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Framework and key characteristics of Petersburg National Battlefield in a conceptual diagram depicting the natural 
resource values and stressors at the Five Forks and Eastern Front units.

Natural Resource Condition Assessments (NRCAs) represent a relatively new approach 
to assessing and reporting on park resource conditions that is meant to complement tra-
ditional issue and threat-based resource assessments. The assessment reports on current 
conditions, trends, critical data gaps, and general level of confidence for a subset of park 
natural resource indicators. This report is designed to help park managers as they think 
about near-term workload priorities, frame data and study needs for important park re-
sources, and communicate messages about current park resource conditions to various 
audiences. It strives to deliver science-based information that is credible and has practi-
cal uses for a variety of park decision making, planning, and partnership activities.

Petersburg National Battlefield (Petersburg NB) commemorates the site of the longest 
siege in the history of American warfare. This site of the last major confrontation of the 
Civil War was established as a park through congressional action on July 3, 1926. To-
day Petersburg NB is a 1,076 ha (2,659-acre) park located near the City of Petersburg. 
It consists of several distinct areas, including the Eastern Front, Five Forks Battlefield, 
Grant’s Headquarters at City Point, and the Western Front including Poplar Grove Na-
tional Cemetery. The park straddles the Fall Line that divides the Coastal Plain and Pied-
mont physiographic provinces of Virginia. Much of Petersburg NB is located within the 
Chesapeake Bay drainage basin. Threats to the natural resources of the park come from 
within the park (e.g., 140,000 visitors a year), outside and adjacent to park boundaries 
(e.g., contamination of streams flowing into the park), and the region at large (e.g., air 
pollution). 

Executive Summary
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Vital signs categories and metrics used for assessment of Petersburg National Battlefield.

Vital Signs Metrics

Data were compiled from all units of Petersburg NB to calculate overall park-level scores. 
Data sets were obtained from multiple divisions within the National Park Service (NPS) 
including the park, Air Resources Division, Exotic Plant Management Team, NPScape 
and the Inventory and Monitoring (I&M) Program; U.S. Environmental Protection Agen-
cy (EPA); and regional scientific experts who have worked in the park. When possible, 
condition scores also were calculated for the two main units: the Eastern Front and Five 
Forks units. These two units are significantly larger than other units of the park, and at 
this time, have significantly more information available on their natural resources.

Strong collaboration with park natural resource staff was essential to the success of this 
assessment. Project collaboration and exchange of data occurred throughout the project 
by way of scoping meetings, site visits, and follow-up meetings with park staff from Pe-
tersburg NB, the Mid-Atlantic Network I&M Program, and the University of Richmond. 
Outcomes of these meetings helped identify natural resources to be included in the as-
sessment, identify key metrics to assess the condition of these resources, and assign de-
sired or target values for the metrics. These meetings also provided the context of current 
conditions and background information not necessarily available in published form.

Petersburg National Battlefield Natural Resource Condition Assessment
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Efforts were made to integrate NPS I&M ecological monitoring metrics associated with 
the following ‘vital signs’ into the assessment: Air Quality, Water Quality, Biotic Integrity, 
and Landscape Dynamics. A total of 25 Vital Sign metrics were reviewed in this assess-
ment. The approach for assessing resource condition within Petersburg NB (as separate 
units and the park as a whole) required establishment of a reference condition (i.e., 
threshold) for each metric. Thresholds ideally were ecologically based and derived from 
the scientific literature. However, when data were not available to support peer-reviewed 
ecological thresholds, regulatory and management-based thresholds were used.

The attainment of threshold metrics were calculated based on the percentage of sites or 
samples that met or exceeded threshold values for each metric. A metric attainment score 
of 100% reflected that the metric at all sites and at all times met the threshold identified 
to maintain natural resources. Once attainment was calculated for each metric, an un-
weighted mean was calculated to determine the condition of each vital sign category for 
each major park unit and for the park as a whole. Attainment scores were categorized on 
a scale from very good to very degraded. Metrics were assigned a qualitative rating cor-
responding to the quantitative score: very degraded (0-20%), degraded (>20-40%), fair 
(>40-60%), good (>60-80%), and very good (>80-100%). Scores were color coded ac-
cording to standard NPS NRCA symbology: red (Very Degraded and Degraded), yellow 
(Fair), and green (Good and Very Good). 

The natural resources of Petersburg NB were assessed to be in “fair” condition, attaining 
56% of desired threshold scores. Air quality degradation was identified as a resource of 
significant concern. Unfortunately, air quality degradation is a regional issue over which 
park management has limited control. However, the park can play a leading role in re-
gional education of the causes and effects of air pollution. It is also important to note the 
improving trends in regional air quality (ozone, wet nitrogen deposition, wet sulfur de-
position, and visibility). Future priorities include the implementation of a noise and light 
pollution monitoring protocol. Biological integrity was the next most degraded resource. 
White-tail deer overabundance in the Eastern Front unit is of special concern. Fish com-
munities and invasive plants were also a concern for the Eastern Front unit. The lack of 
forest regeneration is a concern throughout the park. Additional data would be useful 
to further identify the potential scope of these problems and to help resolve biotic chal-
lenges in this urban environment. Petersburg NB has a dense network of sampling across 
multiple indicators; unfortunately, there is little co-location of sampling between indica-
tors. Overlapping sample locations would be useful in future assessments to study the 
interactions between indicators. Water temperature, water chemistry, and riparian buffers 
are in relatively good condition, especially given the urban context of the park. A concern 
is the low summertime dissolved oxygen levels for small streams in the Five Forks unit of 
the park that dry out or become stagnant in summer months. The low scores for fish in 
the Eastern Front unit also raise some concern as it is considered a more integrative mea-
sures of overall water quality.

Petersburg National Battlefield Natural Resource Condition Assessment
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Priority Resource 
or Value

Indicator of 
Condition

Specific Measure Condition Status/
Trend

Resource 
Condition

Threshold and 
Source

Attainment

Air Quality Air Chemistry Ozone 75.1 ppb <60 ppb good 
condition, 60-75 
ppb moderate, 

>75 ppb significant 
concern (NPS Air 

Resources Divisions 
standards).

0% Attainment

Air Quality Air Chemistry Wet Nitrogen 
Deposition

3.90 kg/ha/yr <1 kg/ha/yr good 
condition, 1-3 kg/

ha/yr moderate, >3 
kg/ha/yr significant 
concern (NPS Air 

Resources Divisions 
standards).

0% Attainment

Air Quality Air Chemistry Wet Sulfur 
Deposition

 

4.20 kg/ha/yr <1 kg/ha/yr good 
condition, 1-3 kg/

ha/yr moderate, >3 
kg/ha/yr significant 
concern (NPS Air 

Resources Divisions 
standards).  

0% Attainment

Air Quality Air Chemistry Visibility

 

11.2 dv <2 dv good 
condition, 2-8 dv 
moderate, >8 dv 

significant concern 
(NPS Air Resources 

Divisions standards). 

0% Attainment

Air Quality Air Chemistry Mercury Deposition 11.3 ng/L <2 ng/L in rainwater 
(U.S. EPA).

0% Attainment 

Petersburg National Battlefield Natural Resource Condition Assessment
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Priority Resource 
or Value

Indicator of 
Condition

Specific Measure Condition Status/
Trend

Resource Condition Threshold and 
Source

Attainment

Water Quality Water Chemistry Dissolved Oxygen 119 out of 147 samples 
above threshold

>5mg/L (Virginia 
Department of 
Environmental 

Quality).

81% Attainment

Water Quality Water Chemistry Water Temperature

 

The highest recorded 
temperature 29.9 °C

<32˚ C (89.6˚ F) for 
non-tidal waters 

(Virginia Department 
of Environmental 

Quality).

100% Attainment

Water Quality Water Chemistry Water pH

 

122 out of 147 samples 
above threshold

pH range of 6.0-9.0 
(Virginia Department 

of Environmental 
Quality).

83% Attainment

Water Quality Benthic 
Macroinvertebrates

Benthic Index

 

2 out of 3 years above 
threshold

>16 on the Mid-
Atlantic Network’s 
CPMI scale (Voshell 
and Hiner 2012).

67% Attainment

Biological Integrity Species of Special 
Concern

Bald Eagles
Nesting pair every year 

since December of 2003
Presence of breeding 

Bald Eagles.
100% Attainment

Biological Integrity Avian Communities Forest Interior 
Dwelling Species

 

18 sensitive FID species 
observed (96 of 99 

expected total species 
observed)

Presence of ≥1 highly-
area sensitive FIDS, or 
six ≥4 sensitive FIDS 
(Jones et al. 2000).

100% Attainment 

Biological Integrity Avian Communities Grassland Bird 
Species

 

Five out of the seven 
functional groups 

observed

Percentages of the 
seven functional 
groups present 

(Peterjohn 2006).

71.5% Attainment

Biological Integrity Mammal 
Communities

Species Richness

 

23 out of 38 expected 
species were observed

Percentage of 
expected species 

observed

61% Attainment

Biological Integrity Herptile 
Communities

Species Richness 48 of 56 expected species 
were observed

Percentage of 
expected species 

observed

86% Attainment

Biological Integrity Fish Communities Fish Abundance 2 out of the 4 surveys 
had > 1.25 fish/m² 

1.25 fish/m² good 
condition, 12.5-0.25 

fish/m² moderate, 
<0.25 fish/m²  

significant concern 
(Southerland et al., 

2007).

50% Attainment

Biological Integrity Species of Special 
Concern

White-Tailed Deer 
Density

 

48.6 deer/km2 8.0 deer/km2 (Knox 
1997, Horsley et al., 

2003).

0% Attainment

Biological Integrity Forest Regeneration Seedling Density

 

19 out of 52 plots had 
adequate regeneration

>3.5 seedlings/
m2 (Comisky and 
Wakamiya 2011).

37% Attainment

Biological Integrity Invasive Plant 
Species

Presence/Absence 46 out of 52 plots had 
invasive plant levels 

below threshold 

Detected on less than 
25% of the quadrats 
for a plot (Comisky 

and Wakamiya 2011).

88% Attainment

Petersburg National Battlefield Natural Resource Condition Assessment
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Priority Resource 
or Value

Indicator of 
Condition

Specific Measure Condition Status/
Trend

Resource 
Condition

Threshold and 
Source

Attainment

Landscape Dynamics Landcover Percent Forest

 

77.3% forested >59% good 
condition, 59-30% 
moderate, <30% 

significant concern 
(Turner et al. 2001).

100% Attainment

Landscape Dynamics Forest Connectivity Landscape 
Coincidence 

Probability (LCP)

 

Eastern Front unit 
LCP value of 0.73; 
Five Forks unit LCP 

value of 0.77; highly 
disconnected among 

park units

≥ 0.75 based on 
LCP value range 

from 0 to 1 (Saura 
and Pascual- Hortal 
2007, Townsend et 

al. 2009).

0% Attainment

Landscape Dynamics Riparian Area Percent Buffer 
Forested

 

Riparian area 94% 
forested 

70% Forest cover 
in 100-m riparian 

buffers (Sprague et 
al. 2006).

100% Attainment

Landscape Dynamics Landcover Percent Impervious 
Surface

 

Assessed at multiple 
scales. 4.5% 

impervious surface 
at small watershed 

local scale.  

< 10% impervious 
cover (Arnold and 
Gibbons 1996).

100% Attainment

Landscape Dynamics Grassland Area Contiguous 
Grassland Patch Size

 

Three patches ≥ 
10 ha in size; no 
patches ≥ 40 ha

At least one patch 
≥ 40 ha optimal 

condition, ≥  10 ha 
good condition, ≥ 
5 ha fair condition 

(Watts 2000, 
Peterjohn 2006).

70% Attainment

Landscape Dynamics Natural Lightscapes 
and Night Sky

V magnitudes No Data Currently there are 
no data concerning 
the night skies at 
Petersburg NB.

 ≥ 21.5 magnitudes 
arcsecond2 (Skiff 

2001).

No Attainment Score

Landscape Dynamics Soundscapes Sound Pressure No Data Currently there are 
no data concerning 
the soundscapes at 

Petersburg NB.

≤ 60 dB for more 
than 40% of the 
day (NPS 2011).

No Attainment Score

Petersburg National Battlefield Natural Resource Condition Assessment
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1

1.1 NRCA BACKGROUND 
INFORMATION

Natural Resource Condition Assessments 
(NRCAs) evaluate current conditions for a 
subset of natural resources and resource in-
dicators in national park units, i.e.  “parks”. 
The assessments also report on trends (as 
possible), critical data gaps, and general 
level of confidence for study findings. The 
resources and indicators emphasized in the 
project work depend on a park’s resource 
setting, status of resource stewardship plan-
ning and science in identifying high-priority 
indicators for that park, and availability of 
data and expertise to assess current condi-
tions for the things identified on a list of 
potential study resources and indicators.  

NRCAs represent a relatively new approach 
to assessing and reporting on park resource 
conditions. They are meant to complement, 
not replace, traditional issue and threat-
based resource assessments. As distinguish-
ing characteristics, all NRCAs:

•are multi-disciplinary in scope; 1

•employ hierarchical indicator frameworks;2

•identify or develop logical reference condi-
tions/values to compare current condition 
data against; 3,4

•emphasize spatial evaluation of conditions 
and GIS (map) products;5

•summarize key findings by park areas; 6 and

•follow national NRCA guidelines and 
standards for study design and reporting 
products.

Although current condition reporting rela-
tive to logical forms of reference conditions 
and values is the primary objective, NRCAs 
also report on trends for any study indica-
tors where the underlying data and methods 
support it. Resource condition influences are 
also addressed. This can include past activi-
ties or conditions that provide a helpful con-
text for understanding current park resource 
conditions. It also includes present-day 
condition influences (threats and stressors) 
that are best interpreted at park, watershed, 
or landscape scales, though NRCAs do not 
judge or report on condition status per se for 
land areas and natural resources beyond the 
park’s boundaries. Intensive cause and effect 
analyses of threats and stressors or develop-
ment of detailed treatment options is outside 
the project scope. 

Credibility for study findings derives from 
the data, methods, and reference values used 
in the project work—are they appropriate for 
the stated purpose and adequately docu-
mented? For each study indicator where 
current condition or trend is reported it is 
important to identify critical data gaps and 
describe level of confidence in at least quali-
tative terms. Involvement of park staff and 
National Park Service (NPS) subject matter 
experts at critical points during the project 
timeline is also important: 1) to assist selec-
tion of study indicators; 2) to recommend 
study data sets, methods, and reference 
conditions and values to use; and 3) to help 
provide a multi-disciplinary review of draft 
study findings and products. 

NRCAs provide a useful complement to 
more rigorous NPS science support pro-
grams such as the NPS Inventory and 

1. However, the breadth of natural resources and number/type of indicators evaluated will vary by park.
2. Frameworks help guide a multi-disciplinary selection of indicators and subsequent ‘roll up’ and reporting of data for measures ->conditions for 
indicators ->condition summaries by broader topics and park areas.
3. NRCAs must consider ecologically based reference conditions, must also consider applicable legal and regulatory standards, and can consider other 
management-specified condition objectives or targets; each study indicator can be evaluated against one or more types of logical reference conditions.
4. Reference values can be expressed in qualitative to quantitative terms, as a single value or range of values; they represent desirable resource conditions 
or, alternatively, condition states that we wish to avoid or that require a follow-on response (e.g., ecological thresholds or management ‘triggers’).
5. As possible and appropriate, NRCAs describe condition gradients or differences across the park for important natural resources and study indicators 
through a set of GIS coverage’s and map products.
6. In addition to reporting on indicator-level conditions, investigators are asked to take a bigger picture (more holistic) view and summarize overall 
findings and provide suggestions to managers on an area-by-area basis: 1) by park ecosystem/habitat types or watersheds and 2) for other park areas as 
requested.

Chapter 1: NRCA Background Information

NRCAs strive to 
provide credible 
condition reporting for 
a subset of important 
park natural resources 
and indicators

Important NRCA 
success factors

Obtaining good input 
from park and other 
NPS subjective matter 
experts at critical 
points in the project 
timeline.

Using study frame-
works that accom-
modate meaningful 
condition reporting at 
multiple levels
(measure—> indicators 
—> broader resource 
topics and park areas).

Building credibility by 
clearly documenting 
the data and methods 
used, critical data gaps, 
and level of confidence 
for indicator-level 
condition findings.
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Monitoring Program. For example, NRCAs 
can provide current condition estimates and 
help establish reference conditions or base-
line values for some of a park’s “vital signs” 
monitoring indicators. They can also bring 
in relevant non-NPS data to help evaluate 
current conditions for those same vital signs. 
In some cases, NPS inventory data sets are 
also incorporated into NRCA analyses and 
reporting products. 

In-depth analysis of climate change effects 
on park natural resources is outside the 
project scope. However, existing condition 
analyses and data sets developed by a NRCA 
will be useful for subsequent park-level 
climate change studies and planning ef-
forts. NRCAs do not establish management 
targets for study indicators. Decisions about 
management targets must be made through 
sanctioned park planning and management 
processes. NRCAs do provide science-based 
information that will help park manag-
ers with an ongoing, longer term effort to 
describe and quantify their park’s desired 
resource conditions and management tar-
gets. In the near term, NRCA findings assist 
strategic park resource planning 7 and help 
parks report to government accountability 
measures. 8

Due to their modest funding, relatively quick 
timeframe for completion and reliance on 
existing data and information, NRCAs are 
not intended to be exhaustive. Study meth-
ods typically involve an informal synthesis of 
scientific data and information from multiple 
and diverse sources. Level of rigor and sta-
tistical repeatability will vary by resource or 
indicator, reflecting differences in our pres-
ent data and knowledge bases across these 
varied study components. 

NRCAs can yield new insights about current 
park resource conditions but in many cases 
their greatest value may be the development 
of useful documentation regarding known or 
suspected resource conditions within parks. 

Reporting products can help park manag-
ers as they think about near-term workload 
priorities, frame data and study needs for 
important park resources, and communi-
cate messages about current park resource 
conditions to various audiences. A successful 
NRCA delivers science-based information 
that is credible and has practical uses for a 
variety of park decision making, planning, 
and partnership activities. 

 Additional NRCA Program information is
posted at: http://www.nature.nps.gov/water/
nrca

7. NRCAs are an especially useful lead-in to working on a park Resource Stewardship Strategy (RSS) but study scope can 
be tailored to also work well as a post-RSS project. 
8. While accountability reporting measures are subject to change, the spatial and reference-based condition data provided 
by NRCAs will be useful for most forms of ‘resource condition status’ reporting as may be required by the NPS, the 
Department of the Interior, or the Office of Management.
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NRCA reporting products provide 
a credible snapshot in-time evalua-
tion for a subset of important  park 
natural resources and indicators, to 
help park managers:

•	 Direct limited staff and fund-
ing resources to park areas and 
natural resources that represent 
high need and/or high oppor-
tunity situations (near-term 
operational planning and 
management)

•	 Improve understanding and 
quantification for desired condi-
tions for the park’s “funda-
mental” and “other important” 
natural resources and values 
(long-term strategic planning)

•	 Communicate succint messages 
regarding current resource con-
ditions to government program 
managers, to congress, and to 
the general public (“resource 
condition status” reporting)
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2.1 INTRODUCTION

2.1.1 History and Enabling Legislation

Petersburg National Battlefield (Petersburg 
NB) commemorates the last major confron-
tation of the Civil War, leading to General 
Lee’s surrender and the fall of the Confeder-
acy. It is known as the site of the longest siege 
in the history of American warfare. 

Petersburg NB is situated just south of the 
Appomattox River, near the Fall Line (Figure 
2.1). Early European settlers referred to this 
area as “Apamatica Country.”  It was origi-
nally home to numerous Native American 
tribes, including the Eastern Siouan, South-
ern Iroquois, and the Appomattox, dating 
back over 10,000 years (Auwaerter 2009). 
Europeans arrived in the area in 1608, just 
one year after the establishment of James-
town, though European settlement did 
not begin until the mid-18th century. The 
city of Petersburg was originally laid out in 

1748 at the head of navigable waters on the 
Appomattox River. By 1791, the city had a 
population of over 3,000 and had established 
itself as the commercial center for the sur-
rounding agricultural areas. The production 
of tobacco and secondary crops, such as 
wheat and corn, dominated the surrounding 
agricultural areas. 

Though the area’s agriculture grew in the 
late 18th and early 19th centuries, soil deple-
tion and market competition from farms in 
the Midwestern United States ultimately re-
sulted in declining productivity and massive 
farm value losses. In 1848 journalist Benson 
J. Lossing wrote of the area: 

…the country is broken, and patches of sandy soil 
with pine forests, alternated with red clay, bearing 
oaks, chestnuts, and gum-trees. Worse roads I never 
expect to travel, for they would be impassable…The 
country is sparsely populated, and the plantations 
generally bore evidences of unskilled culture. Al-
though most of the soil is fertile, and might be made 

Chapter 2: Introduction and Resource Setting

Figure 2.1  Location of 
the parks included in the 
Mid-Atlantic Network 
(NPS 2010). 
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very productive, yet so wretchedly is it frequently 
managed that twenty bushels of wheat is consid-
ered a good yield for an acre…Tobacco is the staple 
product, yielding from five hundred to one thousand 
pounds per acre; but in the absence of manure, it 
destroys the vitality of the soil (cited in Auwaerter 
2009).

Even with agricultural decline in the early 
and mid-19th century, Petersburg’s ante-
bellum years were prosperous (Auwaerter 
2009).  Following the completion of a rail-
road line linking Petersburg and North Car-
olina in 1833, links were quickly established 
to Richmond, Norfolk, and City Point. By 
the beginning of the Civil War, a network of 
five railroads and six major roads converged 
on Petersburg (Auwaerter 2009). The city 
was second in the state only to Richmond as 
a hub of industry and culture (Trowbridge 
1866). 

When the Civil War began, Petersburg was 
Virginia’s second largest city and the seventh 
largest in the Confederacy. Petersburg would 
play a pivotal role in the final year of the War 
as the site of a ten-month siege that would 
be decisive in ending the War in 1865. In the 
spring of 1864, after several failed attempts 
to take the city of Richmond directly, Gen-
eral Ulysses S. Grant, commander of the 

Union Army, shifted his strategy to cutting 
off Richmond’s supply routes. Standing just 
40 km (25 mi) south of Richmond, Peters-
burg would be key with its many roads and 
rail lines. On June 9, 1864, the Union Army 
began building what would eventually be-
come nearly 30 miles of trenches stretching 
from just east of Richmond to eastern and 
southern Petersburg. This would essentially 
surround the city and cut it off from the 
outside. After ten months of siege opera-
tions, the Confederate Army fled Peters-
burg to the West on April 2, 1865. President 
Lincoln arrived in Petersburg the next day 
via the military railroad as the Union Army 
occupied the city. One week later, on April 
9, 1865, Confederate Army General Robert 
E. Lee surrendered to Grant at Appomattox 
Court House, about 150 km (95 mi) west of 
Petersburg, effectively ending the Civil War.

The siege of Petersburg is also noted to 
have had the largest concentration of Af-
rican American troops on the side of the 
Confederacy during the Civil War. During 
the Petersburg campaign, General Lee was 
in need of labor and pushed for legislation 
in the Confederate Congress to grant the 
freedom of any slave who, with the permis-
sion of his master, enlisted in the Confeder-
ate Army. At the time, nearly 200,000 African 
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Americans served in the Union Army. Out of 
16 total Medals of Honor awarded to African 
American troops throughout the entirety of 
the Civil War, 15 were awarded for service 
during the Petersburg Campaign.

Petersburg National Military Park was 
established through congressional action on 
July 3, 1926. A report from the US House of 
Representatives noted that: 

Manassas was, in the largest sense, the begin-
ning of the war; Gettysburg was the high tide 
of hostilities on both sides, but Petersburg was 
the final field where the fratricidal struggle 
was fought to a finish. There, if anywhere, 
should be a permanent memorial to a restored 
peace between the states. Such a memorial, in 
the form of a park, would commemorate the 
highest ideals and exploits of American valor 
and strategy, without the taint of bitterness or 
shame to either side… The committee believes 
that the marking and preservation of the 
battlefields of the siege of Petersburg, according 
to the plan recommended by the commission 
and as embodied in this bill, will serve very 
practical, educational, historical, military and 
patriotic purposes, and recommends the pas-
sage of the bill (NPS 2004).

In 1933, control of all national military parks 

(including Petersburg) was transferred from 
the War Department to the National Park 
Service, within the Department of the Inte-
rior. In the same year, control of the Poplar 
Grove National Cemetery was transferred to 
the National Park Service, and in 1935 its up-
keep was assigned to the Petersburg National 
Military Park.

In 1962 the US Congress declared the Pe-
tersburg National Military Park a “National 
Battlefield,” stating:

In order to commemorate the campaign and 
siege and defense of Petersburg, Virginia, in 
1864 and 1865 and to preserve for histori-
cal purposes the breastworks, earthworks, 
walls, or other defenses or shelters used by the 
armies therein, the battlefields at Petersburg, in 
the State of Virginia, are declared a national 
battlefield whenever the title to the same shall 
have been acquired by the United States by 
donation and the usual jurisdiction over the 
lands and roads of the same shall have been 
granted to the United States by the State of Vir-
ginia—that is to say, one hundred and eighty-
five acres or so much thereof as the Secretary 
of the Interior may deem necessary in and 
about the city of Petersburg, State of Virginia. 
(US HR 2006)

Petersburg National Battlefield Natural Resource Condition Assessment
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Since then, land has periodically been added to 
Petersburg NB. Today the park consists of several 
distinct areas: the Eastern Front, Five Forks 
Battlefield, Grant’s Headquarters at City Point, 
and the Western Front including Poplar Grove 
National Cemetery (Figure 2.2).

2.1.2 Geographical Setting

Today, Petersburg NB is a 1,076 ha (2,659-acre) 
park located near the City of Petersburg with 
units spread throughout Prince George County, 
Dinwiddie County, the City of Hopewell, and the 
City of Petersburg (Figure 2.2). To put this area 
in geographical context, the City of Petersburg 
is located on Interstate 95 approximately 40 km 
(25 mi) south of Richmond, 210 km (130 miles) 

south of Washington D.C., and 120 km (75 mi) 
west of the Chesapeake Bay. The park is located 
along the Fall Line that divides the Coastal Plain 
of Virginia and the rockier lands of the Piedmont 
(Horning 2004) (Figure 2.3). This region lies 
within a humid subtropical climate zone charac-
terized by hot, humid summers and mild winters. 
July is the hottest month with an average high 
temperature of 91°F, while January is the coolest 
month with an average high of 50°F. The record 
high was 106°F in 1932, and the record low was 
-11°F in 1985. Precipitation is relatively constant 
year round, ranging from an average of 2.80 
inches in June to 4.73 inches in September.

The Eastern Front unit is predominantly situated 
within the boundaries of the City of Petersburg 

Petersburg National Battlefield Natural Resource Condition Assessment

Figure 2.2 
Location of 
Petersburg 
National Bat-
tlefield park 
units (NPS LRD 
2011).   
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and Prince George County, VA. Fort Lee, a 
U.S. military installation, is immediately to 
the east of the Eastern Front unit (Figure 
2.2). This largest unit of Petersburg NB lies 
in the Coastal Plain region just east of the 
fall line (Figure 2.3). With an average eleva-
tion of approximately 30 meters (98 ft), the 
Eastern Front Unit comprises some 585 ha 
(1,445 ac). The land cover of the Eastern 
Front unit includes fields of fescue grasses 
and a mosaic of forested habitat types rang-
ing from pine to hardwood forests (Pagels 
et al. 2005). Remnants of Civil War activity, 
as well as more recent training for World 
War I, are evident in many areas of the unit. 
Approximately 90% of the area is forested, 
containing an even mix of deciduous and 
coniferous species, and several creeks that 
meander through the park.

