
 

 

ABSTRACT  

WILLHITE, LAUREN, TAYLOR. Long-term Survivorship and Species Invasion on a Restored 

Urban Stream. Under the direction of Dr. Steph Jeffries).  

  

Rocky Branch is a restored urban stream completed in three phases on North Carolina  

State’s campus, providing a unique opportunity to examine plant communities 21 (Phase I), 17 

(Phase II), and 13 (Phase III) years post-restoration. Stream restoration projects often are not 

monitored long-term, so survivorship of planted species and level of invasion in plant 

communities beyond seven years are not assessed, which was the focus of this study. At every 

third 10-meter plot along the stream, we did stem counts, species classification (planted, native 

volunteer, non-native volunteer, or invasive), and cover class by invasive species and by strata. 

Planted species were inventoried in every plot. For planted species, we assessed survivorship and 

well-performing species and for invasive species, we identified the highest-impact species. The 

most common planted species by number of stems was Morella cerifera (wax myrtle), 

Calycanthus floridus (Carolina allspice), Ulmus americana (American elm) Sambucus 

canadensis (American elderberry), and Liriodendron tulipifera (tulip-poplar). Importance values 

additionally showed Celtis laevigata (hackberry), Platanus occidentalis (sycamore), and Betula 

nigra (river birch) to be common planted species. Shared traits amongst these species include 

having facultative status, medium to high abundance of fruit and seed, and spreading 

vegetatively. These high-performing native plants as well as other species that are share similar 

functions and traits should be considered for future planting lists. Cover class data suggests that 

the highest impact invasive species are Hedera helix (English ivy), Ligustrum lucidum (glossy 

privet), Microstegium vimineum (Japanese stiltgrass), Pyrus calleryana (Callery pear), and 

Ligustrum sinense (Chinese privet). Indicator species analysis and ordinations of invasive species 

across phases/successional stages were also conducted. Based on the successional stage 



 

 

additional species to target will vary assuming resource availability. Overall, future planting lists 

in the southeastern U.S. should consider facultative species with medium to high abundance of 

fruit/seed and vegetative growth capabilities. Furthermore, considering the study area has nearly 

60% invasive cover, long-term 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 long-term success of the 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 population increases (Malmqvist & Rundle, 2002). Consequently, 

stream restoration is of significant importance within urban environments given their frequent 

degradation and surrounding development (Ehrenfeld, 2008). These impacts cause streams to be 

unstable and erode, contributing large volumes of sediment resulting in overall stream 

degradation (Doll et al. 2004). To combat this degradation, an increasing number of stream 

restoration projects have been used as management strategies in urban areas (Bernhardt & 

Palmer, 2007; Violin et al. 2011). The goals of restoration typically focus on enhancing water 

quality, managing and optimizing floodplain and riparian function, improving in-stream 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 

hydrologic and habitat components are fundamental, it is also essential to consider meaningful 

incorporation of revegetation and subsequent plant communities within these projects. 

Hydrology-focused stream restoration projects are beneficial but may miss other 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 providing services such as increasing water-use 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 stream banks (Monteiro et al. 2016).  
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Revegetation, however, isn’t the end-all for the restoration project. Continued 

management of the area and long-term post-restoration 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 

construction is complete. Unfortunately, such requirements weren’t always in place and 

monitoring has not always kept pace with the increasing number of projects. In fact, only about 

10% of restoration projects were being monitored post-restoration 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 not 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 was conducted, it isn’t always clear what data 

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 aquatic habitat have been 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 monitored at 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.  
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1.1.2 North Carolina Stream Restoration Process and Requirements  

North Carolina is the exception to the trends of inadequate monitoring across the United 

States. For instance, the North Carolina Department of Mitigation Services (DMS), is an in-

lieufee mitigation company that has adopted some of the most thorough monitoring guidelines 

and practices of any state early on (Ecosystem Enhancement Program, 2007). DMS permittees 

give funds to an in-lieu-fee sponsor instead of having the permittee complete the mitigation 

themselves or purchase credits from a mitigation bank (Chowning 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 other states with regards to proper monitoring and management of 

stream restoration projects.  

In North Carolina, the Wilmington District of the U.S. Army Corps of Engineers has 

planted vegetation performance standards all stream restoration projects conducted for Clean 

Water Act 404 mitigation purposes. 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 shrubs, or 

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 2016 (Tugwell, 2016). If a project is not doing 

well or is not meeting the standards, monitoring may 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 long-term management in perpetuity. Sites are transferred to a third party 

which is responsible for periodic inspection. This inspection is only to ensure that restrictions 

required in the conservation easement are upheld (North Carolina Department of Environmental  
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Quality, 2017). Crucially, this stage doesn’t have any requirement for continued vegetation 

monitoring. This process may overlook long-term implications on vegetation communities and 

results that can’t be observed or documented during the seven-year timeframe. To determine the 

success of meeting restoration plant community objectives, long-term management should 

include vegetation monitoring out to 25 years or longer to allow 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 development 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 project site – considering the various zones 

within a restoration site including the streambank, the floodplain, and adjacent upland areas – is 

recommended. Species must be carefully selected to survive and thrive in differing conditions in 

each of these zones. Generally, fast-growing woody species are (ex. willows, maples, etc.) often 

recommended, planted, and successful because they assist in the successful re-establishment of 

native plant communities (Hammer and Gunn, 2021; Drayer et al. 2017). Furthermore, having 

species that promote canopy closure 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 installed. Several 

types – live stakes (planted on streambanks), bare-root seedlings, and plug/container – are used, 

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

landscape zones can sometimes be identified and delineated to assist in directing the arrangement 
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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 thinking about 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 based on the robustness and species present in the seedbank. Some volunteer plants found 

in North Carolina include pines, maples, sweet gum, elms, and other light-seeded species (Sea 

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

Carolina, Inc., 2015). Considering the slow development of some chosen planted species, 

restoration projects often rely on faster-growing volunteer native tree species to suppress 

invasive species while stand development progresses (Nickelson et al. 2015). Some 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, species should 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 can collect data on these communities to see which species are successful. These vegetation 

surveys and records will supplement local guides and recommendations to further assist in 

appropriate species selection.  
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1.1.4 A Gap in our Knowledge  

While the importance of long-term assessment has been justified, little research has 

resampled older streams to 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 

restoration projects that are at least 8–10 years old (U.S. Army Corps of Engineers & NC 

Department of Environmental Quality, n.d.). Assessment of older projects will help to better 

understand the success of frequently planted native species, informing future investment 

decisions and planting lists for restoration projects. The purpose of the current study is to help fill 

that gap.  

1.1.5 Study Site: Rocky Branch  

Rocky Branch is a first-order stream that runs just over a mile through North Carolina  

State University’s campus in Raleigh, North Carolina. At the downstream end of campus, the 

creek has a 1.5 km2 urban watershed with 99.2% of the watershed developed and 34.8% covered 

by impervious surfaces (Violin et al. 2011). This urban creek was restored in three phases; Phase  

I runs from Gorman Street to Dan Allen Drive and completed in 2002, Phase II runs from Morrill  

Drive to Pullen Road and finished in 2006, and Phase III 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 communities 21, 17, and 13 years post-restoration, which is a longer timeframe 

than typical post-restoration monitoring and inventory is done. Historically, the stream was 

timbered and channelized (i.e. deepened, widened and straightened), likely for agriculture. When  

NC State’s campus continued to expand the floodplain, soils were covered with construction fill  
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(Figure 1.1). Left undisturbed and in optimum condition, it takes between 200–400 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 are undeveloped. The Department of Agriculture’s 

soil survey determined the soil of the stream to previously be Cecil fine sandy loam (Figure 1.2). 

