ABSTRACT

WILLHITE , LAUREN, TAYLOR. Longterm Survivorship and Species Invasion on a Restored
Urban StreamUnder the direction of Dr. Steph Jeffries).

Rocky Branch is a restored urban stream completed in three phases on North Carolina
St a taejdus, providing a unique opportunity to examine plant communities 21 (Phase 1), 17
(Phase II), and 13 (Phase lll) years pesitoration Stream restoration projects oftare not
monitored longterm, so survivorship of planted species and level of invasion in plant
communities beyond seven yearg notassessedvhich was the focus of this studit every
third 10-meterplot along the stream, we did stem cousfscies classification (planted, native
volunteer, nomative volunteer, or invasive), and cover class by invasive species and by strata.
Planted species wemventoriedin everyplot. For planted species, we assessed survivorship and
well-performing species and for invasive species, we identified the highgatt species. The
most common planted species by number of stemdeaslla cerifera(wax myrtlg,
Calycanthus floridugCarolina allspicg Ulmus americangAmerican elm Sambucus
canadensigAmerican elderberry andLiriodendron tulipifera(tulip-poplal). Importance valug
additionally showedeltis laevigata hackberry) Platanus occidentaliésycamore), an8etula
nigra (river birch) to be common planted speci®bared traits amongst these species include
having facultative statuspedium tohigh abundance of fruit and seed, and spreading
vegetatively. These higherforming native plants as well as other species thattere similar
functions and traitshould be considered for future planting lists. Cover class data suggests that
the highest impact invasive species ldeslera heliXEnglish ivy), Ligustrum lucidun{glossy
privet), Microstegium vimineurJapanese stiltgras#yrus calleryangCallery pea), and
Ligustrum sinens€Chineseprivet). Indicator species analysis and ordinations of invasive species

across phases/successional stages were also condaged.on the successional stage



additional species to target will vary assuming resource availal@itgrall, future planting lists

in the southeastern U.S. should consider facultative speciesn@dtum tohigh abundance of
fruit/seed and vegetative growth capabilities. Furthermanasideringthe studyarea has nearly

60% invasive cover, loaterm management of vegetation should be incorporated into all
restoration efforts, including assessment of planted species and continued, targeted management

of high-impact invasives to ensure lotgym success dhe restored native plant communities.
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CHAPTER 1: PLANTED SPECIES POST-RESTORATION IN ROCKY BRANCH

1.1 Introduction
1.1.1 Stream Restoration

Riparian ecosystems are at particular risk and will be impacted the most dramatically as
urbanization and human populatimereasegMalmaqvist& Rundle, 2002)Consequently
stream restoration is of significant importance within urban environments given their frequent
degradation and surrounding developm&itirenfeld, 2008)These impacts cause streams to be
unstable and erode, contributing large volumes of sediment resulting in overall stream
degradatior{Doll et al. 2004)To combat this degradatioanincreasing number of stream
restoration projects have been used as management strategies in urban areas (Bernhardt &
Palmer, 2007; Violin et al. 2011Jhe goals of restoration typically focus on enhancing water
guality, managing and optimizing floodplain and riparian function, improvirgjrgmm habitat,
increasing habitat heterogeneity, and securing bank stabilization (Bernhardt et al. 2005; Doll et
al. 2004). Shifts in priorities additionally focus on flood control (Buchholz et al. 2016). While
the hydologic and habitat components are fundamental, it is also essential to consider
meaningful incorporation of revegetation and subsequent plant communities within these
projects. Hydrologyfocused stream restoration projects are beneficial but may miss othe
important ecosystem services that could otherwise be implemented with the addition of riparian
vegetation (Riis et al. 2020). Therefore, revegetation is a crucial part of stream restoration and
can help maximize the benefits of projects by providingisesvsuch as increasing watese
efficiency (Zheng et al. 2019), increasing the diversity of the soil microbiome (Gellie et al.
2017), managing high nutrient loads (Hejna & Cutright, 2021; Mayer et al., 2022), and

preventing erosion by anchoring streambsa(Monteiro et al. 2016).



Revegetati on, h -allvioe theerastprationsprojéct. Cantimeed e n d
management of the area dondg-termpostrestoration analysis are crucial to ensure the success
of the project. The emphasis on monitoring is a more recent phenomenon with many states now
requiring restoration projects to have annual monitoring reports for a duration after the project
constuction is complete. Unfortunately, such req
monitoring has not always kept pace with the increasimgoeu of projectsin fact, only about
10% of restoration projects were being monitored-pestioration as of 2005 (Bernhardt et al.
2005). Studies analyzing stream restoration projects in the U.S. are outdated, so the current state
of stream restoration monitoring has been summarized (Castillo et al. 2016). Of these older
projects that were actually monitored, most were not monitored for more than a few years
(Bernhardt et al. 2005). Even when monitoring
should be recorded or how to determine the success of a project. Success can be measured in
several ways; taxonomic diversity, richness, or abundance of invertebrates have been used as
measures of biological success, while water chemistry and aquatid halviégsbeen used as
measures of hydrological success (Violin et al. 2011). However, more is needed to standardize
metrics of success and incorporate plant communities into them (Zan et al. 2017). Moreover,
most urban stream restoration projects are madtat a few locations that do not capture the
full variability seen across the entire study site, resulting in data that are unlikely to represent the
entire project or to detect ecosystem changes (Kaushal et al. 2023; Zan et al. 2017). Despite these
issues, monitoring is crucial to evaluate the success, make necessary management changes to the

stream, and inform future restoration projects.



1.1.2 North Carolina Stream Restoration Process and Requirements

North Carolina is the exception to the trendsaflequatenonitoring across the United
StatesFor instance, the North Carolina Department of Mitigation Services (DMS), isleuin
fee mitigation company that has adopted some of the most thorough monitoring guidelines and
practices of any state early on (Ecosystem Enhancement Program, 2007)eDMi&eps give
funds to an idieu-fee sponsor instead of having the permittee complete the mitigation
themselves or purchase credits from a mitigation bahk\@ing et al. 2000). DMS
Furthermore, North Carolina has the highest number of projects compared to other southeastern
states in addition to a very high monitoring rate (Sudduth et al. 2007). This indicates that it was
and remains ahead of most otheredawith regards to proper monitoring and management of
stream restoration projects.

In North Carolina, the Wilmington District of the &8l Army Corps of Engineers has
planted vegetatioperformance standards all stream restoration projects conducted for Clean
Water Act 404mitigation purposg These include standards on density of species within the
mitigation list and tree height requirements. Alternative standards can also be proposed in the
Mitigation Plan for sites that are to be revegetated with slow growing species, woody shrub
understory species in later stages. Seven years of vegetation plot monitoring is required with
these standards in mind. Monitoring events must occur in years 1, 2, 5, and 7. This requirement
was previously five years but was extended in 201&well, 2016). If a projeds notdoing
well or is notmeeting the standardsionitoringmay be extended. After the monitoring is
complete and a project is determined to have met the performance criteria, it closes out and
enters a stage known as letgm management in perpetui8itesaretransferred to a third party

which is responsible for periodic inspectid his inspection is only to ensure that restrictions



required in the conservation easement are upheld (North Carolina Department of Environmental
Quality, 2017). Crucially, this stage doesnot
monitoring. This process may overlook letggm implications on vegeiah communities and
results that candét be o0bs-geartdimaframe.rTodbtermnetteent e d
success of meeting restoration plant community objectives;teong management should
include vegetation monitoring out to 25 years or lorigeallow for the accumulation of species
over time (Hasselquist et al. 2015). However, institutional constraints that require these projects
to be declared as finished in shorter time spans don't align with the extended timelines required
for the develoment of plant communities to occur. However, agencies could still evaluate older
projects to ensure their projects remain successful.
1.1.3 Species Planting Selection

To maximize investments and maximize project success, deliberate selection of the
species that are most likely to survive within the projectis@ensidering thearious zones
within a restoration site including the streambank, the floodplain, and adjacent uplaridiareas
recommended. Species must be carefully selected to survive and thrive in differing conditions in
each of these zoneGenerally, fasgrowingwoody species aréex. willows, maples etc) often
recommendedplanted, and successful basa they assist in the successfuéstablishment of
native plantommunities (Hammer and Gunn, 2021; Drayer et al. 2017). Furthermore, having
species that promote canogpsure is critical because canopy closure is likely to reduce the
number of invasive species in streams, although it is unlikely to achieve complete eradication of
exotic plant species (Parendes and Jones 2001).

Another impact aside from the species is the type of plant materials insEeheztal

typesi live stakes (planted on streambanks), brag seedlings, and plug/containeare used,



and type can affect thresulting plant success (Doll et al. 2003). Furthermore, habitat or

landscape zones can sometimes be identified and delineated to assist in directing the arrangement
of planted species to improve planting survival and increase ecological function following
rehabilitation (Bair et al. 2021). Volunteer species, species that either persist in the seedbank and
come up on their own or disperse into the system (U.S. Department of Agriculture, 2013), should
also be considered when thinkiagout survivorship because these species can outcompete the
planted species and overall target plant community. Many native volunteer species often exist
within seedbanks, which brings into question how much to revegetate and which species to
choose basedn the robustness and species present in the seedbank. Some volunteer plants found
in North Carolina include pines, maples, sweet gum, elms, and othesdigtied species (Sea

Grant North Carolina, 2010a; WK Dickson and Co., Inc., 2007; ARCADIS G&M oftNor

Carolina, Inc., 2015). Considering the slow development of some chosen planted species,
restoration projects often rely on fastgowing volunteer native tree species to suppress

invasive species while stand development progresses (Nickelson et®l. 0rhe volunteer

species have been observed as being overall more suitable to the sites compared to the planted
ones (Bradburn et al., 2010).

Overall, species selection is contingent on many factors and is often informed by curated
lists that compile species that have already been proven to perform well in restored areas as well
as local guides within the area (Appendix A). Furthermore, spsic@dd be selected using a
combination of vegetation surveys, historical records, and field trials (Webb & Erskine, 2003).
Now that we have more restoration projects with plant communities in later successional stages,

we cancollectdata on these commuiei$ to see which species are successful. These vegetation



surveys and records will supplement local guides and recommendations to further assist in
appropriate species selection.
1.1.4 A Gap in our Knowledge

While the importance of lonterm assessment has been justified, little research has
resampld older stream$o understand the success or failure of the planted species after seven
years. The restoration ecology scientific community, particularly, the National Association of
Wetland Managers, has emphasized the need for more research and evaluation of stream
restordion projects that are at leastl® years old (U.S. Army Corps of Engineers & NC
Department of Environmental Quality, n.d.). Assessment of gidgects will help to better
understand the success of frequently planted native species, informing future investment
decisions and planting lists for restoration projetlte purpose of the current study is to help
fill that gap.
1.1.5 Study Site: Rocky Branch

Rocky Branch is a firsbrder stream that runs just over a mile through North Carolina
State Universityés campus in Raleigh, North C
creek has a 1.5 Khurbanwatershed with 99.2% of the watershed developed and 34.8% covered
by impervious surfaceg®/iolin et al. 2011). This urban creek was restored in three phases; Phase
| runs from Gorman Street to Dan Allen Drive and completed in 2002, Phase Il runs from Morrill
Drive to Pullen Road and finished in 2006, andg$hlll is the connecting segment between Dan
Allen Drive and Morrill Drive completed in 2010 (Sea Grant North Carolina, 2010b) (Figure
1.3). Because the project was completed in three phases, it presented a unique opportunity to
examine plant communitigsl, 17, and 13 years paststoration, which is a longer timeframe

than typical postestoration monitoring and inventory is done. Historically, the stream was



timbered and channelized (i.e. deepened, widened and straightened), likely for agriculture. When
NC Stateds campus continued to expand the flo
(Figure 1.1). Left undisturbed and in optimum condition, ietaketween 20@00 years to form

1 cm of new soil (Semedo & Junod, 2020), so due to the construction fill, the soil layers have
been highly disturbed and the upper portions
soil survey determined the soil tife stream to previously be Cecil fine sandy loam (Figure 1.2).
Rocky Branch preestoration was found to have macroinvertebrate communities and high

sediment discharges characteristic of degraded water quality (Duda et al. 1978)stoation,

thest eambs creek stabilized, its water quality
enhanced. These improvements are due in large part to the revegetation done by the project,
which provided habitat, cover, and food for wildlife (Doll et al. 2004 Geant North Carolina,

2010b). This restoration used natural channel design techniques, allowing the stream to meander

through a new floodplain (Jennings, 2003, Doll et al. 2004).

