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INTRODUCTION 

 In an effort to improve the practice of wetland and stream mitigation, the North Carolina 

Department of Environmental and Natural Resources (NCDENR) created a standardized 

monitoring procedure for mitigation vegetation and has amassed a dataset from sites across the 

state. This standardized dataset allows for comparisons between sites statewide, allowing an 

assessment of current restoration practices (ACOE, 2013).  Given the information available, we 

seek to understand 1) how sites are performing, 2) how well the database is fulfilling it’s 

intended function, and 3) how the database may be improved to best meet its intended purpose. 

The Division of Mitigation Services (DMS) (previously the Ecosystem Enhancement 

Program (EEP)) is a program within NCDENR that acts as a bank for mitigation credits (North 

Carolina Department of Environment and Natural Resources, 2014). As mitigation sites are 

planted and enter the monitoring stage, the DMS is responsible for managing vegetation and 

hydrology data collected by private consultants.  In order to effectively maintain the vegetation 

data, the DMS partnered with Carolina Vegetation Survey (CVS), a research group that 

documents natural plant communities in the Carolinas, to create a monitoring protocol 

appropriate for mitigation sites. CVS also created a database for entering and storing these data. 

Monitoring data contain measures of vegetation structure that ultimately determine whether the 

restoration of a site is considered successful.  

The ultimate goal of mitigation is to preserve ecosystem functions, (e.g., improving water 

quality). However, wetland and stream functions are difficult to assess, so success criteria for 

mitigation sites are based on measures of structure, such as vegetation, hydrology, and/or soil 

characteristics (Pfiefer and Kaiser, 1995).  Fully replacing lost stream and wetland functions may 
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take decades to accomplish. Therefore, success criteria are structured to assess if the vegetation 

structure is on a trajectory towards the goals stated in its mitigation plan (ACOE, 2013). The 

U.S. Army Corps of Engineers has developed specific measures of structure used to assess 

whether a mitigation project is considered successful.  In addition to determining whether a site 

is trending toward replacement of lost wetland functions, requiring standardized performance 

criteria allows comparison of sites across the state. The success criteria for vegetation are 

(ACOE, 2013): 

1. Sites must have 320 planted trees/acre at year 3; 260 at year 5; and 210 at year 7. 

2. Trees in the Coastal Plain/Piedmont regions must average 7 feet high at year 5  

and 10 feet at year 7.  Trees in the mountains must average 6 feet high at year 5  

and 8 feet at year 7.  

3. No single planted or volunteer species shall comprise more than 50% of the total 

composition within any plot at years three, five, or seven. 

To improve wetland restoration and the standards that drive their design, we examined 

vegetation data for the DMS wetland and stream mitigation projects across the state of North 

Carolina. Because the CVS-EEP database contains repeated measures of plant performance in 

mitigation sites across the entire state, it provides a unique opportunity to evaluate plant growth 

and community change in a variety of different ecological settings and across many mitigation 

projects. Previous studies have shown that trees planted on highly disturbed and compacted soils 

of mitigation sites often exhibit slower growth rates than those on natural sites (Rheinhardt & 

Brinson, 2000).  Therefore, we wished to determine the performance of woody species on 

mitigation sites and to understand how these vary by species, project, and within sites  We also 
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wished to determine how height and density of woody stems on mitigation sites compare to the 

ACOE criteria for successful mitigation.  

Current regulations rely solely on performance (survival and growth) of planted stems to 

assess mitigation success, without considering the effects that volunteer stems have on stand 

growth and species composition. Therefore, we also wished to determine how the volunteer 

stems are contributing to community development of these sites.  

Specific objectives for this study are to (1) assess the quality and utility of the CVS-EEP 

database, (2) evaluate growth and density of woody stems on mitigation sites, and (3) to compare 

community composition between planted and volunteer species. 

  

CVS-EEP PROTOCOL 

In order to understand the data available, we first examined the monitoring protocol 

created by DMS (previously EEP) and CVS. After site planting, 10m by 10m-permanent plots 

are established throughout all community types (wetland, stream, buffer) within the site. Plots 

should cover at least 2% of the site with a minimum of 4 plots per site (ACOE, 2013). The plots 

are inventoried for seven years, during the years 0 (year of planting), 1, 2, 3, 5, and 7 (ACOE, 

2013). 

Within the plot, each planted stem is identified by species.  Stems less than 1.37 m high 

are measured for height and diameter at one decimeter height above the ground surface (ddh) 

(Peet et al., 2008).  Stem height is defined as the distance between the ground and the terminal 

bud of the longest stem.  For stems between 1.37 m and 2.5 m, height and ddh are still measured, 

but an additional measurement of diameter at breast height (DBH) is taken.  For stems longer 

than 2.5 m, height and DBH are still taken, but ddh is no longer required.   



