Case Study Name: Guidelines for Monitoring Earthworks in Grass Cover 

Introduction
The preservation of the historic earthwork structures at battlefield parks is a mission of the National Park Service (NPS).  Erosion is the greatest threat to these historic structures.  Erosion is caused by various disturbances that create bare soil conditions including windthrow of trees, burrowing of animals and the control of invasive plant species.  Bare soil conditions cause erosion as soil is washed away by rain or blown away by wind.  Establishing vegetative cover, minimizing human impact and the deleterious action of natural phenomena are actions required to preserve earthworks.  Developing and implementing management objectives to achieve preservation is essential.  Monitoring is a tool used to measure both positive and negative results of management actions and therefore provide a method to determine if management is working.

Management plans are developed to establish native grasses, remove invasive plants, and control (groundhog) burrowing animals.  The principle goals are to eliminate bare soil, reduce invasive species, and increase desired vegetative cover.  Management objectives identify target species (native grasses and invasive plants) and implement management strategies to increase or decrease vegetative cover of these species.  The monitoring protocol samples for increases and decreases in percent cover of vegetation, vegetation types, and bare soil.  It detects change in vegetative cover to determine if management objectives are being met. 

Guiding Managing Principles to Preserve Earthworks

· establish native herbaceous and grass vegetative cover to stabilize soil and prevent erosion

· minimize human impact 

· minimize the deleterious action of natural phenomena such as burrowing animals

Monitoring provides a feedback loop to improve management actions or treatment techniques when management objectives are not being met and to reduce actions when objectives are being met and sustained.  It is an essential management tool that should be built into the over-all earthwork’s management planning process and budget. This monitoring protocol is designed to be as quick, efficient, and as practical as possible. It can be used at all NPS units that have earthworks, and will facilitate better erosion control through a quantifiable means to facilitate adaptive management practices.

This protocol was designed and field tested at Fortress Rosecrans of Stones River National Battlefield in Murfreesboro, Tennessee, where native grass and invasive species management has been on-going since 1994.  Prior to 1994, much of the earthworks at Stones River were under full canopy and covered with invasive plants including kudzu (Pueraria montana) , Japanese honeysuckle (Lonicera japonica), bush honeysuckle (Lonicera maackii) , and privet (Ligustrum sinense).  Aggressive management has removed canopy trees off earthworks, controlled invasive exotics, and established native grasses. Management has also included trapping, removing, and exterminating groundhogs.  Partially shaded areas persist where canopy trees occur near and on the earthworks. Human impacts have lessened by providing asphalt walkways around the earthworks and boardwalks over the earthworks for visitor access.  Establishment of native grasses has minimized impacts due to the elimination of excessive mowing required to maintain turf grass.

Earthwork features and microclimate conditions

While there are many different earthwork structures, the basic structures for earthworks share similar features.  The structures that are being monitored at Stones River National Battlefield include Redoubt Brannan, Lunette Thomas, Lunette Palmer and Curtain Wall #2 with associated traverses.  The features associated with these structures where plots are located include exterior walls, traverses, flats and ditches.  The exterior walls are associated with lunettes and curtain walls that form the outer boundaries of the fortress.  The traverses are internal structures that run perpendicular and attach to the lunettes and curtain walls. Ditches are features immediately outside of the fortress at the base of the exterior walls.  Flats are contained within the fortress and are large level areas that in some cases, may have been the location for heavy artillery pieces or ammunition stores.

While earthworks are human artifacts as intentionally created earthen structures, ecological processes that influence the growth and distribution of vegetation, such as soil conditions, slope, and aspect should be considered when establishing management objectives.  A soil test is recommended and can help determine if any edaphic factors like pH or soil nutrients are significant influences in vegetation establishment.  

The direction of slope or aspect as well as the degree of slope will influence species distribution and planting success and should be considered when selecting plant species and methods of establishment.  The steepest slopes may require landscape erosion matting to hold seed in place until it germinates and sets roots.  The south and west facing slopes are the driest and most exposed slopes; while the north and east slopes are less subject to extreme conditions such as drought.  Establishing desired vegetative cover is challenging because earthworks represent disturbed conditions, they are not natural ecosystems, and they are xeric (extremely dry) because of excessive drainage. 