Figure 1.1Photograph of the study site before the stream was channelized. The stoedinds

the barns in the back of the photo (Brinkley et al. 1914).



o =2 _
Ilz I ;
ST | [

B E

> ‘,,
iE

Figure 1.21914 soil survey of the study site (U.S. Department of Agriculture, Bureau of Soils,

1914).

For revegetation each phase had its own planting lists. These lists designated tree, shrub,
and herbaceous species to be installed in separate landscapé*hased. plant communities
included narrow floodplain (tree), gentle slope forest (tree), updaikchickory forest (tree),
seed mix A, seed mix B, live stakes, temp seed and several communities associated with adjacent
stormwater control measures (SCM)r(dty deep emergent, shallow emergent, shrub, and
bioretention area). However, the SCM plant camities were outside of our sampling area and
consequently are not included in the analysis. Phase Il consisted of narrow floodplain (tree),
gentle slope forest (tree), floodplain pools (herbaceous), riparian seed mix, live stake, and temp
seed. Phase Idonsisted of floodplain (tree and live stake), gentle slope forest (tree),
streambanks (tree), park lawn seed mix, grassed floodglameusstreambanks, permanent seed
mix, and temp seed mpdppendix B). A temporary seed mix was utilized to reduceesosion
because it quickly establishes an herbaceous cover. On the other hand, the permanent vegetation

included other native grasses, shrubs and trees across the different landscape zones (Harman &
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Starr, 2011). Planting lists were developed in accordance with natural resource reports, the
geographic region, and by consulting with data and staff from the NC Natural Heritage Program,
Triangle Land Conservancy, U.S. Fish and Wildlife Service, and N@li¥#¥iResources

Commission. Hardy species were chosen for planting, considering the possibility of inconsistent
maintenance on the site. Fgsbwing woody plants were selected to stabilize the stream
assuming other plant species would naturally estabhske the area was stabilizédiafl K.,

Personal Communication, 2023).

A five-year vegetation survey on Phase | of Rocky Branch was conducted in 2007 to
determine the survivorship of planted species as well as considering volunteer and invasive
species. The monitoring methods used were based®mmy Corps of Engineering and NC
Division of Water Quality Guides. This survey indicated that volunteer vegetation was prolific
and greatly outnumbered the planted species.
shrubs specificallyQuercusspp. (oak speciesivere noted s having low mortality at the time of
the survey. Furthermorejriodendron tulipifera(tulip-poplar) andSalix nigrastakes (black
willow) were cited as being particularly healthy. Among the planted species, willows were a
concern since they were so prolific that they formed dense monocultures along the streambank.
Swida amomur(silky dogwood),Sassafras albidurfsassafras), andalycanthus floridus
(Carolina allspice) were also noted as performing well. For volunteer speiias,taeda
(loblolly pine) was the dominant tree species across the phas®adttharis halimifolia(sea
myrtle) occupying much of the shrub layBubusspp. (blackberry and dewberry) comprised

much of the herbaceous lay&ea Grant North Carolina, 2010a).



1.2 Methods

The datdor the current studwere collected within 1-fneterlong plots that extended
perpendicular across the stream to the edge of the planted boundary on both sides of the riparian
corridor. The width oplots varied due tanclude only the restored part thfe stream corridor.
We began thelots belowa manicured garden area of the study site to minimize confounding
data. We collected data for every thpldt. We collected stem counts by species at breast height,
invasive cover by species, and cover percentaggrbjum(tree, shrub, and herb). The
assessment protocols developed for the Carolina Vegetation Survey were applied using values of
trace =1;01% =2; 12% =3; 25% = 4; 510% = 5; 1025% = 6; 2550% = 7; 5075% = 8;
75195% = 9; 95100% =* (Peet et al. 2018). For each plot we plotted the four corners with the
application ArcGIS Collector to map their geospatial locations (Figure 1.3). Photosgfletc
were also taken at each corner. To get a comprehensive survivorship of planted species, we also
surveyed the entire restored stream corridor, marking the presence and absence of planted
species. Phase | was sampled first, followed by Phase IIthendPhase Il. Phase | contained 30

plots, Phase Il contained 14 plots, and Phase Il contained 15 plots.
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Figure 1.3Rocky Branch Phase | (blue), Phase Il (red), and Phase Il (grieémboundaries
based on ArcCollector datiihe section of stream in Phase Ill near Morrill Drive was not

sampled because the stream is cubait pass under the road.

Once data were collected, each species was labeled as planted, invasive, volunteer, or
volunteernom at i v e. I f they were included in Rocky
species would be considered planted. They were labsl@d/asive species if they were listed on
the North Carolina Invasive Plant Council Invasive List at any level (NC Invasive Plant Council,
2023). If the species was determined to be native to North Carolina then it was designated as a
volunteer speciesf & species was tlrmined to be nenative to North Carolina then it was

considered volunteer namative. The nativeness of each species was determined using Vascular
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Plants of North America and the Biota of North America Program (Vascular Plants of North
America, n.d.; Biota of North America Program, n.d.). Each phase had different species planted,
S0 some species can be considered either planted or volunteer ifditeepglanted in one phase

but not another. For instandearthenocissus quinquefol{&irginia creepeywas planted in

Phase Il but not in Phase | or Il, so it is considered a planted species in Phase Ill and volunteer
in Phase | or Il (Appendix B).

Survivorship was calculated based on the proportion of species present in the studied area
from the planting list. This calculation excludes planting categories not intended to survive or
planting categories not within the study area. Thesqoiared testf homogeneity was run to
compare the distributions of the number of species and growth forms across planted, invasive,
volunteer, and volunteer narative species. The ebguared test of homogeneity was also run
on the stem count distribution across péah invasive, volunteer, and volunteer native
species. This determined if the distributions were statistically the $aouified importance
values were calculated using the equation: Relative Density + Relative FredGenty &

Mclintosh, 1950Rasingam & Parthasarathy, 2008he possible range for this modified

importance value index (IVI) isi@00.The frequency was determined based on the number of

plots each species appearegvihich differed across species designati@ensity was

determinedased on stem couni&ait tables used withithis study were created based on the

U.S. Department of Agriculture trait characteristics database (USDA Plants Database, n.d.).

Some species and traits weren6ét included with
other resources (The University Béxas at Austin, 2022; North Carolina Extension Gardener

Plant Toolbox, n.da; Practical Plants, n.d.; Team, 2021; Minnesota Seasons, 2024; U.S. Forest

Service, n.da; U.S. Forest Service, n:ld; Rutgerd_andscape & Nursery, 2013; FloraVeg, n.d.;
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MySeedsCo, 2021; Gilman et al. 2023; Heiser, 2015; Mid Atlantic Native Plant Farm Inc., 2024,
Lichvar, 2013 Sullivan, 1993g; Sullivan, 1993b; Sullivan 1994 Oklahoma Stat&niversity,
2023 LazarceLobo et al. 2021)

For themultivariateanalysis PCORD?7 software was used. An indicator species analysis
was done using the stems main matrix and cover secondary matrix. This analysis was conducted
by phase (I, Il, and Ill) and by invasion level. Invasion level was determined by the amount of
cover withn theplot; if the invasive was less than 25%e plotwas considered less invaded, if
the invasive was between 25% and 50 plotwas considered moderately invaded, and if it
had over 75% invasive covdre plotwas considred highly invaded. To determine whiclots
to include within this analysis, | conducted a Sorrenson outlier analysis with a 2.0 cutoff number
of standardieviations (Appendix E). Furthermore, several ordinations were performed.
Ordinations are a technique in which plots, species, etc. can be represented as points in a two
dimensional space; points that plot closer together are more similar to one anaghdisglay
can help determine how similar or different particular plots, phases, or speciasabiigge
interpretation of the driving factors for those communities. An NMS-netric
multidimensional scaling) ordination was done using the stems main matrix and the secondary
matrix for cover at the Revel 0.2, this value tells us the amount of variation-iralues
described by walues. | excluded plots 8, 10, 12, and 13 from Phase lll, as determined by the
Sorrenson outlier analysis (Appendix E). These areas were patrticularly narrow and had very fe
stems compared to the rest of Phase Ill. A BZaytis ordination was used for the trait analysis
with the varianceegression endpoint selection method and three axes using the trait main matrix
and trait secondary matrix. This analysis was chosen because the NMS was not suitable and

could not graph 1 data. Trait data was retrieved from the TRY Plant Trait database (TRY, n.d.).
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All traits with had norzero values for at least one of the species were included within the
analysis. Another Sorrenson outlier analysis was performed on the trait matrices and species
were removed accordingly. These species includas floridanum(Southern sugar maple),
Quercus rubrgred oak) Fagus grandifoliagd American beechlinus taeddloblolly pine), Acer
rubrum (red maple) (Appendix G)
1.3 Results
1.3.1 General Results

The study area within each phase ended up being approximately a third of its total area
due to the sampling method of collecting data within every filotlacross the phag@&able
1.1). Across the study area, 283 different plant species tergified Of these species, the
majority were volunteerfollowed by invasive, planted, and volunteer aative. Within the
planted category for growth form, tree species were the highest for all categories. Phase |
contained the highest number of species for plabtee, shrub, and herb species. Phase Il had
the highest number of planted vine species because it was the only phase that planted a vine
(Appendix B).Across phases the distributions were similar in that volunteer species account for
the highest species category and herb species account for the highest growth form category
within eachphasgFigure 1.4; Table 1.2)/Vhile the overall results are similar across phases, the
distributionswere statistically differerat the alpha 0.05 leverhis is demonsated by the
results of the chsquared test of homogeneity (&uguared statistic = 10.68\ppendix H).

Table 11 Overall studied area, total area, and the number of plots for each phase.

Study Area m? Total Area m? Total Number of Plots
Phase I 6154 26965 30
Phase 11 5363 15125 15
Phase III 853 2455 14
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Figure 1.4Distribution of the number of species by designation and by growth foRmase |

(top left), Phase Il (top right)Phase 11l (bottom left), and across all phases (bottom right).
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Table 1.2 Number of species within each species type and growth form across phases.

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
Ehige JL 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 ) ) 10 4 Y

Volunteer 16 4 40 5 65
Flse 111 Volunteer Non-native | 0 10 1 12
Planted 7 2 4 0 13
29 9 64 10 112

As for stems, 9844 stems occurred at breast height within the mepfatee®494 stems
were in Phase |, 3629 stems were in Phase Il, and 721 stems were in Phase lll. Across all phases,
invasive species accounted for the largesportion of the stem distribution followed by
volunteer, planted, and volunteer noative. Volunteer and planted species proportions differed
slightly across phases, with planted species being the second largest group in Phase | while Phase
Il and 11l havevolunteer species akdir second largest group. While the overall results are
similar across phases, the distributionsstagistically differentat the alpha 0.05 levethown by

the results of the ckequared test of homogeneity (&guared statistic = 286.5@Appendix I).
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Figure 1.5 Stem counts for each plant designatioRlirase | (top left)Phase Il (top right)Phase

Il (bottom left), and across all phases (bottom right).

1.3.2 Phase Analysis

Thesignificant indicator woody species for each phase are provided belbtabia 1.3.

Based on the species distributions and strata cB¥sase | is considered a rr8dccessional

closed canopy plant community, Phase Il is considered @ugicessional open canopy plant

community, and Phase 1l is considered an esuigcessional community.
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Table 13 Significant woody indicator species for each phase. Full analysis with associated p

values in Appendix.

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 Laurel cherry Prunus caroliniana
Black locust Robinia pseudoacacia

Ordination plots showhat the three phases group separately from each other in a way
that aligns with their successional stage designations (Figure 1.6). Phase Il plotted on the left
side of the ordination with early successional species while Phase Il and Phase | plbtted wit
the middle and along the right side of the ordination with the comparatively later successional
species. Points that are further towards the top right of the ordination were plots with higher
cover in all categories (invasive, é;eshrub, and herb). This consists of plots from both Phase |
and Phase 1| 1. Based on the ordination, weodve
based on wetter vs. drier preferences for the indicator species, with Phases Il and Il having
spedes with higher water requirements than Phase | (Table 1.1). Axis one, the horizontal axis,
can be described by cover since cover across all stages points towards the right side of the

ordination, particularly the upper rightand corner. Furthermore, thssociated Rvalues for all

the cover types in the secondary matrix were higher in axis one than in axis two (Table 1.4).
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cover as the secondary matrix variables%t B.2.

