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CHAPTER 1: PLANTED -RSEPSETCAREAST IFOONSTT N ROCKY BRAN
1.1 Introduction
1.1.1 Stream Restoration

Ri parian ecosystems are at particular ri sk
ur banization and human popul ation increases (
stream restoration is of signi f i chaenitr ifnnpeogruteannt
degradation and surrounding development (Ehre
unstable and erode, contributing | arge vol ume
degradation (Doll et al. ROO0hAdAgasiTagcommbert bi:
restoration projects have been used as manage
Pal mer, 2007; Violin et al. 2011). The goal s «
guality, managing amd oppiami ainn§ eshtlcroeoadnm |, haai bm pt ra
increasing habitat heterogeneity, and securin
al. 2004). Shifts in priorities additionally
hyrdol ogi ¢ and habitat components are fundament
incorporation of revegetation and subsequent
Hydr oflf ogwsed stream restoration prompotrd aamte ¢
ecosystem services that could otherwise be im
(Riis et al. 2020). Therefore, revegetation i

maxi mi ze the benefitsi cods psguwdghe ca ssu sbeyc epf foisvei indg nne

(Zheng et al. 2019), increasing the diversity
managing high nutrient | oads (Hejna & Cutrigh
erosi on by annckhso r(i Miogn tsetirreoa ne tb aal . 2016) .
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1.1.2 North Carolina Stream Restoration Proce:

North

St at es. F

Carolina is the exception to the tre

or instance, the North Carol-ina Depa

|l ieufee mitigation company that hiasg agwipdeldi s

and pract

i ces of any state early on (Ecosyste

gi ve funldiseeeo sapmonsnor i nstead of having the pe
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Wat er Act
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re, North Carolina has the highest n
addition to a very high monitoring
ns ahead of mostmomihtorisngtasdwmaimag
storation projects.

th Carolina, the W I mington District
egetation performance standards al l
404 mitigation purposeswiThesaethecl
n |ist and tree height requirements.

n Pl an for sites that are to be reve

understory species inedattaetri cn aglect MBewienolryiem
these standards in mind. Moni toring events mu
was previously five years but was extended in
well or isheostmepdbardg, monitoring may be ext
compl ete and a project is determined to have
enters a stager Mnmamag@gesmémihgi n perpeturty. Sit
which is responsible for periodic inspection.

in the conservation easement are uph



ality, 2017). Crucially, this stage doesnot
nitoring. This ptecess mmaycaveohsokbn|l oeget a
sults that candt be obs-geaedatnbeme fiTooc uwdneet retrend n
ccess of meeting restorateom mhaagememmuBh?D
clude vegetation monitoring out to 25 years
er time (Hasselquistutitomal eeoOnS)r aHowe vieh a
be decl ared as finished in shorter time sp
r the devel opment of plant communities to o
0 eecntssurteo t heir projects remain successful

1.3 Species Planting Selection

To maximize investments and maxi mi ze proje
ecies that are most | i kebpstdesunygi vthewvahi
thin a restoration site i ncl undti npltdned sdrreaas
commended. Species must be carefully select

ch of these zganoewsi.n gGemoeordayl Isyp,e cfiaesst ar e ( ex.

commended, pl antuesde, tahnedy sauscsciessessfiualb tbheschame ot e
tive plant communities (Hammer and Gunn, 20
ecies that promote canopy closure is critic
mber @f siprecas®isvin streams, although it is u

otic plant species (Parendes and Jones 2001
Anot her impact aside from the species is t
pésve stakes (plantedtosesdl ¢ ambk aanrkaen Yy spebda,ig é
d type can affect the resuthengopkanhabutat:

ndscape zones can someti mes be identified a
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ina, Inc., 2015). Considering the slow d
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invasspecies while stand devel opment progress
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(Bradburn et al., 2010).
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1.1.4 A Gap in our Knowl edge

While the i mpermamssesestmeonhghas been justi
resampled ol der streams to understand the suc
years. The restoration ecol ogyonsacli eAnstsiofciica tci conm
Wetl and Manager s, has emphasized the need for
restoration proilédctyeatrisatol ar € UatS.| dasnty &or ps
Department of Environment al Ruaj edtys wi ldl. ) helAjf
understand the success of frequently planted
decisions and planting |lists for restoration
t hat gap.
1.1.5 Study Site: Rocky Branch

Rocky Br anocrhders sat rfeanstt hat runs just over
State Universityoés campus in Raleigh, North C
creek ha’sir avaatt.er skhned with 99. 2% of the watersh
by i mpervious surfaces (Violin et al. 2011).
I runs from Gorman Street to Dan All en Drive
Drive to Pullen Road and finished in 2006, an
Al l en Drive and Morril/ Drive completed in 20
1.3). Because the project was completed in th
examine plant communi triesst ?2rlat slo/m , | aowidd elt3 tiyi ereerf
than ty-pestabrabsbn monitoring and inventory i

ti mbered and channelized (i.e. deepened, wide

NC Stateds campus continued to expand the f1l o



(Figure 1.1). Left wundisturbed 44000 iyeampd itmau mf
1 cm of new soil (Semedo & Junod, 2020), so d
been highly disturbed and tbDepappeamenpoofti Agsi
soil survey determined the soil of the stream
Rocky Brraenstho rpatei on was found to have macr oi nwv

sedi ment dischargaeded hwataert equal i tcyr efsixudraprte to n:

the streambébs creek stabilized, i1its water qual
enhanced. These i mprovements are due in | arge
whi chded ovabi tat, cover, and food for wildlife
2010b). This restoration used natur al channel

through a new floodplain (Jennings, 2003, Dol

Fi gurRholt.olgr aph of the study site before the s

the barns in the back of the photo (Brinkley
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For revegetation each phase had its own pl
and herbaceous species to be installed in sep
included narrow floodplain oaked) ckgent ferelko
mi x A, seed mix B, |ive stakes, temp seed and
stor mwater control measures (SCM) (shrub, dee
bi oretention area). Howed v ers, wtelree DQM spldeaen to fc
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gentl e slope forest (tree), floodplain pool s
seed. Pobaséeéstked of floodplain (tree and | ive
streambanks (tree), parkJuawhseaembamks, @rasma
mi x, and temp seed mix (Appendix B).erAogieanpor
because it quickly establishes an herbaceous
included other native grasses, shrubs and tre
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1.2 Methods

The data for the curremetkeoondypwetre tbat ee:
perpendicular across the stream to the edge o
corridor. The width of plotsrwvaofetdthdusgtteamn:
We began the plots below a manicured garden al
data. We collected data for every third plot.
i nvasive cover ley cemdcaiges ,byarmsd raawenr (g ree, sh
assessment protocols developed for the Caroli

tracell% 7220 =I53% =2140;% 5=1255;% 1=0560;% 2=5775;% 5=0 8 ;

7595 % =710;0W(55Pett et al. 2018). For each pl ot
application ArcGlI S Collector to map their geo:
were also taken at each corner. To gvet ad smompi

surveyed the entire restored stream corridor,
speci es. Phase | was sampled first, followed

pl ot s, Phase 111 contaidcdelds5 1ptl ptiloot s, and Phas

10
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the North Carolina Invasive Plant Counci l l nv
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Ameri ca, n. d. ; Bi ota of North America Program
SO some species can be considered either plan
but not anotRert h€&ooci ss(\inrggiimigau ecfrodepper ) was
Phase 111l but not in Phase I or I1, so it 1is
in Phase | or 11l (Appendix B).

Survivorship was calcul ated based on the p
from the planting list. This calculation excl
pl anting categories nostg uwartehti nh et smbeg esnt euidtyy aw aesa
compare the distributions of the number of sp
volunteer, amativoé usp esairueastr.erdT htee sctchiof homogene
the stem count diesdt,r iibnwtaisa nv ea c rvooshsanptil esesr ,s paerncd ¢
This determined if the distributions were st a
calcul ated using the equation: Rel ative Densi
Raisngam & Parthasarathy, 2009). The possible r
(1'VINR20i0s Ohe frequency was determined based o
appeared in, which differed acr oshsassepde canre ss tdeen
counts. Trait tables used within this study w:
Agriculture trait characteristics database (U
Some species and traits werendét included with
ot her resources (The University of Texas at Al
Pl ant To-alb®xrachidal Pl ants, n.d.; Team, 2021;

Serviee, Un.Sd. Forbst RBégerselLanddcape & Nurser
My Seeds Co, 2021, Gi |l man et al . 2023, Hei ser,
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were removed

Quercugrreddbdaakks,

rubrurmd mapl e)

1.3 Results

1.3.1 Gener al Resul ts

The study area with

due to the sampling me

1.1). Across the study

maj ority were voluntee

pl anted category for g

contained the

the highest number of

(Appendi x B). Across

the higheastegprexi a&rsd

within each phase

di stributions wer e
resul tssqgqtiat bd thast

Tabl ©ver hal | studi ed

accor di nAgc eyr.

(Appendi x

t

r

r

pl anted

herb

ar ea,

n each

hod

ar ea,

s f ol

owt h

hi ghesad nturmbe,r

phases

(Figure 1.

od q thaormeody ested ttiys t(iCh i =

G) .

of

t he

species

tot al

fTIh@E$soed tshpeemni essu gi anrc | nua

g r(aAndei rfiocl aima rowes(cthgbtdalAlcyerpi ne)

phase ended

up

coll ecting dat a

@f8 3t hdei sfef esrpeencti epsl,:
|l owad i bve.i WVv ad&i ne
form, tree specie
ofr wip,ecareds Hermrb ps
vine species be
di stributions
account for

4; Table 1.2). Whi

statisticallyadedfleyenheat

10. 6°¢

ar ea, and the

2  Total Number of Plots

Study Area m? Total Area m
Phase 1 6154 26965
Phase I1 5363 15125
Phase III 853 2455

30
15
14
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Phase | Phase Il
B vine herb [ shrub [l tree B vine herb [ shrub [l tree
100 100
CR—
75 [ose——] 75
g g
S 50 g 50
@ | @ =
5 25 . - 5 25 - — -
* *
0 0
Invasive  Volunteer  Volunteer Planted Invasive  Volunteer  Volunteer Planted
Non-Native Non-native
Species Distinction Species Distinction
Phase Il All Phases
B vine herb [ shrub [l tree W vine herb W shrub [ tree
80 150
S E——
, 6 s » 100
@ 2
S 40 g
% o 50
S 20 e =
b - _— 3+
0 0
Invasive Volunteer Volunteer Planted Invasive Volunteer ~ Volunteer Planted
Non-native Non-Native
Species Distinction Species Designation
Fi gurDei slt.r4i buti on of the number of species
(top left), Phase 11 (top right), Phase |
Tabl éNulnb2r of species within each species

15

by

typ



Tree Shrub Herb Vine Totals
Invasive 10 10 23 11 54
Volunteer 35 10 88 7 140
All Phases Volunteer Non-Native 14 6 20 3 43
Planted 27 9 10 0 46
86 35 141 21 283
Tree Shrub Herb Vine Totals
Invasive 7 9 14 9 39
Volunteer 26 10 41 7 84
Phase 1 Volunteer Non-Native 10 4 8 2 24
Planted 24 9 7 0 40
67 32 70 18 187
Tree Shrub Herb Vine Totals
Invasive 8 8 17 10 43
Volunteer 27 3 61 5 96
Etasa. L Volunteer Non-native 9 3 10 2 24
Planted 21 4 7 1 33
65 18 95 18 196
Tree Shrub Herb Vine Totals
Invasive 5 5 10 4 24
Volunteer 16 4 40 5 65
Phase 11 Volunteer Non-native 1 0 10 1 12
Planted 7 2 4 0 13
29 9 64 10 112
As for stems, 9844 stems occurred at breas:
were in Phase 1, 3629 stems were in Phase 1|1,
invasive species accounted ftonin buhe olharf@eé$towpd
volunteer, plantnhad, ve&nd Voblumbheeer amdnpl ant ed

slightly

S

t

Il and |

i mi

he

r esulkstgsu aorfe dt htee scth iod g thaormeody esntea ttiys t(iCc i =

ar

across p
Il

across ph

hases, Wi

ases, t he
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h

di

pl ant ed

h a v eh eviorl usnetceoenrd sl paercgi eesst

stri

spe
agsr otu p .
buti ons
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Phase | Stems

Invasive

Volunteer (NN)
0.4%

Volunteer (N)
23.3%

Phase Il Stems

Planted
16.4%

Volunteer (NN)
1.8%

Invasive

Volunteer (N)
34.0%

Phase Illl Stems

Planted

Invasive

All Phases

Planted
23.8%

Volunteer (NN)
0.9%

Tabl &ign3 fi cant

pval ues in

woody

Appendi x J.

