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Briefing Material for Vital Signs Monitoring Meeting

Tuesday   08:00–12:00
Background and Review of Current Guidance

(Note: The following material is extracted from the draft chapter on Inventory and Monitoring that will be included in the NPS-77 Reference Manual that is being developed, or from memoranda dated October 13, 2000 and December 21, 2000 from the Associate Director NRSS to the Regional Directors.)


The NPS’s mission requires the agency to preserve, protect, and maintain the health and integrity of the natural resources contained within the units of the National Park System for the enjoyment, education, and inspiration of this and future generations.  To fulfill that mission, park managers must know the nature and condition of the resources under their stewardship, have the means to detect and document changes in those resources, and understand the forces causing the changes.  Parks need to conduct scientifically based natural resource inventory and monitoring to know the nature, condition, and trends of park resources.  Monitoring data are also often required to establish the causes of resource condition change, determine compliance with standards and regulations, and/or evaluate the effectiveness of management actions.


Recent legislation and management policies require monitoring of natural resources in national parks.  The National Parks Omnibus Management Act of 1998 states that "The Secretary shall undertake a program of inventory and monitoring of National Park System resources to establish baseline information and to provide information on the long-term trends in the condition of National Park System resources.  The monitoring program shall be developed in cooperation with other Federal monitoring and information collection efforts to ensure a cost-effective approach." 

The 2001 NPS Management Policies state that “Natural systems in the national park system, and the human influences upon them, will be monitored to detect change. The Service will use the results of monitoring and research to understand the detected change and to develop appropriate management actions”.  Section 4.2.1 states that “The Service will:

· Identify, acquire, and interpret needed inventory, monitoring, and research, including applicable traditional knowledge, to obtain information and data that will help park managers accomplish park management objectives provided for in law and planning documents.

· Define, assemble, and synthesize comprehensive baseline inventory data describing the natural resources under its stewardship, and identify the processes that influence those resources.

· Use qualitative and quantitative techniques to monitor key aspects of resources and processes at regular intervals.

· Analyze the resulting information to detect or predict changes, including interrelationships with visitor carrying capacities, that may require management intervention, and to provide reference points for comparison with other environments and time frames.

· Use the resulting information to maintain—and, where necessary, restore—the integrity of natural systems.”

The park operating base is the primary source of funding for fulfilling the Service’s mission of protecting park resources while providing for enjoyable and safe visitor experiences.  Base funding is supplemented by regional and national program funds, including those from the Servicewide I&M program.

To comply with legal requirements, fully implement NPS policy, and guide management activities, the Servicewide Inventory and Monitoring Program focuses on attaining the following major long-term goals:

1. Establish natural resource inventory and monitoring as a standard practice throughout the National Park System that transcends traditional program, activity, and funding boundaries.

2. Inventory the natural resources and park ecosystems under NPS stewardship to determine their nature and status.

3. Monitor park ecosystems to better understand their dynamic nature and condition and to provide reference points for comparisons with other, altered environments.

4. Integrate natural resource inventory and monitoring information into NPS planning, management, and decision making.

5. Share NPS accomplishments and information with other natural resource organizations and the public and form partnerships for attaining common goals and objectives.
NPS Framework for Inventory and Monitoring

The NPS has implemented a strategy designed to institutionalize natural resource inventory and monitoring on a programmatic basis throughout the agency.  The effort was undertaken to ensure that the approximately 270 park units with significant natural resources possess the resource information needed for effective, science-based managerial decision-making and resource protection.  The national strategy consists of a framework having three major components: (1) completion of basic resource inventories through Servicewide funding, with the expectation that basic data sets will be supplemented with more specialized inventories as needed through other sources; (2) creation of experimental monitoring programs to evaluate alternative monitoring designs and strategies; and (3) implementation of operational monitoring of critical parameters (i.e., “vital signs") in all parks with significant natural resources.

Prototype Program Roles and Functions

Centers of excellence: Prototype LTEM programs were established primarily in an attempt to learn how to design scientifically credible and cost-effective monitoring programs in ecological settings of major importance to a number of NPS units.  The level of monitoring conducted by prototype programs is both more comprehensive and more intensive than what other parks will be able to undertake.  For that reason, a major role of the prototypes will be to serve as “centers of excellence” for other parks in the system.  Prototype LTEM programs will be responsible for assisting in the design, development, and testing of monitoring protocols and methods and for providing instruction in the use of those products to other parks occupying similar ecological settings.

Mentoring: Prototype LTEM programs possess a wealth of experience and expertise related to the development and implementation of ecological monitoring that can greatly benefit other parks throughout the NPS.  Therefore, the prototype programs are required to provide mentoring assistance to other parks undertaking long-term ecological monitoring.  Personnel from prototype LTEM programs will be expected to advise and provide technical assistance to staff from other parks on a wide variety of technical issues related to monitoring, including conceptual design, database management, data integration and analysis, and reporting of monitoring findings.

Park Vital Signs Monitoring Networks

The third component of the NPS national framework for inventory and monitoring consists of networks of parks that will conduct long-term ecological monitoring for selected critical parameters, or “vital signs.” Unlike the prototype LTEM programs, the goal of this monitoring is to be able to assess the basic health or integrity of park ecosystems and to be able to formulate management actions whenever necessary to maintain the integrity of those ecosystems.

Management of the national parks is a complicated and difficult task. Many threats to park resources, such as invasive species and air and water pollution, come from outside of a park’s boundaries, requiring an ecosystem approach to understand and manage the park's natural resources. Managers must be capable of determining whether the changes they are observing in park ecosystems are the result of natural variability or human activities. If the latter, then park managers must understand park ecosystem processes and mechanisms well enough to know what actions are needed to restore natural conditions. Such knowledge can only be gained through long-term monitoring and research. 
The overall purpose for monitoring is to protect park resources.  The Servicewide goals of vital signs monitoring are as follows:

· identify status and trends in ecosystem health;

· define normal limits of variation;

· provide early warning of situations that require intervention;

· suggest remedial treatments and frame research hypotheses;

· determine compliance with laws and regulations.

An effective long-term ecosystem monitoring program will:

· enable managers to make better informed management decisions;

· provide early warning of abnormal conditions in time to develop effective mitigation measures;

· provide data to convince other agencies and individuals to make decisions benefiting parks;

· satisfy certain legal mandates; and

· provide reference data for comparison with more disturbed sites.

Vital Signs

Vital signs are key elements that indicate the health of an ecosystem.  Vital signs may occur at any level of organization including landscape, community, population, or genetic levels.  They may be compositional (referring to the variety of elements in the system), structural (referring to the organization or pattern of the system), or functional  (referring to ecological processes).  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."

The NPS needs a clear simple way to account for how it is preserving the nation’s natural heritage.  The NPS needs to identify and monitor the vital signs of environmental health in parks, just as physicians monitor their patients’ vital signs, as a means of sustaining the health of park resources, diagnosing threats to their well being, and mitigating those threats.  Monitoring park vital signs provides the foundation for this accountability by evaluating efficacy of restoration and other management actions and by warning of impending threats to parks.

The concept of ecosystem health is not dissimilar to that for individual health.  A healthy individual’s vital signs remain within a normal, dynamic range and return to a nominal level quickly after disturbance.  Damage to structural elements, when not too severe and promptly and accurately diagnosed, is quickly and effectively repaired to sustain normal functions (restoration and maintenance).  Infections (nonnative species) often can be eliminated or contained when their nature and extent are identified in a timely manner.  The same attributes pertain to wild populations, communities, and ecosystems in parks.  While vital signs for these higher levels of ecological organization are not yet known with certainty, experiences in many parks indicates that basic measures of physical and chemical environmental factors and population dynamics of selected species serve this role well.  Just as early physicians discovered the value of body temperature, respiratory rate, and blood pressure in assessing patient health by measuring them in many patients, today’s park managers need to begin measuring dynamic ecosystem parameters to identify environmental vital signs for parks and to establish their normal variation.

Initial Steps in Designing a Monitoring Program


Each network of parks will design an integrated monitoring program that best meets the high-priority monitoring needs of the parks in that network. Although there will be considerable variability among networks in the final design, the basic approach to designing a monitoring program should follow five basic steps:

1. Establish monitoring goals and objectives.

2. Compile and summarize existing data and understanding of park ecosystems. 

3. Develop conceptual models of relevant ecosystem components.

4. Select indicators for monitoring; and

5. Determine the appropriate sampling design and sampling protocols. 

These steps are incorporated into the “Recommended Approach for Developing a Network Monitoring Program” document included in these briefing materials and available at www.nature.nps.gov/im/monitor . 

To assist parks with designing an integrated monitoring program, the Natural Resource Program Center is developing a “Handbook for Monitoring Environmental Vital Signs in National Parks” that will provide guidance and recommendations for monitoring air resources, water resources, geological resources, nonnative species, threatened and endangered species, and other fauna and flora.  This handbook, and other technical assistance, is available on the website “Monitoring Natural Resources in National Parks” at www.nature.nps.gov/im/monitor.  Subject experts from each of the Natural Resource Program Center divisions and the regional I&M coordinators are available to assist parks with the design of their monitoring program.