The 452-hectare ( 1117- acre) Five Forks 
Unit is located 32 km (20 mi) west of the 
Eastern Front unit in Dinwiddie County. 
Five Forks unit is located just west of the Fall 

Line in the eastern portion of the Piedmont 
region, and has an average elevation of ap-
proximately 70 meters (230 ft) (Figure 2.3). 
Similar to the Eastern Front unit, this unit is 
mostly wooded and is comprised of fescue 
grasses and pine and hardwood forests. 
Young coniferous stands dominate the land-
scape. Within this unit, there is a small lake, 
its associated wetlands, and a beaver pond. 
Unlike the Eastern Front unit, the Five Forks 
unit is surrounded by a rural setting that 
includes agricultural activity, forests of vari-
ous ages, and scattered residences that are 
characteristic of present-day south-central 
Virginia (Pagels et al. 2005).

Grant’s Headquarters at City Point is located 
within the City of Hopewell, approximately 
16 km (10 mi) northeast of Petersburg. City 
Point is situated east of the Fall Line upon 
dramatic bluffs that overlook the James River 
to the north and east and the Appomattox 
River to the west. Appomattox Manor sits on 
a terrace atop the bluff above the confluence 

Petersburg National Battlefield Natural Resource Condition Assessment

Figure 2.3 Petersburg National 
Battlefield is located in both 
the Piedmont and Coastal 
Plain physiographic regions of 
Virginia (Keys et al. 1995; NPS 
LRD 2011). 
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of the two rivers. Historic use of the water-
front, including significant Civil War activ-
ity, occurred principally on the low terrace 
running along the base of the bluffs along the 
James River (Horning 2004).

The Western Front unit includes the Pop-
lar Grove National Cemetery and several 
other small sites  located 10 km (6 mi) south 
of the Eastern Front unit in a transitional 
suburban/rural area surrounded by second 
growth woods, farm fields, and residential 
development within Dinwiddie County. 
Included as a part of Petersburg NB, Poplar 
Grove National Cemetery is the 11th stop on 
the park’s Siege Line Tour, beginning at the 
park’s main area on the east side of Peters-
burg and extending south and west along the 
line of Union fortifications that encircled the 
city (Auwaerter 2009).

2.1.3 Visitation Statistics

More than 175,000 people visit Petersburg 
NB annually (Stynes 2011). While entrance 
to the Five Forks unit, City Point unit, and 
the Poplar Grove National Cemetery is free, 
there is a $5/car (or $3 per individual enter-
ing on foot) fee for the Eastern Front unit. 

While there are little recent data on the 
breakdown of park visitors, in the sum-
mer of 1990 the Cooperative Park Studies 
Unit at the University of Idaho conducted 
a Visitor Study (Madison 1991) at the park, 
prior to the acquisition of Five Forks. The 
study’s 379 questionnaires yielded informa-
tion on the demographics and preferences of 
summertime park visitors. Visitors traveled 
primarily as families (68 %), with the larg-
est clusters being visitors 31 to 50 years old 
(41 %) and children 15 years old or younger 
(22 %). While visitors traveled from all 50 
states to visit the park, 26 % reported that 
they resided in Virginia. Smaller percentages 
came from North Carolina (8 %), Florida 
(7 %), Pennsylvania (6 %), and Ohio (5 %). 
Seventy-seven percent of visitors were visit-
ing the National Battlefield for the first time, 
and nearly 80 % stayed for four hours or less. 
Because this survey was conducted in the 
summer, however, it does not account for 
student groups. The park website provides 

curriculum material for all grade levels.The 
survey was also conducted before the acqui-
sition of the Five Forks unit.

There are a wide variety of activities that 
patrons engage in while visiting Petersburg 
NB. According to the 1990 survey, 84 % of 
visitor groups visited the Battlefield Visitor 
Center and 76 % visited Fort Stedman and 
the Union Camp. Eighty-nine percent of 
visitors used the battlefield audio tour, 44 % 
attended an interpretive program, and 43 % 
attended an artillery demonstration. Other 
activities included photography, jogging/hik-
ing, historical research, picnicking, bicycling, 
and fishing. Of the visitors surveyed, 19 % 
went to the City Point Unit. Of those, 96 % 
visited Appomattox Manor, 91 % visited 
Grant’s cabin, and 65 % viewed the outside 
exhibits. 

2.2 NATURAL RESOURCES

2.2.1 Watershed Context

Much of Petersburg NB is located within 
the Chesapeake Bay drainage basin (Prince 
George County lands), with portions of the 
park (Dinwiddie County lands) also drain-
ing into the Nottoway River, Chowan River, 
and ultimately the Albemarle Sound (Figure 
2.4). The Appomattox River flows into the 
James River at City Point approximately 16 
km (10 mi) northeast of the Eastern Front 
unit. The James River flows into the lower 
main stem of the Chesapeake Bay, the largest 
estuary in the United States. The Chesapeake 
Bay watershed stretches over 166,000 km2 

(64,000 mi2) across six states, and is home 
to approximately 16.6 million people (CBP 
2008). Prince George County, and the Cities 
of Hopewell and Petersburg are included in 
the Virginia Coastal Zone.

The James River provides the drainage 
for a 26,511 km2 (10,236 mi2) watershed, 
originating in the Appalachian Mountains in 
central-western Virginia and flowing across 
the Ridge and Valley, Blue Ridge, Piedmont, 
and Coastal Plain physiographic provinces 
until reaching the Chesapeake Bay near 
Norfolk, Virginia. The watershed accounts 
for approximately 25% of Virginia’s total 

Petersburg National Battlefield Natural Resource Condition Assessment
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Figure 2.4 Petersburg National Battlefield is 
part of the Chowan-Pasquotank Watershed 
and James Watershed (above). The park units 
are split by the two watersheds (left) (USGS 
2012a,b; OIME NPS 2012) .

Eastern Front

Five Forks

Western Front

City Point

land area. The Appomattox River is a major 
tributary of the James River. Land use within 
the James River watershed is 71% forest, 7% 
agriculture, 5% urbanized, 4% open water, 
and 3% wetland (Commonwealth of Virginia 
2005). Approximately 2.6 million people live 
in the watershed. This population is primar-
ily concentrated in the eastern portion of the 
watershed, representing nearly one third of 
Virginia’s  total population. All waters found 
within the park are Class III nontidal waters 
of the Coastal Plain and Piedmont regions, 
and all thresholds used in this assessment 
are for Class III waters (State Water Control 
Board 2011). 

2.2.2 General Resource Features

Geology

The geology of Petersburg NB is described 

in detail in the park’s General Management 
Plan (NPS 2004). In the vicinity of Peters-
burg NB, Interstate 95 delineates the Fall 
Line, a geological transition between the 
Piedmont and Atlantic Coastal Plain phys-
iographic regions (Figure 2.3). Portions of 
Petersburg NB in Dinwiddie County lie on 
the eastern edge of the Piedmont region; 
the remainder of the park lies in the Atlantic 
Coastal Plain region. Lands proposed for 
boundary expansion are included in either 
the Piedmont or Atlantic Coastal Plain phys-
iographic regions. The Eastern Front unit 
is mainly comprised of tertiary basaltic and 
basaltic andesitic  bedrock  (Figure 2.5). In 
contrast, the Five Forks unit is largely com-
prised of Petersburg Granite (Figure 2.5). 

Petersburg National Battlefield Natural Resource Condition Assessment
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Figure 2.5 Surficial and 
bedrock geology for two 
largest units of Peters-
burg National Battlefield 
(NPS 2004).
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Topography

Generally, Petersburg NB topography is 
characterized as gently rolling countryside. 
The elevation ranges between 12.2 m (40 
ft) along the flood plain of the Appomattox 
River to 51.2 m(168 ft) above sea level in the 
Eastern Front Unit and 92 m (302 ft) at the 
Five Forks unit (NPS 2004)(Figure 2.6). 

Soils

The Soil Survey Geographic (SSURGO) 
database includes two surveys that cover 
Petersburg NB; one for Dinwiddie County, 
Virginia, (Clausen et al. 1996; USDA NRCS 
2004) and a second for Prince George 
County, Virginia (Jones et al. 1985; USDA 
NRCS 2006). Most of the 19 unique soils se-
ries are from the Ultisol soil order, with two 
series classed as Alfisols, and two small areas 
mapped as Entisols.

Upland soils are primarily Appling or Empo-
ria series. Appling soils are very deep, well-
drained soils developed from felsic crystal-
line rocks of the Piedmont region. They have 
a yellowish-brown sandy loam surface layer 
and a multicolored saprolite subsoil with a 
sandy clay loam texture. The Emporia series 
consists of very deep, well-drained soils of 
the upper Coastal Plain formed in loamy and 
clayey fluvial or marine sediments. Typically, 

these soils have a pale brown fine sandy 
loam surface layer and subsoil that is mottled 
yellowish-brown sandy clay loam and clay 
loam. Both soil series have a soil reaction 
that is very strongly to moderately acidic 
(pH values 4.5–5.5) and a low organic matter 
content.

Hydric soils include Argent silt loam, Kin-
ston complex, Myatt silt loam, and Roanoke 
loam. The Argent series is found on poorly 
drained stream terraces that are saturated, 
but do not flood. The others are all found in 
areas that occasionally to frequently flood.

Soils series of well-drained to somewhat 
poorly drained stream terraces include Bol-
ling silt loam, Newflat silt loam, Peawick silt 
loam, and Wickham fine sandy loam. Other 
soil series mapped in the park include Cecil, 
Mattaponi, Slagle, and Uchee, each mapped 
as 5–9% of the park. Bonneau, Helena, and 
Norfolk are mapped as less than one percent 
of the park (Figure 2.7).

Petersburg National Battlefield Natural Resource Condition Assessment
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Figure 2.7 Soil associations for two largest units of Petersburg National Battlefield (Jones et al. 1985; Clausen et al. 
1996; USDA NRCS 2004;  USDA NRCS 2006).
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Surface waters

Five streams drain the Eastern Front unit 
and are all within the Chesapeake Bay 
drainage basin (Figure 2.8). Descriptions 
of the streams can be found in the park’s 
General Management Plan (NPS 2004). 
Poor Creek and Harrison Creek are the 
largest. Taylor’s Creek is a small tributary 
of Poor Creek, and Branch Creek is a 
tributary of Harrison Creek. Poor Creek 
flows through the park east of the Crater. 
Harrison Creek enters the park near the 
park headquarters and exits at the north-
ern boundary. Branch Creek, a tributary 
to Harrison Creek, originates from storm 

drains in the Fort Lee Military Base. In 
high water seasons, surface water can ap-
pear in the adjacent trenches, but it quickly 
drains into the creek. The creeks and 
streams of the Five Forks unit are largely 
unnamed (Figure 2.8). 

Many of the rivers and streams surround-
ing the park (including the James River, 
Appomattox River, and Hatchers Run) are 
considered impaired under section 303(d) 
of the Clean Water Act (Figure 2.9). Chem-
ical water analyses are conducted monthly 
at nine sites in the park and at Hatcher’s 
Run near the Five Forks unit. The analyses 
include the testing of pH, conductivity, 

Petersburg National Battlefield Natural Resource Condition Assessment

Five Forks

Eastern Front
Figure 2.8 Streams located in and in close 
proximity to Petersburg National Battle-
field  (left) (USGS 2012b). Small stream in 
floodplain in Petersburg National Battle-
field (below).
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temperature, and dissolved oxygen. The park 
no longer tests for fecal coliform as the city 
has updated their equipment and procedures 
so that accidental pollutant discharge is no 
longer a concern. 

Potentially serious threats to water resources 
include degradation of aquatic ecosystems 
and stream channelization (NPS 2004). High 
runoff due to upstream manipulation of the 
Poor Creek watershed has altered the natural 
configuration of the streambed. The lower 
part of Poor Creek has had extensive lateral 
and vertical channel erosion. It now runs 
through a steep-walled gully 4.5 m(15 ft) 
deep and 9 m (30 ft) wide. Similar, but less 
severe, channel erosion has occurred in Har-
rison Creek. While the Poor Creek channel 
has been scoured of most major sediment 

deposits, Harrison Creek has extensive sedi-
ment deposits and appears to be much more 
stable than Poor Creek. 

Rare, Threatened, and Endangered Species

The Division of Natural Heritage of the 
Virginia Department of Conservation and 
Recreation did not identify any Virginia 
state listed rare plants occurring in Peters-
burg NB during their 1990-1991 assessment 
(Ludwig and Pague 1993). Historically, two 
listed plant species may have been present 
in the park; Swamp Pink (Helonias bullata) 
and Small Whorled Pogonia (Isotria medeo-
loides). Centuries ago, long-leaf pine com-
munities were more dominant in the region 
and additional listed species associated with 
that habitat also may have been present (e.g., 
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Eastern Front

Five Forks

Figure 2.9 Impaired 
streams within and sur-
rounding Petersburg 
National Battlefield (USGS 
BRD 2011). 
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Picoides borealis, Schwalbea americana, etc.). 
Very little work has been done by the state 
to identify non-floral listed species (Christo-
pher Ludwig personal communication). 

In January 2004, a pair of Bald Eagles (Hali-
aeetus leucocephalus) was observed in the 
Colquitt Salient area of the Eastern Front 
unit working on a nest. The Bald Eagle is 
protected by the Migratory Bird Treaty Act 
and the Bald and Golden Eagle Protection 
Act, however it should be noted that it was 
removed from the Federal List of Endan-
gered and Threatened Species in 2007.  As a 
precaution, a 750-foot buffer was established 
around the nest site and all access points into 
the area were clearly marked as closed. In 
February 2004, park resource management 
staff consulted with a U.S. Fish and Wildlife 
Service (USFWS) representative to deter-
mine Primary and Secondary Management 
Zones around the nest as outlined in the 
Bald Eagle Protection Guidelines of Virginia. 
NPS agreed that during the nesting and 
breeding season (December 15th – July 15th) 
the primary zone would be closed to all hu-
man activity. However, activities in the sec-
ondary zone would continue as usual (NPS 
2004). For any new planned activities within 
either the primary or secondary zones, NPS 
will consult with USFWS. 

The park followed the management guide-
lines during the 2004 nesting season, allow-
ing its first known eaglets (3) to hatch. The 
park continues to close the area during the 
nesting and breeding seasons, and the breed-
ing pair has reared 1-2 hatchlings every year 
since. From 2004-2012 the park protected 
the 750-foot buffer zone. The park is now in 
the process of refining the closure period to 
only coincide with the Bald Eagles’ sensitive 
periods (i.e., when the female is preparing to 
lay eggs and just before the young fledge and 
would be susceptible to falling out). 

Vegetation

Vegetation mapping completed by the Vir-
ginia Division of Natural Heritage in Peters-
burg NB yielded 20 map classes representing 
12 United States National Vegetation Classi-
fication (USNVC) associations, five nonstan-
dard, park-specific vegetation classes, and 
three Anderson Level II land-use categories 
(Figure 2.10). Classification was based on 
leaf-on aerial photography from 2001, leaf-
off aerial photography from 2002, and field 
sampling from 2002-2006 with an assess-
ment of overall accuracy of thematic classes 
of 85.7% (Patterson 2008).

Petersburg National Battlefield Natural Resource Condition Assessment

Bald Eagles, although 
removed from the Fed-
eral List of Endangered and 
Threatened Species, are still 
protected in Petersburg Na-
tional Battlefield.
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2.2.3 Resource Descriptions by Habitat 

Petersburg NB consists of a variety of 
habitat types including varied categories of 
forest (e.g., upland coastal plain and pied-
mont forest, riverine forest) and grassland 
(e.g., old-field, managed field, earthworks). 
The extent of wetland habitat is extremely 
limited within the park boundaries. With the 
exception of the City Point unit, the park is 
more wooded than it was at the time of the 
War in 1865 or at the time when the park 
was established in 1933. Trees covered less 
than half of the park in 1865; approximately 
three-quarters of the land is now forested. 
Information on vegetation is contained in 
the 1995 Forest Management Plan for the 
Five Forks unit and the Eastern Front unit, 
which describes forest health, composition, 
distribution and hazard fuel loading. The 
data on forested conditions in 1865 is from 
the Historic Maps of the Petersburg Area 
(Michler Maps). Further data comes from a 

botanical inventory of the park conducted in 
the summer of 1990 (Rosenzweig and Porter 
1991). Patterson’s (2008) mapping of vegeta-
tion associations was the primary basis for 
the habitat classification used in this NRCA 
(see chapter 3). 

Forests

Forested areas range from pine to mixed 
pine and hardwood in composition. Many 
forested areas are approximately 75 years 
old, and dominant species include Tulip 
Tree (Liriodendron tulipfera), Sweet Gum 
(Liquidambar styraciflua), White Oak 
(Quercus alba), Blackgum (Nyssa sylvatica) 
and Loblolly Pine (Pinus taeda). The West-
ern Front unit is the most forested unit in 
the park. Dense natural reforestation and 
undergrowth cover most of the Long Flank, 
Fishhook and Fort Wheaton sites within the 
Western Front. Most of the woods are young 
second growth pine. Logging roads have 

Petersburg National Battlefield Natural Resource Condition Assessment

Eastern Front Five Forks
Figure 2.10 Vegeta-
tion associations for 
the two main units of 
Petersburg National 
Battlefield (Patterson 
2008). 
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been cleared through the wooded areas, and 
many of the cleared fields are the result of 
recent timbering. The unit contains a young, 
dense, evenly spaced loblolly pine planta-
tion. A marshy habitat in the northeastern 
portion of the Five Forks unit, the result 
of an active beaver population, contains a 
diversity of wetland plants. Areas along the 
edge of the marsh consist of young trees, 
shrubs, and herbs. Dominant trees include: 
Sweetgum (Liquidambar styraciflua), Tulip 
Tree (Liriodendron tulipfera), and Shining 
Sumac (Rhus copalina). Shrubs inventoried 
include the dominant species Blueberry 
(Vaccinium corymbosum), Tall Alder (Alnus 
rugosa), Button Bush (Cephalanthus occiden-
talis), and Lizard’s Tail (Saururus cernuus).

The Eastern Front unit is dominated by 
second and third growth, mid-successional 
stage forests. Loblolly Pine plantations have 
been used as forested buffer in some areas 
along the park boundary. Four “pest species” 
have been identified: Poison Ivy (Rhus radi-
cans), Poison Sumac (Rhus toxicodendron), 
Japanese Honeysuckle (Lonicera japonica), 
and Poison Oak (Rhus vernix). Poison Ivy 
and Japanese Honeysuckle dominate the 
vegetation in some areas. Grant’s Head-
quarters at City Point contains wild growth 
riverbanks and some original tree plantings 
by the Eppes family over 300 years ago. The 
park also supports one specimen of Water 
Hickory (Carya aquatic), thus hosting the 
inland limit for the species (NPS 2004). 

Park forests are exposed to multiple poten-
tial stressors.  Southern Pine Bark Beetle has 
infested small portions of some of the pine 
stands, but the damage has been minimal. 
Forests have been disturbed periodically 
throughout the park, providing opportuni-
ties for the invasion of nonnative (exotic) 
plant species such as Tree-of-Heaven (Ailan-
thus altissima) and Japanese Honeysuckle 
(Lonicera japonica). Kudzu vine (Pueraria 
lobata), an extremely invasive plant, has 
been identified close to the park, but not yet 
within its boundaries. The Petersburg Na-
tional Battlefield General Management Plan 
includes a strategic plan to actively manage 
invasive species (NPS 2004). 

Grasslands

Areas used in interpretive programming, 
including roadsides and walking areas near 
tour-stops, have been planted with grasses 
and are actively maintained by mowing. Old-
field and cut fields surround most of the tour 
route through the Eastern Front unit. Grant’s 
Headquarters at City Point includes man-
aged, park-like grounds. The Confederate 
Fort Gregg fields are maintained under an 
agricultural leasing program. Poplar Grove 
National Cemetery is maintained with turf 
and ornamental plantings. A historic vegeta-
tion study of the Five Forks unit ascertained 
that substantial change in the location and 
configuration of fields had occurred since 
the Civil War (NPS 2004). In 1865, 76 ha 
(188 acres) were managed as fields, while 

40.5 ha (100 acres) 
were managed as fields 
in 1998. There is some 
overlap in the field con-
figurations, but most of 
the current fields were 
forested during the war. 
The open acreage at 
the Five Forks unit is 
generally included in 
the agricultural leasing 
program as pasture or 
for field crops (NPS 
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Coastal Plain-mixed oak heath 
forest in Petersburg National 
Battlefield
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2004). 

In general, earthworks, forts and earthen 
remnants of the Petersburg campaign are 
maintained in tall grass in an attempt to deter 
trespassing on the fragile structures (NPS 
2004). Dominant herbaceous vegetation in 
the area surrounding the earthworks includ-
ing marsh habitats include: St. John’s Wort 
(Hypericum mutilum), Arrow Arum (Pelt-
andra virginica), Marsh Fern (Thelypteris 
palustris), Sweet Goldenrod (Solidago odo-
rata), Broom Sedge (Andropogon virginicus), 
Water Lily (Nymphea odorata), Spatterdock 
(Nuphar luteum), Pickerelweed (Pontederia 
cordata), Yellow-eyed Grass (Xyris platyl-
epis), and Bladderwort (Utricularia fibrosa). 
Grassland disturbance is a concern for the 
park, as it can detract from the cultural land-
scape and facilitate the spread of invasive 
species.

At times, extreme weather conditions have 
resulted in damage to the park’s earthen 
structures (NPS 2004). High winds and ice 
throughout the park have periodically up-
rooted isolated trees on earthworks or at the 
edge of the forests. Battery XIII, Forts Fisher 
and Conahey have been particularly affected. 
On the sides of large earthen forts where the 
slopes are steep, uprooting can occur more 
easily and the damage can be extensive be-
cause of the way the root mass extends into 

the earthwork. 
In 1983 a tor-
nado ripped 
through 
Grant’s 
Headquarters 
at City Point, 
destroying 
some of the 
trees. Some 
have been 
replaced by 
the NPS. The 
1990 botani-
cal inventory 
found that 
herbs, vines, 
and shrubs 
dominated 
the flora cover 
on the banks 

leading to the river (Rosensweig and Porter 
1991). Dominant taxa included: Japanese 
Honeysuckle (Lonicera japonica), Vicia (Vi-
cia angustifolia), Asiatic Dayflower (Comme-
lina communis), Tree-of-Heaven (Ailanthus 
altissima), American Elm (Ulmus americana), 
River Birch (Betula nigra), Hackberry shrub 
(Celtis occidentalis), and Paper Mulberry 
(Broussonetia papyrifera). 

2.2.4 Resource Issues Overview 

Threats to Petersburg NB come from within 
the park (Internal), outside and around park 
boundaries (Watershed), and the region at 
large (Regional). Stressors of special concern 
are described below for each of these three 
categories.

Internal park threats

Invasive species

Vegetation mapping in Petersburg NB 
yielded 19 nonnative species, 11 of which 
are considered invasive by the Virginia De-
partment of Conservation and Recreation 
(VADCR 2003, Patterson 2008). According 
to Patterson (2008), forested wetlands had 
the highest cover by invasive, nonnative 
species. The most common and problem-
atic species include Japanese Honeysuckle 
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Forested Earthworks 
in Petersburg Na-
tional Battlefield.
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(Lonicera japonica) and Nepalese Browntop 
(Microstegium vimineum). These species 
are particularly troublesome because of 
their shade tolerance and aggressive growth 
habits. These species can be opportunistic 
invaders of the older, more intact forest com-
munities, getting a foothold where roads, 
trails, tip-up mounds, downfalls, and other 
gap-disturbances have affected mineral 
soil. Once established, colonies are able to 
more easily expand or spread into nearby 
microhabitats. 

Japanese Honeysuckle is especially destruc-
tive to native vegetation because of its rapid, 
twining growth and dense, semi-evergreen 
foliage that shades out competitors. Its vines 
frequently strangle shrubs and tree saplings 
and over-grow more delicate herbs in a vari-
ety of settings. In the last two decades Nep-
alese Browntop has invaded moist, openly 
shaded habitats throughout the mid-Atlantic 
region. The species commonly forms mono-
specific carpets of tangled culms that tend 
to crowd out competing herbaceous species 
(Tu 2000). Studies have demonstrated that 
once established, Nepalese Browntop over-
runs native herbaceous competitors and 
leads to dramatic declines of herb richness 
within a few years (Barden 1987, Hunt and 
Zaremba 1992). Another recent study found 
that Nepalese Browntop responds to forest 
canopy disturbances with a sudden increase 
in biomass that impedes woody regeneration 
and lowers overall species diversity and stem 
densities (Oswalt et al. 2007). 

Other highly invasive nonnative species not-
ed in the park include Tree-of-Heaven (Ai-
lanthus altissima), Chinese Lespedeza (Les-
pedeza cuneata), Chinese Privet (Ligustrum 
sinense), and Wartremoving Herb (Murdan-
nia keisak). Canada Bluegrass (Poa compres-
sa) and Oriental Ladysthumb (Polygonum 
caespitosum var. longisetum) are considered 
moderately invasive, while Orchardgrass 
(Dactylis glomerata) and Bigleaf Periwinkle 
(Vinca major) are considered occasionally 
invasive species by the Virginia Department 
of Conservation and Recreation (VADCR 
2003). Coralberry (Symphoricarpos orbicu-
latus), while technically native to Virginia, is 
considered an invasive, naturalized species 

east of the mountains in Virginia based on 
historical botanical literature. It is a highly 
aggressive shrub that competes with native 
species in disturbed areas as well as in the 
understory of dry habitats such as rocky 
outcrops and rocky forests. The species has 
a preference for more basic soils and is thus 
not abundant in Petersburg NB. However, it 
has been observed in less abundance in the 
Five Forks unit in Loblolly Pine Plantation 
/ Early- Successional Loblolly Pine Forest, 
Successional Tuliptree Forest, and Succes-
sional Sweetgum Forest (Patterson 2008). 

Bank erosion at City Point

There is a negligible quantity of natural 
resources at City Point, which is a small, 
primarily landscaped unit. The bluff is 90 
percent covered in invasive species, includ-
ing Paper Mulberry (Broussonetia papyrif-
era), Tree-of-Heaven, and Privet, but cannot 
be treated properly because this would result 
in major erosion problems. Since the storm 
surge on the James River created by Hur-
ricane Isabel in 2003 there have been bank 
stabilization projects along the James and 
Appomattox Rivers at City Point. The entire 
bank will eventually be reinforced with miti-
gation measures to protect the bluff.

Petersburg National Battlefield Natural Resource Condition Assessment

Invasive Japanese Honey-
suckle in Petersburg Na-
tional Battlefield
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Deer overbrowse

Deer monitoring within Petersburg NB has 
been conducted for approximately the last 
ten years.  In 2011, three deer exclosures 
were set up within the park, co-located at 
NPS Inventory and Monitoring vegetation 
plots. Populations may be labeled as over-
abundant if any of the following four re-
quirements are fulfilled: (1) if the population 
threatens human life/livelihoods, (2) if the 
species is too numerous for its “own good”, 
(3) if the population depresses the densi-
ties of other economically or aesthetically 
important species, and (4) if the population 
contributes to ecosystem dysfunction (Côté 
et al. 2004). Negative impacts of overabun-
dant deer populations include reducing 
species richness and abundance of herbs 
and shrubs, reducing sensitive songbird 
populations, inhibiting the regeneration of 
understory trees, and changing competitive 
balances to favor nonnative plants (Decalesta 
1997, McShea & Rappole 1997, Côté et al. 
2004). 