Volunteer (N) 203 Volunteer (N) L\

28.2% 27.6%
FigurStelm5 ounts for each plant designati

Il (bottom | eft), and across all phases

3.2 Phase Analysis

The significant indicator woody speci es
Based on the species distributiosscaasisisomnal a
closed canopy plant commusiudge spgehmasa@d nap yi sp lcaon
community, and Phasesucldesissi ocnoanls i cdeemneudn iatny .e a r |

i ndicator species f
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Phase I

Phase II Phase III

Common Name

Species Name

Common Name Species Name Common Name Species Name

Pawpaw Asimina triloba Box elder Acer negundo Tulip-poplar Liriodendron tulipifera
Flowering dogwood  Benthamidia florida  Smooth alder Alnus serrulata American elm Ulmus americana
Carolina allspice Calycanthus floridus  River birch Betula nigra

Spicebush Lindera benzoin Ironwood Carpinus caroliniana

Black cherry Prunus serotina Hawthorn Crataegus spp.

Laurel oak Quercus laurifolia Sweetgum Liquidambar styraciflua

Water oak Quercus nigra Sycamore Platanus occidentalis

Loblolly pine Pinus taeda

Prunus caroliniana
Robinia pseudoacacia

Laurel cherry
Black locust

Ordinat.

that aligns

side of t he

the middl e

speci es. Po

cover i n al

and Phase

based on we

s piees with

can be desc

ordinati on

the cover t

on plots show that the three phase.

with their successional stage des

ordination with edrPhaseckcepkobnart

and along the right side of the or

i nts that are further towards ¢t he

| c eat,egdrmriudbs (aindv eaxeirwbg,. (Trhe s consi

I Based on the ordination webdve

tter vs. drier preferences for the

hi gher water requirements than Phac:c

ri bed cover since cover across

by
par thi arud aacddryn drh.e aBpmpteltwaa daehsk, f ¢ h e a

in the secondary matrix were

ypes
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Axis 2

& S
e sl Y & f
Shrub & » |
o A Invasive |
A A '
A i A
f
- A A \"
. A a A
N "A\ ] - B
Axis 1 (Cover)
Figur@r di.reati on with stems as the main matri X
cover as the secon®darOy 2matri x variables at R
Tabl Stht4stics table vabmeBCOBD7t Wiet secbadRBRry
axis in regards to each axi s.
Axis 1 2
¢ r-sq tau r r-sq tau

Invasive Cover 0.608 0.37 0.569 0.17  0.029 0.041

Herb Cover 0.57 0.325 0.437 0.046 0.002 -0.059

Shrub Cover 049 0.24 0514 0.246 0.061 0.147

Tree Cover 0.627 0.394 049 0.104 0.011 0.059

1.3.3 Planted Species Survivorship
Survivorship of planted species was determ
species across each phase. I n Phase |, 20 spe
were absent, and nt hPahta swee rlelnlf,t
19

Phase

23

2f



anywhere within Magnot udyombtpel adh@unardawdd ifagl, c e

(Sout her n Veacdc iomiku nm( sgridok leaibmer ry) (Table 1. 5)

(or community zones) were identified for each

mi X communities were specified for installatd:i

Tabl &1 ABns ed species that were absent in Phase

Phase I

Phase IT

Phase IIT

Common Name

Scientific Name

Common Name

Scientific Name

Common Name

Scientific Name

Umbrella magnolia

Magnolia tripetala

Flowering dogwood

Bentamidia florida

Boxelder

Acer negundo

Black gum Nyssa sylvatica Witch-hazel Hamamelis virginiana Flowering dogwood Benthamidia florida
Sourwood Ozydendrum arboreum Umbrella magnolia Magnolia tripetala Pignut hickory Carya glabra
Southern red oak Quercus falcata Swamp chestnut Quercus michauzii Fringe tree Chionanthus virginicus
Tree Black gum Nyssa sylvatica
White oak Quercus alba
Southern red oak Quercus falcata
Overcup oak Quercus lyrata
Swamp chestnut Quercus michauzii
Sparkleberry Vaccinium arboreum Pinxter-flower Rhododendron periclymenoides American strawberry bush FEuonymus americana
Shrub Pinxter flower Rhododendron periclymenoides
Blackhaw Viburnum nudum
Little bluestem Andropogon scoparius Fringe sedge Carez crinita Redtop Agrostis gigantea
Blunt spikerush Eleocharis obtusa Hop sedge Carez lupulina Creeping bentgrass Agrostis stolonifera
Cardinal flower Lobelia cardinalis Blunt spikerush Eleocharis obtusa Coreopsis Coreopsis lanceolata)
Annual rye Lolium multiflorum Joe pye weed Eupatorium fistulosum Weeping lovegrass Eragrostis curvula)
Switchgrass Panicum virgatum Bottle-brush weed Hystriz patula Purpletop lovegrass Eragrostis spectabilis
Three-square bulrush Serius americanus Virginia willow Itea virginica Creeping red fescue Festuca rubra
Heib Woolgrass Scirpus cyperinus Leathery rush Juncus coriaceus Leathery rush Juncus coriaceus
Yellowroot Xanthorhiza simplicissima Rice cut grass Leersia oryzoides Switchgrass Panicum virgatum

Cardinal flower
Green arrow-arum
Pickerelweed
Broadleaf arrowhead
Three-square bulrush
‘Woolgrass

Lobelia cardinalis
Peltandra virginica
Pontederia latifolia
Sagittaria latifolia
Scirpus americanus
Scirpus cyperinus

Kentucky bluegrass
Pennsylvania smartweed
Little bluestem

Indian grass

Gamma

Poa pratensis

Polygonum pensylvanicum
Schizachyrium scoparium
Sorghastrum nutans
Tripsacum dactyloides

Overall the survivor shi or Phase |, [

p f

pectively. Phase | had the highest percent

Phase 1 11. I n Phase |, l i ve staked, -ora&rkroow f |

had above 75% survivorship within the categor

gentl e sl ope forest had above 75% survivorshi

above 75% (Table 1.6).

Tabl Surtvé vor shi

t),

Vi

p by proportion of species wit

| ef Phase 11 (top right), and Phase |11 (b

ur ve or planting categories not within the
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Phase I Phase I1 Phase III
Proportion of Proportion of Proportion of
Species Present Species Present Species Present

Planting Zone Planting Zone Planting Zone

Gentle Slope Forest.  7/12
( { ¢ Juncus Streambanks  1/2
Rip: S i Permanent Seed Mix  5/12

Mix ' Floodplain Pool

Floodplain 4/14
Seed Mix B 1/4 Park Lawn Seed Mix 1/4

Grassed Floodplain ~ 0/2
TOTAL: 47/62 TOTAL: 43/63 TOTAL: 22/51 25-50%
PERCENTAGE:  75.80 PERCENTAGE: 68.25 PERCENTAGE:  43.14 under 25%

1.3.4 Most Common Pl anted and Volunteer Speci ¢
The five planted s peMdreel |wa(tche mihbere rmaoasxt nsytret
Cal ycant h(uGarfdloirn&auesblusps céAmadenansel derberry
Liriodendr(otnuplbippl apj) mesadneArmieccancaan el m), (Tabl
overl apping species that also hadMohel haghest
ceriafnédi ai odendr orHotwkeviepi, $§ e(fhasecvki Rgdard taya n u s
occidésyabmeBet)yl &anmiverra bi rch) are seen for h
but not stem counts (Table 1.8). These speci e:

across the study site.

When species were plotted in ordination sp
closely together in comparison to the rest of
1.7). Traits that are similtéar paci osds tdheughec
facultative status, growth rate, fruit/seed a

by seed, and vegetative growth (Table 1. 9).

Tabl &i Vve7 pl anted species with the highest ste
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Tabl &i ¥e8 pl anted species with

Common Name

Scientific Name

Stem Count

Common wax myrtle Morella cerifera
Carolina allspice
American elderberry  Sambucus canadensis
Tulip-poplar

American elm

Calycanthus floridus

Liriodendron tulipifera
Ulmus americana

364
326
141
139
133

Appendi x L.

t h

e highest i

Common Name

Scientific Name

Stem Count

Modified IVI

Hackberry Celtis laevigata 124 79.87
Sycamore Platanus occidentalis 123 79.83
Common wax myrtle Morella cerifera 364 64.69
Tulip-poplar Liriodendron tulipifera 139 58.47
River birch Betula nigra 109 55.50
A Most common
Other
CAEL: Species
A MOCE: Morella cerifera (common wax myrtle)
CAFL: Calycanthus floridus (Carolina allspice)
ULAM ULAM: Ulmus americana (American elm)
& SACA: Sambucus canadensis (American
LEELA Z\BENI LU | | elderberry)
* S PLOC - LITU: Liriodendron tulipifera (tulip-poplar)
A MOCESL A
A

Fi gurC@r dii.nfat i on

space based

Tabl

drhi 9 s

on

t abl

highlighting

traits.

t

he

e based on USDA,

mo st

Forest

common

Ser vi
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Morella cerifera

Calycanthus floridus

Ulmus americana

Sambucus canadensis

Liriodendron tulipifera

Active Growth Period

Spring & Summer

Spring & Summer

Spring & Summer

Spring & Summer

Spring & Summer

Dispersal method Animal Not obvious Water, wind Animal Wind
Drought Tolerance Medium Medium Medium Medium Low
Fertility Requirement Low Medium Medium Medium High
Fruit/Seed Abundance High Medium High High High
Growth form Shrub Shrub Tree Shrub Tree
Growth Rate Moderate Moderate Rapid Rapid Rapid
Height, Mature 10 ft 9 ft 50 ft 7 ft 120 ft
Lifespan 50 years 20 years 200 years 5 years 300 years
Moisture Use High Medium High Medium Medium
Nitrogen Fixation None None None None None
Propogated by Seed Yes Yes Yes Yes Yes
Resprout Ability No Yes Yes Yes Yes
Seedling Vigor Medium - Medium High Medium
Shade Tolerance Intolerant Tolerant Intermediate Intolerant Intolerant
Successional Stage Early - Mid Mid Early
Vegetative Growth Yes Yes Yes Yes Yes
Wetland status FAC FACU FACW FACW FACU
Celtis laevigata Platanus occidentalis Betula nigra

Active Growth Period Spring & Summer  Spring & Summer Spring & Summer
Dispersal method Animal, water Water, wind Water, wind
Drought Tolerance Low Low Low
Fertility Requirement Medium Medium Medium
Fruit/Seed Abundance High Medium High
Growth form Tree Tree Tree
Growth Rate Moderate Rapid Rapid
Height, Mature 80 ft 100 ft 70 ft
Lifespan 150 years 200 years 75 years
Moisture Use High High High
Nitrogen Fixation None None None
Propogated by Seed Yes Yes Yes
Resprout Ability Yes Yes Yes
Seedling Vigor Medium Medium High
Shade Tolerance Tolerant Intermediate Intolerant
Successional Stage Mid to Late Early to Mid Early
Vegetative Growth Yes Yes Yes
‘Wetland status FACW FACW FACW

We al so determined the most cBmwmouasvol

carol (haanalPi anhesrRtoy)e,ha a

styr a(csiweleutag A me ¢

n.-o) .

stand

count sProaoabusde,®ri cmluisnRtoabreaha a

When |

ooki

ng

at t

unt e

pgbdbldeckddgioadampar

B h @ mAlrduannuusm (skelradad k naher r y)

he

speci es

wi t h

t he

out .

The

overl ap

bet ween

speci es

Wi
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(bl ack chemue)yculkdowhlekbodowsoak) shows up on the
stem counts (Table 1.11). These species have

study site.

Tabl eSilx 1Wol unteer species with the highest st

Common Name Scientific Name Stem Count
**Laurel cherry Prunus caroliniana 897
Loblolly pine Pinus taeda 356
Black locust Robinia pseudoacacia 206
Sweetgum Liquidambar styraciflua 176
Southern sugar maple Acer floridanum 145
Black cherry Prunus serotina 176
Tabl eSilx 1Mol unt eer species with the highest in

Appendi x M (**debate on nativeness).

