthus altissima 6.91 1.50 0.04 0.03 6.70
Gleditsia triacanthos 4.17 29.37 0.79 0.62 3.30
Populus deltoides 3.46 0.80 0.02 0.02 3.30
Juglans nigra 3.45 0.30 0.01 0.01 3.30
Ulmus parvifolia 3.44 0.06 0.002 0.001 3.30
Betula nigra 3.44 0.02 0.001 0.001 3.30
Acer pseudoplatanus 241 31.09 0.83 0.66 16.70
Unrestored
Sassafras albidum 118.93 1589.70 51.98 47.61 40.0
Prunus serotina 103.12 429.96 14.06 12.88 73.3
Robinia pseudoacacia 66.18 720.21 23.55 21.57 33.3
Carya cordiformis 37.43 45.80 1.50 1.37 30.0
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Liguidambar styraciflua
Quercus palustris
Liriodendron tulipifera
Juglans nigra

Fraxinus americana
Ailanthus altissima
Populus deltoides
Broussonetia papyrifera
Acer pseudoplatanus
Betula lenta

Betula nigra
Broussonetia papyrifera
Carya tomentosa
Gleditsia triacanthos
Ulmus parvifolia

31.83
22.30
18.72
18.20
16.52
11.09
3.90
3.44
0.49

185.95
34.85
19.92
16.20

1.95
1.59
11.79
0.02
0.24
0.00
0.00
0.00
0.00
0.00
0.00

6.08
1.14
0.65
0.53
0.06
0.05
0.39
0.003
0.01

5.57
1.04
0.60
0.49
0.06
0.05
0.35
0.0004
0.01

23.3
20.0
16.7
16.7
13.3
10.0
3.3
3.3
6.7
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A.3.1.2 Seed Dispersal of Trees
A.5. Trees with unassisted seed dispersal in restored (n=30) and unrestored plots
(n=30). Speciesnformation includesimportance value index (IVCurtis and
Mclintosh 1951)total basal aregercent obasal area of trees with unassisted seed
dispersal percent ototal basal areand percent of restored and unrestored plots

where species were sampled. Species are ranked by their IVI. Native species are

bolded.
Restored

Basal % Unassisted % Total

Area Dispersal Basal Basal % of
Species VI (m?#ha) Area Area Plots
Robinia pseudoacacia 85.90 1741.19 98.12 37.05 40.00
Fagus grandifolia 10.75 0.47 0.03 0.01 10.00
Aesculus
hippocastanum 10.36 2.29 0.13 0.05 10.00
Tilia cordata 10.24 1.27 0.07 0.03 10.00
Gleditsia triacanthos 4.17 29.37 1.65 0.62 3.33
Tilia americana 3.44 0.02 0.001 0.0004 3.33
Unrestored
Robinia pseudoacacia 66.18 720.21 99.89 21.57 33.33
Tilia americana 3.77 0.79 0.11 0.02 3.33
Aesculus
hippocastanum 0.00
Fagus grandifolia 0.00
Gleditsia triacanthos 0.00
Tilia cordata 0.00
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A.6. Wind dispersed trees in restored (n=30) and unrestored plots (MS36gies
information includesimportance value index (IVKCurtis and Mclntosh 195 {otal

basal aregpercent obasal area of wind dispersed trgasrcent ofotal basal area

and percent of restoreddnnrestored plots where species were sampled. Species are

ranked by their IVI. Native species are bolded.

Restored

Basal % Wind % Total

Area Dispersal Basal % of
Species IVI  (m?ha) Basal Area Area Plots
Liriodendron tulipifera 73.25 468.81 39.09 9.98 50.00
Fraxinus pennsylvanica 66.70 172.56 14.39 3.67 53.33
Acer saccharum 56.75 84.44 7.04 1.80 50.00
Acer rubrum 41.93 189.12 15.77 4.02 30.00
Ulmus rubra 3465 61.66 5.14 1.31 33.33
Liquidambar styraciflua  22.99 76.24 6.36 1.62 20.00
Betula lenta 18.67 10.03 0.84 0.21 16.67
Fraxinus americana 15.25 33.68 2.81 0.72 10.00
Acer saccharinum 10.43 0.62 0.05 0.01 10.00
Ailanthus altissima 6.91 1.50 0.13 0.03 6.67
Ulmus glabra 4.02 2.69 0.22 0.06 3.33
Pinus strobus 3.66 0.40 0.03 0.01 3.33
Populus deltoides 3.46 0.80 0.07 0.02 3.33
Platanus occidentalis 3.44 0.22 0.02 0.005 3.33
Ulmus parvifolia 3.44 0.06 0.005 0.001 3.33
Betula nigra 3.44 0.02 0.002 0.001 3.33
Acer platanoides 3.44 61.37 5.12 1.31 0.23
Betula populifolia 3.34 0.19 0.02 0.004 3.33
Acer pseudoplatanus 2.41 31.09 2.59 0.66 0.17
Acer negundo 1.55 3.83 0.32 0.08 0.10
Ulmus americana 0.00
Unrestored
Liquidambar styraciflua  31.83 185.95 51.85 557 23.33
Acer rubrum 23.92 33.24 9.27 1.00 20.00
Fraxinus pennsylvanica 19.91  45.53 12.69 1.36 16.67
Liriodendron tulipifera 18.72 19.92 5.55 0.60 16.67
Fraxinus americana 16.52 1.95 0.54 0.06 13.33
Acer saccharum 11.54  23.27 6.49 0.70 6.67
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Ailanthus altissima
Ulmus americana
Ulmus rubra

Populus deltoides
Acer platanoides
Acer pseudoplatanus
Acer negundo

Acer saccharinum
Betula lenta

Betula nigra

Betula populifolia
Pinus strobus
Platanus occidentalis
Ulmus glabra

Ulmus parvifolia

11.09
7.69
6.96
3.90
3.38
0.49

1.59
20.07
9.94
11.79
5.17
0.24
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.44
5.60
2.77
3.29
1.44
0.07

0.05
0.60
0.30
0.35
0.15
0.01

10.00
6.67
6.67
3.33
0.30
0.07
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A.7. Endozoochoridrees in restored (n=30) and unrestored plots (n=8pkcies

information includesimportance value index (IVKCurtis and Mclntosh 195 {otal

basal aregpercent ofbasal area afndozoochoritrees percent ototal basal area

and percent of restored and unrestored plots where species were sampled. Species are

ranked by their IVI. Native species are bolded.

Restored

Basal % % Total

Area Endozoochory Basal % of
Species IVI  (m?/ha) Basal Area Area Plots
Prunus serotina 102.53 492.37 81.64 10.48 76.67
Celtis occidentalis 38.54 46.44 7.70 0.99 33.33
Morus alba 25.42 18.74 3.11 0.40 23.33
Prunus avium 24.86 2.21 0.37 0.05 23.33
Sassafras albidum 20.85 43.23 7.17 0.92 16.67
Nyssa sylvatica 3.55 0.09 0.02 0.002 3.33
Broussonetia
papyrifera 3.44 0.02 0.003 0.0004 3.33
Cornus florida 0.00
Morus rubra 0.00
Unrestored
Sassafras albidum 118.93 1589.70 76.44 47.61 40.00
Prunus serotina 103.12 429.96 20.67 12.88 73.33
Morusalba 29.50 59.51 2.86 1.78 23.33
Cornus florida 3.56 0.50 0.02 0.02 3.33
Morus rubra 3.54 0.10 0.005 0.003 3.33
Broussonetia
papyrifera 0.00
Celtis occidentalis 0.00
Nyssa sylvatica 0.00
Prunus avium 0.00
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A.8. Seed hoarded trees in restored (n=30) and unrestored plots (IB#R)es
information includesimportance value index (IVKCurtis and Mclntosh 195 {otal

basal aregpacent ofbasal area of seed hoarded trgescent ototal basal areaand
percent of restored and unrestored plots where species were sampled. Species are

ranked by their IVI. Native species are bolded.

Restored
%

Basal Area  Hoarding % Total % of
Species VI (m?/ha) Basal Area Basal Area Plots
Carya cordiformis  58.85 593.89 52.99 12.64 40.00
Quercus rubra 56.47 306.99 27.39 6.53 46.67
Quercus palustris 28.61 173.72 15.50 3.70 23.33
Quercus alba 10.70 12.91 1.15 0.27 10.00
Carya tomentosa 7.59 23.59 2.10 0.50 6.67
Quercus montana 6.88 0.10 0.01 0.00 6.67
Carya glabra 3.73 8.76 0.78 0.19 3.33
Quercus bicolor 3.45 0.53 0.05 0.01 3.33
Juglans nigra 3.45 0.30 0.03 0.01 3.33
Carya ovata 0.00
Quercus velutina 0.00
Unrestored
Carya cordiformis ~ 37.43 45.80 57.73 1.37 30.00
Quercus palustris 22.30 34.85 43.93 1.04 20.00
Carya ovata 20.07 37.09 46.74 1.11 16.67
Quercus rubra 18.81 29.75 37.50 0.89 16.67
Juglans nigra 18.20 16.20 20.42 0.49 16.67
Quercus velutina 14.60 7.52 9.48 0.23 13.33
Quercus alba 11.08 8.13 10.24 0.24 10.00
Carya glabra 0.00
Carya tomentosa 0.00
Quercus bicolor 0.00
Quercus montana 0.00
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A.3.1.3 Pollination of Trees
A.9. Abiotically pollinated tree species in restored (n=30) and unrestored plots
(n=30). Speciesnformation includesimportance value index (IVCurtis and
MclIntosh 1951)total basal aregercent ofotal basal area of abiotically pollinated
trees percent ofotal basal arem restorecand unrestoreglots, and percent of

restored and unrestored plots where species were sampled. Species are ranked by

their IVI.
Restored
% Abiotic
Pollination % Total

Basal Area Basal Basal % of
Species VI (m?/ha) Area Area Plots
Fraxinus pennsylvanica 66.7 172.56 11.73 3.67 53.3
Carya cordiformis 58.9 593.89 40.39 12.64 40.0
Quercus rubra 56.5 306.99 20.88 6.53 46.7
Celtis occidentalis 38.5 46.44 3.16 0.99 33.3
Ulmus rubra 34.6 61.66 4.19 1.31 333
Quercus palustris 28.6 173.72 11.81 3.70 23.3
Morus alba 25.4 18.74 1.27 0.40 23.3
Betula lenta 18.7 10.03 0.68 0.21 16.7
Fraxinus americana 15.2 33.68 2.29 0.72 10.0
Fagus grandifolia 10.7 0.47 0.03 0.01 10.0
Quercus alba 10.7 12.91 0.88 0.27 10.0
Carya tomentosa 7.6 23.59 1.60 0.50 6.7
Quercus montana 6.9 0.10 0.01 0.002 6.7
Ulmus glabra 4.0 2.69 0.18 0.06 3.3
Carya glabra 3.7 8.76 0.60 0.19 3.3
Pinus strobus 3.7 0.40 0.03 0.01 3.3
Ostrya virginiana 3.6 1.71 0.12 0.04 3.3
Populus deltoides 3.5 0.80 0.05 0.02 33
Quercus bicolor 3.5 0.53 0.04 0.01 3.3
Juglans nigra 3.4 0.30 0.02 0.01 33
Platanus occidentalis 3.4 0.22 0.01 0.005 3.3
Ulmus parvifolia 3.4 0.06 0.004 0.001 3.3
Betula nigra 3.4 0.02 0.002 0.001 3.3
Broussonetia papyrifera 3.4 0.02 0.001 0.0004 3.3
Betula populifolia 3.3 0.19 0.01 0.004 3.3
Carya ovata 0.00
Morus rubra 0.00
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Quercus velutina

0.00

Ulmus americana 0.00

Unrestored

Carya cordiformis 37.4 45.80 13.96 1.37 30.0
Morus alba 29.5 59.51 18.13 1.78 23.3
Quercus palustris 22.3 34.85 10.62 1.04 20.0
Carya ovata 20.1 37.09 11.30 1.11 16.7
Fraxinus pennsylvanica 19.9 45.53 13.87 1.36 16.7
Quercus rubra 18.8 29.75 9.06 0.89 16.7
Juglans nigra 18.2 16.20 4.94 0.49 16.7
Fraxinus americana 16.5 1.95 0.60 0.06 13.3
Quercus velutina 14.6 7.52 2.29 0.23 13.3
Quercus alba 11.1 8.13 2.48 0.24 10.0
Ulmus americana 7.7 20.07 6.11 0.60 6.7
Ulmus rubra 7.0 9.94 3.03 0.30 6.7
Populus deltoides 3.9 11.79 3.59 035 3.3
Morus rubra 3.5 0.10 0.03 0.003 3.3
Betula lenta 0.00

Betula nigra 0.00

Betula populifolia 0.00

Broussonetia papyrifera 0.00

Carya glabra 0.00

Carya tomentosa 0.00

Celtis occidentalis 0.00

Fagus grandifolia 0.00

Ostryavirginiana 0.00

Pinus strobus 0.00

Platanus occidentalis 0.00

Quercus bicolor 0.00

Quercus montana 0.00

Ulmus glabra 0.00

Ulmus parvifolia 0.00
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A.10. Biotically pollinated tree species iastored (n=30) and unrestored plots
(n=30). Speciesnformation includesimportance value index (IVCurtis and
Mclintosh 1951)total basal aregercent ofotal basal area difiotically pollinated
trees percent ofotal basal arem restorecand unrestoreglots, and percent of

restored and unrestored plots where species were sampled. Species are ranked by

their 1VI.

Restored

Basal % Biotic % Total

Area Pollination Basal % of
Species (m3/ha) IVI  Basal Area Area  Plots
Prunus serotina 492.37 102.53 15.25 10.48 76.67
Robinia pseudoacacia  1741.19 85.90 53.92 37.05 40.00
Liriodendron tulipifera 468.81 73.25 14.52 9.98 50.00
Acer saccharum 84.44 56.75 2.62 1.80 50.00
Acer rubrum 189.12 41.93 5.86 4.02 30.00
Prunus avium 2.21 24.86 0.07 0.05 23.33
Liquidambar styraciflua 76.24 22.99 2.36 1.62 20.00
Sassafras albidum 43.23 20.85 1.34 0.92 16.67
Acer saccharinum 0.62 10.43 0.02 0.01 10.00
Aesculus hippocastanun 2.29 10.36 0.07 0.05 10.00
Tilia cordata 1.27 10.24 0.04 0.03 10.00
Ailanthus altissima 1.50 6.91 0.05 0.03 6.67
Gleditsia triacanthos 29.37 4.17 0.91 0.62 3.33
Tilia americana 0.02 3.44 0.001 0.0004 3.33
Acerplatanoides 61.37 3.44 1.90 1.31 0.23
Acer pseudoplatanus 31.09 241 0.96 0.66 0.17
Acer negundo 3.83 1.55 0.12 0.08 0.10
Cornus florida 0.00
Unrestored
Sassafras albidum 1589.70 118.93 52.80 47.61 40.00
Prunus serotina 429.96 103.12 14.28 12.88 73.33
Robinia pseudoacacia 720.21 66.18 23.92 21.57 33.33
Liquidambar styraciflua 185.95 31.83 6.18 557 23.33
Acer rubrum 33.24 23.92 1.10 1.00 20.00
Liriodendron tulipifera 19.92 18.72 0.66 0.60 16.67
Acer saccharum 23.27 11.54 0.77 0.70 6.67
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Ailanthus altissima
Tilia americana
Cornus florida

Acer platanoides
Acer pseudoplatanus
Aesculus hippocastanun
Acer negundo

Acer saccharinum
Gleditsia triacanthos
Prunus avium

Tilia cordata

1.59
0.79
0.50
5.17
0.24
0.00
0.00
0.00
0.00
0.00
0.00

11.09
3.77
3.56
3.38
0.49
0.00

0.05
0.03
0.02
0.17
0.01

0.05
0.02
0.02
0.15
0.01

10.00
3.33
3.33
0.30
0.07
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A.3.1.4 Lifespan of Trees
A.11. Tree species with loniffespans in restored (n=30) and unrestored plots (n=30).
Speciesnformation includesimportance value index (IVCurtis and Mcintosh
1951) total basal aregercent ototal basal area of treavith long lifespanpercent
of total basal arem restoredcand unrestoreglots, and percent of restored and

unrestored plots where species were sampled. Species are ranked by their IVI.

Restored
%

Basal % Long Total

Area Lifespan Basal Basal % of
Species IVl (m?%ha) Area Area Plots
Acer saccharum 56.75 84.44 17.38 1.80 50.00
Quercus rubra 56.47 306.99 63.20 6.53 46.67
Liquidambar styraciflua 22.99  76.24 15.69 1.62 20.00
Fagus grandifolia 10.75 0.47 0.10 0.01 10.00
Quercusalba 10.70 12.91 2.66 0.27 10.00
Tilia cordata 10.24 1.27 0.26 0.03 10.00
Ulmus glabra 4.02 2.69 0.55 0.06 3.33
Quercus bicolor 3.45 0.53 0.11 0.01 3.33
Platanus occidentalis 3.44 0.22 0.04 0.00 3.33
Ulmus americana 0.00
Unrestored
Liquidambar styraciflua  31.83 185.95 69.60 5.57 23.33
Quercus rubra 18.81 29.75 11.14 0.89 16.67
Acer saccharum 11.54  23.27 8.71 0.70 6.67
Quercus alba 11.08 8.13 3.04 0.24 10.00
Ulmus americana 7.69  20.07 7.51 0.60 6.67
Fagus grandifolia 0.00
Platanus occidentalis 0.00
Quercus bicolor 0.00
Tilia cordata 0.00
Ulmus glabra 0.00
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A.12. Tree species with moderate lifespan in restored (n=30) and unrestored plots
(n=30). Speciesnformation includesimportance value index (IVICurtis and
Mclintosh 1951)total basal aregercent ototal basal area of trees with moderate
lifespan percent ototal basal arem restoredand unrestoredlots, and percent of

restored and unrestored plots where species were sampled. Species are ranked by

their 1VI.

Restored

Basal % Moderate % Total

Area Lifespan Basal % of
Species IVl (m?/ha) Basal Area Area  Plots
Prunus serotina 102.53 492.37 25.00 10.48 76.67
Liriodendron
tulipifera 73.25 468.81 23.80 9.98 50.00
Carya cordiformis 58.85 593.89 30.15 12.64 40.00
Celtis occidentalis 38.54 46.44 2.36 0.99 33.33
Ulmus rubra 34.65 61.66 3.13 1.31 33.33
Quercus palustris 28.61 173.72 8.82 3.70 23.33
Morus alba 25.42 18.74 0.95 0.40 23.33
Betula lenta 18.67  10.03 0.51 0.21 16.67
Fraxinus americana 15.25 33.68 1.71 0.72 10.00
Gleditsia triacanthos 4.17 29.37 1.49 0.62 3.33
Carya glabra 3.73 8.76 0.44 0.19 3.33
Pinus strobus 3.66 0.40 0.02 0.01 3.33
Nyssa sylvatica 3.55 0.09 0.00 0.00 3.33
Juglans nigra 3.45 0.30 0.02 0.01 3.33
Ulmus parvifolia 3.44 0.06 0.00 0.00 3.33
Betula nigra 3.44 0.02 0.00 0.00 3.33
Tilia americana 3.44 0.02 0.00 0.00 3.33
Acer pseudoplatanus  2.41  31.09 1.58 0.66 0.17
Quercus velutina 0.00
Unrestored
Prunus serotina 103.12 429.96 68.61 12.88 73.33
Carya cordiformis 37.43  45.80 7.31 1.37 30.00
Morus alba 29.50 59.51 9.50 1.78 23.33
Quercus palustris 22.30 34.85 5.56 1.04 20.00
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Liriodendron
tulipifera

Juglans nigra
Fraxinus americana
Quercus velutina
Ulmus rubra

Tilia americana
Acer pseudoplatanus
Betula lenta

Betula nigra

Carya glabra

Celtis occidentalis
Gleditsia triacanthos
Nyssasylvatica
Pinus strobus
Ulmus parvifolia

18.72
18.20
16.52
14.60
6.96
3.77
0.49

19.92
16.20
1.95
7.52
9.94
0.79
0.24
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

3.18
2.59
0.31
1.20
1.59
0.13
0.04

0.60
0.49
0.06
0.23
0.30
0.02
0.01

16.67
16.67
13.33
13.33
6.67
3.33
0.07
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A.13. Tree species with short lifespan in restored (n=30) and unrestored plots (n=30).
Speciesnformation includesimportance value index (IVCurtis and Mcintosh

1951) total basal aregercent ototal basal area of trees with short lifespaercent

of total basal arem restoredcand unrestoreglots, and percent of restored and

unrestored plots where species were sampled. Species are ranked by their IVI.