Deer commonly browse upon oaks (sp. 
Quercus) throughout the eastern United 
States, finding the species especially palat-
able. Deer feed selectively on the acorns and 
saplings of oak trees, often resulting in direct 
impacts on forest composition. In several 
case studies, deer browsing has interrupted 
oak stand development by preventing under-

story growth and directing succession away 
from oak forests towards sparser conditions 
(Healy 1997). Similarly, land managers in the 
eastern United States have observed a signifi-
cant reduction in Eastern Hemlock (Tsuga 
canadensis) regeneration that may be partial-
ly attributable to overabundant deer herds. 
Deer browsing negatively affects the height 
and growth of Eastern Hemlock seedlings 
as well as increases the mortality of hemlock 
saplings (Alverson & Waller 1997, McShea & 
Rappole 1997). 

Watershed Threats

Urban growth and development

Petersburg National Battlefield is embedded 
within a largely forested landscape (Figure 
2.11). Urban growth surrounding the park is 
a major influence and the source of signifi-
cant development-related stressors. Though 
the populations of the Cities of Petersburg 
and Hopewell are actually declining, the sub-
urban population has been on the rise for the 
last 20 years, driving significant population 
growth in both Prince George and Dinwid-
die Counties (NPS 2004) (Figure 2.12). The 
2010 US Census showed that Prince George 
County doubled the 2000 population growth 
estimate from the Virginia Employment 
Commission, growing by eight percent to 
a total of 35,725. Dinwiddie County also 
over-performed the Virginia Employment 
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(top) Soil erosion on 
the bluff at city point. 
(right) Deer brows-
ing during winter in 
Petersburg National 
Battlefield.
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Commission’s 2000 projection, growing 14 
percent to 28,001 (NPS 2004).

Population-related stressors include a waste-
water pumping station immediately adjacent 
to the park which created major problems 
with fecal contamination in the park until 
the facilities were upgraded. A nearby motor 
pool maintenance yard historically drained 
into the park before a $3 million oil-water 
separation system was installed. Increasing 
impervious surfaces, including the expan-
sion from two to four lanes of roads sur-
rounding the park, has led to additional 
isolation of parks as these roads are more 
difficult for animals to cross. A Seven-Eleven 
store at the park exit has been a source of 
litter within the park. Furthermore, in the 
winter months the neighboring Lowes store 
is visible despite a buffer of trees that the 
developer planted in the area.

The Eastern Front unit shares a 2.5 km (1.5 
mi) border with the Fort Lee United States 
Army Base (Figure 2.2). Since 2005 the 
population of Fort Lee has grown to nearly 
45,000, almost doubling in size due to the 
Base Realignment and Closure Act (BRAC)
(Slayton 2011). A 15-story, 1,500-room hotel 
on the base required extensive study to de-
termine that the structure’s height would not 
diminish the quality of the park’s viewshed. 
Additionally, a post 9/11 fence between the 
park and the base potentially disrupts the 
movement of wildlife and should be consid-
ered for further study.

Petersburg National Battlefield Natural Resource Condition Assessment

Eastern Front

Five Forks

Figure 2.11 Land cover 
data from NLCD 1992, 
showing a 30 km (19 
mi) buffer around Peters-
burg National Battlefield. 
Adapted from NPScape 
products (Budde et al. 
2009).
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Regional threats 

Regional threats to eastern Virginia that 
influence Petersburg NB’s natural resources 
include poor air quality, changes in climate, 
and increasing light and sound pollution. 

Degraded air quality 

The East Coast has some of the worst air 
pollution in the U.S., with poor visibility, 
elevated ozone concentrations, and el-
evated rates of nitrogen and sulfur deposi-
tion (Driscoll et al. 2001, NPS ARD 2010). 
Air quality affects the health of humans, 
and terrestrial and aquatic ecosystems. It 
is largely influenced by fossil fuel combus-
tion (e.g., cars or coal power generation), 
as well as other factors such as smelters and 

forest fires. Elevated ozone concentrations 
are known to cause premature defoliation 
of plants (Kline et al. 2008). Nitrogen and 
sulfur deposition can acidify and fertilize wa-
ters and soils, which affects nutrient cycling, 
vegetation structure, stream biodiversity and 
surface water eutrophication (Sullivan et al. 
2011). Air pollutants can be transported long 
distances (e.g., sulfate can be transported 
more than 500 km [300 mi]) making manage-
ment of these threats difficult at the local 
scale. 

Climate, sea level rise, and increased storm 
activity 

Sea level rise and an increased frequency of 
hurricanes and other large storms associated 
with climate change have the potential to 
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Five Forks
Five Forks

Five ForksFive Forks

Eastern Front

Eastern Front
Eastern Front

Eastern Front

Figure 2.12 Housing den-
sity from 1950 and 1990 
and projections to 2010 
and 2050 showing a 30 
km (19 mi) buffer around 
Petersburg National 
Battlefield. Adapted from 
NPScape products (Budde 
et al. 2009). 



23

damage park structures and natural resourc-
es such as park wetlands and tidal freshwater 
swamps (Karl et al. 2009). Grant’s headquar-
ters at City Point is especially vulernable due 
to its close proximity to the James and Appo-
mattox Rivers. Sea level rise results in greater 
storm surge heights leading to shoreline ero-
sion and loss of habitat, infrastructure, and 
archaeological and cultural sites. Combined 
with increased erosion, elevated sea levels 
can lead to greater saltwater intrusion that 
would affect groundwater salinity (Werner 
and Simmons 2009). This would affect veg-
etation and organisms that depend on low 
salinity for habitat or reproduction. Further-
more, increased storm activity can directly 
alter habitat structure and the succession of 
plant communities.
 
Light and sound pollution 

The lower 48 states of the U.S. have some 
of the highest levels of artificial lighting in 
the world. The lack of dark night skies has 
ecological impacts on wildlife habitat quality, 
species interactions, and migration patterns 
(Rich and Longcore 2006). Park soundscapes 
have also been highly degraded throughout 
the U.S. due to development outside park 
boundaries (Miller 2008). Properly function-
ing soundscapes are important for intraspe-
cies communication, territory establishment, 
courting and mating, nurturing and protect-
ing young, predation and predator avoid-
ance, and effective use of habitat. Both light 
and noise pollu-
tion can also dis-
tract visitors from 
their appreciation 
of the park’s natu-
ral resources and 
the purpose of its 
cultural areas—the 
tranquility of his-
toric settings and 
the solemnity of 
memorials, battle-
fields, prehistoric 
ruins, and sacred 
sites. 

2.3 RESOURCE STEWARDSHIP 

2.3.1 Management Directives and Plan-
ning Guidance 

“The mission of Petersburg National Battlefield 
is to preserve the nationally significant resources 
associated with the campaign, siege and defense of 
Petersburg and Poplar Grove National Cemetery, 
and to provide an understanding of the events and 
their causes, impacts and legacy to individuals, the 
community and the nation in the full context of 
American history.” (NPS 2004)

Fundamental resources

Fundamental resources and values are the 
features, systems, processes, experiences, 
scenes, sounds, or other resources that col-
lectively capture the essence of the park and 
warrant primary consideration by managers 
because they are critical to achieving the 
park’s purpose (Carruthers et al. 2012). The 
National Park Service is steward to many 
of America’s most important natural and 
cultural resources and is charged with their 
preservation for the enjoyment of present 
and future generations. 

Petersburg NB, like many other units in 
the National Park System, has highly val-
ued cultural resources - i.e., the material 
evidence of past human activities. These 
resources are finite and nonrenewable and 
begin to deteriorate almost from the moment 
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Taylor house during 
winter at Petersburg Na-
tional Battlefield.
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of their creation. Conforming to the spirit 
of the NPS Organic Act of 1916 and various 
historic preservation laws, park manage-
ment activities must reflect awareness of 
the irreplaceable nature of these material 
resources. Under the guidance of the NPS 
Natural Inventory and Monitoring Program, 
the park also has begun a major undertaking 
to develop baseline data for fish, reptiles and 
amphibians, birds, mammals and vascular 
plants. Park cultural and natural resource 
management involves research, evalua-
tion, documentation, registration of park 
resources, and setting priorities that ensure 
these resources are preserved, protected, 
and interpreted to the public. 
The Petersburg National Battlefield General 
Management Plan (NPS 2004) describes 
the park’s vision for preserving nationally 
significant battlefields, expanding stories as-
sociated with the Petersburg Campaign and 
providing services and facilities that enhance 
the visitor experience. To meet these goals, 
four alternative management options are 
described. Each alternative provides a differ-
ent approach for protecting and preserving 
resources, providing a high quality visi-
tor experience and facilities, and creating 
partnerships. The alternatives are organized 
by mission goals, management zones, and 
management prescriptions.

Alternative A: Continuation of Current 
Management

Alternative A, the no action alternative, iden-
tifies the current management direction and 
provides a baseline with which to compare 
the other alternatives, as required by the 
National Environmental Policy Act. It retains 
the management guidance and direction of 
the 1965 Master Plan, including its identifi-
cation of significant resources, its boundar-
ies as modified by legislation, and its policies 
for battlefields and historic properties. The 
visitor experience begins with an overview 
of the events at the Eastern Front unit and 
continues with a tour of the NPS sites: major 
fortifications, portions of four battlefields 
and the Appomattox Manor. This alternative 
focuses on the existing park resources and 
relies entirely on NPS to conserve resources, 
interpret the story and develop and manage 
the facilities. Partnerships continue to be 
developed with individuals, organizations 
or agencies to conserve Civil War resources 
outside the park.

Alternative B: Saving the Battlefields

Under Alternative B, the park places the 
highest value for staffing and financial 
resources on battlefield preservation both 
inside and outside current park boundar-
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ies. A boundary expansion of 7,238 acres is 
proposed (Figure 2.13). The majority of the 
park’s activities are directed towards pro-
tecting battlefield lands through easements, 
partnership efforts, landowner outreach 
and education efforts and direct purchase. 
The historical and contextual importance of 
Petersburg NB, the surrounding battlefield 
lands, and the need to protect the “blood-
soaked ground” for future generations is 
emphasized and expanded. Visitor services 
currently underway remain as is, with the 
addition of another program component 
regarding the importance of the park’s pres-
ervation efforts and strategies. Educational 
outreach targets both students and adults for 
innovative learning. Visitors continue to use 
the Eastern Front Visitor Center as the main 
point of entry and orientation. Since the 
highest concentration of important battle-
fields is located here, visitor contact and 
resources can be maximized. Appomattox 
Manor provides limited visitor services. The 
visitor contact station at Five Forks Battle-
field is removed and relocated. Partnerships 
that promote battlefield preservation receive 
the most consideration in terms of outreach 
and staff efforts. Technical assistance to sur-
rounding localities and local landowners are 
an integral part of the park’s advocacy role in 
achieving resource protection.

Alternative C: Telling the Stories

Alternative C focuses the park’s priorities 
on creating dynamic interpretation with 
resources geared towards interactive and 
animated programs using modern technol-
ogy where appropriate, the latest interpretive 
tools, and staff. At each unit, a full and com-
prehensive interpretive program is available, 
meaning that each unit’s story is explained 
within the context of the overall campaign. 
There is a limited boundary expansion of 
2,030 acres for protecting existing resources 
and providing better access for interpreta-
tion. A more complete  understanding of the 
Civil War is emphasized, including causes 
and experiences during the War,  reconcili-
ation after the War, and the relevance of the 
War to people today. The existing visitor 
center is upgraded to provide for more inter-
pretive media and exhibits. Visitors begin by 

being oriented to the Petersburg Campaign 
at any of the park units. At each unit, a full 
and comprehensive interpretive program is 
available. New programs and expanded facil-
ities are developed at Grant’s Headquarters 
at City Point, the Home Front in Old Town 
Petersburg, Poplar Grove National Cemetery 
and Five Forks Battlefield. Partnerships with 
Civil War organizations and sites are the 
mechanism by which nationally significant 
battlefields outside the park’s boundary 
are preserved. Park staff provides technical 
assistance and increases its advocacy role in 
the community. Partnerships with scholars, 
historians and educational institutions are 
also pursued.

Alternative D: The Landscapes Tell the Stories

In Alternative D, the cultural landscape 
is the mechanism by which the Civil War 
stories are told. A boundary expansion of 
7,238 acres preserves nationally significant 
battlefields, protects existing park resources 
and creates opportunities for visitors to ac-
cess these significant Civil War landscapes 

Petersburg National Battlefield Natural Resource Condition Assessment

Figure 2.13 Proposed 
boundary expansion 
in Petersburg Na-
tional Battlefield.
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and resources. The interpretive program is 
dynamic and interactive, conveying a more 
comprehensive Civil War story by making 
full use of battlefield resources. The visitor 
experience is much more compelling, as they 
are immersed in the landscape upon which 
battles were fought. The efforts of NPS and 
others to protect battlefields and other Civil 
War-related resources are emphasized. Visi-
tors can begin and be fully oriented at any of 
the park units. New programs and expanded 
facilities are developed at Grant’s Headquar-
ters at City Point, the Home Front in Old 
Town Petersburg, Poplar Grove National 
Cemetery and Five Forks Battlefield. Part-
nerships with localities and organizations 
that promote battlefield preservation and 
further Civil War education and interpreta-
tion are pursued.
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3.1 PRELIMINARY SCOPING

3.1.1 Park Involvement

Preliminary scoping for the Petersburg 
National Battlefield (Petersburg NB) Natural 
Resource Condition Assessment (NRCA) 
began in August 2011 with a meeting of all 
park staff having expertise on the park’s 
resources. At the meeting, park management 
objectives were discussed in detail and an 
initial cataloging of natural resource values 
and stressors to the park began. The Eastern 
Front unit of the park was also toured, with a 
follow-up visit to tour the Five Forks unit in 
October 2011.

The compilation of data began immediately 
following this kick-off meeting. Archived 
data for park resources were organized into 
an electronic library comprised of manage-
ment reports, hard data files, and geospatial 
data (GIS), which provided the primary 
sources for the assessment. Data sets were 
obtained from multiple divisions within the 
National Park Service (NPS) including the 
park, Air Resources Division, Exotic Plant 
Management Team, NPScape and the Inven-
tory and Monitoring (I&M) Program; U.S. 
Environmental Protection Agency (EPA); 
and regional scientific experts who have 
worked in the park.

Planning and exchange of data continued 
through a series of follow-up meetings with 
park staff from Petersburg NB, the Mid-At-
lantic Network of the I&M Program, and the 
University of Richmond. Outcomes of these 
meetings helped identify natural resources 
to be included in the assessment, identify 
key metrics to assess the condition of these 
resources, and assign desired or target values 
for the metrics. These meetings also pro-
vided the context of current conditions and 
background information not necessarily 
available in published form. 

Strong collaboration with park natural 
resource staff was essential to the success of 
this assessment. Key park staff invested sig-
nificant time to assist in the development of 

reference conditions, calculation of metrics, 
and interpretation of findings.

3.2 STUDY DESIGN

3.2.1 Reporting Areas

The focus of the reporting area for the 
NRCA was the Petersburg National Battle-
field legislative boundary. Petersburg NB is 
comprised of many separate units includ-
ing the: Eastern Front, Five Forks, Grant’s 
Headquarters at City Point, Fishhook, Fort 
Gregg, and Poplar Grove National Cem-
etery. Data were compiled from all units of 
Petersburg NB to calculate overall park-level 
scores. When possible, condition scores also 
were calculated for the two main units: the 
Eastern Front and Five Forks units. These 
two units are significantly larger than other 
units of the park, and at this time, have 
significantly more information available on 
their natural resources.

3.2.2 Assessment Framework

Metrics form the basis of this condition 
assessment. Efforts were made to integrate 
NPS I&M ecological monitoring metrics 
associated with ‘vital signs,’ into the as-
sessment. Fancy et al. (2009) defines vital 

Chapter 3: Study Approach

One of the report authors 
during a site visit. 
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Petersburg National Battlefield Natural Resource Condition Assessment

Figure 3.1 Vital signs categories and metrics used for assessment of Petersburg National Battlefield.

Vital Signs Metrics



33

Acidic Oak - Hickory Forest (Northern Red Oak, Hickory species) Forest Alliance)
Coastal Plain Mixed Oak / Heath Forest (Southern Red Oak, Post Oak)
Disturbed Calcareous Forest
Forested Earthworks
Loblolly Pine - Hardwood Forest
Loblolly Pine Plantation / Early-Successional Loblolly Pine Forest
Mesic Mixed Hardwood Forest
Successional Mixed Scrub
Successional Sweetgum Forest
Barren Land
Beaver Wetland Complex
Coastal Plain / Piedmont Acidic Seepage Swamp (Red Maple - Blackgum)
Coastal Plain / Piedmont Floodplain Swamp Forest (Mixed Oak - Red Maple Type)
Coastal Plain / Piedmont Small-Stream Floodplain Forest (Tuliptree, Red Maple)
Cultural Meadow (Orchard Grass - Common Sheep Sorrel)
Open Earthworks
Other Urban or Built-up Land
Semipermanent Impoundment
Transportation, Communications, and Utilities
Successional Tuliptree Forest
 

Mixed Deciduous
Mixed Deciduous
Mixed Deciduous
Earthworks
Conifer Forest
Conifer Forest
Mixed Deciduous
Mixed Deciduous
Mixed Deciduous
Developed
Wetland
Wetland
Wetland
Wetland
Grassland
Earthworks
Developed
Wetland
Developed
Mixed Deciduous

 Map Class                                                                                                                                        Reclass

signs as a “subset of physical, chemical, and 
biological elements and processes of park 
ecosystems that are selected to represent the 
overall health or condition of Park resources, 
known or hypothesized effects of stressors, 
or elements that have important human 
values”. The I&M vital signs are: Air, Water, 
Biotic Integrity, Landscapes (pattern and 
processes), Human use, and Geology and 
Soil. For the purpose of calculating natural 
resource condition in Petersburg NB, only 
the first four vital signs were used, though 
general features of ‘human use’ and ‘geol-
ogy and soil’ are discussed throughout the 
report. Vital sign metrics were chosen by the 
park in collaboration with the University of 
Richmond and are outlined in Figure 3.1. 

Detailed information of relevance, methods, 
reference condition, current condition, and 
trend are provided for each metric in Chap-
ter 4. Each indicator also contains a section 
describing data gaps and level of confidence, 
which is given as a qualitative rating (i.e., 
low, fair, high) based on best professional 

judgment. Confidence in assessment did not 
influence calculation of attainment of assess-
ment scores. 

For assessment of landscape metrics, it was 
sometimes necessary to categorize the park 
land cover into general classes, especially 
forest and grassland habitat types. Using 
Patterson’s (2008) vegetation mapping of the 
park, we reclassed the 20 vegetation alliances 
into 5 categories: forest (mixed deciduous 
and conifer), grassland, wetland, earthworks, 
and developed (Table 3.1, Figure 3.2). 

3.2.3 Condition Assessment Calculations

A total of 25 Vital Sign metrics were reviewed 
in this assessment (Figure 3.1). The approach 
for assessing resource condition within 
Petersburg NB (as separate units and the 
park as a whole) required establishment of a 
reference condition (i.e., threshold) for each 
metric. Thresholds ideally were ecologically 
based and derived from the scientific litera-
ture. However, when data were not available 

Petersburg National Battlefield Natural Resource Condition Assessment

Table 3.1 Major vegetation classes for Petersburg National Battlefield (Patterson 2008).
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to support peer-reviewed ecological thresh-
olds, regulatory and management-based 
thresholds were used. Instances when best 
professional judgment was used in consulta-
tion with park staff to define thresholds were 
clearly identified in the “Data gaps and level 
of confidence” subsections of Chapter 4.

The attainment of threshold metrics were 
calculated based on the percentage of sites 
or samples that met or exceeded threshold 
values for each metric. A metric attainment 
score of 100% reflected that the metric at all 
sites and at all times met the threshold iden-
tified to maintain natural resources. Con-
versely, a score of 0% indicated that no sites 
at any sampling time met the threshold value. 
Once attainment was calculated for each 
metric, an unweighted mean was calculated 
to determine the condition of each vital sign 
category for each major park unit and for 
the park as a whole. Attainment scores were 
categorized on a scale from very good to very 
degraded. Metrics were assigned a qualita-

tive rating corresponding to the quantitative 
score: very degraded (0-20%), degraded 
(>20-40%), fair (>40-60%), good (>60-80%), 
and very good (>80-100%). 

Attainment scores for each metric are pre-
sented in Chapter 4 and synthesized further 
into overall park and unit scores in Chapter 
5. Key findings and recommendations are 
also summarized for each vital sign category 
in Chapter 5.
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Eastern Front

Five Forks

Figure 3.2 General 
land cover types for 
the two largest units 
of Petersburg Na-
tional Battlefield (Pat-
terson 2008).
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4.1 AIR QUALITY

4.1.1 Ozone

Relevance and context

Ozone, a secondary atmospheric pollutant, 
is not directly emitted, but is formed by a 
sunlight driven chemical reaction on nitrous 
oxides and volatile organic compounds 
emitted largely from burning fossil fuels 
(Haagen-Smit and Fox 1956). In humans, 
ozone can cause a number of health-related 
issues such as lung inflammation and re-
duced lung function, which can result in 
hospitalization. Ozone concentrations of 
120 ppb can be harmful with only short 
exposure during heavy exertion such as 
jogging. Similar symptoms can occur from 
prolonged exposure to 
concentrations of 80 
ppb ozone (McKee et 
al. 1996). One study in 
which 28 plant species 
were exposed to ozone 
for between three and 
six weeks, showed 
foliar impacts including 
premature defoliation 
in all species at ozone 
concentrations between 
60 and 90 ppb (Kline 
et al. 2008). Many of 
these species are found 
in Petersburg National 
Battlefield (Petersburg 
NB) (Table 4.1). Ozone 
can also negatively 
affect pollination by 
destroying the scent-
bearing molecules 
released by flowers to 
attract pollinators. As 
a consequence, a wide 
variety of Eastern U.S. 
vegetation may be vul-
nerable on NPS lands 
(Lovett et al. 2009). 
Ozone pollution may 

also be playing a role in the recent collapse 
of honeybee and bumblebee colonies in the 
U.S. (McFrederick et al. 2008).

Data and methods

Ozone is not measured within the park 
boundary but is interpolated from nearby 
stations, specifically 75-B, by kriging, a 
statistical interpolation process (Figure 4.1). 
Data used for the assessment were evaluated 
as the 5-year average of the 4th highest daily 
maximum 8-hour average ozone concentra-
tion measured between 2006 and 2010 and 
supplied by NPS Air Resources Division 
(NPS ARD 2011). There is only one assess-
ment point within the park relevant to our 
current time period. This value was assessed 
against the threshold (ozone standard) for 

Chapter 4: Natural Resource Conditions

Figure 4.1 Air quality 
monitoring in or near the 
Mid-Atlantic Network
 (http://www.nature.nps.
gov/air/permits/aris/net-
works/midn.cfm)



36

Asclepias syriaca 

Cercis canadensis 

Fraxinus pennsylvanica 

Liquidambar styraciflua 

Liriodendron tulipifera 

Parthenocissus quinquefolia 

Philadelphus coronarius 

Pinus taeda 

Pinus virginiana 

Platanus occidentalis 

Prunus serotina 

Rhus copallina

Robinia pseudoacacia 

Rubus allegheniensis 

Sassafras albidum 

Verbesina occidentalis 

Vitis labrusca  

Common milkweed 

Redbud 

Green ash

Sweetgum 

Yellow-poplar 

Virginia creeper

Sweet mock-orange 

Loblolly pine  

Virginia pine 

American sycamore 

Black cherry 

Flameleaf sumac 

Black locust 

Allegheny blackberry 

Sassafras 

Crownbeard 

Northern fox grape 

Asclepiadaceae

Fabaceae

Oleaceae

Hamamelidaceae

Magnoliaceae

Vitaceae

Hydrangeaceae

Pinaceae

Pinaceae

Platanaceae

Rosaceae

Anacardiaceae

Fabaceae

Rosaceae

Lauraceae

Asteraceae

Vitaceae

                                     Latin    Name                                                 Common Name                          Family

the quantification of current condition. For 
assessment of trends, NPS ARD estimates 
of the 5-year average values were considered 
dating back to the 1999 to 2003 analysis win-
dow (NPS ARD 2011). 

Threshold

Ground-level ozone is regulated under the 
Clean Air Act, and the U.S. EPA is required 
to set standard concentrations for ozone 
(U.S. EPA 2004). In 1997, the ozone standard 
was set by the National Ambient Air Quality 
Standards (NAAQS) as 80 ppb for the 3-year 
average annual 4th highest daily maximum 

8-hour ozone concentrations (U.S. EPA 
2006). This standard has subsequently been 
lowered to 75 ppb (NAAQS 2008), with a 
current proposal for further reduction to 
an acceptable range of 60-70 ppb (Federal 
Register 2010). For this assessment, multiple 
threshold concentrations were used: >75 
ppb was considered to be of significant con-
cern (attainment score of 0%) and concen-
trations <60 ppb (set as 80% of the standard 
concentration limit) were considered in 
good condition (assigned an attainment 
score of 100). Concentrations between 60-75 
ppb were considered in moderate condition 
(NPS ARD 2010), and condition scores were 

Petersburg National Battlefield Natural Resource Condition Assessment

Table 4.1 NPS Ozone Injury Risk Assessment (NPS 2004) listed the following species at risk of foliar injury 
from ozone in Petersburg National Battlefield
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0% Attainment Threshold: ≥75 ppb

100% Attainment Threshold: ≤60 ppb

scaled linearly from 0 to 100% attainment 
between these two reference points.  

Current condition and trend 

The 2006-2010 value of 75.1 ppb indicates a 
significant concern based on comparison to 
the threshold of 75.0 ppb (NPS ARD 2012). 
This represents a current attainment of 0% 
for the park. 

Ozone has been improving over the past 
decade. From the NPS Air Quality estimates 

(five-year averages), the interpolated 4th 
highest daily maximum 8-hour ozone con-
centration for the park has decreased for  6 
successive 5-year periods from 88.5 ppb in 
1999-2003 to 75.1 ppb in 2006-2010 (Fig-
ure 4.2). This reported trend is consistent 
with the 10-year trend reported in the 2009 
Annual Performance and Progress report 
(NPS ARD 2010), which found that no park 
units in the Eastern U.S. show a degrading 
trend, with a majority showing significant or 
possible improvement in atmospheric ozone 
concentration (Figure 4.3) (NPS ARD 2010). 

Petersburg National Battlefield Natural Resource Condition Assessment

Figure 4.3 National 
10-year trends in an-
nual 4th-highest 8-hour 
ozone concentration 
ppb, 1999–2008 (NPS 
ARD 2010). 

Figure 4.2 Five-year 
average values of an-
nual 4th-highest 8-hour 
ozone concentration 
for Petersburg National 
Battlefield (NPS ARD 
2011,NPS ARD 2012).
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Data gaps and level of confidence

Most parks have no on-site ambient air qual-
ity monitoring; however, in most cases, there 
are nearby monitoring sites. These regional 
air data must be translated to park-level esti-
mates. Ozone is the most widely distributed 
air pollutant in the Northeast United States 
based on current sampling sites (Figure 4.1). 
Although the data used for the assessment 
represent 5-year average values, which were 
compared to thresholds based on 3-year 
average concentrations, there is no reason to 
believe this difference would bias the results. 
Confidence in the current assessment is 
therefore high. 

Sources of expertise 

Holly Salazer, NPS Northeast Region Air 
Resources Coordinator 
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0% Attainment Threshold: ≥3 kg/ha/yr

100% Attainment Threshold: ≤1 kg/ha/yr

4.1.2 Total Wet Nitrogen Deposition

Relevance and context

Atmospheric deposition is the accumula-
tion of airborne particles and gases on the 
earth’s surface. This process can occur either 
through precipitation (wet deposition) or as 
a result of atmospheric settling, impaction, 
and adsorption (dry deposition)(Porter and 
Morris 2007). For this assessment, we con-
sidered only wet deposition of total nitrogen 
and total sulfur. The National Atmospheric 
Deposition Program (NADP) has monitored 
wet deposition through testing of snow and 
rain samples for 20 years (Sullivan 2011b). 
Deposited material includes a wide variety 
of natural and anthropogenic pollutants, in-
cluding inorganic elements and compounds 
(e.g., nitrogen, sulfur, basic cations, mercury 
and other metals) and organic compounds 
(e.g., pesticides and herbicides). Once 
deposited, pollutants can have significant 
ecosystem effects (Porter and Morris 2007). 