Integrating monitoring and management

Monitoring as a management tool

A useful working definition of monitoring is “the collection and analysis of repeated observations or measurements to evaluate changes in condition and progress toward meeting a management objective” (Measuring & Monitoring Plant Populations, 1999).  Sampling vegetation for attributes such as per cent of cover, density, frequency, or species richness provides a quantifiable means to analysis data in order to establish acceptable thresholds to meet management objectives.  The management objectives will include the projected desirable threshold of per cent cover to be achieved for target species through management over time.

For example, a management objective could state that the per cent cover for Japanese honeysuckle will be reduced from the 15% cover recorded when monitoring began in the first year to 5% cover in 3 years.  The 5% cover is the specified data point or threshold that is stated by the management objective.  If the 5% threshold is not met in 3 years then the management treatment is not working sufficiently and needs to be reviewed and modified.  This is an example of how monitoring provides adaptive management opportunities.

Definitions

· Monitoring is the collection and analysis of repeated observations or measurements to evaluate changes in condition and progress toward meeting a management objective.

· A management objective states what the desired result is (threshold) and provides the basic framework for establishing the management strategy.

· A threshold is a specified data point that results in a change in management or monitoring.

· Target species are species that are expected to increase or decrease because of management objectives and in this case are invasive plants and native grasses. 

Monitoring: a focus on target species and species groups

The management objective specifies what target species or species groups are managed. In any monitoring project there are numerous options for the target species. Many studies opt to monitor all the species at a site. For Stones River National Battlefield, the most important plants to monitor at the species level are a selection of native grasses and invasive plants, categorizing all other species into broader species groups. The native grasses and invasives are plant species that park staff should be familiar with because they are species that are either planted (the grasses) or controlled (the invasives).  The broader species groups are not monitored at the species level but are lumped into forbs, grasses, native shrubs and trees, vines, and moss or lichen cover.  Invasive shrubs are lumped as single target group.  Monitoring only target plants to the species level makes monitoring practical.  Monitoring can be conducted rapidly because only target species need to be identified while non-target species are put into undifferentiated large groups like forbs or grasses. 

The target invasive species may vary from region to region although many of the worst invasive species are common throughout the eastern U.S.  Invasive species lists published by Exotic Pest Plant Councils, the U.S. Forest Service, the National Park Service or other organizations or agencies for a region or state are useful guides to what invasive species may be present on earthworks.  The target invasive species at Stones River Battlefield were determined by using the Invasive Exotics Plants of Tennessee list published by the Tennessee Exotic Pest Plant Council.  This list provides a guideline for determining what non-natives are invasive.

Target Invasive Species at Stones River Battlefield

Giant ragweed (Ambrosia trifida)--Japanese bromegrass (Bromus japonicus)--Cheat grass (Bromus tectorum)--Musk thistle (Carduus nutans L)--Bachelor’s button (Centaurea cyanus L.)--Horseweed (Conyza canadensis)--Bermuda grass (Cynondon dactylon)--Leatherleaf clematis (Clematis ternifolia)--Crab grass (Digitaria sp.)--Fireweed (Erechtites hieraciifolia)--Creeping euonymous (Euonymous fortunei)--Fescue (Festuca sp.)--Korean clover (Kummerowia striata)--Japanese honeysuckle (Lonicera japonica)--Lady’s thumb (Polygonum persicaria)--Knotweed (Polygonum sp.)--Fox-tail (Setaria sp.)--Spreading hedge-parsley (Torilis arvensis)--Vetch (Vicia sativa)--Vinca (Vinca minor L.)
The target native grass species are those species expected to increase. These are grasses that are established by seed or rootstock.  They may also be desirable native grasses already present that are expected to increase as a result of management but are not actively planted.  The resource manager should purchase and plant only those grasses that are native to the park location and should not use species outside their distribution range.  A general selection of native grasses is provided on page 109 of the Guide to Sustainable Earthworks Management (NPS, 1998). 

