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Program Overview

In 1999, the National Park Service (NPS) initiated a long-term
ecological Inventory & Monitoring (I&M) program to
develop scientifically sound information on the current status
and long-term trends in the composition, structure, and
function of park ecosystems, and determine how well current

management practices are sustaining those ecosystems.

To accomplish this, 32 “networks” of park system units were
created to develop or acquire key baseline natural resource
datasets, and to begin long-term monitoring of select
measurements of resource condition (Fancy et al. 2009). The
overarching purpose of natural resource monitoring in parks

is to support science-based management of NPS resources by:

e Determining the status and trends in selected indicators
of the condition of park ecosystems.

e Providing early warning of abnormal conditions.

e Providing data to better understand the dynamic nature
and condition of park ecosystems and provide reference
points for comparisons with other, altered environments.

e Providing data to meet legal and Congressional mandates.

e Providing means for measuring progress toward

management goals.

The Southeast Coast Network (SECN) is one of 32 NPS
Networks established to implement an integrated monitoring
program under the Natural Resource Challenge. In 2001, the
SECN began planning and implementing its long-term Vital
Signs Monitoring Program, and completed its long-term
monitoring plan in 2008 (DeVivo et al. 2008, 2011). Moores
Creek National Battlefield (MOCR) is one of 17 parks in the
SECN (Figure 1).

About the Park
Moores Creek National Battlefield is an 88-acre park located

in an area of second growth forest interspersed with small
farms. Local woodlands are harvested for the pulp industry. At
present, no significant industrial, commercial, or residential
developments exist near the park. The topography of the
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Figure 1. Location of Moores Creek National Battlefield, NC.

region is relatively flat. The higher elevations within the park
are characteristic of the inland Carolina coastal plain and
descend abruptly to the lowlands that comprise the greater
portion of the park land near Moores Creek. This freshwater
stream, averaging 30 feet in width, forms the western
boundary of the park. Also bordering the park are screens of
dense second-growth vegetation, while the landscape at the
center of the development consists of grass-covered meadows
and slopes with scattered trees and brush. Habitats include:
alluvial woods, old fields, ditches, sandy xeric woods, lawns, a
pond, pinewoods, mixed wooded slopes, creek banks,
roadside ditches and meadows.

Several potential threats to MOCR resources have been noted.
Although the park is fairly isolated, residential development
on adjacent lands has been increasing in recent years. Past
landscape practices at the Battlefield have likely impacted




several locally rare or state-listed plant species. Efforts to
restore habitat for these species are currently underway,
although long-term monitoring is necessary to fine-tune
efforts and ensure their eventual success. Finally, the
predominant tree species, loblolly pine, is greatly affected by
pine bark beetle. Long-term efforts are underway to restore
the beetle-resistant, native Longleaf pine across much of the
Battlefield.

Baseline Inventories

The primary purpose of natural resource inventories is to
document the presence of resources in parks, and to assess
and document the current condition and knowledge of
natural resources in the parks. Inventories allow comparison
of existing conditions to the natural or desired state of parks
and establish a solid baseline for making scientifically sound
management decisions and for designing long-term

monitoring plans that track the health of key park resources.

The NPS I&M Program developed a strategy in 1992 for
developing and delivering a minimal set of products for 12
“basic” natural resource inventories that were common to all
park units containing significant natural resources, all are
either complete or underway at MOCR (Table 1; see
Tuberville et al. 2005, Webster 2010).

Table 1. Status of twelve baseline inventories conducted at
Moores Creek National Battlefield [® — Complete; — —In
Progress]

Inventory MOCR

Air Quality Data

Air Quality Related Values

Base Cartography Data

Baseline Water Quality Data
Climate Inventory

Geologic Resources Inventory
Natural Resource Bibliography

Soil Resources Inventory

Species Lists

Species Occurrence and Distribution

Vegetation Map Inventory

Water Body Location and Classification

Watershed Condition Assessment

In addition to the 12 basic inventories, the SECN has also
conducted a watershed condition assessment designed to
identify the current state of water resources within and

upstream of MOCR, as well as an evaluation of factors that

might affect water resources in the future (Mallin and Mclver
2009).

