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The National Capital Network has been funded since 2000 to implement biological inventories and since 2001 to initiate a long-term monitoring program.  National Capital Network parks include Antietam National Battlefield, Catoctin Mountain Park, Chesapeake and Ohio Canal National Historical Park, George Washington Memorial Parkway, Harpers Ferry National Historical Park, Manassas National Battlefield, Monocacy National Battlefield, National Capital Parks –East, Prince William Forest Park, Rock Creek Park, Wolf Trap Farm Park, and the local segment of the Appalachian Trail.  In addition, we support the I & M efforts of National Capital Parks Central.  These parks cover over 31,000 hectares or 68,000 acres and span 4 physiographic regions including the Coastal Plain, Piedmont, Ridge and Valley, and Blue Ridge.  Most were established for their cultural value but all contain significant natural features including such as the Potomac Gorge which is considered to be one of the most biological diverse sites in the country.

Natural Resource Inventories - the I & M program’s short-term goals are to inventory vertebrates and vascular plants at each park and to determine relative abundance and distribution for species of concern.  A review of existing data began in 2000.  This data mining effort consisted of reviewing literature on file and visiting each park to interview resource mangers and identify additional sources of information.  Subject matter experts reviewed our data and generated potential species lists.  New data sources were identified by subject matter experts and entered into NPSpecies. Field investigations began fall 2000 to fill data gaps and will continue until their expected completion in 2005.  Most of the field research is awarded by competitive contracts.  Volunteers have also been supporting inventories through systematic surveys for birds at select National Parks in the Region.  Protocols for the volunteer inventories are available: www.nps.gov/cue/bird.html.  Data are being entered by contractors, biotechnicians, or by the Network Data manager and the Biological Inventories Coordinator into a modified database template.  The database generates species lists that are uploaded into NPSpecies.   
Monitor Vital Signs - the National Capital Network is following the 7-step process recommended by the National I&M program. 

1.  Form a Board of Directors and Science Advisory Committee

The National Capital Network Board of Directors is composed of 12 Superintendents or their designee (Assist. Superintendent or Natural Resource Manager), Regional I & M Coordinator, Monitoring Coordinator, and Chief of Natural Resources and Science.  The role of the BOD is to provide oversight to the planning process, approve major decisions including the formation of the Science Advisory Committee, adopt network goals, and approve annual work plans and reports, the final monitoring plan, staffing, and budget.  

The Science Advisory Committee is composed of 54 participants.  Twenty seven members were initially approved by the BOD including: one Resource Manager from each park, Regional NPS Staff (Botanist, Wildlife Biologist, Exotic Plant Management Team Coordinator, Integrated Pest Management Coordinator, Chief of Natural Resources and Science, two Hydrologists), Inventory and Monitoring staff (Regional I & M Coordinator, Monitoring Coordinator, Biological Inventories Coordinator, Data Manager, and two Biological Science Technicians), and scientists from partnering agencies (USGS and  EPA).  Twenty seven ad-hoc participants were added for their expertise including representatives from USGS, Smithsonian Museum of Natural History, The Nature Conservancy, Dept. of Defense, MD Dept. of Natural Resources, DC Council of Governments, and four universities.  

The SAC has been meeting regularly starting in fall of 2001 to prepare background information for a Monitoring Workshop (Step 3).  One of the first meetings was professionally facilitated to help identify the region’s most important natural resources.  The resources were grouped into 8 categories including: air; geology; landscape; invertebrates; rare, threatened and endangered species and communities; vegetation communities; water resources; and wildlife (vertebrates).  Small workgroups focused on each of the important resources during subsequent SAC meetings.  Twenty seven subject matter experts were added to the SAC as ad-hoc participants to fill gaps in our expertise.  These small groups were led by I & M staff and park resource managers who participated in a week-long facilitation training workshop tailored to meet our needs.  The small groups developed conceptual models using a table format for each important resource by identifying resource components, stressors, sources, ecological effects, and potential vital signs (Appendix A). 

One of the SAC meetings attended only by NPS members focused on developing network goals.  Network goals were viewed as essential to ensure that park goals would be incorporated into I & M operations.  The discussion was started by brainstorming major themes that should be reflected by the I & M goals.  Five major themes were identified and subsequently written out as goal statements by I & M staff.  The network goals were compared to the national goals to ensure that all major themes had been identified.  The draft goals were reviewed by all NPS SAC members and given to the BOD for approval.  One goal related to a periodic review process and was not approved because it was not considered to be a goal.  Periodic review was also a part of the charter developed for the BOD and had therefore already been built into the I & M program.

The NCN Goals are: 

1.  Identify and monitor indicators of ecosystem health over the long-term using scientific protocols to detect changes in the region’s natural resources and landscapes in support of resource protection.  

2.  Identify and monitor resource threats and develop mitigation options to support ecosystem management.

3.  Manage, maintain, and analyze regionally common data sets in accessible and usable forms in support of long-term resource preservation, protection, and education.

4.  Establish collaborative relationships among National Park Service divisions, educational institutions, partnering agencies, and organizations to gather and share information.

2.  Summarize existing data and understanding

As SAC meetings began, Network staff reviewed each park’s Resource Management Plan (RMP) and developed a park-specific questionnaire.  The questionnaires were designed to evaluate the status of management objectives, plans and project proposals discussed in the RMPs.  Questionnaires were sent to each park and followed up with interviews of each park’s Superintendent and Resource Management team to identify ongoing monitoring efforts, management priorities, critical resources, and resource threats.  A document was developed to summarize the results for each park (Park Summaries – see Appendix B for an example for Antietam National Battlefield).  A supporting spreadsheet (Summary Table - see Appendix C for an example) was developed to highlight similarities across park units.  

Interviews were conducted (mostly by phone) with representatives and scientists from neighboring land agencies and partnering agencies to identify monitoring efforts throughout the Mid-Atlantic region.  The information was organized by resources and summarized in a word document (Current Monitoring in NCR – See Appendix D for the Table of Contents, entire document can be downloaded from http://www.nature.nps.gov/im/units/nw12/monitoringworkshop.html)).  

Additional spreadsheets were developed to summarize important habitats and rare, threatened and endangered species that have been identified by heritage programs and regional experts.  

Complete documents have been posted to the NCN I & M web-page (http://www.nature.nps.gov/im/units/nw12/monitoringworkshop.html) and were provided to SAC and Monitoring Workshop participants.

3.  Hold monitoring workshop

The National Capital Region Monitoring Workshop: Planning for the future was held 9-11 July at the Fish and Wildlife Service National Conservation Training Center in Shepherdstown, West Virginia.  The workshop was designed to provide a forum to exchange technical ideas on what should be monitored in the National Capital Region and how the program could be implemented.  It was also designed to foster partnerships among NPS divisions and with regional conservation groups and agencies to enhance and protect the region’s most valuable natural resources.  

Over 100 participants attended the Monitoring Workshop.  Almost half represented the NCN parks including park Resource Managers, Rangers, Assistant Superintendents, Superintendents, and regional Natural Resources and Science staff.  NPS scientists from Air Resource Division, Water Resource Division, Geology Resource Division, Natural Resource Information Division, and a prototype park also participated.  Additional participants represented over 20 organizations and partnering agencies including universities, The Nature Conservancy, NatureServe, USGS, EPA, Dept. of Defense, USDA Forest Service, and the Smithsonian. 

Day one of the workshop focused on providing an overview to participants on the I & M planning process (an agenda for the whole workshop can be downloaded from the NCN website).  Key presentations were given about the region’s ecological context, an overview of the national I & M program, and an update on the efforts by this network and the SAC.  Breakout sessions focused on developing partnerships to implement monitoring, enhancing park management using sound science, and the role of the I & M program to support interpretation in the parks.  

Workgroups focusing on each of the most important resources met on days two and three of the workshop to review and finalize the conceptual models developed by the SAC.  In addition the workgroups prioritized threats and developed monitoring goals and objectives.  The threats were prioritized by having workgroup participant fill out a prioritization matrix (see Appendix E).  Scores were assigned to each threat using several criteria, including: area affected, intensity, urgency, feasibility to monitor, and monitoring cost.  The scores were averaged among workgroup participants and discussed.  Broadly defined monitoring goals and more specific objectives were generated for high priority threats. Some of the workgroups also identified monitoring protocols to most efficiently monitor the resources in the region.

Due to limited background information available for the Invertebrate and RT & E workgroups, each used a slightly different approach to developing a conceptual model.  The invertebrate working group, for example, believed that a threat analysis was inappropriate given how little is known about invertebrate life histories and their status in the NCN parks.  Invertebrate inventories have not been completed for any of the parks.  Instead, the workgroup brainstormed broadly defined reasons for monitoring invertebrates and described how monitoring could be useful to the parks.  The group prioritized monitoring needs based on the amount of information that would be provided to resource managers.  Six monitoring projects were developed and the workgroup identified protocols that would also support a general inventory.  