(Note: The following document was attached to memoranda dated October 13, 2000 and December 21, 2000 that were sent to Regional Directors):

Park Vital Signs Monitoring: Vision and Implementation Plan

This document describes a Servicewide vision of how parks will develop programs for monitoring their most critical environmental vital signs.  Key features of the park vital signs monitoring strategy are as follows:

· Under the Natural Resource Challenge budget strategy, monitoring of environmental vital signs will be initiated in all 270 park units with significant natural resources after FY 2004 if the strategy is fully funded so that all parks can begin developing broadly-based, scientifically sound information on the status and trends of their natural resources.

· Parks have been organized into 32 networks linked by geography and shared natural resource characteristics to facilitate collaboration, information sharing, and economies of scale in natural resource management.  Each network will receive approximately 8-9 new positions and a set amount of funding each year to develop a core program for park vital signs monitoring.  Parks in each network will share these new positions and funding, and this core program will be augmented by additional personnel and funding from other sources.  The level of funding available will not allow comprehensive monitoring in all parks, but will provide a minimum infrastructure for initiating natural resource monitoring in all parks that can be built upon through other current and future efforts.

· Park networks will design a single, integrated monitoring program using existing personnel and funding and new personnel and funding through the Natural Resource Challenge.  This single program will monitor physical and biological resources including air quality, water quality, geological resources, weather, fire effects, threatened and endangered species, exotic species, and other flora and fauna.  The monitoring program should include short-term tactical monitoring as well as long-term monitoring.  The Washington Office divisions for Air Resources, Biological Resource Management, Geological Resources, Natural Resource Information, and Water Resources are coordinating efforts to provide funding and technical support to park networks for developing these integrated monitoring programs.

· A major emphasis of the inventory and monitoring effort is to make information more readily available to decision makers and the public and to integrate natural resource information with other park operations such as interpretation and maintenance.  Considerable resources will be allocated for improved information management, and several tools are being developed to make information more readily available to park managers and others for planning, management, and decision-making.

Sources of new funding for natural resource monitoring and funding strategy.

The strategy for the Natural Resource Challenge calls for monitoring at a level that would cost  $26.5 million and fund monitoring of the most critical park vital signs in 32 park networks.  In addition, the Natural Resource Challenge includes monitoring of air and water quality, as well as activities to make natural resource data more useable for management decisions and the public.  Additional actions are included for biological inventories, vegetation mapping, expansion of NRPP funding, T&E species recovery, and other activities that will be closely coordinated with park vital signs monitoring.  The various funding sources and technical support will be coordinated at the national and regional levels to help parks develop a single, integrated monitoring program.  That program will provide scientifically sound information for managing park resources and informing the public and allow managers to confront and mitigate threats to the park and operate more effectively in regulatory, legal, and political arenas.  Most parks already allocate funding and personnel to monitor park resources using base funds, FIREPRO funds, and other sources, and these existing sources will augment the core monitoring program to fund the integrated monitoring program.  It is important for our report to Congress that we be able to document that new funding provided through the Natural Resource Challenge augments existing funding being allocated by parks for natural resources, and is not being used in place of those existing funding sources.

The NRC budget strategy is to initiate monitoring in 5 networks in FY 2001, approximately seven additional networks in FY 2002 and FY 2003, and the balance of the 32 networks in FY 2004, depending on the amount of new funding received each year.  The first seven networks to be funded will include one from each region, with future sequencing of networks determined by the regions.  To facilitate network readiness for funding, a portion of the FY 2001 networks’ proposed funding will be withheld to forward fund the networks planned for funding for FY 2002.  This will allow the FY 2002 networks to hire a network coordinator and data manager to begin compiling existing information and understanding in preparation for meetings and workshops as part of the design process.  Thus, in FY 2001, more than 100 parks will benefit from funding to begin the design process for park vital signs monitoring.  When the next round of networks is funded, the FY 2001 networks would then receive full funding.  A similar procedure would be anticipated for future years.  This procedure will facilitate preparing for future monitoring and funding.  This strategy is also based on experience with prototype parks, which indicated that it is difficult to absorb large amounts of new funding in one year.

The Network Approach and its Relation to Prototype Monitoring Parks

In the early 1990s, the National Park Service initiated a program to gain experience with monitoring different types of natural resources in 11 prototype monitoring programs that included 22 parks.  This program has never been fully implemented because of insufficient funding (only 7 of the 11 programs have received funding as of FY 2000), but much has been learned from these prototype programs that can now be transferred to other parks as they develop their monitoring programs.  The seven funded prototype monitoring parks will continue to be funded at current levels and will serve as “centers of excellence” that will do more in-depth monitoring and continue research and development work to benefit other parks.  The remaining four prototypes (Olympic NP, Northern Cascades NP complex, Mammoth Cave NP, and the 5-park Northern Colorado Plateau prototype), will be funded at $400,000 per year, which is about half of their original funding request.  USGS Biological Resources will provide additional funding for protocol development and assistance with designing the prototype programs.  The prototype monitoring parks will be nested within the network structure, and will provide expertise and support to other parks in their network.

The network strategy for implementing park vital signs monitoring was adopted because it is currently unrealistic to expect that all parks will be able to obtain new funding and positions to allow monitoring at the scale and intensity being conducted at the prototype parks.  Yet monitoring needs to be initiated as soon as possible in all parks with natural resources to meet service goals and Congressional mandates.  A monitoring program requires professional-level staff who can analyze data, interpret data, prepare reports, and provide the information in a useable format to park managers, scientists, and the other interested parties.  However, it is not realistic at this time for every park to have a full professional staff including a botanist, wildlife biologist, hydrologist, geologist, soil scientist, data manager, etc.  Thus, the compromise position is to provide consistent funding and as many as 8-9 FTEs to each network to develop a core program and identify what specialists it needs, allowing each network to then leverage these core resources with other resources and partnerships to build a monitoring program that works best for that network of parks.

The initial list of environmental vital signs selected for monitoring is expected to vary among networks depending on the priorities and monitoring needs of the parks in each network.  The potential list of vital signs can be placed in three categories: (1) those vital signs or indicators that are required to be included in the monitoring program for legal reasons (e.g., T&E species or items included in a park’s enabling legislation); (2) those that are required for Performance Management reporting purposes or because funding was provided for a specific purpose (e.g., impaired waters monitoring); and (3) those selected by networks from a list of recommended vital signs or identified as a priority by the network.  Each park can identify its own top-priority monitoring needs, and it is not necessary for all parks in a network to monitor the same vital signs.  Staff from the WASO divisions of Air Resources, Biological Resource Management, Geological Resources, Natural Resource Information, and Water Resources are developing a “Handbook for Monitoring Environmental Vital Signs in National Parks” and various guidelines, reference materials, and information management tools to assist networks in the development of their monitoring programs.  WASO staff will also provide technical support to networks throughout the planning process, and regional I&M coordinators from other regions will also be available to share information and assist networks in other regions as they develop their monitoring programs.  Project funding at Cooperative Park Ecosystem Studies Units can also support technical assistance with monitoring protocols and implementation.

Partnerships with other agencies

The National Park Service must work with others to achieve its natural resource goals.  The design and implementation of monitoring in networks and parks requires cooperation with public agencies, universities, and non-governmental organizations.  Key partnerships include the US Geological Survey (USGS); the expanding system of Cooperative Ecosystem Studies Units (CESUs); and the Environmental Protection Agency; and the USDA Forest Inventory and Management Program, as well as many state and local partnerships. The USGS funds the biological research component for the prototype monitoring parks and has a long-term commitment to the NPS to provide research support. The CESUs engage university scientists throughout the nation.

Administration of the network approach and the NR-PRO funding model

Additional input and review is needed to explore creative solutions to managing a cooperative, collaborative network of monitoring programs and the best administrative structure for sharing technical expertise and infrastructure burdens among parks.  Currently, network monitoring programs are coordinated by the Servicewide Inventory and Monitoring Program with assistance from other divisions of the Natural Resource Program Center of the Washington Office.  The Servicewide I&M Program provides funding to each region for a full-time I&M coordinator, and each network is expected to hire a network coordinator, when funded.

The initial networks will be guided by a Board of Directors made up of park superintendents, the Regional I&M Coordinator, and the Network Coordinator, who will specify desired outcomes and evaluate performance for the network’s monitoring program.  The Board of Directors will make decisions regarding the development and implementation of the monitoring strategy, including decisions on hiring, budgeting, and scheduling, and will promote accountability for the monitoring program.  The committee should be chaired by one of the superintendents, with the network I&M coordinator acting as staff to the chair to help arrange meetings and logistics, produce agendas, and coordinate between the Board of Directors and the Science Advisory committee.  In general, the Board will be responsible for ensuring the overall effectiveness and success of the network’s monitoring efforts.  These working relationships and descriptions of the procedures the Board will use to make decisions should be codified in the form of a “Network Charter” signed by each superintendent on the Board.

A Science Advisory or technical committee comprised of natural resource managers and scientists, including scientists from outside of the NPS who work in the parks and are familiar with park issues, should be formed to provide technical assistance and advice to the Board of Directors.  The Science Advisory committee should be chaired by the network monitoring coordinator and will be responsible for compiling and summarizing existing information about park resources and developing the materials needed at the scoping workshop, and will draft the workshop report and monitoring strategy for review and approval by the Board of Directors.  Care needs to be taken to avoid conflicts with the Federal Advisory Committee Act in using outside scientists on advisory committees.