Rocky Branch pre-restoration was found to have macroinvertebrate communities and high 

sediment discharges characteristic of degraded water quality (Duda et al. 1978). Post-restoration, 

the stream’s creek stabilized, its water quality improved, and 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). This restoration used natural channel design techniques, allowing the stream to meander 

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

  

Figure 1.1 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).  
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Figure 1.2 1914 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 landscape zones. Phase I plant communities 

included narrow floodplain (tree), gentle slope forest (tree), upland-oak hickory forest (tree), seed 

mix A, seed mix B, live stakes, temp seed and several communities associated with adjacent 

stormwater control measures (SCM) (shrub, deep emergent, shallow emergent, shrub, and 

bioretention area). However, the SCM plant communities were outside of our sampling area and 

consequently are not included in the analysis. Phase II consisted of narrow floodplain (tree), 

gentle slope forest (tree), floodplain pools (herbaceous), riparian seed mix, live stake, and temp 

seed. Phase III consisted of floodplain (tree and live stake), gentle slope forest (tree), 

streambanks (tree), park lawn seed mix, grassed floodplain, Juncus streambanks, permanent seed 

mix, and temp seed mix (Appendix B). A temporary seed mix was utilized to reduce soil erosion 

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 NC Wildlife Resources 

Commission. Hardy species were chosen for planting, considering the possibility of inconsistent 

maintenance on the site. Fast-growing woody plants were selected to stabilize the stream 

assuming other plant species would naturally establish once the area was stabilized (Hall K., 

Personal Communication, 2023).  

A five-year vegetation survey on Phase I 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 on U.S. Army Corps of Engineering and NC 

Division of Water Quality Guides. This survey indicated that volunteer vegetation was prolific 

and greatly outnumbered the planted species. While they weren’t as numerous, the planted trees 

shrubs, specifically Quercus spp. (oak species), were noted as having low mortality at the time of 

the survey. Furthermore, Liriodendron tulipifera (tulip-poplar) and Salix nigra stakes (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 amomum (silky dogwood), Sassafras albidum (sassafras), and Calycanthus floridus  

(Carolina allspice) were also noted as performing well. For volunteer species, Pinus taeda 

(loblolly pine) was the dominant tree species across the phase with Baccharis halimifolia (sea 

myrtle) occupying much of the shrub layer. Rubus spp. (blackberry and dewberry) comprised 

much of the herbaceous layer (Sea Grant North Carolina, 2010a).  
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1.2 Methods  

The data for the current study were collected within 10-meter-long plots that extended 

perpendicular across the stream to the edge of the planted boundary on both sides of the riparian 

corridor. The width of plots varied due to include only the restored part of the stream corridor. 

We began the plots below a manicured garden area of the study site to minimize confounding 

data. We collected data for every third plot. We collected stem counts by species at breast height, 

invasive cover by species, and cover percentage by stratum (tree, shrub, and herb). The 

assessment protocols developed for the Carolina Vegetation Survey were applied using values of 

trace = 1; 0–1% = 2; 1–2% = 3; 2–5% = 4; 5–10% = 5; 10–25% = 6; 25–50% = 7; 50–75% = 8; 

75–95% = 9; 95–100% = * (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). Photos of each plot 

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 I was sampled first, followed by Phase III, and then Phase II. Phase I contained 30 

plots, Phase III contained 14 plots, and Phase II contained 15 plots.  



 

11  

  

  

Figure 1.3 Rocky Branch Phase I (blue), Phase II (red), and Phase III (green) plots boundaries 

based on ArcCollector data. The section of stream in Phase III 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 

volunteer non-native. If they were included in Rocky Branch’s planting list from that phase the 

species would be considered planted. They were labeled as invasive 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 species. If a species was determined to be non-native to North Carolina then it was 

considered volunteer non-native. 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, 

so some species can be considered either planted or volunteer if they were planted in one phase 

but not another. For instance, Parthenocissus quinquefolia (Virginia creeper) was planted in 

Phase III but not in Phase I or II, so it is considered a planted species in Phase III and volunteer 

in Phase I or II (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. The chi-squared test of homogeneity was run to 

compare the distributions of the number of species and growth forms across planted, invasive, 

volunteer, and volunteer non-native species. The chi-squared test of homogeneity was also run on 

the stem count distribution across planted, invasive, volunteer, and volunteer non-native species. 

This determined if the distributions were statistically the same. Modified importance values were 

calculated using the equation: Relative Density + Relative Frequency (Curtis & McIntosh, 1950; 

Rasingam & Parthasarathy, 2009). The possible range for this modified importance value index 

(IVI) is 0–200. The frequency was determined based on the number of plots each species 

appeared in, which differed across species designations. Density was determined based on stem 

counts. Trait tables used within this study were created based on the U.S. Department of 

Agriculture trait characteristics database (USDA Plants Database, n.d.).  

Some species and traits weren’t included within the database and these gaps were filled with 

other resources (The University of Texas at Austin, 2022; North Carolina Extension Gardener  

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

Service, n.d.-a; U.S. Forest Service, n.d.-b; Rutgers Landscape & Nursery, 2013; FloraVeg, n.d.; 

MySeedsCo, 2021; Gilman et al. 2023; Heiser, 2015; Mid Atlantic Native Plant Farm Inc., 2024;  
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Lichvar, 2013; Sullivan, 1993-a; Sullivan, 1993-b; Sullivan, 1994; Oklahoma State University, 

2023; Lázaro-Lobo et al. 2021).  

For the multivariate analysis, PCORD7 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, II, and III) and by invasion level. Invasion level was determined by the amount of 

cover within the plot; if the invasive was less than 25% the plot was considered less invaded, if 

the invasive was between 25% and 50% the plot was considered moderately invaded, and if it 

had over 75% invasive cover the plot was considered highly invaded. To determine which plots 

to include within this analysis, I conducted a Sorrenson outlier analysis with a 2.0 cutoff number 

of standard deviations (Appendix E). Furthermore, several ordinations were performed. 

Ordinations are a technique in which plots, species, etc. can be represented as points in a 

twodimensional space; points that plot closer together are more similar to one another. This 

display can help determine how similar or different particular plots, phases, or species are, 

enabling interpretation of the driving factors for those communities. An NMS (non-metric 

multidimensional scaling) ordination was done using the stems main matrix and the secondary 

matrix for cover at the R2 level 0.2, this value tells us the amount of variation in y-values 

described by x-values. I excluded plots 8, 10, 12, and 13 from Phase III, as determined by the 

Sorrenson outlier analysis (Appendix E). These areas were particularly narrow and had very few 

stems compared to the rest of Phase III. A Bray-Curtis ordination was used for the trait analysis 

with the variance-regression 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 the data. Trait data was retrieved from the TRY Plant Trait database (TRY, n.d.).  

All traits with had non-zero 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 



 

14  

  

were removed accordingly. These species included Acer floridanum (Southern sugar maple), 

Quercus rubra (red oak), Fagus grandifolia (American beech), Pinus taeda (loblolly 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 third plot across the phase (Table 

1.1). Across the study area, 283 different plant species were identified. Of these species, the 

majority were volunteers followed by invasive, planted, and volunteer non-native. Within the 

planted category for growth form, tree species were the highest for all categories. Phase I 

contained the highest number of species for planted tree, shrub, and herb species. Phase II 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 each phase (Figure 1.4; Table 1.2). While the overall results are similar across phases, the 

distributions were statistically different at the alpha 0.05 level. This is demonstrated by the 

results of the chi-squared test of homogeneity (Chi-squared statistic = 10.65) (Appendix H).   