The RTE workgroup finalized criteria for selecting priority RTE species and vegetation communities.  A preliminary list of species and communities meeting the criteria has been generated for the NCN parks.  Next steps include refining the list by comparing it to Natural Heritage data and developing the conceptual model as done for most other workgroups.  Once completed the group will meet again to consider species based versus site based monitoring programs.  

The workshop provided several opportunities for participants to network including an evening social featuring live music.  A session on the last day allowed workgroups to present goals and objectives during a poster session and gave participants the opportunity to provide input to the other workgroups.  

All large group discussions were professionally facilitated while small workgroup discussions were facilitated by I & M staff, park staff, and professional facilitators.  The full agenda is posted on the NCN I & M website listed above.  Further details will be available with the completion of the Monitoring Workshop Report (expect completion fall 2002). 

4.  Write workshop report and have it reviewed

A Monitoring Workshop Report is being developed to synthesize the I & M planning activities to date and highlight the results of the workshop.  It will be circulated among all workshop participants for feedback.  In addition, it will be widely reviewed by scientists and partners who did not attend the workshop.

5.  Decide on priorities and implementation approaches


Upon receiving feedback on the Monitoring Workshop Report, the NCN I & M Staff and Science Advisory Committee will meet to discuss priorities among all of the identified monitoring goals and objectives within the 8 working groups.  For the selected vital signs, protocols must be identified or developed and evaluated for their effectiveness. 

6.  Draft a monitoring strategy

Draft Chapters of the Monitoring Plan are scheduled for completion as follows:  

Phase I Report (due 1 October 2002) includes Chapters 2 and 3 which focus on the regions important resources, planning process, and conceptual models.  

Phase II Report (due 1 April 2003) includes revisions of Chapters 2 and 3 along with Chapter 4 highlighting vital sign selection.  

Phase III Report (due 1 April 2004) completed revisions of previous chapters and includes an executive summary, a data management plan with copies of databases, field data sheets, a discussion of how data will be analyzed, budgets, staffing needs, and partnerships.   

All phases will be peer reviewed prior to final approval by the Board of Directors.

7.  Review and approval of monitoring plan

The final Monitoring Plan will be approved by the Board of Directors and National Inventory and Monitoring Program after many rounds of peer review and revisions.  
Staffing

The NCN I & M staff is led by the regional I & M Coordinator who oversees the planning process.  The Monitoring Coordinator is charged with developing the monitoring plan and the Biological Inventories Coordinator (term) manages the inventories through their completion.  A Data Manager develops centralized databases for both inventory and monitoring projects.  The program is supported by two biological technicians (term) who conduct literature searches, data entry, web-page development, and are an integral component of the planning process.  The I & M staff is administered along with regional Natural Resources and Science staff at the Center for Urban Ecology.

Integration (successes and challenges)

The NCN I & M Network has had some success at integration and continues to work towards overcoming a variety of challenges.  Successes include taking an integrated planning approach with several regional programs including water quality, wildlife, and RTE.  The workgroups addressing these issues, for example, were led by the regional Hydrologists, Wildlife Biologist, and RTE Coordinator.  In addition to being an integral component of the planning process, the Water Quality Monitoring program will be an integrated component of the I & M Products (discussed below) including the Monitoring Plan and Annual Workplan and Report.  The coordinated planning process has also allowed the Hydrologists to expand their scope of interest beyond stream water quality monitoring to looking at a larger variety of water related resources.  The planning process has also involved several park Resource Managers and each park is represented on the SAC. 

The I & M program has also been successful in raising awareness about the program among scientists and partners throughout the region.  Invitations to the NPS Monitoring Workshop were sent to over 300 people most whom had been contacted by staff during Step 2 of the Seven-Step Process (Summarizing Data).  The workshop was attended by over 100 participants and opened doors to develop monitoring partnership.  More work is essential to ensure that this momentum will not be lost. 

Challenges included integrating the I & M program into other park divisions such as Interpretation, Maintenance, and upper level management.  The BOD, for example, is composed of superintendents but meetings are largely attended by their designees including resource managers.  A stakeholder analysis (discussed below) is being developed to identify and prioritize key stakeholders who play a critical role to implementing the I & M program.  

Products

The program will result in information needed by resource managers to make management decisions.  Both Inventory and Monitoring data will become available via the network’s web page.  Annual reports and work plans will be in line with the national requirements.  Additional products are being considered as the program continues to conduct a stakeholder analysis (see Lessons Learned below).   

Lessons Learned

1.  Good professional facilitators are worth their weight in gold.  The National Capital Network has utilized professionals to facilitate large group sessions during Science Advisory Committee Meetings and the Monitoring Workshop.  In addition, the I & M staff has undergone an intensive week-long facilitation training to support meeting design and facilitate small group discussions.  The newly acquired skills proved invaluable in planning efficient, productive, and concise meetings by developing clear purpose statements and expected outcomes for each meeting.  Concise meeting designs were enhanced by developing backup strategies and testing discussions and prioritization schemes before presenting them during group discussions.  The intensive planning was especially important for large meetings such as the Monitoring Workshop.  The team, for example, was able to work out some of the bugs in our prioritization process before the workshop began.

2.  Integration of the I & M program into park divisions is essential.  Internal and workshop discussion highlighted the importance of integrating the I & M program into all park operations.  Participants warned that it would be very difficult to integrate the I & M program without conducting extensive outreach with key stakeholders.  An internal stakeholder analysis identified key personnel and evaluated their level of understanding and commitment to the I & M program.  An integration strategy is being developed to reach out to key stakeholders by taking into account their needs and interests.  Key stakeholders include regional scientists, neighboring land management agencies, and NPS staff at the national and local level such as Superintendents, Resource Managers, and Interpreters.  The NCN I & M program is working to identify the best strategies to reach and integrate each group.    

3.  Attend Meetings and Give Presentations.  One of the key strategies of the I & M program is to develop long-term partnerships and become a key player in conserving the region’s natural resources.  Staff members have been attending and presenting at local scientific meetings such as the Washington Botanical Society or the Virginia Chapter of The Wildlife Society.  These meetings have been crucial to developing a network of scientists interested in monitoring natural resources in the parks of the National Capital Network.  

Timeline and Next Steps:

Next steps include choosing priority monitoring goals and objectives among those identified by each workgroup.  Protocols must be identified or developed and tested.  In addition, a complete strategy must be developed to implement the monitoring program including field components, data management and analysis, and outreach to ensure integration.  

Products and expected dates of completion are as follows. 

Activity
Expected date of completion

BOD 
Fall 2001, Spring 2002, Fall 2002

SAC
Fall 2001, Winter – Summer 2002, Fall 2002

NCN I & M Web Page
June 2002

Monitoring Workshop
 9-11 July 2002

Workshop Report
Fall 2002

Stakeholder Analysis
Fall 2002

Annual Workplan and Report
1 Oct. 2002

Phase I Monitoring Plan
1 Oct. 2002

Phase II Monitoring Plan
1 April 2003

Annual Workplan and Report
1 Oct. 2003

Phase III Monitoring Plan
1 April 2004

Annual Workplan and Report
1 Oct. 2004

Appendix A.  Draft Conceptual Model Table (Last update 7/1/02)

Thematic Breakout Session
Resource Component
Stressor
Sources
Ecological Effects
Severity of Threat to Resource (Low - Med - High - Unk)
Indicator/ Vital Sign
Protocols
Lead workgroup on this issue, or assists if in parentheses

Air
I Physical - presence of solids and aerosols in the atmosphere, temperature, UV, humidity
a. wet/dry acidic deposition, b. ozone
Natural a. Wind blown geological crust, b. Volcanoes, c. Aerosols, d. Fire    Anthropogenic a. Stationary (smokestack) Utilities and industries, b. Mobile (Planes, trains, and Automobiles), c. Area, i.e., rock quarries               
a. Biodiversity (terrestrial and aquatic), b. Material and monument degradation, c. Health (increased biogenic emissions such as ozone precursors), d. Hydrologic, e. Geologic, f. Increased energy use (pollutants), g.  Weather changes-rainfall shadow
low to medium
NADP (exists all around you), ozone (networks exist), monument degradation (photograph periodically)



Air
IA Visibility - how far, how well you can see - Regional Haze
Particulates, Aerosols
Natural a. Wind blown geological crust, b. Volcanoes, c. Aerosols, d. Fire    Anthropogenic a. Stationary (smokestack) Utilities and industries, urban rainshadow, b. Mobile (Planes, trains, and Automobiles), c. Area - small sources such as dry cleaners, rock quarries               
Human Perception, health of terrestrial living beings
medium due to severity of numbers of people here
instrumentation (camera, nephelomter, line of sight), anecdotal (historical reference), socio-surveys (exit interviews to assess human perception - GRCA, SERI)



Air
IB Precipitation volume (rain, snow, cloudwater)
Volume
Natural a. Wind blown geological crust, b. Volcanoes, c. Aerosols, d. Fire    Anthropogenic a. Stationary (smokestack) Utilities and industries, b. Mobile (Planes, trains, and Automobiles), c. Area, i.e., rock quarries               
flood & erosion, or drought                        cultural-natural interface
low most of the time, could be intermittently high
USGS river gauges for stream volume, National Weather Service local weather