The minimum critical staff for each network will include, but not be limited to, a network coordinator and data manager, 3 or 4 applied scientists, and several technicians for monitoring the physical environment (e.g., weather, air and water quality, soil erosion), aquatic/marine systems, vegetation, and wildlife.  Each network will decide on the job series, grade, and duty station of network personnel.  In some cases, network personnel will be based in parks and may be supervised by a park Superintendent, whereas in other networks, network personnel will be based in a central location such as a town or university and be supervised by someone in the regional office.  This will be a decision between the Regional Director and the park networks. The positions and support will be funded through the new NR-PRO program in which funding is held in base by the Servicewide I&M program and other national resource programs and will be transferred to each network on an annual basis to support the monitoring.

It is important to keep flexibility in the administrative structure because the program is expected to grow and adapt as the Service gains more experience with monitoring during the next several years.  The configurations of personnel and their duty stations that provide the best support to all of the network parks will probably change over time.  As the programs mature, larger parks will be able to support base-funded programs, whereas smaller parks may continue to find it advantageous to carry out monitoring through the networks.  Regardless of future changes, however, networking will facilitate both efficiencies and integration of monitoring efforts, both among parks and with neighboring land managers.

Emphasis on data management and making information more available and useful

A major emphasis of the inventory and monitoring effort is to make information more readily available to decision makers and the public and to integrate natural resource information with other park operations such as interpretation and maintenance.  Tools such as Synthesis, the GIS Theme Manager, and Servicewide databases such as the NPSpecies database and the Natural Resource Bibliography will make information more readily available and useful to park managers, resource professionals, and others in the field.  During preparations for both inventory and monitoring, the large body of existing data will be cataloged and evaluated, and the more useful data sets will be converted to modern databases and GIS products.

The public also needs better information.  The public does not generally recognize or understand the significance of parks as preserves of our nation’s natural heritage.  The disciplines of natural resources and interpretation/education need to be better integrated throughout the National Park Service, and the public needs to be informed of the status and trends of its natural heritage preserved in the parks in simple, clear-language reports.

Recommended approach for developing a network monitoring program

The recommended approach that each network of parks should take to develop their strategy for monitoring natural resources involves seven steps:

1. Form a network Board of Directors and a Science Advisory committee.

2. Summarize existing data and understanding.

3. Prepare for and hold a scoping workshop.

4. Write a report on the workshop and have it widely reviewed.

5. Hold meetings to decide on priorities and implementation approaches.

6. Draft the monitoring strategy.

7. Have the monitoring strategy reviewed and approved.

1. Form a network Board of Directors and a Science Advisory committee.

· A Board of Directors comprised of park superintendents or their designee, the regional I&M coordinator, and the network monitoring coordinator, should be formed to oversee the development of the monitoring strategy for the network. The committee will make decisions regarding the development and implementation of the monitoring strategy, including decisions on hiring, budgeting, and scheduling, and will promote accountability for the monitoring program.  The committee should be chaired by one of the superintendents, and all members should have authority to make on-the-spot decisions on personnel, budgets, office space, and commitments of existing park personnel and funding to the monitoring effort.  A charter should define the roles and functions of the different members and outline the process to be used to make decisions related to monitoring within the network.  The charter must be signed before funding is released to the network.  The network I&M coordinator should act as staff to the chair to help arrange meetings and logistics, produce agendas, and coordinate between the Board of Directors and the technical committee.

· A Science Advisory or technical committee comprised of natural resource managers and scientists, including scientists from outside of the NPS who work in the parks and are familiar with park issues, should be formed to provide technical assistance and advice to the Board of Directors.  The Science Advisory committee should be chaired by the network monitoring coordinator and will be responsible for compiling and summarizing existing information about park resources and developing the materials needed at the scoping workshop, and will draft the workshop report and monitoring strategy for review and approval by the Board of Directors.

2. Summarize existing data and understanding.

· One of the most important steps in the process of developing a monitoring strategy is the task of identifying, summarizing, and evaluating existing information and understanding of park ecosystems.  Much of this needs to be done before the scoping workshop is held.

· To accomplish this task, it is anticipated that most networks will need to hire, assign or contract at least one or two full-time persons (e.g., a Monitoring Coordinator and data management specialist) and allow at least a year prior to the scoping workshop for this step to be accomplished.

· This step will include a literature review, a review of the Resource Management Plan (RMP), General Management Plan (GMP), and other applicable plans for each park, and an inventory of existing data sets and other information on park ecosystems.

· Superintendents and other park managers should be interviewed regarding the key management issues facing their park and the types of information they need from the monitoring program.

· Current or historical monitoring of natural processes and resources in each park should be summarized, including data from monitoring of fire effects, T&E species, water quality, air quality, physical processes/changes, and other resources.  Data sets and the sampling design used should be evaluated to determine whether the monitoring is meeting the needs of park managers and is providing reliable and credible data to help manage the park.  Maps showing the locations where monitoring has occurred should be prepared.

· Monitoring that is being conducted by neighboring agencies, partners, and related parks should be identified and summarized to help determine where comparable data sets and sampling protocols exist.

· Where understanding exists regarding cause-effect relationships between environmental stressors and the park’s natural resources, or where the linkages among ecosystem components are understood, draft conceptual models should be prepared to help summarize this understanding.

3. Prepare for and hold a scoping workshop.

· A scoping workshop should be held to obtain additional input and peer review of existing information and understanding of park ecosystems from park managers and subject experts from within and outside of the NPS.

· In preparation for the workshop, the monitoring coordinator and technical committee will be responsible for preparing handouts, maps, and presentations of the material summarized in Step #2.

· The monitoring coordinator and technical committee should define the goals and preliminary objectives of the monitoring program prior to the scoping workshop.  The goals and objectives should be approved by the Board of Directors.

· Additional material that should be developed prior to the scoping workshop include:

· Draft lists of important management issues for each park;

· Draft lists of important natural resources and focal species or processes for each park;

· Draft lists of known stressors that may cause changes in park resources;

· Draft conceptual models of portions of the park ecosystem;

· Draft list of measurable objectives for the monitoring program;

· Criteria for indicator selection.

· Workshop participants will be asked to review the material prepared for the workshop and provide additional input and understanding, including additional development and modification of conceptual models.

· Participants will also be asked to identity and provide an initial prioritization of potential indicators to be monitored by the network.  Include short-term, tactical monitoring as well as long-term monitoring needs.

· Participants will also indicate where appropriate sampling methodologies exist, and where there is a need to develop new sampling protocols for the high-priority indicators that are identified.

· A three-day workshop with facilitated breakout sessions focusing on different components of the park ecosystem is recommended.

4. Write a report on the workshop and have it widely reviewed.
· The results of the scoping workshop should be widely circulated for additional input and comment.  It should be sent to all interested parties, including people that did not attend the scoping workshop.

· The additional input provided through the review process should be incorporated into the final version of the workshop report.

5. Hold one or more meetings to decide on priorities and implementation approaches.
· The Board of Directors, based on recommendations of the Science Advisory committee, should meet to make decisions regarding priorities for monitoring and how to implement the monitoring strategy within the network

· The set of indicators that will be monitored by the network should be selected based on the preliminary list of indicators developed during the scoping and review process, and the availability of funding and personnel from the I&M program and other sources (e.g., base funding from parks, partnerships).

· Decisions should be made on which sampling protocols are most appropriate for the network.  Where protocols already exist, they may need to be adapted for the particular conditions within the network.  In cases where no suitable protocol exists, the committee and managers should decide on an approach for developing these protocols through contracts or technical workshops.

· Staffing issues should be addressed at this meeting.  Each network will hire a number of professional-level monitoring specialists and technicians that will be shared by the network parks, and decisions should be made regarding the appropriate job series and grade level of these positions and where they should be stationed.

· The Science Advisory committee and Board of Directors should discuss data management and reporting issues.  Experience from the prototype monitoring parks indicates that at least 30% of the total resources should be allocated to data management and reporting.  A data management plan needs to be developed before the final monitoring strategy is approved.

6. Draft the monitoring strategy.

· A report describing the monitoring strategy and the various tasks and decisions that contributed to the final selection of indicators to be monitored by the network should be written by the technical committee.  This document describing the monitoring strategy should include the following:

· An overview of each park and its natural resources, including a summary of the park’s enabling legislation, the park’s natural resources in a regional or national context, and a summary of the important natural resources in each park;

· A summary of the management issues and scientific issues facing each park, including stressors or other agents of change that affect park resources;

· A summary of the understanding of the park ecosystem, including conceptual models developed during the scoping and review process;

· Descriptions of the indicators to be monitored by the network and the sampling protocols that will be used, including justification for why these were selected.  The report should also list and describe the indicators that were considered but not selected for monitoring, and the reasons why they were not selected;

· The overall statistical sampling design for the network;

· The staffing plan;

· Data management plan, including how often reports will be generated and who will be responsible for ensuring that results are provided to managers in a timely manner.

7. Have the monitoring strategy reviewed and approved.
· The draft monitoring strategy document should undergo a peer review by the managers and scientists involved in its development and the network Board of Directors, and then be forwarded through the regional office to the Servicewide I&M Program for final review and acceptance before it is fully implemented.

Integration of monitoring across natural resource program areas and with other park operations:

Two of the goals of the Servicewide I&M program call for integration:

· Establish natural resource inventory and monitoring as a standard practice throughout the National Park System that transcends traditional program, activity, and funding boundaries.