Common Name Scientific Name Density Importance Value
**Laurel cherry Prunus caroliniana 897 114.37
Black locust Robinia pseudoacacia 206 83.85
Willow oak Quercus phellos 63 73.51
Loblolly pine Pinus taeda 356 72.42
Black cherry Prunus serotina 135 69.38
Sweetgum Liquidambar styraciflua 176 55.63

1.3.5 Species in Less and Highly I nvaded Pl ot
The species with the highest relative abun

25% cover by invBetubkdspewer@atiarliqgpa) (,sumed hes a

cat aCrpat) asepgpus ( hQwe hou o) 6 8 b mma dSdail o axkUh,img s a

amer i(chammear i cdinbed myhwn-a de@myi Boudnum pruni folium

(bl ackhaw) (Table 1.12). While none of these

0.05 |l evel for the |l ess invaded plots, they d

invaded category (Appendi x N)edTih# aspelci eai gr
24



ordination, indicating similarities in traits
the |l ess invaded plot group, cluster the cl os
ot her two (Figure 1. 8)
Tabl eNdt ile species whose highest relative abu
i nvasive cover). Ful | analysis in Appendi x N.
Common Name Scientific Name Less invaded Moderately Invaded Highly Invaded
River birch Betula nigra 39 36 24
Northern catalpa  Catalpa speciosa 63 37 0
Hawthorn Crataegus spp. 46 16 38
Shumard oak Quercus shumardii 45 22 34
Black willow Salix nigra 37 36 27
American elm Ulmus americana 49 31 20
Withe-rod Viburnum nudum 51 49 0
Blackhaw Viburnum prunifolium 100 0 0
’&
‘/'/ h .S " "
RN A Highly invaded
P 4 e Moderately invaded
& Less invaded
i a .
/ A
- Species
’A’ i & ot a 8 ‘\\ BENI: river birch (Betula nigra)
£ 8 4 VINU uLAM CR: hawthorn (Crataegus spp.)
/ SANI s G CASP: catalpa (Catalpa speciosa)
5\'\\ B n B = B A \& QUSH: Shumard oak (Quercus shumardii)
B . o ‘,} 7 SANI: black willow (Salix nigra)
b = JER A £ ULAM: American elm (Ulmus americana)
e % = VINU: withe-rod (Viburnum nudum)
5 ~— # VIPR: blackhaw (Viburnum prunifolium)
i /
FigurTer ali.t8 ordi nation grouped by invasion | eve
based on traits.
Many species had their highest relative ab
invasive cover) (Table 1.13) Sever al of thes
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the highly invaded pQeolttsi.s heeesxei(ap@pteacal eani hal )
anRlrunus céamfablai ana4). The species in this hi
clear similarities in traits, being more scat
|l i kely due to the fact that these stpcecmpeet e an
or survive against the invasives within these
array of traiéeés within the databas
Tabl eNdt il\3e species whose highest relative abu
(**debate on nativeness). Full analysis in Ap
. L. Less Moderately Highly

Common Name Scientific Name Invaded Invaded Invaded

Southern sugar maple Acer floridanum 34 23 43

Box elder Acer negundo 39 17 44

Silver maple Acer saccharinum 0 0 100

Sea myrtle Baccharis halimifolia 0 35 65

Ironwood Carpinus caroliniana 23 13 64

Mockernut hickory Carya tomentosa 17 5 78

Hackberry Celtis laevigata 30 15 55

American strawberry bush  Fuonymus americanus 24 22 54

American beech Fagus grandifolia 18 0 82

Green ash Frazinus pennsylvanica 32 19 49

Honey locust Gleditsia triacanthos 49 0 51

Deciduous holly Ilex decidua 19 18 63

American holly Ilex opaca 15 14 71

Sweetgum Liquidambar styraciflua 31 4 64

Tulip-poplar Liriodendron tulipifera 19 37 44

Red mulberry Morus rubra 0 0 100

Sourwood Ozydendrum arboreum 0 0 100

Laurel cherry **Prunus caroliniana 22 21 57

Black cherry Prunus serotina 28 23 49

White oak Quercus alba 20 6 75

Swamp white oak Quercus bicolor 37 25 38

Water oak Quercus nigra 40 3 56

Pin oak Quercus palustris 0 0 100

Pinxter-flower Rhododendron periclymenoides 30 28 42

Black locust Robinia pseudoacacia 26 33 42

Sassafras Sassafras albidum 10 0 90

Bald cypress Tazodium distichum 19 26 55

Mapleleaf viburnum Viburnum acerifolium 0 0 100
Tabl eNdt ilMe species that were statistically si
pl ot s. Full table in Appendix O (**debate on
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Common Name Scientific Name Indicator Group p-value

Hackberry Celtis laevigata Highly invaded 0.0210

American holly Ilex opaca Highly invaded 0.0042

Laurel cherry **Prunus caroliniana  Highly invaded 0.0338
1.4 Discussion

Overall the three phases of the study site
species composition, and invasive cover; howe"
community type, and how well 't hheasped alntiesd aspec
mi dsuccessional cl osed canopycpkastonammopethy.
pl ant communi ty.s uPchcaessesildnali splasnnteacdmmuni ty.

Phases | and Il were the main drivers of t
and herb cover, aligning with their | ater suc:
1.6) The significant indicedotrhinaatplvaes e ptea i lee
mi dsuccessional pl ant community with a more c
indicative of a bottomiahdr @ammmuoammyni Thi wi t B
conditions comparedspoecitdde fropmdi adhj d¢otdptl @i :
significant indicator spesuecesasisonploi mhtantowart
a more open canopy. The species within this pl
signifraant Bpdcies of Phase $Wdceosinonalowal a:
communi ty. Th e ssee esdpeedc-gaensdw efnags ts pgbtes ( Tabl e 1.

Pl anted species took up 23.7% of the overa
it is interesting to note that the distributi
with about half being i nvasspveec i esolwhoiwehd tbayk ev
approxi mately a quart-eateaed. atasal gmabvbl aht e
distribution (i f anything). This is further s
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wher e
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di ffer

t he hi

vol unt-

survey

hal f .

appear

2010a) .

vol unt
extent

Des
di ffer

acr oss

pl ante

across all phases the distributions are
ered significantly the same (Appendix |
ences in planted sutar®%)voWVWehuptaerospeth
ghest stem count followed by invasive a
eeatri wes (Figure 1.5). Thisyearffeeget aiimc
for RmMmaseoll unwhieah sfpeci es to outnumber
Il n this survey, volunteer species were
s to be no dist-nattvenvbéuwéerrsa(iSea &
This demonstrates that often planted s
eer species are so Iimportant in the ear
of planted speciesoOr salicz2adt earmnd asdsdsloar.i |
pite the differences one may expect to

ent times and with different planting |
al | phases (Figure 1.a&t [Fliagrutred 1splec iTad
ow over time, gaining their standing to
and thirteen years in the case of Rocky
ger appeafrosr tdoe tbeer nai nkienyg ftahcet orrel ati ve sp
d, invasive, wmatumtesepecard. viWlhuhteeéhen

these categories can shift andwithange,

be similar. This demonstrates the i mportance

ave established within a community they

to the same degreieomaal tdéeggeaere in its

(7]
c

rvivorship of plaabheeancpeicsesel atiteel

I and |1, and in this regard the Rocky
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species were appropriately selected for this
categories for |Iive stakes, narrow fl oodpl ain
successful wi thhicrk otrhye cuapleagmd ydakkhaweless Phase
regard with only 40. 0% of the species planted
streambanks (Table 1.6). This could be attri b
space for the pnlaarnrtoswnteos ss ucravuisvees. tThhei sbank t o b

susceptible to disturbances which could have

sl owergrowing, vulnerable species. Further mor
and Phasenddtli,ng heegmeant , i s |l ocated in the ce&e
subject to more human foot traffic and associ .

species loss (Figure 1. 3).

The species that didnét survive from the p
temporary seeds species tha&tanweruen Flamostuéno ¢ e d
mi |l ob8eral e(cgeegal When consi degrionwi rnwo osdpye csipeesc il
often didnét survive (Table 1.3). This suggesH
f asgtreocowi ng counterparts. Ot heva gsnpoe ciiag s qtiuhpaete ad i
high nutrient soitl sl.i Klehleys et & pewri wisv eved tee ntoo t
di sturbance and | ack of a developed soil hor i
species were planted that gQ@ueerrcadslayf dplrceaftear dr
Vaccinium hatbowemuwen chosen for the more upland
they are species not characteristic of ripari

The most common planted species plotted si
within Rocky Branch (Figure 1.7). Al five sp
domi nance. First, the most commomvamp,ec2@k3)wery
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are typically recommended for stream restorat
that obligate wetland species cannot, while s
stream ecosystems (Medford Hey ®lscsomaV e Cimaniut
assist with aggressive reproduction such as a
Furthermore, these species are able to spread

The species with the highest relative abun
cover) plotted similarly within the trait ord
suggest that these species are ocwptphe sspa@i @
guickly occupy a niche space that would have
t hat all t hve bsupencuine sadaswuw effpatldi smme | evel of abl
moder ately (11mMb&d e dh v@lsodv/o rc Dviegrh)l yan nvaded pl ot
cover). Twat ssgmuiQaesnrdc us ,s hawvmeamr dhiad their secor
abundance in the highly invaded plots which ¢
vul nerable and, if given proper time and spac

capacity (Table 1.il2)neéloeveévieo, dembeemshediyf t |

hi ghest abundance in the | ess invaded plots b
i f t kayparessing invasive species, or iif the |
invasives was a random occurrence isolated to

The species that had the highest relative
invasive cover) have a wider range of traits
abundance in the moderately i nvatdheedr eo rwdrees sman
species that had their highest abundance i n h
three significaCtelitndi,t atewi g @Pam@Eienculsu cciénmMm@bl ai an

1.14). 't i s I mpordmndurn\wi Keroiwn whhiag hlilsy eicmga c tce
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spaces with high invasive risk. These species
invasion ri-s&grmndnVawi Vengpecies management r
this time, It mayPbenbestcgitokeimavibheapltanenngdel
surrounding its nativeness outside of the coa

Many different volunteer species are prese
1.4). The most common volunteer species were
in North Car oAdera f(lTiasbilaamanmed )sur pri sing volun
moder ate growth rate compared to the other vo
abundance, a trait shared with the most c¢commo
|l i kely consrsbaoatesg (BDIDA,asn .bck.e)n. plitana ed i n o
stream restoration projects, so it does have

(URS CorporationQu20@8shaphedct ®somot ke highest

values as a volunteer species (Table 1.11), wl
normally common or pr@uerfaduwsivgohaulnitaesstresr. gH oowe vn
speci es, i's wel|l adapted to urban areas, and
caprus, which could explain its success at this
Horticulture, n.d.; Gilman & Watson, n.d.; Ru
considered in future planting | ists.

1.5 Conclusi on

't is critical that future planting |ists
planting site. Careful selection of species i
I n this case, several gygpeoi avtwesue vilvesamet h @
conditions as wel |l as the nutrient content of

within the given envir ormnvoeretl | fayCeard ytictaen t @aluasn tfil o
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Mmhgseae species had several trait

and domiensatnocrea twiianh ipnl anrhti sc gonensuni t vy :
um to high fruit/seed abundance,
Si peerciireg §or future urban stream restorat.i

pl anted toeenpumeanhagfobhtspacepwtct

when planning a planting |ist fo
species that dominate the seedba
| atnh ererprspjeedctes tthatm are not pr e\
e species. I n the case of Rocky

ns foAcet hél @p@uwgaracuns Ehalll l[do .e

study al so demonst rgartoewsi ntgh es pneeceide
these species, additional manag
management may i ncrlruadien dirrege ssphesc
appropriate space and resources

plants after the initial specie
ojegesabdrenavagbabbe flensvty tha
with slow growing species, woody
6). This could also allow for a |
ncdagreeneinnt dtoages with ditfefrer ent ot
these species should be done to
e ecological trajectory of resto
f survivorship within this resto

specially in Phases | and I I . Th
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however, management and removal of these stem
and survival of both planted and volunteer sp
species because they can s uppaonrtti nogr diencfi osri m ncsh
|l ists are an essenti al part of stream restor a

di versity and effectiveness of the plant comm

can enter and aosnsipsrtojae cgti v(eFni gruerset olr.adt)i, pl ant e
effective I f species are thoughtfully chosen.
|l ess invaded plots (<25%) could either be vul
occurTrhiig.potential prevention could be attrib
the native species fills the invader s niche
were most commonly found in thes molsdt iavadRar c
able to tolerate high |l evels of invasion. | f
it may be beneficial to plant these species t
Lastly, determinations of a vegetation suc:

i mportanter mfatsagsment . -yairt Ha rmefsicvad ersommr egaiv
mitigation provide adequate ti me f aresftwlrlayt iaom
projects (Sea Grant North Cheomimana@®mOmd .t Ik
required for mitigation is only focused on mo
monitoring vegetation staedaodati oo ¢gétaat micoen
objectitveersm rmamaggement should include vegetat:i
l onger to allow for the accumul ation of speci

plant community (Hasveal eui aatl . et204dl15.) .2015, Ni |
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the mitigation guidelines. By doing so
many stream restoration pifojaenetss . Howe"
ring done on this study site, it is sti
red plant community; therefore, this si

determine the succescsononiunpiltayn theads scpheacnigee

especially be done after appropriate i
rmore, for the species with highest rel
ive cover), monmieeshdultdhelye adene atra i ceaitl err
S, have some traits or characteristics
results are based only on the randomnes.

ce in more invaded plots (>75% invasive

tently able to withstand invasion or if
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CHAPTER 2: I NVREISOMDRRAOI ON I N ROCKY BRANCH
2.1 I ntroduction
2.1.1 Invasive Species in Restoration

|l nvasive plant species are of crucial i mpo
restoration. They alter the plant and macroi n
ecol ogi cal processes (Woods et ales 2029). Ri p:
particularly at risk for invasion (Il sabel et
a site, di srupting the soils, which makes the
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that species cannot coexist i f they have over

must compete uweeomov prhicdwygiltwdrieosgpieci d6mse and

competition influences -rtehset onraskteiugn o(f Tiac ksrt erre aen
example, Vidra et al. (2006) found that exoti
correlated, meaning theYpwerndi cmablye tbheyoéiu
most common i NMvaesoskeegipemapsmeseubhedetgrheb) x:
(English iwgrurdwdthosever al native tree spec
found onelL exiceertd(drmgpaomescea honeysuckl e), which
high native tree richness. Being able to iden
inform planting plans and i mplementation stra
goal tio prevent invasive species. However, nat
preventing invasion through competitive excl u