Air
IC Climate
UVB, Urban Heat Island
Natural a. Wind blown geological crust, b. Volcanoes, c. Aerosols, d. Fire    Anthropogenic a. Stationary (smokestack) Utilities and industries, b. Mobile (Planes, trains, and Automobiles), c. Area, i.e., rock quarries               
weather changes - rainfall shadow
low
UVB - instrumentation (very expensive), biomarkers (list of ozone sensitive plants, amphibians, genomic technologies to test sensitivity Urban Heat Island - data exists, fire weather (hi/low temps, etc.), remote sensing data 10m2 available free frmo NOAA and NASA

(Vegetation and Wildlife)

Air
II Chemical - elements and compounds that interact with air and lead to effects
a. Nitrogen, b. Sulfer, c. Metals, i.e., mercury, d. Ozone, e. PM(10) & PM(2.5), f. Greenhouse gasses, g. Hydrogen ion deposition, h. Air toxics
Natural:  a. Wind blown geological crust, b. Volcanoes, c. Aerosols, d. Fire    Anthropogenic: a. Stationary (smokestack) Utilities and industries, b. Mobile (Planes, trains, and Automobiles), c. Area, i.e., rock quarries               
a. Biodiversity (terrestrial and aquatic), b. Terrestrial and aquatic eutrophication, c. Terrestrial and aquatic acidification, d. Toxicity affects- bioaccumulation, e. Material and monument degradation, f.  Vegetation impacts, g. Climate change, h. Geographical shifts, i. Hydrology, j. Pest populations, k. human health
rnages high to low - intermittent, and depends on chemical
ambient air monitoring networks exist

(Wildlife)

Geology
Coastal Areas
Impervious Surfaces
rip rap, armoring, coastal walls, dredging
Changes in water flow rates, unnatural erosion and deposition, changes in natural shoreline, changes in sedimentation
High - locally
Sedimentation coring (deep cores=research, shallow cores=monitoring), mapping of shoreline change, use of Pope's Creek as a reference area

(Water)

Geology
Exposed rock
Cutting the toe of slopes, over-steepened slopes, dipslopes
Development, roads, structures, trails, flooding, vegetation death (hemlock etc.), logging
Reduced slope stability
Low
Slope failure, reduced slope stability, movement of materials downslope, erosion, gully formation



Geology
Groundwater
Consumption of groundwater in excess of replinishment
Human, agricultural, residential, commercial use and domestic animal use
Reduced groundwater quantity, and quality. Loss of springs and seeps, wetland loss, changed of soil saturation zones.
High
Survey of groundwater table and groundwater chemistry. Groundwater flow monitoring wells

Water

Geology
Groundwater
Introduction of toxics
Landfills, abandoned mines, land engineering
Reduced groundwater quality
high
Groundwater monitoring wells

Water

Geology
Groundwater
Physical Failure
Landfills, abandoned mines, land engineering
Change in subsurface water flow patterns, change in subsurface temperatures, introduction of contaminants
High
Groundwater monitoring wells (flow and mapping), subsurface temperature changes

Water

Geology
Groundwater
Water bypasses the soil profile
old/abandoned wells (farms)
Increased groundwater contamination
unknown
Groundwater monitoring and monitoring of these abandonded wells (which could serve as monitoring sites in general) . Wells need to be found and sealed to minimize contamination

Water

Geology
Groundwater
Impervious Surfaces
Roads, buildings, infrastructure
Reduced water infiltration leading to reduced groundwater recharge, movement of water between watersheds
Medium
Map and monitor groundwater recharge areas, monitor groundwater table levels and chemistry, subsurface temperature monitoring.

Water

Geology
Karst
Toxics: pesticides, dumping, spills
Agriculture, septic systems, sewage, dumping, industry, spills
Rapid movement of contaminants to ground water, change in ground water chemistry and resulting in change in biology
High - locally
Subterranean invertebrates, ground water chemistry/quality

Water

Geology
Karst
Nutrient Loading
Agriculture, septic systems, sewage, dumping, industry, spills
Rapid movement of nutrients to ground water resulting in change to ground water quality and change in biology
High - locally
Subterranean invertebrates, ground water nutrient content

Water (Invertebrates)

Geology
Karst
Structural collapse, sinkholes
Inappropriate construction practices, dissolution in karst areas
Change in biology due to changes in air flow and temperature, volume and flow of water increased in areas dissolution of bedrock
High - locally
Change in sinkhole size, aerial photos to capture surface changes, subsurface temperature monitoring



Geology
Lakes, Ponds, Seeps, Vernal Pools
Nutrient Loading
Agriculture, residential lawn care, vegetation change
Eutrophication, change in fauna (esp. herps), effect upon T&E species
unknown
Size/volume, chemistry, and temperature of surface water component

Water

Geology
Lakes, Ponds, Seeps, Vernal Pools
Pesticide Loading
Agriculture, residential, and commercial use
Addition of herbicides and pesticides to surface water, change in fauna, effect upon T&E species
unknown
Pesticide, herbicide content of surface water component

Water

Geology
Riparian areas, Wetlands
Change in soil surface elevation and horizontal dimensions
Land engineering resulting in changes to deposition and erosion, dredging,  dumping, creation of impoundments and dams
Disruption to the wetland/riparian ecosystems, change in storm water flow rates, vegetation change, wildlife change, change in stream bed characteristics
High
High resolution riparian/wetland elevation monitoring, vegetation monitoring, sediment budget, changes in size of wetland area

(Landscape and Vegetation)

Geology
Soil
Pesticide Loading
Agricultural, residential, and commercial use
Accumulation of pesticides that adhere to soil particles, causing changes to or the elimination of non-target soil fauna populations
High
Test soils and sediment for suite of pesticides commonly used in local area. Lithogeochemical studies (USGS)



Geology
Soil
Nutrient Loading
Agricultural, residential and commerical use
Acidification of the soil, reduction of soil organic matter,  change in soil fertility status
High
Soil pH, soil N and P status, soil organic matter levels. Lithogeochemical studies (USGS)



Geology
Soil
Change in pH, loss of buffering capacity
Acid rain, atmospheric deposition
Change in vegetation types, mycorrhiza and other soil flora, fauna
Unknown
Soil pH, acid neutralizing capacity. Mass flow/hydrologic modeling (ANC). Lithogeochemical studies (USGS)



Geology
Soil
Temperature Change
Climate change
Changes in soil micro-climate
Unknown/locally high
Soil temperature/moisture monitoring, changes in soil flora, fauna and mycorrhiza suite



Geology
Soil
Erosion
Development, land clearing, increasing impervious surface
Increased siltation, reduced productivity/health/abundance of soil, plants, and aquatic organisms
High
Total suspended solids, sediment loading, light penetration, increased sedimentation and changes in sedimentation patterns, land use change

Water

Geology
Soil
Change in vegetation/exotics
Development, nursery use of exotics
Change in soil organic matter composition, changes in soil flora and fauna, pH, nitrification rates
Unknown
Exotic species monitoring and control measures, soil chemistry, soil organic matter levels, soil pH, soil nitrification rates

(Vegetation)

Geology
Soil
Fill dirt: complete changes in soil physical and chemical composition resulting from filling in land areas with soil from another location (esp. DC)
Landfills, abandoned mines, land engineering
Changed or destroyed soil profile, change in chemical composition of soil, introduction of toxics, introduction of impervious structures to soil profile, compaction
High - esp urban
Complete change or loss of soil profile, mass balance (incoming chemistry - outgoing chemistry), change in subsurface temperatures, change in land surface elevation profile, movement of physical debris from land, soil compaction



Geology
Soil
Compaction
Visitor Use
Changes in vegetation survival, changes in soil physical properties
Urban/locally - high
Monitor soil compaction, bulk density, porosity, or other soil compaction measures. 

(Vegetation)

Geology
Soil
Impervious Surfaces
Paving, walls, armored banks
Scouring, cutting/changing shoreline, flooding,
High
Increased velocity of storm water flow, land use change

(Landscape and Water)

Geology
Soil/Surficial  Factors
Erosion
Development
Change in “normal” sedimentation sequence and composition
Unknown/low
Coring of soil/sediment sequence



Geology
Soil/Surficial Factors
Clearing of land
Soil surface exposure, development, agriculture, zoning laws (local and county governments)
Loss of soil surface cover, increased soil surface and groundwater temperatures
High
Measurement of soil surface and groundwater temperature, monitoring of bare soils in region.

Landscape and Water

Geology
Surface Water
Impervious surfaces
Infrastructure, development, residential and agricultural use, rip rap, armoring etc.
Increased storm water flow, increased erosion, changes in stream morphology, increased exposure to nutrients/pesticides, change in hydrologic cycle effecting floodplains, and floodplain/riparian buffer capacity, change in base flow
High
Stream storm water flow, flood frequency, sedimentation load, stream morphology. Photo points. Storm event sampling, Mass flow/hydrologic modeling

Landscape and Water

Geology
Surface Water
Pesticide Loading
Agricultural, residential, and commercial use
Reduced water quality, fishery health, and aquatic invertebrate communities and populations
High
Test for suite of pesticides commonly used in local area. 