There are several potential sources of pollution to the creek.
Within MOCR, runoff from the lower parking lot near the
picnic area flows directly into the creek without any pre-
treatment. Runoff from the parking lot could contain fecal
coliform bacteria, nitrogen and phosphorus, and toxicants
such as polycyclic aromatic hydrocarbons (PAHs). Probably
the largest potential pollution source to the park's stretch of
creek is upstream land use. At least 10 swine concentrated
animal feeding operations (CAFOs) with a combined
permitted capacity of over 53,000 animals are in the watershed
upstream of MOCR, and are potential sources of nitrogen,
phosphorus, BOD and fecal bacteria. Poultry CAFOs are
undergoing a rapid expansion in Pender County and this
poses a further threat to Moores Creek. Traditional
agriculture upstream is a potential source of nutrients and
suspended sediments. Depending upon hydrological
connectivity, nutrient contamination of park groundwater
from nearby CAFOs is also a potentiality. The human
population is increasing in this area, and with land
development comes the potential for anthropogenic pollution
in the form of suspended sediments and turbidity, nutrient
and fecal bacteria loading, and other toxicants including
metals (Mallin and Mclver 2009).

Airborne pollutants are another threat to the park
environment. Airborne ammonium is a common byproduct of
CAFOs and can affect water bodies within 60 miles, and there
are numerous CAFOs in the Black River watershed. There is a
fish consumption advisory for several species due to high
mercury content; mercury is commonly airborne and may
come from distant power plant smokestacks, and is converted
to methyl mercury in blackwater swamps such as the ones

characterizing the Black River watershed.

Vital Signs Monitoring

In addition to the baseline inventories, the SECN has selected
17 indicators of ecosystem condition, or Vital Signs, to be
monitored at MOCR. Long-term monitoring of eleven of
these Vital Signs has been wholly or partially implemented by
the Network at MOCR. These Vital Signs include a
combination of field efforts being conducted by NPS and its
partners as well as the analysis and interpretation of data being
collected by other state and federal programs.




Air Quality

Data from various air quality monitoring programs are
summarized regularly including the National Atmospheric
Deposition Program — National Trends Network
(NADP/NTN), the Environmental Protection Agency’s Clean
Air Status and Trends Network (CASTNET), and the
Interagency Monitoring of Protected Visual Environments
(IMPROVE) program. Data from 2005 to 2009 show that
total-N wet deposition, total-S deposition and visibility levels
at MOCR were all considered to be of significant concern,

while ozone was of moderate concern (Table 2).

A 2011 analysis of acid deposition showed MOCR to be at
very high risk of pollutant exposure, and a very high risk of
acid deposition (Sullivan et al. 2011a). Although considered to
be at a very high risk of nutrient exposure, the overall risk of
atmospheric nutrient enrichment at is only moderate at
MOCR. The overall moderate risk is due to the presence of a
moderate amount of vegetation types expected to be sensitive
to nutrient enrichment from nitrogen deposition (Sullivan et
al. 2011b).

Table 2. Air quality interpolation values for the period 2006-
2010 at Moores Creek National Battlefield. Red indicates
values of significant concern. Yellow indicates values of
moderate concern.
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Weather and Climate

Weather and climate are key drivers for ecosystem patterns
and processes, affecting both biotic and abiotic components
alike. Continuous weather monitoring is an important factor
in separating the effects of climate from the effects of human-
induced disturbance on other Vital Signs (e.g., plant and
animal communities and population dynamics). In support of
these efforts, the SECN has compiled and analyzed data from
existing sources to (1) determine status, trends, and variability
of precipitation and temperature over time within and around
SECN park units; (2) determine the status, trends, and
variability of derived weather data (i.e., drought indices)
within and around SECN park units; (3) track the location,
magnitude, and frequency of extreme weather events that
affect SECN park resources (Wright et al. 2013).

