Case Study Name: Guidelines for Monitoring Earthworks in Forest Cover

Introduction

Earthworks represent important cultural resources in many battlefield parks (Helm and Johnson 1995).  Indeed, often the earthworks and earthen forts are the only remnants to assist us in visualizing the historical significance of the battle.  But earthworks are man-made features, and as such, they are subject to natural and accelerated degradation from both human-caused and natural disturbances.  Chief among these is erosion, a natural process that can be accelerated or reduced by human activities or management.  

To assist park managers in managing earthworks, the National Park Service (NPS) published the Earthworks Landscape Management Manual (Andropogon Associates 1989).  This manual provided guidelines for establishing native grass cover as a preferred management alternative for earthworks.  As a follow-up, the NPS also published the Guide to Sustainable Earthworks Management (1998), which is currently in a 90% draft state.  This guide provides more detailed management recommendations and also includes a chapter on managing earthworks under forest cover.

Debate continues regarding the most appropriate vegetative cover to protect earthworks while still allowing historical interpretation of the scene.  Earthworks under a turf cover often need multiple mowings each year, which requires putting mowing machinery on the earthworks.  Native grass cover often does not provide the complete ground cover that turf does, and may require annual burning and/or herbicide application to reduce the invasion of woody shrubs.  Forest cover offers good protection if the forest is undisturbed and has a continuous forest floor, but the overstory and understory trees and shrubs often inhibit the view, reducing the ability to interpret the scene.  Also, since the steep slide slopes of earthworks are man-made and not natural landscape features, they may be too steep to keep a continuous forest floor cover, especially if subjected to frequent foot traffic by visitors or maintenance workers.  Additionally, earthworks covered with large trees are at additional risk to damage by windthrow or the collapse of the earthworks due to rotting of large roots after mature trees have died.  

An intermediate form of management has been employed by many parks.  This involves selective thinning of overstory trees, accompanied by some level of understory removal and annual trimming to keep the understory from growing back.  This allows for better viewing of the earthworks, yet still keeps vegetation on the site.  However, often these sites are very attractive to visitors and there is heavy foot traffic.  Also, the annual trimming requires maintenance workers to walk along the steep sideslopes of the earthworks, which causes mineral soil exposure.  The reduction in forest canopy also reduces the amount of annual litterfall, which is needed to replenish the forest floor.  Despite these problems, however, this light forest cover provides a measure of protection, especially if the forest floor remains intact.  Many parks simply have too many earthworks to keep all of them in an open condition with annual maintenance requirements.  Time and budgets do not allow for intensive treatment of all the earthworks.  Without continuous maintenance, nature will eventually reclaim the areas to forests.

The debate about the most appropriate means to manage earthworks is certain to continue.  It is a complex question, and often pits the needs of cultural resources against those of natural resources.  Re-creation of the most correct historical scene would result in a battle-scarred landscape that would certainly be unsustainable, with a lack of vegetation, and eroding bare soil dominating the land surface.  Trees were scarce at most battle scenes where the combatants had the time to construct earthworks, and few earthen forts had trees in them.  So, reclaiming the scenes to some level of vegetative cover compromises the historic scene to a degree.  But most people would argue that this is necessary to create a park environment that is attractive and safe for visitors.  Certainly, any management regime must represent a compromise between historic scene restoration and landscape sustainability.  

In order to develop some field data to help inform this debate, the NPS has, in recent years, funded two projects in Virginia.  Lakel, Aust, and Johnson (1998) reported on the condition of earthworks at the Richmond National Battlefield Park (RNBP).  Although widescale erosion problems were not noted, there were localized concerns, with visitor trampling, groundhog burrowing, bicycling and horseback riding, tree tipping, and fire damage among the most obvious.  A second study, currently underway, involves the sampling of earthworks at both RNBP and Colonial National Historical Park (CNHP) at Yorktown.  Potential erosion rates are being calculated using the Universal Soil Loss Equation as modified by Dissmeyer and Foster (1984).  These studies will provide actual field data that will assist in comparing the effects of different management regimes, including both herbaceous and forest cover.