Water

Geology
Surface Water
Nutrient Loading
Agricultural, residential and commercial use
Reduced water quality, fishery health, and aquatic invertebrate communities and populations. Algal blooms, eutrophication
High
Soil water and stream levels of N and P. High algal growth, low light penetration

Water

Geology
Unique soils: calcareous and serpentine soils
Lack of information for these soils and soil in general

Potential for damage to unknown/unmapped resource
unknown
Complete, up-to-date, high resolution soil maps



Invertebrates

Air Quality
Ground level Ozone
Cell Damage
Inconclusive




Invertebrates

Air Quality
Chemicals
Mortality and sublethal effects
Unknown




Invertebrates

Air Quality
Chemicals
Habitat change
Unknown




Invertebrates

Water Quality
Chemical
Direct Mortality
Variable


Water

Invertebrates

Pest Management (Pesticide use including lawn care, forest pest management, other)







Invertebrates

Drought
Natural
Various:  Habitat modification and direct mortality
Variable




Invertebrates

Drought
Anthropogenic
Various:  Habitat modification and direct mortality
Variable




Invertebrates

Global warming







Invertebrates

Flooding
Natural
Various
Variable




Invertebrates

Flooding
Anthropogenic
Various
Variable




Invertebrates

Landscape Modifications
Human
Habitat change / loss
Variable




Invertebrates

Landscape Modifications
Human
Habitat change / loss
Variable




Invertebrates

Urban Sprawl  - Roads (new)







Invertebrates

Urban Sprawl  - Road design







Invertebrates

Urban Sprawl  - Road maintenance (sand/salt)







Invertebrates

Urban Sprawl  - Road use







Invertebrates

Urban Sprawl  - Heat island effect







Invertebrates

Urban Sprawl  - Light (artificial)







Invertebrates

Urban Sprawl   - Humidity







Invertebrates

Urbanization
Natural
Various





Invertebrates

Deforestation







Invertebrates

Fire (lack of natural fire regime)







Invertebrates

Loss of stream habitat







Invertebrates

Water Quality
Sediment
Habitat Change
Variable




Invertebrates

Exotic Species - insects (Asian lady beetle, Asian longhorn beetle, gypsy moth, Hemlock W. Adelgid)





Vegetation look at effects on vegetation 

Invertebrates

Exotic Species - pathogens (non-native including Fungi [Dutch Elm], bacteria, other.





Vegetation look at effects on vegetation 

Invertebrates

Exotic Species - plants (invasive)





Vegetation look at effects on vegetation 

Invertebrates

Exotic Species - plants (other harmful plants [pathogens, pollinator stealers)





Vegetation look at effects on vegetation 

Invertebrates

Exotic Species - vertebrates (perhaps birds, mammals, fish, reptils) 







Invertebrates

Exotic Species - other inverts (Zebra mussle, earthworm)







Invertebrates

Noise pollution







Invertebrates

Recreation (impact to water surface conditions which impact egg-laying)





Water

Invertebrates

Collecting







Invertebrates

Human population growth







Invertebrates

Soil Disturbance (artificial such as change to stream bottoms, lake bottoms, etc.)







Invertebrates

Agriculture (GMO)







Landscape
Corridors
Land use practices
Any Development
Habitat Fragmentation, Increase in Exotics, Increase in Edge.
High
Connectivity of habitat of interest; Riparian Buffers



Landscape
Forest Interior Habitat
Habitat Fragmentation / Amount of Edge
Any Development
Loss of Habitat and species through habitat degradation
High
Bird Community Index; Amount of Forest Interior Habitat



Landscape
Habitat Structure (Contagion and configuration)
Habitat Fragmentation / Amount of Edge
Altered Disturbance Regime
Habitat degradation, loss of species and ecosystem functions
High / Medium
Quantify contagion and connectivity for habitats of interest



Landscape
Habitat Structure (Type, Shape, and configuration)
Exotics
Altered Disturbance Regime
Habitat degradation, loss of species and ecosystem functions
Low
Quantify fragment size distribution and perimeter: area ratios for habitats of interest.



Landscape
Habitat Structure (Type, Shape, and configuration)
Species Over-abundance
Altered Disturbance Regime
Habitat degradation, loss of species and ecosystem functions
Low
Quantify habitats of interest (map and analyse habitats of interest for structure and composition); Density of species of interest.



Landscape
Habitat Transition Zones (Edge)
Land Use Practices
Any Development
Loss of Habitat and species
Low
Quantify soft edge and early successional habitat vs. Hard edge; Riparian Buffers (map)



Landscape
Landscape Matrix (Greater Landscape)
Fragmentation of Decision Making
Legislation
Altered ecosystem structure and function
High
Juxtaposition of legislative jurisdictions (mapping jurisdictions); Juxtaposition of zoning intensities



Landscape
Species specific natural habitats
Land use practices
Land Use
Change of habitat Availability
High
Change in % of any species-specific habitat; Bird Community Index; % of Impervious Surfaces



Landscape
Species specific natural habitats
Land use practices
Land Use
Change in Species
High
Presence and Absence of Particular Species / Taxa



Landscape
Total Forest Habitat
Land use practices
Land Use
Deforestation
High
% Forest Cover; Bird Community Index; Riparian Buffers



Landscape
Total Forest Habitat
Land use practices
Land Use
Altered rates of nutrient export
High
Bird Community Index; % agriculture at low topographic (slope) positions; Amount of impervious surface



Vegetation Community
Aging hardwoods (eg oak hickory), lichens, conifers
air pollution (including ozone and acid deposition); increase CO2 and N (human caused)
Power plant and car emissions
Increased incidence of decline of some species; disease (multiple stress effect), increased vegetation growth (CO2 and N)
Medium
lichens:  cover, community composition, pollutent levels in lichens, tree health (A lichen survey is needed.)
plots for lichen cover and species composition (lichen survey needed)


Vegetation Community
all contiguous vegetation cover types
disturbance - fragmentation
changes in land use inside & outside parks, park legislation and management
increased amount of edge, increased non-native plants, decrease in population size viability
medium/high
aerial photography over time
aerial photos yearly
(Landscape)

Vegetation Community
all types, forests, wetlands, meadows, scrub / shrub
non-native plants
accidental & deliberate introduction, horticulture, land use disturbances, dumping, animals
displacement of native plants, changes in hydrology, changes in soil chemistry, wildlife habitat loss
High
community composition
protocols for plots (Sue S.)


Vegetation Community
all vegetation communities
disturbance - catastrophic (natural)
hurricane, tornado, river flooding, ice storm, strong wind, landslides, fire
soil saturation, biomass loss(limb breakage, defoliation, removal of above-ground portion), soil loss around roots, increase light (from canopy), decreased light (heavy layer of dead and down wood), canopy loss, understory loss, gap creation, increase seed distribution, loss of seed bank, erosion, change in species diversity, change in species composition, increase in non-native species, increase forage for wildlife, loss of wildlife habitat
low to medium
community composition over time

(Landscape)

Vegetation Community
all vegetation communities
cultural resources
overlapping & conflicting legislation
fragmentation, habitat changes, introduction of chemicals, increase in exotics, change in natural species composition.
medium/high

cover and extent of exotic plants at cultural sites over time--compare with other non cultural areas


Vegetation Community
all vegetation communities, especially rare or sensitive species
overuse & concentrated use, poaching, littering
visitors
soil compaction, trampling of plants, population decline of rare plants, increase in non-natives.
medium

vegetation cover, extent of social trails over time, amt of litter over time
(RTE)

Vegetation Community
all vegetation communities, soil, water quality
development - external  (non-NPS, outside boundaries)
commercial, residential, utilities 
wildlife habitat fragmentation, changes in hydrology, increase in non-native species, erosion, loss of vegetation and change in species compotition
High

community composition from the developed edge inward, wetlands extent and water level


Vegetation Community
all vegetation communities, soil, water quality
development - internal (NPS & others, inside park boundaries)
new facilities, concessions, politics, utilities, maintenance
wildlife habitat fragmentation, changes in hydrology, increase in non-native species, erosion, wetland drainage loss of vegetation and change in species compotition
High

community composition from the developed edge inward, wetlands extent and water level
(Landscape is looking at large scale fragmentation)

Vegetation Community
American beech
Tree diseases, beech bark disease
accidental introduction
change in natural species composition, mortality of species, loss of habitat, change in viewshed
low, all tree diseases together medium
tree health and population size

(Invertebrates)

Vegetation Community
American chestnut
Tree diseases, chestnut blight
accidental introduction
change in natural species composition, mortality of species, loss of habitat, change in viewshed
low, all tree diseases together medium
tree health and population size

(Invertebrates)

Vegetation Community
American elm, other elms?
Tree diseases, Dutch elm disease
accidental introduction
change in natural species composition, mortality of species, loss of habitat, change in viewshed
low, all tree diseases together medium
tree health and population size

(Invertebrates)