Table 1.1 Overall studied area, total area, and the number of plots for each phase.  
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Figure 1.4 Distribution of the number of species by designation and by growth form in Phase I 

(top left), Phase II (top right), Phase III (bottom left), and across all phases (bottom right).  

  

  

  

  

  

Table 1.2 Number of species within each species type and growth form across phases.  
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As for stems, 9844 stems occurred at breast height within the measured plots: 5494 stems 

were in Phase I, 3629 stems were in Phase II, and 721 stems were in Phase III. Across all phases, 

invasive species accounted for the largest proportion of the stem distribution followed by 

volunteer, planted, and volunteer non-native. Volunteer and planted species proportions differed 

slightly across phases, with planted species being the second largest group in Phase I while Phase 

II and III have volunteer species as their second largest group. While the overall results are 

similar across phases, the distributions are statistically different at the alpha 0.05 level, shown by 

the results of the chi-squared test of homogeneity (Chi-squared statistic = 286.59) (Appendix I).  
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Figure 1.5 Stem counts for each plant designation in Phase I (top left), Phase II (top right), Phase 

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

  

1.3.2 Phase Analysis  

The significant indicator woody species for each phase are provided below in Table 1.3. 

Based on the species distributions and strata cover, Phase I is considered a mid-successional 

closed canopy plant community, Phase II is considered a mid-successional open canopy plant 

community, and Phase III is considered an early-successional community.   

  

  

  

Table 1.3 Significant woody indicator species for each phase. Full analysis with associated 

pvalues in Appendix J.  
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Ordination plots show that the three phases group separately from each other in a way 

that aligns with their successional stage designations (Figure 1.6). Phase III plotted on the left 

side of the ordination with early successional species while Phase II and Phase I plotted within 

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, tree, shrub, and herb). This consists of plots from both Phase I 

and Phase II. Based on the ordination, we’ve determined axis two, the vertical axis, is likely 

based on wetter vs. drier preferences for the indicator species, with Phases II and III having 

species with higher water requirements than Phase I (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 right-hand corner. Furthermore, the associated R2 values 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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Figure 1.6 Ordination with stems as the main matrix variable and invasive, tree, shrub, and herb 

cover as the secondary matrix variables at R2 = 0.2.  

  

Table 1.4 Statistics table from PCORD7 with the R2 values for the secondary matrix variables 

axis in regards to each axis.  

  
  

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 I, 20 species included on the plant list were not found, in 

Phase II, 23 were absent, and in Phase III, 23 were absent. The woody species that weren’t found 
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anywhere within the study site included Magnolia tripetala (umbrella magnolia), Quercus falcata 

(Southern red oak), and Vaccinium arboreum (sparkleberry) (Table 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 1.5 Planted species that were absent in Phase I, II, and III in 2023.  

  
  

Overall the survivorship for Phase I, II, and III was 75.8%, 68.3%, and 43.1% 

respectively. Phase I had the highest percentage of species survival followed by Phase II and 

Phase III. In Phase I, live stakes, narrow floodplain, gentle slope forest, and upland oak-hickory 

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

gentle slope forest had above 75% survivorship. For Phase III, streambanks had survivorship 

above 75% (Table 1.6).   

  

  

Table 1.6 Survivorship by proportion of species within each planting category for Phase I (top 

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

survive or planting categories not within the study area.  
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1.3.4 Most Common Planted and Volunteer Species  

The five planted species with the most stems are Morella cerifera (common wax myrtle),  

Calycanthus floridus (Carolina allspice), Sambucus canadensis (American elderberry), 

Liriodendron tulipifera (tulip-poplar), and Ulmus americana (American elm), (Table 1.7). The 

overlapping species that also had the highest volunteer importance values include Morella 

cerifera and Liriodendron tulipifera. However, Celtis laevigata (hackberry), Platanus 

occidentalis (sycamore), and Betula nigra (river birch) are seen for highest importance values 

but not stem counts (Table 1.8). 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 ordination space (Figure 

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

facultative status, growth rate, fruit/seed abundance, moisture use, nitrogen fixation, propagation 

by seed, and vegetative growth (Table 1.9).  

  

Table 1.7 Five planted species with the highest stem count.   
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Table 1.8 Five planted species with the highest importance values. Full importance value list in 

Appendix L.   

  

  

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

space based on traits.  

  

Table 1.9 Traits table based on USDA, Forest Service, NC State Extension, and others.  
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We also determined the most common volunteer species. These include Prunus 

caroliniana (laurel cherry), Pinus taeda, Robinia pseudoacacia (black locust), Liquidambar 

styraciflua (sweetgum), and Acer floridanum and Prunus serotina (black cherry) (Table 1.10). 

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 is questionably 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 with the highest importance values some additional species 

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

counts include Prunus caroliniana, Pinus taeda, Robinia pseudoacacia, and Prunus serotina  
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(black cherry). However, Quercus phellos (willow oak) shows up on the importance values but not on the 

stem counts (Table 1.11). These species have a lower number of stems but more frequency across the 

study site.  

  

Table 1.10 Six volunteer species with the highest stem counts (**debate on nativeness).  

  
  

Table 1.11 Six volunteer species with the highest importance values. Full importance value list in 

Appendix M (**debate on nativeness).  

  
  

1.3.5 Species in Less and Highly Invaded Plots  

The species with the highest relative abundance in the less invaded category, less than 

25% cover by invasive species, include Betula nigra (river birch), Catalpa speciosa (northern 

catalpa), Crataegus spp. (hawthorn), Quercus shumardii (Shumard oak), Salix nigra, Ulmus 

americana (American elm), Viburnum nudum (withe-rod), and Viburnum prunifolium  

(blackhaw) (Table 1.12). 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 the trait-based 
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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 invaded plots (<25% 

invasive cover). Full analysis in Appendix N.  

  
  

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

based on traits.  

  

Many species had their highest relative abundance in the highly invaded plots (>75% 

invasive cover) (Table 1.13). Several of these species were statistically significant indicators of 
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the highly invaded plots. These species included Celtis laevigata, Ilex opaca (American holly), 

and Prunus caroliniana (Table 1.14). The species in this highly invaded category have fewer 

clear similarities in traits, being more scattered 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 of traits within the database.  

  

Table 1.13 Native species whose highest relative abundance was in the highly invaded plots 

(**debate on nativeness). Full analysis in Appendix N.  

  
  

Table 1.14 Native species that were statistically significant indicators for the highly invaded 

plots. Full table in Appendix O (**debate on nativeness).  
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1.4 Discussion  

Overall the three phases of the study site were similar in terms of stem distributions, 

species composition, and invasive cover; however, they differed in terms of indicator species, 

community type, and how well the planted species within each performed. Phase I is a 

midsuccessional closed canopy plant community. Phase II is a mid-successional open canopy 

plant community. Phase III is an early-successional plant community.   

Phases I and II were the main drivers of the overall cover including invasive, tree, shrub, 

and herb cover, aligning with their later successional stages, as compared to Phase III (Figure 

1.6). The significant indicator native species of Phase I demonstrates this phase to be a 

midsuccessional plant community with a more closed canopy. The species within it are also more 

indicative of a bottomland community. This is a flood-tolerant community with slightly drier 

conditions compared to the riparian floodplain species found adjacent to streams. Phase II’s 

significant indicator species also point towards it being a mid-successional plant community with 

a more open canopy. The species within this phase are wetter, riparian floodplain species. The 

significant indicator species of Phase III point towards it being an early-successional plant 

community. These species are light-seeded and fast-growing species (Table 1.1).  