Both terrestrial and aquatic ecosystems 
effects of atmospheric nitrogen (N) deposi-
tion have become increasingly recognized 
(NPS ARD 2010). These impacts result 
largely from the acidification and nutrient 
fertilization of waters and soils, and include 
such measurable effects as the disruption 
of nutrient cycling, changes to vegetation 

structure, loss of stream biodiversity and 
the eutrophication of streams and coastal 
waters (Driscoll et al. 2001; Porter and 
Johnson 2007). During the 1940s and 1950s 
the United States and Britain recognized that 
coal burning emissions from large scale in-
dustry, such as power plants and steel mills, 
were causing severely degraded air quality in 
major cities. This was resulting in significant 
impacts to human health. By the early 1970s, 
the US EPA had established the National 
Ambient Air Quality Standards (NAAQS) 
(Porter and Johnson 2007). 

Data and methods

Data used for the assessment were deposi-
tion concentrations kriged from nearby 
stations (Figure 4.1) and multiplied by 
normalized precipitation (PRISM 1971-2000 
30-year average; Daly et al. 2002) to inter-
polate total N deposited between 2006 and 
2010 for the central point within Petersburg 
NB. These data were supplied by NPS Air 
Resources Division (NPS ARD 2012). There 
is currently only one assessment point rel-
evant for our time period, so this value was 
assessed against the reference condition. For 
assessment of trends, NPS ARD estimates 
of the five-year average values were consid-
ered dating back to the 2001 to 2005 analysis 
window (NPS ARD 2011).

Petersburg National Battlefield Natural Resource Condition Assessment

Figure 4.4 Five-year av-
erage values of in total 
nitrogen wet deposition 
(kg/ha/yr) for Petersburg 
NB (NPS ARD 2012).
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Threshold

The total natural background nitrogen 
deposition in the Eastern U.S. is 0.5 kg/ha/
yr, which equates to a wet deposition of 
approximately 0.25 kg/ha/yr (Porter and 
Morris 2007; NPS ARD 2011b). The NPS 
Air Resources Division has established wet 
nitrogen deposition guidelines as <1 kg/ha/
yr indicating good condition, 1-3 kg/ha/yr 
indicating moderate, and >3 kg/ha/yr indi-
cating significant concern (NPS ARD 2011). 
While there is no evidence of ecosystem 
harm at deposition rates less than 1 kg/ha/
yr, sensitive ecosystems show responses to 
wet nitrogen deposition rates as little as 1.5 
kg/ha/yr (Fenn et al. 2003). For this assess-
ment,  multiple thresholds were used; ≥3 
kg/ha/yr was considered to be of significant 
concern (score of 0%), deposition rates ≤ 1 
kg/ha/year was considered in good condition 
(attainment score of 100%), and deposition 
between 3 kg/ha/yr and 1 kg/ha/yr was con-
sidered in moderate condition and attain-
ment scores were scaled linearly from 0 to 
100 between these two reference points.  

Current condition and trend 

The 2006-2010 value of total N wet deposi-
tion (3.90 kg/ha/yr), indicates a significant 
concern based on comparison to the thresh-
old of 3 kg/ha/yr. This represents a condition 
of 0% attainment (NPS ARD 2012). 

Total N wet deposition has been decreasing 
from a value of 4.30 kg/ha/yr for 2001-2005 
to 3.90 kg/ha/yr for 2006-2010(Figure 4.4; 
NPS ARD 2012). This change reflects an 
improving trend consistent with U.S.-wide 
reductions in emissions over the past de-
cades (Driscoll et al. 2001), and is consistent 
with decreasing trends in most parks in the 
eastern U.S. (NPS ARD 2010). However, 
large reductions in nitrogen wet deposition 
are still required to reduce negative impacts 
on natural resource condition (Porter and 
Johnson 2007). Sullivan et al. (2011b) found 
Petersburg NB to be at a very high pollutant 
exposure and at moderate summary risk for 
acidification damage. 

Petersburg National Battlefield Natural Resource Condition Assessment

Figure 4.5 Total 
N deposition 
estimates for 
the Mid-Atlantic 
Network (Sul-
livan et al. 
2011a). 
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Data gaps and level of confidence

Many of the Mid-Atlantic Network parks 
are miles from the closest NADP/National 
Trends Network monitoring stations requir-
ing considerable interpolation to derive 
park-based estimates (Figures 4.1 and 4.5). 
The distance between monitoring station 
and park is problematic because variability 
in wind patterns and localized meteorology 
may significantly affect pollutant deposition. 
The closest monitoring site to Petersburg 
NB was installed in 1999 in Prince Edward 
County, VA (site #VA24) approximately 100 
km (62 miles) from the park. In addition to 
the spatial interpolation concerns, a clear 
set of ecosystem thresholds is also required 
(Porter and Johnson 2007). Confidence in 
the current assessment is fair.

Sources of expertise 

Holly Salazer, NPS Northeast Region Air 
Resources Coordinator
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4.1.3 Total Wet Sulfur Deposition

Relevance and context  

Sixty percent of U.S. emissions of sulfate 
(SO2 ) come from electric utilities and 41% 
come from the seven Midwest states cen-
tered on the Ohio Valley (Driscoll et al. 
2001). Once in the atmosphere, SO2 is highly 
mobile and can be transported distances 
greater than 500 km (311 miles) (Driscoll et 
al. 2001). As a consequence, sulfur deposi-
tion is higher in the Eastern United States 
than the Western United States, although 
deposition estimates are complex due to 
meteorology, atmospheric transport, atmo-
spheric chemistry, precipitation patterns, 
and vegetation cover (Sullivan et al. 2011). 
Emissions of SO2 in the U.S. increased from 9 
million metric tons in 1900 up to 28.8 million 
metric tons by 1973. After the establishment 
of the Clean Air Act regulations, emissions 
of SO2 were reduced to 17.8 million metric 
tons by 1996 (Driscoll et al. 2001). The effect 
of this emission reduction on deposition 
rates was substantial. However, large areas of 
the Eastern U.S. remain well above natural 
background levels for sulfur wet deposition 
(Driscoll et al. 2001).Wet sulfur deposition 
can cause acidification of soil, soil water, 
lakes, and streams (Sullivan et al. 2011). 

Data and methods 

Data used for the assessment were statisti-
cally interpolated by NPS Air Resources 
Division from the closest NADP/NTN 
monitoring stations for the central point 
within Petersburg NB (NPS ARD 2012).  The 
closest monitoring site to Petersburg NB is 
in Prince Edward County, VA (site #VA24) 
(Figure 4.1). Because there is only one as-
sessment point for the park per time period, 
this single value was assessed against the ref-
erence condition. For current condition, the 
average annual total sulfur wet deposition 
for the five-year period from 2006-2010 was 
used (NPS ARD 2012). For assessment of 
trends, five year average values dating back 
from 2001 to 2005 were also analyzed (NPS 
ARD, 2011a).

Threshold

Natural background sulfur deposition in the 
Eastern U.S. is 0.5 kg/ha/yr, which equates to 
a wet deposition of approximately 0.25 kg/
ha/yr (Porter and Morris 2007; NPS ARD 
2010). NPS Air Resources Division has es-
tablished wet sulfur deposition guidelines of 
<1 kg/ha/yr indicating good condition, 1-3 
kg/ha/yr indicating moderate, and >3 kg/ha/
yr indicating significant concern. For this as-
sessment,  multiple thresholds were used; ≥3 
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Figure 4.6 Five-year 
average values of total 
sulfur wet deposition 
(kg/ha/yr) for Petersburg 
National Battlefield (NPS 
ARD 2012).



44

kg/ha/yr was considered to be of significant 
concern (score of 0%), deposition rates ≤ 1 
kg/ha/year was considered in good condition 
(attainment score of 100%), and deposition 
between 3 kg/ha/yr and 1 kg/ha/yr was con-
sidered in moderate condition and attain-
ment scores were scaled linearly from 0 to 
100 between these two reference points. 

Current condition and trend 

The 2006-2010 average annual sulfur wet 
deposition rate was 4.20 kg/ha/yr, indicating 
a significant concern based on comparison 
to the threshold of <1 kg/ha/yr  (Figure 4.6). 
This represents a current condition of 0% 
attainment.

Total sulfur wet deposition has decreased 
slightly from a value of 5.24 kg/ha/yr for 
2001-2005 (NPS ARD 2012). Phase I of the 
sulfate reduction provision of the Clean Air 
Act ran from 1995 through 1999 and affected 
roughly 440 of the largest emitting utility 
facilities, primarily in the Eastern United 
States. Phase II began in 2000, extending to 
all affected sources throughout the country 
(Driscoll et al. 2001).

Data gaps and level of confidence

Many of the closest NADP/NTN monitoring 
stations within the Mid-Atlantic Network 
are located far from the parks (Figure 4.1).
The distance to, and location of these sites is 
problematic, because wind patterns and lo-
calized meteorology may significantly affect 
pollutant deposition. The closest monitoring 
site to Petersburg NB was installed in Prince 
Edward County, VA (site #VA24) in 1999. 
A clear set of ecosystem thresholds is also 
required (Porter and Johnson 2007). Confi-
dence in the current assessment is fair.

Sources of expertise 

Holly Salazer, NPS Northeast Region Air 
Resources Coordinator 

Literature cited

Driscoll CT, GB Lawrence, AJ Bulger, TJ 
Butler, CS Cronan, C Eagar, KF Lambert, 

GE Likens,  JL Stoddard, and KC Weathers. 
2001. Acidic deposition in the northeastern 
United States: sources and inputs, ecosystem 
effects, and management strategies. Biosci-
ence 51(3): 180-198

National Park Service, Air Resources Divi-
sion. 2010. Air quality in national parks: 2009 
annual performance and progress report. 
Natural Resource Report NPS/NRPC/ARD/
NRR—2010/266. National Park Service, 
Denver, Colorado.

National Park Service, Air Resources Divi-
sion. 2011a. 5-Year average wet deposi-
tion estimates. NPS Air Quality Estimates. 
National Park Service. Denver, CO. Available 
at http://www.nature.nps.gov/air/Maps/Ai-
rAtlas/IM_materials.cfm                                                         

National Park Service, Air Resources Divi-
sion. 2011b. Rating air quality conditions. 
Natural Resource Report NPS/NRPC/ARD/
NRR—2011/266. National Park Service, 
Denver, Colorado. Available at: http://www.
nature.nps.gov/air/planning/docs/20111122_
Rating-AQ-Conditions.pdf

National Park Service, Air Resources Divi-
sion. 2012. 5-year average wet deposition es-
timates. NPS Air Quality Estimates. National 
Park Service. Denver, CO. Available at http://
www.nature.nps.gov/air/Maps/AirAtlas/docs/
Air_Atlas_Values_Tables/Wet_Deposition/
NPS_AQC_WetDep_0610_PRISM_web.pdf

Porter E and K Morris. 2007. Wet deposition 
monitoring protocol: Monitoring atmo-
spheric pollutants in wet deposition. Natural 
Resource Technical Report NPS/NRPC/
ARD/NRTR— 2007/004. National Park 
Service, Fort Collins, CO.

Sullivan TJ, GT McPherson, TC McDonnell, 
SD Mackey, and D Moore. 2011. Evaluation 
of the sensitivity of inventory and monitor-
ing national parks to acidification effects 
from atmospheric sulfur and nitrogen 
deposition: main report. Natural Resource 
Report NPS/NRPC/ARD/NRR—2011/349. 
National Park Service, Denver, Colorado. 

Petersburg National Battlefield Natural Resource Condition Assessment



45

 

0% Attainment Threshold: ≥8 kg/ha/yr

100% Attainment Threshold: ≤2 kg/ha/yr

4.1.4 Visibility

Relevance and context

Improving visibility in national parks and 
wilderness areas has been of special concern 
to protect the scenic vistas expected by visi-
tors. Particles less than 2.5 m diameter (PM 
2.5) are emitted as smoke from power plants, 
gasoline and diesel engines, wood combus-
tion, steel mills, forest fires, and chemical 
reactions (U.S. EPA 2006). These particles 
can have significant health impacts and 
negatively effect visibility (U.S. EPA 2004b, 
Cheung et al 2005). Although the presence of 
organic matter, soot, nitrates, and soil dust all 
impair visibility, the major cause of reduced 
visibility in the Eastern U.S. is sulfate parti-
cles formed from coal combustion (National 
Research Council 1993). The Clean Air Act 
includes visibility as an indicator of broader 
air quality degradation linked to human 
activities (U.S. EPA 2004a). 

Data and methods 

Data used for the assessment were statisti-
cally interpolated from nearby haze monitor-
ing stations (IMPROVE Station #28) to the 
central point within Petersburg NB (NPS 
ARD 2012). The haze index in deciviews 
(dv) indicates the difference between current 
group 50 visibility (mean of the 40th – 60th 
percentile data) and the natural group 50 
visibility (estimated visibility in the absence 
of human caused visibility impairment) (U.S. 

EPA 2003; NPS ARD 2011). Current condi-
tion was assessed using the average haze 
index value for the five-year period from 
2006-2010. For assessment of trend, data 
dating back to 2001 were also analyzed. 

Threshold

A calculated haze index where the visibility 
is ≥8 dv above a natural visibility condition 
was considered of significant concern (score 
of 0% attainment). Concentrations ≤ 2 dv 
above a natural visibility condition were con-
sidered as in good condition (score of 100% 
attainment)(NPS ARD 2010). Concentra-
tions between 2-8 dv above a natural visibil-
ity condition were scaled linearly from 0 to 
100% between these two reference points.

Current condition and trend 

The 2006-2010 value of 11.2 dv indicates a 
significant concern (Figure 4.7). This repre-
sents a current condition of 0% attainment. 
The trend in these data indicate improving 
conditions in recent years (Figure 4.7). A 
national assessment of 10-year trends in vis-
ibility within 163 National Park units found 
that, throughout the country, 12 park units 
showed significant improvement, five signifi-
cant decline and the remaining 146 showed 
no trend (NPS ARD 2010). Considering data 
from the haziest days in the eastern U.S., 
several of the parks in Virginia showed pos-
sible or significant improvement from 1999 
to 2008 (Figure 4.8). 
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Figure 4.7 Five-year 
average values of haze 
index (dv) for Peters-
burg National Battle-
field (NPS ARD 2012).
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Data gaps and level of confidence

Data were collected from nearby stations 
rather than in the park, which contributes 
to the uncertainty of the assessment. Up to 
five IMPROVE (Interagency Monitoring of 
Protected Visual Environments) sites have 
been recommended in or near parks in the 
Mid-Atlantic Network. It is unlikely that any 
of these would be in Petersburg NB; how-
ever, all parks in the Mid-Atlantic Network 
will have an IMPROVE monitoring station 
within 115 miles. Confidence in the current 
assessment is fair.

Sources of expertise 

Holly Salazer, NPS Northeast Region Air 
Resources Coordinator 
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Figure 4.8 Ten-year 
trends(1999-2008) in 
haziest day haze index 
(dv) for the United States 
(NPS ARD 2010).
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Threshold: ≤2 ng/L

4.1.5 Mercury Deposition

Relevance and context

Atmospheric Mercury (Hg) comes from 
natural sources (e.g. volcanoes, geothermal 
activity, and geological weathering) and 
anthropogenic sources (e.g. burning of fossil 
fuels), processing of mineral ores, and in-
cineration of certain waste products (UNEP 
2008). At a global scale, annual anthropo-
genic emissions of mercury approximately 
equal all natural marine and terrestrial emis-
sions. Anthropogenic emissions in North 
America amounted to approximately 153 
tonnes (168.7 tons) in 2005 (UNEP 2008). 
Exposure of humans and other mammals to 
mercury in utero can result in mental retar-
dation, cerebral palsy, deafness, blindness 
and dysarthria (speech disorder). Exposure 
as adults can lead to motor dysfunction and 
other neurological and mental impacts (U.S. 
EPA 2001). Terrestrial vertebrates are often 
exposed to mercury through the ingestion of 
food, water, and soil (Rattner  and Ackerson 
2006). Avian species’ reproductive potential 
is negatively impacted by Hg. Measured 
trends in Hg deposition from west to east 
across North America can be observed in the 
common loon (Gavia immer), and through-
out North America in mosquitoes (Evers et 
al. 1998, Hammerschmidt and Fitzgerald 
2006). Mercury is also known to have a toxic 
effect on soil micro-flora (Meili et al. 2003). 
Although no ecological depositional thresh-
old is currently established, the accumula-

tion of mercury in organisms may effect key 
ecosystem processes (NPS 2013). 

Data and methods

Data were obtained from the National 
Atmospheric Deposition Program, Mer-
cury Deposition Network (MDN) for two 
sites; Harcum (VA98) in Gloucester County, 
Virginia (Figure 4.1) (http://nadp.sws.uiuc.
edu/nadpdata/mdnsites.asp). Samples were 
collected weekly and within 24-hours of a 
precipitation event and analyzed for mercury 
concentration (measured in ng/L). Annual 
mean mercury concentrations were calculat-
ed for each sample site and compared to the 
threshold. Current condition was assessed 
for the year 2011. Trend was assessed from 
2005 to 2011.

Threshold

The indirect regulatory threshold of 2 ng/L 
in rainwater is a modeled estimate of mer-
cury in rainfall that may result in an Hg 
concentration of 0.5 mg/kg wet weight in 
inland fish (Meili et al. 2003). This thresh-
old was estimated under a condition of low 
organic soils. It should be noted that highly 
humic soils in contrast are known to store 
large amounts of Hg that may later leach 
into inland waters, supplementing current 
atmospheric deposition (Meili et al. 2003). 
The threshold used for this assessment was 
2 ng/L.

Petersburg National Battlefield Natural Resource Condition Assessment

Figure 4.9 Trends in 
mercury deposition in 
Petersburg National 
Battlefield from 2005-
2011 (NADP MDN 
2012; http://nadp.sws.
uiuc.edu/nadpdata/mdn-
sites.asp). 
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Current condition and trend 

The 2011 value of 11.3 n/L indicates a 
significant concern (Figure 4.9). This repre-
sents a current condition of 0% attainment. 
From 2005 to 2011, no temporal trend was 
observed.

Data gaps and confidence in assessment

Data were collected from nearby stations 
and not from within the park. The seven 
years of data available do not indicate a sig-
nificant trend. Confidence in the assessment 
is fair.

Sources of expertise

Peter Sharpe, Northeast Regional NRCA 
Coordinator 
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4.2 WATER QUALITY

4.2.1 Dissolved Oxygen

Relevance and context

Dissolved oxygen (DO) is a measure of the 
amount of oxygen contained in a body of 
water. Low DO concentrations can limit 
growth, species and population size, com-
munity richness, and ecosystem diversity 
(Breitburg 2002). The amount of oxygen 
in streams is inversely correlated with  an-
thropogenic stresses such as fertilizer run-
off and the dumping of sewage into water-
ways (Correll 1988, Prasad et al. 2011). As 
nutrient levels increase in aquatic systems 
due to these types of human activities, 
algae populations can proliferate leading 
to a depletion of oxygen in the water. The 
anoxic conditions that result affect nutri-
ent cycling and stream biogeochemistry in 
potentially toxic ways (Brush 2009). The 
Chesapeake Bay has experienced signifi-
cant eutrophication from prolonged anoxic 
conditions over the past 50 years (Cooper 
and Brush 1991, Murphy et al. 2011). 

Data and methods

DO data were collected in accordance with 
the Mid-Atlantic Network’s Vital Signs 
Monitoring Protocol using the YSI Pro Plus 
water quality meter (NPS 2008).  Samples 
were collected monthly from June 2010 to 
April 2012.  For some sites an additional 
sample was available from August 2009. 
Five sample sites were located within the 
park’s Eastern Front unit: one site along 
Poor Creek just before the creek exits the 
park, one site along Harrison Creek just 
before the creek is intersected by Washing-
ton Street, one site on Branch Creek near 
the confluence with Harrison Creek, one 
site on Taylor's Creek near the confluence 
with Poor Creek, and one sample site on 
the northernmost point of an unnamed 
stream near Mortar Loop Trail (Figure 
4.10a). The Five Forks unit has four sample 
sites within the park and one outside the 
park boundary within Hatcher’s Run (Fig-
ure 4.10b). Percent attainment was calcu-
lated for this metric as the percent of DO 
measurements that were above the regula-
tory threshold value.
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Figure 4.10 (a) Water 
quality sampling loca-
tions for all indicators 
except benthic macroin-
vertebrates in the East-
ern Front unit (left) and 
(b) Five Forks unit (right) 
(NPS 2008). 
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Threshold: ≥5 mg/L

Threshold

The Virginia Department of Environmen-
tal Quality sets regulatory threshold levels 
for DO with enforcement consequences 
when not enforced (DEQ 2010). Within 
Class III non-tidal waters of the Coastal 
Plain and Piedmont, DO levels during the 
day should never drop below 4.0 mg/L and 
the average for a 24 hour period should 
not be less than 5.0 mg/L. Because the data 
collected in the park are not collected con-
tinuously throughout the day, the 5.0 mg/L 
value is used as the minimal threshold for 
the assessment. 

Current condition and trend

Levels of DO within the park are in good 
condition, receiving high attainment rates 
(81% threshold attainment). DO is highly 
correlated with temperature. It fluctuates 
seasonally, peaking in winter months. The 
majority of the samples that had DO levels 
below the threshold were observed dur-
ing the months of May through October , 
which is when water bodies are typically 
warmest (Figure 4.11). Spatially, the major-
ity of the samples that had DO levels below 
the threshold were observed in the Five 
Forks unit. This is also an area where many 

sampling locations dry out during the sum-
mer and become isolated pools. Only 23 
of the 48 samples (48%) collected in Five 
Forks unit had DO concentrations above 
5.0 mg/L. The data show no long-term 
trend in DO levels in streams of Petersburg 
NB. 

Data gaps and level of confidence

A total of 146 samples were collected: 48 
from the Five Forks unit and 98 from the 
Eastern Front unit. However, the spatial 
coverage is sparse (5 sites per unit) and 
samples are collected only once per month. 
Monitoring of DO also has only recently 
been initiated in the park. Therefore, con-
fidence in the trend assessment is low due 
to the short duration of the sample period. 
Confidence in the assessment of current 
condition is high due to the relatively large 
number of data points.

Sources of expertise

Nathan Dammeyer, Hydrologic Techni-
cian, Mid-Atlantic Network, Inventory 
and Monitoring Program, National Park 
Service
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Figure 4.11 Dissolved Oxy-
gen levels from 10 sites 
within Petersburg National 
Battlefield (data from NPS 
Mid-Atlantic I&M Network 
2012). 
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4.2.2 Water Temperature

Relevance and context

Water temperature strongly influences 
aquatic processes and biota. The mean 
temperature of Mid-Atlantic streams 
has increased significantly over the past 
50 years (Isaac and Wijingaarden 2012). 
Changes in water temperature can be trig-
gered by anthropogenic disturbances asso-
ciated with  climate change, urbanization, 
and deforestation among others (Klein 
1979, Nelson and Palmer 2007, Okazi et 
al. 2008, Najjar et al. 2009). Stream tem-
peratures in urban settings can be elevated 
by heating of runoff from paved surfaces 
and by the lack of canopy shading along 
stream riparian areas (LeBlanc et al. 1997, 
Herb et al. 2008). Some evidence suggests 
that stream temperatures are more affected 
by impervious surfaces in the Piedmont 
region than the Coastal Plain (Utz et al. 
2011).  If water temperatures change too 
rapidly or drastically, fish and macroinver-
tebrate survival can be reduced (Morgan 
and Cushman 2005, Utz et al. 2009). 

Data and methods

Water temperature data were collected in 
accordance with the Mid-Atlantic Net-
work’s Vital Signs Monitoring Protocol 
using the YSI Pro Plus water quality me-
ter (NPS 2008).  Samples were collected 
monthly from June 2010 to April 2012.  For 
some sites an additional sample was avail-
able from August 2009. Five sample sites 
were within the park’s Eastern Front unit: 
one site along Poor Creek just before the 
creek exits the park, one site along Har-
rison Creek just before the creek is inter-
sected by Washington Street, one site on 
Branch Creek near the confluence with 
Harrison Creek, one site on Taylor's Creek 
near the confluence with Poor Creek, and 
one sample site on the northernmost point 
of an unnamed stream near Mortar Loop 
Trail (Figure 4.10a). The Five Forks unit has 
four sample sites within the park and one 
outside the park boundary on Hatcher’s 
run (Figure 4.10b). Percent attainment was 
calculated for this metric as the percent of 

temperature measurements that were lower 
than the threshold value.

Threshold

The criteria for maximum stream tempera-
ture is at the discretion of the state. The 
Virginia Department of Environmental 
Quality determined the maximum stream 
temperature outside of the mixing zone is 
32˚C (89.6˚F) for Class III non-tidal waters 
(VA DEQ 2010). Streams found to exceed 
this maximal value are classified to be “en-
dangered” systems.

Current condition and trend

Water temperature within the park is in 
very good condition (Figure 4.12). All tem-
perature measurements were less than the 
established threshold (100% threshold at-
tainment). The highest recorded tempera-
tures were 29.9˚C in the Five Forks unit 
and 26.7˚C in the Eastern Front unit. These 
temperatures indicate that the park’s water 
bodies are well within the recommended 
limits defined by the Commonwealth. Sea-
sonal fluctuations are apparent in Figure 
4.12, but the time-series is of insufficient 
length to assess annual trend with any con-
fidence.

Data gaps and level of confidence

The spatial coverage is sparse (5 sites per 
unit) and data collection was initiated 
relatively recently.  However, all of the 144 
samples were well under the threshold val-
ue. Confidence in the trend assessment is 
low due to the short duration of monitor-
ing. Confidence in the assessment of cur-
rent condition is high due to the relatively 
large number of data points. 

Sources of expertise

Nathan Dammeyer, Hydrologic Techni-
cian, Mid-Atlantic Network, Inventory 
and Monitoring Program, National Park 
Service
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Figure 4.12 Stream  tem-
peratures over time from 
10 sites within Petersburg 
National Battlefield (data 
from NPS Mid-Atlantic I&M 
Network 2012). 
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4.2.3 Water pH

Relevance and context

Aquatic biota are sensitive to fluctuations 
in pH level. Water with either low pH 
(acidic) or high pH (basic) can be lethal 
by making toxic compounds more soluble 
(Sherman and Munster 2012, Driscoll et 
al. 2001). Acidic or basic environments 
also interfere with molecule structure and 
can render proteins and enzymes inactive 
(Driscoll et al. 2001). Aquatic system acidi-
fication is a concern in the region because 
of high levels of acid deposition, which is 
caused by sulfur and nitrogen emissions 
(Lovett et al. 2009).

Data and methods

Water pH data were measured in situ in 
accordance with the Mid-Atlantic Net-
work’s Vital Signs Monitoring Protocol 
using the YSI Pro Plus water quality meter 
(NPS 2008).  Samples were collected from 
August 2009 to April 2012. Five sample 
sites were within the park’s Eastern Front 
unit: one site along Poor Creek just before 
the creek exits the park, one site along 
Harrison Creek just before the creek is 
intersected by Washington Street, one site 
on Branch Creek near the confluence with 
Harrison Creek, one site on Taylor’s Creek 
near the confluence with Poor Creek, and 

one sample site on the northernmost point 
of an unnamed stream near Mortar Loop 
Trail (Figure 4.10a). The Five Forks unit has 
four sample sites within the park and one 
outside the park boundary on Hatchers 
Run (Figure 4.10b). Percent attainment was 
calculated for this metric as the percent of 
pH measurements that were within an op-
timal pH range.