Vegetation Community
butternut
Tree diseases, butternut canker
accidental introduction
change in natural species composition, mortality of species, loss of habitat, change in viewshed
low, all tree diseases together medium
tree health and population size

(Invertebrates)

Vegetation Community
flowering dogwood
Tree diseases, dogwood anthracnose
accidental introduction
change in natural species composition, mortality of species, loss of habitat, change in viewshed
low, all tree diseases together medium
tree health and population size

(Invertebrates)

Vegetation Community
Forest understory
White-tailed Deer
lack of predators, and increase in mature forest and edge habitat
changes in natural species composition/cover, impedes/alters successional changes
High
seedling regeneration, browseline, species compostion
exclosures, transects, age and class distribution of particular species, browse (line or amount)


Vegetation Community
hemlock
Tree diseases, non-native insect: hemlock wooly adelgid
accidental & deliberate introduction
defoliation, mortality, changes in species composition, loss of habitat
medium
tree health and population size

(Invertebrates)

Vegetation Community
insect pollinated plant species, especially species specific to certain pollinators
loss of native pollinators
loss of habitat
decline in native species abundance, change in species composition, loss of habitat
unknown
individual species abundance--compare with historical abundance

(Invertebrates)

Vegetation Community
maple, elm
Tree diseases, non-native insects: Asian longhorn beetle
accidental & deliberate introduction
defoliation, mortality, changes in species composition, loss of habitat
low
tree health and population size

(Invertebrates)

Vegetation Community
marshes
non-native animals: nutria
accidental & deliberate introduction
trampling, grazing, changes in natural plant population sizes
low




Vegetation Community
meadows, forest
non-native animals: feral cats, dogs, rabbits
accidental & deliberate introduction
trampling, grazing, changes in natural plant population sizes, nutrient loading
low
vegetation cover and nuturient levels



Vegetation Community
native wetlands
wetland mitigation (creation of new wetlands)
Installation of new facilities, utilities, infrastructure, concessions, maintenance
Hydrology, changes in species composition, displacement of native plants, habitat loss
High
species composition of native vs. created wetlands over time



Vegetation Community
oaks, pine, other trees
Tree diseases, non-native insect: gypsy moth
accidental & deliberate introduction
defoliation, mortality, changes in species composition, loss of habitat
medium
tree health and population size

(Invertebrates)

Vegetation Community
potentially all vegetation types, especially successional areas, grasslands and shrub habitat (seen as politically more expendable than forest)
politics, greed, homocentricism, self promotion
congress, NPS hierarchy, survival instinct
loss of habitat, fragmentation
High
politically affected management decisions
number of politically mandated actions that affect the resource per year, including the number of times politics prevents the best management of resources


Vegetation Community
riparian and aquatic vegetation
erosion a (stream bank)
a-increased impervious surfaces within the watershed, flooding, boat wake (larger rivers), deforestation, agriculture, construction, recreation (vehicles, horseback riding, hikers)                 
a--destruction of stream bank, incising/lowering of stream, addition of sediment                   
Medium
vegetation cover and change in sediment deposition

(Geology, Water)

Vegetation Community
riparian and aquatic vegetation
erosion b (stream channel)
 b--construction, deforestation                       
b--uprootoing of aquatic vegetation, sediment addition in wetland areas downstream  
Medium
bank height

(Geology, Water)

Vegetation Community
riparian and aquatic vegetation
erosion c (land surface)
c-- culverts
c--removal of substrate and vegetation
Medium
vegetation cover and soil loss

(Geology, Water)

Vegetation Community
Tree Species Composition
Climate Change
Power plant and car emissions, agriculture
Increasing: Sweetgum, loblolly, S. Red Oak, Blackjack Oak, Post Oak, Winged Elm.  Decreasing: Sugar Maple, Beech, White Ash, N. Red Oak
Medium
community composition and species distribution



Vegetation Community
Upland communities - fire; riparian, 1st and 2nd terrace communities--flood
disturbance - changes to natural disturbance regimes (fire, flood)
land use changes inside and outside parks--fire and flood; weather events drives all
changes in natural species composition/cover, successional changes may (flood) or may not (fire) be disturbance driven
low
historical analsis--accounts, pollen cores, phytoliths
pollen cores in wetlands, phytoliths


Water
Benthos, Lentic, Lotic
Trash, Flow Regime, Water Quality, Physical Habitat, Deforestation, Energy cycle Disruption, Introduced Species, Climate Change, Wildlife Behavior Disruption
See WaterTable
Reduction in biodiversity, Change in ratio of generalists to specialists, Increase in tolerant species and decrease in intolerant species, Increase in non-native species, Increase in less desirable species





Water
Benthos, Lentic, Lotic
Trash, Flow Regime, Water Quality, Physical Habitat, Deforestation, Energy cycle Disruption, Introduced Species, Climate Change, Wildlife Behavior Disruption
See WaterTable
Reduction in biodiversity, Change in ratio of generalists to specialists, Increase in tolerant species and decrease in intolerant species, Increase in non-native species, Increase in less desirable species, Population decline, Change in community structure, Disrupted age structure, Decreased reproductive success

Macroinvertebrate index, Physical habitat



Water
Fish historic (serve as a baseline) Current Lifecycle
Trash, Flow Regime, Water Quality, Physical Habitat, Deforestation, Energy cycle Disruption, Introduced Species, Climate Change, Wildlife Behavior Disruption
See WaterTable
Reduction in biodiversity, Change in ratio of generalists to specialists, Increase in tolerant species and decrease in intolerant species, Increase in non-native species, Increase in less desirable species





Water
Fish historic (serve as a baseline) Current Lifecycle
Trash, Flow Regime, Water Quality, Physical Habitat, Deforestation, Energy cycle Disruption, Introduced Species, Climate Change, Wildlife Behavior Disruption, Overfishing/harvesting/collecting
See Water Table
Reduction in biodiversity, Change in ratio of generalists to specialists, Increase in tolerant species and decrease in intolerant species, Increase in non-native species, Increase in less desirable species, Fish kills, Hybridization, Decreased reproductive success, Change in migration patterns or spawning time or location, Disease/mutation rate increase, Change in ratio of stenothermal and eurythermal species, Population decline, Disrupted age structure

Sedimentation, Creel census, Temperature, Physical habitat, DO, macroinvertebrates, Fish population, Brook trout or other indicator species



Water
Herps
Trash, Flow Regime, Water Quality, Physical Habitat, Deforestation, Energy cycle Disruption, Introduced Species, Climate Change, Wildlife Behavior Disruption
See WaterTable
Reduction in biodiversity, Change in ratio of generalists to specialists, Increase in tolerant species and decrease in intolerant species, Increase in non-native species, Increase in less desirable species



(Wildlife for terrestrial herps)

Water
Herps
Trash, Flow Regime, Water Quality, Physical Habitat, Deforestation, Energy cycle Disruption, Introduced Species, Climate Change, Wildlife Behavior Disruption, Overfishing/harvesting/collecting
See WaterTable
Reduction in biodiversity, Change in ratio of generalists to specialists, Increase in tolerant species and decrease in intolerant species, Increase in non-native species, Increase in less desirable species, Increase in disease/mutation rates, change in migration pattern or breeding time or location, population decline, disrupted age structure, decreased reproductive success

Herp habitat, Indicator species, Frog calling

(Wildlife for terrestrial herps)

Water
Land-use/watershed
Trash, Flow Regime, Water Quality, Physical Habitat, Deforestation, Energy cycle Disruption, Introduced Species, Climate Change, Wildlife Behavior Disruption
See WaterTable
Increased impairment of water quality, water supply, and physical habitat (ie algal blooms), including alteration of range and frequency of disturbance, Decrease buffer / filter capacity





Water
Physical habitat
Trash, Flow Regime, Water Quality, Physical Habitat, Deforestation, Energy cycle Disruption, Introduced Species, Climate Change, Wildlife Behavior Disruption
See WaterTable
Increased impairment of water quality, water supply, and physical habitat (ie algal blooms), including alteration of range and frequency of disturbance, Decrease buffer / filter capacity





Water
Physical habitat
Trash, Flow Regime, Water Quality, Physical Habitat, Deforestation, Energy cycle Disruption, Introduced Species, Climate Change, Wildlife Behavior Disruption
See WaterTable
Scouring, Bank instability/mass wasting, Sedimentation, Altered stream morphology, Altered temperature regime, altered canopy cover

Stream geomorphology, Sedimentation, Assessment (EPA, etc.)