Restored

Basal % Short % Total

Area Lifespan Basal % of
Species VI (m?/ha) Basal Area Area Plots
Robinia pseudoacacia 85.90 1741.19 78.49 37.05 40.00
Fraxinus pennsylvanica 66.70 172.56 7.78 3.67 53.33
Acer rubrum 41.93 189.12 8.53 4.02 30.00
Prunus avium 24.86 2.21 0.10 0.05 23.33
Sassafras albidum 20.85 43.23 1.95 0.92 16.67
Acer saccharinum 10.43 0.62 0.03 0.01 10.00
Ailanthus altissima 6.91 1.50 0.07 0.03 6.67
Ostrya virginiana 3.58 1.71 0.08 0.04 3.33
Populus deltoides 3.46 0.80 0.04 0.02 3.33
Acer platanoides 3.44 61.37 2.77 1.31 0.23
Betula populifolia 3.34 0.19 0.01 0.00 3.33
Acer negundo 1.55 3.83 0.17 0.08 0.10
Cornus florida 0.00
Unrestored
Sassafras albidum 118.93 1589.70 66.02 47.61 40.00
Robinia pseudoacacia 66.18  720.21 29.91 21.57 33.33
Acer rubrum 23.92 33.24 1.38 1.00 20.00
Fraxinus pennsylvanica 19.91 45.53 1.89 1.36 16.67
Populus deltoides 11.79 11.79 0.49 0.35 3.33
Ailanthus altissima 11.09 1.59 0.07 0.05 10.00
Acer platanoides 5.17 5.17 0.21 0.15 0.30
Cornus florida 3.56 0.50 0.02 0.02 3.33
Acer negundo 0.00
Acer saccharinum 0.00
Betula populifolia 0.00
Ostrya virginiana 0.00
Prunus avium 0.00
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A.3.2Woody Understory Species

A.3.2.1 Growth Form of Species in the Woody Understory
A.14. Species of tree saplings in the woody understorgsibred (n=30) and
unrestored plots (n=30)Speciesnformation includesimportance value index (IVI)
(Williams-Linera, Palaciofios, and Hernandezdmez 2005)total stem count
percent ototal tree sapling stempercent ototal stem counih restorecand
unrestoreglots, and percent of restored and unrestored plots where species were

sampled. Species are ranked by their IVI.

Restored

Stem % Tree % Total % of
Species VI Count Stems Stems Plots
Fraxinus americana 27.7 79 22.83 5.40 50.00
Prunus serotina 23.2 46 13.29 3.14 43.33
Carya cordiformis 19.9 46 13.29 3.14 36.67
Quercus rubra 12.1 13 3.76 0.89 23.33
Acer pseudoplatanus 10.7 20 5.78 1.37 20.00
Acer platanoides 10.3 10 2.89 0.68 20.00
Acer negundo 9.5 34 9.83 2.32 16.67
Acer saccharum 8.9 17 4.91 1.16 16.67
Liriodendron tulipifera 8.5 6 1.73 0.41 16.67
Acer rubrum 6.9 7 2.02 0.48 13.33
Morus alba 6.9 6 1.73 0.41 13.33
Sassafras albidum 5.3 10 2.89 0.68 10.00
Quercus alba 5.2 5 1.45 0.34 10.00
Quercus montana 5.2 5 1.45 0.34 10.00
Prunus avium 51 4 1.16 0.27 10.00
Fraxinus pennsylvanica 3.7 10 2.89 0.68 6.67
Ulmus pumila 3.6 8 2.31 0.55 6.67
Celtis occidentalis 3.6 7 2.02 0.48 6.67
Ostryavirginiana 1.8 3 0.87 0.20 3.33
Nyssa sylvatica 1.7 2 0.58 0.14 3.33
Populus alba 1.7 2 0.58 0.14 3.33
Zanthoxylum simulans 1.7 2 0.58 0.14 3.33
Acer saccharinum 1.7 1 0.29 0.07 3.33
Broussonetia papyrifera 1.7 1 0.29 0.07 3.33
Pinus strobus 1.7 1 0.29 0.07 3.33
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Quercus velutina 1.7 1 0.29 0.07 3.33
Ailanthus altissima 0

llex crenata 0

Juglans nigra 0

Robinia pseudoacacia 0

Unrestored

Sassafras albidum 19.0 44 30.34 1.32 36.67
Celtis occidentalis 5.6 40 27.59 1.20 10.00
Prunus serotina 3.7 2 17.24 0.75 6.67
Carya cordiformis 8.5 6.21 0.27 16.67
Ailanthus altissima 6.8 4.83 0.21 13.33
Acer platanoides 1.7 3.45 0.15 3.33
Acer saccharum 1.7 2.76 0.12 3.33
Acer rubrum 3.4 1.38 0.06 6.67
Fraxinus americana 1.7 1.38 0.06 3.33
Fraxinus pennsylvanica 1.7 1.38 0.06 3.33
llex crenata 1.7 1.38 0.06 3.33
Juglans nigra 1.7 0.69 0.03 3.33
Quercus velutina 1.7 0.69 0.03 3.33
Robinia pseudoacacia 1.7 0.69 0.03 3.33

Acernegundo

Acer pseudoplatanus
Acer saccharinum
Broussonetia papyrifera
Liriodendron tulipifera
Morus alba

Nyssa sylvatica
Ostrya virginiana
Pinus strobus

Populus alba

Prunus avium
Quercus alba
Quercus montana
Quercus rubra

Ulmus pumila
Zanthoxylum simulans
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A.15. Species of shrubs in tlreoody understory of restoreplots (n=30)and
unrestored plots (n=30Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios, and HernAnde26mez 2005)total stem count
percent ototal shrub stemgercent ototal stem counn restorecand unrestored
plots and percent ofestored and unrestored pletbere species were sampled.

Species are ranked by their IVI.

Restored

Stem % Shrub % Total % of
Species VI Count Stems Stems Plots
Lindera benzoin 28.33 244 34.37 16.67 40.00
Rosa multiflora 22.03 157 22.11 10.72 33.33
Lonicera maackii 16.50 44 6.20 3.01 30.00
Rubus phoenicolasius 12.73 31 4.37 2.12 2333
Viburnum dentatum 11.54 94 13.24 6.42 16.67
Rubus pensilvanicus 9.90 46 6.48 3.14 16.67
Ligustrum obtusifolium 5.85 25 3.52 1.71 10.00
Aronia arbutifolia 5.38 11 1.55 0.75 10.00
Rubus occidentalis 5.27 8 1.13 0.55 10.00
Rhodotypos scandens 3.64 9 1.27 0.61 6.67
Rhamnus cathartica 3.40 2 0.28 0.14 6.67
Frangula alnus 1.94 8 1.13 0.55 3.33
Cornus racemosa 1.91 7 0.99 0.48 3.33
Forsythia xintermedia 1.87 6 0.85 0.41 3.33
Corylus americana 1.84 5 0.70 0.34 3.33
Sambucus nigra 1.77 3 0.42 0.20 3.33
Philadelphus lewisii 1.73 2 0.28 0.14 3.33
Rubus odoratus 1.73 2 0.28 0.14 3.33
Amelanchier arborea 1.70 1 0.14 0.07 3.33
Clethra alnifolia 1.70 1 0.14 0.07 3.33
llex opaca 1.70 1 0.14 0.07 3.33
Rhus typhina 1.70 1 0.14 0.07 3.33
Rubus allegheniensis 1.70 1 0.14 0.07 3.33
Viburnum prunifolium 1.70 1 0.14 0.07 3.33
Euonymus alatus 0
Lonicera morrowii 0
Philadelphus coronarius 0
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Philadelphus tomentosus 0

Rhus glabra 0

Taxus baccata 0

Viburnum dilatatum 0

Viburnum plicatum 0

Viburnum sieboldii 0

Unrestored

Rosa multiflora 63.37 999 60.73 30.08 96.67
Rubus pensilvanicus 32.93 305 18.54 9.18 56.67
Viburnum dentatum 18.26 106 6.44 3.19 33.33
Rubus phoenicolasius 10.96 64 3.89 1.93 20.00
Rubus occidentalis 10.53 35 2.13 1.05 20.00
Lindera benzoin 10.17 11 0.67 0.33 20.00
Lonicera maackii 5.47 31 1.88 0.93 10.00
Rubus allegheniensis 5.42 28 1.70 0.84 10.00
Lonicera morrowii 5.15 10 0.61 0.30 10.00
Philadelphus coronarius 3.54 14 0.85 0.42 6.67
Sambucus nigra 3.47 0.55 0.27 6.67
Ligustrum obtusifolium 3.44 0.43 0.21 6.67
Viburnum prunifolium 3.39 0.24 0.12 6.67
Rhus glabra 1.76 0.36 0.18 3.33
Rhodotypos scandens 1.74 0.30 0.15 3.33
Viburnum dilatatum 1.74 0.30 0.15 3.33
Philadelphus tomentosus 1.71 0.18 0.09 3.33
Viburnum plicatum 1.70 0.12 0.06 3.33
Euonymus alatus 1.68 0.06 0.03 3.33
Taxus baccata 1.68 0.06 0.03 3.33
Viburnum sieboldii 1.68 0.06 0.03 3.33

Amelanchier arborea
Aronia arbutifolia
Clethra alnifolia
Cornusracemosa
Corylus americana
Forsythia xintermedia
Frangula alnus

llex opaca
Philadelphus lewisii
Rhamnus cathartica
Rhus typhina

Rubus odoratus
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A.16. Vine species in the woody understory of restored (n=30) and unrestored plots
(n=30). Speciesnformation includesimportance value index (IV(Williams-

Linera, PalaciofRios, and Hernandeadémez 2005)total stem countpercent ofotal
vine stemspercent ototal stem counin restorecand unrestoreglots, and percent of

restored and unrestored plots where species were sampled. Species are ranked by

their IVI.

Restored

Stem % Vine % Total % of
Species VI Count Stems  Stems Plots
Ampelopsis brevipedunculata  19.7 39 9.56 2.66 36.67
Toxicodendron radicans 19.5 229 56.13 15.64 23.33
Lonicera japonica 18.6 57 13.97 3.89 33.33
Parthenocissus quinquefolia 13.8 13 3.19 0.89 26.67
Vitis riparia 8.0 40 9.80 2.73 13.33
Celastrus orbiculatus 5.9 25 6.13 1.71 10.00
Hedera helix 1.8 5 1.23 0.34 3.33
Humulus lupulus 0.0 0 0.00
Vitis aestivalis 0.0 0 0.00
Vitis labrusca 0.0 0 0.00
Vitis x novaeangliae 0.0 0 0.00
Wisteria sinensis 0.0 0 0.00
Unrestored
Ampelopsis brevipedunculata  37.2 559 37.64 1.13 73.33
Lonicera japonica 37.0 308 20.74 0.62 73.33
Celastrus orbiculatus 35.3 268 18.05 0.54 70.00
Toxicodendron radicans 21.7 46 3.10 0.09 43.33
Parthenocissus quinquefolia 20.1 73 4.92 0.15 40.00
Vitis aestivalis 16.8 94 6.33 0.19 33.33
Vitis labrusca 6.7 80 5.39 0.16 13.33
Vitis riparia 3.4 39 2.63 0.08 6.67
Wisteria sinensis 1.7 10 0.67 0.02 3.33
Humulus lupulus 1.7 7 0.47 0.01 333
Vitis x novaeangliae 1.7 1 0.07 0.00 3.33
Hedera helix 0.0 0 0.00
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A.3.22 Shade Tolerance of Species in the Woody Understory
A.17. Shade tolerant species in the woody understory of restored (n=30) and
unrestored plotén=30). Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios, and HernandeZ6mez 2005)total stem count
percent ototal shade tolerant stepysercent ototal stem counin restorecand
unrestoreglots, and percent of restored and unrestored plotsendpecies were

sampled. Species are ranked by their IVI.

Restored

Stem % Shade %Total % of
Species VI Count Tolerant Stems  Stems Plots
Lonicera japonica 18.6 57 18.15 3.49 33.33
Rubus pensilvanicus 9.9 46 14.65 3.14 16.67
Acer negundo 9.5 34 10.83 2.32 16.67
Acer saccharum 8.9 17 5.41 1.16 16.67
Celastrus orbiculatus 5.9 25 7.96 1.71 10.00
Fraxinus
pennsylvanica 3.7 10 3.18 0.68 6.67
Celtis occidentalis 3.6 7 0.99 0.48 6.67
Rhodotypos scandens 3.6 9 2.87 0.61 6.67
Cornusracemosa 1.9 7 2.23 0.48 3.33
Hedera helix 1.8 5 1.59 0.34 3.33
Ostrya virginiana 1.8 3 0.96 0.20 3.33
Nyssa sylvatica 1.7 2 0.64 0.14 3.33
Amelanchier arborea 1.7 1 0.32 0.07 3.33

Broussonetia

papyrifera 1.7 1 0.14 0.07 3.33
llex opaca 1.7 1 0.32 0.07 3.33
Rubus allegheniensis 1.7 1 0.32 0.07 3.33
Viburnum prunifolium 1.7 1 0.32 0.07 3.33
Euonymus alatus 0

llex crenata 0

Lonicera morrowii 0

Taxus baccata 0

Vitis aestivalis 0

Unrestored

Lonicera japonica 41.3 308 27.09 9.27 73.33

158



Celastrus orbiculatus
Rubus pensilvanicus
Vitis aestivalis

Celtis occidentalis
Rubusallegheniensis
Lonicera morrowii
Viburnum prunifolium
Acer saccharum
Rhodotypos scandens
Fraxinus
pennsylvanica

llex crenata
Euonymus alatus
Taxus baccata

Acer negundo
Amelanchier arborea
Broussonetia papyrifera
Cornus racemosa
Hedera helix

llex opaca
Nyssasylvatica
Ostrya virginiana

39.0
32.9
18.1
5.6
5.4
5.2
3.4
1.7
1.7

1.7
1.7
1.7
1.7

268
305
94
40
28
10

O OO0 O0OO0OOOFrREFE,EDNDN

23.57
26.82
8.27
4.42
2.46
0.88
0.35
0.35
0.26

0.18
0.18
0.09
0.09

8.07
9.18
2.83
1.20
0.84
0.30
0.12
0.12
0.09

0.06
0.06
0.03
0.03

70.00
56.67
33.33
10.00
10.00
10.00
6.67
3.33
3.33

3.33
3.33
3.33
3.33
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A.18. Species with intermediate shade tolerance in the woody understory of restored
(n=30) and unrestored plots (n=3@peciesnformation includesimportance value
index (IVI) (Williams-Linera, Palaciofios, and Hernandedémez 2005)total stem
count percent ototal intermediate shade tolerant stepercent ototal stem count

in restoredand unrestoregdlots, andoercent of restored and unrestored plots where

species were sampled. Species are ranked by their IVI.

Restored
% Shade

Stem Intolerant  %Total % of
Species IVl  Count Stems Stems Plots
Lindera benzoin 28.3 244 34.56 16.67 40.00
Ampelopsis brevipedunculata 19.7 39 5.52 2.66 36.67
Toxicodendron radicans 19.5 229 32.44 15.64 23.33
Lonicera maackii 16.5 44 9.95 3.01 30.00
Parthenocissus quinquefolia 13.8 13 1.84 0.89 26.67
Rubus phoenicolasius 12.7 31 4.39 2.12 2333
Quercus rubra 12.1 13 1.84 0.89 23.33
Viburnum dentatum 115 94 29.94 6.42 16.67
Acer platanoides 10.3 10 1.42 0.68 20.00
Vitis riparia 8.0 40 5.67 2.73 13.33
Acer rubrum 6.9 7 0.99 0.48 13.33
Morus alba 6.9 6 0.85 0.41 13.33
Ligustrumobtusifolium 59 25 3.54 1.71 10.00
Rubus occidentalis 5.3 8 1.13 0.55 10.00
Quercus alba 5.2 5 0.71 0.34 10.00
Quercus montana 5.2 5 0.71 0.34 10.00
Prunus avium 51 4 0.57 0.27 10.00
Rhamnus cathartica 3.4 2 0.45 0.14 6.67
Forsythia xintermedia 1.9 6 0.85 0.41 3.33
Corylus americana 1.8 5 0.71 0.34 3.33
Rubus odoratus 1.7 2 0.28 0.14 3.33
Acer saccharinum 1.7 1 0.14 0.07 3.33
Clethra alnifolia 1.7 1 0.14 0.07 3.33
Quercus velutina 1.7 1 0.32 0.07 3.33
Pinus strobus 1.7 1 0.14 0.07 3.33
Humulus lupulus 0
Viburnum dilatatum 0
Viburnum plicatum 0
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Viburnum sieboldii
Vitis labrusca

Unrestored

0.0

Ampelopsis brevipedunculata 45.1

Toxicodendron radicans
Parthenocissus quinquefolia

Viburnum dentatum
Rubus phoenicolasius
Rubus occidentalis
Lindera benzoin

Vitis labrusca
Lonicera maackii
Vitis riparia
Ligustrum obtusifolium
Acer rubrum

Wisteria sinensis
Humulus lupulus
Acer platanoides
Quercus velutina
Viburnum dilatatum
Viburnum plicatum
Viburnum sieboldii
Acer saccharinum
Clethraalnifolia
Corylus americana
Forsythia xintermedia
Morus alba

Pinus strobus

Prunus avium
Quercus alba
Quercus montana
Quercus rubra
Rhamnus cathartica
Rubus odoratus
Wisteria sinensis

22.4
21.1
18.3
11.0
10.5
10.2
9.4
6.1
3.9
3.4
3.4
2.0
1.8
1.7
1.7
1.7
1.7
1.7
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46
73

106
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61.77
5.08
8.07
9.32
7.07
3.87
1.22
6.27
2.43
431
0.77
0.22
0.78
0.77
0.55
0.09
0.55
0.22
0.11

16.83
1.39
2.20
3.19
1.93
1.05
0.33
5.46
2.12
1.17
0.21
0.06
0.68
0.21
0.15
0.03
0.15
0.06
0.03

73.33
43.33
40.00
33.33
20.00
20.00
20.00
13.33
10.00
6.67
6.67
6.67
3.33
3.33
3.33
3.33
3.33
3.33
3.33
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A.19. Shadentolerant species in the woody understory of restored (n=30) and
unrestored plots (n=30Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios, and HernAnde26mez 2005)total stem count
percent ototal shadentolerant stemspercent ototal stem counin restorecand
unrestoreglots, and percent of restored and unrestored plogse species were

sampled. Species are ranked by their IVI.