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 each. Lastly, volunteer non-natives are a small sliver of the total stem 

distribution (if anything). This is further seen in the distribution of species across designations, 
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where across all phases the distributions are similar. These distributions were too different to be 

considered significantly the same (Appendix 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 non-natives (Figure 1.5). This differs from what was seen in the five-year vegetation 

survey for Phase I, which found volunteer species to outnumber the planted species by nearly 

half. In this survey, volunteer species were considered anything that was not planted. There 

appears to be no distinction between native and non-native volunteers (Sea Grant North Carolina, 

2010a). This demonstrates that often planted 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 species’ success and distribution can’t be fully realized on a short-term scale.  

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 phases (Figure 1.5; Figure 1.4; Table 1.2). This indicates that planted species persist 

and grow over time, gaining their standing to at least breast height, somewhere between five 

years and thirteen years in the case of Rocky Branch. Additionally, after a certain threshold, time 

no longer appears to be a key factor for determining the relative species distribution of stems for 

planted, invasive, volunteer, and volunteer non-native species. While the composition of species 

within these categories can shift and change, across successional stages species distributions will 

be similar. 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 successional stages.   

The survivorship of planted species in terms of presence-absence is relatively high within 

Phase I and II, and in this regard the Rocky Branch restoration was successful. It seems most 
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species were appropriately selected for this site within Phases I and II, particularly within the 

categories for live stakes, narrow floodplain, gentle slope forest. Phase I was additionally 

successful within the upland oak-hickory category. However, Phase III was less successful in this 

regard with only 40.0% of the species planted 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 impacted the survival of the 

slowergrowing, vulnerable species. Furthermore, Rocky Branch runs through NC State’s campus 

and Phase III, the connecting segment, is located in the central part of main campus where it is 

subject to more human foot traffic and associated destabilization which could contribute to 

species loss (Figure 1.3).  

The species that didn’t survive from the planting lists across all phases were primarily 

temporary seeds species that weren’t intended to survive, such as Panicum ramosum (browntop 

millet) or Secale cereale (rye). When considering woody species, slow-growing species like oaks 

often didn’t survive (Table 1.3). This suggests that these species couldn’t compete with their 

faster-growing counterparts. Other species that didn’t survive such as Magnolia tripetala require 

high nutrient soils. These species were not likely to survive due to the extensive history of soil 

disturbance and lack of a developed soil horizon (Figure 1.1; Figure 1.2). Furthermore, several 

species were planted that generally prefer drier conditions such as Quercus falcata and 

Vaccinium arboreum that 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 Branch (Figure 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 
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are typically recommended for stream restoration projects because they can tolerate dry periods 

that obligate wetland species cannot, while still being well adapted to the moist conditions of 

stream ecosystems (Medford H., Personal Communication, 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 (Table 1.9).  

The species with the highest relative abundance in less invaded plots (<25% invasive 

cover) plotted similarly within the trait ordination (Figure 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 species except Viburnum prunifolium also had some level of abundance in the 

moderately invaded plots (25–75% invasive cover) and/or highly invaded plots (>75% invasive 

cover). Two species Crataegus spp. and Quercus shumardii, even 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 1.12). 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, 

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 invaded plots (>75% 

invasive cover) have a wider range of traits compared to the species who had highest relative 

abundance in the moderately invaded or less invaded plots (Figure 1.9). While there were many 

species that had their highest abundance in highly invaded plots (Table 1.13), there were only 

three significant indicators, including Celtis laevigata, Ilex opaca, and Prunus caroliniana (Table 

1.14). It is important to know what species can survive in highly impacted areas and can exist in 
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spaces with high invasive risk. These species could potentially be planted at sites with high 

invasion risk and low long-term invasive species management resources available. However, at 

this time, it may be best to avoid planting Prunus caroliniana given the current debate 

surrounding its nativeness outside of the coastal plain.  

Many different volunteer species are present across all phases of Rocky Branch (Figure 

1.4). The most common volunteer species were mostly expected as they are frequent volunteers 

in North Carolina (Table 1.10). Acer floridanum is 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 its 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). Furthermore, Quercus phellos had one of the highest importance 

values as a volunteer species (Table 1.11), which was a surprising result since oaks aren’t 

normally common or prolific volunteers. However, Quercus phellos is a faster growing oak 

species, is well adapted to urban areas, and is the most common oak species on the university 

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 species were chosen 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 were Morella cerifera, Calycanthus floridus, 
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Ulmus americana, Sambucus canadensis, Liriodendron tulipifera, Celtis laevigata, Platanus 

occidentalis, and Betula nigra. These species had several traits that allowed them to have high 

importance and dominance within this post-restoration plant community: facultative species 

status, medium to high fruit/seed abundance, and vegetative growth capabilities. When 

considering species for future urban stream restoration projects, species that share these traits 

should be planted to ensure that native species take up meaningful space within the site. 

Furthermore, when planning a planting list for a restoration site, practitioners should avoid 

planting the species that dominate the seedbank and will likely volunteer. If they notice 

successful volunteer species from other projects that are not prevalent within a site, they consider 

planting those species. In the case of Rocky Branch, for example, some possible 

recommendations for other projects could be Acer floridanum and Quercus phellos.   

This case study also demonstrates the need for consideration of slower-growing species. 

When planting these species, additional management will likely be necessary to ensure they 

survive. Such management may include tree shelters or selective removal of surrounding species 

to allow for appropriate space and resources (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 stages with different objectives. Either way, long-term 

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 I and II. The project has an immense number of invasive stems; 
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however, management and removal of these stems could better assist in the continued success 

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 restoration planning as they can determine the resulting 

diversity and effectiveness of the plant community. While a large number of volunteer species 

can enter and assist a given restoration project (Figure 1.4), planted species can be equally 

effective if species are thoughtfully chosen. The species that were most commonly found in the 

less invaded plots (<25%) could either be vulnerable to invasion or suppressing invasion from 

occurring. This potential prevention could be attributed to the empty niche hypothesis, whereby 

the native species fills the invader’s niche space, keeping them out. In contrast, the species that 

were most commonly found in the most invaded plots (>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.  

Lastly, determinations of a vegetation success should be expanded to reflect the 

importance of long-term assessment. Neither five nor seven-year timescales required for 

mitigation provide adequate time for fully analyzing the success of planted species in restoration 

projects (Sea Grant North Carolina, 2010a). Furthermore, the long-term management that is 

required for mitigation is only focused on monitoring the conservation easement rather than 

monitoring vegetation standards. To determine the success of restoration plant community 

objectives, long-term 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, Nilsson et al. 2015).    
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1.6 Further Research  

Work is needed to find ways to make long-term 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 longer timeframes 

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 how the community 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 determine 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 this data.  The species 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  

2.1.1 Invasive Species in Restoration  

Invasive plant species are of crucial importance and play a major role in stream 

restoration. They alter the plant and macroinvertebrate communities, influencing the stream’s 

ecological processes (Woods 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 
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(New York Department of Environmental Conservation, n.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 transported by water but also for wind-dispersed 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 (Kuglerová et al., 2019). Animal dispersal, 

particularly by birds is another major spreader of invasive species in urban areas. Despite 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 mechanisms makes it more difficult and expensive to treat and 

manage invasive species, which underscores the emphasis placed on prevention of biotic 

invasion. While chemical control methods can be effective, the results don’t last long enough to 

prevent reinvasion, so control methods need to be used in combination with prevention tactics to 

create long-lasting 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 invaders (Shea 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 projects with 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. 
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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 are major changes 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 caveats in 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 all niches then it’s harder for invaders to establish and thrive.  