Average maximum monthly temperatures at Wilmington
International Airport weather station near the park ranged

61.8 - 93.8°F, with the highest average monthly temperature
occurring in July 2012. Average minimum monthly
temperatures ranged 38.4 — 75.6°F, with the lowest average
monthly temperature occurring in January 2012. Growing
season length was calculated to be 263 days at this station,
with the last spring freeze occurring on March 6™ and the
earliest fall freeze occurring on November 25™ .

Comparisons of 2012 precipitation data to the 30-year average
at Wilmington International Airport station show that May,
August, October, November and December experienced
higher than average precipitation (Figure 2), with May and
August having higher total precipitation than the 75™
percentile of the 30-year average. Precipitation during the rest
of 2012 was lower than average with January, June and July
experiencing lower precipitation than the 25" percentile of
the 30-year average. . Total annual precipitation at
Wilmington International Aiport station was 50.5 inches
(1,282.7 mm) during 2012, which is 7.1 inches (180.3 mm)

below normal.

Average monthly maximum relative humidity for Wilmington
International Airport station ranged 89 — 97%, with the lowest
maximum relative humidity occurring in January and the
highest values occurring in August. Average monthly
minimum relative humidity ranged 43 — 62%, with the lowest
minimum relative humidity occurring in January and April and

the highest occurring in August.
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Figure 2. Total monthly precipitation during 2012 and the 30-
year (1981 - 2010) monthly averages for Wilmington
International Airport station. The gray columns represent
2012 total monthly precipitation. The red circles represent the
30-year average; the lines indicate the 25th and 75th
percentile of the 30-year normal data for each month.

Groundwater
All Southeast Coast Network parks and ecosystems are linked

to the groundwater system (i.e., aquifers). These aquifers are




affected by modifications to surface waters (e.g.,
impoundments), long-term weather patterns (e.g., flooding
and drought), and extraction (e.g., anthropogenic influences).
Because aquifers serve as a water supply for industrial,
commerecial, residential, and agricultural needs, anthropogenic
demands on this freshwater resource are high. Aggregate
influences of changes in groundwater can influence
hydrologic processes, wetland function, freshwater availability
for fish and wildlife, plant-community species distribution,
composition, diversity, and structure, and potentially affect

the integrity of park ecosystems.

An inventory of existing wells that are within or in proximity
to SECN parks has been conducted and applications to
retrieve and analyze existing long-term periods of record have
been developed (Rasmussen et al. 2009). The SECN assesses
trends in groundwater dynamics at MOCR using data from
two wells in the vicinity of MOCR (Wright 2012). Neither of
the wells have a long period of record (>10 years). At one
station there is a significant negative trend in groundwater
levels between 2003 and 2011, although measurements at this
well have been collected on an irregular basis (approximately
once every 4-8 weeks) and there is one large period of missing
data (Figue 3).
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Figure 3. Water levels and calculated trend line for
groundwater well 345051078012109 (Castle Hayne Aquifer
near MOCR).

Stream Habitat

Beginning in FY 2013, stream habitat monitoring will be
conducted at MOCR. The monitoring protocol is being
developed by the USGS National Water Quality Assessment
(NAWQA) program and is an extension of existing NAWQA
and USDA protocols. A combination of reach- and transect-
level flow, geomorphic, and physical instream and riparian
habitat measurements will be included in the protocol.
Watershed-scale monitoring efforts have been eliminated
since the landscape dynamics vital sign currently addresses
these issues.

In addition, panoramic 360° still photography will be
conducted on timed intervals along the length of major park
riverine waterbodies and will be synced with both GPS and
core water quality parameters (temp, DO, pH, conductivity) .
This will allow the generation of a full-river map of potential
sites of management concern (such as erosion features). This
dataset also has many potential outreach uses such as virtual
river tours. A video surveillance component is planned to
augment data collected by traditional means and will consist

of simultaneous filming of both banks with geotagged footage.