Table 14 Statistics table from PCORD7 with thé Ralues for the secondary matrix variables

axis in regards to each axis.
Axis 1 2
r r-sq tau r r-8q 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  0.49 0.24 0.514 0.246 0.061 0.147
Tree Cover 0.627 0.394 0.49 0.104 0.011 0.059

1.3.3 Planted Species Survivorship
Survivorship of planted species was determined by the presence or absence of each

species across each phase. In Phase |, 20 species included on the plant list were not found, in
19



Phase 1|1

, 23

wer e

absent ,

and in

Phase |

anywhere within the study site includbthgnolia tripetala(umbrella magnolia)Quercus

falcata (Southern red oak), andaccinium arboreunfsparkleberryTable 1.5). Separate

planting zones (or community zones) were identified for each design, and lists of tree, shrub, live

stake and seed mix communities were specified for installation in zone(s) (Appendix C).

Table 15 Planted species that were absent in Phase I, II, and Il in 2023.

Phase I

Phase 11

Phase I1I

Common Name

Scientific Name

Common Name

Scientific Name

Common Name

Scientific Name

Umbrella magnolia
Black gum
Sourwood

Magnolia tripetala
Nyssa sylvatica
Ozydendrum arboreum

Flowering dogwood
Witch-hazel
Umbrella magnolia

Bentamaidia florida
Hamamelis virginiana
Magnolia tripetala

Boxelder
Flowering dogwood
Pignut hickory

Acer negundo
Benthamidia florida
Carya glabra

Southern red oak Quercus falcata Swamp chestnut Quercus michauxii 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  Euonymus 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
Herb 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 survivorship for Phase I, II, and Ill was 75.8%, 68.3%, and 43.1%

respectively. Phase | had the highest percentage of species survival followed by Bhdse |

Phase lll. In Phase |, live stakes, narrow floodplain, gentle slope forest, and uplarndkoak

had above 75% survivorship within the category. For Phase I, live stake, narrow floodplain, and

gentle slope forest had above 75% survivorship. Fosd’hh streambanks had survivorship

above 75%Table 1.6).
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Table 16 Survivorship by proportion of species within each planting category for Phase | (top

left), Phase Il (top right), and Phase Il (bottom). Excludes planting categories not intended to

survive or planting categories not within the study area.

Phase I

Phase II

Phase III

Proportion of

Planting Zone 3
i 87 Species Present

Planting Zone

Proportion of
Species Present

Planting Zone

Proportion of
Species Present

Live Stakes 3/3 Live Stake 3/3 Streambanks 4/5

Narrow Floodplain ~ 12/13 Narrow Floodplain  15/17 Gentle Slope Forest ~ 7/12

Gentle Slope Forest  15/18 Gentle Slope Forest  17/20 Juncus Streambanks  1/2

Upland Oak-Hickory 8/10 Riparian Seed Mix  5/13 Permanent Seed Mix  5/12

Seed Mix A 8/14 Floodplain Pool 3/10 Floodplain 4/14

Seed Mix B 1/4 Park Lawn Seed Mix 1/4 )
Grassed Floodplain 0/2 over 75%

TOTAL: 47762 TOTAL: 43/63 TOTAL: 22751 25-50%

PERCENTAGE: 75.80 PERCENTAGE: 68.25 PERCENTAGE: 43.14 under 25%

1.3.4 Most Common Planted and Volunteer Species

The five planted species with the most stemgviorella cerifera(common wax myrtle),

Calycanthus floridugCarolina allspice)Sambucus canadeng&merican elderberry),

Liriodendron tulipifera(tulip-poplar) andUImus americangAmerican elm)(Table 1.7).The

overlaing specieghat also hadhe highest volunteer importance values inclivibegella

ceriferaandLiriodendron tulipifera However Celtis laevigatg hackberry) Platanus

occidentalig(sycamore), anBetula nigra(river birch) are seen for highest importance values

but not stem counts (Table8). These species have a lower number of stems but more frequency

across the study site.

When species were plotted in ordination space based on traits, most of the species plot

closely together in comparison to the rest of the species alignment in the ordinatiof-gpaee

1.7). Traits that are similar across the species include active growth pinooght tolerance,

facultative statuggrowth rate, fruit/seed abundanecegisture usenitrogen fixation, propagation

by seed, and vegetative growth (Tabl@) 1.
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Table 1.7 Five planted species with the highest stem count.

Common Name Scientific Name Stem Count
Common wax myrtle Morella cerifera 364
Carolina allspice Calycanthus floridus 326
American elderberry  Sambucus canadensis 141
Tulip-poplar Liriodendron tulipifera 139
American elm Ulmus americana 133

Table 18 Five planted species with the highest importance values. Full importance value list in

Appendix L.
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

CAFL Species

MOCE: Morella cerifera (common wax myrtle)
CAFL: Calycanthus floridus (Carolina allspice)

ULAM ULAM: Ulmus americana (American elm)
& SACA: Sambucus canadensis (American

e AN L2 | | etderberry)
SR PLOC LITU: Liriodendron tulipifera (tulip-poplar)

. A
A MOCE =
Fay

Figure 1.7 Ordination highlighting the most common species. Species plotted in the ordination

space based on traits.
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Table 1.9 Traits table based on USDA, Forest Service, NC $atension, and others.

Morella cerifera

Calycanthus floridus

o3

Ulmus americana  Sambucus densis _ 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 also determined the most common volunteer species. These IRdumes

caroliniana(laurel cherry) Pinus taedaRobinia pseudoacaci@lack locust) Liquidambar

styraciflua(sweetgum), anécer floridanumandPrunus serotingblack cherryTable 110).

The top six species are reported rather than the top five due to the uncertain provenance with

laurel cherry. While it does not appear in any state or national invasive species list (Invasive

Plant Atlas of the United States, n.d.), this species igiqnably native in North Carolina

outside of the coastal plain (Virginia Tech Dendrology, 2021). Moreover, it is considered

aggressive and weedy in disturbed areas (North Carolina Extension Gardener Plant Toolbox,

n.d-b). When looking at the species witte highest importance values some additional species

stand out. The overlap between species with the highest volunteer importance values and stem

counts includd’runus carolinianaPinus taedaRobiniapseudoacacisandPrunusserotina

(blackcherry).However,Quercus phellogwillow oak) shows up on the importance values but
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not on the stem counts (Table 1).1These species have a lower number of stems but more

frequency across the study site.

Table 1.10 Six volunteer species with the highest stem co(ifiteebate on nativeness).

Common Name Scientific Name Stem Count
**Laurel cherry Prunus caroliniana 897
Loblolly pine Pinus taeda 356
Black locust Robinia pseudoacacia 206
Sweetgum Liquidambar styracifiua 176
Southern sugar maple Acer floridanum 145
Black cherry Prunus serotina 176

Table 111 Six volunteer species with the highest importance vakgdsimportance value list

in Appendix 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 styracifiua 176 55.63

1.3.5 Species in Lesand Highly Invaded Plots

The species with the highest relative abundance in the less invaded category, less than
25% cover by invasive species, incluietula nigra(river birch), Catalpa speciosénorthern
catalpa, Crataegusspp.(hawthorn),Quercusshumardii(Shumard oak Salix nigra Ulmus
americana(American eln), Viburnum nudunfwithe-rod), andViburnum prunifolium
(blackhaw (Table 1.2). While none of these species were not significant indicators at the a =
0.05 level for the less invaded plots, they did appear within the indicator species for the less

invaded category (Appendix N). The species grouped out when plotted in tHagalit
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ordination, indicating similarities in traits amongst the species. We can see that the green points,

the less invaded plot group, cluster the closest together with a smaller polygon compared to the

other two (Figure 1.8).

Table 1.12 Native species whose highest relative abundance was in the less iplad€d25%

invasive cover)Full analysis inAppendix 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 Saliz nigra 37 36 27
American elm Ulmus americana 49 31 20
Withe-rod Viburnum nudum 51 49 0
Blackhaw Viburnum prunifolium 100 0 0
N A Highly invaded
Moderately invaded
4 Less invaded
= 5, Species
A' A a A BENI: river birch (Betula nigra)
£ - 5 & 4 . VINU ULAN N CR: hawthorn (Crataegus spp.)
SANI w ﬁ“ CASP: catalpa (Catalpa speciosa)
™ Bt B f a ‘ | | QUSH: Shumard oak (Quercus shumardii)
K - z_ SANI: black willow (Salix nigra)
- e B ng ULAM: American elm (Ulmus americana)
A = o VINU: withe-rod (Viburnum nudum)
5 - VIPR: blackhaw (Viburnum prunifolium)

Figure 1.8 Trait ordination grouped by invasion level. Species plotted in the ordination space

based on traits.
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Many specieshadtheir highest relative abundance in the highly invaded plots (>75%
invasive cover]Table 1.B). Several of these species were statistically significant indicators of
the highly invaded plots. These species incluGetlis laevigatallex opaca(American holly),
andPrunus caroliniangTable 1.8). The species in this highly invaded category have fewer
clear similarities in traits, being moseattered throughout the ordination (Figure 1.8). This is
likely due to the fact that these species can have many different ways in which they outcompete
or survive against the invasives within these plots. Those ways are not quite captured by this

array d traits within the database.

Table 113 Native species whose highest relative abundance was imgitlg invadedplots

(**debate on nativenesdfull analysis inPAppendix N.

Common Name Scientific Name Inizflse d Mlonie;?;zly II:::‘EIG};
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 llex decidua 19 18 63
American holly llex 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 Taxodium distichum 19 26 55
Mapleleaf viburnum Viburnum acerifolium 0 0 100
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Table 114 Native species that were statistically significant indicators for the highly invaded

plots. Full table iPAppendix O(**debate on nativeness).

Common Name Scientific Name Indicator Group p-value
Hackberry Celtis laevigata Highly invaded 0.0210
American holly llex opaca Highly invaded 0.0042
Laurel cherry **Prunus caroliniana  Highly invaded 0.0338

1.4 Discussion

Overall the three phases of the study site were similar in terms of stem distributions,
species composition, and invasive cov@mwever, they differed in terms of indicator species,
community type, and how well the planted species within each performed. Phase I4s a mid
successional closed canopy plant commuiiityase Il is a miduccessional open canopy plant
community Phase Il is an earlguccessional plant community.