(Davis, 2003).
Whil e prevention is an i mportant aspect of

setting it is nearly I mpossible to have total
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the i mpact of invasive species and selecting
of site management . Not all invaders have the
a singlnepahcitghspeci es causecawcsa@ead oy wen Igthi p lhe Id
modes- mpact invasirvesd @Nunedmpgact Tihev &asighestal
have mechani sms t hastc ael nea bilnev agsu iocnk va nad nluanregreo u s
and many individualentpr(oKalcerd amud i hgdegach0®l) .

species that are causing the most damage and

crucial to managing and maintaining restored
2.1.2 North Carolina Stream Restoration Proce:
Il n North Carolina all stream restoration p

from the Wi | mington District of the U.S. Army
Act 404 mitigation purposes on planted veget a
requirements for a yearly table in monitoring

areas within their site. hnduftfricatenemtt ifs i meal

2.1.3 A Gap in our Knowl edge

While the i mpermamasseseskmeonhghas been demon
been done to resample older streams and bette
species that invade fyestrormatriklhomrTdtieh inse elpas t b & dr
emphasi zed within the restoration ecology sci
Association of Wetland Managers has encour age:
restoration proijlédctysatrsammsamahat tloeamsf o8 comp

Army Corps of Engineers W I mington District &
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n.d.). We need to better understand the ecol o

projects-tenmtheadl bhg consequences of inconsis
Furthermore, we need to under stmamd gtelme nli e menf is
where invasive species have been successfully

2.1.4 Study Site: Rocky Branch

Rocky Br anocrhders sat rfeanstt hat runs just over
State Universityos campus in RalPernlgdat eNehteld C
with 99. 2% of the watershed devel oped and 34.
2011). This stream was restored in three phas
Drive and was compl eted ilnD20&2, tPh&wud |leln Rwma
finished in 2006, and | astly, Phase 111 is th
Mor ril | Drive and was completed in 2010 (Sea

three phases presented a unique opportunity t

postestoration. This i s a -rleositgo@mma tmomae ft roa mer gt faa
invent-oegtoPation, Rocky Branch was consi der e
urban streams (Duda et al ., 1978). Hi stori cal
meaning it was deepeneidkelwi dfeonre da garnidc uslttruari eg,h tv
|l and use. When NC Statebdés campus expanded, t h
construction fill (Figure 2.1). Left wuindi stur

400 years to fdrSemkedomé&oflJumew ,h s @i0l20); however
fill, the soil | ayers have been highly distur
Department of Agriculturedés soil survey deter.|
| oam ( Fi gurreest2o.r2at.i oPo,stt he streambs creek stab

its aquatic wildlife habittsatarwa sd ueen hiann cleadr.g eT hp
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revegetation done by the project, which provi
2004; Sea Grant North Carolina, 2010b). The p

techniques, meandering the str@&am Dhlrlougth al n

Fi gurRho2t.olgr aph of the study site before the s

the barns in the back of the photo (Brinkley

Figurle9124 2soil survey of the study site (U.S.
1914) .
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Each phase had its own plant |ists for rev
herbaceous species to be planted in separate
sl ope forests, and fl oodp!l anix,p@olrs palrm aaddiete
|l ive stakes were designated for specific area
reduce soil erosion because the resulting veg
the other hand,attilben pewrcrhaurdeerdt o éhgget nati ve gr a
the different | andscape zones (Harman & Starr.
accordance with natural resource reports, the
st afofm ft he NC Natur al Heritage Program, Triang
Service, and NC Wil dlife Resources Commi ssi on.
inconsi stent futur @rmavi mtige worndeg. p& aemd sa itwefr &s tc
stream stabilization, with the thought that o
would come in (Hal/l K., Personal Communicatio

A fyear vegetation survey was done on RocKk)
exotic weeds were problematic in certain area
identified withWRumrrthe af lkeypdMitr)mi@mrsdlewd eu marvd mi neu
Lonicer a( Japaomeascea honeysuckle). Wi thin each ye
2007) it was noted that invasive cover was in
Landscape Maintenance and Operations (LMO) (S
treatments ag®uesairvab goammabsaaattedc! i mbs and t al
suppressing native species below. Other speci
i nclLudea st r u(nChsii nneesnes Epl raievaegtn)u s admtbermn adlai ve) ( D

J. ., Per sonal Communi cati on, 2022) .
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2.2 Methods

The data for the curremetkondypwetre tbéat ee:
perpendicular across the stream to the edge o
corridor. The width of plotsrwvaofetdthdugtteamn:
We began the plots below the manicured garden
confounding data. We collected data for every
breast height, invasvee peveenbwgepbygi esr abnod
The assessment protocols developed for the Ca
val ues o0fl %=r2-3 033 %281 0 %B=525 %9650 B57-75%BH8 ;
7595 %=DP00%BSH* (ROd4A®B)et FaalFr. each plot we plotted
application ArcGlI S Collector to map their geo:
were also taken at each corner. To get a compt
weal so surveyed the entire restored stream cor
pl anted species. Phase | was sampled first, f

contained 30 plots, Phase |11l pobotained 14 pl
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i hesidncs =
Fi gurRoc2ky3 Branch Phase | (bl ue), Phase 11 (re
based on ArcColl ector data. The section of st
sampled because the stream is culverted to pa
Once data were collected, each species was
volunt-eatri wen |If they were included in Rocky I
species would be considered planitfedthdhewe wer |
the North Carolina Invasive Plant Counci l l nv
2023) . I f the species was determined to be na
volunteer specieminéll boastpiexd etto wdesr dlet @ar ol i r
consider ed -nvactliuvnet.e efrhenonnat i veness of each spec
Pl ants of North America and the Biota of Nort
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Ameri ca, n. d. ; Bi ota of North America Program
SO some species can be considered either plan

but not anotBRerth€&popoci ss(\inrggiimigau edfrodedpaer ) was

Phase 111l Dbut not in Phase I or I1, so it 1is
in Phase | or 1l (Appendix B).

For mul ti vaPrQCRDe7 asnoafltywsairse, was utilized. Tw
were conducted; the first used a main matri X
data. The second indicator species analysis u:
secamyd matrix. This analysis was done for eact
Sorrenson outlier analysis with a cutoff numb

outliers identified were plotF)5. iml cPtha5s ei n Rmna
very Ilittle invasive cover compared to the re
amount of i nvMisdrvoes tceogviecrmnipraonme d ettsm t he rest of
the speci-85S%hawoveg. 75Bwo rNMS nfunlotni di mensi onal s
were performed using the stem data main matr.i

are a techni gsupeeciine swhiecthc .plcoatns ,be-di mpnesentaé¢d

space;hgptoimlitet tcl oser together are more similae
determine how similar or different particular
understand what is driving c¢ommunmnointdyarcyo nrpact sriitx

cover 2AtveheOR15 and the other was done with
thél kvel 0.2. The same plots were excluded as
(Appendi x F) . From these ordinations we can g
done for the second NMS ordination with the s

plots the sections, but seciindhsewlker applearch
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2.3 Results

2.3.1 General Resul ts
Within the study area, invasive cover was
Phase 111 (Table 2.1). A total of 283 differert

the majority of these species were volunteer

speciesnatndenwvwal unt eer pl anhtes .moksetr bcaocrenoouns tpylp

designation and growth form for invasive spec
hi ghest category, the number of invasive spec
contained the highierstaqiuud etrr eod, sphlercule,s Hermrb,

phases

the species distributions were similar

species category and herb species account for

(Figure e2.24;2)TabWwhi |l e the overall results are
not c¢cl ose enough to be considered -gdwearseadne di
statistic = 10.65) (Appendix H).

Tabl ©v2rhIl | invasive area within the total st

Invasive Area (m?) Studied Area (m?) Total Area (m?) Invasive Cover

Phase I
Phase I1
Phase III

3492 6154 6154 56.7
3552 5363 5363 66.2
332 853 853 38.9
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Phase | Phase Il
B vine herb [ shrub [l tree B vine herb [ shrub [l tree
100 100
CR—
75 [ose——] 75
g g
S 50 g 50
@ | @ =
5 25 . - 5 25 - — -
* *
0 0
Invasive  Volunteer  Volunteer Planted Invasive  Volunteer  Volunteer Planted
Non-Native Non-native
Species Distinction Species Distinction
Phase Il All Phases
B vine herb [ shrub [l tree W vine herb W shrub [ tree
80 150
, 6 s » 100
@ 2
S 40 g
% o 50
S 20 e 5
b - _— 3+
0 0
Invasive Volunteer Volunteer Planted Invasive Volunteer ~ Volunteer Planted
Non-native Non-Native
Species Distinction Species Designation
Fi gurDei s2t.r4i buti on of the number of species
(top left), Phase 11 (top right), Phase |
Tabl éNuZnb2r of species within each species
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Tree Shrub Herb Vine Totals
Invasive 10 10 23 11 54
Volunteer 35 10 88 7 140
All Phases Volunteer Non-Native 14 6 20 3 43
Planted 27 9 10 0 46
86 35 141 21 283
Tree Shrub Herb Vine Totals
Invasive 7 9 14 9 39
Volunteer 26 10 41 7 84
Phase 1 Volunteer Non-Native 10 4 8 2 24
Planted 24 9 7 0 40
67 32 70 18 187
Tree Shrub Herb Vine Totals
Invasive 8 8 17 10 43
Volunteer 27 3 61 5 96
Etasa. L Volunteer Non-native 9 3 10 2 24
Planted 21 4 7 1 33
65 18 95 18 196
Tree Shrub Herb Vine Totals
Invasive 5 5 10 4 24
Volunteer 16 4 40 5 65
Phase 11 Volunteer Non-native 1 0 10 1 12
Planted T 2 4 0 13
29 9 64 10 112
|l nvasive species accounted for 47.1% of st
overal/l results are similar across phases, th
the same distribution, whi-sQuadst esdhtowaf blyo mdge
(Csquared statistic = 286.59) (Appendix 1).
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0.4%

Volunteer (N)

Phase | Stems

Volunteer (NN)

23.3%

Invasive

Phase Il Stems

Planted
16.4%

Volunteer (NN)
1.8%

Invasive

Volunteer (N)
34.0%

Planted

Phase Illl Stems

Invasive

All Phases

Planted
23.8%

Volunteer (NN)

0.9%
203 2717
Volunteer (N) Volunteer (N)
28.2% 27.6%
FigurStemb5ounts for each plant designation in
Il (bottom | eft), and across all phases (bot
2.3.2 Phase Analysis
Tabl &ign3 fi cant native and invasive indicator
associvatt eadespfor natives in Appendix J and inv
Phase I Phase I1 Phase III
Common Name Scientific Name Common Name Scientific Name Common Name Scientific Name
Pawpaw Asimina triloba Box elder Acer negundo Tulip-poplar Liriodendron tulipifera
Flowering dogwood Benthamidia florida Smooth alder Alnus serrulata American elm Ulmus americana
Carolina allspice Calycanthus floridus River birch Betula nigra
Spicebush Lindera benzoin Ironwood Carpinus caroliniana
Native Black cherry Prunus serotina Hawthorn Crataegus spp.
Laurel oak Quercus laurifolia Sweetgum Liquidambar styraciflua
Water oak Quercus nigra Sycamore Platanus occidentalis
Loblolly pine Pinus taeda Laurel cherry Prunus caroliniana
Black locust Robinia pseudoacacia
Oriental bittersweet Celastrus orbiculatus  Porcelain berry Ampelopsis glandulosa Japanese stiltgrass  Microstegium vimineum
English ivy Hedera heliz Leatherleaf mahonia  Berberis bealei
Amur honeysuckle Lonicera maackii Thorny olive Elaeagnus pungens
Chinese privet Ligustrum sinense Lespedeza Lespedeza cuneata
‘White mulberry Morus alba Creeping lilyturf Liriope spicata
Invasive Bristly lady’s thumb  Persicaria longiseta

Chamber bitters
Mock strawberry
Callery pear
Japanese knotweed
Chinese wisteria

Phyllanthus urinaria
Potentilla indica
Pyrus calleryana
Reynoutria japonica
Wisteria sinensis
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Based on the species distributions, strata

species, Phase -dudce xxwinesn alerceldosaednicdanopy pl ar
considesedccasmi dnal open canopy cwlnantdecemdmuam
eafrsluccessi onal community. The i nvdasilwea asngeci e
Phase 11 had a mix of shade tolerance, while
a wide range of | ighencoeadtiitomsnsarelapll @t 2e @) or
2.6), the phases group out from each other in
designations. Phase 111 plots grouped out on
earl ysucceswhiolneel Plsgpseilels,pl otted more in the

mi ddl e and along the right side of the ordina
the ordination with the horizont aledaxmosr edrmivde
and -sluactceessi onal species, MWMhasduklkaeekadoaami spe
and Phase -sluclc ehsasdi oenaarll yspeci es. As for the ver
towards the top of thieglherdi an@avteroni nwealel pd att esg c
shrub, and herb) (Table 2.4). The areas of hi

upper molsand igdrtner (Figure 2.6).
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NMS % Ordination