 6 

Natural or “volunteer” stems are inventoried differently, because they do not usually count 

towards the success of the site (Peet et al., 2008). Because stems less than 10 cm are often too 

numerous to count, they are not tallied.  For volunteer stems less than 1.37 m in height, plants are 

identified by species and tallied into height classes: 10-50cm, 50-100cm, and 100-137cm.  

Volunteer stems longer than 1.37 m are identified by species and tallied by diameter classes: 0-1, 

1-2.5, 2.5-5, 5-10, and continuing in 5cm increments until 40cm DBH.  Stems larger than 40cm 

DBH are given a DBH measurement to the nearest whole centimeter. 

If vegetation meets the performance criteria for height and density at year 5, monitoring 

may cease with the written permission of the Army Corps of Engineers (ACOE, 2013).  In the 

event that the vegetation does not meet the success criteria, remedial action and additional 

monitoring may be required (ACOE, 2013).  Data are collected by private consulting firms and 

entered each year into a Microsoft Access database.  Each monitoring event is assigned a unique 

Author Observation Code, which contains information about the project, consulting firm, plot, 

and year.  Each plot in the database is also assigned a unique code.  Planted stems are assigned a 

stem code, but this code is only unique for each project, not for all stems across the state. 

Volunteer stems are not assigned any unique identification. 

 

DATABASE ASSESSMENT 

 In February 2014, data from 146 projects were exported from the CVS-EEP database. 

Each record in the database consisted of information for a particular stem monitored at a specific 

time. To identify erroneous entries, we examined the smallest recorded heights and removed all 

records with heights less than 20 cm at year zero (year of planting).  This criterion was 

determined by examining seedling specifications from a reputed supplier of tree seedlings in 
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North Carolina (FAQ-Weyerhauser, 2007-2015).  In order to remove trees that were 

unrealistically tall (and therefore represented errors in the database), we used the SOHARC 

Model for Growth of Mixed Hardwoods. This model is used to predict growth of mixed 

hardwood stands, regardless of community type (McTauge et al., 2008).  In southern forests, the 

most common method of assessing site productivity is by expected tree height at a given age.  

For the SOHARC model, a site index of 90 means that the tallest trees in a stand will reach 90 

feet by year 25 (McTauge, et. al. 2008). Using the SOHARC equation for height estimation, we 

were able to approximate the height by year of naturally grown southern hardwoods at a site 

index of 90, the highest site index likely to be assigned to a mitigation site, and eliminated 

records that were taller than these estimates. Because most restoration sites have been subjected 

to heavy disturbance, it is assumed that they will have a considerably lower site index and our 

chosen maximum heights would only eliminate stems that were unrealistically tall.  Because the 

SOHARC model is based on naturally regenerating stems, height will be zero at year zero.  

However, the mitigation sites are evaluated by site age, where year zero contains stems that have 

been grown in a nursery before planting.  Therefore, there will be a discrepancy between heights 

for planted and natural stems that might persist for some time.  A comparison of DMS planted 

stem heights to SOHARC predictions shows natural stems reaching the height of planted stems 

by year 3 (Figure 1).  Therefore, when editing stems for years 0-2, we only removed 4 records 

that were unrealistically tall for young trees (Figure 1). However, when editing stems for years 3 

and above, we removed any stems exceeding the SOHARC height expectation for site index 90. 

We also edited the species name and growth form fields.  Records containing multiple 

growth forms (tree/shrub/herb) were changed to represent only one growth form value.  Growth 

forms for these species were determined from the USDA NRCS Plant Database (USDA, NRCS, 
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2015).  Some editing was also done to the species name.  A unique code was created for each 

stem by combining the plot ID and stem coordinate fields.  Then, individual stems were 

examined by year. In some instances, the exact species was unable to be determined in the first  

year or two of monitoring but was correctly identified in later years.  In these cases, the 

“unknown species” label for early years was changed to reflect the correct species for that stem.  

Only records for stems with “unknown” species after all monitoring years were deleted. 

All records for stems identified to species but containing no measurement values were 

also removed from the data.  Author observation codes were unique codes assigned to each plot, 

which contain information about the project, plot, and year of monitoring.  Records not 

containing author observation codes were deleted from the dataset, because it was otherwise 

impossible to determine the site age at the time of measurement. It is important to note that 

individual measurement records were removed when considered erroneous, but other records for 

 
Maximum height eliminations 

for planted trees 

 

Year 

Maximum 

Height 

Retained 

(m) 

# records 

removed 

0 --- 0 

1 30*  2 

2 13 & 16* 2 

3 7 9 

4 9 10 

5 11 2 

6 12.5 0 

7 14 1 

8 15 0 

9 16.5 0 

10 17.5 0 
* Indicates unrealistically tall stems that 

were removed. 