Phases | and Il were the main drivefghe overall cover including invasive, tree, shrub,
and herb cover, aligning with their later successional stages, as compared to Phase Il (Figure
1.6). The significant indicator native species of Phase | demonstrates this phase to-be a mid
successiongblant community with a more closed canopy. The species within it are also more
indicative of a bottomland community. This is a fleimterant community with slightly drier
conditions compared to the riparian floodplai s peci es f ound adj acent
significant indicator species also point towards it being asa@essional plant community with
a more open canopy. The species within this phase are wetter, riparian floodplain species. The
significant indcator species of Phase Ill point towards it being an eartgessional plant

community. These species are ligleieded and fagfrowing species (Table 1.1).
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Planted species took up 23.7% of the overall stems across the entire study site; however,
it is interesting to note that the distribution of stems looks relatively similar across all,phases
with about half being invasive, followed by volunteer and planted species which take
approximately a quarter eadtastly, volunteer nomatives are small sliver of the total stem
distribution (if anything. This is further seen in the distribution of species across designations,
where across all phases the distribog are similar. These distributions were too different to be
considered significantly the sar(®ppendix I); however, this can possibly be attributed to the
differences in planted survivorship across the phases (Table 1.6). Volunteer species account for
the highest stem count followed by invasive and planted rather evenly, then lastly followed by
volunteer nomatives (Figure 1.5). This differs from what was seen in they®ar vegetation
survey for Phase |, which found volunteer species to outhnumbpfahied species by nearly
half. In this survey, volunteer species were considered anything that was not planted. There
appears to be no distinction between native anenadine volunteers (Sea Grant North Carolina,
2010a). This demonstrates that ofteanpéd species take longer to establish, which is why
volunteer species are so important in the early stages of a restoration project. Furthermore, the
extent of planted speciesd successtermscale. di str i

Despite the differences one may expect to find with separate phases implemented at
different times and with different planting lists, the stem and species type distributions converged
across all phasdfigure 1.5; Figure 1.4; Table 1.2)his indicates that planted specpssist
and grow over timegainng their standing to at least breast hejgloimewhere between five
years and thirteen years in the case of Rocky Brakdtiitionally, after a certain thresholdimnte
no longerappears to ba key factor for determining the relative species distribution of stems for

planted, invasive, volunteer, and volunteer-native speciesdVhile the composition of species
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within these categories can shift and change, astasessional stagspecies distributiaswill
besimilar. This demonstrates the importance of catching invasive species early on because once
they have established within a community they remain deeply entrenched within that

community, almost to the same degree as they were in its earlier succesageml S

The survivorship of planted species in terms of presabsence is relatively high within
Phase | and Il, and in this regdahd Rocky Branclrestoratiorwas successful. It seems most
species were appropriately selected for this site within Phases | and Il, particularly within the
categories for live stakes, narrow floodplain, gentle slope forest. Phase | was additionally
successful within the uplaramhkhickory category. However, Phase Il was less successful in
this regard with only 40.0% of the specpanted present. Its most successful category was
streambanks (Table 1.6). This could be attributed to the narrowness of the floodplain and lack of
space for the plants to survive. This narrowness causes the bank to be more unstable and more
susceptible to disturbances which could have negatively imptoteslirvival of the slower
growing, vulnerabl e species. Further mor e, Roc
Phase llI, the connecting segment, is located in the central part of main campug where i
subject to more human foot traffic and associated destabilization which could contribute to
species loss (Figure 1.3).

The species that didnét survive from the p
temporary seeds speci es,suchaganicameramosutowntopt ende d
millet) or Secale cerealéye). When considering woody species, sigmwing species like oaks
of ten di {Tabletl.3)sThisugdestseh at t hese species coul dnot
fastergr owi ng counterparts. Ot h eMagnelip teépetal@eguiré h at di

high nutrient soils. These species werelikely to survive due to the extensive history of soll
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disturbance and lack of a developed soil horizon (Figure 1.1; Figure 1.2). Furthermore, several
species were planted that generally prefer drier conditions sugheasus falcataand
Vaccinium arboreunthat were chosen for the more upland portions of the landscape. However,
they are species not characteristic of riparian corridors, making them uncompetitive in the site.
The most common planted species plotted similarly compared to the rest of the species
within Rocky BranchFigure 1.7)All five species share some key traits that help explain their
dominance. First, the most common species were all facultative species (Lichvar, 2013), which
are typically recommended for stream restoration projects because they can tolerate dry periods
that doligate wetland species cannot, while still being well adapted to the moist conditions of
stream ecosystems (Medford H., Personal @omication, 2024). They also have traits that
assist with aggressive reproduction such as a medium to high abundance of fruit and seed.
Furthermore, these species are able to spread vegetatively (T3ble 1.
The species with the highest relative abundance in less inphate<25% invasive
cover) plotted similarly within the trait ordinatigRigure 1.8). These commonalities could
suggest that these species are suppressing invasion. The shared traits may allow the species to
quickly occupy a niche space that would have otherwise been filled by invasives. It is
noteworthy that all the speciesoeptViburnum prunifoliumalso had some level of abundance in
the moderately invaded plots {2Z5% invasive cover) afor highly invaded plots (>75%
invasive cover). Two speci€rataegusspp. andQuercus shumardieven had their second
highest abundance in the highly invaded plots which could suggest that the species may not be
vulnerable and, if given proper time and space to establish, they could be preventative in some
capacity (Table 12). However, more study is needed to determine if these species had the

highest abundance in the less invaded plots because they are more vulnerable to invasive species,
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if they are suppressing invasive species, or if the lack of association between these species and
invasives was a random occurrence isolated to our study site.

The species that had the highest relative abundance in the most iplatdée75%
invasive cover) have a wider range of traits compared to the species who had highest relative
abundance in the moderately invaded or less invpligsi(Figure 1.9). While there were many
species that had their highest abundance in highly invaded plots (T&a)letliete were only
three significant indicators, includir@eltis laevigatallex opaca andPrunus caroliniana
(Table 1.%). It is important to know what speciearcsurvive in highly impacted areas and can
exist in spaces with high invasive risk. These species could potentially be planted at sites with
high invasion risk and low lontgrm invasive species management resources available.
However, at this time, it nyabe best to avoid plantingrunus carolinianagiven the current
debate surrounding its nativeness outside of the coastal plain.

Many different volunteer speciesepresent across all phases of Rocky Braffiahure
1.4). The most common volunteer species were mostly expected as they are frequent volunteers
in North Carolina (Table.10). Acer floridanumis a more surprising volunteer because it has a
moderate growth rate compared to the other volunteer species. However, its high fruit/seed
abundance, a trait shared with the most common planted species, and its shade tolerance are
likely contributing to is success (USDA, n.d.). It also has been planted in other North Carolina
stream restoration projects, so it does have a precedence on some planting lists in similar projects
(URS Corporation, 2008). Furthermof@uercus phellosad one of the highest imgiance
values as a volunteer species (Tabldjl.1] whi ch was a surprising res
normally common or prolific volunteers. Howev&uercus phelloss a faster growing oak

species, is well adapted to urban areas, and is the most common oak species on the university
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campus, which could explain its success at this site (University of Kentucky Department of
Horticulture, n.d.; Gilman & Watson, n.d.; Rudder, 2011). Both species should be more often
considered in future planting lists.
1.5 Conclusion

It is critical that future planting lists consider the environment and historical data of their
planting site. Careful selection of species is crucial to ensure that species survive within the site.
In this case, several specigsrechosen that were likely to not survive due to the wetter
conditions as well as the nutrient content of the soil. The species that were most able to thrive
within the given environment from the planting lists wisterella ceriferg Calycanthus
floridus, Ulmus americanaSambucusanadensisLiriodendron tulipiferg Celtis laevigata
Platanus occidentaljsandBetula nigra These species had several traits that allowed them to
have high importance and dominance within this{pestoration plant community: facultative
species status, medium to high fruit/seed abundance, and vegetative growth capabilities. When
considering spaes for future urban stream restoration projects, species that share these traits
should be planted to ensure that native species take up meaningful spat¢heisite.
Furthermore, when planning a planting list for a restorationsigetitioners shouldvaid
planting the species that dominate the seedbank and will likely voluntdezy Hotice
successful volunteer species from other projectsatgahotprevalent withira site, they consider
planting those species. In the case of Rocky Brdioclexamplesome possible
recommendations for other projects coulddoer floridanumandQuercus phellos.

This case study also demonstrates the need for consideration of-glowang species.
When planting thesgpecies, additional management will likely be necessary to ensure they

survive. Such management may include tree shelters or selective removabohding species
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to allow for appropriate space aresources (Sweeney et al. 2002). Another approach could be

to install these plants after the initial species have taken hold. Alternative performance standards
for mitigation projects are available for vegetation vigor or density that can be applied if
revegetating with slow growing species, woody shrub species, or with understory species
(Tugwell, 2016). This could also allow for a more developed community to occur over time and
allows for management to be done in stag#is different objectives. Either way, lofigrm

monitoring of these species should be done to ensure their success in these projects and to better
understand the ecological trajectory of restoration projects (Hill et al. 2013).

In terms of survivorship within this restoration project, Rocky Branch was fairly
successful, especially in Phases | and Il. The project has an immense number of invasive stems;
however, management and removal of these stems could better assist initheeduiccess
and survival of both planted and volunteer species. It is important to know the success of planted
species because they can support or inform changes within future planting decisions. Planting
lists are an essential part of stream restoratianning agheycan determine the resulting
diversity and effectiveness of the plant community. While a large number of volunteer species
can enter and assist a given restoration préfegtire 1.4) planted species can be equally
effective if species are thoughtfully chosen. The species that were most commonly found in the
less invadegblots (<25%) could either be vulnerable to invasion or suppregsiagion from
occurring. This potential prevention could be attributed to the empty niche hypothesisbw
the native species fills the invaderds niche
were most commonly found in the most invagkmts (>75%) may be species that are hardy and
able to tolerate high levels of invasion. If there is a high invasion risk and resources are minimal,

it may be beneficial to plant these species to ensure survival and presence of some native species.
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Lastly, determinations of a vegetation success should be expanded to reflect the
importance of longerm assessment. Neither five nor seyear timescales required for
mitigation provide adequate time for fully analyzing the success of planted spe@stnation
projects(Sea Grant North Carolina, 2010a). Furthermore, the-teng management that is
required for mitigation is only focused on monitoring the conservation easement rather than
monitoring vegetation standards. To determine the successtofation plant community
objectives, longerm management should include vegetation monitoring out to 25 years or
longer to allow for the accumulation of species over time and to better understand the overall
plant community (Hasselquist et al. 2015,9590n et al. 2015).

1.6 Further Research

Work is needed to find ways to make letegm monitoring affordable and integrated
within the mitigation guidelines. By doing so, more data like this could be readily available
across many stream restoration projects. However, even within these londgemiese
monitoring done on this study site, it is still not long enough to have a fully realized and
recovered plant community; therefore, this site should be studied again in the future to once
again determine the success of planted species and see hawntihenity has changed. This
should especially be done after appropriate invasive species removal has been conducted.
Furthermore, for the species with highest relative abundance in the less invaded plots (<25%
invasive cover), more should be done to detee if they are particularly vulnerable to invasive
species, have some traits or characteristics that could assist in invasive species prevention, or if
these results are based only on the randomness within thisTdetapecies with highest relative
abundance in more invaded plots (>75% invasive cover) should also be tested to see if they are

consistently able to withstand invasion or if this case study is an outlier.
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CHAPTER 2: INVASION POST-RESTORATION IN ROCKY BRANCH

2.1 Introduction
2.1.11Invasive Species in Restoration

Invasive plant species are of crucial importance and play a major role in stream
restoration. They alter the plant and macroin
ecological processd€8Voods et al. 2019). Riparian zones in urban restoration sites are
particularly at risk for invasion (Isabel et al. 2014). Restoration projects cause disturbance within
a site, disrupting the soils, which makes them optimal locations for invasive species
introductions (New York Department of Environmental Conseman.d.). Furthermore, it is
difficult to keep newly restored sites in urban areas from being invaded because urban riparian
areas commonly serve as dispersal corridors for invasive species. They can serve as dispersal
corridors not only for species trgported by water but also for whttispersed invasives that are
frequently transported downstream and take root in riparian zones (Samuel and Kowarik, 2010).
Furthermore, urban streams have flashier hydrological regimes resulting in the floodplains being
more often and aggressively flooded. This results in vegetation being ripped out and soil
disturbance, which further promotes invasion (Kuglerova et al., 2019). Animal dispersal,
particularly by birds is another major spreader of invasive species in udzs) Bespite this,
our understanding of the relationship between birds and the success of alien plants invasion is
limited, resulting in ineffective management (Gosper et al. 2005). Additionally, the complexity
of urban landscapes and dispersal mechanmsakes it more difficult and expensive to treat and
manage invasive species, which underscores the emphasis placed on prevention of biotic

i nvasi on. Whil e chemical control met hods can
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prevent reinvasion, so control methods need to be used in combination with prevention tactics to
create longasting restoration sites (Weidlich et al., 2020).