Phase
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" 2
.
/‘ 4 \\ 3
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//"" \\
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B - SE—

Axis 1 (Successional Stage)

Figur@r 2i.nrbati on with stems as the main matri X

cover as the secon®darOy 1Matri x variables at R

Tabl Stat4stics table VabmeBCOBD7tWiet secbadRBRry

axis in regards to each axi s.
Axis 1 2
r r-sq tau r r-sq tau
Invasive Cover -0.423 0.179 -0.366 -0.426 0.181 -0.299
Herb Cover -0.431 0.186 -0.328 -0.29 0.084 -0.154
Shrub Cover -0.201 0.04 -0.206 -0.411 0.169 -0.31
Tree Cover -0.417 0.174 -0.345 -0.185 0.034 -0.13
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2.3.3 Invasive Cover

Within the study site marwrirredasiAvé Dpfedihe:

hi gh amount of invasive cover within them. P h
then Phase 111 (Table 2.1). Al though all phas:¢
i nvasi ve coveor duhneant iponotstpeadcei n( Fi gure 2. 7). Ph
for invasive covkHerdeirnab ehhenlgi xslget eanfr gwwst hcontr il

strongly associateduwt t binsP &satsreonnsgel ayn da slslo,ci at ed
and Microstegium vimineum ilsi gt dtanmcyrsy ma pd wdi a

l ine strongly points wupward and iIis not associ

NMS % Ordination
LILU

Phase
- A A 1
2
3

Species
LILU: glossy privet (Ligustrum ludicum)
HEHE: English ivy (Hedera helix)

g s LISI: Chinese privet (Ligustrum sinense)
© usl 3 YOJA: hawksbeard (Youngia japonica)
_“)', MIVI: Japanese stiltgrass (Microstegium
% vimineum)
- YOJA
Axis 1
Figur@r Ri.nfati on with invasive % cover per spec

as the secondary=m@&t2ix variables at R
Determiningmphet hsgpbebses for this site res
t hat each species cover s, utilizing data with

arHeder aLihgudstxrumgll eas s Wumrriowsdte)g, 0Pmrwismicmae bmr y a
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(Cal |l er yLipgeuasrt)r uadmds e ma ralkeelsi xup t he most space f
LigustrumMilcuostdemi,Ppnmrwismicmaé dmayysaha u(nT ashilneen s e

2.5) .

Tabl &i ¥e5invasive species with %amed hioghad s tp eirrc

invasive cover of the sampled area. Ful I I nva
Common Name Scientific Name Total Area (m?) Total Percent Invasive Cover
English ivy Hedera heliz 2189 17.7
glossy privet Ligustrum lucidum 1559 12.6
Japanese stiltgrass = Microstegium vimineum 594 4.8
Callery pear Pyrus calleryana 508 4.1
Chinese privet Ligustrum sinense 408 3.3

Tabl &#i ¥e6invasive species ané@witthheiinr eiancvha spihvaes e

Phase Invasive Cover (m?) Study Area (m?) Percent Cover

Hedera heliz Phase I 1288 6154 20.9
Phase II 895 5363 16.7
Phase III 6 853 0.7
Phase I 633 6153 10.3
Ligustrum lucidum Phase II 805 5363 15.0
Phase 111 104 853 12.2
Phase I 175 6154 2.8
Microstegium Phase II 328 5363 6.1
Phase III 72 853 8.4
Phase I 100 6154 1.6
Pyrus calleryana Phase II 403 5363 7.5
Phase III 4 853 0.5
Phase I 254 6154 4.1
Ligustrum sinense  Phase II 149 5363 2.8
Phase III 5 853 0.5
2.3.4 Highest I mpact I nvasives

2. 3. 4.1 Hredleirgh hiedy x(

Heder a she ikvoody, evergreen, trailing or «cl
aggressive invader that threatens nearly al/l
in elevation and it commonly invadeg Soll 6odRI0O®
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It usuvally invades during the early stages of

persist for centuries (Rackham, 1990 as <cited

established, the vine car predess .t hael Ifowiersd tftH e oc
pl ants to reach sufficient | Hgdter & olrenisir xai tt hp rc
canopy and prevents sunlight from reaching pl
negative i mpactg enthéeiretostngrelesi b vigor

susceptidbbhvert ¢ Sbl bw 200H¢det a sNefratnkk e@a rao Itihmrae,a

one or significlaemvtelt htrlreraggt t(hNC hligHadgiéva Pl ant

heliisxa main driving force of invasion within
within the study site. The invasive cover ord
the highest influence i n sec¢t hoenibnvwashi bv et hceo vheir
shown by the | argest points at the upper end
(Figure 2.8). It i s particularly impactful i n
anal ysis as wel |l mispltdites s(i ganblfd cZa.n%; skhiegurees 2.
i mpact in Phase Il within the upper most, high
Phase 111, the earliest successional stage (F
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Axis 2
[
[

Axis 1
Figur@r 2i.nBati on with % invasive cover per spec

of each section (triangle) indicates the | eve

Hedera helix

2.3.4.2 Gloguystpuimnveétuci dum

Ligustruims | aecs @mgr eetnemudd ishrub or small t
Atl as of the United States, n.d.). This speci
oudcompetes many native species. Once etmoevespeci
and even has the potential to develop monodom
and Ecosystem Healt h, n.d. ). It can invade wup

prevalent within | oiwtlangdh aedkii ¢ osnareanmasle adeui ed et so

via root sprouts and spreads widely due to th

and other animals (Miller et al. 2015). Other
hi gh ger mi nsapricont irmg ecsh pgarbea Wti it yr, atrap, | ow herb
tolerance to a wide range of | ight Il evels, te
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ecosystems

threat (NC Invasive Pl ant o@QoumciFli,gu2@2 2) .9, Wiwtel
Ligustruims| acodluenr maj or driving force of I nv:
wi t hi he study site. The plots where the sp
t he ordinatiasni,ngwiitrhv ashievede nccoveer as you move U
This species is a strong indicator of invasi v
plots from all phases grouped near the top of
Phase

iﬁ %ﬁ fﬁ1

o 5L
Axis 1

Figur@r ®2i.mation with % invasive cover per spec
of each section (triangle) indicates the | eve
Ligustrum | ucidum

2 .

ity t

0]

(Fernandez

nvade

et

a l

rapi dl vy,

alteri

2020) .

3.

4 .

3

J a p aMhiecsreo sstteiglitygm avsismi(n e um

ng

n

he
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Nort h
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Mi crostegiumsm &i sipnawhfiargmi dge nasrenuariatgr ass (

2015) . It commonly invades disturbed areas an
streambanks, floodplains, and forested wetl an
pr owi dainn i deal environment for the species (Sw
Wil dlife Service, 2015). I nfestations from t h

herbaceous vegetation three to filwe iytearpr alfitf

seeding, since each plant can produce 100 to
Mi crostegi bemags mt aeamanges in the |itter comp
al. 2006). I n North Carolina it is ranked a t
Council, 2023). The species was nfdouhnads ipnar45 cou
|l arge i mpacts in Phase 111, -handd caitcead dbdfy the
pl dhere are also a few plots in Phase |1 with
Mi crostegi.umlhvga md meauimnes i s a driver for invasi
with its impacts mostly seen in the |l eft side
in areas with | ow savcersle omad e girtouingdcawveegarslp
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Phase
2
o~ ' 3
§ a
Axis 1
Figuré&rdadibation with % invasive cover per spe
size of each section (triangle) indicates the
bwWwicrostegi.um vimineum
2.3.4.4 CBytesycpkheryana
Pyrus cabl arwadaly planted deciduous tree
United States and has garnered attention as a
form dense thickets and stands, folmsebHadg aond
a variety of soil s, it i s adaptable and t hus,
species begins flowering at just a few years
(Cull ey & Hardiman, 2007). Il n North Carolina
(NC I nvasi ve PlPaymrtusCoculinacsielt,pa2g0e2 3iympacts i n Pha
i mpacts in Phase | (Figure 2.11). I't i s a mai
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cover (Figure 2.6) which is denoted by the | a

species was found in 32 of 59 plots within th
Phase
o a. 3
v . . .
3 A
<
Axis 1
Figureoerdi bhati on with % invasive cover per spe
size of each section (triangle) indicates the
byyrus call eryana

2.3.4.5 Chlhings®et pumveitndnse

Li gustruinse saenseenmmsger een t o evergreen species
mulstiemmed pl ants. It is one of the most widel
States and commonly invades bottomland forest
rapidly through bird and ani mhhndespefsahy( Mi
for col oniigwgtironm dhiisemspeci es is distinctly d
| arge seedbank and need for underground r emov.

di spl ace nati vearsipoeuws etse rarneads tdriisalupac owsyst ems (
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Carolina it is ranked a threat | evel one or s
Ligustruwassifnoeunnscke i n 49 of 59 plots within the
i mpactful across Phase |, demonstrated by the
(Figure 2.12). This is further supWotrhiend ®hlet
phase it appears to be |l argely in areas of mi
2.6) .
Phase
“& ,
Axis 1
Figuré®rdadibation with % invasive cover per spe
size of each section (triangle) indicates the
byigustrum sinense
2.4 Discussion
|l nvasive species of all growth forms (i.e.
given the opportunity (Figure 2.4). Mor eover,
this case the invasive spestesbaoompni 6d7al mds:
of the overall cover (59.6%) (Figure 2.5; Tabl
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Branch restoration with invasive stems cover.i

Phase |11 (Figure 2.5). The similar percen

that i nvasive plants needbetcoaubsee atdhderye swsieldl eianrv

community and persist through stand devel opme

v ol

pr o
Lig

t hr

par
t he

and

unteer species are due to invasive stems o
cumstances with mowe sspeacciee savvad Ulad | lei, k élhye sk
hin the community. Therefore, we should pr|
toration projects as the plant community d

get pl anits ciomtmaurne sttyi.,nd tt o note that the her

ub cover; thus, higher tree and shrub cove
S Ii's because areas with higher rtrienev,asshireub
er, suggesting that invasive species are s
) .

The fiviempagthespecies within this site, anct
j eddtesler ak ibged S txr u,Mi cuosdemi,Pmrwuismicmé damd yana
ustrumTshieseendd ve species are unsurprising
eat | evel one invasive species within Nort
eresting distinction is how esdalyeisnvades a
Heder a shel imaj or driving force for invasive

h priority considering it ?co(vlearbelde 127..58)% olft
ticularly tismgacectsfsulonian tcHe smidd canopy stage
ir growth characteristics because they pro
reach openHendgesr awahsehlaifxa bl ablbae.to effective

was uz cmisd i onapl anpte nc ccranmuonpiyt vy . However, It
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in thesueaes yi onal Phase |1 (Table 2.6). This
significantly invade in restoration sites wit

Ligustruims|l acodlenr high priority species tl
and is an indicator for highly invaded pl ots
species that was planted historicatég av8s9rz&m

m’or 12.6% of the restoration siteds study are

but it had significant I mpacts across al/l p ha
forming thickbeunndge rtsatloerriaenst athod varying | ight |
l' i kely why the species was not an indicator f

Mi crostegiomveri md?0ead. Bumof the study area

primarily an issue within Phase 111l (Table 2.
the early successional phase and in areas wit
s h atdoelaent and establishes well early on so it

i mpact comparatively within the other two pha

soi l di st ur beam ces s cacNifiaetadods tve gtofutmi s/ i prri enveaslme nt i
narrow Phase 111 floodpl ains.