Restored
% Shade

Stem Intolerant %Total % of
Species VI Count Stems Stems Plots
Fraxinus americana 27.7 79 17.87 5.40 50.00
Prunus serotina 23.2 46 10.41 3.14 43.33
Rosamultiflora 22.0 157 35.52 10.72 33.33
Carya cordiformis 19.9 46 10.41 3.14 36.67
Acer pseudoplatanus 10.7 20 452 1.37 20.00
Liriodendron tulipifera 8.5 6 1.36 0.41 16.67
Aronia arbutifolia 5.4 11 2.49 0.75 10.00
Sassafras albidum 5.3 10 2.26 0.68 10.00
Ulmus pumila 3.6 8 1.81 0.55 6.67
Frangula alnus 1.9 8 1.81 0.55 3.33
Sambucus nigra 1.8 3 0.42 0.20 3.33
Philadelphus lewisii 1.7 2 0.45 0.14 3.33
Populus alba 1.7 2 0.45 0.14 3.33
Rhus typhina 1.7 1 0.23 0.07 3.33
Ailanthusaltissima 0.0 0
Juglans nigra 0.0 0
Philadelphus coronarius 0.0 0
Rhus glabra 0.0 0
Robinia pseudoacacia 0.0 0
Smilax rotundifolia 0.0 0
Unrestored
Rosa multiflora 82.5 999 78.35 68.24 96.67
Sassafrasalbidum 19.8 44 3.45 3.01 36.67
Smilax rotundifolia 9.9 46 3.61 3.14 16.67
Carya cordiformis 8.6 9 0.71 0.61 16.67
Ailanthus altissima 6.9 7 0.55 0.48 13.33
Prunus serotina 4.2 25 1.96 1.71 6.67
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Philadelphus coronarius
Sambucus nigra

Rhus glabra

Fraxinus americana
Juglans nigra

Robinia pseudoacacia
Acer pseudoplatanus
Aronia arbutifolia
Frangula alnus
Liriodendron tulipifera
Philadelphus lewisii
Populus alba

Rhus typhina

Ulmus pumila

3.8
3.5
1.9
1.7
1.7
1.7
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1.10
0.99
0.47
0.16
0.08
0.08

0.96
0.27
0.41
0.14
0.07
0.07

6.67
6.67
3.33
3.33
3.33
3.33
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A.3.2.3 Seed Dispersal of Species in the Woody Understory
A.20. Species withunassisted seed dispersal in the woody understory of restored
(n=30) and unrestored plots (n=3@peciesnformation includesimportance value
index (IVI) (Williams-Linera, Palaciofios, and Hernande2dmez 2005)total gem
count percent ototal stems with unassisted seed dispepaicent ofotal stem
countin restoredand unrestoreglots, and percent of restored and unrestored plots

where species were sampled. Species are ranked by their IVI.

Restored
% Unassisted

Stem Dispersal % Total % of
Species IVI  Count Stems Stems Plots
Ligustrum obtusifolium 5.9 25 96.15 1.71 10.00
Clethra alnifolia 1.7 1 3.85 0.07 3.33
Philadelphus coronarius 0
Robinia pseudoacacia 0
Unrestored
Philadelphus coronarius 3.5 14 63.64 042 6.67
Ligustrum obtusifolium 3.4 7 31.82 0.21 6.67
Robinia pseudoacacia 1.7 1 4.55 0.03 3.33
Clethra alnifolia 0
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A. 21. Wind dispersed species in the woody understomngstoredplots (n=30) and
unrestored plots (n=30Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios, and HernAnde26mez 2005)total stem count
percent ototal stems with wind dispersadercent ototal stem counih restorecand
unrestoreglots, and percent of restored and unrestoreis plbere species were

sampled. Species are ranked by their IVI.

Restored
%

Stem % Wind  Total % of
Species IVI  Count Dispersed Stems Stems Plots
Fraxinus americana 27.7 79 40.51 5.40 50.00
Acer pseudoplatanus 10.7 20 10.26  1.37 20.00
Acerplatanoides 10.3 10 5.13 0.68 20.00
Acer negundo 9.5 34 17.44 232 16.67
Acer saccharum 8.9 17 8.72 1.16 16.67
Liriodendron tulipifera 8.5 6 3.08 0.41 16.67
Acer rubrum 6.9 7 3.59 0.48 13.33
Fraxinus pennsylvanica 3.7 10 5.13 0.68 6.67
Ulmuspumila 3.6 8 4.10 0.55 6.67
Populus alba 1.7 2 1.03 0.14 3.33
Acer saccharinum 1.7 1 0.51 0.07 3.33
Pinus strobus 1.7 1 0.51 0.07 3.33
Ailanthus altissima 0
Humulus lupulus 0
Unrestored
Ailanthus altissima 6.8 7 24.14  0.21 13.33
Acer rubrum 3.4 2 6.90 0.06 6.67
Humulus lupulus 1.8 7 24.14 0.21 3.33
Acer platanoides 1.7 5 17.24 0.15 3.33
Acer saccharum 1.7 4 13.79 0.12 3.33
Fraxinus americana 1.7 2 6.90 0.06 3.33
Fraxinus pennsylvanica 1.7 2 6.90 0.06 3.33
Acernegundo 0
Acer pseudoplatanus 0
Acer saccharinum 0
Liriodendron tulipifera 0
Pinus strobus 0
Populus alba 0
Ulmus pumila 0
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A.22. Endozoochoric species in the woody understory of restored (ian80)
unrestored plots (n=30Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios, and HernAnde26mez 2005)total stem count
percent ototal endozoochoric stemgercent ototal sem counin restored plots,

and percent of restored plots where species were sampled. Species are ranked by

their 1VI.
Restored
% %

Stem Endozoochoric  Total % of
Species IVI  Count Stems Stems Plots
Lindera benzoin 28.3 244 21.03 16.67 40.00
Prunus serotina 23.2 46 3.97 3.14 43.33
Rosa multiflora 22.0 157 13.53 10.72 33.33
Ampelopsis
brevipedunculata 19.7 39 3.36 2.66 36.67
Toxicodendron radicans 19.5 229 19.74 15.64 23.33
Lonicera japonica 18.6 57 491 3.89 33.33
Lonicera maackii 16.5 44 3.79 3.01 30.00
Parthenocissus
quinquefolia 13.8 13 1.12 0.89 26.67
Rubus phoenicolasius 12.7 31 2.67 2.12 23.33
Viburnum dentatum 11.5 94 8.10 6.42 16.67
Rubus pensilvanicus 9.9 46 3.97 3.14 16.67
Vitis riparia 8.0 40 3.45 2.73 13.33
Morus alba 6.9 6 0.52 0.41 13.33
Celastrus orbiculatus 5.9 25 2.16 1.71 10.00
Aronia arbutifolia 5.4 11 0.95 0.75 10.00
Sassafras albidum 5.3 10 0.86 0.68 10.00
Rubus occidentalis 53 8 0.69 0.55 10.00
Prunus avium 51 4 0.34 0.27 10.00
Rhodotypos scandens 3.6 9 0.78 0.61 6.67
Celtis occidentalis 3.6 7 0.60 0.48 6.67
Rhamnus cathartica 3.4 2 0.17 0.14 6.67
Frangula alnus 1.9 8 0.69 0.55 3.33
Cornus racemosa 1.9 7 0.60 0.48 3.33
Corylus americana 1.8 5 0.43 0.34 3.33
Hederahelix 1.8 5 0.43 0.34 3.33
Sambucus nigra 1.8 3 0.26 0.20 3.33
Nyssa sylvatica 1.7 2 0.17 0.14 3.33
Rubus odoratus 1.7 2 0.17 0.14 3.33
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Amelanchier arborea 1.7 1 0.09 0.07 3.33
Broussonetia papyrifera 1.7 1 0.09 0.07 3.33
llex opaca 1.7 1 0.09 0.07 3.33
Rhus typhina 1.7 1 0.09 0.07 3.33
Rubus allegheniensis 1.7 1 0.09 0.07 3.33
Viburnum prunifolium 1.7 1 0.09 0.07 3.33
Euonymus alatus 0

llex crenata 0

Lonicera morrowii 0

Rhus glabra 0

Smilax rotundifolia 0

Taxus baccata 0

Viburnum dilatatum 0

Viburnum plicatum 0

Viburnum sieboldii 0

Vitis aestivalis 0

Vitis labrusca 0

Vitis x novaeangliae 0

Unrestored

Rosa multiflora 63.4 999 30.78 30.08 96.67
Ampelopsis

brevipedunculata 45.1 559 17.22 16.83 73.33
Lonicera japonica 41.3 308 9.49 9.27 73.33
Rubus pensilvanicus 32.9 305 9.40 9.18 56.67
Toxicodendron radicans 22.4 46 1.42 1.39 43.33
Parthenocissus

quinquefolia 21.1 73 2.25 2.20 40.00
Sassafras albidum 19.0 44 1.36 1.32 36.67
Viburnum dentatum 18.3 106 3.27 3.19 33.33
Vitis aestivalis 18.1 94 2.90 2.83 33.33
Celastrus orbiculatus 12.4 268 8.26 8.07 16.67
Rubus phoenicolasius 11.0 64 1.97 1.93 20.00
Rubus occidentalis 10.5 35 1.08 1.05 20.00
Lindera benzoin 10.2 11 0.34 0.33 20.00
Smilax rotundifolia 9.0 46 1.42 1.39 16.67
Vitis labrusca 7.9 80 2.46 2.41 13.33
Celtis occidentalis 5.6 40 1.23 1.20 10.00
Lonicera maackii 55 31 0.96 0.93 10.00
Rubusallegheniensis 5.4 28 0.86 0.84 10.00
Lonicera morrowii 5.2 10 0.31 0.30 10.00
Vitis riparia 3.9 39 1.20 1.17 6.67
Prunus serotina 3.7 25 0.77 0.75 6.67
Sambucus nigra 3.5 9 0.28 0.27 6.67
Viburnum prunifolium 3.4 4 0.12 0.12 6.67
Rhus glabra 1.8 6 0.18 0.18 3.33
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Viburnum dilatatum
Rhodotypos scandens
llex crenata
Viburnum plicatum
Euonymus alatus
Taxus baccata
Viburnum sieboldii
Vitis x novaeangliae
Amelanchier arborea
Aronia arbutifolia
Broussonetia papyrifera
Cornus racemosa
Corylus americana
Frangula alnus
Hedera helix

llex opaca

Morus alba

Nyssa sylvatica
Prunus avium
Rhamnus cathartica
Rhus typhina

Rubus odoratus

1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
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0.15
0.09
0.06
0.06
0.03
0.03
0.03
0.03

0.15
0.09
0.06
0.06
0.03
0.03
0.03
0.03

3.33
3.33
3.33
3.33
3.33
3.33
3.33
3.33
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A.23. Species dispersed by seed hoarding in the woody underst@stafed (n=30)
and unrestored plots (n=30%peciesnformation includesimportance value index
(IV1l) (Williams-Linera, Palaciofios, and Hernandedémez 2005)total stem

count percent ototal stems dispersed by seexhiding percent ototal stem count

in restoredand unrestoredlots, and percent of restored and unrestored plots where

species were sampled. Species are ranked by their IVI.

Restored

Stem % Seed % Total % of
Species VI Count Hoarded Stems  Stems Plots
Carya cordiformis 19.9 46 65.71 3.14 36.67
Quercus rubra 12.1 13 18.57 0.89 23.33
Quercus alba 5.2 5 7.14 0.34 10.00
Quercus montana 5.2 5 7.14 0.34 10.00
Quercus velutina 1.7 1 1.43 0.07 3.33
Juglans nigra 0
Unrestored
Carya cordiformis 8.5 81.82 0.27 16.67
Juglans nigra 1.7 9.09 0.03 3.33
Quercus velutina 1.7 9.09 0.03 3.33

Quercus alba
Quercus montana
Quercus rubra
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A.3.2.4 Pollination Syndrome of Tree Species ithhe Woody Understory
A.24. Abiotically pollinated species in the woody understory of restored (n=30) and
unrestored plots (n=30Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios, and HernandeZ6mez 2005)total stem count
percent ototal abiotically pollinated stempercent ototal stem counih restored
and unrestoreglots, and percent of restored and unrestptets where species were

sampled. Species are ranked by their IVI.

Restored
% Abiotically

Stem Pollinated % Total % of
Species IVl Count Stems  Stems Plots
Fraxinus americana 27.7 79 42.93 5.40 50.0
Carya cordiformis 19.9 46 25.00 3.14 36.7
Quercus rubra 12.1 13 7.07 0.89 233
Fraxinus pennsylvanica 3.7 10 5.43 0.68 6.7
Celtis occidentalis 3.6 7 3.80 0.48 6.7
Morus alba 6.9 6 3.26 0.41 133
Corylus americana 1.8 5 2.72 0.34 3.3
Quercus alba 5.2 5 2.72 0.34 10.0
Quercus montana 5.2 5 2.72 0.34 10.0
Ostrya virginiana 1.8 3 1.63 0.20 3.3
Populus alba 1.7 2 1.09 0.14 3.3
Broussonetia papyrifera 1.7 1 0.54 0.07 3.3
Pinus strobus 1.7 1 0.54 0.07 3.3
Quercus velutina 1 0.54 0.07 3.3
Juglans nigra 0
Taxus baccata 0
Unrestored
Carya cordiformis 8.5 9 16.07 0.27 16.7
Celtis occidentalis 5.6 40 71.43 1.20 10.0
Fraxinus americana 1.7 2 3.57 0.06 3.3
Fraxinus pennsylvanica 1.7 2 3.57 0.06 3.3
Juglans nigra 1.7 1 1.79 0.03 3.3
Quercus velutina 1.7 1 1.79 0.03 3.3
Taxus baccata 1.7 1 1.79 0.03 3.3
Broussonetia papyrifera 0
Corylus americana 0
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Morus alba
Ostrya virginiana
Pinus strobus
Populus alba
Quercus alba
Quercus montana
Quercus rubra

[eNeoNeolNolNoNelNe]

171



A.25. Biotically pollinated species in the woody understory of restored (re3d)
unrestored plots (n=30Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios, and HerandezGomez 2005)total stem count
percent ototal biotically pollinated stempercent ototal stem counih restored, and

percent of restored plots where species were sampled. Species are ranked by their

IVI.
Restored
% Biotic %
Stem Pollinated Total % of
Species IVl Count Stems Stems Plots
Lindera benzoin 28.3 244 19.24 16.67 40.0
Prunus serotina 23.2 46 3.63 3.14 43.3
Rosa multiflora 22.0 157 12.38 10.72 33.3
Ampelopsis brevipedunculati 19.7 39 3.08 2.66 36.7
Toxicodendron radicans 19.5 229 18.06 15.64 23.3
Lonicera japonica 18.6 57 450 3.89 333
Lonicera maackii 16.5 44 3.47 3.01 30.0
Parthenocissus quinquefolia 13.8 13 1.03 0.89 26.7
Rubus phoenicolasius 12.7 31 2.44 2.12 23.3
Viburnum dentatum 11.5 94 7.41 6.42 16.7
Acer pseudoplatanus 10.7 20 1.58 1.37 20.0
Acer platanoides 10.3 10 0.79 0.68 20.0
Rubus pensilvanicus 9.9 46 3.63 3.14 16.7
Acer negundo 9.5 34 268 232 16.7
Acer saccharum 8.9 17 1.34 1.16 16.7
Liriodendron tulipifera 8.5 6 0.47 0.41 16.7
Vitis riparia 8.0 40 3.15 2.73 13.3
Acer rubrum 6.9 7 0.55 0.48 13.3
Celastrus orbiculatus 5.9 25 1.97 1.71 10.0
Ligustrum obtusifolium 5.9 25 1.97 1.71 10.0
Aronia arbutifolia 54 11 0.87 0.75 10.0
Sassafras albidum 5.3 10 0.79 0.68 10.0
Rubus occidentalis 5.3 8 0.63 0.55 10.0
Prunus avium 51 4 0.32 0.27 10.0
Rhodotypos scandens 3.6 9 0.71 0.61 6.7
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Rhamnus cathartica
Frangula alnus
Cornus racemosa
Forsythia xintermedia
Hedera helix
Sambucus nigra
Philadelphus lewisii
Rubus odoratus

Acer saccharinum
Amelanchier arborea
Clethra alnifolia

llex opaca

Rhus typhina

Rubus allegheniensis
Viburnum prunifolium
Ailanthus altissima
Euonymus alatus
Humulus lupulus

llex crenata

Lonicera morrowii
Rhus glabra

Robinia pseudoacacia
Smilax rotundifolia
Viburnum dilatatum
Viburnum plicatum
Viburnum sieboldii
Vitis aestivalis

Vitis labrusca

Vitis x novaeangliae
Wisteria sinensis

Unrestored
Rosa multiflora

Ampelopsis brevipedunculati

Lonicera japonica
Celastrusorbiculatus
Rubus pensilvanicus

Toxicodendron radicans
Parthenocissus quinquefolia

Sassafras albidum

3.4
1.9
1.9
1.9
1.8
1.8
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7

63.4
45.1
41.3
39.0
32.9
22.4
21.1
19.0
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999
559
308
268
305
46
73
44
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0.16
0.63
0.55
0.47
0.39
0.24
0.16
0.16
0.08
0.08
0.08
0.08
0.08
0.08
0.08

30.76
17.21
9.48
8.25
9.39
1.42
2.25
1.35

0.14
0.55
0.48
0.41
0.34
0.20
0.14
0.14
0.07
0.07
0.07
0.07
0.07
0.07
0.07

30.08
16.83
9.27
8.07
9.18
1.39
2.20
1.32

6.7
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3

96.7
73.3
73.3
70.0
56.7
43.3
40.0
36.7



Viburnum dentatum
Vitis aestivalis

Rubus phoenicolasius
Rubus occidentalis
Lindera benzoin
Smilax rotundifolia
Vitis labrusca
Ailanthus altissima
Lonicera maackii
Rubus allegheniensis
Lonicera morrowii
Vitis riparia

Prunus serotina
Sambucus nigra
Ligustrum obtusifolium
Viburnum prunifolium
Acer rubrum

Wisteria sinensis
Humulus lupulus
Rhus glabra

Acer platanoides
Viburnum dilatatum
Acer saccharum
Rhodotypos scandens
llex crenata

Viburnum plicatum
Euonymus alatus
Robinia pseudoacacia
Viburnum sieboldii
Vitis x novaeangliae
Acer negundo

Acer pseudoplatanus
Acer saccharinum
Amelanchier arborea
Aronia arbutifolia
Clethra alnifolia
Cornus racemosa
Forsythia xintermedia
Frangula alnus
Hedera helix

18.3
18.1
11.0
10.5
10.2
9.0
7.9
6.8
5.5
5.4
5.2
3.9
3.7
3.5
3.4
3.4
3.4
1.8
1.8
1.8
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7

106

174

94
64
35
11
46
80

31
28
10
39
25
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3.26
2.89
1.97
1.08
0.34
1.42
2.46
0.22
0.95
0.86
0.31
1.20
0.77
0.28
0.22
0.12
0.06
0.31
0.22
0.18
0.15
0.15
0.12
0.09
0.06
0.06
0.03
0.03
0.03
0.03

3.19
2.83
1.93
1.05
0.33
1.39
2.41
0.21
0.93
0.84
0.30
1.17
0.75
0.27
0.21
0.12
0.06
0.30
0.21
0.18
0.15
0.15
0.12
0.09
0.06
0.06
0.03
0.03
0.03
0.03

33.3
33.3
20.0
20.0
20.0
16.7
13.3
13.3
10.0
10.0
10.0
6.7
6.7
6.7
6.7
6.7
6.7
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3
3.3



llex opaca
Liriodendron tulipifera
Philadelphus lewisii
Prunus avium
Rhamnus cathartica
Rhus typhina

Rubus odoratus

O OO OO OO0
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A.3.25 Lifespan of Tree Species in the Woody Understory
A.26. Tree species with long lifespan in the woody understory of restored (ar30)
unrestored plots (n=30Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios, and HernandeZ6mez 2005)total stem count
percent ototal tree stems with long lifespgmercent ototal stem counin restored
and unrestoreglots, and percent of restored and unrestored plots where species were

sampled. Species are ranked by their IVI.