 

 

 

Figure 1. Maximum height values chosen for data editing. For Years 0- 2 only unusually large 

values were removed.  For Years 3-10, maximum height was estimated using the SOHARC 

Model for Growth of Mixed Hardwoods at Site Index 90.  
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the same stem were retained.  Because of this, the some stems may not have measurements for 

every year they were monitored.   

 

Planted  

Projects ranged in age from 0 (year of planting) to 10 years. However, because sites that 

meet the performance standards may not be monitored after year 5, few records are available 

after year 5. Because data entry is completed each year and some projects have not completed 

the monitoring stage, many projects only contained measurements for a few years.  Additionally, 

some projects were in their final monitoring years when the protocol was adopted, so only data 

for later years were entered into the database. 

16,310 records were removed from the original data leaving 139 projects with 64,264 

planted records (24,087 stems) (Table 1). Seven projects were lost during editing. Of the 139 

projects examined, only 7 projects containing 301 trees and 41 shrubs had continuous height 

measurements from year 0 until year 5. Before editing, 440 records contained no growth form, 

20,209 contained multiple growth form values. Many of these were contradictory (e.g. tree/herb) 

or contained all three (tree/shrub/herb).  Pine seedlings 

were often classified as herbs in the first years of 

growth and later changed to trees. Additionally, plots 

were not assigned a location within the projects 

(stream, buffer, wetland).  Because each of these 

ecosystem types will have different hydrology, which 

determines plant growth and community type, it would 

Table 1. Record Removal During 

Editing 

Reason for Removal 

Number of 

Records 

Removed 

Planted  

  Too short  (<.2m) 3,428 

  Too tall (varied by 

age) 

26 

  Stem identified but 

not measured 

10,266 

  No species identified 2,138 

  No author 

observation code 

452 

TOTAL 16,310 
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be valuable to know in which site type each plot is located.  

Many monitoring reports indicated that sites had been replanted; yet total stem counts for 

those sites were still low (Armstrong Property Stream and Wetland Mitigation Project Closeout 

Report, 2012). Because there was no annotation in the database, it was unclear whether replanted 

stems are being monitored.  Stem measurements for each year were entered into the database as 

separate records, instead of creating only one record for each individual stem.   This made it 

difficult to track growth of individual stems.  In the future, adding each year’s measurements to 

an individual stem record would make it easier to understand growth over time. 

 

Volunteer 

Reporting of volunteer stems was low. Of 139 projects examined, 7 did not report 

volunteer stems for any year. Of the 132 that did report volunteer stems, 29% did not report 

volunteer stems until the final year of monitoring (Table 2). The CVS-EEP Protocol requires a 

tally of volunteer stems by species and size class for each year (Peet et.al. 2008), so it is unclear 

why volunteer reporting was so low.  

After editing, 17,566 volunteer measurement records were available for analysis.  

Because volunteer stems are not assigned a stem code 

or coordinates, it was impossible to determine how 

many individual stems were present or track individual 

stems over time. This also made it impossible to assess 

volunteer stem age. Additionally, there was no single 

continuous measurement of volunteer stems.  Height 

was recorded for volunteer plants until they reached 

Table 2.  Volunteer Reporting by Last 

Year of Monitoring 

Highest 

Age 

Reported 

Number 

of 

Projects 

% Not 

Reporting 

Volunteers 

5 35 23 

4 24 35 

3 19 6 

2 18 41 

1 30 41 

0 6 67 

TOTAL 132 29% 



 11 

1.37 meters, then they were recorded by DBH only.  Because of our inability to track stem age 

and the changes in measurement approach, we were unable to assess plant growth for volunteer 

stems. 

Often volunteer stems did not appear in the first years of project monitoring. Because 

they were not present in the plot, they were not recorded in the database.  However, many sites 

reported volunteer stems for fewer years than planted stems.  These projects recorded planted 

and volunteer stems in some years, but later recorded only planted stems, even though volunteer 

stems were likely still present.  This made it difficult to assess when volunteers were not present 

and when they were merely not recorded.  Because of this, we could not assess volunteer stem 

density. Volunteer stems do not count towards success criteria, except in special cases.  

However, if the DMS wishes to understand whether volunteer stems should count towards the 

performance standards, changes to the monitoring procedures should be made (see 

“Recommendations for Data Quality” in results). 