Target Native Grass Species at Stones River National Battlefield

Broom sedge (Andropogon virginicus)--Three awn grass (Aristida sp.)--Grama grass (Bouteloua curtipendula)--River oats (Chasmanthium latifolium)--Dichanthelium/Switchgrass (Dichanthelium/Panicum)--Diarrhena (Diarrhena americana)  Rye (Elymus sp.)--Love grass (Eragrostis sp)--Catchfly grass (Leersia sp.)--Melica grass (Melica mutica)--Dropseed (Sporobolis compositus)--Spenopholis (Sphenopholis nitida)--Little bluestem (Schizycarium scoparium)--Indian grass (Sorghastrum nutans)--Tridens (Tridens flavus)
Baseline Monitoring

While monitoring all species is not necessary, there is significant value in a comprehensive baseline inventory and monitoring of all the species on the earthworks.  Identifying all the species in each plot provides an accurate background from which to choose the selected native grasses and invasive species for target species monitoring and a baseline from which to assess changes in all species.  Baseline monitoring is usually completed in year 1 and then at intervals in year 5, 10, and 15.  The recommended protocol remains the same but all species are identified and recorded during baseline monitoring years.  This monitoring variation requires a greater commitment of resources and requires a trained botanist when baseline monitoring is conducted. Baseline monitoring can easily be integrated into a protocol focused on target species and species groups.

The best approach to begin monitoring is to create a field data sheet listing all species likely to occur on the earthworks (see datasheet section).  A botanist should complete a rapid inventory of the earthworks recording species present and review the park flora (if available), to add or exclude species in creating the list for the data sheet.

Monitoring Protocol

The monitoring protocol describes in detail the methods used to monitor changes in bare soil and species composition on earthworks. At Stones River National Battlefield, monitoring plots are placed randomly on the earthwork features at Redoubt Brannan and Fortress Rosecans.  These plots are of various sizes depending on the configuration of the feature. Data are collected from each plot and includes the cover of target species or species groups and canopy cover. A photograph is taken of each plot. The data are tested for precision, allowing modification of the protocol to insure that it will detect an appropriate level of change for management.

The Mechanics of Monitoring 

· measure earthworks 

· locate stratified random points 

· lay out plots and transects

· sample data and test for precision

· conduct data collection 

· analyze data and determine if management is working

The monitoring uses the point intercept sampling method to collect cover data on transects in plots at 1 decimeter intervals.  Plots are established using the stratified random sampling method.  They are stratified at positions representing distinct earthwork features. The sampling units are transects in rectangular plots

Random Placement of Plots 

The placement of plots is done using restricted random sampling.  To determine the initial placement of sampling plots, the total length of the earthworks is measured then divided into 10 equal sized segments.   Each of these segments is divided into lengths equal to the length of the sampling plot, with one of these divisions chosen as the point where a plot sequence will be established.  A plot sequence is a group of plots established in each earthwork feature (top, sides, ditch and flat).  For example, if an earthwork at a site is 1000 meters in length, it is divided into 10 - 100 meter segments and within each segment a random number determines the placement of the plot sequence.  Plots are then established on the top of the earthwork, the inside and outside slopes, and the outer ditch.  

For example, at Stones River National Battlefield, all of initial plot locations were identified by measuring the total length of earthworks, dividing the length into 10 segments, and randomly picking the location for the plot sequence in each segment.  The point was located, and then flagged.  This was repeated 10 times.  Once all of the points were located, plots were established.  The plots for the various stratified features; the top, exterior walls, traverses and ditches were located off of this random point. 

Random numbers are selected by using a random numbers table or a digital stop watch, with hundredths of a second.  The point or plot location is recorded on an earthwork’s field map (attachment 1) and recorded as the plot location number on the data sheet.  This random number is the same as the plot location number and gives the distance measured from the beginning point of the segment.  Beginning points are referenced on the field maps and if a plot is difficult to find, a meter tape can be used starting at these points and run until the plot location number is reached on the tape. Each structure has its own starting point.  Relocating plots is accomplished by using the map, a measuring tape, and looking for rebar placed in the ground as permanent markers.