Restored

Stem % Long % Total % of
Species Count VI Lifespan Stems Stems Plots
Quercus rubra 13 121 37.14 0.89 23.33
Acer saccharum 17 8.9 48.57 1.16 16.67
Quercus alba 5 52 14.29 0.34 10.00
Unrestored
Acer saccharum 4 1.7 100.00 0.12 3.33
Quercus alba 0
Quercus rubra 0
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A.27. Tree species with moderate lifespan in the woody understory of restored (n=30)
and unrestored plots (n=30%peciesnformation includesimportance value index

(IV1l) (Williams-Linera, PalacioRios, aml Hernandexz6mez 2005)total stem

count percent ototal tree stems with moderate lifespprarcent ototal stem count

in restoredand unrestoredlots, and percent of restored and unrestored plots where

species were sampled. Species are rankekdyl V1.

Restored

Stem % Moderate % Total % of
Species IVI Count Lifespan Stems Stems Plots
Fraxinus americana 27.7 79 36.57 5.40 50.00
Prunus serotina 23.2 46 21.30 3.14 43.33
Carya cordiformis 19.9 46 21.30 3.14 36.67
Acerpseudoplatanus  10.7 20 9.26 1.37 20.00
Liriodendron tulipifera 8.5 6 2.78 0.41 16.67
Morus alba 6.9 6 2.78 0.41 13.33
Celtis occidentalis 3.6 7 3.24 0.48 6.67
Nyssa sylvatica 1.7 2 0.93 0.14 3.33
Populus alba 1.7 2 0.93 0.14 3.33
Pinus strobus 1.7 1 0.46 0.07 3.33
Quercus velutina 1.7 1 0.46 0.07 3.33
Juglans nigra 0
Unrestored
Carya cordiformis 8.6 18 11.61 0.54 16.67
Celtis occidentalis 6.2 79 50.97 2.38 10.00
Prunus serotina 4.1 50 32.26 1.51 6.67
Fraxinus americana 1.7 4 2.58 0.12 3.33
Juglans nigra 1.7 2 1.29 0.06 3.33
Quercus velutina 1.7 2 1.29 0.06 3.33
Acer pseudoplatanus 0
Liriodendron tulipifera 0
Morus alba 0
Nyssa sylvatica 0
Pinus strobus 0
Populus alba 0
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A.28. Tree species with short lifespan in the woody understory of restored (n=30) and
unrestored plots (n=30Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios, and HernAnde26mez 2005)total stem count

percent ototal tree stems with short lifespgrercent ototal stem counih restored

and unrestoreglots, and percent of restored and unrest@iets where species were

sampled. Species are ranked by their IVI.

Restored

Stem % Short % Total % of
Species IVI  Count Lifespan Stems Stems Plots
Acer platanoides 10.3 10 11.49 0.68 20.00
Acer negundo 9.5 34 39.08 2.32 16.67
Acer rubrum 6.9 7 8.05 0.48 13.33
Sassafras albidum 5.3 10 11.49 0.68 10.00
Prunus avium 5.1 4 4.60 0.27 10.00
Fraxinus pennsylvanica 3.7 10 11.49 0.68 6.67
Ulmus pumila 3.6 8 9.20 0.55 6.67
Ostrya virginiana 1.8 3 3.45 0.20 3.33
Acer saccharinum 1.7 1 1.15 0.07 3.33
Ailanthus altissima 0
Robinia pseudoacacia 0
Unrestored
Sassafras albidum 19.0 44 72.13 1.32 36.67
Ailanthus altissima 6.8 7 11.48 0.21 13.33
Acer rubrum 3.4 2 3.28 0.06 6.67
Acer platanoides 1.7 5 8.20 0.15 3.33
Fraxinus pennsylvanica 1.7 2 3.28 0.06 3.33
Robinia pseudoacacia 1.7 1 1.64 0.03 3.33
Acer negundo 0
Acer saccharinum 0
Ostrya virginiana 0
Prunus avium 0
Ulmus pumila 0
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A.3.3Woody Species in the Ground Layer

A.3.3.1Growth Forms of Woody Species in the Ground Layer
A. 29. Tree species in the ground layer of restored (n=30) and unrestored plots
(n=30). Speciesnformation includesimportance value index (IV{Williams-
Linera, PalaciofRios, and Hernandeadmez 2005)total cover percent ofcover
among woody species in the ground laysrcent ototal coverin restoredand
unrestoreglots, and percent of restored and unrestptets where species were

sampled. Species are ranked by their IVI.

Restored
% Woody

Cover Species % Total % of
Species VI (cm) Cover Cover Plots
Prunus serotina 33.0 349 9.40 0.82 56.67
Fraxinus pennsylvanica 24.5 829 22.33 1.95 26.67
Carya cordiformis 24.4 450 12.12 1.06 36.67
Acer pseudoplatanus 14.7 472 12.71 1.11 16.67
Acer platanoides 11.6 242 6.52 0.57 16.67
Sassafras albidum 10.3 393 10.58 0.93 10
Acer negundo 7.3 170 4.58 0.40 10
Acer saccharum 7.1 155 4.17 0.37 10
Quercus rubra 6.0 75 2.02 0.18 10
Prunus avium 5.2 259 6.98 0.61 3.33
Liriodendron tulipifera 4.7 104 2.80 0.24 6.67
Quercus alba 4.1 59 1.59 0.14 6.67
Celtis occidentalis 3.6 19 0.51 0.04 6.67
Acer saccharinum 3.5 13 0.35 0.03 6.67
Populus alba 2.6 73 1.97 0.17 3.33
Quercus montana 2.2 40 1.08 0.09 3.33
Broussonetia papyrifera 1.8 10 0.27 0.02 3.33
Cornus florida 1.7 1 0.03 0.00 3.33
Acer rubrum 0.0
Ailanthus altissima 0.0
Fraxinus americana 0.0
llex crenata 0.0
Juglans nigra 0.0
Liguidambar styraciflua 0.0
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Morus alba 0.0

Quercus palustris 0.0

Quercus velutina 0.0

Robinia pseudoacacia 0.0

Tilia americana 0.0

Unrestored

Sassafras albidum 42.21 1190 34.41 0.95 50.00
Prunus serotina 30.16 818 23.66 0.66 36.67
Carya cordiformis 13.94 157 4.54 0.13 23.33
Morus alba 9.72 211 6.10 0.17 13.33
Robinia pseudoacacia 7.62 66 1.91 0.05 13.33
Juglans nigra 6.58 109 3.15 0.09 10.00
Acer rubrum 6.05 188 5.44 0.15 6.67
Quercus velutina 5.68 47 1.36 0.04 10.00
Quercus rubra 5.62 43 1.24 0.03 10.00
Acer saccharum 4.49 195 5.64 0.16 3.33
Fraxinus americana 4.42 75 2.17 0.06 6.67
Liquidambar styraciflua 4.06 50 1.45 0.04 6.67
Acer platanoides 3.93 41 1.19 0.03 6.67
Ailanthus altissima 3.56 16 0.46 0.01 6.67
llex crenata 3.39 119 3.44 0.10 3.33
Tilia americana 2.39 50 1.45 0.04 3.33
Quercus palustris 2.11 31 0.90 0.02 3.33
Acer pseudoplatanus 2.03 25 0.72 0.02 3.33
Cornus florida 1.88 15 0.43 0.01 3.33
Fraxinus pennsylvanica 1.84 12 0.35 0.01 3.33
Acer negundo 0.00

Acer saccharinum 0.00

Broussonetia papyrifera 0.00

Celtis occidentalis 0.00

Liriodendron tulipifera 0.00

Populus alba 0.00

Prunus avium 0.00

Quercusalba 0.00

Quercus montana 0.00
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A.30. Shrub species in the ground layer of restored (n=30) and unrestored plots
(n=30). Speciesnformation includesimportance value index (IV(Williams-
Linera, PalacioRios, and Hernandeadmez 2005)total cover percent otcover
among woody species in the ground laysrcent ofotal coverin restorecand
unrestoreglots, and percent of restored and unrestptets where species were

sampled. Species are ranked by their IVI.

Restored
% Woody %

Species  Total % of
Species VI Cover (cm) Cover Cover Plots
Rosa multiflora 36.1 1527 18.92 3.60 53.33
Lindera benzoin 31.0 1771 21.95 4.17 40.00
Rubusphoenicolasius 23.7 872 10.81 2.06 36.67
Viburnum dentatum 19.6 473 5.86 1.11 33.33
Rubus pensilvanicus 17.8 1262 15.64 2.97 20.00
Lonicera maackii 10.2 308 3.82 0.73 16.67
Rubus occidentalis 9.9 245 3.04 0.58 16.67
Rubus allegheniensis 6.8 553 6.85 1.30 6.67
Rubus flagellaris 4.6 201 2.49 0.47 6.67
Frangula alnus 3.6 37 0.46 0.09 6.67
Pachysandra terminalis 3.5 32 0.40 0.08 6.67
Philadelphus coronarius 2.7 162 2.01 0.38 3.33
Rhus typhina 2.5 138 1.71 0.33 3.33
Vinca minor 2.5 132 1.64 0.31 3.33
Ligustrum obtusifolium 2.5 128 1.59 0.30 3.33
Clethra alnifolia 2.3 100 1.24 0.24 3.33
Rubus odoratus 2.1 67 0.83 0.16 3.33
Viburnum prunifolium 2.0 55 0.68 0.13 3.33
Crataegus monogyna 1.7 0.07 0.01 3.33

Cornus amomum
Corylus americana
llex verticillata
Lonicera morrowii
Rhodotypos scandens
Sambucus nigra
Taxus baccata
Viburnum dilatatum
Viburnum opulus
Viburnum sieboldii
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Unrestored
Rosamultiflora

Rubus pensilvanicus
Viburnum dentatum
Rubus phoenicolasius
Rubus flagellaris
Lonicera maackii
Lindera benzoin
Rubus occidentalis
Viburnum prunifolium
Rubus allegheniensis
Philadelphus coronarius
Lonicera morrowii
Ligustrum obtusifolium
Rhodotypos scandens
Frangula alnus
Viburnum dilatatum
Sambucus nigra
Taxus baccata
Viburnum opulus
Cornus amomum
Corylus americana
Viburnum sieboldii
llex verticillata
Clethraalnifolia
Crataegus monogyna
Pachysandra terminalis
Rhus typhina

Rubus odoratus

Vinca minor

83.9
41.3
21.2
17.3
11.9
10.5
8.8
7.0
5.3
5.2
4.2
4.0
3.5
3.4
3.4
1.9
1.8
1.8
1.8
1.8
1.7
1.7
1.7

30408

5406
1026
1940
235
395
371
249
299
137
759
551
156
95
46
228
135
93
83
75
47
36
12

eoNoleNelele

71.08
12.64
2.40
4.53
0.55
0.92
0.87
0.58
0.70
0.32
1.77
1.29
0.36
0.22
0.11
0.53
0.32
0.22
0.19
0.18
0.11
0.08
0.03

24.40
4.34
0.82
1.56
0.19
0.32
0.30
0.20
0.24
0.11
0.61
0.44
0.13
0.08
0.04
0.18
0.11
0.07
0.07
0.06
0.04
0.03
0.01

96.67
70.00
40.00
30.00
23.33
20.00
16.67
13.33
10.00
10.00
6.67
6.67
6.67
6.67
6.67
3.33
3.33
3.33
3.33
3.33
3.33
3.33
3.33

182



A.31. Vine species in the ground layer of restored (n=30) and unrestored plots
(n=30). Speciesnformation includesimportance value index (IV(Williams-

Linera, PalacioRios, and Hernandeaomez 2005)total cover percent otcove
among woody species in the ground laysrcent ofotal coverin restorecand
unrestoreglots, and percent of restored and unrestored plots where species were

sampled. Species are ranked by their IVI.

Restored
% Woody %

Cover Species Total % of
Species VI (cm) Cover Cover Plots
Toxicodendron radicans 54.17 3758 28.34 8.86 80.00
Parthenocissus quinquefolia  50.99 2915 2198 6.87 80.00
Lonicera japonica 36.27 2988 2253 7.04 50.00
Ampelopsis brevipedunculata 26.77 912 6.88 2.15 46.67
Hedera helix 9.94 1310 9.88 3.09 10.00
Celastrus orbiculatus 8.40 459 3.46 1.08 13.33
Vitis riparia 788 322 243 0.76 13.33
Smilax rotundifolia 3.91 153 1.15 0.36 6.67
Wisteria sinensis 1.86 52 0.39 0.12 3.33
Rubus laciniatus 1.78 30 0.23 0.07 3.33
Vitis x novaeangliae 1.68 4 0.03 0.01 3.33
Clematis virginiana 0
Vitis aestivalis 0
Vitis labrusca 0
Unrestored
Ampelopsis brevipedunculata 60.07 24214 40.14 19.43 80.00
Parthenocissus quinquefolia  50.63 4787 794 3.84 93.33
Lonicera japonica 48.69 8474 1405 6.80 83.33
Celastrus orbiculatus 48.19 9882 16.38 7.93 80.00
Toxicodendron radicans 40.23 4305 7.14 3.45 73.33
Vitis aestivalis 21.68 4038 6.69 3.24 36.67

183



Smilax rotundifolia
Vitis labrusca

Vitis riparia

Hedera helix
Wisteria sinensis
Clematis virginiana
Rubus laciniatus
Vitis X novaeangliae

10.42
10.01
4.38
3.36
1.86
1.67
0.00
0.00

503
2020
1260

27

235

0.83
3.35
2.09
0.04
0.39
0.01
0.00
0.00

0.40
1.62
1.01
0.02
0.19
0.01
0.00
0.00

20.00
16.67
6.67
6.67
3.33
3.33
0.00
0.00
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A.3.3.2 Shade Tolerance of Woody Species in the Ground Layer
A.32. Shade tolerant woody species in the ground layer of restored (n=30) and
unrestored plots (n=30Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios, and HernAnde26mez 2005)total cover percent
of cover among shade tolerant woody species in the ground pereent ofotal
coverin restoredand unrestoreglots, and percent of restored and unrestored plots

where species were sampled. Species are ranked by their IVI.

Restored

Cover % Shade %Total % of
Species VI (cm) Tolerant Cover Cover Plots
Lonicera japonica 28.5 2988 35.37 7.04 50.00
Fraxinus pennsylvanica 14.3 829 9.81 195 26.67
Rubus pensilvanicus 115 1262 14.94 2.97 20.00
Celastrus orbiculatus 7.2 459 5.43 1.08 13.33
Hedera helix 6.5 1310 15.50 3.09 10.00
Acer negundo 5.2 170 2.01 0.40 10.00
Acer saccharum 5.2 155 1.83 0.37 10.00
Rubus allegheniensis 4.0 553 6.55 1.30 6.67
Celtis occidentalis 3.4 19 0.16 0.04 6.67
Pachysandra terminalis 3.4 32 0.38 0.08 6.67
Vinca minor 1.8 132 1.56 0.31 3.33
Viburnum prunifolium 1.7 55 0.65 0.13 3.33
Rubus laciniatus 1.7 30 0.36 0.07 3.33
Cornus florida 1.7 1 0.01 0.00 3.33
llex crenata 0
Lonicera morrowii 0
Rhodotypos scandens 0
Taxus baccata 0
Tilia americana 0
Viburnum opulus 0
Vitis aestivalis 0
Unrestored
Lonicera japonica 45.1 8474 27.81 6.80 83.33
Celastrus orbiculatus 44.0 9882 32.44 7.93 80.00
Rubus pensilvanicus 37.2 5406 17.74 4.34 70.00
Vitis aestivalis 20.0 4038 13.25 3.24 36.67
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Viburnum prunifolium
Rubus allegheniensis
Lonicera morrowii
Rhodotypos scandens
Hedera helix

Acer saccharum

llex crenata
Taxusbaccata

Tilia americana

Cornus florida
Viburnum opulus
Fraxinus pennsylvanica
Acer negundo

Celtis occidentalis
Pachysandra terminalis
Rubus laciniatus

Vinca minor

5.1
5.1
3.6
3.4
3.3
1.7
1.7
1.7
1.7
1.7
1.7
1.7

299
137
551
95
27
195
119
93
50
15
83

O O oo

0.98
0.45
1.81
0.31
0.09
0.64
0.39
0.31
0.16
0.05
0.21
0.04

0.24
0.11
0.44
0.08
0.02
0.16
0.10
0.07
0.04
0.01
0.07
0.01

10.00
10.00
6.67
6.67
6.67
3.33
3.33
3.33
3.33
3.33
3.33
3.33
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A. 33 Woody species with intermediate shade tolerance in the ground layer of

restored (n=30) and unrestored plots (n=3&Peciesnformation includes:

importance value index (IV(Williams-Linera, PalaciofRios, and Hernandez

GoOmez 2005)total coverpercent otover amongntermediateshade tolerant woody

species in the ground laygrercent ototd coverin restorecand unrestoreglots,

and percent of restored and unrestored plots where species were sampled. Species are

ranked by their IVI.

Restored
%
Intermediate %

Cover Shade Tolerant Total % of
Species VI (cm) Cover Cover Plots
Toxicodendron radicans 44.4 3758 31.30 8.86 80.00
Parthenocissus quinquefolic 43.4 2915 24.28 6.87 80.00
Ampelopsis
brevipedunculata 24.4 912 7.59 2.15 46.67
Lindera benzoin 22.1 1771 14.75 4.17 40.00
Rubus phoenicolasius 194 872 7.26 2.06 36.67
Viburnum dentatum 17.2 473 560 1.11 33.33
Lonicera maackii 8.7 308 7.29 0.73 16.67
Rubus occidentalis 8.6 245 2.04 0.58 16.67
Acer platanoides 8.6 242 2.02 057 16.67
Vitis riparia 7.0 322 2.68 0.76 13.33
Quercus rubra 51 75 0.62 0.18 10.00
Rubus flagellaris 3.6 201 1.67 047 6.67
Quercus alba 3.4 59 049 0.14 6.67
Acer saccharinum 3.3 13 0.11 0.03 6.67
Prunus avium 2.0 259 216 0.61 3.33
Ligustrum obtusifolium 1.8 128 1.07 030 3.33
Clethra alnifolia 1.8 100 0.83 0.24 3.33
Rubusodoratus 1.7 67 056 0.16 3.33
Quercus montana 1.7 40 0.33 0.09 3.33
Wisteria sinensis 1.7 1.23 0.12 3.33

Acer rubrum
Clematis virginiana
Cornus amomum
Corylus americana
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llex verticillata
Morus alba
Quercus velutina
Viburnum dilatatum
Viburnum sieboldii
Vitis labrusca

[eoNelelNolNolo]

Unrestored
Ampelopsis
brevipedunculata

Parthenocissus quinquefolie
Toxicodendron radicans

Viburnum dentatum

Rubus phoenicolasius

Rubus flagellaris
Lonicera maackii
Vitis labrusca
Lindera benzoin
Rubus occidentalis
Morus alba
Quercus rubra
Quercus velutina
Vitis riparia

Acer rubrum

Ligustrum obtusifolium

Acer platanoides
Wisteria sinensis
Viburnum dilatatum
Cornusamomum
Corylus americana
Viburnum sieboldii
llex verticillata
Clematis virginiana
Acer saccharinum
Clethra alnifolia
Prunus avium
Quercus alba
Quercus montana
Rubus odoratus

49.7
48.6
38.4
20.4
15.8
11.8
10.2
9.1
8.5
6.8
6.8
5.0
5.0
3.8
3.4
3.4
3.3
1.8
1.8
1.7
1.7
1.7
1.7
1.7

24214
4787
4305
1026.00
1940
235
395
2020
371
249
211
43
47.00
1260
188
156
41
235
228
75

47
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62.69
12.39
11.15
3.37
5.02
0.61
1.07
5.47
0.96
0.64
0.55
0.11
0.15
3.26
0.49
0.40
0.11
0.64
0.59
0.19
0.12
0.09
0.03
0.02

19.43
3.84
3.45
0.82
1.56
0.19
0.32
1.62
0.30
0.20
0.17
0.03
0.04
1.01
0.15
0.13
0.03
0.19
0.18
0.06
0.04
0.03
0.01
0.01

80.00
93.33
73.33
40.00
30.00
23.33
20.00
16.67
16.67
13.33
13.33
10.00
10.00
6.67
6.67
6.67
6.67
3.33
3.33
3.33
3.33
3.33
3.33
3.33
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A.34. Shade intolerant woody species in the ground layer of restored (h=30) and
unrestored plots (n=30Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios, and Hernande@6mez 2005)total coverpercent

of cover among shade intolerant woody species in the ground pereent ototal
coverin restoredand unrestoreglots, and percent of reseat and unrestored plots

where species were sampled. Species are ranked by their IVI.