Pyrus cabl anpamar species with individuals
up a significant amount of space in the canop
species has |l arger influence over glFotgsurfer om
2. 11) . 't i s-samcciessu®niam topenmicdanopy phase t a

to quickly grow up Pptrostceambyamaaywya@Tdmlod hd.l &
because it was hisitmgicmlIN§g Ptlatnd éésd caanndp urse.maT h

indicator for highly invaded plots within the
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Lastigustruwassitnheensfei fth highest i mpact spe

m’or 3.3% across the entire study area (Tabl e

a higher percent cover for this Phase and its
Phase | pl ots ( Ta bglues t2r.ubm dsHinbeenrskea P g&8) . i mpact
mi dsuccessional closed canopygl st agee odf Rolt& ys
allow it to readnhVy Bhwgde bé&t et hsuwccessioboat.i
of Agriculture, n.d.). The species is also an

Whil e these species are common in restorat
Carol i-mmecisfiite factors are also |likely contrid6k
upstream from Phase | is a smalhigbtgsi npadel

Heder awhhieclhi xcoul d be a major seed source for t
west of Gorman street incl udede dsavae rhaallrigder ai ns
LigustruanRyurcuisducnatl keelsysaimatohuendi ng campus ser v
sources for these two invasives into the rest
i mportance of addressing seed sources and und

with a site thoow ettad emma nuangdee ristt.a n d

Additional species should be taken into co
Sever al i ndicator species, or species that we
stage, occur. When | ooking werehedent nfli edt as:

hi ghenptact species, weColbastrives (t@Gral e dPlthéaksteln dt theaa
Loni cer d Amaua c khioin e yMsourcuksl (ea)h,baaen dnul berry) t oThea
species that should be watched within c¢closed

i ndicator species;-impemeverspetchest hrase dReit @ ens tn

El aeagnuét pangReghouve) i(a ajpaapcensiec &kAnnoptew eoepds)i,s agnl
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(porcelain berry). Since Phase | i's an open
El aeagnusasniRlaywmgaewmtsr ibae ijnagptosnhiacdaa Amp eviho p i sd ogel sa nndo
persist well in full shade and prefers more su
if resources per mit, management to prevent an
restoration projpecect swatThdsestarspepgoes biasedTa
2.3) and their overal/l cover (Appendix D). Ho
sites to idenimpgctaddntvasnaés htpgat may not h e
i nvadi ng dusepetcoitfotcefracsi t e
2.5 -SQietcei fi ¢ Recommendati ons

For Rocky Branch, it is important that Lan
invasive plant seed sources Hédeona oOhicdaltiexd ane@me
Gorman street. Further moirgus tarnu aenflifyunauitsd ucna | + e mgy
stems should occur across campus to reduce in
Mi crostegi ami gum®mt nearnes ionne nosteher parts of campu
confirmed. l nvasi ve poplud altd coantse dofandch emaep psegdke ca
St atebébs campus for ease of planning and subse
mitigation moni t eurpi noyreeapear tagp.p rAo abcoht ttoom manage
recommended for invaded stream and westl and r e
treating the herbaceous | ayer firsdowrholl owed
|l ayeredigapaprobiacyh with treesiandaweskgapgsyonce
species have been removed frbomr t tdereccvaiaregpy and
herbaceous species to invade. Therefore, it
herbaceous | ayer before removing overstory an

Ther edeodreer,aanidé Icir ost egi smouvuli chi beumargeted first
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di f

spr

bef

wat

her

Big

( Ch

study site because they comprise the herb
ferences between particular nat-ewmergedtinyv
aying (e.g. annual versuy. perennial speci e
FoHedera heli» particularly important to fi
ore removing it oncthebgngumdnbecausethbeb

its spriader Relmmlviocbhges t horoughly wetting

er with a surfactant. To I mprove the herbi:
ommended to reduce growth and injure | eave
bicidesodi hecsurfakcespoayappbging baseful |
es, has proven effective (Miller et al. 20
noni a (ccarporseBoalrantkag n o ci s s u s@mgduyi sntqiucelf wnNsiacr o st
ri stmas fern) (City of Raleigh, n.d).
FoMi crostegi,umhesri bmi mieduen appl i cation and mow
venting seed production. Mowing should be
l'y in the summer, plants regrow and fl ower
i en rlkainng Wer oup, 2008). Hand pulling follow

ater plant diversity compared to herbicide
essary to keep the desalr.ed20 1le5v)e.l Hoofwedvievre r st
l ing can be -kebasembasdsodependsag on the s
value to the plant community. I f reveget a
Cad®xp . (Grealggmant, hi u(m ilvaetri Ifopgdtd)tuimeaarsd capensi
ange jewel weed) (Durham Master Gardener s,

After addresspngorhegehewbabegbhs | ayer spe

opy contrbil geanr goteacsatunseen si¢tt gr ows | ower i n
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aboult5 6ft ( North Carolina Ext-anhsibor Gahidenepee
spray of smaller individuals and basal spray
(Miller et al. 2015). I f sr etvoe gtehtiast isopné ¢iiesex sd ocnoeu
deci(ddueac i d u olulse xh,ddlrayc)al a, cE¥md dmpypem (City of Ral
n.d.).

Ligustrumolbiudi demt he nextupspmaeepireacihn atshe t b

hei ghtig40 offt 26Gi | man & Watson, 1993). Foliar sy

Ligustrum lucidum; however, herbicide spray s
for |l arger individuals (University of Florida
revegetation is done, nativel ladx e¢a@itd daecsu s o

holl y&x ,Mpraeclal a, c¥mwthd@immpp. (City of Raleigh, n.

Pyrus cabuédyb®eathe | ast species to target
(North Carolina Extensi-m)n. GRordeRPRrasdellainti f(Tow& ¢
| arge portion of the canopy withinedhfeopl ot s
seedlings while basal spray applications are
cut and herbicide should be directly applied
is done, nati vepeal &e8r naAnied easnncthbi yetdl boivasn yoso r e a

servickeortr mymi difd ofwleariindga @ergawiono dg a n achansi s

(redbud) (City of Raleigh, n.d.).

| f there are concerns about the removal of
via soil erosion, girdling is recommended to
pl ants are put in and provi ddel ifnugr tihse rmosstta beiflfie
species without resprouting capabilities. Whe

resprouts wil|l need to be cut repeatedly to e
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Anot her consideration for this site is that t

col |

eg

e campus. There is potential to engage

replanting efforts. This typeeofalactoiuvistty khad

progr ams. For instance, in the dendrology <cou

—+

Sche

rest
rap.i

bank

%)

<
3
o

conc

addr

soon

rehtbeagnusaneEhhbaeclalgntuast pmegahst he PMGNSEtdat e Uni

nck Forest as a sgevicetpodpetodorySeodenbas
Strusnt esmsn eantset he Wal nut Creek Wetl and Par Kk
ted the stumps. Il n addition, environment a
ustainability have compl et eAdnpseiloiplsars ser v
dain oBRlmase 111 of Rocky Branch (Jeffries S.
oration sites have also utilized student

an plants, removed 900 gall ons of invasiywv
at Snyder Branch Creek in Salem, Virgini;
iotic for the community ithmaar tgamnane dofedtultca
am channel restoration, and management cr
t community. Engaging with students al so
Rocky Branch rnfl ea&mrwviimg lasb ahS®at@roant Nor
oductory environmental science course at

r eHeawa la mhfealni xef f or t twp saippproaoach.he bott or
n addition to the five primary target spe
| ost daghoyl sd eenurbeaamboo) on one side of the fI
ern now, the species is crowding out othe
essed. To avoid a more expensivreegs®eandval |
(Higgins et al. 2000). The area should b
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and rhizomes, which should be piled and burne

control but can be more effective when herbic
Lastly, this study can also assist with ad
identify species on the planting |ist for cam

exampl mys pacCchi heseael m) was a species found
particularly in Phase I, and it is a species
di sruptiveowdascsgmriepatngg | il yturf) which is also
i nvasion species llainkeedt.hi s should not be p
2.6 Conclusions

For stream restoration efforts, it is crit
manage the site to continuously ensure that t
grow and develop. Species shoel ¢pglbatdealmmuwi t
devel opment by managi-mpdnppomesdty mepresd ebutbessi:
following mitigation guidelines of mapping an
they get out of control .plBRart]l yoimmuasitwe ema mabd
the | argest i mpact; however, continued vigilal
shadet ol erant speci ess utchcaets sairoen aplr osntea gteos .i nv ad

Resources should be {iimpacttdedivasti ed@ tSpetche
sout heastern stream redé¢ ode aalilogad dptxrou,ne cltusc,i d uhne
Mi crostegi,Pmrwuismicmé dmmdiyanaumTshiersensgeci es sho
primary targets of invasive control and if th
prevent their establishment. Before a project
species ar e nloits hpelda nitne tdooro art deasrh atbh & er,ed f t hey ¢

prevent significant seed formation i s recomme
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consider ff orElacecmntgrnala nRagnigedéesr iaanAlmpedbowipsa s

gl andwil tolsiammu o eds si onal open cahopycepl amtda a o kimu
Morusi al-fmadcessi onal closed canopy plant ¢ ommlt
they can ail mpadtasyr earmmd gdaxt ensi ve coverage of a
D) .

I f the site is older and is already heavil
removals of the targeted species should be im
towards potenti aduperpproachomwi | Aimmtatsdam@meshdoh
take advantage of canopy gaps and further inv
treatment in order to fill back in the gaps.

to maintain root syse enosl dun(tGolugthh,e 2r0e2p3)a.ntlifn gt

stil |l wityhdaenr trhiet isggavteinon moni toring period the
known i nvasions i s i mportteamm. mdmage me ptr on @ cit n \
moni toring iovri trieenso vaarle arcetqui r ed. However, i f p

activities continue to ensure the restoration
invasive population or stem distributbi)on 1| i ke
2.6 Further Research

First, the feasibility of inctermomabtaggmere!l
phase f or miitsipgeactiifoinc aplrloyj ewcittsh r egards to cont

identification and apphoplrd abe evdljat iate ad o M st

beneficial to document and understand how the
species control, removal, or other wvegetation
Branch. Testing and comparimd oanmtiowals ampraca of

di fferent phases of the restored stream coul d
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could also inform best practices for invasive
especially at sites experiencing invasion ove

the vol stnmttaevre ms@preci es t haBr avreale ( Apmdendiix dP)at

species were neither indicated as being nativ
Carolina Invasive Plant Council 6s | ist. These
Early analysis and control of these species ¢

invasi ves.
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AppendRexc Ammended

Department,

n.

d. ; Si

pl anting

ver

tabl e

& Rut h,

(NC State

n. d.)

Tree

Shrub

Herb

Common Name Scientific Name

Common Name

Scientific Name

Common Name

Scientific Name

Southern sugar maple
Box elder

Red maple

Yellow buckeye
Cherry birch

River birch

Ironwood

Bitternut hickory
Shagbark hickory
Sugar berry
Alternate leaf dogwood
Cockspur hawthorn

Acer floridanum
Acer negundo

Acer rubrum
Aesculus ocandra
Betula lenta
Betula nigra
Carpinus caroliniana
Carya cordiformis
Carya ovata

Celtis laevigata
Cornus alternifolia
Crataegus crusgali

Persimmon Diospyros virginiana
Green ash Frazinus pennsylvanica
Silverbell Halesia caroliniana
Witch-hazel Hamamelis virginiana
Black walnut Juglans nigra
Spicebush Lindera benzoin
Tulip-poplar Liriodendron tulipifera
Sweetbay Magnolia virginiana

Umbrella tree
‘Water tupelo
Swamp tupelo
Black gum
Sycamore

Eastern cottonwood
Black cherry
Overcup oak
Swamp chestnut oak
Cherrybark oak
Shumard oak

Magonila tripetala
Nyssa aquatica
Nyssa biflora
Nyssa sylvatica
Platanus occidentalis
Populus deltoides
Prunus serotina
Quercus lyrata
Quercus michauzii
Quercus pagoda
Quercus sh rdii

Red buckeye
Painted buckeye
Smooth alder
Downy serviceberry
Shadbush serviceberry
Red chokeberry
Pawpaw
Beautyberry
Carolina allspice
Buttonbush
Clethra

Sweet pepperbush
Hazel-nut

Titi

American strawberry bush
Dwarf witch-alder
Marsh mallow
Deciduous holly
Inkberry

W interberry
Virginia sweetspire
Doghobble
Male-berry

Wax myrtle
Ninebark
Rhododendron
‘Wild azalea
Swamp azalea
Swamp rose

American elderberry
St leb
p

Black willow
Silky willow
Bald cypress
‘White basswood

Saliz nigra

Saliz sericea
Tazodium distichum
Tilia heterophylla

Meadowsweet
Steeple bush

Sweet leaf
American snowbell
Silky dogwood
Horse sugar
Highbush blueberry
Southern arrowwood
Witherod

Aesculus pavia
Aesculus sylcatica
Alnus serrulata
Amelanchier arborea
Amelanchier canadensis
Aronia arbutifolia
Asimina triloba
Callicarpa americana
Calycanthus floridus
Cephalanthus occidentalis
Clethra acuminada
Clethra alnifolia
Corylus americana
Cyrilla racemiflora
Euonymus americanus
Fathergilla gardenii
Hibiscus moscheutos
llex decidua

Ilex glabra

Ilex verticillata

Itea virginica
Leuocothoe azillaris
Lyonia ligustrina
Morella cerifera
Physcocarpus opulifolius
Rhododendron mazimum
Rhododendron periclymenoides
Rhododendron viscosum
Rosa palustris
Sambucus canadensis
Spiraea tomentosa
Spirea latifolia

Spirea tomentosa
Staphlea trifolia

Styraxz americanus
Swida amomum
Symplocos tinctoria
Vaccinium corymbosum
Viburnum dentatum
Viburnum nudum

Big bluestem

River cane
Jack-in-the-pulpit
Lady fern
Beggartick

Fringed sedge
Bladder sedge

Hop sedge

Lurid sedge

Broom sedge
Tussock sedge

Fox sedge

River oats
Turtlehead
Umbrella sedge
Bottlebrush grass
Joe-pye-weed
Boneset

Common sneezeweed
Purplehead

a

Andropogon gerardii
Arundinaria gigantea
Asclepias incarnata
Athyrium filiz femina
Bidens frondosa