The initial sample size 10 (or number of segments) is used because it has proven to be functional in sampling different grassland habitats. A sample size of 10 often is appropriate for detecting reasonable levels of change for dominant species and major species groups.  This number will vary in relation to the heterogeneity of the vegetation. Fewer plots will be needed in sites where the vegetation is homogeneous, more when there is a lot of variability.  If more or fewer plots are needed, an additional plot per segment could be added or a random selection of segments could add fewer plots. 
Plot design and specific location related to plot sequence 

A plot is a rectangular configuration made up of 3 transects. The 2 outside transects represent 2 sides of the plot with a 3rd transect located in the middle of the plot. Transect lines vary in length and plot shapes differ depending on the feature. Slope plots are aligned with the beginning of top plots and are 1 meter up slope from the bottom of the wall. Plots on the slopes are aligned with the top plots by running a measuring tape from the beginning point of the transect in the top plot down each side of the slope.  

Tops and ditches 

The beginning of the middle transect for each top feature is where the random point for plot selection is location and is the starting point for locating the other plots in the plot sequence.  Because of this, the tops are laid out first by placing 2 parallel transects 1m on each side of the middle transect.  The 3 transects are 5m’s in length. Some of the tops may be too narrow to accommodate 2m wide plots without running over into the slopes.  In such cases, the width of the tops are measured and divided in half to determine transect spacing.  Flags are used to mark the beginning and end points of each transect.  The correct distance between transects should be measured at both ends of the plot. The top and ditch plots are laid out exactly the same way and run parallel to each other.  The middle ditch transects are located in the center of the ditch and the side transects (transects 1 and 3) are 1m from the middle transect (transect 2).
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figure 1. top plot and ditch plot configurations

Slopes

These plots are 4m’s wide along the bottom and top. The bottom of the plot is one meter up slope from the bottom of the wall.  There are 3 transects 2m’s apart. Again, the 2 outside transects represent the 2 sides of the plot and run up slope.  Transect 1 begins at the zero mark along the bottom side of the 4 meter wide plot and is always located the right side of the plot.  Transect 2 is at the 2m mark in the middle and transect 3 is at the 4m mark on the left side of the plot.  Transects may be adjusted to 2m lengths if necessary because of insufficient height of the walls. 
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figure 2. slope plot configurations

Flats

Flats are arbitrarily selected and occur at level places inside the fortress.  Flats are laid out at 4m widths, using 10m long transects with 2m’s between transects.  Transect 1 is at zero, transect 2 is at 2m’s, and transect 3 is at 4m’s. One flat plot is selected for each structure. Both flats and ditches are few in number and less significant to monitor, because they are not susceptible to erosion, have fewer invasive plant species and have shown greater success in native grass establishment.  Typically flats are more productive for warm season grass because they are level and seeds do not wash away before germinating as is likely on the slopes and tops. Flats are monitored for comparative purposes and have received the same management treatment as the other earthwork features except with greater success and therefore fewer repetitions of treatments. 
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figure 3. flat plot configuration

Marking permanent plots and GPS 

All plots are permanently marked at the beginning of transect 1 and the end point of transect 3.  Slopes have an additional marker at the beginning of transect 3.  They are marked by pounding 12 to 18 inches of 3\8 inch or 1\2 inch diameter rebar all but 2 inches into the ground and capping with aluminum survey caps.  GPS points are taken where rebar is placed. 

Method for Collecting Cover Data

The method used to collect ground cover data is the point intercept method.  It is considered the least biased means of measuring percent cover (Measuring & Monitoring Plant Populations, 1999). Our experience with this method has shown that it is the most precise and accurate method for collecting cover data in grasslands.  The method collects data at systematic points, every 10 cm, along a transect.  To collect data, a survey pin is held perpendicular to level, and lowered at the appropriate point along the transect line.  All species touching the pin are recorded only once at each point.  If the pin hits the same species more than once at a given point it is recorded only once.

The percent cover for a species is the number of “hits” or times it is recorded out of the total number of “hits” that are recorded for all species.  For example, if little bluestem has 34 hits out of a total of 100 hits for all of the species recorded, then little bluestem has a 34% cover value.  Percent cover for a target species can be calculated for a transect, for a plot, for a feature, or for the entire earthworks. All calculations are done in an Excel spreadsheet.