The competition paradigm is similar to the empty niche hypothesis; however, it asserts 

that species cannot coexist if they have overlapping resource needs. Native and invasive species 

must compete under various hydro-geomorphological conditions and this interspecific 

competition influences the makeup of a stream site post-restoration (Tickner et al. 2001). For 

example, Vidra et al. (2006) found that exotic species and native species were negatively 

correlated, meaning they were unable to coexist spatially. Specifically, they found that the two 

most common invasive species, Microstegium vimineum (Japanese stiltgrass) and Hedera helix 

(English ivy), did not co-occur with several native tree species. However, Vidra et al. (2006) 

found one exception, Lonicera japonica (Japanese honeysuckle), which 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 species. However, 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 
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the impact of invasive species and selecting species to target for removal is an important aspect 

of site management. Not all invaders have the same ecological impact; therefore, the damage that 

a single high-impact species causes can outweigh the damages caused by multiple low- or 

moderate-impact invasives (Nunez-Mir et al. 2017). The highest-impact invasives also tend to 

have mechanisms that enable quick and large-scale invasion via numerous reproductive events 

and many individuals produced during each event (Kolar and Lodge 2001). Prioritizing the 

species that are causing the 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 the U.S. Army Corps of Engineers for Clean Water  

Act 404 mitigation purposes on planted vegetation and invasive species. For instance, there are 

requirements for a yearly table in monitoring reports where providers must list known invaded 

areas within their site. If treatment of invasive populations is insufficient this results in loss of 

credits   

2.1.3 A Gap in our Knowledge  

While the importance of long-term 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 seven-year mark. The need for 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 least 8–10 years old and to resample them for comparison (US 

Army Corps of Engineers Wilmington District & NC Department of Environmental Quality,  
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n.d.). We need to better understand the ecological impacts of invasive species in restoration 

projects in the long-term and the consequences of inconsistent or improper management. 

Furthermore, we need to understand the benefits of proper invasive species management on sites 

where invasive species have been successfully suppressed.  

2.1.4 Study Site: Rocky Branch  

Rocky Branch is a first-order stream that runs just over a mile through North Carolina  

State University’s campus in Raleigh, North Carolina. The creek has a 1.5 km2 urban watershed 

with 99.2% of the watershed developed and 34.8% covered by impervious surfaces (Violin et al. 

2011). This stream was restored in three phases; Phase I runs from Gorman Street to Dan Allen 

Drive and was completed in 2002, Phase II runs from Morrill Drive to Pullen Road and was 

finished in 2006, and lastly, Phase III is the connecting segment between Dan Allen Drive and  

Morrill Drive and was completed in 2010 (Sea Grant North Carolina, 2010b) (Figure 2.3). The 

three phases presented a unique opportunity to examine plant communities 21, 17, and 13 years 

post-restoration. This is a longer timeframe than typical post-restoration monitoring and 

inventory. Pre-restoration, Rocky Branch was considered one of North Carolina’s most polluted 

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 

land use. When NC State’s campus expanded, the floodplain soils were covered with 

construction fill (Figure 2.1). Left undisturbed and in optimum condition, it takes between 200– 

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

fill, the soil layers have been highly disturbed and the upper portions are undeveloped. The NC  

Department of Agriculture’s soil survey determined the soil of the stream to be Cecil fine sandy 

loam (Figure 2.2). Post-restoration, the stream’s creek stabilized, its water quality improved, and 

its aquatic wildlife habitat was enhanced. These improvements are due in large part to the 
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revegetation done by the project, which provided habitat, cover, and food for wildlife (Doll et al. 

2004; Sea Grant North Carolina, 2010b). The project employed natural channel design 

techniques, meandering the stream through a new floodplain (Jennings, 2003; Doll et al. 2004).  

  

  

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).  

  

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

1914).  
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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 

slope forests, and floodplain pools. In addition, a temporary seed mix, a riparian seed mix, and 

live stakes were designated for specific areas (Appendix 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 landscape 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 from the 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. Several fast-growing woody plants were chosen to ensure 

stream stabilization, with the thought that once the area was stabilized other types of plants 

would come in (Hall K., Personal Communication, 2023).  

A five-year vegetation survey was done on Rocky Branch, which indicated that invasive 

exotic weeds were problematic in certain areas of the riparian buffer. Three species specifically 

identified within the report include Pueraria montana (kudzu), Microstegium vimineum, and 

Lonicera japonica (Japanese honeysuckle). Within each year of the vegetation report (2004– 

2007) it was noted that invasive cover was increasing. Some treatment done by NC State’s 

Landscape Maintenance and Operations (LMO) (Sea Grant North Carolina, 2010a). Some 

treatments aggressively targeted Pueraria montana because it climbs and takes over the canopy, 

suppressing native species below. Other species that were also targeted but to a lesser extent 

include Ligustrum sinense (Chinese privet) and Elaeagnus umbellata (autumn olive) (Del Pinal 

J., Personal Communication, 2022).  
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2.2 Methods  

The data for the current study were collected within 10-meter-long plots that extended 

perpendicular across the stream to the edge of the planted boundary on both sides of the riparian 

corridor. The width of plots varied due to include only the restored part of the stream corridor. 

We began the plots below the manicured garden area of the study site so as to minimize 

confounding data. We collected data for every third plot. We collected stem counts by species at 

breast height, invasive cover by species, and cover percentage by stratum (tree, shrub, and herb). 

The assessment protocols developed for the Carolina Vegetation Survey were applied using 

values of trace=1; 0-1%=2; 1-2%=3; 2-5%=4; 5-10%=5; 10-25%=6; 25-50%=7; 50-75%=8; 

7595%=9; 95-100%=* (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 planted species, 

we also surveyed the entire restored stream corridor, marking the presence and absence of 

planted species. Phase I was sampled first, followed by Phase III, and then Phase II. Phase I 

contained 30 plots, Phase III contained 14 plots, and Phase II contained 15 plots.  
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Figure 2.3 Rocky Branch Phase I (blue), Phase II (red), and Phase III (green) plots boundaries 

based on ArcCollector data. The section of stream in Phase III 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 

volunteer non-native. If they were included in Rocky Branch’s planting list from that phase the 

species would be considered planted. They were labeled as invasive 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 a 

volunteer species. If a species was determined to be non-native to North Carolina then it was 

considered volunteer non-native. 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, 

so some species can be considered either planted or volunteer if they were planted in one phase 

but not another. For instance, Parthenocissus quinquefolia (Virginia creeper) was planted in 

Phase III but not in Phase I or II, so it is considered a planted species in Phase III and volunteer 

in Phase I or II (Appendix B).  