One hypothesis that attempts to address invasive species prevention is the empty niche,
which asserts that a high species richness will ensure that all niches within the community are
filled and subsequently no resources are available for invé8leess and Chesson, 2002, Funk et
al. 2008; Hammer and Gunn, 2021). This theory suggests that invasive species would struggle to
establish if other species with similar characteristics were present within the community, thereby,
stream restoration projeatsth robust communities of native species with similar functional
traits to likely invaders should be more resistant to biotic invasion. Some caveats exist for this
hypothesis. First, at larger scales it is no longer a concern whether the niche is empty or not.
Instead, concern is about functional differences in niches and how resources are partitioned since
species can fill niches in multiple ways, consequently, species richness becomes less of a
defining factor (Shea and Chesson, 2002). Second, if there areanajmes in the ecological
filter, such as human transport of seed or increased resource availability, this would shift the
niche/trait availability within the community and again render species richness less important
(Funk et al. 2008). With these caveat mind, the overall implication for conservation that
restoration planners should take advantage of, in theory, is that if the forest has a healthy
community that fills al/|l niches then itbés har

The competition paradigm is similar to the empty niche hypothesis; however, it asserts
that species cannot coexist if they have overlapping resource hegidg.and invasive species
must compete under various hydreomorphological conditions and this interspecific
competition influences the makeup of a stream site-qgssbrationTickner et al. 2001). For

example, Vidra et al. (2006) found that exotic species and native species were negatively
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correlated, meaning they were unable to coexist spatially. Specifically, they found that the two
most common invasive speciddicrostegium vimineur@Japanese stiltgrass) aHedera helix
(English ivy), did not cabccur with several native tree species. However, Vidra et al. (2006)
found one exceptiori,onicera japonicgJapanese honeysucklevhich did occur in areas with

high native tree richness. Being able to identify these relationships and exceptions can help
inform planting plans and implementation strategies for stream restoration projects if a major
goal is to prevent invasive spegig¢lowever, native planted species are seldom capable of
preventing invasion through competitive exclusion alone, so this should not be solely relied on
(Davis, 2003).

While prevention is an important aspect of invasive species management, in an urban
setting it is nearly impossible to have total eradication of invasive species. Therefore, quantifying
the impact of invasive species and selecting species to target fmrakisian important aspect
of site management. Not all invaders have the same ecological jitigaeforethe damage that
a single higimpact species causes can outweigh the damages caused by multige low
moderateémpact invasivegNunezMir et al. 2017). The highesmpact invasives also tend to
have mechanisms that enable quick and taogde invasion via numerous reproductive events
and many individuals produced during each event (Kolar and Lodge 2001). Prioritizing the
species that are causitige most damage and spreading the fastest and most expansively is
crucial to managing and maintaining restored areas.

2.1.2 North Carolina Stream Restoration Process and Requirements

In North Carolina all stream restoration projects must comply with performance

standards from the Wilmington District of theSJArmy Corps of Engineers for Clean Water

Act 404 mitigation purposes on planted vegetation and invasive species. For instance, there are
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requirements for a yearly table in monitoring reports where providers must list known invaded
areas within their site. If treatmeot invasive populations is insufficietttis results in loss of
credits
2.1.3 A Gap in our Knowledge

While the importance of lonterm assessment has been demonstrated, little research has
been done to resample older streams and better understand the levels of invasion as well as the
species that invade restoration sites past the sgzsammark. The needr this has been
emphasized within the restoration ecology scientific community; particularly, the National
Association of Wetland Managers has encouraged more research evaluating older stream
restoration projects that are at leasi®years old and taeesample therfor compariso(US
Army Corps of Engineers Wilmington District & NC Department of Environmental Quality,
n.d.). We need to better understand the ecological impacts of invasive species in restoration
projects in the longerm and the consequences of inconsistent or ingonog@anagement.
Furthermore, we need to understand the benefits of proper invasive species management on sites
where invasive species have been successfully suppressed.
2.14 Study Site: Rocky Branch

RockyBranch is a firsbrder stream that runs just over a mile through North Carolina
State Universityds campus i n RalPwbagltershedor t h C
with 99.2% of the watershed developed and 34.8% covered by impervious s(Viatiest al.
2011). This stream was restored in three phases; Phase | runs from Gorman Street to Dan Allen
Drive and was completed in 2002, Phase Il runs from Morrill Drive to Pullen Road and was
finished in 2006, and lastly, Phase lll is the connedemment between Dan Allen Drive and

Morrill Drive and was completed in 2010 (Sea Grant North Carolina, 2010b) (Figure 2.3). The
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three phases presented a unique opportunity to examine plant communities 21, 17, and 13 years
postrestoration. This is a longer timeframe than typical pestoration monitoring and

inventory. Prerestoration, Rocky Branch was considered one of NortbCar nadés most po
urban streams (Duda et al., 1978). Historically, the stream was timbered and channelized,

meaning it was deepened, widened and straightened, likely for agriculture, which was the prior

l and use. When NC St adodpiais soitsavengpcoveredevttp anded, t h
construction fill (Figure 2.1). Left undisturbed and in optimum condition, it takes betweén 200

400 years to form 1 cm of new soil (Semedo & Junod, 2020); however, due to the construction

fill, the soil layers have been ity disturbed and the upper portions are undeveloped. The NC
Department of Agricultureds soil survey deter
loam (Figure 2.2). Poste st or ati on, the streambds crekk stak
its aquatic wildlife habitat was enhanced. These improvements are due in large part to the
revegetation done by the project, which provided habitat, cover, and food for wildlife (Doll et al.

2004; Sea Grant North Carolina, 2010b). The project employtedahahannel design

techniques, meandering the stream through a new floodplain (Jennings, 2003; Doll et al. 2004).
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Figure 2.1 Photograph of the study site before the stream was channelized. The stream is behind

the barns in the back of the photo (Brinkley et al. 1914).

' X 42 ! » 4

W G >~ Sl **;‘J!!;/ | B
| @<° _ "?»‘.'.;‘. S

Figure 2.2 1914 soil survey of the study site (U.S. Department of Agriculture, Bureau of Soils,

B

1914).

Each phase had its own plant lists for revegetation. These lists identified tree, shrub, and
herbaceous species to be planted in separate landscape zones such as narrow floodplains, gentle
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slope forests, and floodplain pools. In additiatemporary seethix, a riparian seed mix, and
live stakes were designated for specific af@ggpendix B). Temporary seeds were included to
reduce soil erosion because the resulting vegetation quickly establishes an herbaceous cover. On
the other hand, the permanent vegetation included other native grasses, shrubs and trees across
the different ladscape zones (Harman & Starr, 2011). The planting lists were developed in
accordance with natural resource reports, the geographic region, and by consulting with data and
staff fromthe NC Natural Heritage Program, Triangle Land Conservancy, U.S. Fish and Wildlife
Service, and NC Wildlife Resources Commission. Hardy species were planted to account for
inconsistent future maintenance. Severatfaetving woody plants were chosen ttsare
stream stabilization, with the thought that once the area was stabilized other types of plants
would come indall K., Personal Communication, 2023).

A five-year vegetation survey was done on Rocky Bramgtichindicated that invasive
exotic weeds were problematic in certain areas of the riparian buffer. Three species specifically
identified within the report includeueraria montangkudzu, Microstegium vimineupand
Lonicera japonicgJapanese honeysuckl&Vithin each year of the vegetation report (2004
2007) it was noted that invasive cover was increaSoge treatmerdoneby NC St at ed s
Landscape Maintenance and Operations (LNE®a Grant NortiCarolina, 2010a). Some
treatments aggressively targetederaria montandecause it climbs and takes over the canopy,
suppressing native species below. Other species that were also targeted but to a lesser extent
includeLigustrum sinens@Chinese privgtandElaeagnus umbellatGautumn olive (Del Pinal

J.,Personal Communication, 2022).
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2.2 Methods

The datdor the current studwere collected within 1-fneterlong plots that extended
perpendicular across the stream to the edge of the planted boundary on both sides of the riparian
corridor. The width oplots varied due tanclude only theestored part of the stream corridor.
We began thelots below the manicured garden area of the study site so as to minimize
confounding data. We collected data for every tpiat. We collected stem counts by species at
breast height, invasive cover by species, and cover percentage by treg, shrub, and herb).
The assessmentgiocols developed for the Carolina Vegetation Survey were applied using
values of trace=1;-0%=2; £2%=3; 25%=4; 510%=5; 1625%=6; 2550%=7; 5675%=8; 75
95%=9; 95100%="* (Peet et al. 2018). For each plot we plotted the four corners with the
application ArcGIS Collector to map their geospatial locations (Figure 2.3). Photos of each plot
were also taken at each corner. To get a comprehensive list for survivorship of pieetied,
we also surveyed the entire restored stream corridor, marking the gresehabsence of
planted species. Phase | was sampled first, followed by Phase Ill, and then Phase Il. Phase |

contained 30 plots, Phase Ill contained 14 plots, and Phase Il contained 15 plots.
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Figure 2.3 Rocky Branch Phase | (blue), Phase Il (red), and Phase Il (grie¢shoundaries
based on ArcCollector datiihe section of stream in Phase Ill near Morrill Drive was not

sampled because the stream is culverted to pass under the road.

Once data were collected, each species was labeled as planted, invasive, volunteer, or
volunteernom at i v e. I f they were included in Rocky
species would be considered planted. They were labeled as invasive fbeig were listed on
the North Carolina Invasive Plant Council Invasive List at any I@V€l Invasive Plant Council,

2023). If the species was determined to be native to North Carolina then it was designated a
volunteer species. If a species was dsired to be nomative to North Carolina then it was
considered volunteer namative. The nativeness of each species was determined using Vascular

Plants of North America and the Biota of North America Program (Vascular Plants of North
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America, n.d.; Biota of North America Program, n.d.). Each phase had different species planted,
S0 some species can be considered either planted or volunteer if they were planted in one phase
but not another. For instandearthenocissus quinquefol{&irginia creepeywas planted in

Phase Il but not in Phase | or Il, so it is considered a planted species in Phase Il and volunteer
in Phase | or Il (Appendix B).

For multivariateanalysis PCORD?7 software was utilized. Two indicator species analyses
were conducted; the first used a main matrix with stem data and a secondary matrix with cover
data. The second indicator species analysis used an invasive cover (%) main matrix and a cover
secomary matrix. This analysis was dofte each phaselo determine whicplots to include,
Sorrenson outlier analiswith a cutoff number 2.0 of standard deviations were conducted. The
outliers identified wer@lot 5 in Phase | andi3 in Phaséll (Appendix F).Plot5 in Phase | had
very little invasive cover compared to the rest of the pHals¢13 in Phase Il had a very high
amount of invasive cover froMicrostegium vimineurnompared to the rest of the phase with
the species having 7% cove. Two NMS(norrmetric multidimensional scalingydinations
were performed using the stem data main matrix with different secondary matrices. Ordinations
are a technique in whigblots, species, etc. can be represented as points in-dirtvemsional
space; points that plot closer together are more similar to one anothetisphaycan help
determine how similar or different particulalots, phases, or species aeeabling users toetter
understand what is driving community compositi@me was done with the secondary matrix for
cover at theR? level 0.15 and the other was done with the secondary matrix for species data at
the R? level 0.2. The samglots were excluded as determined by the Sorrenson outlier analysis

(Appendix F).From these ordinations we can graph by the secondary matrixgréipisingwas
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done for the second NMS ordination with the secondary matrix for species. The ordination still
plotsthe sectionsbut sectionsvhere the chosen species has higher influence appear larger.
2.3 Results
2.3.1 General Results

Within the study area, invasive cover was highest in Phase Il followed by Phase | and
Phase Ili(Table 2.1). A total of 283 different plant species occuyrbddwere invasives.
However, the majority of these species were volunteer plants, followed by invasive species,
planted species, and noative volunteer plants. Herbaceous plants were the most common type
of designation and growth form for invasive spe@e®ss all phases. While herbaceous was the
highest category, the number of invasive species redaiively even across stratum. Phase II
contained the highest number of species for invasive tree, shrub, herb, and vine species. Across
phases the species distributions were similar in that volunteer species account for the highest
species category arrb species account for the highest growth form category within each
(Figure 2.4; Table 2.2). While the overall results are similar across phases, the distributions are
not close enough to be considered the same distribution at the alpha 0.05 leggl&béd
statistic = 10.65) (Appendix H).

Table 2.10verallinvasive area within the total studied area, total area, and invasive cover.

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

Phase I 3492 6154 6154 56.7
Phase II 3552 5363 5363 66.2
Phase III 332 853 853 38.9
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Figure 2.4 Distribution of the number of species by designation and by growth foRmase |

(top left), Phase Il (top right)Phase 11l (bottom left), and across all phases (bottom right).
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Table 2.2Number of species within each species type and growth form across phases.