· Integrate natural resource inventory and monitoring information into NPS planning, management, and decision making.

The “vision” for monitoring within the NPS calls for a single, integrated program to monitor physical and biological resources in parks with significant natural resources, using existing personnel and funding as well as new funding provided through the Natural Resource Challenge.  Several people have pointed out that vital signs monitoring is a unifying activity that is bringing parks, programs, subject matter experts, and different agencies together to address common needs.

One of the hurdles to full integration of the various NRPC programs is that funding is provided for monitoring air and water quality separately from other (herein referred to as “core”) park vital signs monitoring.  This is an artifact of the pre-existing budget and program structures.  Furthermore, each program must be able to report on separate performance goals and be able to account for how funds provided to the program were spent.  Separate guidance is being provided to networks and parks from the different NRPC programs.  Different approaches for managing and analyzing data collected by the air, water and core vital signs programs are being proposed because of the more centralized and technical nature of the air and water programs within the NPS.  Meanwhile, our goal is to better integrate natural resource information, including information for T&E species, exotics, fire, and other programs with other park operations such as planning, interpretation, maintenance, and law enforcement.  How do we do this?  What type of guidance, tools and technical support is needed from the national, regional and network levels to promote integration?

In this session, Jim Tilmant of the Water Resources Division will present some ideas for integration among program areas, and Bill Paleck (North Cascades NP Service Complex) will present a superintendent’s perspective on integrating natural resource information with other park operations.

Tuesday  1:30-5:00 Organization and Administration of the networks – how do we make it work?

Funding: NRPro approach: Most of the new funding provided to networks and parks through the Natural Resource Challenge will be annually transferred to accounts at the regional level through the approach known as NRPro.  This approach is based on the FirePro model, whereby base funds  support permanent positions stationed in parks or central locations, but these base funds are held at the program level and are annually transferred to networks and parks through regional accounts.


For several months at the beginning of each fiscal year, parks and regions pay salaries and initiate contracts and cooperative agreements before they receive their budget.  This is a normal part of doing business in the NPS.  The network approach, whereby parks share personnel and funding and funds provided to the network through the NRPro approach are augmented by funding from park bases and other sources, is new to the NPS, and there were some “start-up problems” in FY 2001.  Many networks did not initiate hiring and other activities until late in the fiscal year after funds were transferred to local accounts, even though memoranda were provided early in the fiscal year indicating the amount of funding that each network would receive.  Typically, each year, the budget office will not allow transfers of funding between the national programs and regions or park accounts until January or February, and yet parks must be able to initiate hiring and be able to provide funding for cooperative agreements and contracts in Oct-Dec each year.  Were the problems that caused delays in hiring and contracting in FY 2001 unique to this year, or is it likely they will occur again?  What is needed to address concerns about funding and insure that networks are able to operate throughout the year?  Abby Miller will explain the NRPro funding approach and give an overview of recent discussions with the budget office on a mechanism that may address the concerns with annual funding transfers.

Network organization and administration: Kathy Davis will summarize how the first 12 networks have organized their Boards of Directors and Technical Committees and initial plans for supervision and placement of network personnel.

Annual Administrative Report and Work Plan: Beginning in FY 2002, it has been proposed that networks of parks that receive funding for biological inventories and integrated monitoring from the Natural Resource Program Center (Servicewide I&M Program, Water Resources Division, Air Resources Division, etc.) be required to submit an annual administrative report and work plan by October 30 through their regional office that summarizes accomplishments for the previous year and scheduled activities and budget allocations for the coming year.  The report/work plan would cover all activities that are funded by NRPC programs that are provided to a network of parks, as opposed to park-specific funding.  The intent of the work plan is to provide superintendents, network staff, regional coordinators, and Servicewide program managers with a simple format for tracking accomplishments, planned activities, and budgets for inventory and monitoring efforts by the networks and to simplify the task of reporting accountability for the program to Congress and others.  A proposed format for the administrative report and work plan has been reviewed by at least 100 persons and all but a few of the reviewers were supportive of this approach.  The format specifies the minimum amount of detail that needs to be provided to regions and national programs, although most networks may decide to include more detail and attach study plans and other documents to the report/work plan to meet their needs at the network level.  An example of an annual report and work plan for the National Capital Network has been drafted to show the proposed  format and amount of detail expected, and can be downloaded from the meeting website at http://www.nature.nps.gov/im/monitor/phoenix.htm.  This session will provide an overview for the proposed administrative report and work plan and obtain additional input and suggestions for improvement.

Wednesday   08:00–12:00  Deciding what and how to monitor

Interagency Monitoring Programs: The National Parks Omnibus Management Act of 1998 states that “The secretary shall undertake a program of inventory and monitoring of National Park System resources to establish baseline information and to provide information on the long-term trends in the condition of National Park System resources.  The monitoring program shall be developed in cooperation with other Federal monitoring and information collection efforts to ensure a cost-effective approach”.  Other agencies such as the EPA and Forest Service have invested considerably in developing monitoring programs and protocols, and there are many advantages for parks to become a partner in interagency monitoring efforts or to use sampling protocols developed by other agencies that allow the park’s data to be put into an ecosystem or regional context.  Other agencies would like the NPS to adopt their programs and protocols to allow regional and national roll-ups of natural resource information.  The current guidance allows each network to determine whether existing protocols and interagency monitoring efforts will address their high-priority issues and monitoring needs or can be modified to address those needs.  Steve Acker will give an overview of the Northwest Forest Plan and NPSs role in implementing the plan, and Mike Britten will present an overview of other agency programs and some recommendations to parks and networks.

Prototype Monitoring Parks – Panel Discussion: There will not be enough time at this meeting for each prototype monitoring park to give a presentation on their program.  Instead, each program has provided material that is included in the 3-ring binder that summarizes their monitoring program and the sampling protocols they have developed.


This will be a panel discussion with representatives from the prototype monitoring parks.  A series of questions will be addressed to the panel in regards to what they have learned that might help other parks and networks as they design their monitoring programs.  This will be followed by questions and answers from the audience.

Current Guidance on What and How to Monitor: An integral part of designing a monitoring program is the selection of a set of vital signs or indicators that best meet the goals and objectives of the monitoring program.   A key question to be discussed is “Who is the primary audience or ‘customer’ for the information collected during monitoring?”  The current approach assumes that the program is being designed to provide data primarily to the park managers (superintendents and resource managers) of each park, and provides considerable flexibility for parks to define their goals and objectives, and choose approaches and methodologies that best meet those objectives.  However, some people argue that Congress and the American public are the primary customers, and that Servicewide we should adopt standard approaches and methodologies that will allow the NPS to roll up data from the park level to address regional and national issues.  Very different approaches need to be followed depending on whether our primary customer is the park manager or Congress and the American public.


Under the current guidance, the initial list of environmental vital signs selected for monitoring is expected to vary among networks depending on the monitoring goals and objectives and the priorities among parks in each network, and each network will determine its highest priority monitoring needs and decide which protocols should be used to best meet those needs.  The guidance for core vital signs monitoring does not specify any required measures that every park or network must monitor.  Guidance for water quality monitoring does include a set of 5 required water quality parameters that every network must monitor, as well as a set of recommended parameters.  Standard measures are also collected for air quality monitoring.


Other than the required water quality measures, the current guidance places potential vital signs into three categories: (1) those vital signs or indicators that are required to be included in the monitoring program for legal reasons (e.g., threatened and endangered species or specific directives included in a park’s enabling legislation); (2) those that are required for performance management reporting purposes or because funding was provided for a specific purpose (e.g., impaired waters monitoring); and (3) those selected by networks from a list of recommended vital signs or identified as a priority by the network.  Each park can identify its own top-priority monitoring needs, and it is not necessary for all parks in a network to monitor the same vital signs.


A number of people have suggested that the NPS develop some core indicators that all networks must monitor as part of the “core vital signs” program.  A primary reason for the initial decision not to require every park or network to measure certain core variables to allow regional and national roll-ups of data is that the amount of funding that the Servicewide program can provide to parks may be only 10-25% of what is needed to meet the monitoring needs of most parks.  In many cases, an individual park will only be able to monitor a few vital signs using funding from the Servicewide program, and therefore the decision was made to allow each park to determine their highest priority needs for monitoring and to then determine how best to reconcile those needs with other parks in the network in light of funding and personnel constraints, rather than deciding which measures are most important from a regional or Servicewide perspective.  Also, the NPS does not have adequate staff at the Servicewide and regional levels to develop and support the required standards.  Should the guidance on core variables be changed?  Should we develop a set of core variables and standarized protocols that all networks are required to use?


Meanwhile, however, various subject-matter experts and workgroups are developing materials, templates and examples that will provide recommended vital signs and standards that many parks will want to adopt.  Staff from the Natural Resource Program Center are developing a “Handbook for Monitoring Environmental Vital Signs in National Parks” and various guidelines, reference materials, and information management tools to assist networks in the development of their monitoring programs.  This handbook will provide recommendations on which vital signs to monitor, and the available protocols that can be used or modified.  Natural Resource Program Center staff will also provide technical support to networks throughout the planning process, and regional I&M coordinators will be available to share information and assist networks in other regions as they develop their monitoring programs.  Project funding at Cooperative Park Ecosystem Studies Units can also support technical assistance with monitoring protocols and implementation.