For multivariate analysis, PCORD7 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 

secondary matrix. This analysis was done for each phase. To determine which plots to include, 

Sorrenson outlier analysis with a cutoff number 2.0 of standard deviations were conducted. The 

outliers identified were plot 5 in Phase I and 13 in Phase III (Appendix F). Plot 5 in Phase I had 

very little invasive cover compared to the rest of the phase. Plot 13 in Phase III had a very high 

amount of invasive cover from Microstegium vimineum compared to the rest of the phase with 

the species having 75-95% cover. Two NMS (non-metric multidimensional scaling) ordinations 

were performed using the stem data main matrix with different secondary matrices. 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 another. This display can help 

determine how similar or different particular plots, phases, or species are, enabling users to better 

understand what is driving community composition. One was done with the secondary matrix for 

cover at the R2 level 0.15 and the other was done with the secondary matrix for species data at 

the R2 level 0.2. The same plots were excluded as determined by the Sorrenson outlier analysis  

(Appendix F). From these ordinations we can graph by the secondary matrix. This graphing was 

done for the second NMS ordination with the secondary matrix for species. The ordination still 

plots the sections, but sections where the chosen species has higher influence appear larger.   
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2.3 Results  

2.3.1 General Results  

Within the study area, invasive cover was highest in Phase II followed by Phase I and  

Phase III (Table 2.1). A total of 283 different plant species occurred; 54 were invasives. However, 

the majority of these species were volunteer plants, followed by invasive species, planted 

species, and non-native volunteer plants. Herbaceous plants were the most common type of 

designation and growth form for invasive species across all phases. While herbaceous was the 

highest category, the number of invasive species were relatively 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 and herb 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 level (Chi-squared 

statistic = 10.65) (Appendix H).  

Table 2.1 Overall invasive area within the total studied area, total area, and invasive cover.  
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Figure 2.4 Distribution of the number of species by designation and by growth form in Phase I 

(top left), Phase II (top right), Phase III (bottom left), and across all phases (bottom right).  

  

  

  

  

  

  

  

  

  

Table 2.2 Number of species within each species type and growth form across phases.  
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Invasive species accounted for 47.1% of stems across all phases (Figure 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 the chi-squared test of homogeneity 

(Chi-squared statistic = 286.59) (Appendix I).  
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Figure 2.5 Stem counts for each plant designation in Phase I (top left), Phase II (top right), Phase 

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

  

2.3.2 Phase Analysis  

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

associated p-values for natives in Appendix J and invasives in Appendix K.  
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Based on the species distributions, strata cover, and the native and invasive indicator 

species, Phase I is considered a mid-successional closed canopy plant community, Phase II is 

considered a mid-successional open canopy plant community, and Phase III is considered an 

early-successional community. The invasive species indicative of Phase I are shade-tolerant, 

Phase II had a mix of shade tolerance, while Phase III only had one species that is able to tolerate 

a wide range of light conditions (Table 2.3). When sections are plotted on an ordination (Figure 

2.6), the phases group out from each other in a way that aligns with these successional stage 

designations. Phase III plots grouped out on the left side of the ordination with the 

earlysuccessional species, while Phase II plotted more in the middle, and Phase I plotted in the 

middle and along the right side of the ordination with the later successional species. We interpret 

the ordination with the horizontal axis driven by successional stage. Phase I contained more mid- 

and late-successional species, Phase II had a mix of early-, mid-, and late-successional species, 

and Phase III had early-successional species. As for the vertical axis, points that are further 

towards the top of the ordination were plots with higher cover in all categories (invasive, tree, 

shrub, and herb) (Table 2.4). The areas of highest cover within the ordination are in the 

uppermost right-hand corner (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 at R2 = 0.15.  

  

Table 2.4 Statistics table from PCORD7 with the R2 values for the secondary matrix variables 

axis in regards to each axis.  
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2.3.3 Invasive Cover  

Within the study site many invasive species of concern occurred. All of the phases had a 

high amount of invasive cover within them. Phase II had the highest amount followed by Phase I, 

then Phase III (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 I and II are the main drivers 

for invasive cover in this system, with Hedera helix being the largest contributor. Hedera helix is 

strongly associated with Phase I and II, Ligustrum sinense is strongly associated with Phase I, 

and Microstegium vimineum is strongly associated with Phase III. Ligustrum lucidum’s biplot 

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

  

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

as the secondary matrix variables at R2 = 0.2.  

  

Determining the highest-impact species for this site resulted from measuring the total area 

that each species covers, utilizing data within each plot. The five species with the highest cover 

are Hedera helix, Ligustrum lucidum (glossy privet), Microstegium vimineum, Pyrus calleryana 
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(Callery pear) and Ligustrum sinense. Hedera helix takes up the most space followed by 

Ligustrum lucidum, Microstegium vimineum, Pyrus calleryana, and Ligustrum sinense (Table  

2.5).  

  

Table 2.5 Five invasive species with the highest invasive cover in terms of m2 and total percent 

invasive cover of the sampled area. Full invasive cover list in Appendix D.  

  
  

Table 2.6 Five invasive species and their invasive cover in terms of m2 within each phase.  

  

  

2.3.4 Highest Impact Invasives  

2.3.4.1 English ivy (Hedera helix)  

Hedera helix is a woody, evergreen, trailing or climbing liana (Waggy, 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 up the trees, allowing the climbing 

plants to reach sufficient light for fruit production (Schnitzler, 1995). Hedera helix forms a thick 

canopy and prevents sunlight from reaching plants below. Furthermore, the vines can have 

negative impacts on their host trees by either reducing their vigor or making them more 

susceptible to blow-over (Soll, 2005). In North Carolina, Hedera helix is ranked a threat level 

one or significant threat, the highest-level threat (NC Invasive Plant Council, 2023). Hedera 

helix is 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, shrub, herb, and invasive 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 I which aligns with the indicator species 

analysis as well as the significant species biplots (Table 2.5; Figure 2.7). But it also has some 

impact in Phase II within the uppermost, highest cover plots. It has less of an impact within 

Phase III, the earliest successional stage (Figure 2.8).  
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Figure 2.8 Ordination with % invasive cover per species as the primary matrix variable. The size 

of each section (triangle) indicates the level at which the plot’s invasive cover is influenced by 

Hedera helix.  

  

2.3.4.2 Glossy privet (Ligustrum lucidum)  

Ligustrum lucidum is a semi-evergreen multi-stemmed shrub or small tree (Invasive 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 monodominant forest 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 due to its shade tolerance. Ligustrum lucidum colonizes 

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, re-sprouting capability, rapid growth rates, low herbivory levels, and 

tolerance to a wide range of light levels, temperatures and soil types. All these traits contribute to 
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its ability to invade rapidly, altering the biodiversity and plant communities of the affected 

ecosystems (Fernandez et al. 2020). In North Carolina it is ranked a threat level one or significant 

threat (NC Invasive Plant Council, 2023). Within the ordination in Figure 2.9, we can see that 

Ligustrum lucidum is another major driving force of invasion and was found in 57 of 59 plots 

within the study site. The plots 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).  

  

  

  
Figure 2.9 Ordination with % invasive cover per species as the primary matrix variable. The size 

of each section (triangle) indicates the level at which the plot’s invasive cover is influenced by  

Ligustrum lucidum.  

2.3.4.3 Japanese stiltgrass (Microstegium vimineum)  
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Microstegium vimineum is a sprawling, dense, mat-forming annual grass (Miller 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 (Swearingen, 1999 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 introduction. This is accomplished by its prolific 

seeding, since each plant can produce 100 to 1,000 seeds (Miller et al. 2015). Invasion of 

Microstegium vimineum leads 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 study site and has particularly 

large impacts in Phase III, indicated by the larger sections on the left-hand side of the ordination 

plot. There are also a few plots in Phase II with a comparatively higher invasive presence of 

Microstegium vimineum. The 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 early-successional groundcover species.  
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Figure 2.10 Ordination with % invasive cover per species as the primary matrix variable. The 

size of each section (triangle) indicates the level at which the plot’s invasive cover is influenced 

by Microstegium vimineum.  