Sampling canopy cover

When trees are present, canopy cover is measured by using a densiometer.  The percent cover is determined by looking through the densiometer’s reflector mirror and counting the number of cross hairs on a grid that are covered by the reflection of the canopy.  This number is then multiplied by a given value to produce a percent cover of canopy.  A densiometer reading is taken 4 times from the middle of the plot turning 90 degrees and recording it on the data sheet.  This information is useful to measure change in canopy cover resulting from a management decisions to remove trees, wind throws, ice storms, tree mortality from disease, etc.  A densiometer comes with complete directions explaining how it is used. 

Photo points 

Photo points are established for each plot to provide an important qualitative visual record that will show change over time.  This is useful documentation that supports the quantitative analysis.  The photo point is located at the beginning of the middle transect of the plots located on tops, flats and ditches.  The photo points for slopes are taken from the side of the plot to capture the entire slope.  The same camera, lens and film type should be used throughout the life of the monitoring project. A 35mm single reflex camera and a tripod equipped with a leveling bubble are recommended. A low Kodachrome ISO 64 slide film should be used.  One slide per plot is taken using a moderately wide-angle lens with a focus distance that mimics the natural view (ca. 32mm).  The base of the camera is leveled 1.2 meters from the ground (provide exact height) on the tripod and the shots are taken at a slow shutter speed of1/30 of a second.  A compass bearing is taken for each slide. The film roll number and photo number should be cross-referenced on the data sheet and a separate photo log should be kept.  The photo log includes information to aid in labeling slides such as the roll number of the film, the photo number, date, name of photographer, the site, structure and plot location, the compass bearing, camera height and focus distance.  Yes there is a photo log sheet.  Due to museum budgets and space constraints it is recommended that photos are taken every 3 or 5 years depending on the intensity of management actions.

Datasheet 

The datasheet is designed to record target species, “other” species groups and abiotic matter like litter, soil, and woody debris.  The “other” include forbes, grasses, native trees and shrubs, and vines (see attachment 2 – datasheet).  These items are printed in rows under the column heading for species.  The other column headings consist of the transect numbers where the data were collected.  An additional column heading also provides a place to record the occurrence of vegetation above 1m in height. This is the only size class distinction in sampling earthworks.  The 10-dot method is used to record data in rows.  The data sheet is similar in design to the data analysis spreadsheet to facilitate transcription and reduce error.  

The basic qualitative information is recorded at the top of the datasheet.  This includes site name (Fortress Rosecrans), structure name (Curtain Wall #2), plot location (structure plus random point number, i.e. Curtain Wall #2 - 25), feature (ditch, flat, exterior wall, traverse), position: (exterior wall outside, top, inside), date, and data collectors.  The data sheet lists specific information that includes transect length, aspect, canopy cover, shift in plot, treatment/disturbance, and description of canopy, and degree of slope.  When canopy species are present, the data collector will illustrate tree positions in a drawing of the plot on the datasheet. Photo point information is also recorded on the data sheet. 

The correct recording of data is essential.  Errors are often due to carelessness in recording data or transcribing it to the spreadsheet.  The datasheet should be completed in the field where data is collected.  The data should be reviewed after completing a plot before going to the next plot to make sure that data and plot information is correct.  The datasheet provides space for notes regarding plot shifts, descriptions or other items that may need to be recorded.  Good descriptive information is essential, and notes should be taken when necessary.  This will help assure consistent monitoring from year to year and is critical when different staff members conduct monitoring.  

Monitoring

Monitoring schedule

It is recommended that monitoring be preformed twice a year, once in mid spring and again in early fall.  If done in early May and early October, as completed at Stones River National Battlefield, monitoring will capture the widest range of seasonal variation.  This assures that data is collected for seasonal occurrence of plants. It should be repeated about the same time every year. The monitoring schedule should be adjusted to capture flowering periods of target species and species groups for different regions. 

Frequency 

The frequency of monitoring can be flexible. It is recommended however that it be done annually, at least until the success of management can be predicted.  Annual monitoring provides a greater ability to detect trends and use adaptive management to meet management objectives.  Earthworks monitoring is a function of maintenance management and therefore needs to be planned for in the management budget. 

While monitoring all features in the spring and fall is recommended, an alternative method is to monitor all features in the fall and monitoring only the slopes and tops in the spring.  This reduces time commitments by focusing in the spring on only the features most vulnerable to erosion. 