Threshold

The Environmental Protection agency 
(EPA) recommends an optimal range of 
6.5-9.0 for in-situ measures of pH to be 
protective of aquatic life. The Virginia De-
partment of Environmental Quality (DEQ) 
requires a slightly broader pH range from 
6.0-9.0 for Class III non-tidal water of the 
Coastal Plain and Piedmont regions. This 
assessment uses the range of 6.0-9.0 as the 
state-specific criterion (NPS 1997; VADEQ 
2010; EPA 2012).

Current condition and trend

The overall pH levels within Petersburg 
NB’s waterways are in very good condi-
tion. Petersburg had a very high threshold 
attainment rate (83%). The streams of the 
Five Forks unit are generally more acidic 
that those of the Eastern Front unit. The 
data indicate a stable trend (Figure 4.13.

Petersburg National Battlefield Natural Resource Condition Assessment

Upper bound threshold: ≤ pH 9

Lower bound threshold:≥ pH 6

Figure 4.13 pH levels from 
10 water bodies within Pe-
tersburg National Battlefield. 
The green lines represent 
the maximal and minimal 
threshold values of 6.0 and 
9.0 (data from NPS Mid-At-
lantic I&M Network 2012).



55

Data gaps and level of confidence

Both temporal and spatial variability in 
the measured values are relatively low, 
and nearly 100% of the measurements are 
within the desired range. The streams of 
the Eastern Front are better represented in 
the data than the streams of the Five Forks 
unit. Twenty-four of the 50 samples from 
the Five Forks unit were taken from Hatch-
ers Run.  Confidence in the trend assess-
ment is low due to the short duration of 
monitoring. Confidence in the assessment 
of current condition is high due to the rela-
tively large number of data points.

Sources of expertise

Nathan Dammeyer, Hydrologic Techni-
cian, Mid-Atlantic Network, Inventory 
and Monitoring Program, National Park 
Service 
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Year CPMI 

2009 14 

2010 16 

2011 22 

      

 

      

Year CPMI 

2009 20 

2010 20 

2011 6 

      

 

4.2.4 Benthic Macroinvertebrates

Relevance and context

Benthic macroinvertebrates are aquatic or-
ganisms that are visible to the eye and lack 
an internal skeleton. They serve as useful 
bio-indicators of ecosystem health because 
they typically have limited mobility, have 
known and differing tolerances to vari-
ous toxic compounds, live in water for the 
majority of their lives, are relatively easy to 
collect and often live for more than a year 
(Gaufin and Tarzwell 1952, EPA 1990, Utz 
et al. 2009). They are also easily collected 
in the field (Klauda et al. 1998). Common 
measures that have been used to report on 
ecosystem health include benthic macro-
invertebrate abundance, diversity, location 
and spatial configuration (Barbour et al. 
1999, Maloney and Feminella 2006). 

Data and methods

Benthic macroinvertebrate monitoring was 
conducted by the Mid-Atlantic Inventory 
and Monitoring Network from 2009 to 
2011 at two of the 10 water quality sample 
sites (NPS 2011). One site was located 
on Harrison Creek in the Eastern Front 

unit (Figure 4.14a), and one was located 
on Gravelly Brook in the Five Forks unit 
(Figure 4.14b). A 100-m stream reach was 
sampled at each site using a dip net in 
microhabitats where benthic macroinver-
tebrates would ordinarily flourish.  In Vir-
ginia, the Coastal Plain Macroinvertebrate 
Index (CPMI) is typically used to assess 
benthic macroinvertebrates in the Coastal 
Plain physiographic region. Streams were 
given a numerical score in accordance with 
the CPMI (Voshell and Hiner 2012). 

Threshold

The CPMI scale varies from 0-30. The scale 
does not incorporate odd numbers, only 
even numbered scores can be determined. 
For the purpose of this assessment, all 
scores 16 and above were given a 100% at-
tainment, and any scores less than 16 were 
given a 0% attainment (Voshell and Hiner 
2012). Within this classification scheme, 
scores could be further refined by assessing 
any values 24 or above as in "very good" 
condition and streams with scores of 6 or 
lower as in "very poor condition" (Maxted 
et al. 1999).

Petersburg National Battlefield Natural Resource Condition Assessment
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Figure 4.14 (a) 
Sample locations 
and CPMI scores 
for benthic mac-
roinvertebrates in 
the Eastern Front 
unit (left) and (b) 
the Five Forks unit 
(right) (NPS 2008).
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Current condition and trend

The site located within the Eastern Front 
unit on Harrison Creek received a score 
of 16 or greater for 2010 and 2011 but not 
2009 (67%  attainment). The site located 
within the Five Forks unit received a CPMI 
score of 20 in 2009 and 2010 but dropped 
to 6 in 2011 (67% attainment). A score of 
67% was given to the entire park based on 
two of the six samples falling below the 
threshold. The data do not indicate a con-
sistent temporal trend for the park.

Data gaps and level of confidence

Confidence in these findings is limited. 
Only two sites were tested, and each site 
was only sampled three times. Findings are 
subject to inter and intra-annual fluctua-
tions. The spatial resolution of the data set 
is also very poor.   

Sources of expertise

Reese Voshell, Jr., Appalachian Aquatic 
Consultants
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4.3 BIOLOGICAL INTEGRITY

4.3.1 Bald Eagles (Species of Special 
Concern)

Relevance and Context

Bald Eagles are a culturally significant but 
historically threatened species. Before the 
human colonization of the Chesapeake 
Bay region, it is estimated that the Bald 
Eagle population was approximately 3,000 
breeding pairs. By 1970 the Bald Eagle had 
declined to an estimated 60 breeding pairs. 
They were listed as endangered in March 
1967. The decline in population is attrib-
uted mainly to contamination by dichloro-
dephenyl trichloroethane (DDT), but also to 
land clearing, overfishing, land development, 
and other habitat disturbances (Watts et al. 
2007). Bald Eagles require large trees for 
nesting, access to water, and open mature 
vegetation structure because of their large 
wing-span and size (Andrew and Mosher 

1982). Human disruption of foraging or 
nesting areas may lead to a complete aban-
donment of an area. Bald Eagles prey on 
predominately fish, but also mammals, birds, 
and reptiles(Watts et al. 2007). 

 As of August 2007, the Bald Eagle is no lon-
ger listed on the Endangered and Threatened 
Wildlife and Plants List, with over 9,000 
breeding pairs in the continental United 
States (Figure 4.15) (USFWS 2007). The suc-
cessful recovery has exceeded all goals and 
is attributed to the elimination of pesticides 
(specifically DDT) and territory manage-
ment (Watts et al. 2008). Offspring survival 
has also increased in the Chesapeake Bay 
Region, as the population doubles every 8.2 
years (Watts et al. 2008). 

The Chesapeake Bay region is important in 
the success of all Atlantic Coast Bald Eagles; 
it serves as a migratory destination for both 
the Southern and Northern Bald Eagle 
populations. Maryland and Virginia support 

more than 90% of the 
over 600 breeding pairs 
currently residing in the 
Bay watershed (Watts 
et al. 2007).  In Virginia, 
Bald Eagle populations 
have been increasing 
since 1977, except for 
2004 which saw a de-
crease of 2% in popula-
tion size (Figure 4.16 and 
Figure 4.17) (Watts and 
Byrd 2011).Although the 
Bald Eagle has been re-
moved from the Threat-
ened and Endangered 
Species list, they must be 
protected and monitored 
for 20 years with updates 
every 5 years in accor-
dance with the U.S. Fish 
and Wildlife Service. The 
Bald Eagle is still protect-
ed under the Bald and 
Golden Eagle Protection 
Act of 1940 and the Mi-
gratory Bird Treaty Act of 
1972 (USFWS 2007).

Petersburg National Battlefield Natural Resource Condition Assessment

Figure 4.15 Bald 
Eagle breeding pair 
distributions in the 
eastern United States 
as of 2004 (USFWS 
2007). 
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Data and methods

Bald Eagle densities have not been esti-
mated directly for Petersburg NB. Data for 
the assessment of Bald Eagles was based 
on qualitative park staff observations from 
December 2003 to 2011. A breeding pair of 
eagles has been observed to have 1-2 hatch-
lings every year since their arrival at the park. 
The park closes off a 750-foot perimeter 
around the nest from December 15 to July 15 
to support breeding success, as recommend-
ed by the Virginia Department of Game and 
Inland Fisheries and US Fish and Wildlife 
Service (Figure 4.18).

Threshold

The reference condition for Bald Eagles 
was based on the presence or absence of 
a breeding pair in the park. Less than 5% 
of Virginia’s known breeding pairs exist in 
the Piedmont and Appalachian Mountain 
regions (Watts et al. 2011). A key require-
ment for Bald Eagles is nesting proximity 
to waterfront habitat (Andrew and Mosher 
1982). Because of Petersburg’s distance 
from coastal habitat and its location at the 
edge of the Piedmont region, the presence 
of a nesting pair of Bald Eagles in the park 
is significant. The park was given a rating of 
either 100% or 0% attainment based on the 
presence or absence of a breeding pair.

Current condition and trend

There has been a nesting pair of Bald Eagles 
observed in the Eastern Front unit every year 
since December of 2003. The pair is suspect-
ed of having previously nested in neighbor-
ing Fort Lee until their nest was destroyed 
in September 2003 by Hurricane Isabel. The 
presence of the breeding pair gives Peters-
burg NB an attainment of 100%. 

National trends show Bald Eagle improve-
ment due to an overall increase in popula-
tion. During the 1970s, 417 breeding pairs 
were recorded; this number increased to 
9,789 by 2007 in the contiguous United 
States (USFWS 2007). Estimates from the 
1930s for the Chesapeake Bay Region were 
600 to 800 breeding pairs, and today the 

region has 646 breeding pairs (Watts et al. 
2008). Of all the chicks hatched in the state 
of Virginia over the past 35 years, 73% 
hatched within the past decade (Watts et al. 
2011).  Bald Eagle populations within Peters-
burg NB are stable with one breeding pair, 
while regional populations are increasing. 

Data gaps and level of confidence

Despite no quantitative data for Bald Eagles 
in Petersburg NB, confidence is high that 
the current trend is stable due to the staff 
observations of the breeding pair for the past 
9 years. However, further and more detailed 
monitoring of the pair and their breeding 
would be necessary to make a more accurate 
assessment of Bald Eagle reproductive suc-
cess in the park. 

Petersburg National Battlefield Natural Resource Condition Assessment
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Year

Figure 4.16 (Top) An-
nual percent increase in 
Virginia Bald Eagle popu-
lation 1977-2011 (Watts 
and Byrd 2011). 

Figure 4.17 (Bottom) 
Increase in Bald Eagle 
population size in Vir-
ginia from 1977-2011 
(Watts and Byrd 2011).
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Figure 4.18 The Bald 
Eagle nest and manage-
ment buffers within 
Petersburg National Bat-
tlefield (December-July)
(Watts and Byrd 2011). 
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4.3.2 Forest Interior Dwelling Species

Relevance and context

Bird communities are often used as general 
indicators of ecosystem structure, func-
tion, and composition (Johnson and Patil 
2007). Forest Interior Dwelling Species 
(FIDS) require dense, large areas of con-
tinuous mature forest cover. Therefore 
they are useful indicators of the health 
of forest ecosystems. FIDS are especially 
sensitive to the effects of disturbances 
(Canterbury et al. 2000). FIDS are also 
excellent indicators of ecosystem health 
because their habitat requirements cor-
respond with those of many other species 
(Jones et al. 2000). Twenty-five species of 
FIDS breed in the Chesapeake Bay Criti-
cal Area, of which 13 species are highly 
area-sensitive and susceptible to forest 
loss, fragmentation, and habitat degrada-
tion (Jones 2000).  The remaining twelve 
species of FIDS are still area-sensitive but 
can withstand more habitat degradation 
and fragmentation.   

Data and methods

Data for the assessment were comprised of 
an 2003-2004 avian inventory of the park 
(Bradshaw 2008). The inventory survey 
data (Figure 4.19) were compared to a 
list of  expected species developed from 
the Virginia Breeding Bird Atlas Project 
1985-1989, the four nearest Breeding 
Bird Surveys over the last 20 years, and 10 
years of Christmas Bird Count data. The 
park inventory data also were analyzed for 
the presence of critical and highly area-
sensitive species as defined by Jones et al. 
(2000). 

Threshold

The reference conditions for FIDS are 
the requirements set by Jones et al. (2000) 
related to overall forest habitat and quality. 
Presence of one highly area-sensitive FIDS 
is an indication of high quality habitat. 
Presence of six highly area-sensitive FIDS 
is considered exceptional habitat. A forest 
with less than four of the critical species 

(species that are not highly area-sensitive 
but still require large unfragmented forests) 
is considered poor quality habitat and a sign 
of significant habitat fragmentation (Jones et 
al. 2000). The presence, not breeding, of the 
birds was analyzed for this assessment. The 
park was given a rating of 100% or 0% based 
on the presence of one highly area-sensitive 
species or at least four critical species. 

Current condition and trend

Of the 99 forest interior dwelling birds ex-
pected to occur in Petersburg NB, 96 were 
detected in the park inventory (Bradshaw 
2008) (Appendix A). Of the 18 critical FIDS 
expected in the park, 17 were detected. 
The one critical species expected but not 
observed in the park was the Kentucky 
Warbler (Oporornis formosus). One highly 
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Figure 4.19 Survey 
points from 2003-2004 
inventory of FIDS and 
Grassland Birds (Brad-
shaw 2008). 
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red-shouldered hawk

broad-winged hawk

brown creeper

black-throated green warbler

pileated woodpecke

Acadian flycatcher

wood thrush

black-and-white warbler 

northern parula

hairy woodpecker

scarlet tanager

prothonotary warbler

ovenbird

Louisiana waterthrush

American redstart

barred owl

hooded warbler

red-eyed vireo

Highly Area-Sensitive

Highly Area-Sensitive

Highly Area-Sensitive

Highly Area-Sensitive

Sensitive

Sensitive

Sensitive

Highly Area-Sensitive

Highly-Area Sensitive

Sensitive

Sensitive

Sensitive

Sensitive

Highly-Area-Sensitive

Highly-Area-Sensitive

Highly-Area-Sensitive

Highly-Area-Sensitive

Sensitive 

Buteo lineatus

Buteo platypterus

Certhia americana

Dendroica virens

Dryocopus pileatus

Empidonax virescens

Hylocichla mustelina

Mniotilta varia

Parula americana

Picoides villosus

Piranga olivacea

Protonotaria citrea

Seiurus aurocapillus

Seiurus motacilla

Setophaga ruticilla

Strix varia

Wilsonia citrina

Vireo olivaceus

 Taxonomic Name                                  Common Name                           Classification

area-sensitive species that was unexpected 
was also detected: the Broad-winged Hawk 
(Buteo platypterus). Of the 18 species ob-
served FIDS, eight were highly area-sensitive 
species (Table 4.2). These observations 
exceeded the threshold and the resource was 
considered in very good condition (100% 
attainment). 

Sensitive species that were not expected 
nor found in the park were the Whip-poor-
will (Caprimulgus vociferous) and the Veery 
(Catharus fuscescens). Highly area-sensitive 

species that were not expected nor found in 
the park were Cerulean Warbler (Dendroica 
cerulea), Worm-eating Warbler (Helmitheros 
vermivorus), and Swainson’s Warbler (Lim-
nothlypis swainsonii) (Bradshaw 2008). 

Based on the first year of a new bird 
monitoring program just begun in the park 
(Figure 4.20), three highly area-sensitive 
species and six sensitive species were found. 
Based on these data, the score for the park in 
2011 is also 100% (Goodwin and Wakamiya 
2011).  

Petersburg National Battlefield Natural Resource Condition Assessment

Table 4.2 Critical Forest Interior Dwelling Species observed in Petersburg National Battlefield during 2003-
2004 inventory (Bradshaw 2008).  
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Data gaps and level of confidence

Confidence in the current condition is high 
as it is supported by multiple measures and 
data sets. Surveying for the NPS I&M bird 
monitoring (Goodwin and Wakamiya 2011) 
took place during a different time period 
than the Bradshaw (2008) inventory. There 
were also differences in survey methods and 
frequency of surveying. The two data sets 
are not directly comparable, and a trend 
assessment of stable is made with these 
caveats.

Sources of expertise

Dana Bradshaw, Senior Biologist, Center for 
Conservation Biology, College of William 
and Mary
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Figure 4.20 Breeding Bird 
survey points established by 
NPS Inventory and Monitor-
ing (Goodwin and Waka-
miya 2011). 
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4.3.3 Grassland and Shrubland Birds

Relevance and context

Individual species may not adequately reflect 
the overall health of an ecosystem. However,  
groups such as grassland and shrubland 
birds can effectively convey the health of 
an ecosystem and the effect of disturbances 
(Canterbury et al. 2000). Different grass-
land and shrubland species of birds require 
varying successional stages of vegetation. 
Grassland birds are defined as species that 
are dependent on grassland habitat for any 
part of their life (Vickery et al. 1999).Grass-
land birds are declining at a faster rate than 
any other group of birds in North America 
(Vickery et al. 1999).  Species can be divided 
into at least 4 groups based on their habitat 
preferences (Peterjohn 2006a). Similarly, 
shrubland birds are defined as reliant on 
shrubby habitats for all or part of their life 
cycle (Peterjohn 2006b). Shrubland com-
munities are generally dominated by shrubby 
or sapling vegetation and can be divided into 
three groups: transitional shrublands, young 
shrublands, and older shrublands. 

Data and methods

Grassland bird species were categorized 
based on their habitat preferences as (1) cul-
tivated fields or grazed pastures: highly dis-
turbed areas; (2) young grasslands: transition 
areas between disturbed habitat and mature 
grasslands with taller, dense vegetation and a 
sparse litter layer; (3) mature grasslands: tall 
dense grasslands with a thick litter layer; and 
(4) other grasslands: areas that are affected 
by adverse weather conditions and support 
species that are rarely encountered in the 
Mid-Atlantic (Peterjohn 2006a). Shrubland 
species were divided into three categories 
based on their habitat preferences: (1) transi-
tional shrublands have the youngest commu-
nities and represent the transition from bare 
soil to vegetation less than one meter tall; 
(2) young shrublands have woody vegeta-
tion less than three meters tall; and (3) older 
shrublands have greater than 90% cover by 
woody vegetation (Peterjohn 2006b).

Data were attained from the 2003-2004 avian 
inventory of the park (Figure 4.19; Bradshaw 
2008). A list of expected species by each of 
the seven categories defined above was com-
piled from Peterjohn (2006a,b). The list of 
species detected at Petersburg NB was then 
compared to the list of species that should 
have been found in the parks’ shrubland and 
grassland communities. It should be noted 
that the Eastern Front unit lacks grasslands 
although shrubland is present. 

Supplemental data were attained from the 
recent NPS Inventory and Monitoring 
(I&M) breeding bird monitoring for the park 
(Goodwin and Wakamiya 2011). 

Threshold

The attainment for grassland and shrubland 
birds was derived directly from the percent-
age of the seven functional groups present. 
The seven functional groups were defined as 
species with preferences for disturbed grass-
lands, young grasslands, mature grasslands, 
other grasslands, transitional shrubland, 
young shrubland, and older shrublands 
(Peterjohn 2006). Based on the avian inven-
tory data, the park was given a rating of 0%, 
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Successional mixed shru-
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Passerculus sandwichensis

Ammodramus savannarum

Sturnella magna

Geothlypis trichas

Spizella pusilla

Melospiza melodia

Passerina cyanea

Colinus virginianus

Vireo griseus

Dendroica discolor

Icteria virens

Thryothorus ludovicianus

Dumetella  carolinensis

Toxostoma rufum

Pipilo erythrophthalmus

Cardinalis cardinalis

Guiraca caerulea

Dendroica petechia

Dendroica pensylvanica

Coccyzus americanus

Savannah Sparrow

Grasshopper Sparrow

Eastern Meadowlark

Common Yellowthroat

Field Sparrow

Song Sparrow

Indigo Bunting

Northern Bobwhite

White- eyed Vireo

Prairie Warbler

Yellow-breasted chat

Carolina Wren

Gray Catbird

Brown Thrasher

Eastern Towhee

Northern Cardinal

Blue Grosbeak

Yellow Warbler

Chestnut sided Warbler

Yellow-billed cuckoos

Disturbance Tolerant

Young Grasslands

Young Grasslands

Transitional Shrubland 

Transitional Shrubland 

Transitional Shrubland 

Transitional Shrubland 

Transitional Shrubland 

Young Shrubland 

Young Shrubland 

Young Shrubland 

Young Shrubland 

Young Shrubland 

Young Shrubland 

Young Shrubland 

Young Shrubland 

Young Shrubland 

Older  Shrubland 

Older  Shrubland 

Older Shrubland 

 Taxonomic Name                                  Common Name                  Functional Group

14.3%, 28.6%, 42.9%, 57.2%, 71.5%, 85.5%, 
or 100% for the number of functional groups 
observed.  

Current condition and trend

Five out of the seven functional groups were 
found in the 2003-2004 inventory (Table 
4.3) (Bradshaw 2008); disturbed grasslands, 
young grasslands, transitional shrublands, 

young shrublands, and older shrublands. 
The park scored a 71.5% attainment, which 
is defined as in good condition. Each func-
tional group, except for disturbed grasslands, 
had at least two species detected. The young 
shrubland group was best represented with 
9 species found. Species that prefer mature 
and rare or other grassland habitats were not 
observed. 

Petersburg National Battlefield Natural Resource Condition Assessment

Table 4.3 Petersburg National Battlefield grassland bird species observed in 2003-2004 by Bradshaw 
(2008) listed by their functional group.  
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Data collected in 2011 during the first year 
of breeding bird monitoring by Petersburg 
NB (Figure 4.20) indicate the presence of 
four functional groups. Disturbed grass-
lands, young grasslands, and rare or other 
grasslands were not found. Young grassland 
species which were found in the 2003-2004 
avian inventory were absent in the 2011 
monitoring data. However, no trend as-
sessment is made because of the disparity 
between the two data sets. 

Data gaps and level of confidence

Confidence in the assessment of current 
condition was high. The 2003-2004 attain-
ment level of 71.5% should be used as the 
current condition of the park because of the 
more in-depth and detailed nature of the in-
ventory data which was collected in multiple 
seasons and included fixed point counts and 
opportunistic transect data collection (Brad-
shaw 2008). The 2011 monitoring survey dif-
fered in its methodology and was conducted 
only in the breeding season. The absence 
of young grassland species is notable in the 
2011 monitoring data. However, any judge-
ment of trend is reserved until additional 
years of monitoring data become available. 

Sources of expertise

Dana Bradshaw, Senior Biologist, Center for 
Conservation Biology, College of William 
and Mary
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4.3.4 Mammal Richness

Relevance and context

Climatic and landscape change over prehis-
toric, historic, and modern time frames has  
altered the viability of animal species and 
other habitat within the Mid-Atlantic region 
(Bellows et al. 2001). Disturbance from natu-
ral and anthropogenic sources interrupted 
forest succession, affecting interior forest 
dwelling species. Grassland habitats, typically 
ephemeral due to forest succession, were 
maintained through anthropogenic distur-
bances such as fire. Habitat generalist species 
adapted to thrive in a landscape fragmented 
by development, agriculture, logging, and 
other uses. Following European settlement, 
populations of mammals declined dramati-
cally and many were extirpated from the re-
gion, including bison (1797; Bison bison), elk 
(1855; Cervus elephus), mountain lion (1882; 
Puma concolor), fisher (1890; Martes pennan-
ti), Eastern shore fox squirrel (1895; Sciurus 
niger cinereus), gray wolf (1910; Canis lupus), 
beaver (1911; Castor canadensis), and white-
tailed deer (Odocoileus virginianus) and river 
otter (Lontra canadensis) in the early 20th 
century (Handley 1992). 

Over the same time frame, non-native spe-
cies began to invade the landscape. Invasive 
mammals in the region include the black 
rat (Rattus rattus) and Norway rats (Rattus 
norvegicus), the house mouse (Mus muscu-
lus), and nutria (Myocastor coypus). While 
many efforts to reintroduce species failed 
(e.g., elk, snowshoe hare (Lepus americanus), 
fisher, mountain lion), several were success-
ful, including the restoration of white-tailed 
deer and beaver populations (Handley 1992). 
Today, Petersburg NB supports a diverse as-
semblage of mammals and habitats. Adequate 
habitat exists to sustain populations of grass-
land specialists such as the hispid cotton rat 
(Sigmodon hispidus). Wetland and riverine/
riparian habitats support healthy populations 
of the American beaver and Northern river 
otter. 

Mammals were chosen as an indicator for 
this assessment as they respond rapidly to 
change in habitat structure and plant compo-

sition (Abramsky 1978, Kaufman et al. 1983, 
Kincaid et al. 1983, Kaufman et al. 1998), and 
they occupy key positions in food webs, mak-
ing them useful biological indicators of change 
(Dale and Beyeler 2001).

Data and methods

Mammal communities were surveyed from 
June 2003 - August 2004 (Pagels et al. 2005). 
The inventory utilized a variety of trap types, 
observations, and night-camera photographs 
to assess the presence of species. An expected 
species list was compiled based on literature 
searches, museum records, and 35 years of 
personal experience by John F. Pagels (Mam-
malogist, Virginia commonwealth University). 
A total of 38 mammalian species were expect-
ed to occur in Petersburg NB. The inventory 
included 15 sample sites at the Eastern Front 
unit and 17 sample sites at Five Forks unit (Fig-
ure 4.21). The sample sites for both units were 
located in field-forest edge, pine forest planta-
tion, mixed pine-hardwood, hardwood, and 
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Figure 4.21 Mammal 
survey points in Peters-
burg National Battlefield 
from 2003-2004 (Pagels 
et al. 2005)  
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bottom land hardwood. Wetland habitat was 
also surveyed in the Five Forks unit only. 

Threshold

The threshold for mammals is defined by the 
presence of expected species. The propor-
tion of expected species observed estab-
lished the percent attainment. 

Current condition and trend

The overall condition for mammal commu-
nities in Petersburg NB was 61%. The East-
ern Front unit had an attainment of 39%. 
The Five Forks unit achieved an attainment 
score of 50%.  The White-footed mouse 
(Peromyscus leucopus) and short-tailed shrew  
(Blarina sp.) were the most commonly found 
species in both units. A total of 23 species 
were found (Appendix B). In the Eastern 
Front unit the Virginia opossum (Didelphis 
virginiana) and common raccoon (Procyon 
lotor) were found to be very abundant. Also 
in the Eastern Front, the common gray fox  
(Urocyon cinereoargenteus) was detected by 
night cameras. The Five Forks unit was found 
to have a greater richness and abundance 
than the Eastern Front unit.  Coyotes (Canis 
latrans) and bobcats (Lynx rufus) were both 
found in the Five Forks unit, although no fox 
and few raccoons were found. Based on the 
available data no trend assessment can be 
made. 

Data gaps and level of confidence

Mammal data were limited to one survey 
done from 2003-2004. Confidence in the 
current assessment is therefore fair due to 
these limited data. Additional survey data 
would be useful in future assessments to for-
mulate an assessment of trend for the park.

Source of expertise 

John F. Pagels, Mammalogist Virginia Com-
monwealth University
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4.3.5 Herptile Communities

Relevance and context

Amphibian and reptile communities (i.e. 
herptiles) are found in a variety of habitat 
types (Semlitsch and Bodie 2003). Some 
herptile species, such as the box turtle 
(Terrapene sp.), are valuable indicators of 
ecological condition due to their longev-
ity, and thus the accumulation of pollutants 
(Mitchell 2007). Amphibians and reptiles are 
also the top predators in some aquatic eco-
systems (Gibbons 1988). Although they play 
a major role in both aquatic and terrestrial 
systems, herptile communities are suspected 
to be in decline in general (Gibbons 1988, 
Ryan et al. 2002). Habitat loss is one of the 
leading causes of population decline (Stuart 
et al. 2004) Other factors include habitat 
degradation, unsuitable habitat, invasive spe-
cies, pollution, roads, disease, and climate 
change (Findlay and Bourdages 2000, Ryan 
2001). The success of herptile communi-
ties is dependent on proper management of 
aquatic and terrestrial systems. Amphibians 
rely on aquatic habitats for parts of their 
life cycle and reptiles are dependent upon 
aquatic systems for foraging (Semlitsch and 
Bodie 2003). 