  

2.3.4.4 Callery pear (Pyrus calleryana)  

Pyrus calleryana is a widely planted deciduous tree that is rapidly spreading across the 

United States and has garnered attention as a serious invasive species (Vogt et 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 just a few years of age and spreads rapidly through bird dispersal  

(Culley & Hardiman, 2007). In North Carolina it is ranked a threat level one or significant threat 

(NC Invasive Plant Council, 2023). Pyrus calleryana has large impacts in Phase II and lesser 

impacts in Phase I (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.  

  
Figure 2.11 Ordination with % invasive cover per species as the primary matrix variable. The 

size of each section (triangle) indicates the level at which the plot’s invasive cover is influenced 

by Pyrus calleryana.  

  

2.3.4.5 Chinese privet (Ligustrum sinense)  

Ligustrum sinense is a semi-evergreen to evergreen species that forms thickets of 

multistemmed 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 spreads 

rapidly through bird and animal dispersal (Miller et al. 2015). Soil disturbances of any kind allow 

for colonization of Ligustrum sinense. This species is distinctly difficult to control because of its 

large seedbank and need for underground removal. 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 sinense was 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 (Table 2.3). Within the 

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

2.6).  

  
Figure 2.12 Ordination with % invasive cover per species as the primary matrix variable. The 

size of each section (triangle) indicates the level at which the plot’s invasive cover is influenced 

by Ligustrum sinense.  

  

2.4 Discussion  

Invasive species of all growth forms (i.e. shrub, tree, vine) will invade a restoration site if 

given the opportunity (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 

of the overall cover (59.6%) (Figure 2.5; Table 2.1). This is true for all three phases of Rocky 
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Branch restoration with invasive stems covering 47.4% in Phase I, 47.7% in Phase II, and 49.5% 

in Phase III (Figure 2.5). The similar percentage of invasive stems across 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 stems occupying 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 as the 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 herbaceous layer as well. 

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 highest-impact species within this site, and other southeastern restoration 

projects, are Hedera helix, Ligustrum lucidum, Microstegium vimineum, Pyrus calleryana, and 

Ligustrum sinense. These five species are unsurprising considering these are all high priority and 

threat level one invasive species within North Carolina (NC Invasive Plant Council, 2023). An 

interesting distinction is how each invades a site across different successional stages.   

Hedera helix is a major driving force for invasive cover (Figure 2.8). This species is of 

high priority considering it covered 17.8% of the study area (2189.2 m2) (Table 2.5). It was 

particularly impactful in the mid-successional closed canopy stage (Table 2.6). This aligns with 

their growth characteristics because they produce seeds only when they climb larger, older trees 

and reach openings with full sun. Hedera helix was also able to effectively invade Phase II since 

it was a mid-successional open canopy plant community. However, it did not have much impact 
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in the early-successional Phase III (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 lucidum is another high priority species that is a large driver for invasive cover 

and is an indicator for highly invaded plots (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 

m2 or 12.6% of the restoration site’s study area (Table 2.5). Its highest impact was in Phase II, 

but it had significant impacts across all phases (Table 2.6). This aligns with its growth habits of 

forming thick understories and being tolerant to varying light levels. This equal impact is also 

likely why the species was not an indicator for any particular phase (Table 2.3).  

Microstegium vimineum covered 593.8 m2 or 4.8% of the study area (Table 2.5) and was 

primarily an issue within Phase III (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 

shade-tolerant and establishes well early on so it is surprising that it doesn’t have as large of an 

impact comparatively within the other two phases (Fryer, 2011). However, this is likely because 

soil disturbance, a feature often associated with Microstegium vimineum, is prevalent in the 

narrow Phase III floodplains.  

Pyrus calleryana is another species with individuals that have grown very large and take 

up a significant amount of space in the canopy, covering 4.1% of the study area (Table 2.5). The 

species has larger influence over plots from Phase II, where it's the most problematic (Figure 

2.11). It is an issue in the mid-successional open canopy phase taking advantage of the openness 

to quickly grow up into the canopy (Table 2.6). Pyrus calleryana may have a foothold here 

because it was historically planted and remains on NC State’s campus. This species is an 

indicator for highly invaded plots within the study site (Appendix O).  
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Lastly, Ligustrum sinense was the fifth highest impact species covering a total of 407.9 

m2 or 3.3% across the entire study area (Table 2.5). Its impact was largest in Phase I, 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 2.12). Ligustrum sinense had the largest impact in the 

midsuccessional closed canopy stage of Rocky Branch. The shade-tolerance of the species could 

allow it to readily invade later successional 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, site-specific factors are also likely contributing to the level and mode of invasion. First, 

upstream from Phase I is a small forest patch near Gorman Street that is highly invaded by 

Hedera helix which could be a major seed source for this phase. Moreover, the area off campus 

west of Gorman street includes several drains and yards dominated by Hedera helix. Large 

Ligustrum lucidum and Pyrus calleryana stems on the surrounding campus serve as ready seed 

sources for these two invasives into the restoration project. Once again this emphasizes the 

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. 

Several indicator 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 

highest-impact species, we observe that Phase I had Celastrus orbiculatus (Oriental bittersweet),  

Lonicera maackii (Amur honeysuckle), and Morus alba (white mulberry). These are more shadetolerant 

species that should be watched within closed canopy restoration projects. Phase II had many invasive 

indicator species; however, the three highest-impact species, as determined by cover, to target would be 

Elaeagnus pungens (thorny olive), Reynoutria japonica (Japanese knotweed), and Ampelopsis glandulosa 
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(porcelain berry). Since Phase II is an open canopy, the shade tolerance of these species is mixed, with 

Elaeagnus pungens and Reynoutria japonica being shade-tolerant while Ampelopsis glandulosa does not 

persist well in full shade and prefers more sun. While these species may not need immediate consideration, 

if resources permit, management to prevent and control them should also be targeted at these species in 

restoration projects. These are possible watchlist species based on the indicator species analysis (Table 

2.3) and their overall cover (Appendix D). However, inventories should be conducted at all restoration 

sites to identify additional high-impact invasives that may not have been identified here, but could be 

invading due to other site-specific factors.  

2.5 Site-Specific Recommendations  

For Rocky Branch, it is important that Land Management Operations at NC State address 

invasive plant seed sources if possible, especially the seed source for Hedera helix located near 

Gorman street. Furthermore, an effort to remove known Ligustrum lucidum and Pyrus calleryana 

stems should occur across campus to reduce inputs into the site. It doesn’t appear that 

Microstegium vimineum or Ligustrum sinense are on other parts of campus, but this should be 

confirmed. Invasive populations of these species should be located and mapped across NC  

State’s campus for ease of planning and subsequent removal, similar to the DMS annual 

mitigation monitoring reports. A bottom-up layered approach to management has been 

recommended for invaded stream and wetland restoration sites. This essentially just means 

treating the herbaceous layer first, followed by shrub and tree. This is because a top-down 

layered approach – starting with trees and working your way down – creates gaps once invasive 

species have been removed from the canopy and overstory that allow for the fast-growing 

herbaceous species to invade. Therefore, it is important to establish native grasses in the 

herbaceous layer before removing overstory and canopy shrubs and trees (Gough, 2023). 