 

PLANT PERFORMANCE 

 All analyses were performed in JMP (JMP, Version 11.2.0).  Measurements were 

recorded using the metric system; however, performance criteria regarding height and density are 

all given using the U.S. English system.  To avoid confusion, all analyses were made using the 

metric system, and the performance criteria were converted to metric when needed for 

comparison.  

Because sites that meet performance standards at year 5 are allowed to cease monitoring, 

most analyses were performed using measurements for year 5.  This allowed for maximum plant 

growth while still retaining a sufficient number of stems for analysis. When evaluating plant 
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growth, it is important to note that years refer to the age of the project, not the plant age. Age at 

time of planting varied depending on source type (bare root, container, etc.) and volunteer stems 

appeared at all years during the monitoring period. For both planted and volunteer plants, some 

stems were only identified to genus, which created problems in accurately assessing growth for 

those genera containing multiple species.  These stems were analyzed together by genus (Carya, 

Quercus, etc.).  

Density 

When all projects were averaged, density for planted stems easily exceeded the success 

criteria of 260 stems per acre at year 5 (642 stems per hectare) (Figure 2).  The planted trees 

alone contained stem counts high enough to meet density performance standards.  Densities were 

calculated using two methods. The first method (a) counted the absence of shrubs as 0 when 

calculating means.  This demonstrated total density of trees and shrubs across all projects.  The 

second method (b) only included average shrub count when the plot contained shrubs.  This 

method shows density of trees and shrubs only for plots containing shrubs. The difference 

between these methods most dramatically affected shrubs, which were not planted in all plots. 

Trees were present in almost all plots, so densities were not significantly changed.  Shrubs were 

only planted in 57 percent of plots, but for plots containing shrubs, total densities were 

significantly increased. Because projects containing shrubs met the density criteria with trees 

alone, it seems that shrubs are being planted in addition to trees, not as a replacement. Both 

density calculations contain data for all projects, no matter how many years an individual project 

was monitored; therefore, each year may contain a different amount of projects.  This accounts 

for some amount of the fluctuation in densities by year.  
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 Next, we examined average density for all projects with Year 5 monitoring data. For 

some projects, the number of trees surviving until year five was extremely low.  UT to Crooked 

Creek only had 12 remaining trees at year 5 and Armstrong only 3 trees.  The 5-year monitoring 

report for Armstrong showed an average plot density of 481 stems/acre (monitoring reports are 

given in English units), roughly 10 stems per plot (Armstrong Property Stream and Wetland 

Mitigation Project Closeout Report, 2012).  Even accounting for the lack of shrubs, the number 

of stems in the database is much lower than indicated in the monitoring report.  The monitoring 

report stated that some areas of the project were replanted during year 3 of monitoring.  It is 

possible that replanting data is not being recorded in the database.   

      Method A                                                                    Method B

 

Figure 2. Densities of planted trees and shrubs are shown over time and compared to the 

performance standard.  Because not all plots contained both trees and shrubs, we calculated 

density using two methods.  The left-hand graph (a) shows densities of trees and shrubs across 

all projects.  Plots not containing a growth form were assigned a zero, in order to accurately 

reflect densities across the state.  The graph on the right (b) shows densities of both forms only 

for plots containing that growth form.  For example, the density of shrubs is only calculated for 

plots that actually contained shrubs. Both graphs contain all project data, so each year may 

contain a different amount of projects.  
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In order to see how individual projects were performing compared to the performance 

standards, average density at year 5 was calculated for each project (Figure 3).  Even without 

considering shrubs, most projects exceeded the performance standard for density.  When shrubs 

were also considered, only 6 projects did not meet the minimum density requirement.  It is not 

clear whether replanted stems have been included in the database, so actual densities for these 

projects may be higher. 
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Figure 3.  Density of trees and shrubs and totals at Year 5 by project.  The dashed line shows the 

success criteria at year 5 (642 stems/hectare). 
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Height 

In order to assess plant growth over time, mean heights were calculated for each year and 

growth form (tree or shrub) (Figure 4). Because there were so few observations after year 5, we 

only reported results until that year. We also calculated averages of only those projects with 

continuous measurements for 5 years (measurements for each year between 0 and 5) so that 

changes in stem count by year would not skew the averages.  However, very few stems had 

continuous measurements for five years, so we also included a graph showing average height for 

all projects with any range of continuous measurement (no gaps between years of reporting). 

Stem height increased as project age increased for both trees and shrubs. When 

examining average heights for all stems, there was a decrease in the rate of growth between years 

4 and 5, but this effect was eliminated when only looking at stems that had continuous 

measurements throughout the five years of monitoring.  It is possible that this slight decrease 

may be due to a drop in the number of stems measured, rather than an actual slowing in growth 

during these years. Stems exhibit the exponential growth patterns expected for young plants.  