Water
Plankton
Trash, Flow Regime, Water Quality, Physical Habitat, Deforestation, Energy cycle Disruption, Introduced Species, Climate Change, Wildlife Behavior Disruption
See WaterTable
Increase in undesirable and non-native species, Disruption in population cycle and size, Change in biodiversity

Plankton population, Nutrients



Water
Precipitation

See WaterTable
Decrease buffer / filter capacity





Water
Riparian zone/floodplain
Trash, Flow Regime, Water Quality, Physical Habitat, Deforestation, Energy cycle Disruption, Introduced Species, Climate Change, Wildlife Behavior Disruption
See WaterTable
Increased impairment of water quality, water supply, and physical habitat (ie algal blooms), including alteration of range and frequency of disturbance, Decrease buffer / filter capacity





Water
Riparian zone/floodplain
Trash, Flow Regime, Water Quality, Physical Habitat, Deforestation, Energy cycle Disruption, Introduced Species, Climate Change, Wildlife Behavior Disruption
See WaterTable
Increased impairment of water quality, water supply, and physical habitat (ie algal blooms), including alteration of range and frequency of disturbance, Decrease buffer / filter capacity, Change in vegetation community due to altered flooding regime

Assessment, Aerial photography



Water
Vegetation wetlands, Channel, Riparian/floodplain
Trash, Flow Regime, Water Quality, Physical Habitat, Deforestation, Energy cycle Disruption, Introduced Species, Climate Change, Wildlife Behavior Disruption
See WaterTable
Reduction in biodiversity, Change in ratio of generalists to specialists, Increase in tolerant species and decrease in intolerant species, Increase in non-native species, Increase in less desirable species



(Vegetation)

Water
Vegetation, wetlands
Trash, Flow Regime, Water Quality, Physical Habitat, Deforestation, Energy cycle Disruption, Introduced Species, Climate Change, Wildlife Behavior Disruption
See WaterTable
Reduction in biodiversity, Increase in tolerant species and decrease in intolerant species, Increase in non-native species, Increase in less desirable species, change in community structure, Diseased/pest increase, Decreased regeneration

Landcover in watershed, Precipitation/wells, Community structure, Indicator species, Sedimentation

(Vegetation)

Water
Vernal/ephemeral pools
Trash, Flow Regime, Water Quality, Physical Habitat, Deforestation, Energy cycle Disruption, Introduced Species, Climate Change, Wildlife Behavior Disruption
See WaterTable
Change in number, timing, and presence of pools, Decrease in herp reproductive success, Reduction in biodiversity, Increase in tolerant species and decrease in intolerant species, Increase in non-native species, Increase in less desirable species, change in community structure, Diseased/pest increase, Decreased regeneration

Number and size of pools, Groundwater, Amphipods, Reproductive success of herps



Water
Water quantity, Quality groundwater
Trash, Flow Regime, Water Quality, Physical Habitat, Deforestation, Energy cycle Disruption, Introduced Species, Climate Change, Wildlife Behavior Disruption
See WaterTable
Increased impairment of water quality, water supply, and physical habitat (ie algal blooms), including alteration of range and frequency of disturbance, Decrease buffer / filter capacity





Water
Water quantity, Quality groundwater
Trash, Flow Regime, Water Quality, Physical Habitat, Deforestation, Energy cycle Disruption, Introduced Species, Climate Change, Wildlife Behavior Disruption
See WaterTable
Increased impairment of water quality, water supply, and physical habitat (ie algal blooms), including alteration of range and frequency of disturbance, Decrease buffer / filter capacity, Decreased recreational opportunities (swimming, fishing, etc), Aesthetics, Altered biological communities

Flow, water quality, bacteria, toxics, water chemistry, nutrients, wells, groundwater level



Water
Waterfowl and shorebirds
Trash, Flow Regime, Water Quality, Physical Habitat, Deforestation, Energy cycle Disruption, Introduced Species, Climate Change, Wildlife Behavior Disruption, Overfishing/harvesting/collecting
See WaterTable
Disrupt breeding, Change/prevent migration patterns, Increase in disease, Change in predation rates, Altered community structure, Change in biodiversity, Increase in tolerant species and decrease in intolerant species, Increase in hybridization, Increase in non-native species and populations

Nesting, Species composition, Indicator species

Wildlife

Wildlife
Birds: Fids
Deer
Development and landscape changes
Decreased diversity, change or loss of habitat
High




Wildlife
Birds: Fids and Grassland birds
Development (cell towers, housing development, roads)
Landuse and landscape changes
Habitat loss, fragmentation, increased mortality
High




Wildlife
Birds: Fids, Grassland birds, and waterfowl
Avian diseases
Exotics and population overcrowding
Mortality, decreased diversity
Unknown




Wildlife
Birds: Fids, Grassland birds, colonial waterbirds, and waterfowl
Predators
Human introduction and landscape changes
Mortality, decreased diversity
High – Medium




Wildlife
Birds: FIDS, Grassland Birds, Raptors
Habitat fragmentation and habitat loss
Development; management practices; natural processes
Habitat loss
High – Medium




Wildlife
Birds: Fids, Grassland birds, raptors 
Succession
Natural processes
Habitat variation, change in food supply
Low




Wildlife
Birds: Fids, Grassland birds, raptors, colonial waterbirds, and waterfowl
Contaminants
Residential pesticides, Roads (salts and petro. Spills), industrial air pollution, water management practices
Increased mortality, decreased diversity, decreased reproductive rates, malformations
High – Medium




Wildlife
Birds: Fids, Grassland birds, raptors, colonial waterbirds, and waterfowl
Climatic variation
Global warming, El Ninio/La Ninia
Habitat variation, change in food supply, 
High – Low




Wildlife
Birds: Fids, Grassland birds, raptors, colonial waterbirds, and waterfowl
Exotic and Invasive species
Urbanization; Transportation mechanisms (human, bird, air, water)
Habitat loss, decreased diversity, increased mortality, increased competition
Medium




Wildlife
Fish
Chemical Contaminants
Industry/human development
water chemistry changes, decreased DO, habitat loss, increased disease, decreased reproduction, loss of diversity
High
Changes in water chemistry, pollution monitoring

Water

Wildlife
Fish
Habitat degradation
Industry/human development
Sedimentation, habitat loss or change, loss of diversity, population changes
Medium
Vegatation/water quality monitoring, changes in habitat makeup (loss of grasses, etc)

Water

Wildlife
Fish
Increased disease levels
Contaminants
Population decrease, loss of diversity, loss of population viability
Medium
increased levels of fish kill, increased occurences of disease indicators in fish

Water

Wildlife
Fish
Exotic Introduction
Commercial and Noncommercial
Habitat loss, decreased reproduction, loss of diversity
Low
Decrease native populations, increase of exotic populations

Water

Wildlife
Fish
Competitor Introduction
Humans, habitat changes
Habitat loss, decreased reproduction, loss of diversity
Low
Decrease native populations, increase of exotic populations

Water

Wildlife
Fish
Change in levels of fishing
Humans
Population decrease, loss of diversity and viability (genetic)
Medium
Decrease native populations, increase/decrease catch limits

Water

Wildlife
Fish
Fisheries Mgmt policies
Humans
population changes, loss of diversity, overfishing the resource
Medium
Monitor new legislation

Water

Wildlife
Frogs/Salamanders/Aquatic Turtles
UV Radiation
CFC
Mutations/defects
?


Air

Wildlife
Frogs/Salamanders/Aquatic Turtles
Contaminants
Agriculture/ Industrial/ Residential
Mutations/defects/ disease
High




Wildlife
Frogs/Salamanders/Aquatic Turtles
Droughts
Climate
Mortality/Loss of habitat
Medium




Wildlife
Frogs/Salamanders/Aquatic Turtles
Fragmentation (Metapopulations)
Natural (Fires/Storms) Landuse changes (Development)
Loss or change of habitat
High




Wildlife
Frogs/Salamanders/Aquatic Turtles
Road mortality
Roads and landuse changes
Mortality/Population Decrease
Variable (Dependent on location)




Wildlife
Frogs/Salamanders/Aquatic Turtles
Disease
?
Mortality/Population Decrease
?




Wildlife
Frogs/Salamanders/Aquatic Turtles
Competition
Introduction of exotics such as bullfrogs, fish sp.
Mortality/competitive exclusion
High




Wildlife
Frogs/Salamanders/Aquatic Turtles
Siltation
Landuse and landscape changes
Decreased availability and quality of habitat
High




Wildlife
Frogs/Salamanders/Aquatic Turtles
Global Warming
Anthropogenic
Water levels change/climate changes/UV/etc.
High




Wildlife
Land Turtles/ Snakes/Lizards
Fragmentation (Metapopulations)
Natural (Fires/Storms) Landuse changes (Development)
Loss or change of habitat
High




Wildlife
Land Turtles/ Snakes/Lizards
Road mortality
Roads and landuse changes
Mortality/Population Decrease
Variable (Dependent on location)




Wildlife
Land Turtles/ Snakes/Lizards
Collecting
Pets/Market Trade
Population Decline
High




Wildlife
Land Turtles/ Snakes/Lizards
Global Warming
Anthropogenic
Water levels change/climate changes/UV/etc.
High




Wildlife
Land Turtles/ Snakes/Lizards
Disease
?
Mortality/Population Decrease
?