Therefore, Hedera helix and Microstegium vimineum should be targeted first for removal within 
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our study site because they comprise the herbaceous layer. Furthermore, it is important to note 

differences between particular native and invasive species and take advantage of pre-emergent 

spraying (e.g. annual versus perennial species) (Lovenshimer, 2023).  

For Hedera helix, it is particularly important to first target the vines that are on trees 

before removing it on the ground because these tree-climbing vines are the biggest contributors 

to its spread. Removing Hedera helix, involves thoroughly wetting all leaves with herbicide in 

water with a surfactant. To improve the herbicide’s effectiveness, a string trimmer is 

recommended to reduce growth and injure leaves. For larger 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 effective (Miller et al. 2015). Native alternatives to this species could include 

Bignonia capreolata (crossvine), Parthenocissus quinquefolia, and Polystichum acrostichoides 

(Christmas fern) (City of Raleigh, n.d).  

For Microstegium vimineum, herbicide 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 flower earlier than normal (Plant Conservation Alliance’s 

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 (Miller et al. 2015). However, the need for hand 

pulling can be determined on a case-by-case basis depending on the surrounding vegetation and 

its value to the plant community. If revegetation is done, native alternatives to this species could 

include Carex spp. (sedges), Chasmanthium latifolium (river oat), and Impatiens capensis 

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

After addressing these two high-priority herbaceous layer species, the understory and 

canopy control can start with Ligustrum sinense because it grows lower in the understory at 
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about 6–15 ft (North Carolina Extension Gardener Plant Toolbox, n.d.-a). For 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 include Ilex 

decidua (deciduous holly), Ilex opaca, Morella cerifera, and Viburnum spp. (City of Raleigh, 

n.d.).  

Ligustrum lucidum would be the next species in the bottom-up approach as it reaches 

heights of 25–40 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, n.d.). If 

revegetation is done, native alternatives to this species could include Ilex decidua (deciduous 

holly), Ilex opaca, Morella cerifera, and Viburnum spp. (City of Raleigh, n.d.).  

Pyrus calleryana would be the last species to target because it reaches heights of 50 ft 

(North Carolina Extension Gardener Plant Toolbox, n.d.-b). For Phase II it was found to occupy a 

large portion of the canopy within the plots it is found in. Foliar spray is recommended for 

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 al. 2015). If revegetation 

is done, native alternatives to this species could include Amelanchier arborea (downy 

serviceberry), Benthamidia florida (flowering dogwood), and Cercis 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 retain the plant’s root systems until more native 

plants are put in and provide further stabilization (Gough, 2023). Girdling 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.). 
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Another consideration for this site is that the restoration project runs through the heart of a 

college campus. There 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 students cut and certified staff 

treat Elaeagnus umbellata and Elaeagnus pungens stems at the NC State University-owned 

Schenck Forest as a service project. Students in a larger introductory environmental lab cut 

Ligustrum sinense stems 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 projects, such as removing Ampelopsis 

glandulosa on Phase III of Rocky Branch (Jeffries S., Personal Communication, 2024). Other 

restoration sites have also utilized 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 project was 

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 primary goal of the restoration project 

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 of Hedera helix in an effort to support the bottom-up approach.  

In addition to the five primary target species, there is a small, robust patch of dense  

Phyllostachys aurea (golden bamboo) on one side of the floodplain. While this isn’t a large 

concern now, the species is crowding out other species and will continue to spread densely until 

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 
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and rhizomes, which should be piled and burned. Repeated 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 study can also assist with adding species to NC State's Do Not Plant List or 

identify species on the planting list for campus that might have invasive tendencies/status. For 

example, Ulmus parvifolia (Chinese elm) was a species found to be problematic in this site, 

particularly in Phase I, and it is a species planted around campus. Another species that was also 

disruptive was Liriope spicata (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 and develop. Species should be dealt with on the front end to ensure plant community 

development by managing nearby seed sources, pre- and post-treatments of the site, and 

following mitigation guidelines of mapping and eradicating known invasive populations before 

they get out of control. Early invasive management as the plant community establishes will have 

the largest impact; however, continued vigilance is recommended as there are several 

shadetolerant species that are prone to invade later-successional stages.   

Resources should be first dedicated to the highest-impact invasive species. For 

southeastern stream restoration projects, these include Hedera helix, Ligustrum lucidum, 

Microstegium vimineum, Pyrus calleryana, and Ligustrum sinense. These species should be the 

primary targets of invasive control and if these species aren’t present, effort should be made to 

prevent their establishment. Before a project begins, care should be taken to ensure that these 

species are not planted or established in or near the restoration site. If they are present, control to 

prevent significant seed formation is recommended (Miller et al. 2015). Additional species to 
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consider for control include Elaeagnus pungens and Reynoutria japonica and Ampelopsis 

glandulosa within mid-successional open canopy plant communities and Lonicera maackii and 

Morus alba in mid-successional closed canopy plant communities should also be considered as 

they can also have high-impacts 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 bottom-up approach will ensure the herbaceous invasives don’t 

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 replantings take hold (Gough, 2023). If the site is newer and 

still within the seven-year mitigation monitoring period then inventorying, mapping, and treating 

known invasions is important. Once a project reaches long-term management no invasive 

monitoring or removal activities are required. However, if possible, it’s recommended that these 

activities continue to ensure the restoration project doesn’t become invaded by a predominant 

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 long-term management 

phase for mitigation projects – specifically with regards to continued invasive population 

identification and appropriate treatment measures – should 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 various invasive species removal and control approaches in 

different phases of the restored stream could help to determine which methods work. This effort 
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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 non-native species that were identified at Rocky Branch (Appendix P) as these 

species were neither indicated as being native to the area nor were they listed on the North  

Carolina Invasive Plant Council’s list. These species could become a problem down the road. 

Early analysis and control of these species could prevent them from becoming prominent future 

invasives.  
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Appendix A. Recommended planting table (NC State Biological and Agricultural Engineering 

Department, n.d.; Silver & Ruth, n.d.)  
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Appendix B. Rocky Branch Planting Lists for Phase I, II, and III.   
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Appendix C. Visual delineations of zones from the planting plans.  
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D Area each invasive species covers in terms of m2.  
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E Sorrenson outlier analysis at the 2.0 cutoff number of standard deviations for stem  

main matrix data. Plots 8, 10, 12, and 13 from Phase III are outliers.  

  
  

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

invasive cover (%) main matrix data. Plot 5 from Phase I and plot 13 from Phase III are outliers.  
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G Sorrenson outlier analysis at the 2.0 cutoff number of standard deviations for  

invasive cover (%) main matrix data. Plot 5 from Phase I and plot 13 from Phase III are outliers. 

Species Acer floridanum, Quercus rubra, Fagus grandifolia, Pinus taeda, and Acer rubrum are 

outliers.  
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H Chi-squared test for homogeneity on the distribution for the number of species  

across each species designation at the alpha 0.05, 0.025, and 0.01 level.   
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I Chi-squared test for homogeneity on the stem distribution across phases at the alpha  

0.05, 0.025, and 0.01 level.  
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J Full stem indicator analysis and their associated p-values.  
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Appendix K. Full % invasive cover analysis indicator analysis and their associated p-values.  
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L All importance values for planted species.   
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M All importance values for all volunteer species.   
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N Indicator species analysis for invasion level (highly, moderately, or less invaded  

plots) looking at relative abundance.  
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Appendix O. Full indicator species analysis for invasion level (highly, moderately, or less 

invaded plots) with associated p-values.   
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Appendix P. Master list of species present at Rocky Branch.  
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