In order to understand growth differences by species, we examined average heights at 

year five for most planted species (Figure 5). Some species are present in much higher 

abundance at year 5 than others. Only 10 tree and shrub species had greater than 100 stems 

across all projects at year 5. This could be due to higher planting of certain species or higher  
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Figure 4. Planted stem heights and numbers by growth form.  The left-hand graphs show data for all projects. The middle graphs 

depict only planted stems with continuous growth measurements (no missing years of data) for any portion of the monitoring period. 

The right-hand graphs show only planted stems with continuous measurements from years 0 until 5 (no missing years of data).  
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survival of those species. Some species were only present in small numbers (<30 for all projects) 

by year 5. 

Even within a species, variance was high (Figure 5).  At year 5, the two tallest species 

reached average heights of 3.8 meters, while the shortest averaged less than 1 meter high. 

Juglans nigra had a coefficient of variation (CV) of 1.  Sixty-nine percent of tree and shrub 

species has CV’s higher than .5, meaning there is high variation in growth for these species.  

 

Figure 5. Average height at year 5 for planted tees and shrubs.  Stem counts are indicated by the 

number in parenthesis and stems were grouped to show species with abundances higher than 100.  

Error bars indicate one standard deviation from the mean.  
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While some of the difference can be attributed to differing growth rates and forms, some 

variation is probably due to differences within and among sites. 

In order to examine some of the variation in individual species growth, we examined the 

height of two different species by project at Year 5 (Figure 6). We chose one fast growing 

pioneer tree species, Platanus occidentalis, and one mid-successional tree, Quercus phellos, to 

determine whether the growth of these species differed by project. Variation in height growth for 

these two species was still very high between projects. We examined two stream restoration 

projects in Western NC that contained P. occidentalis1.  The first project averaged 7.33 meters in 

height, while the same species at the second project averaged just 1.17 meter.  The same pattern 

was true for planted stems of Q. phellos.  One project reached an average height of 5.1 m, while 

another averaged just 1.33m2.  There is a tremendous amount of variability in growth between 

projects of the same age, which may be attributed to differences in site quality. 

In order to assess variance within projects, we used the coefficient of variance.  For P. 

occidentalis, the coefficient of variance ranged from a high of 66% (Little Grassy Creek) to a 

low of 13% (Brush Creek).  The differences in these numbers shows that some projects had large 

range of height measurements within the project, while some displayed similar heights across the 

site. Variance was the same for Q. phellos.  The coefficient of variance ranged from 128% 

(Norwood Gainey Site) to 1% (UT to Sandy Creek).  Sites with a high coefficient of variance 

had varying plant performance within the site.  Because we were unable to identify the site type 

of the plot (wetland, stream, buffer), we were unable to assess the effects of site type on plant 

growth.  

                                                        
1 Trout Cove is a stream restoration project in Clay County, NC with average P. occidentalis height of 7.33 meters at 

year 5.  Hanging Rock Creek and Tributary is another stream restoration project in Avery County, NC where P. 

occidentalis averaged 1.17 meters at year 5. 
2 Rocky Branch Creek in Wake County, NC had a year 5 average Q. phellos height of 5.1 meters.  Cross Creek in 

Cumberland County, averaged 1.33 meters in height at year 5. 
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Figure 6.  Average height at year 5 of planted Platanus occidentalis (a pioneer hardwood) and 

Quercus phellos (a mid-successional species) are shown by project. Error bars denote one 

standard deviation from the mean. 
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We also wished to examine growth patterns for specific projects. Tree growth over time 

was examined for projects with continuous measurements from year 0 to 5.  For those 7 projects, 

average stem heights for trees were graphed over time (Figure 7).  Planted trees on those 7 

projects exhibited the same exponential growth pattern normal for early growth. However, there 

is considerable variation between sites. At Jumping Run Creek, height averaged 3m by year 5, 

while stems at Armstrong averaged just over 1m.  Variance was high for all heights, indicating 

that stem height varied within the project at each year.  Two of the seven projects did not meet 

the height requirement, and three just barely reached the standard for Year 5. 
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Figure 7. Average height over time for all projects containing continuous measurements for 

planted stems from years 0-5 (no missing years of data).  Error bars denote one standard 

deviation from the mean. Only 7 projects contained continuous data for all 5 years. The 

horizonatal line indicates the performance standard for height at year 5 (7 ft in Piedmont/Coastal 

Plain, 6ft in Mountains). 
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COMMUNITY CHARACTERISTICS 

To describe plant communities, we calculated the relative density of each species within 

each plot at Year 5. Because we wished to assess the effects of volunteer species on 

communities, only plots reporting both planted and volunteer species were analyzed.  Only 

species with relative densities above 5% were included in Table 3.  We separated the plots by 

source (planted and volunteer) then by biogeographic region.  Communities across all 4 

biogeographic regions were similar, but there were some key differences in each region.  A few 

species of both planted and volunteer stems were commonly found in plots across at least 3 

regions, making plots similar in community composition.  However, there were a small number 

of both planted and volunteer species that were specific for each region.  This created small 

differences in communities by biogeographic region.  Eight of the 29 species in Table 3 appeared 

as both planted and volunteer.  