Wildlife
Small Mammal (Mice, rats, voles, shrews, weasels, moles, squirrels)
Fragmentation (Metapopulations)
Natural (Fires/Storms) Landuse changes (Development)
Diversity decreases for small mammals
High




Wildlife
Carnivores (fox, weasels, coyote, raccoon, bobcats, otter, skunk, possum, mink, bear)
Fragmentation (Metapopulations)
Natural (Fires/Storms) Landuse changes (Development)
Population decreases
High




Wildlife
Herbivores (Deer, beaver, E. Cottontails, woodchucks)
Fragmentation (Metapopulations)
Natural (Fires/Storms) Landuse changes (Development)
Population Increase
High




Wildlife
One way to combine many of these issues
Change or Loss of Habitat
Development, Global Warming, Introduction of Exotic Species
Population decline and change in the distribution of a species
High




Wildlife
Bats
Fragmentation (Metapopulations)
Natural (Fires/Storms) Landuse changes (Development)
Population Decreases
High




Wildlife
Small Mammal (Mice, rats, voles, shrews, weasels, moles, squirrels)
Predation
Feral animals (cats, dogs, bullfrogs)
Mortality
High




Wildlife
Herbivores (Deer, beaver, E. Cottontails, woodchucks)
Predation
Feral animals (cats, dogs, bullfrogs)
Mortality
Los




Wildlife
Bats
Predation
Feral animals (cats, dogs, bullfrogs)
Mortality
Low




Wildlife
Small Mammal (Mice, rats, voles, shrews, weasels, moles, squirrels)
Contaminants
Agriculture/ Industrial/ Residential
Mortality and Disease
?




Wildlife
Carnivores (otter and mink only)
Contaminants
Agriculture/ Industrial/ Residential
Mortality and Disease
High 




Wildlife
Herbivores (Deer, beaver, E. Cottontails, woodchucks)
Contaminants
Agriculture/ Industrial/ Residential
Mortality and Disease
Low




Wildlife
Bats
Contaminants
Agriculture/ Industrial/ Residential
Mortality and Disease
Variable   




Wildlife
Small Mammal (Mice, rats, voles, shrews, weasels, moles, squirrels)
Change in habitat 
Exotic spcies introduction/succession
Loss of habitat and decrease in habitat quality
?




Wildlife
Carnivores (fox, weasels, coyote, raccoon, bobcats, otter, skunk, possum, mink, bear)
Change in habitat 
Exotic spcies introduction/succession
Loss of habitat and decrease in habitat quality
Low




Wildlife
Herbivores (Deer, beaver, E. Cottontails, woodchucks)
Change in habitat 
Exotic spcies introduction/succession
Loss of habitat and decrease in habitat quality
Low




Wildlife
Bats
Change in habitat 
Exotic spcies introduction/succession
Loss of habitat and decrease in habitat quality
?




Wildlife
Mammals (All)
Global Warming
Anthropogenic
Water levels change/climate changes/UV/etc/Change in habitat
High




Wildlife
Small Mammal (Mice, rats, voles, shrews, weasels, moles, squirrels)
Development
Landuse change
Change or Loss of Habitat
High




Wildlife
Carnivores (fox, weasels, coyote, raccoon, bobcats, otter, skunk, possum, mink, bear)
Development
Landuse change
Change or Loss of Habitat
High




Wildlife
Herbivores (Deer, beaver, E. Cottontails, woodchucks)
Development
Landuse change
Change or Loss of Habitat
Variable




Wildlife
Bats
Development
Landuse change
Change or Loss of Habitat
High




Wildlife
Carnivores (fox, weasels, coyote, raccoon, bobcats, otter, skunk, possum, mink, bear)
Road mortality
Roads and landuse changes
Mortality
High




Wildlife
Herbivores (Deer, beaver, E. Cottontails, woodchucks)
Road mortality
Roads and landuse changes
Mortality
Variable




Wildlife
Carnivores (fox, weasels, coyote, raccoon, bobcats, otter, skunk, possum, mink, bear)
Poaching
People
Mortality
Variable




Wildlife
Herbivores (Deer, beaver, E. Cottontails, woodchucks)
Poaching
People
Mortality
Variable




Wildlife
Herbivores (Deer, fur-bearers)
Legal Hunting
People
Mortality
Medium




Wildlife
Carnivores (fox, weasels, coyote, raccoon, bobcats, otter, skunk, possum, mink, bear)
Disease
?
Mortality
Variable




Wildlife
Herbivores (Deer, beaver, E. Cottontails, woodchucks)
Disease
?
Mortality
Low (Variable)




Wildlife
Bats
Disease
?
Mortality
Low




Conceptual Model Field Definitions

Thematic Breakout Session:  Identifies the Breakout Session working on the topic.  Sessions include: Air, Geology, Invertebrates, Landscape, Vegetation Communities, Water, and Wildlife. 

Resource Component:  List all components of Important Resources that need to be addressed separately (e.g., components for Wildlife may include grassland birds, amphibians, mammals, fish, etc.). 

Stressor:  Stressors reduce the viability of Important Resources by impacting size, condition, and/or landscape context.  

Sources:  Sources of stress are the causes of the degradation of Important Resources. Stresses may have multiple sources (e.g., nutrient loading resulting from residential/commercial/office development, wastewater treatment and agricultural practices), and a source often causes multiple stresses (e.g., park facilities/operations/maintenance/use leading to habitat fragmentation, sedimentation and toxins/contaminants).  

Ecological effects:  The ecological responses caused by each Stressor and Source combination. 

Severity of the Threat: Each combination of Stressor and Source is a Threat.  Rank severity of Threat according to its contribution to the degradation of the Resource Component.   Use – High, Moderate, Low, or Unknown.

Vital Signs (Ecological Indicator): Vital signs can be any measurable feature of the environment that provides insights into the state of the ecosystem. The term is synonymous with "ecological indicator". 

Desirable characteristics of indicators: 

· are sensitive enough to provide an early warning of change 

· have low natural variability 

· can be accurately and precisely estimated 

· have costs of measurement that are not prohibitive 

· have monitoring results that can be interpreted and explained 

· are low impact to measure 

· have measurable results that are repeatable with different personnel 

Protocol:  Identify standard protocols (if they exist) that can be used to monitor this vital sign.

Lead Workgroup:  Identifies the Breakout Session that will also address this issue.  

Appendix B.  National Capital Network - Park Summaries

The Network includes eleven National Park units with significant natural resources.  The parks range in size from 53 to 7,788 hectares (ha) and encompass the Ridge and Valley, Blue Ridge, Piedmont, and Coastal Plain physiographic provinces.  All parks in the Network have active relationships with local entities including other state and federal government agencies, educational and non-profit institutions, municipalities, and the general public.  Park summaries are based on reviews of Resource Management Plans (RMP), Project Management Information System (PMIS), Investigator Annual Report (IAR) and interviews with Park Superintendents and Resource Management staff. 

Park <<click to link to summary>>
Park code
Size (acres)
Size (ha)
Physiographic province

Antietam National Battlefield
ANTI
3,255
1,318
Ridge and valley

Catoctin Mountain Park
CATO
5,770
2,336
Ridge and valley

Chesapeake and Ohio Canal National Historical Park
CHOH
19,236
7,788
Coastal plain, Piedmont, Blue ridge, Ridge and valley

George Washington Memorial Parkway
GWMP
7,899
3,198
Coastal plain, Piedmont

Harpers Ferry National Historical Park
HAFE
2,287
926
Ridge and valley

Manassas National Battlefield Park
MANA
5,098
2,064
Piedmont

Monocacy National Battlefield
MONO
1,647
667
Piedmont

National Capital Parks – East
NACE
10,814
4,378
Coastal plain, Piedmont

Prince William Forest Park
PRWI
18,569
7,518
Coastal plain, Piedmont

Rock Creek Park
ROCR
2,717
1,100
Coastal plain, Piedmont

Wolf Trap Farm Park
WOTR
131
53
Piedmont

Total

77,425
31,346


Antietam National Battlefield Summary

Overview

Antietam National Battlefield is managed within the historical context of General Robert E. Lee's first invasion of the North in September 1862 during the Civil War. The battle claimed more than 23,000 men (killed, wounded, and missing) in one single day, September 17,1862, and led to Lincoln's issuance of the Emancipation Proclamation.  The 1,318 ha park is located in the heart of Maryland surrounded by rolling hills dotted with farm fields and pastures reminiscent of the day of the battle.  

Patches of forests, open meadows, and croplands are found within the park. Significant natural resources include sensitive habitats along Antietam Creek, unique limestone upland forests (Snavely Woods), and three state rare, threatened, and endangered species, including the loggerhead shrike (Lanius ludovicianus), goldenseal (Hydrastis canadensis), and the butternut (Juglans cinerea). Possible white-tailed deer (Odocoileus virginianus) overabundance and the presence of the gypsy moth (Lymantria dispar) and woolly adelgid (Adelges tsugae) are management concerns. 

Park Resources and Species of Concern

Most Valuable Resources:

Landscape that is composed of cultural and natural resources. The General Management Plan calls for maintaining the 1860 landscape, which includes the forest, orchard, and agricultural setting. Current crops grown include: Corn, Soybeans, Wheat, Barley, Oats, Hay Crops including alfalfa, clover, timothy, and orchard grass
Historical Trees. 