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
Eliags Il 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 4 245 |

Volunteer 16 4 40 3S 65
Fhase 111 Volunteer Non-native 1 0 10 1 12
Planted 7 2 4 0 13
29 9 64 10 112

Invasive species accounted for 47.1%teimsacross all phasé&igure 2.5). While the
overall results are similar across phases, the distributions are not close enough to be considered
the same distribution, which was shown by the results of theqetared test of homogeneity

(Chi-squared statistic = 286.59) (Appexd).
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Figure 2.5Stem counts for each plant designatioRliase | (top left)Phase Il (top right)Phase

Il (bottom left), andacross all phases (bottom right).

2.3.2 Phase Analysis

Table 2.3Significant native and invasive indicator species for each phase. Full analysis with

associated alues for natives id\ppendix J and invasives in Appendix K.

Phase 1

Phase IT

Phase II1

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 Ligquidambar styraciflua
‘Water oak Quercus nigra Sycamore Platanus occidentalis
Loblolly pine Pinus taeda Laurel cherry Prunus careliniana
Black locust Robinia pseudoacacia
Oriental bittersweet Celastrus orbiculatus Porcelain berry Ampelopsis glandulosa Japanese stiltgrass Microstegium vimaneumn
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 cover, and the native and invasive indicator
species, Phase | is considered a-sudcessional closed canopy plant community, Phase Il is
considered a miguccessional open canopy plant community, and Phase Il is considered an
early-successional communityhe invasive species indicative of Phase | are st@deant,

Phase Il had a mix of shade tolerance, while Phase IIl only had one species that is able to tolerate
a wide range of light conditior(3able 2.3) When sections are plotted on an ordinatiéigure

2.6), the phases group out from each other in a way that aligns with these successional stage
designations. Phase IlI plots grouped out on the left side of the ordination with the early
successional specieshile Phase Il plotted moria the middle and Phase | plotted the middle
and along the right side of the ordination with the later successional species. We interpret the
ordinationwith the horizontal axislriven by successionatage Phase | contained moneid-

and htesuccessional specig3hase Il had a mix of earlymid-, and latesuccessional species

and Phase Ill had earBuccessional species for the vertical axis, points that are further
towards the top of the ordination wegiets with higher cover in all categories (invasive, tree,
shrub, and herl)Table 2.4) The areas of highest cover within the ordination are in the

uppermost righhand corne(Figure 2.6).
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Figure 2.6 Ordination with stems as the main matrix variable and invasive, tree, shrub, and herb

cover as the secondary matrix variables %t R.15.

Table 2.4Statistics table from PCORD7 with thé Ralues for the secondary matrix variables

axis in regards to each axis.

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 many invasive species of conoeaurred All of the phases had a
high amount of invasive cover within them. Phase Il had the highest amount followed by Phase I,
then Phase Il(Table 2.1). Although all phases have high percent cover, they separate based on
invasive cover when plotted in ordination space (Figure 2.7). Phase | and Il are the main drivers
for invasive cover in this system, wikhedera helixoeing the largest contributor. Hedera helix is
strongly associated with Phase | and_lgustrum sinenses strongly associated with Phase I,
and Microstegium vimineum is strongly associated with Phaskigilistrumlucidund s bi p |l o't

line strongly points upward and is not associated with one particular phase (Figure 2.7).

NMS % Ordination

Phase
- A _.‘1
2
3

Species

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

s il \ LISI: Chinese privet (Ligustrum sinense)
ust A A8 YOJA: hawksbeard (Youngia japonica)
MIVI: Japanese stiltgrass (Microstegium
vimineum)

Axis 2 (Cover)

Axis 1

Figure 2.7 Ordination with invasive % cover per species as the main matrix variable and species

as the secondary matrix variables atF0.2.

Determining the highesinpact species for this sitesulted frommeasuring the total
area thakachspecies coversitilizing data within eaclplot. The five species with the highest

cover areHedera helixLigustrum lucidun{glossy prive}, Microstegium vimineupPyrus
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calleryana(Callery peay andLigustrum sinenséHedera helixakes up the most space followed

by Ligustrum lucidumMicrostegium vimineupPyrus calleryanaandLigustrum sinenséTable

2.5).

Table 25 Five invasive species with the highest invasive cover in termrg ahd total percent

invasive cover of the sampled area. Full invasive coveinli&ppendix D.

Common Name Scientific Name

Total Area (m?) Total Percent Invasive Cover

English ivy Hedera heliz

glossy privet Ligustrum lucidum
Japanese stiltgrass = Microstegium vimineum
Callery pear Pyrus calleryana
Chinese privet Ligustrum sinense

17.7
12.6
4.8
4.1
3.3

Table 26 Five invasive species and their invasive cover in termsafithin each phase.

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 III 104 853 12.2
Phase I 175 6154 2.8
Microstegium Phase 11 328 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 Highestimpact Invasives

2.3.4.1 English ivy Hedera heliy)

Hedera helixs a woody, evergreen, trailing or climbing liafvdaggy, 2010)It is an

aggressive invader that threatens nearly all forested habitat types in the U.S. up to at least 3000

in elevation and it commonly invades floodplain forests across successional stages (Soll, 2005).
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It usually invades during the early stages of succession and once it becomes established it can
persist for centuries (Rackham, 1990 as cited in Waggy, 2010). In areas where the species is
established, the vine carpets the forest floor and ascends updbealowing the climbing

plants to reach sufficient light for fruit production (Schnitzler, 198fdera heliorms a thick
canopy and prevents sunlight from reaching plants below. Furthermore, the vines can have
negative impacts on their host tregsdither reducing their vigor or making them more
susceptible to blovaver (Soll, 2005). In North Carolinbledera helixs ranked a threat level

one or significant threat, the highdsvel threat (NC Invasive Plant Council, 2023gdera

helixis a main driving force of invasion within Rocky Branch. It was found in 48 of 59 plots
within the study site. The invasive cover ordination underscores its influence. This species has
the highest influence in sections with the highest overall tree, Sheub, andnvasive cover, as
shown by the largest points at the upper end of the vertical axis (cover) in the ordination graph
(Figure 2.8). It is particularly impactful in Phase | which aligns with the indicator species
analysis as well as the significant spetigdots (Table 2.5; Figure 2.7). But it also has some
impact in Phase Il within the uppermost, highest cover plots. It has less of an impact within

Phase lll, the earliest successional stage (Figure 2.8).
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Axis 2
[
[

Axis 1
Figure 2.80rdination with % invasive cover per species as the primary matrix variable. The size
of each section (triangle) indicates the level at whiclptb® s i nvasi ve cover i s
Hedera helix

2.3.42 Glossy privet (Ligustrum lucidum)

Ligustrum lucidums a sentevergreen mukstemmed shrub or small tréavasive Plant
Atlas of the United States, n.d.). This species commonly forms dense thickets, which shades and
out-competes many native species. Once the species is established it is very difficult to remove
and even has the potential to develop monodantiforest stands (Center for Invasive Species
and Ecosystem Health, n.d.). It can invade upland and lowland habitats; however, it is more
prevalent within lowland environments duet®shade tolerancéigustrum luciduncolonizes
via root sprouts and spreads widely due to the abundance of their seeds and dispersal by birds
and other animals (Miller et al. 2015). Other traits that contribute to its pervasiveness include

high germination rates, 1&routing capability, rag growth rates, low herbivory levels, and
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tolerance to a wide range of light levels, temperatures and soil types. All these traits contribute to
its ability to invade rapidly, altering the biodiversity and plant communities of the affected
ecosystems (Fernandez et al. 2020). In North Carolisad@nked a threat level one or

significant threat (NC Invasive Plant Council, 2023). Within the ordination in Figure 2.9, we can
see that.igustrum lucidums another major driving force of invasion and was found in 57 of 59
plots within the study site. Ehplots where the species dominates are the ones in the upper
portion of the ordination, with the increasing invasive cover as you move up the vertical axis
(Figure 2.6). This species is a strong indicator of invasive cover that drives Axis 2, with the

highest cover in plots from all phases grouped near the top of the ordination space (Figure 2.9).

Axis 2
>

Axis 1
Figure 2.90rdination with % invasive cover per species as the primary matrix variable. The size

of each section (triangle) indicates the level at whiclptbo® s i nvasi ve cover i

Ligustrum lucidum
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2.3.4.3 Japanese stiltgrasdMicrostegium vimineum

Microstegium vimineuns a sprawling, dense, mfdirming annual grasdMliller et al.
2015). It commonly invades disturbed areas and often occurs in moist environments such as on
streambanks, floodplains, and forested wetlands because they are prone to natural scouring,
providing an ideal environment for the species (Swearnd999 as cited in U.S. Fish and
Wildlife Service, 2015). Infestations from this species form thick beds and replace native
herbaceous vegetation three to five years after introducfius is accomplished by its prolific
seeding, since each plant can produce 100 to 1,000 seeds (Miller et al. 2015). Invasion of
Microstegium vimineurteads to changes in the litter composition, pH levels, and soil (Evans et
al. 2006). In North Carolina it is ranked a threat level one or significant threat (NC Invasive Plant
Council, 2023). The species was found in 45 of 59 plots within the studyditeaa particularly
large impacts in Phase lll, indicated by the larger sections on tHealsedtside othe ordination
plot. There are also a few plots in Phase Il with a comparatively higher invasive presence of
Microstegium vimineunrl he species is a driver for invasive cover in areas with more open
areas, with its impacts mostly seen in the left side of axis one (Figure 2.6; Figure 2.10). It often

occurs in areas with low cover because it is an eartgessional groundcover species
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Axis 2

Axis 1

Figure 2.100rdination with % invasive cover per species as the primary matrix variable. The
size of each section (triangle) indicates the level at whichbltié s i nvasi ve cover

by Microstegium vimineum

2.3.4.4 Callery pear Pyrus calleryana

Pyrus calleryanas a widely planted deciduous tree that is rapidly spreading across the
United States and has garnered attention as a serious invasive Spegiext al. 2020). It can
form dense thickets and stands, formed by root sprouts. Because it can tolerate partial shade and
a variety of soils, it is adaptable and thus, problematic (Miller et al. 2015). Furthermore, the
species begins flowering at justeav years of age and spreads rapidly through bird dispersal
(Culley & Hardiman, 2007). In Nort@arolina it is ranked a threat level one or significant threat
(NC Invasive Plant Council, 2023yrus calleryanahas large impacts in Phase Il and lesser

impacts in Phase | (Figure 2.11). It is a main driver in areas with the highest tree, shrub, and herb
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cover (Figure 2.6) which is denoted by the larger points near the top of the vertical axis. This

species was found in 32 of 59 plots within the study site.

Phase

Axis 2

Axis 1

Figure 2.110rdination with % invasive cover per species as the primary matrix variable. The
size of each section (triangle) indicates the level at whichltié¢ s i nvasi ve cover

by Pyrus calleryana

2.3.45 Chinese privet Ligustrum sinensg

Ligustrum sinensis a semievergreen to evergreen species that forms thickets of-multi
stemmed plants. It is one of the most widely spread invasive plants in the Southern United States
and commonly invades bottomland forests. It colonizes via root sprouts and spredigls rapi
through bird and animal dispergMiller et al. 2015). Soil disturbances of any kind allow for
colonization ofLigustrum sinenseThis species is distinctly difficult to control because of its
large seedbank and need for undergro@mdaval. Due to these characteristics it is able to

displace native species and disrupt various terrestrial ecosystems (Urbatsch, n.d.). In North
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Carolina it is ranked a threat level one or significant threat (NC Invasive Plant Council, 2023).
Ligustrum sinensas found in 49 of 59 plots within the study site and was particularly

impactful across Phase I, demonstrated by the larger red points and small blue and green points
(Figure 2.12). This is further supported by the indicator species analysis (TabWi2h@).the

phase it appears to be largely in areas of mid to high cover by trees, shrubs, and herbs (Figure

2.6).
Phase
A 2
< & = r < \
<

Axis 1
Figure 2.120rdination with % invasive cover per species as the primary matrix variable. The

size of each section (triangle) indicates the level at whichlti#é s i nvasi ve cover

by Ligustrum sinense

2.4 Discussion
Invasivespecies of all growth forms (i.e. shrub, tree, vine) will invade a restoration site if
given theopportunity (Figure 2.4). Moreover, invasives will dominate the plant community; in

this case the invasive species comprise almost half of the stem distribution (47.1%) and over half
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of the overall cover (59.6%) (Figure 2.5; Table 2.1). This is true for all three phases of Rocky
Branch restoration with invasive stems covering 47.4% in Phase |, 47.7% in Phase Il, and 49.5%
in Phase IIl (Figure 2.5). The similar percentage of invasemsiacross all phases demonstrates
that invasive plants need to be addressed early in any project because they will invade the
community and persist through stand development. The lower percentages of planted and
volunteer species are due to invasive steatsipying significant space. Under different
circumstances with more space available, these native species would likely be performing better
within the community. Therefore, we should prioritize invasive management and control in
restoration projects ake plant community develops to ensure successful establishment of the
target plant community. It is interesting to note that the herbaceous cover is aligned with tree and
shrub cover; thus, higher tree and shrub cover is indicative of a higher herbayeowas Iwell.