Restored
% Shade

Cover Intolerant %Total % of
Species VI (cm) Cover Cover  Plots
Prunus serotina 28.7 349 8.26 0.82 56.67
Rosa multiflora 28.5 1527 36.15 3.60 53.33
Carya cordiformis 18.9 450 10.65 1.06 36.67
Acer pseudoplatanus 8.9 472 11.17 1.11 16.67
Sassafras albidum 5.5 393 9.30 0.93 10.00
Smilax rotundifolia 3.5 153 3.62 0.36 6.67
Liriodendron tulipifera 3.5 104 2.46 0.25 6.67
Frangula alnus 3.4 37 0.88 0.09 6.67
Philadelphus coronarius 1.9 162 3.84 0.38 3.33
Rhus typhina 1.8 138 3.27 0.33 3.33
Populus alba 1.8 73 1.73 0.17 3.33
Broussonetia papyrifera 1.7 10 0.08 0.02 3.33
Crataegus monogyna 1.7 6 0.14 0.01 3.33
Ailanthus altissima 0
Fraxinus americana 0
Juglans nigra 0
Liguidambar styraciflua 0
Quercus palustris 0
Robinia pseudoacacia 0
Sambucus nigra 0
Unrestored
Rosa multiflora 60.5 30408 82.40 24.40 96.67
Sassafras albidum 25.5 1190 3.22 0.95 50.00
Prunus serotina 18.7 818 2.22 0.66 36.67
Carya cordiformis 11.7 157 0.43 0.13 23.33
Smilax rotundifolia 10.2 503 1.36 0.40 20.00
Robinia pseudoacacia 6.7 66 0.18 0.05 13.33
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Juglans nigra
Philadelphuscoronarius
Fraxinus americana
Liquidambar styraciflua
Frangula alnus
Ailanthus altissima
Quercus palustris
Acerpseudoplatanus
Sambucus nigra
Broussonetia papyrifera
Crataegus monogyna
Liriodendron tulipifera
Populus alba

Rhus typhina

5.0
3.6
3.4
3.4
3.4
3.3
1.7
1.7
1.7

109
759
75
50
46
16
31
25
135
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0.30
2.06
0.20
0.14
0.12
0.04
0.08
0.07
0.35

0.09
0.61
0.06
0.04
0.04
0.01
0.02
0.02
0.11

10.00
6.67
6.67
6.67
6.67
6.67
3.33
3.33
3.33
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A.3.3.3 Seed Dispersal of Woody Species in tBgound Layer
A.35. Wind dispersed woody species in the ground layer of restored (n=30) and
unrestored plots (n=30Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios, and Hernande@6mez 2005)total cover percent
of cover among wind dispersed woody species in the ground |asmeent ofotal
coverin restoredand unrestoreglots, and percent of restored and unrestored plots

where species were samplesipecies are ranked by their IVI.

Restored
% Wind

Cover Dispersal % Total % of
Species VI (cm) Cover Cover  Plots
Fraxinus pennsylvanica 14.3 829 40.28 1.95 26.67
Acer pseudoplatanus 8.9 472 22.93 1.11 16.67
Acer platanoides 8.6 242 11.76 0.57 16.67
Acer negundo 5.2 170 8.26 0.40 10.00
Acer saccharum 5.2 155 7.53 0.37 10.00
Liriodendron tulipifera 3.5 104 5.05 0.25 6.67
Acer saccharinum 3.3 13 0.63 0.03 6.67
Populus alba 1.8 73 3.55 0.17 3.33
Acer rubrum 0
Ailanthus altissima 0
Clematis virginiana 0
Fraxinus americana 0
Liquidambar styraciflua 0
Unrestored
Acer rubrum 3.4 188 30.82 0.15 6.67
Fraxinus americana 3.4 75 12.30 0.06 6.67
Liquidambar styraciflua 3.4 50 8.20 0.04 6.67
Acerplatanoides 3.3 41 6.72 0.03 6.67
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Ailanthus altissima
Acer saccharum

Acer pseudoplatanus
Fraxinus pennsylvanica
Clematis virginiana
Acer negundo

Acer saccharinum
Liriodendron tulipifera
Populus alba

3.3
1.7
1.7
1.7
1.7

16
195
25
12

o O O O

2.62
31.97
4.10
1.97
131

0.01
0.16
0.02
0.01
0.01

6.67
3.33
3.33
3.33
3.33
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A. 36. Woody species with unassisted seed dispersal in the ground layer of restored
(n=30) and unrestored plots (n=3@peciesnformation includesimportance value
index (IVI) (Williams-Linera, Palaciofios, and Hernandedémez 2005)total
cover,percent otover among woody species with unassisted seed dispersal in the
ground layerpercent ofotal coverin restorecand unrestoreglots, and percent of

restored and unrestored plots where species were sampled. Species are ranked by

their IVI.
Restored
% Unassisted
Cover Dispersal % Total % of
Species VI (cm) Cover Cover Plots
Philadelphus coronarius 1.9 162 41.54 0.38 3.33
Ligustrum obtusifolium 1.8 128 32.82 0.30 3.33
Clethra alnifolia 1.8 100 25.64 0.24 3.33
Robinia pseudoacacia 0
Unrestored
Robinia pseudoacacia 6.7 66 6.40 0.05 13.33
Philadelphus coronarius 3.6 759 73.62 0.61 6.67
Ligustrum obtusifolium 3.4 156 15.13 0.13 6.67
Clethra alnifolia 0
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A.37. Endozoochoric woody species in the ground layer of restored (and0)
unrestored plots (n=30Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios, and Hernande@6mez 2005)total coverpercent
of cover among endozoochoric woody species in thergréayer percent ototal
coverin restoredand unrestoreglots, and percent of restoradd unrestoreglots

where species were sampled. Species are ranked by their IVI.

Restored
% %

Cover Endozoochoric Total % of
Species VI (cm) Cover Cover Plots
Toxicodendron radicans 44.4 3758 1754 8.86 80.00
Parthenocissus quinquefolie 43.4 2915 13.60 6.87 80.00
Prunus serotina 28.7 349 1.63 0.82 56.67
Lonicera japonica 28.5 2988 13.94 7.04 50.00
Rosa multiflora 285 1527 7.13 3.60 53.33
Ampelopsis
brevipedunculata 24.4 912 4.26 2.15 46.67
Lindera benzoin 221 1771 8.26 4.17 40.00
Rubus phoenicolasius 194 872 4.07 2.06 36.67
Viburnum dentatum 17.2 473 2.21 1.11 33.33
Rubus pensilvanicus 115 1262 5.89 2.97 20.00
Loniceramaackii 8.7 308 1.44 0.73 16.67
Rubus occidentalis 8.6 245 1.14 0.58 16.67
Celastrus orbiculatus 7.2 459 2.14 1.08 13.33
Vitis riparia 7.0 322 1.50 0.76 13.33
Hedera helix 6.5 1310 6.11 3.09 10.00
Sassafras albidum 55 393 1.83 0.93 10.00
Rubusallegheniensis 4.0 553 2.58 1.30 6.67
Rubus flagellaris 3.6 201 094 047 6.67
Smilax rotundifolia 3.5 153 0.71 0.36 6.67
Frangula alnus 3.4 37 0.17 0.09 6.67
Pachysandra terminalis 3.4 32 0.15 0.08 6.67
Celtis occidentalis 3.4 19 0.09 0.04 6.67
Prunus avium 2.0 259 1.21 0.61 3.33
Rhus typhina 1.8 138 0.64 0.33 3.33
Rubus odoratus 1.7 67 0.31 0.16 3.33
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Viburnum prunifolium 1.7 55 0.26 0.13 3.33
Rubus laciniatus 1.7 30 0.14 0.07 3.33
Broussonetia papyrifera 1.7 10 0.05 0.02 3.33
Crataegus monogyna 1.7 6 0.03 0.01 3.33
Vitis x novaeangliae 1.7 4 0.02 0.01 3.33
Cornus florida 1.7 1 0.005 0.002 3.33
Cornus amomum 0

Corylus americana 0

llex crenata 0

llex verticillata 0

Lonicera morrowii 0

Morus alba 0

Rhodotypos scandens 0

Sambucus nigra 0

Taxus baccata 0

Viburnum dilatatum 0

Viburnum opulus 0

Viburnum sieboldii 0

Vitis aestivalis 0

Vitis labrusca 0

Unrestored

Rosa multiflora 60.5 30408 29.31 24.40 96.67
Ampelopsis

brevipedunculata 49.7 24214 23.34 19.43 80.00
Parthenocissus quinquefolie 48.6 4787 461  3.84 93.33
Lonicera japonica 45.1 8474 8.17 6.80 83.33
Celastrus orbiculatus 44,0 9882 9.53 7.93 80.00
Toxicodendronradicans 38.4 4305 4.15 3.45 73.33
Rubus pensilvanicus 37.2 5406 5.21 4.34 70.00
Sassafras albidum 255 1190 1.15 0.95 50.00
Viburnum dentatum 20.4 1026 0.99 0.82 40.00
Vitis aestivalis 20.0 4038 3.89 3.24 36.67
Prunus serotina 18.7 818 0.79 0.66 36.67
Rubus phoenicolasius 15.8 1940 1.87 1.56 30.00
Rubus flagellaris 11.8 235 0.23 0.19 23.33
Smilax rotundifolia 10.2 503 0.48 0.40 20.00
Lonicera maackii 10.2 395 0.38 0.32 20.00
Vitis labrusca 9.1 2020 1.95 1.62 16.67
Lindera benzoin 8.5 371 0.36 0.30 16.67
Rubus occidentalis 6.8 249 0.24 0.20 13.33
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Morus alba

Viburnum prunifolium
Rubus allegheniensis
Vitis riparia

Lonicera morrowii
Rhodotypos scandens
Frangula alnus
Hedera helix
Viburnum dilatatum
Sambucus nigra

llex crenata

Taxus baccata
Viburnum opulus
Cornus amomum
Corylus americana
Viburnum sieboldii
Cornus florida

llex verticillata
Broussonetia papyrifera
Celtis occidentalis
Crataegus monogyna
Pachysandra terminalis
Prunus avium

Rhus typhina

Rubus laciniatus
Rubus odoratus

Vitis X novaeangliae

6.8
5.1
5.1
3.8
3.6
3.4
3.4
3.3
1.8
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7

211
299
137
1260
551
95
46
27
228
135
119

o
w

(o]
w

~
a1

SN
~

w
»

[ERN
a1

[ERN
N

O OO OO0 OO0 oo

0.20
0.29
0.13
1.21
0.53
0.09
0.04
0.03
0.22
0.13
0.11
0.09
0.08
0.07
0.05
0.03
0.01
0.01

0.17
0.24
0.11
1.01
0.44
0.08
0.04
0.02
0.18
0.11
0.10
0.07
0.07
0.06
0.04
0.03
0.01
0.01

13.33
10.00
10.00
6.67
6.67
6.67
6.67
6.67
3.33
3.33
3.33
3.33
3.33
3.33
3.33
3.33
3.33
3.33
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A.38. Woody species dispersed by seed hoarding in the ground layer of restored
(n=30) and unrestored plots (n=3@peciesnformation includesimportance value
index (IVI) (Williams-Linera, Palaciofios, and Hernandedémez 2005)total
cover,percent otcover by woody species dispersed by hoarding in the ground layer
percent ototal coverin restoredand unrestoreglots, and percent of resed and

unrestored plots where species were sampled. Species are ranked by their IVI.

Restored

Cover % Hoarding % Total % of
Species VI (cm) Cover Cover Plots
Carya cordiformis 18.9 450 72.12 1.06 36.67
Quercus rubra 51 75 12.02 0.18 10.00
Quercus alba 3.4 59 9.46 0.14 6.67
Quercus montana 1.7 40 6.41 0.09 3.33
Juglans nigra 0
Quercus palustris 0
Quercus velutina 0
Unrestored
Carya cordiformis 11.7 157 40.57 0.13 23.33
Juglans nigra 5.0 109 28.17 0.09 10.00
Quercus velutina 5.0 47 12.14 0.04 10.00
Quercus rubra 5.0 43 11.11 0.03 10.00
Quercus palustris 1.7 31 8.01 0.02 3.33
Quercus alba 0
Quercus montana 0
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A.39. Ant dispersed woody species in the ground layeestiored (n=30) and
unrestored plots (n=30Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios, and Hernande@6mez 2005)total coverpercent

of cover by woody specialispersed by ants in the ground lgysgrcent ototal
coverin restoredand unrestoreglots, and percent of restored and unrestored plots

where species were sampled. Species are ranked by their IVI.

% Ant % Total % of

Species IVI  Cover (cm) Cover Cover Plots
Restored Vinca minor 1.8 132 100.00 0.31 3.33
Unrestored Vinca minor 0 0 0.00 0.00

A.40. Woody species dispersed by other dispersal modes, these modes included
dispersal by water and launching, in the grolayer of restored (n=30) and
unrestored plots (n=30)Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios, and Hernande26mez 2005)total coverpercent

of cover by woody species deysed by other modes in the ground lapercent of
total coverin restoredand unrestoreglots, and percent of restored and unrestored

plots where species were sampled. Species are ranked by their IVI.

% Other %
Cover Dispersal Total % of
Species VI (cm) Cover  Cover Plots
Restored  Wisteria sinensis 1.7 52 100 0.12 3.33

Unrestored Wisteria sinensis 1.8 235 100.00 0.19 3.33
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A.3.3.4. Pollination Syndromes of Woody Species in the Ground Layer
A.41. Abiotically pollinated woody species in the ground layer of restored (n=30) and
unrestored plots (n=30Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios, and HernAnde26mez 2005)total cover percent
of cover by abiotically pollinated woody species in the ground Jgpecent ofotal
coverin restoredand unrestoreglots, and percent of restored and unrestored plots

where species were sampled. Species are ranked by their IVI.

Restored
% Abiotic

Cover Pollination % Total % of
Species VI (cm) Cover Cover  Plots
Carya cordiformis 18.9 450 28.94 1.06 36.67
Fraxinus pennsylvanica 14.3 829 53.31 195 26.67
Quercus rubra 51 75 4.82 0.18 10.00
Quercus alba 3.4 59 3.79 0.14 6.67
Celtis occidentalis 3.4 19 1.22 0.04 6.67
Populus alba 1.8 73 4.69 0.17 3.33
Quercus montana 1.7 40 2.57 0.09 3.33
Broussonetia papyrifera 1.7 10 0.64 0.02 333
Corylus americana 0
Fraxinus americana 0
Juglans nigra 0
Morus alba 0
Quercus palustris 0
Quercus velutina 0
Taxus baccata 0
Unrestored
Quercus rubra 5.0 43 521 0.03 10.00
Carya cordiformis 11.7 157 19.03 0.13 23.33
Quercus velutina 5.0 47 5.70 0.04 10.00
Morus alba 6.8 211 25.58 0.17 13.33
Taxus baccata 1.7 93 11.27 0.07 3.33
Fraxinus americana 3.4 75 9.09 0.06 6.67
Juglans nigra 5.0 109 13.21 0.09 10.00
Corylus americana 1.7 47 5.70 0.04 3.33
Quercus palustris 1.7 31 3.76 0.02 3.33
Fraxinus pennsylvanica 1.7 12 1.45 0.01 3.33
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Broussonetia papyrifera
Celtis occidentalis
Populus alba

Quercus alba
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A.42. Biotically pollinated woody species in the ground layer of restored (n=30) and
unrestored plotén=30). Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios, and Hernande@6mez 2005)total coverpercent

of cover by biotically pollinated woody species in the ground |gyemrcenof total
coverin restoredand unrestoreglots, and percent of restored and unrestored plots

where species were sampled. Species are ranked by their IVI.

Restored
% Biotic %

Cover Pollination Total % of
Species VI (cm) Cover Cover Plots
Toxicodendron radicans 44.4 3758 16.36  8.86 80.00
Parthenocissus quinquefolia  43.4 2915 12.69 6.87 80.00
Prunus serotina 28.7 349 1.52 0.82 56.67
Lonicera japonica 28.5 2988 13.01 7.04 50.00
Rosa multiflora 28.5 1527 6.65 3.60 53.33
Ampelopsis brevipedunculata 24.4 912 397 215 46.67
Lindera benzoin 221 1771 7.71 417 40.00
Rubus phoenicolasius 19.4 872 3.80 2.06 36.67
Viburnum dentatum 17.2 473 2.06 1.11 33.33
Rubus pensilvanicus 115 1262 5.49 2.97 20.00
Acerpseudoplatanus 8.9 472 2.06 1.11 16.67
Lonicera maackii 8.7 308 1.34 0.73 16.67
Rubus occidentalis 8.6 245 1.07 0.58 16.67
Acer platanoides 8.6 242 1.05 0.57 16.67
Celastrus orbiculatus 7.2 459 2.00 1.08 13.33
Vitis riparia 7.0 322 140 0.76 13.33
Hedera helix 6.5 1310 570 3.09 10.00
Sassafras albidum 5.5 393 1.71 0.93 10.00
Acer negundo 5.2 170 0.74 0.40 10.00
Acer saccharum 5.2 155 0.67 0.37 10.00
Rubus allegheniensis 4.0 553 2.41 1.30 6.67
Rubus flagellaris 3.6 201 0.88 047 6.67
Smilax rotundifolia 3.5 153 0.67 0.36 6.67
Liriodendron tulipifera 3.5 104 045 0.25 6.67
Frangula alnus 3.4 37 0.16 0.09 6.67
Pachysandra terminalis 3.4 32 0.14 0.08 6.67
Acer saccharinum 3.3 13 0.06 0.03 6.67
Prunus avium 2.0 259 1.13 0.61 3.33
Rhus typhina 1.8 138 0.60 0.33 3.33
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Vinca minor 1.8 132 0.57 0.31 3.33
Ligustrum obtusifolium 1.8 128 056 030 3.33
Clethra alnifolia 1.8 100 0.44 0.24 3.33
Rubus odoratus 1.7 67 0.29 0.16 3.33
Viburnum prunifolium 1.7 55 0.24 0.13 3.33
Wisteria sinensis 1.7 52 0.23 0.12 3.33
Rubus laciniatus 1.7 30 0.13 0.07 3.33
Crataegus monogyna 1.7 6 0.03 0.01 3.33
Vitis x novaeangliae 1.7 4 0.02 0.01 3.33
Cornus florida 1.7 1 0.00 0.00 3.33
Acer rubrum 0