Carez crinata

Carez intumescens
Carez lupulina

Carex lurida

Carez scoparia

Carez stricta

Carez vulpinoidea
Chasmanthium latifolium
Chelone glabra
Cypernus strigosus
Elymus hystriz
Eupatorium fistulosum
PBupatorium perfoliatum
Helenium autumnale
Helena fezuosum

Swamp sunflower

Soft rush

Poverty rush

Rice cutgrass

Cardinal flower
Longleaf lobelia

Great blue lobelia
Bushy seedbox
Monkeyflower
Deertongue
Switchgrass

Obedient plant
Tearthumb

Christmas fern

Bigleaf mountainmint
Narrowleaf mountainmint
Maryland meadowbeauty
Virginia meadowbeauty
Cutleaf coneflower
Green bulrush
Woolgrass

Soft stem bulrush
Indiangrass

Bur-reed

New York aster

Marsh fern

Ironweed

Yellow-root

Helianthus angustifolius
Juncus effusus

Juncus tenuis

Leersia oryzoides
Lobelia cardinalis
Lobelia elongata

Lobelia siphilitica
Ludwigia alternifolia
Mimulus ringens
Panicum clandestinum
Panicum virgatum
Physostegia virginiana
Polygonum sagittatum
Polystichum acrostichoides
Pycanthemum muticum
Pycanthemum tenuifolium
Rhezia mariana

Rhezia virginica
Rudbeckia laciniata
Scirpus atrovirens
Scirpus cyperinus
Scripus validus
Sorghastrum nutans
Sparganium americanum
g,

hutot:

ichum novi-belgii

Thelypteris palustris
Vernonia noveboracensis
Xanthorhiza simplicissima
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Yellowroot

AppendRaxckBy. Branch Pl anting Lists
PHASE 1

Common Name Scientific Name
River birch Betula nigra
Hackberry Celtis lacvigata
Yellow poplar Liriodendron tulipifera
Sycamore Platanus occidentalis
Swamp chestnut oak Quercus michauxii
Pawpaw Asimina triloba

NARROW FLOODPLAIN Ironwood Carpinus caroliniana
Flowering dogwood Cornus florida
Possumhaw llex decidua
Spicebush Lindera benzoin
Pinxter-flower Rhododendron periclymenoides
Blackhaw Viburnum nudum

Xanthorhiza simplicissima

GENTLE SLOPE FOREST

Mockernut hickory
Pignut hickory
Green ash

Yellow poplar
Black gum

White oak
Northern red oak
Black oak

Downy serviceberry
Redbud

Fringe tree
Flowering dogwood
Witch-hazel
Umbrella magnolia
Sourwood

lastern sweetshrub
American strawberry bush
Wax myrtle

Carya alba

Carya glabra

Frazinus pennsylvanicum
Liriodendron tulipifera
Nyssa sylvatica
Quercus alba

Quercus rubra
Quercus velutina
Amelanchier arborea
Cercis canadensis
Chionanthus virginicus
Cornus florida
Hamamelis virginiana
Magnolia tripetala
Ozydendrum arboreum
Calycanthus floridus
FEuonymus americana
Myrica cerifera

UPLAND OAK-HICKORY

Mockernut hickory
White oak

Southern red oak
Northern red oak
Black oak

Flowering dogwood
Common persimmon
American holly

Carya alba

Quercus alba
Quercus falcata
Quercus rubra
Quercus velutina
Cornus florida
Diospyros virginiana
llex opaca

Sassafras Sassafras albidum
Sparkleberry Vaceinium arboreum
Hop sedge Carex lupulina
Blunt spikerush Eleocharis obtusa
Soft rush Juncus effusus

SE Rt Marsh fern '1‘hclyptc£s palustris
Buttonbush Cephalanthus occidentalis
Fetterbush Lyonia lucida
Giant Cane Arundinaria gigantea
Hop Sedge Carex lupulina

SEED MIX A

Virginia Wildrye
Joe Pye Weed
Bottle-brush Grass
Virginia Willow
Soft Rush

Rice Cut Grass
Cardinal Flower
Deertongue
Switchgrass
Three-square Bulrush
Woolgrass

River Oats

Elymus virginicus
Eupatorium fistulosum
Hystriz patula

Itea virginica

Juncus effusus
Leersia oryzoides
Lobelia cardinalis
Panicum clandestinum
Panicum virgatum
Scirpus americanus
Scirpus cyperinus
Uniola latifolia

SEED MIX B

Annual rye
Browntop Millet
Broomsedge
Little bluestem

Lolium multiflorum
Panicumn ramosum
Andropogon virginicus
Andropogon scoparius

LIVE STAKES

Silky Dogwood
Black Willow
American Elderberry

Cornus amomuim
Saliz nigra
Sambucus canadensis

f

or

Phase
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PHASE 11

Common Name

Scientific Name

NARROW FLOODPLAIN

River birch
Hackberry
Yellow poplar
Black gum
Black gum
Sycamore
Sycamore
Swamp chestnut
Bald ecypress
Hawthorn
Ironwood
Flowering dogwood
Possumhaw
Spicebush
Pinxter-flower
Blackhaw
Virginia creeper

Betula nigra

Celtis laevigata
Liriodendron tulipifera
Nyssa sylvatica

Nyssa sylvatica

Platanus occidentalis
Platanus occidentalis
Quercus michauzii
Tarodium distichum
Crataegus distichum
Carpinus Caroliniana
Cornus florida

llex decidua

Lindera benzoin
Rhododendron periclymenoides
Viburnum nudum
Parthenocissus quinquefolia

GENTLE SLOPE FOREST

Mockernut hickory
Pignut hickory
Green ash
Spicebush

Black gum

White oak
Southern red oak
Northern red oak
Black oak

Downy serviceberry
Redbud

Fringe tree
Flowering dogwood
Witch-hazel
Umbrella magnolia
sourwood

American strawberry bush

Wax myrtle

Carya alba

Carya glabra

Frazinus pennsylvanicum
Lindera benzoin

Nyssa sylvatica
Quercus alba

Quercus falcata
Quercus rubra
Quercus velutina
Amelanchier arborea
Cercis canadensis
Chionanthus virginicus
Cornus florida
Hamamelis virginicus
Magnolia tripetala
Ozydendrum arboreum
Fuonymus americana
Myrica cerifera

FLOODPLAIN POOL

Green arrow-arum
Pickerelweed
Broadleaf arrowhead
Lizard-tail

Fringe sedge

Hop sedge

Blunt spikerush
Leathery rush

Peltandra virginica
Pontederia latifolia
Sagittaria latifolia
Saururus cernuus
Carer crinita
Carer lupulina
Eleocharis obtusa
Juncus coriaceus

RIPARIAN SEED MIX

Soft rush Juncus effusus
Buttonbush Cephalanthus oceidentalis
Hop sedge Carex lupulina

Virginia wildrye
Joe pye weed
Bottle-brush weed
Virginia willow
Soft rush

Rice Cut Grass
Cardinal flower
Deertounge
Switchgrass
Three-square bulrush
Woolgrass

River oats

Elymus wrginicus
FEupatorium fishtuiosum
Hystriz patula

Itea virginica

Juncus effusus

Leersia oryzoides
Lobelia cardinalis
Panicum clandestinum
Panicum virgatum
Seirpus americanus
Scirpus cyperinus
Chasmanthium latifolium

LIVE STAKE

Silky Dogwood
Black willow
American elderberry

Cornus amomum
Saliz nigra
Sambucus canadensis

TEMP SEED

Barley

Winter rye
Browntop millet
Pear! millet

Hordeum sp.

Secale cereale
Panieum ramosum
Pennisetum gasucum
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PHASE I11

FLOODPLAIN

Common Name Scientific Name

River Birch Betula nigra
Sycamore Platanus occidentalis
Swamp chestnut Quercus michauzii
Overcup oak Quercus lyrata
Swamp white oak Quercus bicolor
Boxelder Acer negundo

Black gum Nyssa sylvatica

American strawberry bush
Blackhaw

Pinxter flower

Weeping willow

Fringe tree

Hackberry

Flowering dogwood

Fuonymus americana
Viburnum nudum
Rhododendron periclymenoides
Saliz babylonica

Chionanthus virginicus

Celtis laevigata

Cornus flordia

GENTLE SLOPE FOREST

Flowering dogwood
pignut hickory
yellow poplar
water oak

Black Gum
Hawthorn
Sycamore
Southern red oak
Redbud

Fringe tree

White Oak
Eastern Red Cedar

Cornus flordia

Carya galbra
Liriodendron tulipifera
Quercus nigra

Nyssa sylvatica
Crataegus viridis
Platanus occidentallis
Quercus falcata

Cercis canadensis
Chionanthus virginicus
Qurcus alba
Juniperous virginiana

STREAMBANKS

Leathery rush

Soft rush

Silky dogwood

Black Willow
American Elderberry

Juncus coriaceous
Juncus effusus
Cornus amomum
Saliz nigra

Sambucus canadensis

PARK LAWN SEED MIX

Kentucky Bluegrass
Creeping red fescue
Perennial Ryegrass
Redtop

Poa pratensis
Festuca rubra
Lolium perenne
Agrostis gigantea

GRASSED FLOODPLAIN

Weeping Lovegrass
Purpletop Lovegrass

Eragrostis curvula
Eragrosris spectabilis

JUNCUS STREAMBANKS

Soft rush
Leathery rush

Juncus effusus
Juncus spectabilis

PERMANENT SEED MIX

Virginia wild rye
Switch grass
Creeping bentgrass
Begger ticks
Coreopsis

Deer tounge

Big bluestem
Soft rush

Penn. Smartweed
Little bluestem
Indian grass
Gamma

Elymus wnirginicus
Panicum virgatum
Agrostis stolonifera
Bidens aristosa
Coreopsis lanceolata
Panicum candestinum
Andropogon gerardii
Juncus effusus
Polygonum pensylvanicum
Schizachyrium scoparium
Sorghastrum nutans
Tripsacum dactyloides

TEMP SEED

Barley

Winter Rye
Browntop millet
Pearl Millet

Hordeum spp.

Secale cereale
Panicum ramosum
Pennisetum glaucum
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Appendi x

Common Name

Scientific Name

Total Area (m?)

English ivy

Glossy privet
Japanese stiltgrass
Callery pear
Chinese privet
White mulberry
Wintercreeper euonymus
Kudzu

Mimosa

Thorny olive
Tree-of-heaven
Golden bamboo
Japanese knotweed
Porcelain berry
Japanese honeysuckle
Wisteria

Amur honeysuckle
Lilyturf

Chinese elm

Amur maple
Creeping lilyturf
Multiflora rose
Oriental bittersweet
Chinaberry
Bushkiller

Autumn olive
Winter honeysuckle
Heavenly bamboo
Youngia

Oriental lady’s thumb
Mock strawberry
Lespedeza

Johnson grass
Princess tree
Chamber bitters
Bermuda grass
Common hibiscus
Wartremoving herb
Leatherleaf mahonia
Asiatic dayflower
Lawn marshpennywort
Chinese yam

Quack grass

Yellow iris
Beefsteak plant

Tall fescue

Redtop

Hardy orange
Common buckthorn
Japanese privet
Dallis grass
Chameleon plant
Chickweed

Garden star-of-bethlehem

Hedera heliz
Ligustrum lucidum
Microstegium vimineum
Pyrus calleryana
Ligustrum sinense
Morus alba
Euonymus fortunei
Pueraria montana
Albizia julibrissin
Elaeagnus pungens
Ailanthus altissima
Phyllostachys aurea
Reynoutria japonica
Ampelopsis glandulosa
Lonicera japonica
Wisteria sinensis
Lonicera maackii
Liriope muscari
Ulmus parvifolia

Acer ginnala

Liriope spicata

Rosa multiflora
Celastrus orbiculatus
Melia azedarach
Cayratia japonica
Elaeagnus umbellata
Lonicera fragrantissima
Nandina domestica
Youngia japonica
Persicaria longiseta
Potentilla indica
Lespedeza cuneata
Sorghum halepense
Paulownia tomentosa
Phyllanthus urinaria
Cynodon dactylon
Hibiscus syriacus
Murdannia keisak
Berberis bealei
Commelina communis
Hydrocotyle sibthorpioides
Dioscorea polystachya
Panicum repens

Iris pseudacorus
Perilla frutescens
Lolium arundinaceum
Agrostis gigantea
Clitrus trifoliata
Rhamnus cathartica
Ligustrum japonicum
Paspalum dilatatum
Houttuynia cordata
Stellaria media
Ornithogalum umbellatum

2189
1559
594
507
408
384
368
138
121
110
108
106
96
79
69
68
59
58
55
48
39
34
33
31
22
17
15
14
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mai n
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matri X

dat a.