This is because areas with higher tree, shrub, and herbaceous cover also have higher invasive
cover, suggesting that invasive species are significantly influencing cover across all strata
(Figure 2.6).

The five highestmpact species within this site, and other southeastern restoration
projects, argdedera helixLigustrum lucidumMicrostegium vimineunPyrus calleryanaand
Ligustrum sinenseTlhese five species are unsurprising considering these are all high priority and
threat levebneinvasive species within North CaroliilC Invasive Plant Council, 2023)n
interestingdistinctionis how each invades a site across different successional stages.

Hedera helixis a major driving force for invasive covifigure 2.8). This species is of
high priority considering it covered 17.8% of the study area (2189.7Table 2.5). It was
particularly impactful in the miduccessional closed canopy stage (Table 2.6). This aligns with

their growth characteristics because they produce seeds only when they climb larger, older trees
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and reach openings with full sudedera helixwas also able to effectively invade Phase Il since
it was a midsuccessional open canopy plant community. Howevdid ihothave much impact

in the earlysuccessional Phase Il (Table 2.6). This indicates that the species is able to
significantly invade in restoration sites with mid to late successional trees to climb.

Ligustrum lucidums another high priority species that is a large driver for invasive cover
and is an indicator for highly invadgdbts (Figure 2.9; Figure 2.6; Appendix O). It is also a
species that was planted historically and remains on the surrounding campus. It covered 1559.3
m’or 12.6% of the restoration siteds study are
but it had significant impacts across all phases (Table 2.6). This aligns with its growth habits of
forming thick understories arzking tolerant to varying light levels. This equal impact is also
likely why the speciewas notan indicator for any particular phase (Table 2.3).

Microstegium vimineurnovered 593.8n° or 4.8% of the study aré@able 2.5) and was
primarily an issue within Phase Ill (Table 2.5; Figure 2.10). This species was largely an issue in
the early successional phase and in areas with large canopy gaps within the other two phases. It
is shaddolerant and establisheswele | y on so it is surprising th
impact comparatively within the other two phases (Fryer, 2011). However, this is likely because
soil disturbance, a feature often associated Mittrostegium vimineurris prevalent in the
narow Phase Il floodplains.

Pyrus calleryanas another species with individuals that have grown very large and take
up a significant amount of space in the canapyering 4.1% of the study aréBable 2.5). The
species has larger influence over plots from Phase Il, where it's the most problematic (Figure
2.11). Itis an issue in the m&liccessional open canopy phase taking advantage of the openness

to quickly grow up into the canopy (Table 2.Byrus calleryananay have a foothold here
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because it was historically planted and remai
indicator for highly invaded plots within the study site (Appendix O).

Lastly, Ligustrum sinensevas the fifth highest impact species covering a total of 407.9
m? or 3.3% across the entire study af€able 2.5). Its impact was largest in Phase |, indicated
by a higher percent cover for this Phase and its biplot pointing in the direction occupied solely by
Phase I plots (Table 2.6; Figure 2.12gustrum sinenshad the largest impact in the mid
successional closed canopy stage of Rocky Branch. The-slladence of the species could
allow it to readily invade later successal stages of other restoration projects (U.S. Department
of Agriculture, n.d.). The species is also an indicator for highly invaded plots (Appendix O).

While these species are common in restoration and are highly invasive within North
Carolina, sitespecific factors aralso ikely contributing to the level and mode of invasion. First,
upstream from Phase | is a small forest patch near Gorman Street that is highly invaded by
Hedera helixwhich couldbe a major seed source this phaseMoreover, the area off campus
west of Gorman street includes several drains and yards dominattatibya helixLarge
Ligustrum lucidumandPyrus calleryanastems on the surrounding campesveas ready seed
sources for these two invasives into the restoration project. Once again this eagpthesiz
importance of addressing seed sources and understanding the predisposed problems associated
with a site to better understand how to manage it.

Additional species should be taken into consideration based on the successional stage.
Severalndicator species, or species that were indicative of that particular phase and successional
stage occur When looking at these indicators, excluding ones that were identified as the top five
highestimpact speciesye observe thahase | ha€elastrus orbiculatugOriental bittersweef)

Lonicera maacki(Amur honeysuckle)andMorus alba(white mulberry) These are more shade
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tolerant species that should be watched within closed canopy restoration projects. Phase Il had
many invasive indicator specidgywever, the three higheshpact species, as determined by
cover,to target would b&laeagnus punger(shorny olive) Reynoutria japonicgJapanese
knotweed) andAmpelopsis glanduloggorcelain berry)Since Phase Il is an open canopy, the
shade tolerance of these species is mindith Elaeagnus pungerendReynoutria japonica
being shad¢olerant whileAmpelopsis glandulosdoes nopersist well in full shade and prefers
more sunWhile these specigsay notneed immediate consideration, if resoungesnit
management to prevent and contr@mshould also be targeted at these species in restoration
projects. These are possible watchlist species based on the indicator @palyiss (Table 2.3)
and their overall cover (Appendix Djlowever,inventories should be conducted at all
restoration sites to identify additional highpact invasives that may not have been identified
here, but could be invading due to other-specific factors.
2.5 SiteSpecific Recommendations

For Rocky Branch, it is important that Land Management Operations at NC State address
invasive plant seed sources if possible, especially the seed sourttfya helidocated near
Gorman street. Furthermore, an effort to remove knbigastrum lucidumandPyrus calleryana
stems shouldccuracr oss campus to reduce inputs into t
Microstegium vimineuror Ligustrum sinensare on other parts of campumitthis should be
confirmed. Invasive populations of these species shmildcated and mapped across NC
Statebébs campus for ease of planning and subse
mitigation monitoring reports. A bottomp layered approach to management has been
recommended for invaded stream and wetland restorsites This essentially just means

treating the herbaceous layer fifstlowed by shrub and tree. This is because adimpn
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layered approach starting with trees and working your way doworeates gaps once invasive
species have been removed from the canopy and overstory that allow for-frehasg
herbaceouspeciedo invade. Therefore, it is important to establish native grasses in the
herbaceous layer before removing overstory and canopy shrubs an@Gwagh, 2023).
Therefore Hedera helixandMicrostegium vimineurshould be targeted first for removal within
our study site because they comprise the herbaceousHaytrermore, it is important to note
differences between particular native and invasive species and take advantagenuéngent
spraying (e.g. annual versus perennial species) (Lovenshimer, 2023).

For Hedera helixit is particularly important to first target the vines that are on trees
before removing it on the ground because thesseclimbing vinesare the biggest contributors
to its spreadRemonvng Hedera helixinvolvesthoroughly weting all leaves with herbicide in
water with a surfactant. Topastringpimoevie t he her bi
recommended to reduce growth and injure leaveslarger vines, cutting them and applying
herbicides directly to the surfaces or applying basal sprays, being careful to avoid the bark of the
trees, has proven effectiyililler et al. 2015) Native alternatives to this species could include
Bignonia capreolatgcrossvine) Parthenocissus quinquefoliandPolystichum acrostichoide
(Christmas fern]City of Raleigh, n.jl

For Microstegium vimineurrherbicide application and mowing treatments are key to
preventing seed production. Mowing should be done in late summer months because when cut
early in the summer, plants regrow and fl ower
Alien Plant Working Group, 2008). Hand pulling followed by herbicide applications allows for
greater plant diversity compared to herbicide treatments alone. Repeated hand pulling may be

necessary to keep the desired level of diversity (Milled.e2015) However, the need for hand
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pulling can be determined orcaseby-casebasis depending on the surrounding vegetation and
its value to the plant communitif.revegetation is done, native alternatives to this species could
includeCarexspp. (sedgeszhasmanthium latifoliunfriver oat), andmpatiens capensis

(orange jewelweed) (Durham Master Gardeners, 2018).

After addressing these two higiniority herbaceous layer species, the understory and
canopy control can start witligustrum sinensbecause it grows lower in the understory at
about 6 15 ft (North Carolina Extension Gardener Plant Toolbox,-a)dFor this species foliar
spray of smaller individuals and basal spray or stem injections to larger ones is recommended
(Miller et al. 2015)If revegetation is done, native alternatives to this species could intdxde
decidua(deciduous holly)llex opaca Morella cerifera andViburnumspp. (City of Raleigh,

n.d.).

Ligustrum lucidunwould be the next species in the bottapapproach as it reaches
heights of 2540 ft (Gilman & Watson, 1993). Foliar spray should be applied to dense thickets of
Ligustrum lucidum; however, herbicide spray should be applied to notched bark or cut stumps
for larger individuals (University of Florida Center for Aquatic and Invasive Plants, Ifi.d.).
revegetation is done, native alternatives to this species could intE@xakeciduadeciduous
holly), llex opaca Morella ceriferg andViburnumspp. (City of Raleigh, n.d.).

Pyrus calleryanavould be the last species to target because it reaches heights of 50 ft
(North Carolina Extension Gardener Plant Toolbox,-b)dFor Phase Il it was found to occupy
a large portion of the canopy within the plots it is found in. Foliar spray is reconechéord
seedlings while basal spray applications are recommended for saplings. Larger stems should be
cut and herbicide should be directly applied on the stump tops (Miller et a). 2015

revegetation is done, native alternatives to thexges could includ@melanchier arborea
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(downy serviceberryBenthamidia floridgflowering dogwood), an€ercis canadensis
(redbud) (City of Raleigh, n.d.).

If there are concerns about the removal of these invasive species destabilizing the stream
via soil erosion, girdling is recommended to
plants are put in and provide further stabilization (Gough, 2@i8jling is most effective for
species without resprouting capabilities. When using this technique on species that can resprout,
resprouts will need to be cut repeatedly to exhaust energy stored in the roots (Pynn et al. n.d.).
Another consideration for thste isthatthe restoration project runs through the heart of a
college campusThere is potential to engage students with invasive species removal and
replanting efforts. This type of activity has already been adopted by several courses and
programs. For instance, in the dendrology course, undergraduate studentsoceutited staff
treatElaeagnus umbellatandElaeagnus pungerstems at th&lC StateUniversity-owned
Schenck Forest as a service praj&tudents in a larger introductory environmental lab cut
Ligustrum sinensstems at the Walnut Creek Wetland Park while certified volunteers and staff
treated the stumps. In addition, environmental clubs or living villages (i.e. EcoVillage) that focus
on sustainability have completed similar service projestish as removingmpelopsis
glandulosaon Phase Il of Rocky Brandleffries S., Personal Communication, 2024). Other
restoration sites have alsaliged student assistance. For instance, students planted over 120
riparian plants, removed 900 gallons of invasive species, and stabilized 200 linear feet of stream
bank at Snyder Branch Creek in Salem, Virginia (Peters & Spaulding, 2023). This prgect wa
symbiotic for the community that gained education on the ecological importance of the area, the
stream channel restoration, and management crews that received assistance with managing the

plant community. Engaging with students also supports a primaityofjthe restoration project
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for Rocky Branch of serving as an outdoor learning lab (Sea Grant North Carolina, 2010). An
introductory environmental science course at NC State is currently planning to engage students
in a removal oHedera helixn an effort to support the botteap approach.

In addition to the five primary target species, there is a small, robust patch of dense
Phyllostachysaureae gol den bamboo) on one side of the
concern now, the species is crowding out other species and will continue todgmsatyuntil
addressed. To avoid a more expensive removal effort in the future, this needs to be addressed
soon(Higgins et al. 2000). The area should be bulldozed and root raked to remove root crowns
and rhizomes, which should be piled and buriRepeated cutting to the ground will not yield
control but can be more effective when herbicide is applied to resprouts (Miller et al. 2015).