Ecological monitoring provides for the development and analysis of data over a period of time.  The principal objective is to detect changes in selected ecological variables that are measured with each return visit to the sample plots.  A monitoring scheme for earthworks under two different levels of forest cover is described here.  The intent is to provide a low-cost means to gain additional data for the purpose of refining existing management guidelines as provided in the Guide to Sustainable Earthworks Management (1998).

This proposed project would allow the NPS to monitor vegetation and ground cover conditions, over time, on selected earthworks in one or more historic parks.  The objectives are twofold:

· To develop a monitoring protocol for the purpose of measuring ground conditions, vegetation, and potential erosion on earthworks under forest cover.

· To build on the data collected from other studies and provide for extended monitoring of potential erosion of earthworks under forest cover.

Field Procedures

An ecological monitoring system to assess changes in earthworks will be applied to two different forest cover conditions at RNBP and Petersburg National Battlefield (PNB).  The first condition is unmanaged forest cover, in which there is an intact overstory, understory, and ground layer vegetation.  Overstory thinning or secondary removal of understory trees and shrubs is not a part of the management regime at these sites.  The second condition is managed forest cover, which has some level of overstory thinning and understory removal.  However, there is not supplemental planting of grasses and the intent is for the forest floor to protect the mineral soil.  The understory is controlled by annual trimming, generally with ground personnel using weed whackers or brush cutters.  

Location

Sample plots will be located randomly within each of the two forest cover conditions at both RNBP and PNB.  A random number table can be used to locate plot centers along a linear section of earthwork.  Appropriate sites can be located based on field reconnaissance, existing maps or photos.  Such sites may be located in areas where the desired forest conditions are present; i.e., unmanaged forest cover and managed forest cover, and visitor use is normal but the plot stakes won't influence interpretation.  Sample plot locations can be semi-permanently marked with rebar and pvc pipe, and monumented with GPS coordinates.  Additionally, the locations can be entered into park GISs.  

Plot Layout and Measurements

Each sample plot will consist of a series of subplots nested within a main plot with dimensions of 20 m x 40 m, or 800 m2.  The long axis of the main plot will be along the earthwork.  All trees greater than 5 m in height will be measured by species and diameter at breast height (dbh) on the main plot using a diameter tape and measuring to the nearest 0.1 cm.  From these data, basal area, number of stems per ha, and importance value can be calculated.  One  or two trees from the dominant species can also be measured for total height using a clinometer and measuring to the nearest 0.5 m, and bored to determine age.  For all overstory trees greater than 30 cm in dbh, crown position and a hazard rating should also be recorded.  The hazard rating should reflect the risk of breakage or windthrow, and could consider lean, forking, crown condition, rot, etc.  

Dividing each main plot into equal quadrants results in four 10 m x 20 m subplots.  One subplot should be selected at random to serve as the understory measurement plot.  On this plot all stems between 1 m and 5 m in height will be tallied by species.  This measurement will allow the calculation of density, or number of stems per ha.  

Within the subplot, four 1 m x 1 m sub-subplots should be located.  On each sub-subplot all woody stems less than 1 m tall will be tallied by species.  Additionally, all herbaceous ground cover will be estimated by species group (grasses, forbs, mosses, and vines) to the nearest 10%,  and percent ground cover will be estimated.  Woody stem density and frequency can be calculated from these measurements.  

Within each main plot, a subplot for earthworks measurements will be established at random.  The dimensions on this subplot will be 5 m in length by a variable width.  The length will be along the top of the earthwork, while the width will extend from the base of the toe slope at the bottom of one side of the earthwork to the base of the toe slope on the other side of the earthwork.  Data will be recorded separately for each side of the earthwork.  Earthwork measurements will include the following:  

· Orientation or direction (hand compass to the nearest degree)

· Type (breastwork, fort, etc.)