Wednesday  1:30-5:00 Additional Components of Designing a Monitoring Program

Conceptual Models: A conceptual model is a visual or narrative summary that describes the important components of the ecosystem and the interactions among them.  Development of a conceptual model helps in understanding how the diverse components of a monitoring program interact, and assists in developing a consensus view of the park's resources.  Almost all “how to” documents on designing a monitoring program call for development of conceptual models to guide the design of the program.  Lisa Thomas will present an overview of various approaches for developing conceptual models that have been used within the NPS and by other agencies.

Monitoring Protocols: The whole purpose of monitoring is to detect and document change over time.  When attempting to scientifically detect and document change based on resource sampling, we must use a very consistent and exactly repetitive method of collecting and recording data.  Otherwise, it is not possible to determine if the changes observed within the sample data are a result of the method by which the samples were obtained or of actual changes in the resource being monitored.  This requires that very detailed and exacting monitoring protocols be established at the start of any long-term monitoring project.  Monitoring protocols are:

· A key component of Quality Assurance of a monitoring program to ensure that data meet defined standards of quality with a stated level of confidence;

· Necessary for the program to be credible, so that data stand up to external review;

· Necessary to detect changes over time and for the program to survive turnovers in personnel;

· Necessary to allow comparisons of data among places/agencies.

If a protocol is to meet the objectives listed above, it needs to be much more than a detailed description of field methodology.  A good monitoring program will be well thought out and have a high probability of detecting change in the resource being monitored.  It is important to make a large up-front investment in the development of the monitoring program and to clearly represent this investment in the protocol document.  It has been said that designing a monitoring project is a lot like getting a tattoo – you want to get it right the first time, because making major changes later can get messy and will be painful.  Careful documentation of the questions being asked; the sampling framework; step-by-step procedures for collecting, managing and analyzing the data; and expectations on how the data will be presented and used are all part of “getting it right the first time”.  A good monitoring protocol will include extensive testing and evaluation of the effectiveness of the procedures up front, before they are accepted for long-term monitoring.


No matter how much advanced planning goes into protocol development, minor changes and improvements in such things as methodology and approaches to data analysis and reporting are to be expected, and periodic reviews and improvements to protocols should be a part of the program.  For this reason, it is recommended that a Monitoring Protocol consist of three parts:

1. The Protocol Narrative: an overview of the various components of the protocol, including the resource issue being addressed, measurable objectives, sampling design, field methodology, data analysis and reporting, personnel requirements, training procedures, and operational requirements.  Details for the various components should be provided in the SOPs.

2. A series of Standard Operating Procedures (SOPs) that are periodically updated and that present the details on how all aspects of the components described in the narrative will be carried out.  The SOPs should be written in the form of instructions, with step-by-step details of how to carry out the procedure.  One of the SOPs should explain the procedure for making revisions to the protocol and archiving previous versions, and each SOP should include its revision history.  Data sets should also indicate which version of the protocol was being used when the data were collected.  The number and content of the SOPs are determined by the Principal Investigators who develop them.

3. Supplementary Materials such as example databases, maps and photographs.

Recommended Format for the Protocol Narrative:

Background and Objectives


Background/history; describe resource issue being addressed


Rationale for selecting this resource to monitor


Measurable objectives

Sampling Design


Rationale for selecting this sampling design over others.


Site selection



Criteria for site selection; define the boundaries or “population” being sampled



Procedures for selecting sampling locations; stratification, spatial design


Sampling Frequency and Replication



Recommended number and location of sampling sites



Recommended frequency and timing of sampling

Level of change that can be detected for the amount/type of sampling being instituted.

Field Methods


Field season preparations and equipment setup (including permitting/compliance procedures)


Sequence of events during field season


Details of taking measurements, with example field forms


Post-collection processing of samples (e.g., lab analysis, preparing voucher specimens)


End-of-season procedures

Data Handling, Analysis and Reporting


Metadata procedures


Overview of database design


Data entry, verification and editing


Recommendations for routine data summaries and statistical analyses to detect change


Recommended report format with examples of summary tables and figures


Recommended methods for long-term trend analysis (e.g., every 5 or 10 years)


Data archival procedures

Personnel Requirements and Training


Roles and responsibilities


Qualifications


Training procedures

Operational Requirements


Annual workload and field schedule


Facility and equipment needs


Startup costs and budget considerations

References

Acknowledgments: The content of these protocol guidelines is based largely on work by Lisa Thomas of the Great Plains Prairie Cluster LTEM program of the NPS and Karen Oakley of the USGS/BRD working with the Denali NPP LTEM program.  Their contributions are appreciated.

Karen Oakley will describe what should go into a monitoring protocol, and will provide suggestions for protocol development through various sources including the USGS and CESUs.
Prioritization Methods: A number of different approaches have been used by various parks and networks to develop a short list of high-priority monitoring needs from an initial long list of potential indicators.  Steve Fancy will summarize some of the criteria and ranking approaches used by various parks to prioritize their monitoring needs.  Bruce Freet will give an overview of the Analytical Hierarchy Approach, which is a more structured approach for communication and decision-making that has been used at Olympic and North Cascades to prioritize needs.

Performance Goals and Strategic Planning related to Monitoring: The NPS has developed a Strategic Plan and a series of performance goals that are linked to the various activities that the NPS is involved with, as well as to financial and human resources.  Performance management is a measurable, results-oriented, goal-driven planning and management system adopted by the NPS.  Use of Performance Management is mandated by the Government Performance and Results Act of 1993 (GPRA), and it is the National Park Service business system.  Performance Management is receiving strong support from the Bush Administration, and the new NPS Director has been using it in Florida and is expected to be a strong proponent of this system.  President Bush says that he will link agencies' budget’ to performance by 2003.  Efforts are currently underway to improve the goals and reporting system to make them more meaningful and useful to parks and to convey to the public, Congress and others on how we’re taking care of the resources in our national parks.


Currently, there are a number of long-term natural resource goals that relate directly to the proposed integrated monitoring program:

Ia1. Disturbed Lands/Exotic Plant Species: Ia1A — 10.1% of targeted parklands, disturbed by development or agriculture as of 1999 (22,500 of 222,300 acres) are restored; and Ia1B — exotic vegetation on 6.3% of targeted acres of parkland (167,500 of 2,656,700) acres is contained.

Ia2. Threatened and Endangered Species: Ia2A — 19% of the 1999 identified park populations (84 of 442) of federally listed threatened and endangered species with critical habitat on parklands or requiring NPS recovery actions have improved status; and Ia2B — an additional 18.1% (80 of 442) have stable populations.

Ia2X. Native Species of Special Concern: [Park-determined percentage of] populations of plant and animal species of special concern (e.g., state-listed threatened or endangered species, endemic or indicator species or native species classified as pests) are at scientifically acceptable levels. Optional Goal.

Ia3. Air Quality: Air quality in 70% of reporting park areas has remained stable or improved.

Ia4. Water Quality: 85% of 265 Park units have unimpaired water quality.

Ia9. Geological Resources: Ia9A — Paleontological Resources: 20% of known paleontological localities in parks are in good condition; and Ia9B — Cave Floors: 72,500 square feet of cave floors in parks are restored.

Ib1. Natural Resource Inventories: Acquire or develop 87% (2,203) of the 2,527 outstanding data sets identified in 1999 of basic natural resource inventories for all parks.

Ib3. Vital Signs: 80% of 265 parks with significant natural resources have identified their vital signs for natural resource monitoring.

Ib4. Geological Resources: Geological processes in 53 parks (20% of 265 parks) are inventoried and human influences that affect those processes are identified.

Ib5. Aquatic Resources: The NPS has completed an assessment of aquatic resource conditions in 265 parks.

Efforts are now underway to develop the 2003 Strategic Plan, which may involve revising or deleting existing goals or adding new goals.  It has been suggested that vital signs monitoring should be a key component of performance management goals for natural resources.  The approach for vital signs monitoring is that each park is asked to identify its most critical information needs: what should be measured to provide managers with the information they need to manage the park and achieve park goals for natural resources?  It thus seems logical that monitoring of vital signs should be an integral part of each park’s strategic plan and the Service’s overall strategic plan.  In this session, Steve Fancy will provide an update on the latest developments towards performance management, and will facilitate an interactive discussion to obtain input and review for improving the performance goals for natural resource monitoring.

Reporting the Results of the Monitoring Effort: Various ideas have been proposed for a series of reports to present the results of the monitoring effort to various user groups, but no decisions have been made on the content and format of various reports.  The content and amount of detail in each report will vary for different audiences (e.g., Congress, park managers, scientists, general public).  Each year, the NPS must submit a Report to Congress that includes a summary of accomplishments and how funding for the various Natural Resource Challenge programs was spent.  Accountability is a major issue with the Natural Resource Challenge, and the Annual Administrative Report and Work Plan is the proposed approach for obtaining timely information from the networks for the annual report to Congress and for accountability issues.

The information collected during monitoring needs to be reported to various audiences in a timely manner.  A suggestion from the committee that drafted the monitoring section of the Natural Resource Challenge strategy was to develop a two-page “environmental report card” for each park that would then be compiled into an annual State-of-the-Parks report for reporting to Congress and the public.  There have also been suggestions to produce other reports for various audiences such as a web-based report series with detailed technical information, and perhaps a shorter integrated report for each network aimed at superintendents and other park managers that includes summary and trend information on air, water, geological and biological resources within the network parks.  Before field data collection efforts begin, each network must decide on the types and content of reports that will be generated by their monitoring program.  In this session, Gary Davis and Jim Tilmant will summarize various proposals for reporting on the monitoring effort and lead a discussion on the types and format of reports that should be produced.