Lastly, this studycan also assist witaddng species to NC State's Do Not Plant Lost
identify species on the planting list for campus that might have invasive tendstaties For
example UImus parvifolia(Chinese elmjvas a species found to be problematic in this site,
particularly in Phase I, and it is a species planted around campather species that was
also disruptive wakiriope spicat (creeping lilyturf) which is also planted. To prevent
further invasion species like this should not be planted.

2.6 Conclusions

For stream restoration efforts, it is critical to allocate adequate funding to properly
manage the site to continuously ensure that the planted and volunteer species have more time to
grow anddevelop. Species should be dealt with on the front end to ensure plant community
development by managing nearby seed sourcesapdepostreatments of the site, and
following mitigation guidelines of mapping and eradicating known invasive populatiémebe

they get out of control. Early invasive management as the plant community establishes will have
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the largest impaghowever, continued vigilance is recommended as there are several shade
tolerant species that are prone to invade {stiecessional stages.

Resources should be first dedicated to the highgsact invasive species. For
southeastern stream restoration projects, these inkledera helixLigustrum lucidum
Microstegium vimineunPyrus calleryanaandLigustrum sinenseThese species should be the
primary targets of invasive control and i f th
prevent their establishment. Before a project begins, care should be taken to ensure that these
species are not planted or ediglied in or near the rewation site. If they are presenbntrol to
prevent significant seed formation is recommen@éitler et al. 2015) Additional species to
consider for control includElaeagnus pungerandReynoutria japonicandAmpelopsis
glandulosawithin mid-successional open canopy plant communitiesLamicera maackiand
Morus albain mid-successional closed canopy plant communities should also be considered as
they can also have higlmpacts and extensive coverage of a restoration site (Table 2.3;
Appendix D).

If the site is older and is already heavily invaded, herbicide applications and manual
removals of the targeted species should be implemented to control the population and work
towards potential eradication. A botteup approach will ensure the herbacebusv asi ves don
take advantage of canopy gaps and further invade the site. Replanting should occur post
treatment in order to fill back in the gaps. If soil erosion is a concern it is recommended to girdle
to maintain root systems until the replantingsetakld(Gough, 2023). If the site is newer and
still within the severyear mitigation monitoring period then inventorying, mapping, and treating
known invasions is important. Once a project reachestienrmy management no invasive

monitoring or removal activitear e r equi r ed. However, i f possib
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activities continue to ensure the restoration
invasive population or stem distribution like what has occurred at Rocky Branch (Figure 2.5).
2.6 Further Research
First, the feasibility of incorporating vegetation surveys into the-teng management
phase for mitigation projecisspecifically with regards to continued invasive population
identification and appropriate treatment measursisould be evaluated. Second, it would be
beneficial to document and understand how the plant communities respond to any invasive
species control, removal, or other vegetation maintenance changes implemented at Rocky
Branch. Testing and comparing variougasive species removahe control approaches in
different phases of the restored stream could help to determine which method§himetfort
could also inform best practices for invasive species removal on comparable restoration sites,
especially at sites experiencing invasion over a longer time. Future projects should also consider
the volunteer nomative species that were idergii at Rocky BrancfAppendix B as these
species were neither indicated as being native to the area nor were they listed on the North
Carolinalmnasi ve Pl ant Council s I|ist. These specie
Early analysis and control of these species could prevent them from becoming prominent future

invasives.
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Appendix A. Recommended planting taldC State Biological and Agricultural Engineering

Department, n.d.; Silver & Ruth, 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
Persimmon

Green ash
Silverbell
Witch-hazel

Black walnut
Spicebush
Tulip-poplar
Sweetbay

Umbrella tree
‘Water tupelo
Swamp tupelo
Black gum
Sycamore

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

Black willow

Silky willow

Bald cypress
‘White basswood

Acer floridanum
Acer negundo

Acer rubrum
Aesculus ocandra
Betula lenta

Betula nigra
Carpinus carolintana
Carya cordiformis
Carye ovata

Celtis laevigata
Cornus alternifolia
Crataegus crusgali
Diospyros virginiana
Frazinus pennsylvanica
Halesia caroliniana
Hamamelis virginiana
Juglans nigra
Lindera benzoin
Liriodendron tulipifera
Magnolia virginiana
Magonila tripetala
Nyssa aquatica
Nyssa biflora

Nyssa sylvatica
Platanus occidentalis
Populus deltoides
Prunus serotina
Quercus lyrata
Quercus michauzii
Quercus pagoda
Quercus shumardii
Saliz nigra

Salix sericea
Tazodium distichum
Tilia heterophylla

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
‘Winterberry
Virginia sweetspire
Doghobble
Male-berry

Wax myrtle
Ninebark
Rhododendron
Wild azalea

Swamp azalea
Swamp rose
American elderberry
Steeplebush
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 acurninada
Clethra alnifolia
Corylus americana
Cyrilla racemiflora
Fuonymus americanus
Fathergilla gardenii
Hibiscus moscheutos
llex decidua

llex glabra

llex 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

Styraz 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 sneezeweed
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

Andropogon gerardii
Arundinaria gigantea
Asclepias incarnata
Athyrium filiz femina
Bidens frondosa

Clarex crinata

Carex intumescens

Carez lupulina

Carez lurida

Carex scoparia

Carez stricta

Carex vulpinoidea
Chasmanthium latifolium
Chelone glabra

Cypernus strigosus
Elymus hystriz
Eupatorium fistulosum
Eupatorium perfoliatum
Helenium autumnale
Helenium flexuosum
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
Seripus validus
Sorghastrum nutans
Sparganium americanum
Symphytotrichum nowvi-belgii
Thelypteris palustris
Vernonia noveboracensis
Xanthorhiza simplicissima

91



Appendix B. Rocky Branch Planting Lists for Phase |, II, and IlI.

PHASE 1

Common Name Scientific Name

River birch Betula nigra

Hackberry Celtis laevigata

Yellow poplar Liriodendron tulipifera

Sycamore Platanus occidentalis

Swamp chestnut oak Quercus michaurii

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

Yellowroot 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

Fastern sweetshrub

American strawhberry bush

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
Euonymus americana

UPLAND OAK-HICKORY

Wax myrtle Muyrica cerifera
Mockernut hickory Carya alba
White oak Quercus alba

Southern red oak
Northern red oak
Black oak

Flowering dogwood
Common persimmon
American holly

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

Sassafras Sassafras albidum
Sparkleberry Vaccinium arboreum
Hop sedge Carez lupulina
Blunt spikerush Eleocharis obtusa
Soft rush Juncus effusus

BHRCE Marsh fern T‘ixelyptcgs 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

ftea virginice

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
Panicum ramosum
Andropogon virginicus
Andropogon scoparius

LIVE STAKES

Silky Dogwood
Black Willow
American Elderberry

Cornus armomurm
Saliz nigra
Sambucus canadensis

92



PHASE I1

Jommon Name

Scientific Name

NARROW FLOODPLAIN

River birch
Hackberry
Yellow poplar
Black gum
Black gum
Sycamore
Sycamore
Swamp chestnut
Bald cypress
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
Tazrodium distichum
Crataegus distichum
Carpinus Caroliniana
Cornus florida

llex decidua

Lindera benzoin
Rhododendron periclymenoides
Viburnum nudum
Parthenocissus quinguefolia

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 Carer 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 wmirginicus
Eupatorium fishtuiosum
Hystriz patula

Itea virginica

Juncus effusus

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

LIVE STAKE

Silky Dogwood
Black willow
American elderberry

Cornus amomum
Salir nigra
Sambucus canadensis

TEMP SEED

Barley

Winter rye
Browntop millet
Pear! millet

Hordeum sp.

Secale cereale
Panicum ramosum
Pennisetum gasucum
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PHASE I11

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
FLOODPLAIN Black‘gum Iszsa sylvatica )
American strawberry bush  Fuonymus americana
Blackhaw Viburnum nudum
Pinxter flower Rhododendron periclymenoides
Weeping willow Saliz babylonica
Fringe tree Chionanthus virginicus
Hackberry Celtis laevigata
Flowering dogwood Cornus flordia
Flowering dogwood Cornus flordia
pignut hickory Carya galbra
yellow poplar Liriodendron tulipifera
water oak Quercus nigra
Black Gum Nyssa sylvatica
GENTLE SLOPE FOREST gawthom Crataegus vir.idis .
Sycamore Platanus occidentallis
Southern red oak Quercus falcata
Redbud Cercis canadensis
Fringe tree Chionanthus virginicus
White Oak Qurcus alba
Eastern Red Cedar Juniperous virginiana
Leathery rush Juncus coriaceous
Soft rush Juncus effusus
STREAMBANKS Silky dogwood Cornus amomum
Black Willow Saliz nigra
American Elderberry Sambucus canadensis
Kentucky Bluegrass Poa pratensis
PARK LAWN SEED MIX Creepit‘ng red fescue Fes.tuca rubra
Perennial Ryegrass Lolium perenne
Redtop Agrostis gigantea
GRASSED FLOODPLAIN Weeping Lovegrass E:mgmsﬁ.s curvula_ .
Purpletop Lovegrass Eragrosris spectabilis
JUNCUS STREAMBANKS  >Oft rush Juncus efjusus
Leathery rush Juncus spectabilis
Virginia wild rye Elymus mirginicus
Switch grass Panicum virgatum
Creeping bentgrass Agrostis stolonifera
Begger ticks Bidens aristosa
Coreopsis Coreopsis lanceolata
PERMANENT SEED MIX D.eer tounge Panicum candesti'nju'm
Big bluestem Andropogon gerardii
Soft rush Juncus effusus
Penn. Smartweed Polygonum pensylvanicum
Little bluestem Schizachyrium scoparium
Indian grass Sorghastrum nutans
Gamma Tripsacum dactyloides
Barley Hordeum spp.
TEMP SEED :;Vinter Rye : Seca!e cereale
rowntop millet Panicum ramosum

Pearl Millet Pennisetum glaucum




Appendix C. Visual delineations of zones from the planting plans.
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Appendix D. Area eactinvasive species covers in terms of m

Common Name

Scientific Name

Total Area (m?)

English ivy

Glossy privet
Japanese stiltgrass
Callery pear
Chinese privet
White mulberry
Wintercreeper enonymus
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
Fuonymus fortunei
Pueraria montana
Albizia julibrissin
FElaeagnus 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
FElaeagnus 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
Citrus 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

w
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—

trace
trace
trace
trace
trace
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Appendix E. Sorrenson outlier analysis at the 2.0 cutoff number of standard deviations for stem

main matrix dataPlots 8, 10, 12, and 13 from Phase Ill are outliers.

Frequency distribution of average distances N = 59 section

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

[ . . .
0.97290 |X C13
0.95105 |X C8

0.92920 |XX C10 cl2
0.90735 |X

0.88551 |X

0.86386 |X

0.84181 |X

0.81996 XXX

0.79811 XXX

0.77626 |XXXXXX

0.75441 |X

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

Statistics for average distances for each of N = 59 section
Distance measure: Sorensen (Bray-Curtis)
0.75928 = Grand mean
0.80510E-01 = Standard deviation
2.00000 = Cutoff number of standard deviations used to flag outliers

Appendix F. Sorrenson outlier analysis at the 2.0 cutoff number of standard deviations for

invasive cover (%) main matrix dalot5 from Phase | anglot 13 from Phase Il are outliers.

Frequency distribution of average distances N = 59 section
Distance* | Frequency (each "X" represents one entity)
I

0.90805 |X C13

0.88410 |

0.8€6015 |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 = 59 section
Distance measure: Sorensen (Bray-Curtis)
0.70058 = Grand mean

0.78022E-01 = Standard deviation
2.00000 = Cutoff number of standard deviations used to flag outliers

97



Appendix G. Sorrenson outlier analysis at the 2.0 cutoff number of standard deviations for
invasive cover (%) main matrix dafdlot5 from Phase | anglot 13 from Phase Il are outliers.

SpeciedAcer floridanum Quercus rubraFagus grandifoliaPinus taedaandAcer rubrumare

outliers.
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