Future management concerns for the herpe-
tofauna of Petersburg NB are the effects of 
landscape management, use of pesticides on 
larvae, and the increase of predator popula-
tions (e.g. raccoons and domesticated cats). 
Additionally, the existence of roads in the 
park is dangerous for all species; snakes and 
turtles are particularly at risk and have been 
found dead on roadways. Roads may also 
prevent the migration of some species to 
necessary habitats (Mitchell 2007).  

Data and methods

Herpetofauna were surveyed April-October 
2002, February-December 2003, and June-
July 2004 (Mitchell 2007). An expected 
species list was compiled using data from 
Mitchell (1994), Conant and Collines 
(1998), and Mitchel and Reay (1999). In 
total there were 24 amphibian and 32 reptile 
species expected to occur in Petersburg NB. 

Data were collected using a variety of sam-
pling techniques dependent upon the taxo-
nomic class; audio survey, road survey, dip net 
survey, minnow trap survey, turtle trap survey, 
and visual encounter survey were all used 
(Mitchell 2007). 

Threshold

The threshold for herptile communities is 
defined by the presence of expected species.  
The proportion of expected species observed 
established the percent attainment. 

Current condition and trend

The overall condition for herptile communi-
ties in the park was 86% with 48 of 56 ex-
pected species observed (Appendix C). For 
amphibians the current condition was 92% 
and the reptile condition was 81%. Compara-
tively, the Five Forks unit had greater species 
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Figure 4.22 Herpetofau-
na sample points from 
2002-2004 inventory 
(Mitchell 2007).
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abundance than the Eastern Front unit. 
Frog, turtle, and lizard species abundance 
was greater in the Five Forks unit than the 
Eastern Front Unit. From the expected list, 
90% of frogs, 100% of turtles, and 67% of 
lizards were detected in the Five Forks unit. 
The Eastern Front unit had a greater abun-
dance of snake and salamander species with 
69% and 50%, respectively, of the expected 
list detected.

Twelve of the 56 expected herptile species 
were not detected in the park. A total of 
3 lizard species were not found: six-lined 
racerunner (Cnemidophorus sexlineatus), 
broad-headed skink (Eumces laticeps), and 
slender glass lizard (Ophisaurus attenuatus). 
Three snake species were not observed: east-
ern kingsnake (Lampropeltis getula), north-
ern ribbonsnake (Thamnophis sauritus), and 
rough eathsnake (Virginia striatula). One 
frog species was not found, the pickerel frog 
(Rana palustris). Five salamander species 
were not found at Petersburg NB: southern 
two-lined salamander (Eurycea cirrigera), 
four-toed salamander (Hemidactylium scu-
tatum), red-backed salamander (Plethodon 
cinereus), eastern mud salamander (Pseudo-
triton montanus), northern red salamander 
(Pseudotriton rubber). All of the expected 
turtle species were detected. Because of 
a lack of  temporal data no trend can be 
established.

Data gaps and level of confidence

The secretive nature of some herpetofauna, 
specifically snakes, makes documenting their 
existence and abundance difficult. Addition-
ally, appearance and abundance of herptile 
communities is largely dependent on tem-
perature and moisture (Mitchell 2007). Sur-
vey techniques may have a large impact on 
the results of monitoring (Ryan et al. 2002). 
Generally, there is not a lot of long-term data 
on herpetofauna (Gibbons 1998), consistent 
with our inability to track trends. Confidence 
in the current condition is fair due to the age 
of the data used in the assessment.

Source of expertise

Joseph Mitchell, Department of Biology, 
University of Richmond 
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4.3.6 Fish Communities

Relevance and context

Fish are valuable indicators of biological in-
tegrity because of their broad range of distri-
butions and their ease of detection (Harrison 
and Whitfield 2004, Brousseau et al. 2011). 
Fish communities respond to changes in 
both aquatic and terrestrial ecosystems (Es-
teves and Alexandre 2011). Specifically, fish 
abundance indicates water quality as well as 
the types and intensities of surrounding land 
use. By tracking changes in fish abundance, 
managers can become better informed about 
the overall health of the ecosystem (Harris 
and Silveria 1999). 

Data and methods

Fish abundance in Poor Creek and Harrison 
Creek was assessed by backpack electrofish-
ing by two crews during 2002 and 2003 (Fig-
ure 4.23). The 1.6 ha (4-ac) beaver pond on 
the Hatcher Run site and a small pond near 
the Resource Management Office also were 
assessed in 2003 (Atkinson 2008). 

Threshold

Southerland et al. (2007) established a set 
of abundance thresholds with less than 0.25 
fish/m2 signifying significant concern, and 
greater than 1.25 fish/m2 signifying ideal con-
ditions. For the purpose of this assessment, 
an abundance of 1.25 fish/m2 was assigned a 
score of 100% and 0.25 fish/m2 was assigned 
an attainment score of 0%. Scores assigned 
to abundance levels between these thresh-
olds were scaled linearly from 0 to 100 %.

Current condition and trend

Harrison Creek had an abundance of 2.24 
fish/m2  in 2002,  and an abundance of 1.44 
fish/m2 in 2003 (100% attainment). Poor 
Creek had an abundance of 0.4 fish/m2 in 
2002 and an abundance of 0.18 individuals/
m2 in 2003, showing a decline in fish abun-
dance and a current attainment score of 0%. 
In 2003 the Resource Managers Pond was 
first surveyed and scored 0% attainment 
with an abundance of 0.03 fish/m2. Hatcher 
Run in the Five Forks Unit was also surveyed 
in 2003 receiving a threshold attainment of 
100% with 1.3 fish/m2. The entire park re-
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Figure 4.23 Fish survey-
ing points located in the 
Five Forks and Eastern 
Front units (Atkinson 
2008).
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ceived an attainment score of 50% with two 
out of the four survey locations above the 
1.25 fish/m2 reference point and two loca-
tions below the 0.25 fish/m2 reference point 
signifying significant concern. No trend 
currently exists for the Resource Managers 
Pond and Hatcher Run. Harrison Creek and 
Poor Creek are declining with abundances 
decreasing from 2002-2003. 

Data gaps and level of confidence

Confidence in this assessment is low. An 
increase in surveying sites would further 
improve the confidence in the score.  Future 
surveying would be necessary to assess a 
trend for the Resource Managers Pond and 
Hatcher Run.  More recent data would also 
be useful to better assess current condi-
tion and trend for Harrison Creek and Poor 
Creek. Only one point (the beaver pond on 
Hatcher Run) was assessed in the Five Forks 
unit. 

Source of expertise

James B. Atkinson, Natural Resources 
Branch Shenandoah National Park 
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4.3.7 White-Tailed Deer

Relevance and context 

White-tailed deer (Odocoileus virginianus) 
are the smallest members of the North 
American deer family, Cervidae, and are 
the most abundant species of ungulate on 
the North American continent (Russell et 
al. 2001). This species commonly occurs 
throughout the eastern United States at 
densities ranging between 5–20 deer/km2 

(Bowers 1997). Due to their generalized diet, 
broad habitat ranges, and high densities, 
white-tailed deer can drastically affect the 
forest ecosystems in which they live (Bow-
ers 1997). Deer directly affect the growth, 
reproduction, and survival of plant species 
by browsing, often with preferences, on the 
leaves, stems, flowers, and seeds of specific 
plant species (Côté et al. 2004). Brows-
ing contributes to shifts in the understory 
composition of forest ecosystems with the 
potential to change the succession patterns 
of these forests, especially to non-native 
species (Knight et al. 2009). Deer are known 
to disturb populations of threatened or 
endangered plants (Miller et al. 1992). In 
addition, changes in undergrowth due to 
deer herbivory can account for a decrease in 
the sensitive species of birds that depend on 
those areas for nesting, foraging, and protec-
tion (McShea and Rappole 1997).

Estimates of pre-colonial deer populations 
in Virginia range from 313,000-433,000 (3.1 
to 4.2 deer/km2), with populations highest 
for the Tidewater region of the state (Knox 
1997). Subsequently, a decline in deer 
during colonial times is widely attributed 
to overharvesting for food and hides by set-
tlers (Knox 1997). The early 1900s marked 
the low point for white-tailed deer densi-
ties; the deer in the Piedmont and highland 
physiographic provinces of Virginia were 
almost completely extirpated (Knox 1997, 
Horsley et al. 2003, Côté et al. 2004). 

Management strategies in the early and 
mid-1900s encouraged the growth of white-
tailed deer populations throughout Virginia 
and the southeastern United States. Strict 
hunting regulations and changes in land 

use contributed to the rise of deer popula-
tions (Russell et al. 2001). A deer restoration 
program initiated by the Virginia Depart-
ment of Game and Inland Fisheries (VDGIF) 
in 1926 focused on repopulating Virginia’s 
deer by importing and stocking forests with 
deer (VDGIF 2007). These management 
techniques proved effective as Virginia’s 
population of deer grew from approximately 
25,000 in 1931 to approximately 215,000 in 
1970 according to VDGIF estimates (VDGIF 
2007). 

The most significant contributing factor 
to the expansion of deer populations was 
increased resource and habitat availability 
in the state as land use changed from dense 
forest to agricultural areas and fragmented 
forests (Côté et al. 2004). White-tailed deer 
thrive in transitional habitats like wooded ar-
eas with openings for foraging. Forests tran-
sitioning to developed areas and agricultural 
areas provide deer their preferred habitat. 
In addition, natural predators are no longer 
available for deer population control (Côté 
et al. 2004). Parks and other privately owned 
areas that prohibit hunting also contribute to 
high densities of deer populations through-
out the southeastern United States (Porter 
and Underwood 1999). Deer in parks have 
exhibited explosive population growth due 
to a lack of natural predators and protec-
tion from recreational hunting (McCullough 
1997). In 1970, populations of deer exhibit-
ing high densities corresponded directly to 
federal and state properties (Knox 1997).

Petersburg National Battlefield Natural Resource Condition Assessment

Whitetailed deer in Pe-
tersburg National Battle-
field

Ph
ot

o 
C

ou
rt

es
y 

of
 P

et
er

sb
ur

g 
N

at
io

na
l B

at
tle

fie
ld

, 
N

PS



74

Data and methods 

Annual deer surveys have been conducted 
in Petersburg NB since 2000 (Blumenschine 
2012). Crews of 3-4 people follow a set route 
in a pick-up truck for 30 minutes after sunset 
to survey the deer populations in the Eastern 
Front unit of the park (Figure 4.24). Follow-
ing guidelines set out by Rogers (1996), the 
crew uses two spotlights to estimate deer 
populations with recordings every one-tenth 
of a mile. 

Threshold

According to Knox (1997), the environmen-
tal carrying capacity for deer in Virginia is 
1.9–9.7 deer/km2. Any densities exceed-
ing this threshold are considered an overly 
abundant population and can significantly 
affect the structure and composition of forest 
ecosystems (Rossell et al. 2005). As densi-
ties approach 8.0 deer/km2, plant species are 
continuously reduced and songbird popu-

lations may be affected (DeCalesta 1997). 
Experimental studies in northwestern Penn-
sylvania indicate a threshold for white-tailed 
deer of 8.0 deer/ km2 . Past this threshold 
forest ecosystems begin to exhibit negative 
effects due to over-browsing (Horsley et al. 
2003). An ecosystem manipulation study in 
central Massachusetts found that deer densi-
ties of 10–17 deer/km2 inhibited the regen-
eration of understory species, and densities 
of 3–6 deer/km2 were optimal for supporting 
a diverse and abundant forest understory 
(Healy 1997). For this assessment, an ecolog-
ical and management threshold of 8.0 deer/
km2 was used for the forest habitat.

Current condition and trend

As of 2012, the deer density for Petersburg 
NB was 80 deer/km2, well above the forest 
ecosystem threshold of 8.0 deer/km2 (attain-
ment score of 0%).

Over the past decade, deer densities in the 
Eastern Front unit have 
been significantly over the 
threshold level of 8.0 deer/
km2, peaking at 159 deer/
km2 in 2004. Deer densities 
were at a minimum in 2010 at 
48.6 deer/km2, which is still 
six times the recommended 
density. Deer densities do 
not seem to be increasing 
and may be declining (Figure 
4.25). 

Data gaps and level of 
confidence 

Using a fixed transect along a 
road or trail presents a pos-
sible source of error for cal-
culating deer densities for an 
entire park. Using a road lim-
its the survey to the habitat 
surrounding the road, which 
may not represent all of the 
habitat types available (Bates 
2006). For example, extrapo-
lating counts taken along 
this edge environment may 
overestimate populations for 
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Figure 4.24 White-Tailed 
Deer route from 2000-
2012 (Blumenschine 
2012).
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Threshold: ≤8 deer/km2

the entire park because of deer preference 
for edge habitats. Measuring the distance 
from the observer to each deer may help to 
improve the accuracy of deer density inven-
tories. However, given how far the observed 
densities are above threshold, the confidence 
in the assessment score of 0% attainment is 
high. Nevertheless, the trend data provided 
are a more reliable estimate than absolute 
densities. These data combined with other 
information (e.g., deer exclosure data, I&M 
monitoring data of deer browse) provide a 
more complete picture of deer effects on the 
ecosystem. 

Data are only available for the Eastern Front 
unit of the park. It is believed that Five 
Forks unit has lower densities due to higher 
hunting pressures surrounding the unit and 
less favorable habitat due to pine planta-
tions. Browse lines are less evident in Five 
Forks unit, but quantitative estimates of the 
deer population are not available. The unit 
also had the third lowest percent cover of 
deer-preferred herbaceous species out of all 
Mid-Atlantic Parks (Comiskey and Waka-
miya 2011).

Sources of expertise

William McShea, Research Biologist, Smith-
sonian Institution

Literature cited

Bates S. 2006. National Capital region net-
work inventory and monitoring program 
White-Tailed deer density monitoring pro-
tocol version 1.1: Distance and pellet-group 
surveys. National Park Service.

Blumenschine T. 2012. Deer trends in Peters-
burg National Battlefield Park. Unpublished 
NPS report.

Bowers M. 1997. Influence of deer and other 
factors on an old-field plant community: An 
eight-year exclosure study. Pp. 310-326 in the 
science of overabundance: Deer ecology and 
population management. Eds. WJ McShea, 
HB Underwood, and JH Rappole. Smithson-
ian Institution Press, Washington, DC.

Comiskey JA and SM Wakamiya. 2011. Mid-
Atlantic Network Forest Vegetation Moni-
toring 2007-2010. National Park Service. 
Natural Resource Technical Report NPS/
MIDN/NRTR—2011/471. 
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4.3.8 Forest Regeneration

Relevance and context

Forest regeneration is vital to maintaining 
forest cover and biodiversity (Aronson and 
Handel 2011). A lack of forest regeneration 
could lead to drastic changes in ecosystem 
processes such as increased erosion and 
decreased evapotranspiration (Boring and 
Monk 1981). Major threats to forest regen-
eration include over-browsing by deer and  
invasions of non-native plant species. Deer 
over browsing may lead to an abundance 
of non-palatable plant species (Knight et 
al. 2004). Non-native plant invasions may 
change the normal functions of a forest 
ecosystem (Mack et al. 2000). Both stress-
ors may lead to decreased diversity and 
possible extinction of native plant species 
(Aronson and Handel 2011). 

Data and methods

Plots were randomly selected using a 
generalized random-tessellation stratified 
(GRTS) approach and assessed by Inven-
tory and Monitoring (I&M) field crews 
from 2007 to 2010. A resampling of plots 
was begun in 2011. The GRTS approach in-
volves laying a 250 m grid across the entire 
region to establish plots.  The plots are spa-
tially balanced and maintain their balance 
through additions and deletions of other 
plots (Tierney et al. 2009). A total of fifty-
two, 20-by-20 m plots were assessed; 28 in 
the Eastern Front unit and 24 in the Five 
Forks unit (Figure 4.26). Number, height 
and cover of all seedlings were recorded 
for 12 quadrats within each plot (Comiskey 
and Wakamiya 2011). 

Threshold 

The NPS I&M monitoring protocol desig-
nates each plot within the park with a rating 
of good, caution, or of significant concern 
(Comiskey and Wakamiya 2011). Good 
signifies seedling abundance at or above 8 
seedlings/m2, caution is 2 to 8 seedlings/m2, 
and significant concern is less than 2 seed-
lings/m2.  Plots deemed good or caution are 
considered to have adequate regeneration 

(Comiskey and Wakamiya 2011); therefore, 2 
seedlings/m2  was used as the threshold for this 
assessment. This threshold is supported by 
studies of forest regeneration in Pennsylvania 
and Southcentral Virginia(McWilliams et al. 
1995; Carter and Frederickson 2007)

Current condition and trend

A total of 19 of the 52 plots in Petersburg NB 
had adequate regeneration (37% attainment). 
The Eastern Front and  Five Forks units also 
were assessed separately. The Eastern Front 
was found to have 36% of plots with adequate 
regeneration and the Five Forks unit had 38% 
adequate regeneration. Resampling of these 
plots has just begun, so there is not currently 
enough data to assess trend for the park.

Petersburg National Battlefield Natural Resource Condition Assessment

Figure 4.26 For-
est regeneration 
I&M survey points; 
two of the 28 plots 
considered part of 
the Eastern Front by 
the I&M Program 
are located within 
the nearby Western 
Front unit (Comisky 
and Wakamiya 
2011).
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Data gaps and level of confidence

The level of confidence in this metric is high 
based on the careful attention to sample 
design and quality control of the vegetation 
monitoring effort. According to Comiskey 
and Wakamiya (2011), greater than 70% 
of all plots should have seedling densities 
greater than 2 seedlings/m2.  The park clearly 
falls below this standard at the current time.

Sources of expertise

James A. Comiskey, Program Manager/
Ecologist Mid-Atlantic Network, National 
Park Service
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Fire being managed by park staff in Petersburg National Battlefield. 
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4.3.9 Invasive Plant Species

Relevance and context

Non-native invasive plants are one of the 
largest threats to the natural heritage of the 
National Park system (Allen et al. 2009). 
Plant invasions of non-native species lead 
to the establishment of non-native plant 
populations (Fox et al. 2000). Second only 
to habitat loss, invasive species are a major 
threat to native habitats and species (Wilcove 
et al. 1998). In fragmented forest landscapes, 
invasive plants can exacerbate the effects of 
habitat destruction by displacing native spe-
cies through their overwhelming production 
of new propagules and direct competition 
for resources (Rouget and Richardson 2003, 
Levine et al. 2003). Non-native species affect 
ecosystem productivity, diversity, and health 
(Miller 2003). In 2008 more than 1 million 
ha (5% of park lands) were estimated to be 
dominated by non-native, invasive plant 
species in National Parks across the country 
(NPS 2008).  Twenty-four plant species are 
cataloged within the U.S Invasive Plant Atlas 
as occuring in Petersburg NB (Swearingen 
2007).

Data and methods 

Invasive plants were assessed in Peters-
burg NB as part of the Mid-Atlantic I&M 
vegetation monitoring protocol (Comiskey 

and Wakamiya 2011). Plots were randomly 
selected using a generalized random-tes-
sellation stratified (GRTS) approach and 
assessed by field crews from 2007 to 2011. 
A total of fifty-two, 20-by-20 m plots were 
assessed; 28 in the Eastern Front unit and 
24 in the Five Forks unit (Figure 4.26). The 
presence or absence of a list of 29 invasive 
indicator plants and vines was recorded for 
12 quadrats within each plot (Comiskey and 
Wakamiya 2011). 

Threshold 

The threshold used to assess condition was 
that the invasive non-native plants should be 
detected on less than 25% of the quadrats 
for a plot. Because 100% eradication is not a 
realistic goal (at least in the short term), this 
threshold was determined to be a reason-
able management goal. The threshold also 
serves as a guide to evaluate the effectiveness 
of active plant controls implemented within 
a treatment area (i.e., treatment actions are 
deemed successful by the park if no more 
than 25% of a treatment area is infested with 
invasive plants). The park monitoring data 
were assessed against the threshold of 25% 
and designated pass/fail based on whether 
they were below or above threshold. The 
Five Forks unit, the Eastern Front unit, and 
the whole park were then assigned scores 
based on the percentage of plots below the 
25% threshold value.

Petersburg National Battlefield Natural Resource Condition Assessment
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Eastern Front                   28

Five Forks                          24

Whole Park                       52

21% 

0% 

12% 

79% 

100% 

88% 

79%

100%
88%

Table 4.4 Percent of vegetation monitoring plots with less than 25% of sample quadrats containing invasive 
species for the two largest units of Petersburg National Battlefield (Comiskey and Wakamiya 2011)

  Number of Plots Sampled                % Plots Fail                    % Plots Pass               Condition Score  

Current condition and trend

The Five Forks unit achieved a 100% score 
with 0 plots having invasive plants on more 
than 25% of their sample quadrats (mean 
percent of quadrats with invasives = 1.7%). 
Chinese lespedeza (Lespedeza cuneata) was 
the most common invasive plant species 
found at the Five Forks unit. The Eastern 
Front unit was assigned a score of 79% with 
6 plots found to have invasive plants cover-
ing ≥ 25% of their quadrats  (mean percent 
of quadrats with invasives = 32.4%).  In 
the Eastern Front unit, Japanese stiltgrass 
(Microstegium vimineum) was the most com-
monly detected invasive species (Comiskey 
and Wakamiya 2011). The park achieved an 
overall attainment score of 88% with only 
6 plots out of the 52 plots failing the 25% 
threshold (Table 4.4). Data were not available 
to assess trend for invasive plants. A total of 7 
invasive species were found (Appendix D).

Data gaps and level of confidence 

Invasive species coverage has a high spatial 
variability and is temporally very dynamic. 
Therefore confidence in the assessment 
of current condition is low. Sensitive plant 
areas in Petersburg NB have been delineated 
by the park in consultation with Patterson 
(2008) as areas that are most sensitive to 
Japanese stiltgrass invasion. These areas 
have been designated as future priorities 
for treatment to protect the native species 
(Figure 4.27). The Exotic Plant Manage-
ment Team (EPMT) has also treated areas 
within Petersburg NB that were infested with 
invasive plant species. As of 2009, 347 acres 
of Petersburg NB were identified as infested 
by invasive plants (Akerson 2009). Areas 
identified by Patterson overlap considerably 
with the treated areas by the EPMT (Figure 

4.27). However, a comprehensive assessment 
of invasive plant densities for these areas has 
not occurred. 
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Figure 4.27 Areas previously 
treated for invasive plant 
species by the Mid-Atlantic 
Exotic Plant Management 
Team and specific community 
types designated to be sensi-
tive to Japanese stiltgrass 
invasion (Patterson 2008). 
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4.4 LANDSCAPE DYNAMICS 

4.4.1 Percent Forest 

Relevance and context

Habitat loss is the primary cause of species 
extinctions in the Unites States (Czech et al. 
2000). Although part of the enabling legisla-
tion for Petersburg NB is to maintain open 
battlefield conditions, forest is the dominant 
land cover in the park. Land conversion 
from forest can occur for a variety of pur-
poses including agriculture, timber harvest-
ing, and mining (Dale et al. 2000). In the 
region surrounding the park, this conversion 
is primarily from forest to urban lands. From 
1973 to 2000 total forest area has decreased 
by 4.3% nationally (Sleeter et al. 2013) and 
4.0% in the eastern U.S. (Drummond and 
Loveland 2010) due to increasing urban, 
suburban and exurban development. In 
addition to its effects on species extinctions, 
loss of forest cover can lead to an increase 
in exotic species invasions (Vitousek et al. 
1997), degraded and diminished water flows 
(Meyer and Turner 1992), and the spread of 
new diseases (Langlois et al. 2001). A variety 
of studies have also documented the ecologi-
cal impacts that changes in land cover on 
adjacent lands can have on parks (Pringle 
2000, Defries et al. 2007, Hansen and Defries 
2007).

Data and methods

Data from the Virginia Natural Heritage Pro-
gram’s vegetation mapping (Patterson 2008) 
were used as the basis for a forest/non-forest 
binary land cover map of Petersburg NB. 
Natural Heritage field sampling was con-
ducted from 2002-2006 and combined with 
aerial photography from February 2002 to 
create the Natural Heritage map (Patterson 
2008). This 20-category land cover classifica-
tion was simplified in consultation with park 
staff to create the final map of forest cover 
used for this assessment (see Table 3-1 in 
Chapter 3). No other comparably detailed 
map of land cover in the park was available; 
therefore, trend could not be directly as-
sessed. However, maps of forest land cover 
for 1992 and 2001 were extracted from the 

National Land Cover Dataset (NLCD) for a 
30-km (19-mi) buffer surrounding the park 
to provide broader context of the landscape 
change (Budde et al. 2009).

Threshold

Simulation studies of forest loss suggest a 
critical threshold value of at least 59% of 
the total landscape area be maintained in 
forest to maintain many ecological func-
tions and services (Gardner et al. 1987; 
Turner et al. 2001). Landscapes with lower 
forest amount tend to lose the character-
istic qualities of intact forest required of 
organisms such as forest interior birds and 
forest dwelling mammals. Small loses in 
forest within landscapes near this critical 
threshold result in large changes in average 
patch size, the amount of interior forest, the 
amount of edge habitat, and related metrics 
of fragmentation (Fahrig 2003). These same 
studies identified a second potential thresh-
old value of 30% (Turner et al. 2001, Fahrig 
2003). Landscapes with less than 30% forest 
suffer from more serious concerns related 
to overall habitat loss rather than issues of 
forest fragmentation per se (i.e., the breaking 
apart of intact habitat into a larger number 
of smaller pieces). For this assessment, for-
est land cover percentages above 59% were 
assigned an attainment score of 100%; forest 
percentages below 30% were assigned an at-
tainment score of 0%; and forest percentages 
between 30–59% were scaled linearly from 
0–100% attainment.

Current condition and trend

Using the modified Natural Heritage land 
cover map, the park had a total forest cover 
of 77.3%, which represents 100% attain-
ment. The Eastern Front unit (77%) had less 
forest than the Five Forks unit (83%), but 
both were above the thresholds of concern 
(Table 4.5). Forest in the landscape sur-
rounding the park decreased from 66% in 
1992 to 59% in 2001 (Figure 4.28) .

Data gaps and level of confidence

This assessment of forest cover treats all 
types of forest as equivalent. Differences 
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Eastern Front

Five Forks

Whole Park

 Park Unit                            Forested Land Cover (%)    Condition Score 

77%

83%

77%

100%

100%

100%

in forest composition and quality are not 
considered. Similarly, the assessment treats 
all non-forest cover types equivalently. 
However, different types of non-forest land 
could have drastically different effects on 
forest fragmentation. Trend was not for-
mally assessed due to the lack of a second 
vegetation map of comparable detail to the 
Natural Heritage classification. The decline 
in regional forest cover from 1992 to 2001 is 
concerning. The overall level of confidence 
in this metric is fair.

Sources of expertise

Chris Ludwig, Chief Biologist, Virginia De-
partment of Conservation and Recreation
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Table 4.5 Percent of park land covered by forest (modified from Patterson 2008). Figure 4.28 Percent 
forest in 30 km (19-mi)
buffer surrounding Pe-
tersburg National Battle-
field in 1992 (left) and 
2001 (right) (Budde et al. 
2009).
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4.4.2 Forest Connectivity 

Relevance and context

Landscape connectivity is the degree to 
which the landscape facilitates or impedes 
movement between resource patches (Taylor 
et al. 1993). The connectivity of habitat heav-
ily influences the survival and prolonged 
existence of native organisms within a land-
scape, affecting ecosystem dynamics (Bolger 
et al. 2008) and increasing susceptibility 
to biological invasions (Minor et al. 2009). 
Fragmented ecosystems have been shown to 
experience negative effects independent of 
habitat loss due to decreases in connectivity 
(Mortelliti et al. 2010). 