Thursday  8:00-11:30 Integrated Data Management

A priority of the inventory and monitoring effort is to make information more useable for management, research, and education and to integrate natural resource information with park operations such as interpretation and maintenance.  Good data management practices and allocating sufficient resources for managing, analyzing and reporting the results of monitoring to the various users who are interested in the results are the key to a successful I&M program.  A number of web-based and distributed information management tools are being developed to assist parks and networks in making information more readily available to managers, scientists, and the public.


The NPS has adopted several standards for software: Microsoft Word is the standard for word processing, MS Access is the standard for distributed databases, Arcview GIS is the standard for distributed GIS applications, and Oracle is the standard for web-based applications.  Based on these standards, the Natural Resource Information Division is developing a framework for integrated data management that recognizes the decentralized organization of the NPS: how do we provide standards and consistency to allow data sharing and comparisons and less reinventing of the wheel, and yet maintain flexibility for parks to develop/modify applications that best serve their needs?  The framework can be conceptualized as having five components (see Fig. 1):
1.  A series of master web-based applications that are linked together, and can be potentially linked with other agencies’ databases.  For example, all natural resource bibliographic information would be entered into NPBib, which would be linked to the NPSpecies database and the Permitting/ Investigator Annual Report system.  An investigator could log into the Permitting/IAR system and enter information (e.g., author, title, journal name, page numbers) for a report or publication that he or she wrote, and this reference information would be stored directly in NPBib.  Any species documented by that report or publication could then be linked to the species list for that park in NPSpecies.  These web-based applications will be password protected, and users at the park or network level will be able to enter/edit records directly online, or will be able to download or upload records through a person in Fort Collins who maintains the online database.  For most applications, there will be a read-only public version on a separate server that does not contain any sensitive information.

Figure 1. Data management framework that consists of a series of integrated web-based databases, corresponding versions in MS Access that can be downloaded from the master web-based version, and a relational database in MS Access for storing raw data (Database Template) that can be used in conjunction with the GIS Theme Manager.
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2.  For several of the master web-based databases, it will be possible to go to the website and download the latest version of the data for one or more parks to create a version in MS Access.  The MS Access version allows parks/networks to modify the database to best serve their local needs, but the web-based master database ensures that parks and other users can always obtain the most up-to-date, accurate information that is integrated with other databases.

3.  The Natural Resource Database Template is a flexible, relational database in MS Access for storing inventory and vital signs monitoring data (including raw data collected during field studies). This relational Access database can be used as a standalone database or in conjunction with the GIS Theme Manager to enter, store, retrieve, and otherwise manage natural resource information. The template has a core database structure (with standardized Location data) that can be modified and built upon by different parks and networks depending on the components of their inventory and monitoring program and the specific sampling protocols they use.  This component differs from the MS Access databases in #2 in that each network or park would develop its own database for storing raw data, and there are currently no plans to roll-up the raw data into a standard web-based database that all parks are required to use.  The concept for the Database Template is to develop a web-based clearinghouse where users can download a protocol for some monitoring component (e.g., weather or bird counts) along with database objects in Access such as Tables, Queries, Forms and Reports.  In the example below, several parks have developed protocols and corresponding database objects for collecting and managing land bird, small mammal, and weather data.  Other parks could then adopt or modify any of these protocols and database objects to best meet their needs.  The web-based clearinghouse might also include some examples of the command language or code in Systat or other statistical software for conducting standard data analyses and graphing of results for the particular monitoring protocol.
[image: image2.png]Protocol Database

etscape. SEIES

Fle Edt View Go Commuricalor Help

8 ¥ A 4 . @ o & @ @ -

7| Bockmaiks i Location [t /7w nature nps gov/m/menitariyT cim ] @ Whts Relaed
Inventory& Monitoring
PROTOCOL DATABASE
PROTOCOL NAME  |PARK |STATUS \SUMMARY |PROTOCOL ACCESS |ANALYSIS

=] [Dogument Dons





The MS Access database and GIS Theme Manager could be used as stand-alone applications, or in conjunction with each other.  An Arcview-to-Access connection tool is being developed that makes it possible to link locations on a map in Arcview to data collected at those locations that are stored in Access.  As GIS applications and data models advance, the data stored in Access may eventually be converted to be fully integrated with GIS.

4.  The GIS Theme Manager is a GIS application in Arcview that makes natural resource information more available and useful to managers, interpreters, resource specialists, maintenance personnel, and others.  The Theme Manager can be used as a standalone application, or can be launched from within Synthesis.  It can also be used in conjunction with the Natural Resource Database Template as a means of organizing and displaying integrated natural resource information.  The Theme Manager has the full functionality and spatial data analysis capabilities of ArcView for those who routinely use GIS, but can also be used by someone with only a few hours of training to display integrated natural resource information for planning, park operations, and decision-making.

5.  Synthesis is an information management system for efficiently locating, organizing, integrating, and disseminating data and information.  Synthesis is both a process and a software application.  Synthesis presents the user with a simple, graphical user interface that functions as a gateway to information that may be stored on local computers, networks, intranets, or the Internet.  From this single gateway, a user may view and integrate many types of information including text-based documents, photographic libraries, databases, spreadsheets, presentation graphics, GIS data, bibliographies, web-based information, and decision support systems.  All of the databases listed above, including NPBib, NPSpecies, Dataset Catalog, GIS Theme Manager, and the Natural Resource Database Template, will operate as stand-alone applications or can be accessed through Synthesis.

Prototype Monitoring Parks - Lessons Learned

What have you learned about designing and implementing a monitoring program that may be         

 helpful to other parks ?  What would you do differently knowing what you know now?

Channel Islands NP

Most important lessons:

· A well-designed and maintained database and good data management practices are critical to the success of a monitoring program and streamline the process of getting reports out.

· Without oversight, budgets for long-term monitoring will be eroded by inflation and use of funds for various emergencies that occur over time.

Other lessons learned:

· Funds for training and career development should be included in budgets to support and encourage I&M staff fidelity to the program

· Field and office skills are important for program personnel.

· An understanding of the basic importance and significance of long-term data collection efforts is necessary for program success. Personnel who have patience and enjoy collecting data for its scientific value without necessarily requiring frequent observable changes in the resource might be particularly satisfied with and beneficial to a monitoring program.

· In the sample design phase, clearly articulate your specific objectives, and then design your sample to address those objectives. Document the reasoning behind the sample design – how does this sample provide information for these objectives?

· Plan for long-term archival of information on sample design, methodologies and base maps used in allocating samples, reasoning and expectations held during the design phase.

· Development of a Data Management Plan (spatial and non-spatial) at the beginning of the program is especially important.

· A full time data manager is needed - emphasize data management and Access skills as opposed to biologist background.

· Program biologists need to have some database (Access) skills so that they can complement or work in the absence of the data manager.

· Use widely available commercial software whenever possible; this approach improves the chances of long-term technical support as software and databases change.

· Standardization on widely available and supported equipment, hardware and software is needed.

· The history of the I&M program has shown that it is not feasible for individual parks to support the needed complex integrated data management systems in the NPS.  A solution could be that Fort Collins staff create a web-based data management storage and analysis system. This is particularly feasible for universally similar programs such as weather data collection, storage, and analysis. Another solution in the interim or in addition is to hire programmer level database managers (not biologists) to support each network.

· The I&M program will need a much higher level of information management technical support than the rest of the park.

· Planning for information distribution, i.e. timely report writing and basic web posting skills are important.

· After the program is running, a process to address the need for trend analysis and reports is needed to get critical information to management.

· Request funding for a short technical and management program review after the first few years. Review objectives should be to ensure that the methodologies used are logistically feasible, the data collection and archival processes are working – this should be an early check to make sure a course correction is not needed.

· There is a continuing need to share what has been learned and is working to avoid reinvention of the wheel at each site and facilitate comparison of results, etc. between parks.

Great Smoky Mountains NP

· The value of inventories.  It is a pity that comprehensive inventories for most parks will come      well after the establishment of our monitoring program.  When we get into discovering what is in our parks biologically speaking, and do whole-park models of pollutant risk, exotics, etc, it will change some of the questions that we want the monitoring program to answer, change many of the species we monitor and/ or the sites we chose to do it.

· Personalities are still THE great variable.  It dominates the determination of whether there will be success or failure. Hiring the best individuals possible is the single most important thing we do.  We should not put up with people who cannot work and play well with others.  What we are trying to do is too important.  Suggest not splitting the long-term monitoring program up as the GRSM program has.  Although most people are team-oriented and cooperative, splitting up the program administratively (at GRSM, half in I&M Branch and half in Natural Resource Management) has exacerbated issues of a common commitment to LTEM goals.

· The GRSM I&M program had input from outside scientists, but it was not as rigorous as it should have been.  One critique is that it was “tailored” to continue already existing projects that had no base funding but were seen by those project supervisors as important.  That importance needs to be reassessed in light of the intervening 8 years, with changes in priorities, and new research coming to light.