Ailanthus altissima 0

Clematis virginiana 0

Cornus amomum 0

llex crenata 0

llex verticillata 0

Liquidambar styraciflua 0

Lonicera morrowii 0

Rhodotypos scandens 0

Robinia pseudoacacia 0

Sambucus nigra 0

Tilia americana 0

Viburnum dilatatum 0

Viburnum opulus 0

Viburnum sieboldii 0

Vitis aestivalis 0

Vitis labrusca 0

Unrestored

Rosa multiflora 60.5 30408 29.12 24.40 96.67
Ampelopsis brevipedunculata 49.7 24214 23.19 1943 80.00
Celastrus orbiculatus 44,0 9882 9.46 7.93 80.00
Lonicera japonica 451 8474 8.12 6.80 83.33
Rubus pensilvanicus 37.2 5406 5.18 4.34 70.00
Parthenocissus quinquefolia 48.6 4787 458 3.84 9333
Toxicodendron radicans 38.4 4305 4.12 3.45 73.33
Vitis aestivalis 20.0 4038 3.87 3.24 36.67
Vitis labrusca 9.1 2020 1.93 1.62 16.67
Rubus phoenicolasius 15.8 1940 1.86 156 30.00
Vitis riparia 3.8 1260 1.21 1.01 6.67
Sassafras albidum 25,5 1190 1.14 0.95 50.00
Viburnum dentatum 20.4 1026 0.98 0.82 40.00
Prunus serotina 18.7 818 0.78 0.66 36.67
Lonicera morrowii 3.6 551 0.53 0.44 6.67
Smilax rotundifolia 10.2 503 0.48 0.40 20.00
Lonicera maackii 10.2 395 0.38 0.32 20.00
Lindera benzoin 8.5 371 0.36 0.30 16.67
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Viburnum prunifolium
Rubus occidentalis
Rubus flagellaris
Wisteria sinensis
Viburnum dilatatum
Acer saccharum

Acer rubrum
Ligustrum obtusifolium
Rubus allegheniensis
Sambucus nigra

llex crenata
Rhodotypos scandens
Viburnum opulus
Cornus amomum
Robinia pseudoacacia
Liquidambar styraciflua
Tilia americana
Frangula alnus

Acer platanoides
Viburnum sieboldii
Hedera helix

Acer pseudoplatanus
Ailanthus altissima
Cornus florida

llex verticillata
Clematis virginiana
Acer negundo

Acer saccharinum
Clethra alnifolia
Crataegus monogyna
Liriodendron tulipifera
Pachysandra terminalis
Prunus avium

Rhus typhina
Rubuslaciniatus
Rubus odoratus
Vinca minor

Vitis X novaeangliae

5.1
6.8
11.8
1.8
1.8
1.7
3.4
3.4
5.1
1.7
1.7
3.4
1.7
1.7
6.7
3.4
1.7
3.4
3.3
1.7
3.3
1.7
3.3
1.7
1.7
1.7
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235
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188
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137
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119
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0.24
0.23
0.23
0.22
0.19
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0.13
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0.11
0.09
0.08
0.07
0.06
0.05
0.05
0.04
0.04
0.03
0.03
0.02
0.02
0.01
0.01
0.01

0.24
0.20
0.19
0.19
0.18
0.16
0.15
0.13
0.11
0.11
0.10
0.08
0.07
0.06
0.05
0.04
0.04
0.04
0.03
0.03
0.02
0.02
0.01
0.01
0.01
0.01

10.00
13.33
23.33
3.33
3.33
3.33
6.67
6.67
10.00
3.33
3.33
6.67
3.33
3.33
13.33
6.67
3.33
6.67
6.67
3.33
6.67
3.33
6.67
3.33
3.33
3.33

203



A.3.3.5. Lifespan of Tree Species in the Ground Layer

A.43. Tree species with long lifespans in the ground layer of restored (n=30) and

unrestored plots (n=30Speciesnformation includesimportance value index (IVI)

(Williams-Linera, PalaciofRios, and HernAnde26mez 2005)total cover percent

of cover by tree species with long lifespans in the grdayek, percent ofotal cover

in restoredand unrestoredlots, and percent of restored and unrestored plots where

species were sampled. Species are ranked by their IVI.

Restored

Cover % Long % Total % of
Species VI (cm) Lifespan Cover  Cover Plots
Acer saccharum 5.18 155 72.43 0.37 10.00
Quercus rubra 5.09 75 35.05 0.18 10.00
Quercus alba 3.40 59 27.57 0.14 6.67
Liguidambar styraciflua 0
Unrestored
Acer saccharum 1.74 195 79.59 0.156 3.33
Liquidambar
styraciflua 3.35 50 20.41 0.040 6.67
Quercus rubra 5.02 43 17.55 0.035 10.00
Quercus alba 0
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A.44. Tree species with moderate lifespans in the ground layer of restored (n=30) and
unrestored plots (n=30Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios, and Hernande@6mez 2005)total coverpercent

of cover by tree species with moderate lifespans in the ground [sreent ototal

coverin restoredand unrestoreglots, and percent of restored and unrestored plots

where species were sampled. Species are ranked by their IVI.

Restored
% Moderate

Cover Lifespan % Total % of
Species VI (cm) Cover Cover Plots
Prunus serotina 28.7 349 23.79 0.823 56.67
Carya cordiformis 18.9 450 30.67 1.06 36.67
Acer pseudoplatanus 8.9 472 32.17 1.11 16.67
Liriodendron tulipifera 3.5 104 7.09 0.25 6.67
Celtis occidentalis 3.4 19 1.30 0.04 6.67
Populus alba 1.8 73 4.98 0.172 3.33
Fraxinus americana 0.0 0
Juglans nigra 0.0 0
Morus alba 0.0 0
Quercus palustris 0.0 0
Quercus velutina 0.0 0
Tilia americana 0.0 0
Unrestored
Prunus serotina 18.7 818 53.71 0.66 36.67
Carya cordiformis 11.7 157 10.31 0.13 23.33
Morus alba 6.8 211 13.85 0.17 13.33
Juglans nigra 5.0 109 7.16 0.087 10.00
Quercus velutina 5.0 47 3.09 0.04 10.00
Fraxinus americana 3.4 75 4.92 0.060 6.67
Tilia americana 1.7 50 3.28 0.040 3.33
Quercus palustris 1.7 31 2.04 0.02 3.33
Acer pseudoplatanus 1.7 25 1.64 0.02 3.33
Celtis occidentalis 0.0 0
Liriodendron tulipifera 0.0 0
Populus alba 0.0 0
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A.45. Tree species with short lifespans in the ground layer of restored (n=30) and
unrestored plots (n=30Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios, and Hernande@6mez 2005)total coverpercent

of cover by tree species with short lifespans in the ground,|pgecent ototal cover
in restoredand unrestoregdlots, and percent of reseat and unrestored plots where

species were sampled. Species are ranked by their IVI.

Restored

Cover % Short % Total % of
Species VI (cm) Lifespan Cover  Cover Plots
Fraxinus pennsylvanica 14.3 829 43.47 195 26.67
Acer platanoides 8.6 242 12.69 0.57 16.67
Sassafras albidum 55 393 20.61 0.93 10.00
Acer negundo 5.2 170 8.91 0.40 10.00
Acer saccharinum 3.3 13 0.68 0.031 6.67
Prunus avium 2.0 259 13.58 0.61 3.33
Cornus florida 1.7 1 0.05 0.00 3.33
Acer rubrum 0.0 0
Ailanthus altissima 0.0 0
Robinia pseudoacacia 0.0 0
Unrestored
Sassafras albidum 25,5 1190 77.88 0.95 50.00
Robinia pseudoacacia 6.7 66 4.32 0.053 13.33
Acer rubrum 3.4 188 12.30 0.151 6.67
Acer platanoides 3.3 41 2.68 0.033 6.67
Ailanthus altissima 3.3 16 1.05 0.01 6.67
Cornus florida 1.7 15 0.98 0.012 3.33
Fraxinus pennsylvanica 1.7 12 0.79 0.01 3.33
Acer negundo 0.0 0
Acer saccharinum 0.0 0
Prunus avium 0.0 0
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A.3.4Herbaceous Species in t@ound Layer

A.3.4.1 Growth Forms of Herbaceous Species in the Ground Layer
A.46. Annual species in the ground layer of restored (n=30) and unrestored plots
(n=30). Speciesnformation includesimportance value index (IV{Williams-
Linera, PalaciofRios, and HernAndeadmez 2005)total cover percent ocover ly
annual species in the ground layeercent ototal coverin restorecand unrestored
plots, and percent of restored and unrestptets where species were sampled.

Species are ranked by their IVI.

Restored

Cover % Annual % Total % of
Species VI (cm) Cover Cover Plots
Impatiens capensis 23.3 2758 89.0 6.50 40.00
Amphicarpaea bracteata 3.6 217 7.0 051 6.67
Polygonum cespitosum 3.4 20 0.6 0.05 6.67
Echinocystis lobata 1.7 47 15 0.11 3.33
Sicyos angulatus 1.7 33 1.1 0.08 3.33
Ambrosia trifida 1.7 22 0.7 0.05 3.33
Pilea pumila 1.7 1 0.0 0.00 3.33
Humulus japonicus 0
Polygonum perfoliatum 0
Unrestored
Impatiens capensis 31.8 4492 89.1 3.60 60.00
Polygonum cespitosum 5.0 69 1.4 0.06 10.00
Polygonum perfoliatum 1.8 402 8.0 0.32 3.33
Pilea pumila 1.7 50 1.0 0.04 3.33
Humulus japonicus 1.7 0.4 0.02 3.33
Sicyos angulatus 1.7 0.1 0.01 3.33

Ambrosia trifida
Amphicarpaea bracteata
Echinocystis lobata

N
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A.47. Perennial species in the ground layer of restored (ne3®unrestored plots
(n=30) Speciesnformation includesimportance value index (IV(Williams-
Linera, Palaciofios, and Hernande2omez 2005)total coverpercent ofcover ty
perennial species in the ground lgysercent ototal coverin restorecand unestored

plotsplots, and percent of plots where species were sampled. Species are ranked by

their IVI.

Restored

Cover % Perennial % Total % of
Species VI (cm) Cover Cover  Plots
Circaea lutetiana 485 4395 35.5 10.36 86.67
Phytolaccaamericana 14.3 809 6.5 191 26.67
Hemerocallis fulva 13.0 1097 8.9 259 23.33
Geum canadense 12.4 610 4.9 1.44 23.33
Ageratina altissima 12.2 479 3.9 1.13 23.33
Eurybia divaricata 10.5 420 3.4 0.99 20.00
Polygonum persicaria 10.3 292 2.4 0.69 20.00
Solidago caesia 10.1 75 0.6 0.18 20.00
Aegopodium podagraria 7.9 2499 20.2 5.89 10.00
Viola sororia 5.1 81 0.7 0.19 10.00
Solanum dulcamara 5.1 61 0.5 0.14 10.00
Polygonum virginianum 3.9 470 3.8 1.11 6.67
Duchesnea indica 3.8 363 2.9 0.86 6.67
Maianthemum
racemosum 3.4 86 0.7 0.20 6.67
Oxalis stricta 3.4 29 0.2 0.07 6.67
Sanicula canadensis 3.4 16 0.1 0.04 6.67
Laportea canadensis 2.0 289 2.3 0.68 3.33
Hesperis matronalis 1.8 115 0.9 0.27 3.33
Polygonatum biflorum 1.7 65 0.5 0.15 3.33
Arctium minus 1.7 47 0.4 0.11 3.33
Geranium maculatum 1.7 28 0.2 0.07 3.33
Narcissus pseudonarcissu 1.7 23 0.2 0.05 3.33
Artemisia vulgaris 1.7 10 0.1 0.02 3.33
Scrophularia marilandica 1.7 10 0.1 0.02 3.33
Symphyotrichum
cordifolium 1.7 9 0.1 0.02 3.33
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Epipactis helleborine 1.7 5 0.04 0.01 3.33
Arisaema triphyllum 0

Barbarea vulgaris 0

Convallaria majalis 0

Epilobium ciliatum 0

Eutrochium purpureum 0

Humulus lupulus 0

Lysimachia ciliata 0

Oxalis dillenii 0

Polygonum sagittatum 0

Smilax herbacea 0

Taraxacum officinale 0

Unrestored

Circaea lutetiana 324 1775 25.6 1.42 63.33
Geum canadense 21.9 584 8.4 0.47 43.33
Maianthemum

racemosum 11.8 397 5.7 0.32 23.33
Artemisia vulgaris 7.8 2819 40.7 2.26 13.33
Polygonatum biflorum 6.7 70 1.0 0.06 13.33
Eurybia divaricata 5.1 278 4.0 0.22 10.00
Phytolacca americana 5.0 65 0.9 0.05 10.00
Solanum dulcamara 5.0 60 0.9 0.05 10.00
Duchesnea indica 3.4 114 1.6 0.09 6.67
Lysimachia ciliata 3.4 100 1.4 0.08 6.67
Oxalis stricta 3.3 30 0.4 0.02 6.67
Smilax herbacea 3.3 9 0.1 0.01 6.67
Arisaema triphyllum 3.3 6 0.1 0.005 6.67
Barbarea vulgaris 1.7 134 1.9 0.11 3.33
Polygonum persicaria 1.7 130 1.9 0.10 3.33
Epilobium ciliatum 1.7 98 14 0.08 3.33
Ageratina altissima 1.7 56 0.8 0.04 3.33
Eutrochium purpureum 1.7 56 0.8 0.04 3.33
Polygonum sagittatum 1.7 48 0.7 0.04 3.33
Oxalis dillenii 1.7 39 0.6 0.03 3.33
Humulus lupulus 1.7 25 0.4 0.02 3.33
Taraxacum officinale 1.7 17 0.2 0.01 3.33
Convallaria majalis 1.7 16 0.2 0.01 3.33
Polygonum virginianum 1.7 5 0.1 0.004 3.33
Viola sororia 1.7 3 0.0 0.002 3.33
Aegopodium podagraria 0
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Arctium minus

Epipactis helleborine
Geranium maculatum
Hemerocallis fulva
Hesperis matronalis
Laportea canadensis
Narcissus pseudonarcissus
Sanicula canadensis
Scrophularia marilandica
Solidago caesia
Symphyotrichum cordifolium
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A.48. Biennial species in the ground layer of restored (n=30) and unrestored plots
(n=30). Speciesnformation includesimportance value index (IV(Williams-

Linera, PalacioRios, and Hernande2omez2005) total coverpercent ofcover ty
biennial species in the ground laypercent ofotal coverin restorecand unrestored
plots, and percent of restored and unrestored plots where species were sampled.

Species are ranked by their IVI.

Restored

Cover % Total % of
Species VI (cm) % Biennial cover Cover Plots
Alliaria petiolata 39.2 2167 100.0 5.1 73.3
Lactuca biennis 0 0.0 0.0 0.0
Unrestored
Alliaria petiolata 45.7 5995 99.6 4.8 86.7
Lactuca biennis 1.7 27 0.4 0.0 3.3
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A.49. Fern species in the ground layer of restored (n=30) and unrestored plots (n=30).
Speciesnformation includesimportance value index (IV(Williams-Linera,

PalaciosRios, and Hernande2omez 2005)total cover percent ofcover by fern

species in the ground laygrercent ofotal coverin restoredand unrestoreglots,

and percent of restored and unrestoretspMhere species were sampled. Species are

ranked by their IVI.

Restored

Cover % Fern 9% Total % of
Species VI (cm) cover Cover Plots
Onoclea sensibilis 1.7 49 51.04 0.12 3.33
Pteris multifida 1.7 47 48.96 0.11 3.33
Thelypterisnoveboracensis 0
Unrestored
Onoclea sensibilis 3.4 138 83.13 0.11 6.67
Thelypteris noveboracensis 1.7 28 16.87 0.02 3.33
Pteris multifida 0

A.50. Parasite species in the ground layer of restme80) and unrestored plots
(n=30). Speciesnformation includesimportance value index (IV(Williams-

Linera, PalacioRRios, and Hernande2omez 2005)total cover percent ototal
coverin restoredand unrestoreglots,and percent of restored and unrestored plots

where species were sampled. Species are ranked by their IVI.

Cover % Total

Species VI (cm) Cover % of Plots
Restored  Cuscuta gronovii 0
Unrestored Cuscuta gronovii 1.8 99 0.23 3.33
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A.51. Graminoid species in the ground layer of restored (n=30) and unrestored plots
(n=30). Speciesnformation includesimportance value index (IV(Williams-

Linera, PalacioRios, and Hernande2dmez 200} total cover percent ofcover by
graminoid species in the ground laypercent ototal coverin restorecand
unrestoreglots, and percent of restored and unrestored plots where species were

sampled. Species are ranked by their IVI.

Restored
Cover % Graminoid % Total

Species VI (cm) cover Cover % of Plots
Carex annectens 0 0 0 0
Carex vulpinoidea 0 0 0 0
Juncus tenuis 0 0 0 0
Phragmites australis 0 0 0 0
Poa trivialis 0 0 0 0
Unrestored

Carexvulpinoidea 1.7 99 38.7 0.08 3.3
Phragmites australis 1.7 75 29.3 0.06 3.3
Carex annectens 1.7 33 12.9 0.03 3.3
Juncus tenuis 1.7 32 12.5 0.03 3.3
Poa trivialis 1.7 17 6.6 0.01 3.3
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A.3.4.2 Shade Tolerance of Herbaceous Species in the Grouraler
A.52. Shade tolerant herbaceous species in the ground layer of restored (n=30) and
unrestored plots (n=30Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios,and Hernande&6mez 2005)total cover percent
of cover by shade tolerant herbaceous spep&sent ototal coverin restorecand
unrestoreglots, and percent of restored and unrestored plots where species were

sampled. Species are ranked by théir

Restored
% Shade

Cover Tolerant %Total % of
Species VI (cm) Cover Cover Plots
Alliaria petiolata 39.2 2167 31.10 5.11 73.33
Impatiens capensis 23.3 2758 39.58 6.50 40.00
Phytolacca americana 14.3 809 11.61 1.91 26.67
Geumcanadense 12.4 610 8.75 1.44 23.33
Eurybia divaricata 10.5 420 6.03 0.99 20.00
Solanum dulcamara 5.1 61 0.88 0.14 10.00
Polygonum virginianum 3.9 470 5.04 1.11 6.67
Maianthemum racemosum 3.4 86 0.92 0.20 6.67
Polygonatum biflorum 1.7 65 0.93 0.15 3.33
Onoclea sensibilis 1.7 49 0.70 0.12 3.33
Pilea pumila 1.7 1 0.01 0.00 3.33
Arisaema triphyllum 0
Convallaria majalis 0
Dennstaedtia punctilobula 0
Lysimachia ciliata 0
Poa trivialis 0
Polygonum perfoliatum 0
Thelypteris noveboracensis 0
Unrestored
Alliaria petiolata 45.7 5995 49.95 4.81 86.67
Impatiens capensis 31.8 4492 37.42 3.60 60.00
Geum canadense 21.9 584 4.87 0.47 43.33
Maianthemum racemosum 11.8 397 13.52 0.32 23.33
Polygonatum biflorum 6.7 70 0.58 0.06 13.33
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Eurybia divaricata
Phytolacca americana
Solanum dulcamara
Onoclea sensibilis
Lysimachia ciliata
Arisaema triphyllum
Polygonum perfoliatum
Dennstaedtia punctilobula
Pilea pumila

Polygonum virginianum
Thelypterisnoveboracensis
Poa trivialis

Convallaria majalis

5.1
5.0
5.0
3.4
3.4
3.3
1.8
1.7
1.7
1.7
1.7
1.7
1.7

278
65
60

138

100

402
104
50

28
17
16

2.32
0.54
0.50
1.15
0.83
0.05
13.69
0.87
0.42
0.17
0.23
0.14
0.13

0.22
0.05
0.05
0.11
0.08
0.00
0.32
0.08
0.04
0.00
0.02
0.01
0.01

10.00
10.00
10.00
6.67
6.67
6.67
3.33
3.33
3.33
3.33
3.33
3.33
3.33
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A.53. Intermediate shade tolerant herbaceous species in the ground layer of restored
(n=30) andunrestored plots (h=30Speciesnformation includesimportance value

index (IVI) (Williams-Linera, Palaciofios, and Hernandedémez 2005)total
cover,percent ottover by intermediate shade tolerant herbaceous speeresnt of

total coverin restoredand unrestoreglots, and percent of restored and unrestored

plots where species were sampled. Species are ranked by their IVI.