· Height (dumpy level to the nearest cm)

· Percent slope (clinometer to the nearest %)

· Aspect (hand compass to the nearest degree)

· Length of slope (cloth tape to the nearest 10 cm)

· Percent mineral soil exposed (ocular estimation to the nearest 10%)

· Percent forest floor cover (ocular estimation to the nearest 10%)

· Percent vegetative cover by species group (ocular estimation to the nearest 10%)

· Forest floor depth at 5 random locations (meter stick to the nearest cm)

· Erosion pin depths at 5 random locations (meter stick to the nearest cm)

At the time the first measurements are made, it will be necessary to collect a soil sample from each side of the earthworks.  Five separate push tube samples should be collected from the surface to a depth of 15 cm, and composited.  Soil horizons will be identified, and the samples returned to the lab and analyzed for particle size and organic matter content using standard procedures.  From these measurements, potential erosion rates can be calculated.

All data can be recorded either on field data sheets or electronically using portable data recorders.

Additional Measurements

While these plot measurements are useful for detecting change at the established locations, they may not truly represent the complete spectrum of disturbances that may influence earthworks at RNBP and PNB.  For example, localized windthrow may have a significant effect in some areas, and this may not be picked up by the monitoring plots, unless there is an inordinately large number of plots.  Therefore, it may be desirable to establish some sample forts or segments of earthworks that could be added to the monitoring system.  The segments could be monitored by walking them at each measurement period and recording the advent of disturbance such as windthrow, visitor damage, animal burrowing, etc.  This type of monitoring could provide a useful additional source of data that may be missed by the plot-based monitoring system.  

Data Analysis

Sample Size

With any sampling or monitoring scheme, it is necessary to determine the appropriate number of sample plots.  What is appropriate?  According to Freese (1980), “the aim in planning a survey should be to take enough observations to obtain the desired precision – no more, no less.”  First it is necessary to identify the most critical variables upon which the number of plots should be based.  For this scheme, the NPS has identified the following two variables:  percent mineral soil exposure on the earthworks, and the potential erosion rate.  Data obtained from the ongoing evaluation of earthwork condition at RNBP was used to calculate standard deviations and coefficients of variation (CV) for these two variables, both under unmanaged, continuous forest cover and under light, thinned forest cover with understory removal.  These results, based on 25 observations in each category, are presented in Tables 1 and 2.  As expected, the variation is high, with CV’s greater than 100% for three of the four variables.  The continuous forest cover with no understory removal had lower mineral soil exposure, 10% compared to 19%, and lower calculated potential erosion rates, 0.6 vs. 2.0 tons/acre/year.  

Table 1.
Sample statistics for mineral soil exposure and potential erosion rate from earthworks under unmanaged, continuous forest cover at RNBP.
	Statistic
	Mineral Soil Exposure (%)
	Potential Erosion Rate (tons/ac/yr)

	Mean
	10.04
	0.60

	Standard deviation
	10.64
	0.70

	Range
	0 - 40.00
	0 - 2.86

	Coefficient of variation (%)
	105.98
	116.67


Table 2.
Sample statistics for mineral soil exposure and potential erosion rate from earthworks under light forest cover with understory removal at RNBP.
	Statistic
	Mineral Soil Exposure (%)
	Potential Erosion Rate (tons/ac/yr)

	Mean
	18.92
	1.95

	Standard deviation
	14.30
	2.25

	Range
	0 - 50.00
	0 - 9.85

	Coefficient of variation (%)
	75.58
	115.38


Using the variability data, the sample size formula of Avery and Burkhart (1983) was used to calculate the number of sample plots required to estimate the mean given pre-set allowable errors and probability levels.  These results are presented in Tables 3 through 6.  These data are useful to determine the expected error, given a chosen number of plots.  For example, if about 50 plots are used, that means that for mineral soil exposure in the unmanaged forest, you could expect to estimate plus or minus 15% of the mean 70% of the time.  If you wish to estimate plus or minus 10% of the mean 70% of the time, it would require about 120 plots.  A selection of the number of plots to use with this monitoring study should be based on the information in Tables 3 through 6.