Amphibians

MOCR has 24 known amphibian species: six in Caudata
(salamanders, newts, amphiumas, sirens), and 18 in Anura
(frogs and toads; NPSpecies 2012). Because of their complex
life histories, habitat requirements, anatomy, and physiology,
amphibians are considered to be good indicators of changes in
ecosystem conditions as they are affected by climate change,
land use development and conversion, contaminants, and

changes in hydrology.

During monitoring efforts in 2010, 32 post metamorphic
amphibians were detected (Byrne et al. 2011b; Figure 4).
Twenty-eight individuals were identified to the species level
(nine species total) and three individuals were only identified

to the genus level.
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Flgure 42. Slimy salamander (Plethodon glutinosis).

Twenty-one reptiles were also detected. Twenty individuals
(six species total) were identified to the species level and one
individual was only identified to the genus level. An incidental
observation of an Easter hog-nosed snake (Heterodon
pletirhinos) was a new species observation at Moores Creek.

No non-native amphibians or reptiles were detected. Cope’s
gray treefrog was the most widely distributed amphibian.
Ground skink was the most widely distributed reptile.

The SECN also conducted surveys for chytrid fungus (a
pathogen linked to amphibian population declines around the




world [Byrne and Moore 2011c]). Evidence of the fungus was
not detected at MOCR.

Birds

Birds are an important component of park communities and
their ecological position in most food webs allows them to be
good indicators of local and regional ecosystem changes.
Long-term trends in the community composition, relative
abundance, distribution, and occurrences of breeding-bird
populations provide a measure for assessing the ecological
integrity and sustainability in southeastern systems. Further,
long-term patterns in community composition, relative
abundance, distribution, and occurrences in relation to
current management practices will improve our ability to

implement effective management strategies in the future.

More than 150 birds representing 44 species were detected at
Moores Creek National Battlefield during surveys in 2010.
Northern cardinal, tufted titmouse, American crow, and
Carolina wren composed 27 % of all detections (Byrne et al.
2011a).

No non-native species were detected. Seven new species were
added to the Battlefield’s official list: broad-winged hawk,
killdeer, yellow-throated vireo, gray catbird (Figure 5),

cerulean warbler, indigo bunting, and scarlet tanager.
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Figure5. Gray catbird (Drumetella carolinensis) was a new
species added to the Battlefield's official list in 2010. Photo
by Thomas G. Barnes.

Several priority species were detected during the sampling
effort including Acadian flycatcher, brown-headed nuthatch,
cerulean warbler, chimney swift, Eastern towhee, indigo

bunting, Northern flicker, Northern parula, pine warbler,

prothonotary warbler, red-bellied woodpecker, red-headed
woodpecker, summer tanager, yellow-billed cuckoo, and
yellow-throated vireo.

Plant Communities

Plant communities are the primary drivers for a range of
ecological processes and are integral to the proper function of
park ecosystems. They serve as the foundation for food webs
and wildlife habitat for many species, and function as a carbon
sink, produce oxygen, cycle nutrients and energy through an
ecosystem, influence the local climate, improve water quality,
and moderate flooding and erosion. Given the widespread
anthropogenic influences in SECN parks and the importance
of vegetation communities, determining trends in vegetation
communities is vital to understanding the ecological processes
and identifying stressors and their impacts.

MOCR had 653 known vascular-plant species, subspecies, and
varieties (NPSpecies 2012). The SECN conducted plant
surveys during the summer of 2011 which resulted in the
addition of 13 species, subspecies, or varieties to the
Battlefield’s species list (Byrne et al. 2012).

Absolute canopy cover across the study area was
approximately 69%. Pond cypress (Taxodium ascendens) had
the largest average diameter of any canopy species sampled.
Sweetgum (Ligquidambar styraciflua) was the most frequently
occurring shrub species. Wax myrtle (Morella cerifera) had the
highest absolute and relative cover in the shrub stratum.
Greenbriar (Smilax sp.), yellow jessamine (Gelsemium
sempervirens), and red maple (Acer rubrum) were the most

frequently occurring groundcover species.