Species such as Platanus occidentalis, Betula nigra, and Fraxinus pennsylvanica were 

present in 3 biogeographic regions, making them a common species in plots across the state.  

There was some differentiation among planted species for different regions.  Betula lenta was 

planted exclusively in the mountains, while Taxodium distichum and Nyssa biflora were planted 

only in the Inner and Outer Coastal Plain.  Cornus amomum was only planted in the western half 

of the state (Mountains and Piedmont).   

Acer rubrum, Liquidambar styraciflua, Quercus phellos, Pinus taeda, and Baccharis 

halimifolia all volunteered in at least 3 biogeographic regions. Acer rubrum was present in all 4. 

If we had combined the two Coastal Plains regions, we would not have seen this separation. A 

few species, such as Juglans nigra in the mountains and Ulmus americana in the Outer Coastal 

Plain, volunteered in only only one region.  
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Table 3.  Community composition by biogeographic region and source at Year 5. 

Biogeographic regions are: Mountains (M), Piedmont (P), Inner Coastal Plain (IC), and 

Outer Coastal Plain (OC). Only species with an average relative density of higher than 

5% are reported. 

 All stems Planted stems Volunteer stems 

 M P IC OC M P IC OC M P IC OC 

# plots 76 163 81 35 40 114 74 13 40 114 74 13 

Species Richness 54 88 80 41 28 52 54 22 32 59 45 19 

             

 Relative Denstiy:                         

Platanus occidentalis .19 .08   .1 .2 .1     .15     .05 

Cornus amomum .1 .06     .1 .1     .07       

Betula nigra .1 .06 .06   .2 .1 .1   .07       

Fraxinus pennsylvanica .08 .11 .06     .1 .1     .09     

Alnus serrulata .08       .1               

Salix nigra .05 .05       .1         .08 .11 

Liquidambar 

styraciflua   
.05 .08 

            
.17 .15 .25 

Quercus phellos   .05       .1 .1           

Acer rubrum     .09           .1 .05 .17 .06 

Pinus taeda     .08           .06 .07 .24   

Pinus sp.                     .04   

Taxodium distichum     .08 .23     .1 .1       .07 

Nyssa biflora       .07     .1 .1 .05       

Liriodendron tulipifera       .05       .1         

Betula lenta         .1               

Quercus michauxii           .1             

Diospyros virginiana           .1             

Quercus lyrata             .1 .1         

Ulmus americana               .1         

Quercus nigra               .1       .06 

Myrica cerifera               .1         

Nyssa aquatica               .1         

Persea palustris               .1         

Juglans nigra                 .14       

Baccharis halimifolia                   .06 .06 .11 

Baccharis sp.                   .06     

Juniperus virginiana                   .05     

Quercus sp.                       .06 

Carya sp.                       .05 
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To assess the influence of volunteers on species composition, indirect gradient analysis 

was performed using PC-ORD (McCune & Mefford, 2011). Importance was based on relative 

densities of each species by plot and biogeographic region for each plot.  Detrended 

Correspondence Analysis (DCA) was chosen because it is quick and straightforward.  Because 

this was a first look at these data and we ran each biogeographic region and source separately, 

we wanted to use a method that could quickly create ordinations that were not easily skewed by 

incorrect parameter choices.  

DCA was performed on planted and volunteer species separately.  Plots were color-coded 

by their biogeographic region, and species vectors were added to show which species were 

characteristic of a specific region.  Vectors with an r2 cutoff of .2 and a vector scale of 150% 

were plotted on the ordination. 

 Figure 8 shows the difference in species composition by biogeographic region for both 

planted and volunteer species.  Communities of planted species were very similar for all 

biogeographic regions.  Plots of all regions overlapped in the ordination space, meaning there 

was little difference in community composition.  The presence of Betula lenta characterized a 

few plots (16%) within the Mountains and densities of P. taeda characterized some plots in the 

Piedmont and Inner Coastal Plain, but these species only distinguished a small percentage of the 

total number of plots.   Planted communities within all 4 regions were distinguished along the 

second axis by the presence of either S. nigra or T. distichum.  This may be due to changes in the 

target community type (stream, wetland, buffer) but we do not have the data needed to assess 

that variable.  
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       Volunteer 

Figure 8. Detrended Correspondence Analysis ordinations of planted (top) and volunteer (bottom) species. Colored polygons denote 

biogeographic regions.  Each point represents an individual monitoring plot. Vectors show which species densities are distinguishing 

specific plots from the rest of their region. 
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Communities were even less distinct when considering only volunteers.  Plots within the 

Coastal Plain tended to have higher densities of Baccharis halimifolia, which distinguished them 

slightly from the other regions, but generally similar volunteer species appeared in all regions. 