· Another glitch was that the GRSM program was the only one where 4 NPS staff were transferred (against their will) to NBS (later USGS-BRD) for 2 years.  This transfer of the program and then re-transference back meant disarray in program development and people’s lives.

· We have had to “whittle down” our program to accommodate funding realities.  That is, we ended sub-components that dealt with caves, T&E fish, and pulled back from some sampling locations in other components.  This will continue, although now we are trying to make the shrinkage make sense, as we are starting to get enough data to determine where redundant sites are.  These will be good, efficient shrinkages.  These reductions are required because of salary increases over time.  Maintaining the same people in monitoring positions is known to be a factor in longevity of quality monitoring programs – the downside is that personnel costs will edge up.

· When planning sampling in the early 90’s we put a priority on trying to co-locate sampling across different components, e.g. fish, aquatic macro-invertebrates, water quality.  While this effort brought praise from an earlier review, in hind sight, the sites chosen may not have been the best for all of the components.  On the other hand, choosing the best site first, and then working components to best effect may work better, e.g. deer and rare plants.

· The description of balance between whether the program serves local park needs OR broader science needs, could use some enhancement.  Suggested is a balance that is primarily science driven but is always opportunistic at answering local park problems (which are real and pressing), in selection of sampling methods, geographic sites and seasonality, etc.

Denali NP & Preserve

Primary lesson: The value of models as the organizing framework.

The most important thing we have learned from the experience at Denali has been the value of conceptual ecological models as an organizing framework.  Do your homework, and do a good job of it.  Know what is already known about your ecosystem.  Organize and synthesize that information. 

One of the biggest benefits of models is what you learn in the process of building them. Build your own conceptual models and really hash them out. This is a great way to get everyone involved in the monitoring program on the same page. Ecological monitoring necessarily involves people of different disciplines, and we therefore see the world in slightly (or profoundly) different ways.  This is both good (we need the different views to see the whole ecosystem), and bad (we have a difficult time understanding things we are not familiar with). Building the models together or being willing to learn the models built by others provides the framework for an integrated program. All the good integrated multi-year research efforts we are aware of do this.  The model is the foundation for all that comes after.

Another wonderful benefit of modeling is the value of models as communication devices.  The models promote communication within the monitoring team, as well as with managers, interpreters, and the public. 

Other lessons:

· Take some time to become acquainted with the monitoring literature.  This isn’t rocket science, but it is harder to pull off than you might think.  The same mistakes seem to get made over and over again (e.g., vague objectives, poor sampling design, measurement error problems due to lack of quality controls, lack of reporting). You can avoid some of these problems by having a general understanding of the science of monitoring.  Many of these problems relate to design of studies intended to be carried out over time. So, take a statistician (or two) to lunch and keep the relationship going.  They will help keep you honest about the choices you are making in the design phase.

· Define your terms. There are several types of monitoring floating around out there.  Be careful to define the type of monitoring you intend to do and what you expect the monitoring program to produce. 

· Keep plugging with your design work until you have measurable objectives.  

· Become familiar with existing monitoring methods, however, be cautious in adopting them.  The methods and design you use must match your objectives.  If your objectives are different from someone else’s, their methods may not be appropriate for you.  Be especially aware of differences among programs in the scales of space and time that are of interest.

· As you go through the design process, keep cost, relevancy and statistics in mind at all times.  Ignore any one of them at your peril. This is the “tripartite requirement for ecologically relevant, statistically credible, and cost-effective monitoring methods” of Hinds (1984)
.

· Recognize the value of a sampling design based on probability versus sampling based on judgment. 

· Be explicit about your priorities and document in writing what the thinking process was.  What did you decide NOT to do because other things were more important?  Leave a paper trail for this.  You will need to explain your reasoning to the folks that come later.  

· The standard party line is to do inventories first, before setting up monitoring. This is actually a good idea. Try to do it if you can.  

· Recognize the true costs of monitoring.  It costs more than you think to do it right.  You will probably need to decide between doing a few things well or a lot of things poorly.  In this light, the costs of properly managing, analyzing and reporting monitoring data are the most often underestimated.  We always seem to have the money to get into the field, but shortchange the costs of actually doing something meaningful with the data. 

· Reporting is critical. There is vast room for improvement in how we report data so that it is meaningful to managers and the public. Standard scientific reporting mechanisms do not work to communicate to these important audiences for monitoring data.  Put some effort into thinking how you will communicate results to all your audiences.

· Last but not least: Do not underestimate the importance of maintaining good working relationships within the monitoring team. Establish good lines of communication. If you don’t have the right people involved, or if the people dynamics get out of whack, the program will have a difficult time moving forward. 

What would you do differently knowing what you know now?

· Involve a statistician and data manager from the beginning.

· Developed the conceptual ecological models more fully prior to selecting monitoring attributes and starting data collection.

Prairie Cluster Monitoring Program

Lesson 1.  Build a monitoring staff that includes adequate permanent professional  positions.  Our program covers a broad geographic area ranging from mixed grass prairie in western Nebraska to rich maple/basswood forests in eastern Iowa.  There is a steep learning curve associated with knowing the fauna, and particularly the rich flora of these diverse ecosystems.  As we periodically evaluate whether we can initiate a new monitoring project, or add sample sites to an existing effort, our greatest limiting factor is always the staff time of our professional botanists and ecologists.  In my opinion, oversight from behind a desk in not adequate to ensure consistent, high-quality data.  Most of our data collection is accomplished by or overseen in the field by professional staff.  On most of our vegetation projects, at least two botanists are involved.  Four staff positions spend 75-80% of the field season collecting data.  The remaining two positions (coordinator, data manager) are in the field about half the time.  Seasonal staff provide logistic support, serve as data recorders, enter data, and assist with data collection later in the season as they become more proficient.  

The disadvantages of this approach are relatively high field work costs and limited flexibility to expand data collection efforts.  However, the benefits thus far have been significant:  1) high data consistency is achieved quickly and maintained, 2) problems with data collection methods are identified early, 3) first-hand familiarity with the unique conditions of each sampling event and site improve data interpretation, 4) opportunities to integrate monitoring components or improve environmental data collection are observed.  

Lesson 2.  Emphasize data quality over quantity -- direct adequate resources toward data management.   We estimate that fully a third of our staff time is devoted to data management, analysis and reporting.  Each winter we strive to complete all data management, data summary and routine reporting of data collected the previous field season.  See data management and reporting sections for details.  

Lesson 3.  Monitoring is an iterative process -- begin evaluating data early and never stop.  Once monitoring objectives have been established and indicators selected, pilot projects are a good way to compare methodologies and assess the feasibility/limitations of various approaches.  Pilot data also provide an opportunity to make an initial assessment of the inherent variability of an indicator, and the effect size that could be detected with a given sampling effort.  

If you intend to formally analyze changes through time or across sites, seek statistical review of your study design early in the monitoring process.  Pseudo-replication issues may need to be addressed as the sampling efficiency of alternative methods is considered. Our protocols continue to benefit from evaluation of the sampling design in relation to proposed methods of data analyses.

We produce annual status reports for each monitoring project (if the sampling interval is greater than a year, reports are produced at that interval).  We have found that resource managers and superintendents are much more likely to provide feedback regarding whether monitoring will meet management needs once they are regularly receiving data summaries.  Early experimentation with alternative summary variables and report formats has allowed us to make monitoring data more accessible to managers.  

Periodic review of monitoring protocols will invariably result in some criticism of established methods and recommendations to switch to new and improved methods.  In our experience, while protocol reviews have frequently recommended solutions to particular sampling or analysis problems, they seldom provide comprehensive or completely objective consideration of the tradeoffs between several promising alternatives.  Once a number of years have been invested in data collection, the longevity of the data record becomes another factor to consider in evaluating the relative merits of continuing with an old method, or converting to a new one.  Two lessons emerge.  First, a monitoring program definitely benefits from formally identifying the first few years of data collection as a design phase.  During this period it's ok (and potentially insightful) to try and discard several sampling approaches. Careful consideration of monitoring objectives, a broad consideration of sampling alternatives, and thorough review of the resulting protocol should occur during the design phase.  Secondly, periodic review must continue past the design phase, but a balance must be achieved between refining/improving data collection and making progress toward acquiring a long-term record.  The most helpful review panels will recognize this tension and approach protocol refinement from a conservative perspective.  But in the end, there will be circumstances when the best solution is to scrap an existing protocol and begin anew.  That's a hard pill to swallow after investing many years in data collection.     

Lesson 4.  Seek partnerships that fit your monitoring goals.  

Partnerships continue to be essential to accomplishing our monitoring objectives.  The broad geographic coverage of our program initially forced us to seek local expertise as we began new monitoring projects (particularly rare species and plant community monitoring) in unfamiliar ecosystems.  We have been surprised by the generous support we have received from state agencies (particularly the Natural Heritage Programs), The Nature Conservancy, and professors from local universities.  In addition to helping with early project development, this involvement has had the added benefit of opening doors for future data sharing and cross comparison.    

We anticipate that twenty years of research from the Konza LTER Program will provide an excellent frame of reference for the Prairie Cluster parks.  Several of our monitoring protocols have been drawn from their work.  We are also optimistic that we can establish a strong partnership with the FirePro Fire Effects Monitoring Program.  We continue to work with Midwest Regional Fire Ecologist, Jim DeCoster, to ensure that our plant community monitoring data can be used to describe long-term fire effects.  This will extend the capabilities of both programs and improve our ability to track changes associated with prescribed fire regimes.  