Table 3.
Number of plots required to sample for various probabilities and allowable errors for mineral soil exposure under unmanaged, continuous forest cover at RNBP.
	Probability
	Allowable Error

as a Percentage of the Mean

	
	5%
	10%
	15%
	20%
	25%

	70
	482
	121
	54
	30
	19

	80
	738
	185
	82
	46
	30

	90
	1,216
	304
	135
	76
	49

	95
	1,726
	431
	192
	108
	69


Table 4.
Number of plots required to sample for various probabilities and allowable errors for potential erosion rate under unmanaged, continuous forest cover at RNBP.
	Probability
	Allowable Error

as a Percentage of the Mean

	
	5%
	10%
	15%
	20%
	25%

	70
	584
	146
	65
	37
	23

	80
	895
	224
	99
	56
	36

	90
	1,473
	368
	164
	92
	59

	95
	2,092
	523
	232
	131
	84


Table 5.
Number of plots required to sample for various probabilities and allowable errors for mineral soil exposure under light forest cover with understory removal at RNBP.
	Probability
	Allowable Error

as a Percentage of the Mean

	
	5%
	10%
	15%
	20%
	25%

	70
	245
	61
	27
	15
	10

	80
	376
	94
	42
	23
	15

	90
	618
	155
	69
	39
	25

	95
	878
	219
	98
	55
	35


Table 6.
Number of plots required to sample for various probabilities and allowable errors for potential erosion rates under light forest cover with understory removal at RNBP.
	Probability
	Allowable Error

as a Percentage of the Mean

	
	5%
	10%
	15%
	20%
	25%

	70
	572
	143
	64
	36
	23

	80
	875
	219
	97
	55
	35

	90
	1,441
	360
	160
	90
	58

	95
	2,046
	511
	227
	128
	82


Statistical Analysis

The data collected for the variables in this study could be tested for significant differences using standard statistical procedures.  Since the plots are to be located randomly, the normal assumptions for tests such as the t-test, F-test, analysis of variance, etc. should hold.  If there is a desire to test also for differences over time, the repeated measures test using analysis of variance would be appropriate.  The sampling interval would need to be determined based on the priorities of the NPS, available budget, and other constraints.  Annual sampling would probably be the most frequent interval, but longer intervals should also be considered.  Two possibilities for hypothesis testing are most obvious:

1.  Comparison of variables between the two types of forest cover.

2.  Comparison of variables over time within each of the forest cover types.

Both t-tests and F-tests could be used for these analyses.  While this monitoring protocol will result in the collection of a large number of variables, it is most likely that % mineral soil exposure and potential soil erosion are the two most important.

Summary

The NPS has developed specialized protocols for monitoring for various purposes.  For example, Smith and Torbert (1990) developed the procedure to the Shenandoah National Park Long Term Ecological Monitoring System (LTEMS).  The NPS (1992) Western Region Fire Monitoring Handbook was prepared to assist managers in assessing the effects of prescribed fires.  Any monitoring scheme should be sufficient to gather the information necessary to detect the changes that occur over time in the key variables of interest.  While the monitoring system described here collects a variety of forest vegetation data, perhaps the two key variables of interest are mineral soil exposure and potential erosion rate, which is a calculated variable integrative of several factors, including soil characteristics, cover, slope steepness and length, and rainfall.  

This ecological monitoring system should allow the NPS to keep track of changes that affect earthwork stability, and allow for the adjustment of the management of forest cover to provide for the best long-term strategy for managing earthworks under forest cover.
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APPENDIX
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EARTHWORKS MONITORING FIELD DATA

OVERSTORY TREE MEASUREMENTS



Date:  





Park:  



Plot:  


Recorded by:  


Measured by:  


	Tree No.
	Species
	DBH (cm)
	Live/Dead
	Crown Health
	Crown Class
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Live/Dead:  1 = live; 0 = dead

Crown Health:  1 = 90-100% live; 2 = 50-89% live; 3 = 1-49% live; 4 = recently dead; 5 = dead (top gone)

Crown Class:  1 = dominant; 2 = codominant; 3 = intermediate; 4 = suppressed

EARTHWORKS MONITORING FIELD DATA

UNDERSTORY TREE AND SHRUB MEASUREMENTS



Date:  





Park:  



Plot:  


Recorded by:  


Measured by:  


	Tree No.
	Tree Species
	DBH (cm)
	Shrub Species
	No.