Aquatic resources including Antietam Creek and tributaries, spring heads, wetlands.

Beech/Tulip Poplar and Oak/Hickory in the Snavely Woods.

Karst landscape of groundwater systems, riparian areas, creeks (Antietam Creek), springs, tributaries (Sharpsburg Creek, Mumma Run), and wetlands.

Vegetation Communities:  Beech/Tulip Poplar forest

Species of concern have been identified and include species that are overabundant or invasive, as well as rare/threatened/endangered species. 23 species of concern for Antietam National Battlefield were identified in the following taxonomic groups: birds (8), mammals (1), fish (1), invertebrates (4), vegetation (8), and vegetation communities (1). This subject will be discussed by workgroup(s) in greater detail at a later date.

Threats and Resource Management Issues

Threats:

Exotic vegetation (Especially ailanthus, garlic mustard, multiflora rose, Japanese barberry, tartarian honeysuckle, Japanese honeysuckle). 

White-tailed deer overabundance.  The current population density estimate for fall 2000/spring2001 = 66.95 / sq. mile; 90% CI: 59-76/sq. mile.

Agricultural runoff.  This may be a problem to both surface waters and groundwater. 

Pollution to Antietam Creek (industrial, sewage, street and commercial runoff).  

Threat Abatement:

Easements (for example, to keep land in agricultural use)

Spring protection (buffering, establishing no-chemical zones, education of farmers and employees).  

Restoration of native grasses and Oak / Hickory forest.

Tree Preservation (Burnside Sycamore). 

Exotic plant control of ailanthus and honeysuckle. Some exotics like Garlic mustard are a bigger problem but there is no treatment available yet.  The park also monitors and keeps track of treatments and their effectiveness.  The focus has been on roads, fencerows and reforestation of treated areas.

Pest control  (crop pests, hemlock wooly adelgid, Anthracnose, and Japanese beetles are being treated.

Nutrient management plans and use of BMPs are integrated into all agricultural operations.

Resource Management Issues

The overall goal of the park is to maintain the general landscape as it was during the Civil War including natural and cultural resources.

More funding and equipment are necessary. 

Deer abundance 

Up-to-date resource management plan needed for newly acquired lands.  

Summary of Existing Monitoring Programs and Needs

Air: An ozone monitoring program was completed during the summers of 1984, 85, and 86.  The program was organized by the Air Quality Division, WASO and monitored ozone damage on milkweed plants.  

Amphibian: None

Birds: Mark Raabe of NA Bluebird Society http://www.nabluebirdsociety.orgmonitors nest boxes annually.  ANTI gets a paper report every year.  

Fire: There is a fire weather monitoring station at C & O Canal, Sharpstown headquarters.  In addition, Don Bouche (NPS - FMO) and Alan Biller (NPS) are working on fire management plans for the parks. They are incorporating air quality and smoke monitoring needs. This wildland management plan covers prescribed fire and research burns.  They plan to do a literature search on fire effects on eastern species.  In addition, they plan to do research burns next spring.  There will be a monitoring component of the fire plan.

Fish: None

Geology: None

Mammals: Deer Distance Sampling started in FY2001 and is planned twice a year in spring and fall.  In addition, transects are run through the park to count deer (and all other mammals) in areas not covered by distance sampling.  Roadkill data are collected in the Park Oct. – March.  Woodchuck monitoring is limited to identifying structural damage to historic buildings and the cemeteries.

Meteorology:  The Park records rainfall in Hagerstown where there is an official NOAA station.

Pests: Structural pests, Woolly Adelgid, West Nile Virus and Gypsy Moths (NPS and USDA).

Pesticides use: Pesticide logbook on file.

Reptiles: None

Soils: None

Sound: None

Vegetation:

Exotics - the park looks for new species.  Invasive species are mapped by Exotic Plant Management Team.

Historical trees – the park started a project few years ago to collect seeds from historical tree species.  A SCA Volunteer implemented the project but it is not complete.  The volunteer was also tagging trees as part of the Historical and Commemorative Areas monitoring.

Wildflowers – an informal survey resulted in a brochure.  There is no systematic monitoring. 

Goldenseal – visually surveyed but there is no systematic monitoring. 

Crops - farmers collect yield data as an indicator of health.  In addition, farmers report soil fertility including soil nutrients.  

Snavely Woods - 6 20 x 20 m long-term vegetation plots have been set up in 1998.

Visitors: NA

Visual Landscape: photomonitoring (past)

Water Quality: 
USGS Water Resources Division in cooperation with states monitors

the discharge of the Antietam Creek near Burnside Bridge (August 1928 – Present). From June 1897 to September 1905, discharge was measured about 1/2 mile upstream near "Middle Bridge". 

An actively maintained USGS gauging station is located downstream of Burnside Bridge. This is Station # 01619500. Records are confusing; however, hard copy files indicate that various bureaus within the MD DNR monitored bacteriological levels and other parameters from 1986-1995.  The data is included in the NPS Water Resources Division publication of water data for ANTI.

USGS Water Resources Division in cooperation with MD DNR – MD Geological Survey monitors discharge at the Mumma Spring. This was done in May 1969, April 1987, and January 1991 - Present. This is Spring # WA Di 103. Hard copy files indicate that MD DNR - MD Geological Survey monitored biological and chemical parameters periodically from 1990 until the present.

In 1997, 6 sites were established by NPS ANTI to monitor DO, nitrates and phosphates to look at run-off from agricultural fields.  In addition, they are looking for herbicide contamination to see how well forest buffers are working.

A water quality education project ("Water Watchers") for high school collects some water quality data. The project was started in 1995.

The NPS Water Resources Division will be completing a scoping report for ANTI in 2001/2002. 

Most Important Monitoring Needs:

Additional exotic plant monitoring needed (Japanese barberry, garlic mustard, honeysuckle sp.) 

White-tailed Deer*

Ground and Surface Water Quality and their impacts on Agricultural Landscape (limited ongoing)

Forest Health

Monitoring of aquatic biota is needed (macroinvertebrates, fish, mussels)

Basic weather monitoring
Surveys for Amphipods are needed

Species of Concern 

Fire monitoring 

Wildlife habitat evaluation

*Indicates already implemented 

Current Research Projects and Needs

Existing Research Projects:

Alison Dibble of USDA Forest Service is developing a model to predict where invasive species may colonize.   

Research Needs:

Map groundwater sinkholes, subsurface Karst resources.  

2.   How can fire be used to manage exotic species?
Partnering and Neighboring Agencies and Individuals

Partnering Agencies/Individuals:

1.   Maryland Department of Environmental (Water Quality)

2.   Maryland Department of Natural Resources (works with ANTI on exotics control; Don Warback has been in contact with ANTI on managing warm season grasses and fire).

3.   Washington County Cooperative Extension Service (Crop management)

Neighboring Land Management Agencies:

1.   South Mountain State Park.  This is a new park and part of S. Mountain Rec. Area.  
2.   Indian Springs Wildlife Management Areas 

3.   Greenridge State Forest.    

4.   Gaflin State Park

5.   County parks in Sharpsburg

6.   Washington Monument State Park

Appendix C.  Excerpt showing common threats among parks in NCN from Summary Table.  Additional sections compare management issues, current monitoring efforts, and perceived monitoring needs among parks.
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Appendix E.  Prioritization Matrix

Significance to Mid-Atlantic:
Significance to Parks in the National Capital Region:


Total Score 

Threat (Stressor/Source Combination)
Area 

(5 = most significant)
Area 

(5 = most significant)
Intensity (5 = most significant)
Urgency (5 = most significant)
Feasibility (5 = easy to implement)
Monitoring Cost (5 = inexpensive)








































































































































































































Field Definitions:

Ranking: Rank on a scale from 1 – 5 as indicated below. 

Significance to the region:  

Area:  How wide an area does the threat affect within the Mid-Atlantic (Northern Virginia, Central Maryland; Hapers Ferry?  Is it going to affect the entire region?  Or just a small area within the region?  (5 = affects a large area; 1= affects a small area)

Significance to the National Parks in the National Capital Region:  

Area:  How wide an area does the threat affect?  Is it going to affect multiple National Parks or just a small area in one park? (5 = affects a large area or multiple National Parks; 1= affects a small area or few National Parks)

Intensity:  How strong is the impact of the threat to the resource?  Will the threat destroy the resource completely? Or will it cause only minor damage?  (5 = significant impact; 1 = little impact)

Urgency:  How important is it that immediate action take place to deal with the threat?  Is the threat occurring now?  Or is it only likely to be important 10 years from now?  (5 = threat is immediate; 1 = threat is not immediate).

Feasibility:  How realistic is it that NPS can monitor this threat?  Consider if another agency would be more likely to monitor and address this threat.  (5 = National Parks Service can address this threat; 1 = National Park Service can not easily monitor the threat or monitoring would be more appropriate by another agency).

Cost:  How expensive will it be to monitor this threat?  (5 = monitoring cost is low; 1 = monitoring cost is high)

Total:  Summary of Significance to National Parks in the National Capital Region fields. 
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