Some volunteer plots diverged along the second axis due to densities of Acer negundo and F. 

pennsylvanica or a high density of S. nigra.  Again, we assume that this is also some response to 

site wetness. 

In order to determine the influence volunteer stems had on the community composition, 

we compared planted and volunteer communities for each biogeographic region.  We created 

another matrix of relative densities that separated planted and volunteer data into sub-plots.  For 

example, Plot 7 was divided into P-7 and V-7, representing planted and volunteer stems 

respectively. DCA was performed on each of the four biogeographic regions separately and plots 

within the ordination were color coded by source (planted or volunteer).  

There was almost no difference between planted and volunteer sub-plots in the 

Mountains.  Only 5 plots out of 40 planted sub-plots were outside of the range of volunteer plots 

in the ordination.  The volunteer species Acer rubrum distinguished a subset of plots, but there 

was no clear distinction between planted and volunteer species.   

In the Piedmont, the polygons enclosing all plots overlapped, but when examining the 

distribution of planted and volunteer plots in the ordination, there is differentiation.  Although 

there are many of the planted and volunteer plots with similar composition, high densities of L. 

styraciflua distinguished a large subset of plots along axis 1 while Baccharis sp.  

did the same along axis 2. 

Distinction between planted and volunteer communities was lowest in the Mountains and 

increased while moving east.  Planted and volunteer species mostly separated along Axis 1,  
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Mountains Piedmont 

  
Inner coastal plain Outer coastal plain 

 

 

Figure 9. Ordinations of stems by biogeographic region.  Sub-plots were then color coded by source (planted and 

volunter). Vectors show which species densities are distinguishing specific plots from the rest of their region. 
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although plots also separated along Axis 2.  This is probably caused environmental variables that 

were not recorded for these plots.  In the Inner Coastal Plain, the distinction between planted and 

volunteer communities is even clearer.  Higher densities of T. distichum largely characterize the 

planted sub-plots, while P. taeda charactarizes the volunteer.  There is very little overlap 

between planted and volunteer plots within the ordination.  

 The clearest distinction between planted and volunteer communities is in the Outer 

Coastal Plain.  Planted sub-plots are distinguished by a mixture of Quercus nigra, Ulmus 

americana, Myrica cerifera, and Nyssa biflora. Volunteer sub-plots are mostly differentiated by 

importance of L. styraciflua. 

 

DISCUSSION   

  Database Assessment 

 There was a considerable amount of error in the database. Over 16,000 (about 16%) 

individual monitoring records were removed before analysis. More than 3,000 records reported 

stems heights under 20 cm tall. Because seedling providers such Weyerhauser report bare root 

seedlings being at least 18 inches (45 cm), these stems are unusually short and indicate error in 

data entry, perhaps with indicating units of measurement.  

We do not know why data were recorded for years 4 and 6, even though those years are 

not required vegetation monitoring years (ACOE, 2013).  All projects that contained data from 

year 0 to year 5 also contained measurements for years 4.  

Reporting of volunteer stems was extremely low.  When we attempted to calculate 

densities for volunteer stems, values increased from year zero to three but then dropped off, 

which does not follow the expected pattern. Because a tally of volunteer stems is required by 

protocol, the database should represent all volunteer stems over 10 cm in each plot. It is possible 
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that volunteer stems are being incorrectly tallied or not tallied at all.  Because of this, it was 

impossible to make comparisons between planted and volunteer stems for growth or density.  If 

the DMS wishes to better understand the role volunteers play in community structure, changes 

should be made the monitoring protocol. 

 Often projects larger than a few acres in size will contain areas with different target 

communities based on the hydrology of the site (riparian, buffer, wetland); however, plots are 

not labeled according to their intended community type.  Being able to compare plots based on 

their target community (riparian, buffer, wetland) would have been useful in better understanding 

differences in growth and community.  