Data and methods

Forest connectivity was assessed using 
Conefor Sensinode 2.6 software (Saura & 
Torné 2009). Forest was classified using data 
from Patterson (2008) as described in the 
Percent Forest section above (Section 4.4.1; 
see also Table 3-1 in Chapter 3). Forest was 
then mapped into discrete forest patches 
and the distance between all patch pairs was 
measured from closest edge to closet edge. 
The Landscape Coincidence Probability 
(LCP) was used as the primary index of con-
nectivity (Pascual-Hortal and Saura 2006, 
Saura and Pascual-Hortal 2007, Saura et al. 
2011a,  Saura et 
al. 2011b). LCP 
is defined as the 
probability that 
two randomly 
located points 
within the land-
scape are: (1) 
both in forest, 
and (2) either di-
rectly connected 
or connected 
through a path 
of connected 
patches. A 
distance of 360 
m (1,181 ft) was 
used as a thresh-
old distance to 

assign patch pairs as either connected or not 
connected in the analysis. This distance rep-
resents the scale of seed dispersal for many 
tree species and represents a reasonable dis-
tance across which small mammals can travel 
between forest patches (He and Mladendoff 
1999, Bowman et al. 2002). 

Thresholds

LCP values range from 0 to 1, increasing with 
increased connectivity. A completely intact 
and connected habitat within a particular 
landscape would receive an LCP score of 1, 
and total absence of forested habitat within 
a particular landscape would receive a score 
of 0. A threshold value of 0.75 was set for 
the assessment, above which the park was as-
signed a score of 100% and below which the 
park was assigned an attainment score of 0% 
(Townsend et al. 2009).

Current condition and trend

The Eastern Front unit obtained an LCP 
value of 0.73 (Figure 4.29). This value is 
slightly under the established threshold 
value of 0.75. Forest connectivity has been 
compromised by: development within the 
park, purposeful preservation of non-forest 
landscapes (preservation of battlefield mead-
ows, etc.), and road construction. The Five 
Forks unit received an LCP value of 0.77. 

Petersburg National Battlefield Natural Resource Condition Assessment

Figure 4.29 Connectivity 
of forest patches in the 
Eastern Front. Lines are 
drawn between poten-
tially connected patches 
(landcover data modified  
from Patterson 2008). 
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This value is slightly above the threshold 
value of 0.75. However, it warrants con-
tinued monitoring. Due to the dispersed 
nature of the different park units, Petersburg 
NB as a whole is highly disconnected (0% 
attainment).

Data Gaps and level of confidence

Confidence in the findings is fair. At the 
park-scale, barriers among the different units 
are plentiful. For the individual units, the 
closeness of the metric score to threshold 
for both the Eastern Front unit and the Five 
Forks unit warrants additional investigation. 
The assessment treated all non-forest cover 
the same, and this assumption decreases the 
confidence in the results. For example, roads 
are a less crossable boundary than fields 
for many species, but they were treated as 
equivalent in the analysis. 

Sources of expertise

Karen D. Patterson, Virginia Department of 
Conservation and Recreation, Division of 
Natural Heritage
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4.4.3 Riparian Buffer Width 

Relevance and context

Forested riparian buffers enhance biodi-
versity and improve water quality. They 
enhance terrestrial biodiversity by pro-
viding foraging, nesting, breeding, and 
escape cover; protecting sensitive habitats; 
and maintaining landscape connectivity 
(Hodges and Krementz 1996, Wanger 1999, 
Bentrup 2008). They also provide valu-
able buffer benefits to aquatic habitat, for 
example, by shading streams to maintain 
favorable temperature (Moore et al. 2005). 
Forested riparian buffers protect water 
quality by reducing the amount of sediment, 
nutrients, and other pollutants that enter 
streams, lakes, and other surface waters 
(Phillips 1989).They attenuate nutrients 
such as nitrogen and through plant uptake, 
microbial immobilization and denitrifica-
tion, soil storage, and groundwater mixing 
(Lowrance et al. 1997). 

Despite strong evidence that forested ripar-
ian buffers are an important best manage-
ment practice (BMP), many factors affect 
the ability of the riparian forest to function 
effectively including pollutant load, field 
slope, type and density of vegetation, soil 
structure, subsurface drainage patterns, and 
the frequency and force of storm events 
(Osborne and Kovacic 1993). The scientific 
basis for determining a specific width for 
the BMP depends on the overall rational 
for the buffer, with 100 m recommended as 
an appropriate corridor width for terres-
trial species that use forested riparian areas 
as movement corridors and amphibians, 
turtles and other aquatic species that use 
the land for at least part of their life cycles 
(Bentrup 2008).

Data and methods

Land cover data from the Virginia Natural 
Heritage Program (Patterson 2008) were 
used to generate a map of forest and wet-
land for the park (see Chapter 3).  The per-
centage of land cover in forest or wetland 
was then calculated for all 100-m buffer 
strips around the park’s streams. 

Threshold

The Chesapeake Bay Program has set a long-
term goal of 70% forest coverage in riparian 
areas of the Bay watershed (Sprague et al. 
2006). Using this threshold value, forest/wet-
land cover of less than 70% in the riparian 
zone was deemed as 0% attainment for the 
purpose of this assessment.

Current condition and trend

Using the modification of the Natural Heri-
tage land cover map, 94% of the riparian area 
of Petersburg NB was forested or wetland, 
which represents a 100% attainment relative 
to the minimum threshold of 70%. The ripar-
ian buffer in the Eastern Front unit was 91% 
forested or wetland. In the Five Forks unit, 
riparian buffer was 97% forested or wetland. 
Both of these units, therefore, were assessed 
as exceeding the 70% threshold (Figure 4.30). 

Petersburg National Battlefield Natural Resource Condition Assessment

Figure 4.30 Forested 
and non-forested areas 
with 100-m buffer of Pe-
tersburg National Battle-
field streams (land cover 
data modified from Pat-
terson 2008). 
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Data were not available to assess temporal 
trend in forest cover within the park.

Data gaps and level of confidence

This metric treats different non-forest cover 
the same (i.e., roads,  fields, and buildings 
were all considered simply non-forest). 
However, grasslands and roads, for example, 
would have very different habitat poten-
tials and buffering capacities. The health of 
the forest within the buffer zone is also not 
quantified. More research could be done to 
investigate forest quality, age, composition, 
etc. within each of the buffer zones.  The 
land cover data are several years old and 
no equivalent, detailed vegetation survey 
of the park has been conducted to allow 
assessment of temporal trend. Although 
the National Land Cover Dataset (NLCD) 
is available for multiple years for the park, 
NLCD data were not used for this assess-
ment because of documented inconsis-
tencies in mapping wetland areas at high 
resolution using these data (Hollister et al. 
2004, Thogmartin 2004). The overall level of 
confidence in this metric is therefore fair.

Sources of expertise

Albert Todd, Watershed Program Leader, 
USDA Forest Service, Annapolis, MD.
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4.4.4 Impervious Surface 

Relevance and context

Impervious surface is a quantifiable indica-
tor of human activity on the landscape that 
directly correlates to environmental condi-
tion (Arnold and Gibbons 1996). It includes 
rooftops, roads, and parking lots that de-
crease infiltration and groundwater storage 
while increasing runoff and water pollution 
(Center for Watershed Protection 2003). 
Some studies have indicated that the total 
percent impervious surface in a watershed  
has a stronger effect on stream ecosystem 
integrity than the amount of riparian defor-
estation, though the two factors certainly 
interact to degrade stream condition (Walsh 
et al. 2007). Percent impervious surface can 
provide a good approximation of watershed 
and aquatic habitat degradation, even within 
areas of little development (Gergel et al. 
2002). For context, approximately 20% of 
a 30 km (19 mi) buffer around the park was 
impervious surface cover in 2001 (Budde et 
al. 2009)(Figure 4.31).  However, most of this 
development occurs in parts of the water-
shed that do not directly flow into the park.

Data and methods

Impervious surface data were taken from the 
2006 National Land Cover Data set (NLCD) 
in which all 30 m pixels were classified into 
101 possible values (0–100%) (Homer et al. 
2007). The mean impervious surface value 
was calculated for the park and separately 
for the Five Forks unit and the Eastern Front 
unit. The mean impervious surface value also 
was calculated for the 12-digit Hydrologic 
Unit Code (HUC) watersheds surrounding 
the park (Faber-Langendoen 2009). Finally, 
Arc Hydro Tools were used to delineate the 
smaller watersheds surrounding streams that 
flow directly into the Eastern Front and Five 
Forks units. This last measure was deemed 
the most ecologically relevant to park condi-
tion, and it was used for the final assessment 
of the impervious surface indicator.

Threshold

Multiple studies have illustrated significant 
ecosystem impacts in watersheds with less 
than 10% impervious cover. For example, 
a study in coastal New Jersey revealed that 
impervious surface cover as low as 2% 

may have effects 
on pH and spe-
cific conductance 
(Conway 2007). In 
a Maryland study, 
impervious surface 
cover from 0.5–2% 
resulted in the 
decline of the ma-
jority (80%) of the 
stream taxa, while 
2–25% impervi-
ous cover showed 
a decline in 100% 
of the taxa (King et 
al. 2011). Coastal 
Plain watersheds 
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Figure 4.31 Impervious 
surface cover from NLCD 
2001, showing a 30 km 
(19 mi) buffer around 
Petersburg NB. Adapted 
from NPScape products 
(Budde et al. 2009).
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with 4–23% impervious cover have shown 
a loss of sensitive aquatic invertebrate taxa 
(Utz et al. 2009), and watersheds with 3–5% 
cover have shown significant changes in 
stream flow (Yang et al. 2010). This assess-
ment used a threshold value of less than 10% 
impervious surface cover for achieving 100% 
attainment, based on the historical adoption 
of this threshold value within the freshwater 
conservation community (Arnold and Gib-
bons 1996, Booth and Jackson 1997, Lussier 
et al. 2008).

Current condition and trend

Using the impervious surface estimate from 
the 2006 NLCD, the park was assessed on 
three different scales (listed in order of in-
creasing size): the impervious surface cover 
within the park, the impervious surface cov-
er within the small watersheds feeding the 
Eastern Front and Five Forks units, and the 

impervious surface cover 
within the two HUC 12 
watersheds containing 
the park (Figure 4.32). 
The park units them-
selves and the HUC 12 
watershed containing the 
Five Forks unit had im-
pervious surface covers 
less than the 10% thresh-
old value. The HUC 12 
watershed containing the 
Eastern Front unit (i.e., 
the Appomattox River 
watershed) failed to meet 
the attainment thresh-
old, with a mean value 
of 11.5%. However little 
of this development was 
upstream of the park.  
The watersheds contain-
ing streams that flow into 
the park (i.e., the scale 
selected for this assess-
ment) contained less 
than 10% impervious 
surface for both the East-
ern Front and Five Forks 
units  (Figure 4.33).  The 
park is therefore given a 
100% attainment score 

for this metric. No data are available to assess 
trend directly for this metric.

Data gaps and level of confidence

This park is located within a highly dynamic 
urban and suburban setting. New roads and 
developments along the park boundary are 
being created and/or widened every year. 
However, no data are currently available for 
an assessment of temporal trend in impervi-
ous surface cover. The 2006 NLCD data are 
already somewhat dated for an assessment 
of current condition. A localized data source 
rather than the NLCD also would allow for 
improved classification accuracy of impervi-
ous surfaces. As discussed in the threshold 
section, a strong argument could be made 
for using a lower threshold than the rule-of-
thumb 10% value. Confidence in the assess-
ment of this metric is fair.

Petersburg National Battlefield Natural Resource Condition Assessment

Figure 4.32 Impervi-
ous surface located in 
watersheds draining 
into Petersburg Nation-
al Battlefield (landcover 
data from 2006 NLCD). 



91

Sources of expertise

Matt Baker, Associate 
Professor of Geog-
raphy, University of 
Maryland Baltimore 
County

Literature cited

Arnold Jr CL and CJ 
Gibbons. 1996. Imper-
vious surface coverage. 
Journal of the American 
Planning Association 
62(2): 243-269.

Booth DB and LE Reinelt. 1993. Conse-
quences of urbanization on aquatic systems: 
Measured effects, degradation thresholds, 
and corrective strategies. Watersheds ‘93, 
Conference sponsored by the U.S. Environ-
mental Protection Agency, Alexandria, VA, 
March 21-24, pp. 545-550.

Budde PJ, BJ Frakes, L Nelson, and U Glick. 
2009. NPScape Data and Processing. Inven-
tory and Monitoring Division, National Park 
Service, Fort Collins, CO.

Center for Watershed Protection. 2003. 
Impacts of impervious cover on aquatic 
systems. Center for Watershed Protection, 
Ellicott City, MD.

Conway TM. 2007. Impervious surface as an 
indicator of pH and specific conductance in 
the urbanizing coastal zone of New Jersey, 
USA. Journal of Environmental Manage-
ment 85: 308-316.

Faber-Langendoen D. 2009. Freshwater 
Wetlands Monitoring and Assessment 
Framework for the Northewast Temperate 
Network. Rep. no. 143. Syracuse: National 
Park Service.

Gergel SE, MG Turner, JR Miller, JM 
Melack, and EH Stanley. 2002. Landscape 
indicators of human impacts to riverine sys-
tems. Aquatic Sciences 64:118-128.

Homer C, J Dewitz, J Fry, M Coan, N Hos-

sain, C Larson, N Herold, A McKerrow, JN 
VanDriel and J Wickham. 2007. Completion 
of the 2001 National Land Cover Database 
for the Conterminous United States, Photo-
grammetric Engineering and Remote Sens-
ing 73: 337-341.

King RS, ME Baker, PF Kazyak, and DE 
Weller. 2011. How novel is too novel? Stream 
community threshold at exceptionally low 
levels of catchment urbanization. Ecological 
Application 21: 1659-1678.

Lussier SM, SN da Silva, M Charpentier, JF 
Heltshe, SM Cormier, DJ Klemm, M Chin-
tala, and S Jayaraman. 2008. The infl uence 
of suburban land use on habitat and biotic 
integrity of coastal Rhode Island streams. 
Environmental Monitoring and Assessment 
139: 119-136.

Utz RM, RH Hilderbrand, and DM Boward. 
2009. Identifying regional differences in 
threshold responses of aquatic invertebrate 
to land cover gradients. Ecological Indica-
tors 9: 556-567.

Walsh CJ, KA Waller, J Gehling, and R 
MacNally. 2007. Riverine invertebrate as-
semblages are degraded more by catchment 
urbanisation than by riparian deforestation. 
Freshwater Biology 52: 574-587.

Yang G, LC Bowling, KA Cherkauer, BC Pi-
janowski, and D Niyogi. 2010. Hydroclimatic 
response of watersheds to urban intensity: 
An observational and modeling-based 
analysis for the White River Basin, Indiana. 
Journal of Hydrometeorology 11: 122-138.

Petersburg National Battlefield Natural Resource Condition Assessment
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located in watersheds 
draining into Peters-
burg National Battle-
field (derived from 
2006 NLCD data). 

Threshold: ≤10%
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4.4.5 Contiguous Grassland Area

Relevance and context

The decline of grassland birds in the Mid- 
Atlantic is attributed to a combination of 
factors. One of the most important causes 
is the fragmentation of open space in the 
region (Watts 2000, Peterjohn et al. 2007). 
The combination of increasing urban devel-
opment and forest secondly succession on 
abandoned agricultural land has generally re-
sulted in fewer and smaller grassland patch-
es. In Virginia, the amount of open grassland 
has been reduced by 55% since 1945 and 
currently comprises less than 2% of the 
landscape (Watts 2000). Up to 95% of these 
grassland patches are < 10 ha (25 ac) in size 
(Watts 2000). Most grassland bird species are 
highly sensitive to patch size. Grassland birds 
are experiencing one of the highest rates of 
decline of any group of birds in North Amer-
ica (Peterjohn and Sauer 1999). Historical 
and cultural parks may be critical refuges for 
grassland birds in the Northeast. In a recent 
inventory of four battlefield parks (Antie-
tam, Monocacy, Manassas, and Gettysburg), 
compositions of grassland bird communities 
were highly variable among sites. However, 
there was a consistent finding that breeding 
grassland birds avoided fields < 10 ha (25 ac) 
in size (Peterjohn et al. 2007).

Data and methods

Data from the Virginia Natural Heritage Pro-
gram (Patterson 2008) were reclassified into 
grassland and non-grassland categories (see 
Chapter 3). All fields were then characterized 
by size. The largest single contiguous patch 
of grassland was compared to a minimum 
threshold for the entire park and for each of 
the two main units of the park.

Threshold

Watts (2000) provides a minimum patch 
size requirement of 10 ha (25 ac) for park 
fields. In his assessment of grassland bird 
area requirements, Peterjohn (2006) used 
similar reference values. According to his 
recommendations contiguous grassland 
areas <4.9 ha (12 ac) in size are generally 
avoided by grassland birds. Areas need to 
be greater than 10 ha (25 ac) to be consis-
tently occupied. Even 10-ha patches are not 
large enough to serve as high-quality habitat 
for many grassland birds. Peterjohn (2006) 
recommends contiguous grassland area ≥40 
ha (100 ac) to support entire grassland bird 
communities in the region. We therefore use 
a graduated set of thresholds for the assess-
ment: all patches <5 ha = 0% attainment; at 
least one patch ≥5 ha = 30% attainment; at 
least one patch ≥ 10 ha = 70% attainment; at 
least one patch ≥ 40 ha = 100% attainment.  

Petersburg National Battlefield Natural Resource Condition Assessment

Figure 4.34 Large patch-
es of grassland located 
in Petersburg National 
Battlefield. Area of patch 
provided in hectares. 
Figures use Orthophoto 
basemap provided by 
NPS (2012). Landcover 
data for grassland patch-
es modified from Patter-
son (2008).
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Current condition and trend

The park met the ecological threshold of 
having at least one patch ≥ 10 ha in size for 
an attainment score of 70%. All individual 
park units also met the threshold (Figure 
4.34). There were two 10 ha patches over the 
10 ha threshold in the Eastern Front unit. In 
the Five Forks unit, there was only one patch 
over 10 ha in area but two over 5 ha. No 
metrics in the park met the 40-ha threshold. 
Data were not available for an assessment of 
trend.

Data gaps and level of confidence

Confidence in this metric is assessed as fair. 
The size of grassland patches can be quanti-
fied with a high level of accuracy using rela-
tively simple mapping techniques. The level 
of confidence would be increased by addi-
tional research to refine the threshold, e.g., 
the influence of patch quality on minimum 
patch size, species specific minimum area 
requirements, etc. Thresholds applicable 
to species other than grassland birds would 
also be relevant. Finally, a better measure of 
patch size would incorporate adjacent prop-
erty along the park boundary. For example, 
the field in the southwest corner of the Five 
Forks unit would more than double in size 
if contiguous neighboring fields were also 
considered in the assessment (Figure 4.34). 

Sources of expertise

Brian Watts, Director, Center for Conserva-
tion Biology, The College of William & Mary

Literature cited

Patterson KD. 2008. Vegetation classification 
and mapping at Petersburg National Battle-
field, Virginia. Technical Report NPS/NER/
NRTR- 2008/127. National Park Service, 
Philadelphia, PA.

Peterjohn B. 2006. Conceptual ecologi-
cal model for management of breeding 
grassland birds in the Mid-Atlantic region. 
Natural Resources Report NPS/NER/
NRR—2006/005. National Park Service, 
Philadelphia, PA.

Peterjohn B, B Eick, and B Blumberg. 2007. 
Native grasses: Contributors to historical 
landscapes and grassland-bird habitat in the 
Northeast. ParkScience 24.

Peterjohn BG and JR Sauer. 1999. Popula-
tion status of North American grassland 
birds from the North American Breeding 
Bird Survey, 1966–1996. Studies in Avian 
Biology 19: 27-44.

Watts BD. 2000. Management of park fields 
to enhance the natural resource value and 
biodiversity of Colonial National Historical 
Park.

Petersburg National Battlefield Natural Resource Condition Assessment



94

4.4.6 Natural Lightscapes and Night Sky

Relevance and context

The lower 48 states of the U.S. have some 
of the highest levels of artificial light in the 
world, with 60% of the population hav-
ing insufficient night time darkness to fully 
transition over from cone to rod vision 
(Longcore and Rich 2004). By one estimate, 
99% of the world’s skies are considered 
light-polluted (Cinzano 2001). Natural 
lightscapes, including dark night skies, are 
an important component of visitors’ park 
experiences and are an area of focus for NPS 
management (Smith and Hallo 2013). Two 
recognized consequences of light pollution 
are astronomical (the ability of stargazers 
to view stars and other celestial bodies) 
and ecological (the effects on wildlife and 
wildlife behavior) (Longcore and Rich 2004). 
Ecological impacts on wildlife can include 
changes to biodiversity, migration patterns, 
and habitat quality for birds, trees, and fish 
(Rich and Longcore 2006). Light pollution 
can also change animal interactions; for 
example, prey species losing the protective 
cover of darkness can effect predator-prey 
interactions (Rich and Longcore 2006). Even 
remote locations can be affected by distance 
light sources depending on the intensity and 
wavelength (i.e., color) of the emitted light 
(Salmon 2003).

Data and methods

Night sky brightness can be measured in 
units of ‘V magnitudes’ per arcsecond2 using 
charged coupled device (CCD) digital cam-
eras with a ‘V’ (green) filter. These measure-

ments can then be compared to a reference 
value representing natural sky conditions. 
At present, no measurements of night sky 
brightness have been collected in Petersburg 
NB.

Threshold

A reference condition of >21.5 magnitudes 
per arcsecond2 represents a value slightly 
brighter than the observed and modeled 
value for sky brightness at a site completely 
free of any human light sources and has been 
recommended by the NPS Night Sky Team 
as a threshold value (Garstang 1989a; Skiff 
2001). During a full moon in the suburbs of 
a large city, V magnitudes of approximately 
18.0 magnitudes per arcsecond2  have been 
previously measured (Skiff 2001). One study 
recorded a value of 18.7 magnitudes per 
arcsecond2  for urban centers from Rhode 
Island down to Connecticut, representing 
approximately 21 times natural background 
(Garstang 1989a).

Current condition and trend

The condition of natural lightscapes in 
Petersburg NB is unknown. No data are 
available to assess current condition or trend 
directly for this metric. Despite improve-
ments in lighting technology, a strong posi-
tive correlation between human population 
increase and light pollution suggests that 
night sky brightness is at risk of increasing 
with continued development in the region 
(Garstung 1989b). The urban setting of the 
Eastern Front unit suggests that this unit 
may be especially threatened by bright night 
skies.

Petersburg National Battlefield Natural Resource Condition Assessment

Poplar grove National Cemetary Luminary Event in Petersburg National Battlefield 
Photo Courtesy of Petersburg National Battlefield, NPS
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Data gaps and level of confidence

Data are not currently available for an as-
sessment of this metric. Night sky resource 
inventories are needed in the park area and 
will contribute to Air Quality Related Value 
Assessments being completed nationally. Pe-
tersburg NB should be considered for inclu-
sion in the national assessment of night sky 
brightness by the Natural Sounds and Night 
Sky Division to fill this important data gap.

Sources of expertise

National Park Service Natural Sounds and 
Night Sky Division, Night Sky Team http://
www.nature.nps.gov/night/light.cfm
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4.4.7 Soundscapes

Relevance and context

A soundscape is defined by the total ambi-
ent acoustic environment of a given area 
(Wrightson 2000). Evaluation of sound-
scapes has become an increasingly important 
component of landscape ecology (Truax 
and Barrett 2011). Natural soundscapes 
provide valuable resources that are integral 
to park ecological communities (Miller 
2008). Examples of acoustic resources derive 
from biological sources, such as wildlife, 
and from geophysical sources, such as wind 
and rain (Pijanowski et al. 2011). Properly 
functioning soundscapes are important for 
intra-species communication, territory es-
tablishment, courting and mating, nurturing 
and protecting young, predation and preda-
tor avoidance, and effective use of habitat 
(Pijanowski et al. 2011, Truax and Barrett 
2011). Specific species may be sensitive to 
sound; thus changes in sound regime can 
displace animals or make them accustomed 
to noise and unaffected by noise-based 
behavioral cues (Barber et al. 2009). Visitors 
also appreciate natural sounds throughout 
the park, which offer a source of relaxation 
and pleasant experiences. One system-wide 
survey of park visitors revealed that nearly as 
many visitors come to national parks to enjoy 
the natural soundscape (91%) as come to 
view the scenery (93%; NPS 1995). Recent 
studies have demonstrated that noise pollu-
tion is not restricted to only developed areas; 
instead, many protected areas also experi-
ence significant noise loads even in “natural” 
settings (Miller 2008, Barber et al. 2011). 

Data and methods

Methods for quantifying the types of sounds, 
sound levels, and periods of audibility are 
under constant revision (Miller 2008). Pres-
ently, no measurements have been collected 
in Petersburg NB.  At a typical monitoring 
station, digital acoustic recorders would take 
sound pressure level and frequency read-
ings which can be visually represented in 
a spectogram (Pijanowski et al. 2011). The 
sound pressure level (loudness) is recorded 
in decibels (dB) and the frequency (pitch) 
of a sound is recorded in hertz (Hz). Sound 
equipment used in other parks can record 
sounds from 12.5 to 40,000 Hz, which 
exceeds the human hearing range. High fre-
quency sounds (a cricket chirping) and low 
frequency sounds (water flowing in a river) 
often occur simultaneously. The frequency 
spectrum is split into 33 smaller ranges that 
each encompass one-third of an octave. 
For each one-third octave band, dB level is 
recorded once per second for the duration of 
the monitoring period. Recording the sound 
intensity of each one-third octave band 
allows acoustic technicians to determine 
what types of sounds are contributing to the 
overall sound pressure level of a site. Ad-
ditional metrics commonly used to describe 
audibility include percent of time audible 
(the amount of time a sound is heard) and 
average noise free interval (the length of 
continuous periods without noise) (Miller 
2008).

Threshold

Both what are considered appropriate sound 
sources and thresholds for sound 
pressure level vary depending on 
the time of day and the character 
of the site. Zion National Park has 
established recommended thresh-
old values of ≤3 dB for more than 
75% of the day and ≤3 dB for more 
than 90% of the night for wilder-
ness areas in the park (NPS 2011). 
These levels are likely overprotec-
tive for Petersburg NB. In the more 
developed frontcountry zone of 
Zion National Park, they recom-
mend threshold levels of ≤6 dB for 

Petersburg National Battlefield Natural Resource Condition Assessment

Living history cannon 
crew in Petersburg Na-
tional Battlefield

Photo Courtesy of Petersburg National Battlefield, NPS
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more than 40% of the day and ≤4 dB more 
than 70% of the night. Additional recom-
mendations include not allowing any human 
noises > 60 dB during the day or > 45 dB 
during the night (NPS 2011). 

Current condition and trend

The current condition of the Petersburg NB 
soundscape is unknown. The urban loca-
tion of the park suggests that noise levels are 
likely high, especially for the Eastern Front 
Unit which abuts large developments and 
major roads. In terms of trend, there is grow-
ing concern about the amount of noise com-
ing from the Fort Lee army base adjacent to 
the Eastern Front Unit.

Data gaps and level of confidence

Currently no data are available to assess 
this metric. However, unwanted noise is a 
growing concern within all park units of 
Petersburg NB because it can interfere with 
communications and the visitor experience, 
bother surrounding neighborhoods, and 
potentially disrupt wildlife activities.  Ad-
ditional data on the types and magnitude of 
sounds within the park are need to fill this 
important data gap and to maintain compli-
ance with Director’s Order 47 regarding 
sound preservation and management (NPS 
2000).