	1
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SITE TREES

	Tree No.
	Species
	Total Ht. (m)
	Age (yrs)

	1
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EARTHWORKS MONITORING FIELD DATA

REGENERATION MEASUREMENTS



Date:  





Park:  



Plot:  


Recorded by:  


Measured by:  


PLOT 1:

	Species
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PLOT 2:

	Species
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PLOT 3:
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PLOT 4:
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EARTHWORKS MONITORING FIELD DATA

GROUND COVER MEASUREMENTS



Date:  





Park:  



Plot:  


Recorded by:  


Measured by:  


PERCENT GROUND COVER

	PLOT 1:
	Rock
	Organic Litter
	Woody Debris
	Mineral Soil
	Herbaceous

	Cover Class
	
	
	
	
	

	
	
	
	
	
	

	
	Grasses
	Forbs
	Mosses
	Vines
	Herbaceous

	Cover Class
	
	
	
	
	


	PLOT 2:
	Rock
	Organic Litter
	Woody Debris
	Mineral Soil
	Herbaceous

	Cover Class
	
	
	
	
	

	
	
	
	
	
	

	
	Grasses
	Forbs
	Mosses
	Vines
	Herbaceous

	Cover Class
	
	
	
	
	


	PLOT 3:
	Rock
	Organic Litter
	Woody Debris
	Mineral Soil
	Herbaceous

	Cover Class
	
	
	
	
	

	
	
	
	
	
	

	
	Grasses
	Forbs
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	Vines
	Herbaceous

	Cover Class
	
	
	
	
	


	PLOT 4:
	Rock
	Organic Litter
	Woody Debris
	Mineral Soil
	Herbaceous

	Cover Class
	
	
	
	
	

	
	
	
	
	
	

	
	Grasses
	Forbs
	Mosses
	Vines
	Herbaceous

	Cover Class
	
	
	
	
	


EARTHWORKS MONITORING FIELD DATA

SITE MEASUREMENTS



Date:  





Park:  



Plot:  


Recorded by:  


Measured by:  


	SIDE 1
	SIDE 2

	Orientation:  ____________________________

Type:  _________________________

Height (m):  _______________

Slope (%):  ________________

Aspect:  __________________

Slope Length (m):  ____________________

Mineral Soil (%):  _____________

Forest Floor (%):  _____________

Ground Cover (%):  ______________

Forest Floor Depth (cm):  _____________________

                                            _____________________

                                            _____________________

                                            _____________________

                                            _____________________

                                Mean:  _____________________

Erosion Pin Depth (cm): _____________________

_____________________

_____________________

_____________________

_____________________

Mean:  _____________________

Soil Horizon:  __________     __________

Depth (cm):    __________     __________

                        __________     __________

                        __________     __________

                        __________     __________

                        __________     __________
	Orientation:  ____________________________

Type:  _________________________

Height (m):  _______________

Slope (%):  ________________

Aspect:  __________________

Slope Length (m):  ____________________

Mineral Soil (%):  _____________

Forest Floor (%):  _____________

Ground Cover (%):  ______________

Forest Floor Depth (cm):  _____________________

                                            _____________________

                                            _____________________

                                            _____________________

                                            _____________________

                                Mean:  _____________________

Erosion Pin Depth (cm): _____________________

_____________________

_____________________

_____________________

_____________________

Mean:  _____________________

Soil Horizon:  __________     __________

Depth (cm):    __________     __________

                        __________     __________

                        __________     __________

                        __________     __________

                        __________     __________
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