  

The database seemed to effectively serve as a storage and analysis tool for performance 

monitoring data.  However, during a meeting with DMS, management expressed an interest in 

understanding how volunteer stems were performing in comparison to planted stems.  This 

information could be used to reassess whether volunteer stems should count toward height and 

density success criteria.  Because volunteer stems are not tracked through time, recorded by at 

least one consistent measure (they are recorded by either height or DBH, which changes as the 

stem grows), and are not always reported when they are present, we were unable to accurately 

Recommendations for improving data quality: 

 Distinguish between no plant present and no observation made. 

 Record site type (wetland, stream, buffer) for each plot. 

 Only allow for one growth form per species, or assign the best growth form to each 

species. 

 Denote replanted stems and the year of replanting. 

 Assign a record for each individual stem and add annual measurements to this record. 

 Require at least one consistent measurement of volunteer stems to be recorded each 

year.  

 Implement some system for identification of extreme errors at time of data entry. 
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assess volunteer plant performance.  If the DMS is interested to see how volunteer stems 

compare to the success criteria, changes should be made to the monitoring protocol. 

Plant Performance 

Density 

Although project densities across the state were well above the performance standard, some 

concern arose about the standards for stocking.  At year five, the average diameter for planted 

stems was 2.7 cm (roughly 1 in.).  According to stocking charts used by the United States Forest 

Service, stems of 2 inch diameter (the smallest size on stocking charts should exist closer to 500 

stems per acre for bottomland hardwood forests (Goelz, 1995).  According to stocking charts, 

even if year 5 stems were closer to 2 inches in diameter and reaching the performance standard 

of 260 stems per acre, it would still take nearly 10 years to reach minimum densities suggested 

by the U.S. Forest Service (Goelz, 1997).  Currently, the performance standard for five year 

planted trees is only 260 stems per acre.  Previous researchers were unable to find written 

documentation of rationale for these standards (Rheinhardt and Brinson, 2000).  In light of 

stocking standards and the actual densities across sites, it is possible that this performance 

standard may need to be reevaluated. Because of low volunteer reporting, our density evaluations 

were based solely on planted stems.  Low stocking rates may not be a concern if volunteer stems 

are significantly increasing the densities of the plots. 

  Height 

Plants grew exponentially during the first five years for both tree and shrub growth forms, 

which is the same pattern exhibited by The SOHARC Model. Yet plant performance was highly 

variable. Most likely the variation between and within sites is due to differences in soil quality 

and hydrology, which were not evaluated. Stems located in different community types (riparian, 
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buffer, wetland) may also exhibit different growth rates due to the hydrology of their specific 

location.  Future investigation into stem growth along environmental gradients would help 

explain some of the variability we encountered. Previous studies have shown that planted stem 

growth is very slow and mortality high in the highly disturbed soils of mitigation sites 

(Rheinhardt & Brinson, 2000), which seemed to be true given that the DMS sites were close to a 

site index of 39.   

Community Characteristics 

The ordination for planted stems showed no clear distinction between communities by 

biogeographic region.  Relative densities for some characteristic species were somewhat higher 

in a sub-set of plots, but the widespread planting of species such as P. occidentalis made 

distinctions between biogeographic regions blurred.  Bedford (1996) suggested that uniform 

hydrologic success criteria in mitigation have led to a homogenization of wetland types at the 

landscape scale.  Our results show that, to some degree, mitigation planners are attempting to 

distinguish between community types, but it may not be drastic enough.  In the future, 

ordinations of natural wetland communities may be useful in assessing the diversity of wetland 

and stream communities across the state.  

Our results also showed a lack of distinction between volunteer communities by 

biogeographic region. It is likely that the lack of distinction among volunteers is attributed to the 

early successional stage.  The plots are being colonized by pioneer species characteristic of early 

successional communities.  It is likely that volunteer communities will become more diverse as 

succession progresses.  

There was little difference between planted and volunteer communities in the Mountains 

but differences became increasingly apparent as we moved East towards the Coastal Plain.  This 
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means that the volunteer species are not significantly changing the community composition of 

sites within the Mountains.  This information is useful for sites within the mountains that do not 

meet height and density requirements for planted stems.  It is likely that volunteer stems in this 

region could be used to meet the performance standards without sacrificing the community type 

designated in the mitigation plan.    

There was a clear distinction between planted and volunteer communities for the other 

three biogeographic regions.  It is unclear why this distinction occurs between the Piedmont and 

Coastal Plain regions, but not in the mountains.  It is possible that low densities of the volunteer 

species P. taeda and L. styraciflua, two species that are not desired in mitigation, have caused 

this similarity in the mountains.  Both of these species are usually more abundant in the warmer 

climates present in the middle and Eastern regions of the state, creating more separation between 

planted and volunteer communities. Regardless, it is important to note that volunteer stems in 

these regions are occurring at high enough densities to influence the community composition, 

although probably not so high as to completely change the intended community.   
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