Research is needed to identify the types of 
sounds within Petersburg NB and  to estab-
lish baseline sound levels. A comprehensive 
soundscape management plan (SMP) is rec-
ommended for the park. The Natural Sounds 
Program was established in 2000 to help 
parks manage their acoustic environments to 
ensure educational and inspirational visitor 
experiences. The program aims to discern 
the difference between the physical sound 
sources and human perceptions of those 
sounds. The program also works closely with 
the Federal Aviation Administration (FAA) 
to develop Air Tour Management Plans 
(ATMP) in national parks to address noise 
effects from over flights and commercial air 
tours. 

Sources of expertise

National Park Service, Natural Sounds Pro-
gram, www.nature.nps.gov/ naturalsounds
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5.1    PETERSBURG NATIONAL BATTLEFIELD CONTEXT FOR ASSESSMENT

The resources of Petersburg National Battlefield (Petersburg NB) possess historic, esthetic, cultural, 
economic, and scientific values. The condition of natural resources in the park must be considered in the 
context of its geography, legislative mission, and history. The park’s founding documents require park 
management to protect certain historical conditions, including the preservation of historical landmarks.

The natural condition of these resources has been assessed systematically through: describing the park 
resource setting, consulting with relevant stakeholders on the assessment approach, compiling avail-
able data for resources and stressors, identifying suitable metric indicators of resource condition, using 
available literature and expert opinion to develop thresholds for these metrics, and deriving a percentage 
score for the two largest units and the park as a whole. Based on this information, this final chapter sum-
marizes the key conditions, stressors, and threats to resources within the park. It furthermore provides 
recommendations for better understanding these resources and maintaining or improving their future 
condition.

5.2 PARK NATURAL RESOURCE CONDITION

Different park objectives and management practices are required for each of the four vital sign categories 
within Petersburg NB: Air Quality, Water Quality, Biological Integrity, and Landscape Dynamics. The 
natural condition of the park has been assessed based on 25 metrics representing these categories as 
outlined in Chapter 3. The detailed methods and final assessment of condition and trend were provided 
for each metric in Chapter 4.  In this chapter, we present the key findings and recommendations for each 
metric based on a direct consideration of the assessment findings. Recommendations were compiled in 
collaboration with park natural resource personnel. 

Chapter 5: Discussion

“With so many irreplaceable cultural resources, the park has the important, and of-
ten difficult, task of achieving a balance between the cultural and natural aspects of 
preservation.”

- Petersburg National Battlefield (http://www.nps.gov/pete/naturescience/index.htm)
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•Spread awareness throughout the region

•Educate the public on the causes and effects 
of air pollution
     
•Provide signage and brochures about not 
letting buses idol when visiting the park 

•Analyze relationships between air and wa-
ter quality in more depth

•Regional degradation of air quality 

•Improving conditions for many 
indicators

•Local impacts experienced from ozone 
pollution 

 

Key Findings Recommendations

Table 5.2 Key findings and recommendations for air quality in Petersburg National Battlefield.

Indicators           Reference Condition         Current  Trend in
              Attainment       Condition  Condition

Ozone      0%       Very degraded Improving 

Total Wet Nitrogen Deposition  0%       Very degraded Improving

Total Wet Sulfur Deposition  0%       Very degraded Improving

Visibility    0%       Very degraded  Improving

Mercury Deposition   0%        Very degraded No Trend Available

Air Quality    0%  

Table 5.1 Summary of air quality indicators including threshold attainment for Petersburg National Battlefield

5.2.1 Air Quality

The condition of air quality in Petersburg NB was assessed as being “very degraded,” based on attain-
ing 0% of desired threshold scores (Table 5.1). Confidence in this assessment is high based on the data 
available. The length and temporal resolution of the air quality data sets allow clear assessment of trends. 
However the spatial resolution of the data are poor. Data were attained from regional monitoring stations 
and were not park specific. Air quality measurements within the park, though not a priority, would be 
beneficial to future assessments of air quality. Although air quality at Petersburg NB is “very degraded,” 
trends for the past decade indicate that many of the indicators are improving.          

Unfortunately, air quality degradation is a regional issue. Park management efforts to directly improve 
regional air quality are likely to have minimal impact for contaminants other than ozone. However, the 
park can play a leading role in regional education of the causes and effects of air pollution. These include 
human health issues, plant defoliation, water acidification and eutrophication, and altered nutrient cy-
cling (Table 5.2).   

Petersburg National Battlefield Natural Resource Condition Assessment
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Table 5.4 Key findings and recommendations for water quality in Petersburg National Battlefield

•High temperature months result in low      •Continue sampling of water quality 
dissolved oxygen retention especially in the  parameters to determine trend 
Five Forks unit

•Only two sample locations for benthic     •Increase spatial sampling of benthic
macroinvertebrates     macroinvertabrates and possibly other    
       metrics

•Water temperature and pH    •Focus on Hatchers Run as a priority aquatic
are generally in good condition    resource

Key Findings Recommendations

Table 5.3 Summary of water quality indicators including threshold attainment for Petersburg National Battlefield.

Indicators           Reference Condition          Current   Trend in
              Attainment        Condition   Condition

Dissolved Oxygen   81%        Very Good  Stable

Water Temperature   100%        Very Good  Stable

Water pH    83%        Very Good  Stable

Benthic Macroinvertebrates  67%        Good  No Trend Available

Water Quality    83% 

Indicators           Reference Condition         Current  Trend in
              Attainment       Condition  Condition

Key Findings Recommendations

5.2.2 Water Quality

The condition of water quality in Petersburg NB was assessed as being “very good,” with threshold 
attainment at 83% (Table 5.3). Based on the available data, confidence in the assessment of condition is 
fair. The temporal resolution of water quality measurements is generally very good. However, trend is 
difficult to assess due to the limited sample frame (22 months in most cases). One approach to poten-
tially increase the spatial resolution of the data sets would be to initiate a new sampling framework. For 
example, existing samples could be used as core sites with a rotating panel of additional sample locations 
(Table 5.4). 

Water temperature and chemistry is in good condition, especially given the urban context of the park. A 
concern is the low summertime DO levels for small streams in the park that dry out or become stagnant 
in the summer months. Indicators such as fish communities, impervious surface cover, and riparian buf-
fer width included in other vital sign categories are also informative of water conditions. 

Petersburg National Battlefield Natural Resource Condition Assessment
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Indicators           Reference Condition    Current  Trend in
           Attainment  Condition Condition

Bald Eagles    100%        Very Good  Stable

Forest Interior Dwelling Species  100%        Very Good  Stable

Grassland Bird Species   71.5%        Good  No Trend Available 

Mammal Richness   61%        Good  No Trend Available 

Herptile Communities   86%        Very Good  No Trend Available

Fish Communities   50%        Fair   Degrading

White-Tailed Deer   0%        Very Degraded Stable

Forest Regeneration   37%        Degraded  No Trend Available 

Invasive Plant Species   88%        Very Good  No Trend Available 

Biological Integrity   66% 

Table 5.5 Summary of biological integrity indicators including threshold attainment for Petersburg National Battle-
field.

Indicators           Reference Condition         Current  Trend in
              Attainment       Condition  Condition

5.2.3 Biological Integrity

The condition of biological integrity was assessed as being “good,” based on attaining 66% of desired 
threshold scores (Table 5.5). Confidence in the assessment for this vital sign is low. Assessment of cur-
rent condition for many of the indicators was based on a single inventory data set. In many cases, these 
inventories were nearly a decade old. Over half of the metrics had no data to assess temporal trends. 
Many of the same pollutants and stressors degrade the condition of several metrics; thus many of the 
metrics are interconnected. For example, fish communities and herptile communities are both influenced 
by water quality. Similarly, the degraded condition of some metrics is the result of another metric. For 
example, the overpopulation of white-tailed deer may be at least partially responsible for the decline in 
forest regeneration. The lack of forest regeneration, in turn, may be affecting bird species that rely on this 
resource. More research on these interconnections of resources is warranted (Table 5.6). 

More basic data collection is needed on biotic resources such as mammals and terrestrial invertebrates. 
Additional data on invasive plant species distributions would also be useful to management.The assess-
ment is slightly weighted towards bird indicators due to the availability of data for this resource. Although 
no trend is reported for grasssland birds, the lack of young grassland species in the 2011 monitoring 
data is worth noting. In general, this functional group is highly dependent on disturbances that may be 
becoming less common on the landscape. The absence of birds that prefer mature grassland habitat from 
both the initial inventory and follow-up monitoring is also notable. 

Petersburg National Battlefield Natural Resource Condition Assessment
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Indicators           Reference Condition     Current Trend in
               Attainment   Condition Condition

Percent Forest     100%        Very Good  No Trend Available

Forest Connectivity   0%        Very Degraded No Trend Available

Riparian Buffer Width   100%        Very Good  No Trend Available

Impervious Surface   100%        Very Good  No Trend Available

Contiguous Grassland Area   70%        Good  No Trend Available

Natural Lightscapes and Night Sky N/A        N/A   N/A

Soundscapes     N/A        N/A   N/A

Landscape Dynamics   74% 

Table 5.7 Summary of landscape dynamic indicators including threshold attainment for Petersburg Na-
tional Battlefield.

Table 5.6 Key findings and recommendations for biological integrity indicators in Petersburg National Battlefield.

•High white-tailed deer populations threaten 
endemic plants and forest regeneration

•Assessment slightly weighted towards bird as 
indicators

•Invasive plant species concerns vary spatially

Key Findings           Recommendations

•Conduct more comprehensive and accurate deer 
monitoring by measuring distance to each deer; 
investigate deer effects on vegetation 

•Increase research on feedbacks among biotic 
resources

•Prioritize invasive plant treatments by species and 
spatially

Indicators           Reference Condition         Current  Trend in
              Attainment       Condition  Condition

Indicators           Reference Condition         Current  Trend in
              Attainment       Condition  Condition

Key Findings Recommendations

5.2.4 Landscape Dynamics

The condition of landscape dynamics were assessed as being “very good,” based on an average at-
tainment of 74% for all metrics (Table 5.7). The assessment suffers from a lack of data for both natural 
lightscapes and soundscapes, and by the limited temporal resolution of many of the metrics (most rely 
on a single dataset); thus confidence in this assessment score is fair. Forest connectivity was the only 
metric to receive a score of 0% attainment. Forest connectivity is compromised by internal park develop-
ment, management of historical battlefields as grasslands, and most importantly, the division of the park 
into discrete units within the urban matrix of the City of Petersburg. Stressors to forest connectivity are 
likely to continue as forest land cover is removed from areas surrounding the park and park management 
focuses on battlefield conversion and acquisition (Table 5.8). 
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•Preserve additional forest lands surrounding park

•Consider spatial context when converting forest to 
fields to maximize grassland patch size and reduce 
effects on forest connectivity

•Consider spatial context and land cover when 
acquiring new sites to be added to the park

•Gather data on night skies and soundscapes

•Forest connectivity near threshold for both 
major units and very low among units

•Grassland patches are not large enough to 
act as reliable source habitat for all species of 
grassland birds

•Park likely suffers from light and sound pollu-
tion but currently no data are available to assess

Key Findings                Recommendations

Table 5.8 Key findings and recommendations for landscape dynamics in Petersburg National Battlefield.

Key Findings Recommendations

The urban context of the park also provides a challenge for light and noise management. In 2010, the 
NPS established a Soundscape Management Plan for Zion National Park which outlines an approach to 
manage and protect the acoustic environment for visitor enjoyment and for wildlife needs (NPS 2011). 
Other acoustic work in Sequoia National Park was used to identify 25 vegetation regimes in the park with 
unique management goals (Krause et al. 2011). These plans could be used as a model for Petersburg NB. 
Fort Lee stated they would install noise control devices on outdoor equipment where practicable. The 
base has also expressed a willingness to adjust the locations or scheduling of training activities to lower 
off-post noise levels.  Additional management efforts in the preservation of natural soundscapes are war-
ranted in the park to maintain compliance with Director’s Order 47: Sound Preservation and Noise Man-
agement (NPS 2000). Direct monitoring and data collection of the park’s lightscapes and soundscapes 
would be beneficial to future condition assessments. Increasing attention to changes in lands surround-
ing the park would also be useful. 

5.3 PARK COMPARISON: EASTERN FRONT AND FIVE FORKS 

For a subset of the metrics, data were available to assess the two major units of the park separately (Table 
5.9). Air quality was measured at the regional scale and could not be evaluated for the different park units. 
Water chemistry conditions were more degraded for acidic streams in the Five Forks unit, which suffered 
from depleted DO levels in the summer months. However, the more integrative biotic measure of stream 
quality (fish communities) was much higher for the Five Forks unit than the Eastern Front unit. The over-
all score of biological integrity was also lower for the Eastern Front unit. The lower score reflects higher 
abundances of non-native plants and a problem with deer overabundance. Both units had low scores for 
forest regeneration, potentially caused by high deer densities; however, deer density data are not available 
for the Five Forks unit. It is expected that deer populations in the Five Forks unit are not as high as in the 
Eastern Front unit. The Eastern Front unit contains the park’s only pair of breeding bald eagles. Land-
scape conditions within each of the units were high. Though, again, outside pressures were higher for the 
Eastern Front unit as quantified by the high impervious surface cover (11.5%) in the HUC 12 watershed 
surrounding that unit. Forest connectivity within the Eastern Front unit also was slightly below the desig-
nated threshold (connectivity index of 0.73 compared to a threshold of 0.75).
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5.4 OVERALL PARK CONDITION 

The overall natural resources of Petersburg NB were assessed to be in “fair” condition, attaining 56% of 
desired threshold scores (Table 5.10).  However, the confidence in the assessment is fair due to the minimal 
data available for some key indicators. Future priorities include the implementation of a noise and light pol-
lution monitoring protocol. It is important to point to the improving trends in regional air quality (ozone, 
wet nitrogen deposition, wet sulfur deposition, and visibility), which was the primary resource of concern in 
this assessment. Biological integrity was the next most degraded resource. Issues of concern were associated 
with the white-tailed deer and forest regeneration metrics. Fish communities, benthic macroinvertebrates, 
and invasive plants were also a concern for the Eastern Front unit. Additional data would be useful to further 
identify the potential scope of these problems and to help resolve these biotic challenges. More recent data 
on mammals and herptiles are needed to assess trend. Some plants and animals (e.g., herbaceous grasses, 
terrestrial invertebrates) cannot be assessed at all because of lack of data. Also, the assessment of fish and 
benthic macroinvertabrates would benefit from a greater spatial coverage of monitoring points for these 
resources. Petersburg NB has a dense network of sampling across multiple indicators, unfortunately there 
is little co-location of sampling between indicators. Overlapping sample locations would be useful in future 
assessments to study the interactions between indicators (Figure 5.1 and Figure 5.2). 

The confidence in the assessment for each vital sign is based on the temporal and spatial accuracy of the 
data. Air quality data has sufficient temporal resolution but poor spatial resolution. Landscape dynamics 
data has decent spatial resolution but poor temporal resolution with only one detailed inventory for the 
park(Patterson 2008), making it difficult to assess a trend. Much of the concern with landscape dynamics is 
the changes occurring outside the park boundaries, which are more difficult to quantify. Water quality data 
have sparse spatial coverage and monitoring began only recently; however the data have good temporal reso-
lution. Biotic integrity has poor temporal resolution generally with only one inventory conducted for many of 
the indicators. 
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Figure 5.1 All survey 
points for all indicators 
at the Eastern Front unit 
(see sources from previ-
ous figures in Chapter 
4). 
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Figure 5.2 All survey 
point locations for all 
indicators in the Five 
Forks unit. (see sources 
from previous figures in 
Chapter 4). 
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Acadian flycatcher
American crow
American goldfinch
American redstart
American robin
barred owl
bay-breasted warbler
belted kingfisher
black vulture
black-and-white warbler
black-throated green warbler
blue jay
blue-gray gnatcatcher
blue-headed vireo
broad-winged hawk
brown creeper
brown thrasher
brown-headed cowbird
brown-headed nuthatch
Canada goose
Carolina chickadee
Carolina wren
cedar waxwing
chestnut-sided  warbler
chimney swift
chipping sparrow
common grackle
common yellowthroat
dark-eyed junco
downy woodpecker
eastern bluebird
eastern kingbird
eastern meadowlark
eastern phoebe
eastern towhee
eastern wood-pewee
fish crow
fox sparrow
golden-crowned kinglet
gray catbird
great blue heron
great crested flycatcher

Empidonax virescens
Corvus brachyrhynchos
Carduelis tristis
Setophaga ruticilla
Turdus migratorius
Strix varia
Dendroica castanea
Ceryle alcyon
Coragyps atratus
Mniotilta varia
Dendroica virens
Cyanocitta cristata
Polioptila Polioptila
Vireo solitarius
Buteo platypterus
Certhia americana
Toxostoma rufum
Molothrus ater
Sitta pusilla
Branta canadensis
Poecile carolinensis
Thryothorus ludovicianus
Bombycilla cedrorum
Dendroica pensylvanica
Chaetura pelagica
Spizella passerina
Quiscalus quiscula
Geothlypis trichas
Junco hyemalis
Picoides pubescens
Sialia sialia
Tyrannus tyrannus
Sturnella magna
Sayornis phoebe
Pipilo erythrophthalmus
Contopus virens
Corvus ossifragus
Passerella iliaca
Regulus satrapa
Dumetella  carolinensis
Ardea herodias
Myiarchus crinitus
 

 Species                                       Taxonomic Name           Species                                     Taxonomic Name        

Acadian flycatcher
American crow
American goldfinch
American redstart
American robin
barred owl
bay-breasted warbler
belted kingfisher
black vulture
black-and-white warbler
black-throated green warbler
blue jay
blue-gray gnatcatcher
blue-headed vireo
broad-winged hawk
brown creeper
brown thrasher
brown-headed cowbird
brown-headed nuthatch
Canada goose
Carolina chickadee
Carolina wren
cedar waxwing
chestnut-sided  warbler
chimney swift
chipping sparrow
common grackle
common yellowthroat
dark-eyed junco
downy woodpecker
eastern bluebird
eastern kingbird
eastern meadowlark
eastern phoebe
eastern towhee
eastern wood-pewee
fish crow
fox sparrow
golden-crowned kinglet
gray catbird
great blue heron
great crested flycatcher

Empidonax virescens
Corvus brachyrhynchos
Carduelis tristis
Setophaga ruticilla
Turdus migratorius
Strix varia
Dendroica castanea
Ceryle alcyon
Coragyps atratus
Mniotilta varia
Dendroica virens
Cyanocitta cristata
Polioptila Polioptila
Vireo solitarius
Buteo platypterus
Certhia americana
Toxostoma rufum
Molothrus ater
Sitta pusilla
Branta canadensis
Poecile carolinensis
Thryothorus ludovicianus
Bombycilla cedrorum
Dendroica pensylvanica
Chaetura pelagica
Spizella passerina
Quiscalus quiscula
Geothlypis trichas
Junco hyemalis
Picoides pubescens
Sialia sialia
Tyrannus tyrannus
Sturnella magna
Sayornis phoebe
Pipilo erythrophthalmus
Contopus virens
Corvus ossifragus
Passerella iliaca
Regulus satrapa
Dumetella  carolinensis
Ardea herodias
Myiarchus crinitus
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Appendix A: List of Forest Interior Dwelling Species (FIDS) found at Petersburg National Battle-
field (Bradshaw 2008).
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green heron
hairy woodpecker
hermit thrush
hooded warbler
house finch
indigo bunting
killdeer
Louisiana waterthrush
magnolia warbler
mallard
mourning dove
northern bobwhite
northern flicker
northern mockingbird
northern parula
northern waterthrush
ovenbird
palm warbler
pileated woodpecker
pine warbler
prairie warbler
prothonotary warbler
purple martin
red-bellied woodpecker
red-eyed vireo
red-shouldered hawk
red-tailed hawk
red-winged blackbird
ring-billed gull
ruby-crowned kinglet
scarlet tanager
sharp-shinned hawk
song sparrow
spotted sandpiper
summer tanager
Swainson’s thrush
swamp sparrow
tufted titmouse
turkey vulture
white-breasted nuthatch
white-eyed vireo
white-throated sparrow
wild turkey
winter wren
wood duck
wood thrush

Butorides virescens
Picoides villosus
Catharus guttatus
Wilsonia citrina
Carpodacus mexicanus
Passerina cyanea
Charadrius vociferus
Seiurus motacilla
Dendroica magnolia
Anas platyrhynchos
Zenaida macroura
Colinus virginianus
Colaptes auratus
Mimus polyglottos
Parula americana
Seiurus noveboracensis
Seiurus aurocapillus
Dendroica palmarum
Dryocopus pileatus
Dendroica pinus
Dendroica discolor
Protonotaria citrea
Progne subis
Melanerpes carolinus
Vireo olivaceus
Buteo lineatus
Buteo jamaicensis
Agelaius phoeniceus
Larus Delawarensis
Regulus calendula
Piranga olivacea
Accipiter striatus
Melospiza melodia
Actitis macularia
Piranga ruba
Catharus ustulatus
Melospiza georgiana
Baeolophus bicolor
Cathartes aura
Sitta carolinensis
Vireo griseus
Zonotrichia albicollis
Meleagris gallopavo
Troglodytes troglodytes
Aix sponsa
Hylocichla mustelina

 

 Species                                       Taxonomic Name           Species                                  Taxonomic Name        

yellow-bellied flycatcher
yellow-billed cuckoo
yellow-breasted chat
yellow-rumped warbler
yellow-throated vireo
yellow-throated warbler
barn swallow
blackpoll warbler
black-throated blue warbler
Cape May  warbler
great horned owl
Kentucky warbler
northern cardinal
northern rough-winged 
swallow

Empidonax flaviventris
Coccyzus americanus
Icteria virens
Dendroica coronata
Vireo flavifrons
Dendroica dominica
Hirundo rustica
Dendroica striata
Dendroica caerulescens
Dendroica tigrina
Bubo virginianus
Oporornis formosus
Cardinalis cardinalis
Stelgidopteryx serripennis
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Blarina carolinensis
Canis latrans
Castor canadensis
Didelphis virginiana
Glaucomys volans
Lynx rufus
Marmota monax
Mephitis mephitis
Microtus pinetorum
Mus musculus
Ochrotomys nuttalli
Odocoileus virginianus
Oryzomys palustris
Peromyscus leucopus
Procyon lotor
Sciurus carolinensis
Sigmodon hispidus
Sorex hoyi
Sorex longirostris
Sylvilagus floridanus
Tamias striatus
Urocyon cinereoargenteus
Vulpes vulpes

southern short-tailed shrew 
coyote 
American beaver
Virginia opossum 
southern flying squirrel 
bobcat 
woodchuck 
striped skunk 
woodland vole 
house mouse 
golden mouse
white-tailed deer
marsh rice rat
white-footed mouse 
common raccoon
eastern gray squirrel 
hispid cotton rat
pygmy shrew 
southeastern shrew 
eastern cottontail 
eastern chipmunk 
common gray fox 
red fox 

 

 Taxonomic Name             Species                                                   

Petersburg National Battlefield Natural Resource Condition Assessment

Appendix B: Mammal species found at Petersburg National Battlefield from 2003-2004 (Pagels et 
al. 2005)
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Lizards

Snakes

Frogs

Salamanders

Eumeces fasciatus 
Eumeces inexpectatus 
Sceloporus undulatus 
Scincella lateralis

Agkistrodon contortrix
Carphophis amoenus 
Coluber constrictor 
Diadophis punctatus
Elaphe alleghaniensis 
Heterodon platirhinos 
Lampropeltis calligaster 
Nerodia sipedon
Opheodrys aestivus 
Storeria dekayi
Storeria occipitomaculata 
Thamnophis sirtalis 
Virginia valeriae

Acris crepitans
Bufo americanus
Bufo fowleri 
Gastrophryne carolinensis 
Hyla chrysoscelis
Hyla femoralis 
Pseudacris brimleyi 
Pseudacris crucifer 
Pseudacris feriarum
Scaphiopus holbrookii 
Rana catesbeiana 
Rana clamitans
Rana sphenocephala

Ambystoma maculatum 
Ambystoma opacum 
Amphiuma means 
Desmognathus fuscus
Eurycea guttolineata 
Notophthalmus viridescens
Plethodon chlorobryonis 
Plethodon cylindraceus
Siren intermedia

                     Taxonomic Name                        Species             

five-lined skink
southastern five-link skink
eastern fence lizard
ground skink

northern copperhead
eastern worm snake
northern black racer
northern ring-necked snake
eastern ratsnake
eastern hog-nosed snake 
mole kingsnake
northern watersnake
rough greensnake
northern brownsnake
red-bellied snake
eastern gartersnake
smooth earth snake

northern cricket frog
American toad
Fowler’s toad
eastern narrow-mouthed toad
Cope’s gray treefrog
pine woods treefrog 
Brimley’s chorus frog
northern spring peeper
upland chorus frog
eastern spadefoot
American bullfrog
northern green frog
southern leopard frog 

spotted slamander
marbled salamander
two-toed amphiuma
dusky salamander 
three-lined salamander
red-spotted newt
Atlantic Coast slimy salamander
white-spotted slimy salamander
lesser siren 

Petersburg National Battlefield Natural Resource Condition Assessment

Appendix C: Herptile Species found at Petersburg National Battlefield from 2002-2004 (Mitchell 
2007).
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Turtle

Chelydra serpentina 
Chrysemys picta 
Clemmys guttata 
Kinosternon subrubrum
Pseudemys concinna
Pseudemys rubriventris 
Sternotherus odoratus 
Terrapene carolina Trachemys
Trachemys scripta

 

  Taxonomic Name                                 Species             
common snapping turtle 
eastern painted turtle
spotted turtle
eastern mud turtle
river cooter 
red-bellied cooter
stinkpot
eastern box turtle

yellow-bellied slider

Petersburg National Battlefield Natural Resource Condition Assessment
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climbing euonymus, winter creeper
English ivy
Chinese lespedeza, sericea lespedeza
honeysuckle - exotic
Japanese honeysuckle
Japanese stiltgrass
Oriental lady’s thumb

autumn-olive 
big periwinkle 
Chinese wisteria 
common mullein 
crownvetch 
English ivy 
European privet 
Japanese honeysuckle 
Japanese stiltgrass 
johnsongrass 
leatherleaf mahonia 
mimosa 
multiflora rose 
orchardgrass 
oriental bittersweet 
paper-mulberry 
princesstree 
sacred bamboo 
sericea lespedeza 
thorny olive 
tree-of-heaven 
white poplar 
wine raspberry 
winter creeper 

Euonymus fortunei
Hedera helix
Lespedeza cuneata
Lonicera spp.
Lonicera japonica
Microstegium vimineum
Polygonum caespitosum

Elaeagnus umbellata 
Vinca major 
Wisteria sinensis 
Verbascum thapsus  
Securigera varia  
Hedera helix 
Ligustrum vulgare 
Lonicera japonica 
Microstegium vimineum 
Sorghum halepense 
Mahonia bealei  
Albizia julibrissin  
Rosa multiflora 
Dactylis glomerata  
Celastrus orbiculatus  
Broussonetia papyrifera  
Paulownia tomentosa 
Nandina domestica  
Lespedeza cuneata  
Elaeagnus pungens  
Ailanthus altissima  
Populus alba  
Rubus phoenicolasius  
Euonymus fortunei  

  Species                                            Taxonomic Name             

  Species                                            Taxonomic Name             
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Appendix D: Invasive Species found at Petersburg National Battlefield from 2007-2011 (Comis-
key and Wakamiya 2011)

Invasive Species recorded in Invasive Plant Atlas as occuring in Petersburg National Battlefield 
(Swearingen 2007)
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