Other Monitoring Efforts

NPScape is a landscape dynamics monitoring project that
produces and delivers to parks a suite of landscape-scale data
sets, maps, reports, and other products to inform resource
management and planning at local, regional, and national
scales. Changes in the composition and configuration of
different land cover types within and adjacent to national
parks has been shown to greatly affect biological and physical
processes within those parks, such as habitat availability,
animal movements, potential for invasion by non-native
plants, water quality, and in-stream habitat for fish and other
aquatic organisms. Information about changes and trends in
landscape-scale indicators in and around parks can help park
managers anticipate, plan for, and manage associated effects to

park resources.




At its core, NPScape delivers a suite of products that focus on
a set of information-rich, landscape-scale indicators for 270+
parks with significant natural resources. The initial analyses
summarized and delivered measures in six major categories
(population, housing, roads, land cover, pattern, and
conservation status) that broadly address the environmental
drivers, natural attributes, and conservation context of NPS
units (Figure 6). In aggregate, these measures contribute to
assessments of current natural resource status, potential

threats, and conservation vulnerability and opportunity.

Threat

Status and Value
Assessment

Assessment

Figure 6. Example measures of landscape dynamics included
in the NPScape program
(http://science.nature.nps.gov/im/monitor/npscape/).

Example products for the landscape surrounding MOCR
include:

e Source and processed GIS data and associated metadata,
e Aninterpretive guide report (under review) describing the
ecological relevance of NPScape data and measures as
they relate to our understanding of current and

anticipated landscape dynamics,

e Anexample draft report demonstrating the applicability
of NPScape to management and planning,

e A Standard Operating Procedure (SOP) for each metric
consistent with I&M protocols, as well as data processing
scripts and tools for parks and networks to efficiently
generate new customized products,

e Park-based maps of each measure in multiple formats for
non-GIS specialists, including interactive kml files for
Google Earth and geo-pdf files for Adobe Acrobat, and

e  Graphical summaries of the measures to enable parks and
networks to understand their results in a comparative

context.

Further information on NPScape, including access to all
products, is available through the NPScape website

(http://science.nature.nps.gov/im/monitor/npscape/) and the

NPS Integrated Resource Management Applications (IRMA)

data system (see below).

Where to Find Information

The NPS I&M Program was created as part of the National
Park Service's effort to "improve park management through
greater reliance on scientific knowledge." A primary role of
the I&M Program is to collect, organize, and make available
natural resource data and to contribute to the Service's
institutional knowledge by facilitating the transformation of
data into information through analysis, synthesis, and
modeling. Information about the program can be found at
http://science.nature.nps.gov/im/index.cfm.

About the Southeast Coast Network

The SECN includes 20 parks, 17 of which contain significant
and diverse natural resources. In total, SECN parks
encompass more than 184,000 acres of federally-managed
land across North Carolina, South Carolina, Georgia,
Alabama, and Florida. The parks span a wide diversity of
cultural missions also, including four national seashores, two
national historic sites, two national memorials, seven national
monuments, two national military parks, as well as a national
recreation area, national battlefield and an ecological and
historic preserve. The parks range in size from slightly more
than 20 to nearly 60,000 acres, and when considered with non-
federal lands jointly managed with NPS, the Network

encompasses more than 253,000 acres.

Information on activities of the SECN can be found at

http://science.nature.nps.gov/im/units/secn/, including the

Network’s monitoring plan, descriptions of inventory and

monitoring efforts, and links to data and final project reports.

Get Data

The NPS Integrated Resource Management Applications
portal (http://irma.nps.gov) is the start of a web-based "one-
stop" for data and information related to National Park
Service natural and cultural resources. IRMA allows users to

search, view, download, and print information from multiple
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sources and systems, all from a consistent user interface. No

logins or passwords are required.

Follow us on Twitter

For notification on the release of new reports from the SECN
and job/internship opportunities follow us on Twitter
@SECoastNetwkNPS or
http://twitter.com/SECoastNetwkNPS.
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