Data Analysis

Summary of Analysis Process 

The analysis assesses the data in three related ways:

1). Sample size equations allow the assessment of how many plots are needed to detect a certain level of change for all species and species group targets. From this information the minimum number of plots needed for a certain level of precision for each feature and across all species and species groups can be determined.

2). Sample statistics (mean, standard deviation and minimum detectable change) allows the establishment of thresholds for specific species groups (e.g. the maximum cover of invasive non-native species we will accept on a certain feature). 

3). Confidence intervals allow the assessment of whether the cover of the species group is below or above the threshold.

Spreadsheet Developed for Data Analysis

An Excel spreadsheet has been designed to automatically generate the analyses described above.  An example of the spreadsheet is in Table # (See attachment 3). The first column lists the scientific names of the species, followed by their life history duration (a = annual, p = perennial), physiognomy (grass, forb, shrub, tree) and whether they are an invasive non-native species (I), non-invasive non-native species (E), or a native species (N) or the species group. The example in the table is for non-invasive non-native species and native species group. The next 20 columns are the cover values for each of the plots, with the plot number at the top of the column.

The sample statistics are highlighted in purple. The first column is the mean cover across all plots, the second is the standard deviation and the third is the standard error. While these last two values can be used to assess the variability of the data, they are primarily generated for use in the remaining equations. 

The next three columns highlighted in orange, show the output of the sample size equations, assessing the number of plots needed to detect a certain percentage of change. The first column reports on the number of plots needed to detect a 25% change, and the following two show the results for a 50% and 100% change. This percent change is based on the mean of the data, so a 25% change of a mean of 10% cover, is being able to detect a change of 2.5%.  As an example, for all non-invasive species, with the variability of this year’s data, it takes 26 plots to detect a 25% change, and fewer to detect a 50% (7) or 100% (2) change.

The last column, highlighted in orange, provides the 90% confidence for this year’s data. This value illustrates the variability of the data and is used to assess the extent of change among sampling periods. The confidence interval for the non-invasive species group is interpreted as being 90% confident that the true value of all non-invasive species is between 15 and 30% cover (a mean of 22.9, +/- 6.9). In future sampling, a value outside of this range would mean that a change has mostly likely taken place.  

Data will be collected this second year to assess if the variability changes from year to year. After two years of data we will be streamlining the collection of data to the fewest number of plots that can still detect an appropriate level of change.

The final monitoring protocol will contain detailed instructions on how to enter data, run the analyses, and interpret the results.

At this time, the Excel spreadsheet is completed and the first year’s data has been analyzed.  Results will be presented after the second year of data collecting. 

Staff requirements 

The monitoring requires one person to collect data and one person to record it. The time required to complete monitoring will vary depending on the staff’s knowledge of plants and monitoring experience.  While it may not be necessary to use a trained botanist to monitor, a higher efficiency will result in monitoring if at least one of the staff has a high level of botanical proficiency with the local flora, invasive species and target species.  A basic understanding of ecological processes and monitoring would also be beneficial.

The first year of monitoring will require the most time.  Based on work completed at Stones River National Battlefield, it will likely take a minimum of 6 weeks to complete planning, equipment procurement, developing the data sheet and spread sheets, implementation of spring and fall monitoring, data management and analysis including slide labeling and filing.  Subsequent years may be reduced to 4 weeks if there is a high degree of efficiency (based on a 40 hr\week) with 2 staff doing the spring and fall monitoring.  As a general rule, once the first year monitoring is completed, the resource manager should dedicate 2.5 weeks per year of 1 person’s time (project coordinator) to complete monitoring, plus 2 additional weeks of an assistant’s time. 

Summary

The monitoring protocol is designed to be as quick, efficient, and as practical as possible. It is developed to evaluate trends and observe results of management objectives.  It is transferable to all NPS park battlefields, and will facilitate better erosion control through a quantifiable means that facilitates adaptive management practices.  It implements a science method in a practical way to test if management practices are working.  Monitoring will help predict budget needs and management requirements.

Prepared by:

Brian Bowen and Rob Sutter, contract ecologists
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