Restored
%
Intermediate

Cover Shade Tolerant %Total % of
Species VI (cm) Cover Cover Plots
Circaea lutetiana 48.5 4395 47.11 10.36 86.67
Hemerocallis fulva 13.0 1097 11.76 2.59 23.33
Ageratina altissima 12.2 479 5.13 1.13 23.33
Solidago caesia 10.1 75 0.80 0.18 20.00
Aegopodium podagrarie 7.9 2499 26.78 5.89 10.00
Viola sororia 5.1 81 0.87 0.19 10.00
Hesperis matronalis 1.8 115 1.23 0.27 3.33
Artemisia vulgaris 1.7 10 2.58 0.02 3.33
Geranium maculatum 1.7 28 0.40 0.07 3.33
Narcissus
pseudonarcissus 1.7 23 0.25 0.05 3.33
Scrophularia
marilandica 1.7 10 0.11 0.02 3.33
Carex annectens 0
Carex vulpinoidea 0
Eutrochium purpureum 0
Humulus lupulus 0
Juncus tenuis 0
Lactuca biennis 0
Smilax herbacea 0
Taraxacum officinale 0
Unrestored
Circaea lutetiana 32.4 1775 60.46 1.42 63.33
Artemisia vulgaris 7.8 2819 90.29 2.26 13.33
Smilax herbacea 3.3 9 0.31 0.01 6.67
Carex vulpinoidea 1.7 99 3.37 0.08 3.33
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Ageratina altissima
Eutrochium purpureum
Carex annectens
Juncus tenuis

Lactuca biennis
Humulus lupulus
Taraxacum officinale
Viola sororia
Aegopodium podagraria
Geranium maculatum
Hemerocallis fulva
Hesperis matronalis

1.7
1.7
1.7
1.7
1.7
1.7
1.7
1.7

Narcissus pseudonarcissus

Scrophularia marilandica
Solidago caesia

56
56
33
32
27
25

oNeoNoNelNoNelNo)

191
191
1.12
1.09
0.92
0.85
0.58
0.10

0.04
0.04
0.03
0.03
0.02
0.02
0.01
0.002

3.33
3.33
3.33
3.33
3.33
3.33
3.33
3.33
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A.54. Shade intolerant herbaceous species in the ground layestofed (n=30) and
unrestored plots (n=30Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios, and Hernande@6mez 2005)total coverpercent

of cover by shade intolerant herbaceepsciespercent ototal coverin restorecand
unrestoreglots, and percent of restored and unrestored plots where species were

sampled. Species are ranked by their IVI.

Restored
% Shade

Cover Intolerant %Total % of
Species VI (cm) Cover Cover Plots
Polygonum persicaria 10.3 292 75.45 0.69 20.00
Oxalis stricta 3.4 29 7.49 0.07 6.67
Echinocystis lobata 1.7 47 12.14 0.11 3.33
Symphyotrichum
cordifolium 1.7 9 2.33 0.02 3.33
Humulus japonicus 0
Phragmites australis 0
Polygonum sagittatum 0
Unrestored
Oxalis stricta 3.3 30 0.96 0.02 6.67
Polygonum persicaria 1.7 130 4.16 0.10 3.33
Phragmites australis 1.7 75 2.40 0.06 3.33
Polygonum sagittatum 1.7 48 1.54 0.04 3.33
Humulus japonicus 1.7 20 0.64 0.02 3.33
Echinocystis lobata 0
Symphyotrichum cordifolium 0
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A.3.4.3 Seed Dispersal of Herbaceous Species in the Ground Layer
A.55. Herbaceous species with unassisted seed dispersal in the ground layer of
restored (n=30) and unrestored plots (n=3&Peciesnformation includes:
importance value index (IV(Williams-Linera, Palaciofios, and Hernandez
Gomez 2005)total coverpercent otcover by herbaceous species with ssisted
seed dispersapercent ofotal coverin restoredand unrestoreglots, and percent of

restored and unrestored plots where species were sampled. Species are ranked by

their IVI.
Restored
% Unassisted

Cover Dispersal % Total % of
Species (cm) VI Cover Cover Plots
Alliaria petiolata 2167 39.2 30.74 5.11 73.33
Hemerocallis fulva 1097 13.0 15.56 2.59 23.33
Polygonum persicaria 292 10.3 4.14 0.69 20.00
Aegopodium podagraria 2499 7.9 35.45 5.89 10.00
Polygonum virginianum 470 3.9 6.67 1.11 6.67
Polygonum cespitosum 20 34 0.28 0.05 6.67
Laportea canadensis 289 2.0 4.10 0.68 3.33
Hesperis matronalis 115 1.8 1.63 0.27 3.33
Echinocystis lobata 47 1.7 0.67 0.11 3.33
Sicyos angulatus 33 1.7 0.47 0.08 3.33
Artemisia vulgaris 10 1.7 0.14 0.02 3.33
Scrophularia marilandica 10 1.7 0.14 0.02 3.33
Pilea pumila 1 17 0.01 0.002 3.33
Barbarea vulgaris 0
Cuscuta gronovii 0
Lysimachia ciliata 0
Polygonum sagittatum 0
Unrestored
Alliaria petiolata 5995 45.7 63.40 4.81 86.67
Artemisia vulgaris 2819 7.8 29.81 2.26 13.33
Polygonum cespitosum 69 5.0 0.73 0.06 10.00
Lysimachia ciliata 100 3.4 1.06 0.08 6.67
Barbarea vulgaris 134 1.7 1.42 0.11 3.33
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Polygonum persicaria
Cuscuta gronovii

Pilea pumila

Polygonum sagittatum
Sicyos angulatus
Polygonum virginianum
Aegopodium podagraria
Echinocystis lobata
Hemerocallis fulva
Hesperis matronalis
Laportea canadensis
Scrophularia marilandica

130
99
50

QO OOOOoOuU

1.7
1.7
1.7
1.7
1.7
1.7

1.37
1.05
0.53
0.51
0.07
0.05

0.10
0.08
0.04
0.04
0.01
0.004

3.33
3.33
3.33
3.33
3.33
3.33
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A.56. Wind dispersed herbaceous species in the ground layer of restored (n=30) and
unrestored plots (n=30Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios, and Hernande@6mez 2005)total coverpercent

of cover by herbaceous species with wind dispepskenbf total covern restored

and unrestoreglots, and percent of restored and unrestored plots where species were

sampled. Species are ranked by their IVI.

Restored
% Wind

Cover Dispersal % Total % of
Species (cm) VI Cover Cover Plots
Geum canadense 610 12.4 36.53 1.44 23.33
Ageratina altissima 479 12.2 28.68 1.13 23.33
Eurybia divaricata 420 10.5 25.15 0.99 20.00
Solidago caesia 75 10.1 4.49 0.18 20.00
Onoclea sensibilis 49 1.7 2.93 0.12 3.33
Narcissugpseudonarcissus 23 1.7 1.38 0.05 3.33
Symphyotrichum
cordifolium 9 17 0.54 0.02 3.33
Epipactis helleborine 5 17 0.30 0.01 3.33
Carex annectens 0
Carex vulpinoidea 0
Dennstaedtia punctilobula 0
Epilobium ciliatum 0
Humulusjaponicus 0
Humulus lupulus 0
Lactuca biennis 0
Poa trivialis 0
Taraxacum officinale 0
Thelypteris
noveboracensis 0
Unrestored
Geum canadense 584 21.9 0.95 0.47 43.33
Eurybia divaricata 278 5.1 0.45 0.22 10.00
Onoclea sensibilis 138 34 0.22 0.11 6.67
Dennstaedtia punctilobula 104 1.7 0.17 0.08 3.33
Carex vulpinoidea 9 1.7 0.16 0.08 3.33
Epilobium ciliatum 98 1.7 0.16 0.08 3.33
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Ageratina altissima
Carex annectens
Thelypteris
noveboracensis
Lactuca biennis
Humulus lupulus
Humulus japonicus
Poa trivialis
Taraxacum officinale
Epipactis helleborine
Narcissus pseudonarcissu
Solidago caesia
Symphyotrichum
cordifolium

1.7
1.7

1.7
1.7
1.7
1.7
1.7
1.7

0.09
0.05

0.05
0.04
0.04
0.03
0.03
0.03

0.04
0.03

0.02
0.02
0.02
0.02
0.01
0.01

3.33
3.33

3.33
3.33
3.33
3.33
3.33
3.33
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A.57. Endozoochoric herbaceous species in the ground layer of restored (n=30) and
unrestored plots (n=30Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios, and Hernande@6mez 2005)total coverpercent

of cover by endozoochoric herbaceous spegescent ofotal coverin restorecand
unrestoreglots, and percent of restored and unrestored plots where species were

sampled. Species are ranked by their IVI.

Restored
% %

Cover Endozoochory  Total % of
Species VI (cm) Cover Cover Plots
Phytolaccaamericana 14.3 809 79.24 1.91 26.67
Solanum dulcamara 5.1 61 5.97 0.14 10.00
Maianthemum
racemosum 3.4 86 8.42 0.20 6.67
Polygonatum biflorum 1.7 65 6.37 0.15 3.33
Arisaema triphyllum 0
Convallaria majalis 0
Polygonum perfoliatum 0
Smilax herbacea 0
Unrestored
Maianthemum
racemosum 11.8 397 38.73 0.32 23.33
Polygonatum biflorum 6.7 70 6.83 0.06 13.33
Phytolacca americana 5.0 65 6.34 0.05 10.00
Solanum dulcamara 5.0 60 5.85 0.05 10.00
Smilax herbacea 3.3 9 0.88 0.01 6.67
Arisaema triphyllum 3.3 6 0.59 0.00 6.67
Polygonum perfoliatum 1.8 402 39.22 0.32 3.33
Convallaria majalis 1.7 16 1.56 0.01 3.33
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A.58. Exozoochoriderbaceous species in the ground layer of restored (n=30) and
unrestored plots (n=30Speciesnformation includesimportance value index (IVI)
(Williams-Linera, PalaciofRios, and Hernande2émez 2005)total coverperent

of cover by exozoochoric herbaceous speqescent ototal coverin restorecand
unrestoreglots, and percent of restored and unrestored plots where species were

sampled. Species are ranked by their IVI.

% %

Cover Exozoochory  Total % of
Species VI (cm) Cover Cover Plots
Restored
Circaea lutetiana 48.5 4395 90.75 10.36 86.67
Duchesnea indica 3.8 363 7.50 0.86 6.67
Sanicula canadensis 3.4 16 0.33 0.04 6.67
Arctium minus 1.7 47 0.97 0.11 3.33
Ambrosia trifida 1.7 22 0.45 0.05 3.33
Juncus tenuis 0
Phragmites australis 0
Unrestored
Circaea lutetiana 32.4 1775 88.93 1.42 63.33
Duchesnea indica 3.4 114 5.71 0.09 6.67
Phragmites australis 1.7 75 3.76 0.06 3.33
Juncus tenuis 1.7 32 1.60 0.03 3.33
Ambrosia trifida 0
Arctium minus 0
Sanicula canadensis 0
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A.59. Herbaceous species with other dispersal methods in the ground layer of restored
(n=30) and unrestored plots (n=30). Other dispensdhods were water dispersal

and dispersal by launchingpeciesnformation includesimportance value index

(IV1l) (Williams-Linera, PalaciofRios, and Hernande2dmez 2005)total cover,

percent oicover by herbaceous spes with other dispersal modgsercent ototal

coverin restoredand unrestoreglots, and percent of restored and unrestored plots

where species were sampled. Species are ranked by their IVI.

% Other %

Cover Dispersal  Total % of
Species VI (cm) Cover Cover Plots
Restored
Impatiens capensis 23.3 2758 88.60 6.50 40.00
Viola sororia 5.1 81 2.60 0.19 10.00
Amphicarpaea bracteata 3.6 217 6.97 0.51 6.67
Oxalis stricta 3.4 29 0.93 0.07 6.67
Geranium maculatum 1.7 28 0.90 0.07 3.33
Oxalis dillenii 0
Unrestored
Impatiens capensis 31.8 4492 98.42 3.60 60.00
Oxalis stricta 3.3 30 0.66 0.02 6.67
Oxalis dillenii 1.7 39 0.85 0.03 3.33
Viola sororia 1.7 3 0.07 0.002 3.33
Geranium maculatum 0
Amphicarpaea bracteata 0
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A.3.4.4 Pollination Syndromes of Herbaceous Species in the Ground
Layer
A. 60. Abiotically pollinated herbaceous species in the ground layer of restored
(n=30) and unrestored plots (n=3@peciesnformation includesimportance value
index (IVI) (Williams-Linera, Palaciofios, and Hernandezdémez 2005)total
cover,percent ottover by abiotically pollinated herbaceous speqescent ototal
coverin restorecandunrestoreglots, and percent of restored and unrestored plots

where species were sampled. Species are ranked by their IVI.

% Abiotic %

Cover  Pollination Total % of
Species VI (cm) Cover Cover Plots
Restored
Laportea canadensis 2.0 289 77.90 0.68 3.33
Onoclea sensibilis 1.7 49 13.21 0.12 3.33
Ambrosia trifida 1.7 22 5.93 0.05 3.33
Artemisia vulgaris 1.7 10 2.70 0.02 3.33
Pilea pumila 1.7 1 0.27 0.00 3.33
Carex annectens 0
Carex vulpinoidea 0
Dennstaedtigounctilobula 0
Juncus tenuis 0
Poa trivialis 0
Thelypteris noveboracensis 0
Unrestored
Artemisia vulgaris 7.8 2819 84.91 2.26 13.33
Onoclea sensibilis 3.4 138 4.16 0.11 6.67
Dennstaedtia
punctilobula 1.7 104 3.13 0.08 3.33
Carex vulpinoidea 1.7 99 2.98 0.08 3.33
Pilea pumila 1.7 50 151 0.04 3.33
Carex annectens 1.7 33 0.99 0.03 3.33
Juncus tenuis 1.7 32 0.96 0.03 3.33
Thelypteris
noveboracensis 1.7 28 0.84 0.02 3.33
Poa trivialis 1.7 17 0.51 0.01 3.33
Ambrosia trifida 0
Laportea canadensis 0
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A.61. Biotically pollinated herbaceous species in the ground layer of restored (n=30)
and unrestored plots (n=30%peciesnformation includesimportance value index

(IV1l) (Williams-Linera, PalaciofRios, and Hernande2dmez 2005)total cover,

percent ofcover by biotically pollinated herbaceous spegrescent ofotal coverin
restoredand unrestoreplots, andpercent of restored and unrestored plots where

species were sampled. Species are ranked by their IVI.

Restored
% Biotic

Cover Pollination % Total % of
Species VI (cm) Cover Cover Plots
Circaea lutetiana 485 4395 25.37 10.36 86.67
Alliaria petiolata 39.2 2167 12.51 5.11 73.33
Impatiens capensis 23.3 2758 15.92 6.50 40.00
Phytolacca americana 14.3 809 4.67 1.91 26.67
Hemerocallis fulva 13.0 1097 6.33 2.59 23.33
Geum canadense 12.4 610 3.52 1.44 23.33
Ageratina altissima 12.2 479 2.76 1.13 23.33
Eurybia divaricata 10.5 420 2.42 0.99 20.00
Polygonum persicaria 10.3 292 1.69 0.69 20.00
Solidago caesia 10.1 75 0.43 0.18 20.00
Aegopodium podagraria 7.9 2499 14.42 5.89 10.00
Viola sororia 5.1 81 0.47 0.19 10.00
Solanum dulcamara 5.1 61 0.35 0.14 10.00
Polygonum virginianum 3.9 470 2.71 1.11 6.67
Duchesnea indica 3.8 363 2.10 0.86 6.67
Amphicarpaea bracteata 3.6 217 1.25 0.51 6.67
Maianthemum racemosum 3.4 86 0.50 0.20 6.67
Oxalis stricta 3.4 29 0.17 0.07 6.67
Polygonum cespitosum 3.4 20 0.12 0.05 6.67
Sanicula canadensis 3.4 16 0.09 0.04 6.67
Hesperis matronalis 1.8 115 0.66 0.27 3.33
Polygonatum biflorum 1.7 65 0.38 0.15 3.33
Arctium minus 1.7 a7 0.27 0.11 3.33
Echinocystis lobata 1.7 a7 0.27 0.11 3.33
Sicyos angulatus 1.7 33 0.19 0.08 3.33
Geranium maculatum 1.7 28 0.16 0.07 3.33
Narcissus pseudonarcissus 1.7 23 0.13 0.05 3.33
Scrophularia marilandica 1.7 10 0.06 0.02 3.33
Symphyotrichum cordifolium 1.7 9 0.05 0.02 3.33
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Epipactis helleborine 1.7 5 0.03 0.01 3.33
Arisaema triphyllum 0

Barbarea vulgaris 0

Convallaria majalis 0

Cuscuta gronovii 0

Epilobium ciliatum 0

Eutrochium purpureum 0

Humulus japonicus 0

Humulus lupulus 0

Lactuca biennis 0

Lysimachia ciliata 0

Oxalis dillenii 0

Phragmites australis 0

Polygonum perfoliatum 0

Polygonum sagittatum 0

Smilax herbacea 0

Taraxacum officinale 0

Unrestored

Alliaria petiolata 45.7 5995 39.18 4.81 86.67
Circaea lutetiana 324 1775 11.60 1.42 63.33
Impatiens capensis 31.8 4492 29.36 3.60 60.00
Geum canadense 21.9 584 3.82 0.47 43.33
Maianthemum racemosum 11.8 397 2.59 0.32 23.33
Polygonatum biflorum 6.7 70 0.46 0.06 13.33
Eurybia divaricata 51 278 1.82 0.22 10.00
Polygonum cespitosum 5.0 69 0.45 0.06 10.00
Phytolacca americana 5.0 65 0.42 0.05 10.00
Solanum dulcamara 5.0 60 0.39 0.05 10.00
Duchesnea indica 3.4 114 0.75 0.09 6.67
Lysimachiaciliata 3.4 100 0.65 0.08 6.67
Oxalis stricta 3.3 30 0.20 0.02 6.67
Smilax herbacea 3.3 9 0.06 0.01 6.67
Arisaema triphyllum 3.3 6 0.04 0.00 6.67
Polygonum perfoliatum 1.8 402 2.63 0.32 3.33
Barbarea vulgaris 1.7 134 0.88 0.11 3.33
Polygonum persicaria 1.7 130 0.85 0.10 3.33
Cuscuta gronovii 1.7 99 0.65 0.08 3.33
Epilobium ciliatum 1.7 98 0.64 0.08 3.33
Phragmites australis 1.7 75 0.49 0.06 3.33
Ageratina altissima 1.7 56 0.37 0.04 3.33
Eutrochium purpureum 1.7 56 0.37 0.04 3.33
Polygonum sagittatum 1.7 48 0.31 0.04 3.33
Oxalis dillenii 1.7 39 0.25 0.03 3.33
Lactuca biennis 1.7 27 0.18 0.02 3.33
Humulus lupulus 1.7 25 0.16 0.02 3.33
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Humulus japonicus
Taraxacum officinale
Convallaria majalis

Sicyos angulatus
Polygonum virginianum
Viola sororia

Aegopodium podagraria
Amphicarpaea bracteata
Arctium minus

Echinocystis lobata
Epipactis helleborine
Geranium maculatum
Hemerocallis fulva
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A.4 Functional Trait Composition by Total Species Abundance

A.4.1 Functional Trait Composition by Tree Abundance
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Appendix Figurel. Tree basal area by shade tolerance leVedes consisted of
individuals of tree species with a DBH of > 2.54 cm and height of > 1 m. Restored

(n=30)plotshada greater total basal area of trees.
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Appendix Figure2. Tree basal area by seedidpersal modeTrees consisted of
individuals of tree species with a DBH of > 2.54 cm and height of > 1 m. Restored

(n=30)plotshadagreater total basal area of trees.
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Appendix Figure3. Tree basal area by paiation syndromeTrees consisted of
individuals of tree species with a DBH of > 2.54 cm and height of > 1 m. Restored

(n=30)plotshada greater total basal area of trees.
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Appendix Figured. Tree basal area by tree lifespairees consisted of individuals of

tree species with a DBH of > 2.54 cm and height of > 1 m. Restor&@)plotshad

agreater total basal area of trees.
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A.4.2 Functional TraiComposition by Abundance of Woody Understory

Species
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Appendix Figures. Woody understory stems by shade tolerar@&ms consisted of
shrubs, vines, and treaplings> 1 m in height and a DBH < 2.54 cm. Restored

(n=30) plots had less stems in the woody understory than unregterad) plots.
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Appendix Figures. Woody understory stems by seed dispersal m&iems
consisted of shrubs, vines, and tsaplings> 1 m in height ad a DBH < 2.54 cm.
Restoredn=30)plots had less stems in the woody understory than unregtorad)

plots.
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Appendix FigureZ. Woody understory stems by pollination syndrors¢ems

consisted of shrubs, vines, and tree saplings > 1 m in height and a DBH < 2.54 cm.
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Appendix FigureB. Tree stems in the woody understory by tree lifespaee stems
consisted of tree saplings > 1 m in height and a DBH < 2.54 cm. Re§is%)

plots had less stems in the woody understory than unregtet8d)plots.
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A.4.3 Functional Trait Composition by Cover of Woody Species in the Ground

Layer
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Appendix Figured. Woody species in the ground layer by growth foi@aver

consisted of shrub, vine, and tree seedling species <1 m in height. Rést&@d

plots had less ground cover by woody species than unre¢ter@d)plots.