Frequency distribution of average distances

P

N

ot s

= 59 section

Distance* | Frequency (each "X" represents one entity)
|
0.97290 |X C13
0.95105 |X C8
0.92920 |XX Cl10 Cc12
0.90735 |X
0.88551 |X
0.86366 |X
0.84181 |X
0.81996 |XXX
0.79811 XXX
0.77626 |XXXXXX
0.75441 |X
0.73256 | XXXXXXXXX
0.71071 |XXXXXXX
0.68886 | XXXXXXXXXXXXXX
0.66701 |XXXXXXXX

* Distances at left are lower end of that bin's range.

Statistics for average distances for each of N =

Distance measure:

0.75928
0.80510E-01

nvas

Sorensen

= Grand mean
= Standard deviation
2.00000 = Cutoff number of standard deviations used to flag outliers

vV e

(Bray-Curtis)

cover

out

( %)

Frequency distribution of average distances

N

59 section

ier

mai n

59 section

Distance* | Frequency (each "X" represents one entity)

I

0.90805 |X C13

0.88410 |

0.86015 |X AS

0.83620 |XXXX

0.81225 |X

0.78830 |XXXX

0.76435 |X

0.74040 |X

0.71645 |XXXX

0.69250 | XXXXXXXXX

0.66855 | XXXXXXXXXX

0.64461 | XXXXXXXXX

0.62066 |XXXXXXX

0.59671 |XXXXX

0.57276 XX

* Distances at left are lower end of that bin's range.

Statistics for average distances for each of N =

Distance measure:

0.70058
0.78022E-01
2.00000

Grand mean
Standard deviation

Sorensen (Bray-Curtis)

59 section

Cutoff number of standard deviations used to flag outliers
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Appendi x .
GSorrenson

i nvasive cover

Spedices

outl iers

out

( %)

Frequency distribution of average distances

er

ma i

N

n

anal ysis

matri x

93 section

at

dat a.

fl,QuiedanpgFnarguubsr agrnRinmMu §,0tl Arad a

Distance* | Frequency (each "X" represents one entity)

|__

0.96490 |X ACFL

0.93848 |XX QURU FAGR

0.91207 |

0.88565 |XX PITA ACRU

0.85923 |

0.83281 XX

0.80639 |X

0.77997 | XXXXXXXX

0.75355 |XXXX

0.72713 | XOXXXXXXXX

0.70071 | XXXXXXX

0.67429 | XXXXXXXXXXXXXXX

0.64788 |XOOXXXXXXXXXXXXXXXX

0.62146 |XOXXXXXXXXX

0. | XXXXXXXX

59504

* Distances at left are lower end of that bin's range.

Statistics for average distances for each of N =
Distance measure:

0.70671
0.81422E-01
2.00000

Sorensen
= Grand mean
= Standard deviation

(Bray-Curtis)

93 section

= Cutoff number of standard deviations used to flag outliers
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Appendi x

HChsquared test for homogeneity on the di
across each species designation at the al pha
Observed Data
Invasive Volunteer (N) Volunteer (NN) Planted Row Total

Phase | 39 84 24 40 187
Phase I 43 96 22 33 194
Phase Il 24 66 10 13 113
Column Total 106 246 56 73 494
Observed Row Proportion 0.2145748988  0.4979757085 0.1133603239  0.1477732794

Expected Row Count (n_i p_j_hat)

Phase | 40.12550607 93.12145749 21.19838057 27.63360324
Phase |l 41.62753036 96.60728745 21.99190283 28.66801619
Phase Il 24.24696356 56.27125506 12.8097166 16.69838057
Chi-Square Statistic (Q) Calculation

Phase | 0.0315700422 0.8934674025 0.3702675034 5.534123347
Phase I 0.04525065225 0.003817497167 0.000002981283! 0.6546000102
Phase I 0.002515407802 1.682004035 0.6162905562 0.8191224749
Q 10.65303191

alpha 0.05 0.025 0.01

Chi-Square Critical Value 9.487729 11.14329 13.2767

Conclusion: Reject H_0 and conclude that the distribution of the # of species within each species designation
(invasive, volunteer (N), volunteer (NN), and planted) designations are not equal across all phases.
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Appendi x

IChs quar ed

test for homogeneity on t
0.05, 0.025, and 0.01 | evel
Observed Data
Invasive Volunteer (N) Volunteer (NN) Planted Row Total
Phase | 2604 1281 23 1586 5494
Phase I 1735 1233 65 596 3629
Phase Ill 357 203 0 161 721
Column Total 4696 2717 88 2343 9844
Observed Row Proportion 0.4770418529 0.2760056887 0.008939455506 0.2380130028
Expected Row Count (n_i p_j_hat)
Phase | 2620.86794 1516.375254 49.11336855 1307.643438
Phase I 1731.184884 1001.624644 32.44128403 863.7491873
Phase Ill 343.9471759 199.0001016 6.44534742 171.6073751
Chi-Square Statistic (Q) Calculation

Phase | 0.1085622785 36.53548819 13.88436666 59.25344294
Phase I 0.008407599183 53.44772161 32.67657299 82.99819944
Phase Ill 0.4953557631 0.08039788525 6.44534742 0.6556618294
Q 286.5895246
alpha 0.05 0.025 0.01
Chi-Square Critical Value 9.487729 11.14329 13.2767

Conclusion: Reject H_0 and conclude that the distribution of stems within each designation (invasive,
volunteer (N), volunteer (NN), and planted (P)) are not equal across all phases.
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Appendi x

JFull stem indicator «mdluesis and t hei
Common Name Scientific Name Phase Obse‘l;ved Tnclieaton Mean S. Dev p-value
alue (IV)
Trident maple Acer buergerianum 2 4.4 8.1 4.56 0.8004
Southern sugar maple Acer floridanum 1 26.7 20.8 7.35 0.1854
Amur maple Acer ginnala 1 9.1 11.5 5.75 0.5757
Box elder Acer negundo 2 55.5 16.8 6.73 0.001
Japanese maple Acer palmatum 2 13.3 7.1 3.48 0.0996
Red maple Acer rubrum 1 28.3 20 6.58 0.1086
Silver maple Acer saccharinum 2 6.7 5.7 2.84 0.4519
Tree-of-heaven Ailanthus altissima 1 17.8 12.6 6.14 0.1644
Mimosa Albizia julibrissin 2 22.4 11.8 5.44 0.0568
Smooth alder Alnus serrulata 2 28.4 13.2 5.95 0.023
Downy serviceberry Amelanchier arborea 2 29 7.1 3.65 1
Pawpaw Asimina triloba 1 44.8 17.7 6.7 0.0038
Sea myrtle Baccharis halimifolia 1 6.9 y 5 | 3.72 0.5433
Flowering dogwood Benthamidia florida 1 31 14.2 6.27 0.025
River birch Betula nigra 2 56.4 28.8 7.35 0.0044
Carolina allspice Calycanthus floridus 1 51.7 19.3 7.12 0.002
Ironwood Carpinus caroliniana 2 38 12.2 5.69 0.0032
Bitternut hickory Carya cordiformis 1 172 10.9 5.65 0.1862
Pignut hickory Carya glabra 2 6.7 5.6 2.8 0.4509
Mockernut hickory Carya tomentosa 1 24.3 16.4 6.72 0.1296
Catalpa Catalpa speciosa 2 4.1 7.3 3.33 1
Sugarberry Celtis laevigata 2 35.1 26.7 6.48 0.11
Chinese hackberry Celtis sinensis 2 5.3 & | 3.45 0.7952
Redbud Cercis canadensis 1 36.6 20.4 6.79 0.0278
Fringetree Chionanthus virginicus 1 3.4 5.7 2.83 1
hawthorn Crataegus sp. 2 27.2 14.2 6.41 0.0426
Buttonweed Diodia virginiana 1 17.2 10.7 5.33 0.1336
thorny olive Elaeagnus pungens 2 43.9 18.4 7.36 0.008
Autumn olive Elaeagnus umbellata 1 8.7 10.8 5.51 0.5901
American strawberry bush  Euonymus americanus 1 27.6 13.4 6.09 0.0302
American beech Fagus grandifolia 2 20 8.1 4.43 0.0482
White ash Frazinus americana 1 21 12.9 5.82 0.1018
Green ash Frazinus pennsylvanica 2 13 16.7 6.13 0.7079
Honey locust Gleditsia triacanthos 1 10.3 8.1 4.59 0.2907
Witch-hazel Hamamelis virginiana 1 20.7 111 5.73 0.0938
Common hibiscus Hibiscus syriacus 1 6.9 7.2 3.46 0.5471
Deciduous holly Ilex decidua 2 13.6 18.5 7.26 0.7429
American holly Ilexz opaca 2 22.5 22.1 6.99 0.3913
Winterberry Ilex verticillata 1 3.4 5.7 2.83 1
Black walnut Juglans nigra 1 13.2 13.6 5.97 0.4263
Eastern red cedar Juniperus virginiana 3 3.2 9.2 4.9 0.9716
Golden raintree Koelreuteria paniculata 1 3.4 5.6 2.81 1
Crepe myrtle Lagerstroemia indica 2 6.7 5.8 2.88 0.4673
Glossy privet Ligustrum lucidum 2 46.3 39.8 4.16 0.0798
Chinese privet Ligustrum sinense 1 44.4 34.6 5.46 0.0584
Spicebush Lindera benzoin 1 48.3 17.8 6.42 0.0022
Sweetgum Liquidambar styraciflua 2 73.4 26.1 7.78 0.0002
Tulip-poplar Liriodendron tulipifera 3 49.2 27.8 6.75 0.0096
Southern magnolia Magnolia grandiflora 2 24.4 20.6 7.6 0.2362
Chinaberry Melia azedarach 1 8.9 9.9 5.26 0.4931
Common wax myrtle Morella cerifera 1 28.8 27 7.11 0.3219
‘White mulberry Morus alba 1 41.6 29.6 6.13 0.0506
Red mulberry Morus rubra 2 6.7 5.7 2.84 0.4491
Heavenly bamboo Nandina domestica 3 4.2 8.1 4.53 0.8278
Black gum Nyssa sylvatica 2 13.3 7 3.81 0.0942
Sourwood Ozydendron arboreum 2 6.7 5.7 2.85 0.4637
Princess tree Paulownia tomentosa 2 13.3 7.4 3.53 0.1064
Chinese phontinia Photinia serratifolia 2 6.7 5.7 2.85 0.4637
Golden bamboo Phyllostachys aurea 1 6.9 Tl 3.81 0.5485
Loblolly pine Pinus taeda 1 74.7 30.1 6.58 0.0002
Chinese pistache Pistacia chinensis 2 5.9 8.5 4.68 0.5649
Sycamore Platanus occidentalis 2 47.7 32.5 6.34 0.0264
Laurel cherry Prunus caroliniana 2 83.5 36.7 6.79 0.0002
Cherry plum Prunus cerasifera 1 3.4 5.7 2.83 1
Pin cherry Prunus pensylvanica 1 3.4 5.7 2.83 1
Peach Prunus persica 1 3.4 5.6 2.8 1
Black cherry Prunus serotina 1 57.4 28.7 5.87 0.001
Japanese cherry Prunus serrulata 1 3.4 5.7 2.86 1
Callery pear Pyrus calleryana 2 69.8 29.4 6.88 0.0002
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‘White oak

Swamp white oak
Laurel oak

Swamp chestnut oak
Water oak

Pin oak

Willow oak

Red oak

Shumard oak

Black oak

Western azalea
Pinxter-flower

Black locust

Black willow
American elderberry
Sassafras

Silky dogwood

Bald cypress
American elm
Chinese elm
Mapleleaf viburnum
Arrowwood viburnum
Withe-rod

Japanese snowball
Blackhaw

Japanese zelkova

Quercus alba

Quercus bicolor
Quercus laurifolia
Quercus michauxii
Quercus nigra
Quercus palustris
Quercus phellos
Quercus rubra
Quercus shumardii
Quercus velutina
Rhododendron occidentale
Rhododendron periclymenoides
Robinia pseudoacacia
Saliz nigra

Sambucus canadensis
Sassafras albidum
Swida amomum
Tazodium distichum
Ulmus americana
Ulmus parvifolia
Viburnum acerifolium
Viburnum dentatum
Viburnum nudum
Viburnum plicatum
Viburnum prunifolium
Zelkova serrata

=W W WER WH WK N R =W N

24.3
17.1
34.5
13.8
44.8
3.4

33.5
15.3
10.3
11.6

13.8
53.2
23.6
27.8
20.7
10.2
26.7
69.9

3.4
6.9
6.9
6.7
11.1
3.4

6.43
5.12
6.01
4.94
7.06
2.8

6.92
5.92
4.56
5.31
2.83
5.16
6.15

6.62
5.89
5.91
5.07
7.72
6.27
2.84
3.46
3.59
2.86
2.87
2.86

0.0742
0.1134
0.0116
0.2484
0.0058

0.078

0.3061
0.3875
0.3549

0.2384
0.0078
0.3205
0.0612
0.0786
0.5441
0.0158
0.0006
0.9728

0.6269
0.5443
0.4447
0.1788
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