Lesson 5.  Take time to relay monitoring results to park staff and general public.  Thus far, we have probably not done enough to convey monitoring results to all divisions within each of the parks.  The efforts we have made (a traveling interpretative display describing the prairie resources and our monitoring objectives; presentations/discussions during field trips to the park, information for interpretative programs) have heightened staff awareness of their park's unique natural resources and the need to monitor their status. 

Shenandoah NP

Personnel Management

· It is important that I&M coordinators be aware of the career development needs of their staff and to the extent possible, allow staff the opportunity to develop relative to particular strengths and strong interests.  This is a definite morale booster over the long term and at the same time can reduce staff turnover.

· Create and maintain a winning atmosphere within the team.  Treat all staff as equal partners in the shared interests and success of the program.

· Check in with your field crew(s) frequently.  They will not ask as many questions or make as many suggestions for improvement unless you ask them for feedback.

· Provide regular opportunities for casual communication within the work-group.

· View others as equals and treat disputes as challenges to be solved together without being condescending.

Program Management

· It is important to develop a long-term view of project work fairly early on. Patience is a necessity.  

· Maintain the flexibility to adapt to changes within individual monitoring programs should periodic reviews determine that changes are warranted.

· Determine who the other major stakeholders are, develop partnerships, share equipment and personnel and realize the potential benefits to the park of having other agencies involved with park projects.

· Protect your biotech funding from being diverted to other park needs.  It is very hard to regain once taken away. 

· Consider hiring term instead of temporary technician help.  The continuity between years makes data summarization and seasonal training more efficient.  

· Access to summer housing is critical to attracting good seasonal biotech help.

· I&M coordinators need to make an effort to stay involved in their specialist’s projects so that they are available to provide educated feedback. 

· Spend time to explain your activities to other park divisions.  They need to understand what you do to support (and explain) your activities.

· Take great care when wording contracts with universities for data summarization work.  Clearly state the product you wish to receive.  Be extremely specific even if you know and trust the professor with whom you will be working.  
· Assure that data from related studies are truly compatible before “grandfathering” them into an existing I&M research study.
Planning and Preparation
· Write clear goals and testable objectives before you write the protocol.  Cross check the objectives with the protocol when complete and revise if necessary. 

· Create a set of  “dummy” tables and figures for your project right from the start.  It will help you visualize if the data you plan to collect will allow you to produce answers to relevant questions.

· Write your methods in excruciating detail.  Pay careful attention to the comments your technicians make about clarity, and try to fix the problems and omissions.

· Have a statistician look over your protocol and desired products before you begin.  This will stop you from making large design errors that weaken your data.

· Protocols should be viewed as flexible for the first few years of the project.  Do not publish until the methods appear adequate and unchanging.  

· Plan for integration among projects from the start.  This will allow complimentary data to be collected right from the beginning.

· Do not rush the process of site selection.  If sites need to be randomly selected to support extrapolation to a larger area, assure that proper procedure is followed. 

· Learn about existing protocols before designing your own- it will save you time and trouble.

· Create an abbreviated step by step protocol for technicians to refer to in the field (but also provide them with a full detailed protocol to address detailed questions). 

Data Collection

· Design monitoring strategies, techniques and field schedules that are achievable within the course of a field season.  Safety, efficiency and morale are easily compromised with an overloaded or over-ambitious agenda.

· Utilize standardized techniques to the degree possible.  This helps ensure that data collected within the park will be comparable with similar data from other agencies and in other parks.
· Realize from the start that there will be both good and bad years with respect to field data collection often through no fault of any member of the team.

· The person who writes the protocol should also try it in the field at least once.  They will then have a more realistic understanding of time required, and problems to be encountered. 

· Plan to spend weeks training your staff if your vegetation sampling protocol requires very strong species identification skills.  Despite what their applications say, very few summer technicians are capable of reliable species-level identification work. 

· Test your technicians skills before you let them loose to collect data.  Exotic vegetation data is not very useful if your technicians can not reliably identify the exotic species from closely related native species.

· Consider creating a “dummy” sampling site to teach and practice your sampling methods with your new technicians.  This way, you avoid damaging one of your real sampling sites while everyone is learning the methods.

· When designing a study consider using plot shapes other than square.  Rectangular plots are better at sampling across the natural clumped distribution of vegetation.

Data Processing

· Allow an equal amount of time to process data as you do to collect data.  If you find yourself overwhelmed after one year, seriously consider finding more help or adjusting the protocol. 

· It is often worth the money to send specimens (insects in particular) away for identification. 

· Specialists need to leave themselves a consistent and substantial time period for processing and summarizing data (think of it as a detail in your own office).

· A full time data manager is required to support the I&M program.  This person should not be relied on for computer support.

· Do not wait until you have ten years of data to start analyzing.  Get summary information as early as possible to check for adequate statistical power in your study design.

Plot Documentation and  Marking

· Consider imprinting your tags with a program ID line (SHEN I&M) as well as a number. This will help reduce confusion with markers from other projects.

· Think carefully about where your permanent markings will be placed.  Impact to visitors can be minimized by tagging away from trails, lower down, and with material that will tarnish (brass). 

· Take great care when writing directions back to a site.  Have several people read them for clarity. Always included a clear map with your directions.

· Be aware that many marking items such as flagging, PVC pipe, aluminum tags and nails will melt in wildfires.  Choose more fire-resistant materials (rebar and stainless steel nails and tags) if your area could burn.

Virgin Islands/South Florida

· The entire process is completely personality driven and success or failure has more to do with historic practices and injuries than anything you can do.  In addition, these practices and injuries more than likely have nothing to do with I&M.

· Work for big steps, expect little ones.  Considering this is a long term monitoring effort, it takes quite a bit of time to set things up with new staff and equipment.

· I think that no one realized exactly how much effort was necessary to formalize a protocol.  We had quite a bit of nitty-gritty scientific questions to answer (sample size, sample methods etc.) before we could move forward on the protocol implementation.  We have an enormous need for more basic science to understand the processes at work.  Once that knowledge has been gained we can monitor the system.  I think that we need a lot of help analyzing the data.  NPS and USGS-BRD need to obtain the services of some high powered statisticians to help us grind through some of our data.  Detecting trends over 11 - 20 years pushes the limits of repeated measures and is not enough for time series analysis, we need other statistical techniques and we need help.

· One thing to remember that unanticipated stressors may arise.  In our case, disease and global warming could be major stresses to the system.  Managers need to have monitoring data on these stressors even though they may not be able to control them.

· Don't install a "big idea" in a park(s) that are not ready.  I have been working for a long time just getting our computer systems up, e-mail up, LAN up, internet up etc.  I spent 9 months in St. Croix and then spent 9 months having an office space in my house on St. John.  Without these support mechanisms, higher level work can't get done.  I have not even begun to touch the GIS and database end of things yet, it made no sense if our computers were not talking to each other. 

Cape Cod NS

· It greatly behooves a park to have good baseline inventories prior to developing monitoring protocols.

· Past research can be of tremendous value in identifying parameters of concern and, in some cases, can retroactively extend the temporal scope of your monitoring effort.  However, because techniques and statistical sophistication have evolved over time, an investment in data mining may be required to fully evaluate the utility of previous investigations.

· Given limited funding for monitoring, the program must remain focused and must address specific monitoring questions that are clearly defined.  Every stressor and every ecological response cannot be monitored, but with monitoring questions tightly coupled to the park's resource management objectives, the most important monitoring questions become apparent.

· It is important to consider the relationship between the intensity and frequency of a protocol and the total number of protocols that become part of a program.  Intensive and frequent monitoring are likely to yield more statistically robust results, but such an approach may limit the number of monitoring protocols that can be sustained long-term.  Trying to find the optimal point in the gradient from intensive to extensive is challenging.  What that point is will depend on each park's goals and issues.  Being aware of this trade-off is important, and further highlights the importance and value of identifying up front the environmental parameters, species, or species groups most important to your program.

· Consider integration across protocols early in the protocol development process.  Designing protocols to be compatible with one another is easier than retrofitting existing protocols to support integrative queries.  For example, at CACO we are expecting that monitoring results from the estuarine nutrient loading protocol will be useful in interpreting monitoring data generated from the estuarine vegetation and fish monitoring protocols.

· Wildlife is an extremely broad and diverse group, both taxonomically and in terms of variation in size, form, habitat, annual and daily activity patterns, and life histories.  Methods for monitoring are also extremely numerous, and generally there may be one or two best methods for each species or group of species.  As a result, it is important to recognize that protocols which purport to broadly monitor a taxonomic group rarely do so in an unbiased fashion.  If at all possible, it is better to identify as narrowly as possible the species of monitoring interest, and use methods aimed at that species or species group.

· Independent researchers can provide invaluable expertise during protocol development.  However, because developing a monitoring protocol may be only a portion of the researchers' overall line of investigation or graduate student project, it is important to be very clear about the product desired and the terms and time-lines inherent in any funding provided.  The NPS lead for the protocol should be intimately involved in developing and managing related contracts and agreements.
� Hinds, W.T. 1984.  Towards monitoring of long-term trends in terrestrial ecosystems.  Environ. Cons. 11(1):11-18.
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