237



120000

100000
80000
G
RS ® Intolerant
% 60000 Intermediate
o 38624 m Tolerant
40000
20000
0

Restored Unrestored

Appendix Figurel0. Woody species in the ground layer by shade toteraCover
consisted of shrub, vine, and tree seedling species <1 m in height. Rést&@d

plots had less ground cover by edy species than unrestor@d=-30)plots.
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Appendix Figurell Woody species in the ground layer by pollination syndrome.
Cover consisted of shrub, vine, and tree seedling species < 1 m in height. Restored

(n=30)plots had less ground cover by woody species than unre$terad)plots.
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Appendix Figurel2. Tree seedlings in the groutayer by tree lifespanCover
consisted of tree seedling species < 1 m in height. Regtor80)plots had greater

ground cover by tree seedlings than unrest{med0)plots.
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A.4.4 Functional Trait Composition by Cover of Herbaceous Species in th

Ground Layer
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Appendix Figurel3. Herbaceous species in the ground layer by growth form.
Herbaceous cover by perennial species was greater in regte)plots. Restored

plots had less ground cover by herbaceous species than unrést@e)plots.
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Appendix Figurel4. Herbaceous species in the ground layer by shade tolerance.
There was greater cover by herbaceous species with intermediate shade tolerance in

restoredn=30) plots. Restored plots had lesstal ground cover by herbaceous

species than unrestor@u=30)plots.
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Appendix Figurelb. Herbaceous species in the ground layer by seed dispé&tsaie

was greater cover by exozoochoric species in res{oreD)plots.
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Appendix Figurel6. Herbaceous species in the ground layer by seed dispéisaie
was greater cover by biotically pollinated herbaceous species in regtefljand

unrestoredn=30)plots.
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A.5 Histograms of Functional Trait Distribution

Histogram for Trees in the Woody Understory
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Appendix Figurel7. Histogram ofgrowth forms in the woody understory of restored
(n=30) and unrestored plots (n=30Rars represent the number of plots within a

particular bin range. The curved line illustrates the normal density curve.
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Histogram For Trees in Woody Ground Layer
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Appendix Figurel8. Histogram of growth forms among woody species in the ground
layer of restoed (n=30) and unrestored plots (n=3®ars represent the number of
plots within a particular bin range. The curved line illustrates the normal density

curve.
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Histogram for Annual Herbs in the Herbaceous Ground Laye|  Histogram for Biennial Herbs in the Herbaceous Ground Laye for ial Herbs in the Ground Layer
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Appendix Figurel9. Histogram of herbaceous growthrms in the ground layers of

restored (n=30) and unrestored plots (n=3Bpars represent the number of plots

within a particular bin range. The curved line illustrates the normal density curve.
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Histogram For High Shade Tolerance the Canopy Histogram for Woody Understory Shade Tolerance
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Appendix Figure20. Histogram of shade tolerance among trees of restored (n=30)

and unrestored plots (n=30Bars represent the number of plots within a particular

bin range. The curved line illustrates the normal density curve.
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Histogram For Shade Tolerance in Woody Ground Layer

Histogram For Shade Tolerance in Ground Layer Trees
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Appendix Figure1. Histogram of shade tolerance among woody understory
communities in restored (n=30) and unrestored plots (n=8@Y)s represent the
number of plots within a particular bin range. The curved line illustrates the normal

density curve.
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Histogram for Unassisted Seed Dispersal in the Canopy Histogram for Wind Seed Dispersal in the Canopy
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Appendix Figure22. Histogram of seed dispersal among trees in restored (n=30) and
unrestored plots (n=30)Bars represent the number of plots within a particular bin

range. The curved line illustrates the normal dersitye.
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Histogram for Unassisted Seed Dispersal in Woody Understory Histogram for Wind Seed Dispersal in Woody Understory
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Appendix Figure23. Histogram of seed dispersal among woody understory
communities in restored (n=30) and unrestored plots (n=B@Ys represent the
number of plots within a particular bin range. The culuelillustrates the normal

density curve.
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Histogram for Unassisted Seed Dispersal

Histogram for Wind Seed Dispersal in Woody Understory Tree

o T =

I T T T T 1
00 02 04 06 08 10

Proportion of Stem Count

8 - L=
~ — —
© 4
o
B8 - —
© 4
-y £
w o @
C < A =
@ - @
[a) a
/ T
o
w
\ N
o J = o 1
T T T T 1 r T T T T 1
0.00 0.02 0.04 0.06 0.08 0.0 02 04 06 08 1.0
Proportion of Stem Count Proportion of Stem Count
Histogram for Endo-zoochory in Woody Understory Trees Histogram for Hoarding in Understory Trees
2 5 2 4
©
o 4
© 4
£ =
2 2
1y @
[a] a

0.0 02 04 06

Proportion of Stem Count

Appendix Figure24. Histogram of seed dispersal among tree saplings in the woody

understories of restored (n=30) and unrestored plots (n=BAjs represent the

number of plots within a particular bin range. The curved line illustrates the normal

density curve.
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Histogram For Unassisted Seed Dispersal in Woody Ground La! Histogram For Wind Seed Dispersal in Woody Ground Layer
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Appendix Figure25. Histogram of seed dispersal among woody species in the ground
layer ofrestored (n=30) and unrestored plots (n=3Bpars represent the number of
plots within a particular bin range. The curved line illustrates the normal density

curve.
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Histogram For Unassisted Seed Dispersal in Ground Layer Trees Histogram For Wind Seed Dispersal in Ground Layer Trees
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Appendix Figure26. Histogram of seed dispersal ang tree seedlings in the ground
layer of restored (n=30) and unrestored plots (n=38&rs represent the number of
plots within a particular bin range. The curved line illustrates the normal density

curve.
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Histogram For Seed Mass In the Canopy Histogram for Woody Understory Seed Mass
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Appendix Figure27. Distribution of average seed mass among communities in forest
strata of restored (n=30) and unrestored plots (n=83rs represent the number of
plots within a particular bin range. The curved line illustrates the normal density

curve.
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Histogram For SLA in the Canopy
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Appendix Figure28. Distribution of average SLA among communities in forest strata
of restored (n=30) and unrestored plots (n=3Bars represent the number of plots

within a particular bin range. The curved line ithases the normal density curve.
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Histogram for Maximum Plant Height
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Appendix Figure29. Distribution of average maximum tree height among
communities in forest strata of restored (n=30) and unrestored plots (NBag3.
represent the number of platéthin a particular bin range. The curved line illustrates

the normal density curve.
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Histogram For  biotic Pollination in the Canopy Histogram For Woody Understory Biotic Pollination
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Appendix Figure30. Distribution of biotic pollination among communities in forest
strata of restored (n=30) and unrestqoiads (n=30). Bars represent the number of
plots within a particular bin range. The curved line illustrates the normal density

curve.
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Histogram For Ablotic Pollination in the Canopy Histogram For Abiotic Pollination in the Woody Understory
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Appendix Figure31. Distribution of abiotic pollination among communities indst
strata of restored (n=30) and unrestored plots (n=83rs represent the number of
plots within a particular bin range. The curved line illustrates the normal density

curve.
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Histogram for Herbaceous Ground Layer Unassisted Seed Dispersal Histogram for Herbaceous Ground Layer Wind Seed Dispersal
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Appendix Figure32. Distribution of seed dispersal in the communities of herbaceous
species in the ground layers of restored (n=30) and unrestored plots (rB<3G).
represent the number of plots within a particular bin range. Thedline illustrates

the normal density curve.
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Histogram For Long Lifespan in Ground Layer Trees
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Appendix Figure33. Distribution of tree lifespan in the woody understory of restored

(n=30) and unrestored plots (n=3®ars represent the number of plots within a

particular bin range. The curved line illustrates the normal density .curve
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Histogram for Lifespan-Long
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Appendix Figure34. Distribution of tree lifespan in the woody understory of restored
(n=30) and unrestored plots (n=30Rars represent the number of plots within a

particular bin range. The curved line illustrates the normal density curve.
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Histogram for Long Lifespan
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Appendix Figure35. Distribution of tree lifespan in tree communities of restored
(n=30) and urestored plots (n=30) Bars represent the number of plots within a

particular bin range. The curved line illustrates the normal density curve.
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A.6 Descriptive Statistics

A.62. Descriptive statistics of the relative abundance of gndarms in forest
stratum communities of restored (n=30) and unrestored (n=30) glakde includes
mean, standard deviation, median, minimum value, and maximum value of relative

abundances in restored and unrestored plots.

Restored
Mean SD Median Min Max

Woody Understory (% Stems)

Tree 36.4 31.1 25.6 0 100
Shrub 46.9 27.8 46.8 0 96.3
Vine 16.7 19.7 9.5 0 66.8
Woody Ground Layer (% cm
of cover)
Tree 18.4 21.8 8.9 0 75.8
Shrub 33.0 23.6 24.7 0 78.1
Vine 48.7 27.0 48.7 0 100.0
Herbaceous Ground Layer (%
cm of cover)
Annual 16.6 23.4 2.3 0 865
Biennial 10.8 14.0 6.5 0 585
Perennial 69.6 30.1 82.4 0 100.0
Graminoid 0 0 0 0 0.0
Fern 3.0 15.2 0 0 831
Parasite 0 0 0 0 0.0
Unrestored
Woody Understory (% Stems) 49 6.0 2.6 0 2.6

Tree 48.3 21.8 445 4.8 84.9
Shrub 46.8 20.6 50.3 6.0 88.9

Vine

Woody Ground Layer (% cm
of cover) 42 6.0 1.6 0 27.8
Tree 42.1 25.7 368 32 87.6
Shrub 53.7 25.1 598 9.3 89.2

Vine

Herbaceous Ground Layer (%
cm of cover) 20.9 30.3 5.7 0 100.0
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Annual
Biennial
Perennial
Graminoid
Fern
Parasite

42.8
31.2
1.7
3.4
0.2

36.2
29.2
5.2
11.5
11

31.5
28.4

100.0
100.0
26.4
47.9
6.0

265



A.63. Descriptive statistics of the relative abundance of shade tolerance in forest
stratum communities of restored (n=30) and unrestored (n=30) glakde includes
mean, standard deviation, median, minimum value, and maximumofalelative

abundances in restored and unrestored plots.

Restored
Mean SD Median Min Max

Canopy (% Basal Area)
Tolerant 125 19.2 3.4 0 852
Intermediate Toleranc 20.9 26.1 9.5 0 957
Intolerant 66.6 29.8 73.1 4.2 100

Woody Understory (% Stems)
Tolerant 23.2 24.3 17.0 0 100
Intermediate Toleranc 37.8 27.6 30.5 0 97.2
Intolerant  38.7 23.6 41.2 0 85.0

Woody Ground Layer (% cm of cover)
Tolerant 36.1 21.6 32.8 0 80.2
Intermediate Toleranc 49.9 26.7 48.8 8.8 100

Intolerant  14.0 9.8 13.0 0 345
Herbaceous Ground Layer (% cm of
cover)

Tolerant 41.9 31.6 39.1 0 100
Intermediate Toleranc 51.2 32.7 54.4 0O 100
Intolerant 25 5.8 0 0 26.5

Unrestored

Canopy (% Basal Area)
Tolerant 6.9 18.4 0.0 0 743
Intermediate Toleranc 17.9 30.7 1.3 0.0 100
Intolerant  75.2 33.5 93.3 0.0 100

Woody Understory (% Stems)
Tolerant 335 21.0 29.7 3.0 79.6
Intermediate Toleranc 25.9 21.8 185 0.0 828
Intolerant  40.4 20.8 37.7 79 849

Woody Ground Layer (% cm of cover)
Tolerant 33.0 16.3 324 16 685
Intermediate Toleranc 32.5 24.8 295 0.4 932
Intolerant  34.3 22.3 29.3 3.0 734
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Herbaceous Ground Layer (% cm of
cover)

Tolerant 72.3 27.6 78.7 0 100

Intermediate Toleranc 17.0 21.0 11.2 0 100

Intolerant 7.9 18.5 0 0 752
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A. 64. Descriptive statistics of the relative abundance of seed dispersal modes in
forest stratum communities of restored (n=30) and unrestored (pkR$) Table
includes mean, standard deviation, median, minimum value, and maximum value of

relative abundances in restored and unrestored plots.

Restored
Mean SD Median Min Max

Canopy (% Basal Area)

Unassistec 18.4 30.0 0.3 0 89.0
Wind 37.4 34.3 32.6 0 99.9
Endozoochory 14.4 15.6 6.1 0 57.0
Hoarding 29.8 32.8 20.7 0 95.7
Woody Understory (% Stems)
Unassistec 1.3 4.8 0 0 253
Wind 24.2 30.9 11.3 0 100
Endozoochory 67.1 31.1 80.7 0 974
Hoarding 59 8.0 1.2 0 25.0
Woody Ground Layer (% cm of cover)
Unassistec 14.2 20.9 4.3 0 78.1
Wind 10.2 16.8 1.4 0 59.9
Endozoochory 73.1 25.1 80.2 12.2 100
Hoarding 21 3.6 0.01 0 15.2
Ants 0.3 15 0 0O 84
Other 0.1 0.5 0 0o 27
Herbaceous Ground Layer (% cm of
cover)
Unassistec 31.0 31.9 15.6 0 100
Wind 134 21.2 2.7 0 83.0
Endozoochory 7.1 13.4 0 0 50.7
Exo-zoochory 30.2 28.4 20.8 0 100
Other 8.3 23.7 8.3 0 86.5
Unrestored

Canopy (% Basal Area)
Unassistec 16.4 29.1 0 0 100
Wind 26.8 34.9 9.9 0.0 100
Endozoochory 42.8 39.9 239 0.0 100
Hoarding 14.0 25.6 0.8 0 84.1
Woody Understory (% Stems)
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Unassistec
wind
Endozoochory
Hoarding
Woody Ground Layer (% cm of cover)
Unassistec
wind
Endozoochory
Hoarding
Ants
Other
Herbaceous Ground Layer (% cm of
cover)
Unassistec
wind
Endozoochory
Exo-zoochory
Other

0.7
1.3
97.0
0.57

7.1

91.8
0.4

0.1

51.9
12.4

4.4
11.3
19.6

1.9
3.9
5.1
1.3

8.6
1.2
9.7
1.0

0.8

35.4
21.5

7.9
13.7
30.2

0 0O 86

0 0 203
99.2 79.7 100
0 0 57
5.1 0 30.1
0 0 51
84.5 66.8 100
0 0 44

0 0 0

0 0 46
56.9 0 100
2.8 0 100
0 0 26.1
6.1 0 504
5.7 0 100
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A.65. Descriptive statistics of the relative abundance of pollination syndromes in
forest stratuntommunities of restored (n=30) and unrestored (n=30) plable
includes mean, standard deviation, median, minimum value, and maximum value of

relative abundances in restored and unrestored plots.

Restored
Mean SD Median Min Max

Canopy (% Basal Area)
Abiotic  40.6 33.4 32.7 0 965
Biotic 59.4 33.4 67.3 3.6 100.0
Woody Understory (% Stems)
Abiotic  19.6 20.4 16.2 0 100
Biotic  79.2 21.6 83.0 0 100.0
Woody Ground Layer (% cm of cover)
Abiotic 7.3 125 2.2 0 46.5

Biotic 91.4 14.9 97.9 48.6 100
Herbaceous Ground Layer (% cm of
cover)

Abiotic 3.8 15.7 0 0 83
Biotic  96.0 15.7 100.0 17.0 100

Unrestored
Canopy (% Basal Area)
Abiotic  25.5 34.2 9.5 0 99.7
Biotic 745 34.2 90.6 0.3 100
Woody Understory (% Stems)
Abiotic 1.7 35 0 0 153
Biotic 97.9 3.7 100 84.7 100
Woody Ground Layer (% cm of cover)
Abiotic 1.0 16 0.2 0O 56
Biotic 98.4 3.1 99.8 84.4 100
Herbaceous Ground Layer (% cm of
cover)
Abiotic  11.1 20.4 0 0 75
Biotic 89.4 19.8 100 24.8 100
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A.66. Descriptive statistics of the relative abundance of tree lifespans in forest
stratum communities of restored (n=30) and unrestored (n=30) glakde includes
mean, standardeviation, median, minimum value, and maximum value of relative

abundances in restored and unrestored plots.

Restored
Mean SD Median Min Max
Canopy (% Basal Area)
Long 21.6 26.8 12.8 0 95.8

Moderate 46.3 32.3 41.1 0 100
Short 28 33 13 0 99
Woody Understory (% Stems)
Long 11.7 19.7 0 0 66.7
Moderate 63.4 33.6 66.7 0 100
Short 22 26 17 0 100
Woody Ground Layer (% cm of
cover)
Long 7.0 17.5 0 0 759
Moderate 55.4 43.5 61.8 0 100

Short 35.3 40.1 18.0 0 100

Unrestored
Canopy (% Basal Area)
Long 18.1 33.2 0 0 100
Moderate 37.0 34.4 26.5 0 100
Short 43 39 35 0 100
Woody Understory (% Stems)
Long 3.2 146 0 0 66.7

Moderate 43.1 46.9 20.0 0 100

Short 52 45.0 71.4 0 100
Woody Ground Layer (% cm of
cover)

Long 7.7 24.5 0 0 100
Moderate 43.8 42.6 26.7 100
Short  47.0 42.9 42.1 0 100

o
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A.67. Descriptive statistics of the relative abundance of functional diversity indices in
forest stratum communities cfstored (n=30) and unrestored (n=30) pldtable
includes mean, standard deviation, median, minimum value, and maximum value of
functional index scores in restored and unrestored pkatactional diversity indices
used in this study were functionahness (FRic), functional evenness (FEve) and

functional divergences (FDiv).

Restored
Mean SD Median Min Max
Combined Canopy and Woody

Understory
FRic  0.05 0.03 0.05 0.001 0.11
FEve 0.57 0.15 0.60 0.15 0.83
FDiv 0.80 0.12 0.81 0.58 0.97
Combined Ground Layer
FRic  0.04 0.02 0.05 0.001 0.10
FEve 0.60 0.13 0.62 0.26 0.79
FDiv 0.77 0.11 0.77 057 0.98
Unrestored
Combined Canopy and Woody
Understory
FRic  0.05 0.03 0.04 0.001 o0.01
FEve 0.49 0.14 0.48 0.18 0.78
FDiv 0.81 0.09 0.81 0.67 0.95
Combined Ground Layer
FRic  0.04 0.03 0.04 0.005 0.10
FEve 0.49 0.10 0.50 0.16 0.64
FDiv 0.81 0.08 0.82 0.57 0.65
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