Channel Islands NP Prototype LTEM Program Overview and Lessons Learned


Channel Islands National Park Prototype LTEM Program Overview

What are the goals and objectives of your monitoring program?

An appropriately designed natural resources monitoring program can reduce uncertainty and address critical questions about system dynamics.  What to monitor, and the appropriate frequency and resolution, varies from area to area, but the basic reasons for monitoring are universal:

· Determine present and future health of ecosystems 

· Establish empirical limits of variation in resources 

· Diagnose abnormal conditions to identify factors in time to develop effective mitigation 

· Identify potential agents of change

· Provide feedback to managers on the effects of management actions

An ecological monitoring program should provide the same kinds of information to natural resource managers that health monitoring provides to physicians.  It should show current health and predict future conditions.  Monitoring should be sensitive to subtle chronic stresses, as well as identify overt lethal threats.  In addition to identifying signs and symptoms of dysfunction, an effective monitoring program will also help identify causes of system failure and suggest effective treatments.  (Edited from: Davis, Gary E., K. R. Faulkner, W.L. Halvorson. 1994. Ecological Monitoring in Channel Islands National Park, California. pp. 465-482 In: The Fourth California Islands Symposium: Update on the Status of Resources. W.L. Halvorson and G. J. Meander Eds. Santa Barbara Museum of Natural History, Santa Barbara, CA.)

Provide a summary of the monitoring protocols that have been developed (or are being developed) for your monitoring program:

The park I&M website provides a current list of monitoring protocols for CHIS (http://www1.nature.nps.gov/im/units/chis/HTMLpages/protocols2.htm.  The Kelp Forest, Terrestrial Vegetation, Seabirds, Rocky Intertidal and Landbird protocols have been revised and updated after performance reviews of the first 10+ years of operation.
Data Management


All monitoring data reside within an integrated MS Access database managed by the CHIS Natural Resource Management division. Each program manager oversees unique program databases; core Access tables describing locations, events, personnel, etc. connect the various program databases by key fields.  These databases have been developed over the course of many years, building upon the original database structures as designed by the protocol authors and changing to reflect current data collection methodologies.  

In 1993, with the initiation of the terrestrial systems monitoring programs, the park hired a full-time data manager.  This person coordinated data management efforts within the program, however much of the advanced database development was achieved through contract.  Currently, the I&M program funds a half-time data manager, and most of the data entry and Access tasks are accomplished by individual program managers.  Some funds are available from USGS-BRD for contracting for continued database development and maintenance.  There is a continuing need for Access support and training.

Reports

Reports presenting new data collected from each protocol are generated mostly on an annual basis, although occasionally summary reports including data from several years are produced. A list of all published and draft reports is available on the park I&M website: (http://www1.nature.nps.gov/im/units/chis/). 

Reports are written by the person primarily responsible for data collection.  Personnel attempt to prepare a draft annual report for each program before the beginning of the next field season, however this is often problematic due to staff workloads.  Draft reports are reviewed by the program manager and others as appropriate, and final reports printed and published by the park.  Most reports are also converted to .pdf format for posting on the Internet.  Annual reports from the monitoring program are targeted to an audience of park managers and biologists, both NPS and others, working in similar fields who are interested in the data. 

The annual reports are intended to provide a summary of the data collected during the year, as well as the raw data; these reports do not as a rule attempt to provide status and trend information.  Such information is important, however, and a few such reports have been produced.  Status and trend reports are not necessarily included in the job functions for monitoring biologists, and the completion of such reports is usually a matter of personal interest and available time.  It is yet to be determined precisely how the continued publication of resource status and trend information will be accomplished at CHIS, and who should be responsible.  The creation of a Resources Status Report, or the like, is being discussed and may be one option for distributing summary information.  These reports would be brief, however, and would lack much of the information and data which have been presented in the few trend reports previously completed.

Applications of monitoring data

Island Fox: 

Monitoring of island fox began with the initiation of the terrestrial vertebrate monitoring program in 1993. By 1995 we were noticing a general decline in population estimates, and by 1998 the populations on several of the islands were considered at grave risk for extinction and a captive breeding program began in 1999. Without the monitoring program, it is almost certain that the population on at least one of the islands would have been extirpated before the severity of the decline was apparent. 

Island Night Lizard:

This species occurs on three of the eight California Channel Islands, only one of which is within the park. Monitoring of night lizards has indicated that the distribution of the species is increasing with the removal of non-native herbivores and the consequent recovery of island vegetation. Based largely on data from our monitoring program the species will soon be proposed for downlisting.

Vegetation:

With the removal of several significant non-native grazers from the islands in the last few years a dramatic change in land cover is occurring. In the absence of large scale vegetation mapping efforts, data from the vegetation monitoring program are being utilized almost exclusively to document these changes and take appropriate actions to preserve rare species and monitor weedy species distributions.

Seabirds:

Several of the islands within the park provide critical nesting habitat for many species of seabirds. The productivity of one species in particular, the Xantus's murrelet, has declined significantly over the last decade. Recently the enormous increase in squid fishing around the islands and the associated night lighting activity has impacted the behavior of this species. Data from the seabird monitoring program on Santa Barbara Island are providing productivity data for use in management and possible ESA listing efforts.

Kelp Forest:

Current efforts to identify areas for marine reserve designation are relying heavily on data collected from the kelp forest monitoring program at CHIS. The fisheries for several species of abalone have been closed by the State of California based largely on data collected by the Kelp Forest Monitoring program. The program has been collecting data on kelp forest ecology since 1982, and is the most complete and continuous dataset of its kind in the state.

Lessons learned 

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 National Park Prototype LTEM Program Overview

What are the goals for your monitoring program ?

“The focus of the GRSM inventory and monitoring program is to provide information important for preserving the biodiversity of this great natural resource.  Maintenance of biodiversity is the primary resource-related goal of park management.” (source: 1993 Long-Term Monitoring Plan, page 2).

Objectives of the Long-Term Monitoring Program are as follows:

· Establishment and implementation of a monitoring program to measure change over time in the biotic condition of selected key populations, communities and systems.

· Analysis and presentation of data in a manner which will provide managers with practical information to help them preserve park natural resources.

· Archiving of measurements into an accessible data management system which will encourage a broad spectrum of scientific investigators to do research in the park.

· Establishment and implementation of a prototype monitoring program from which information can be gained to develop valid monitoring programs in other National Park Service managed areas.

Give an overview of your approach to data management
Since the GRSM program was new, with some components just getting started, component supervisors did not yet understand themselves how their data would look, or all the queries they would want to ask.  There has been a period of several years in which we just accumulated data, so that we would know what we were dealing with.  In the meantime, our data manager designed ACCESS databases for component leaders, and offered other assists.  We are currently trying to pull these data sets together into a package that will suit our managerial needs and be standardized.  Our data manager has developed a customized system for geographic data with considerable power, but it has been little used outside of I&M offices.

List the various reports that are generated from the monitoring data, who develops them, and how often they are developed.  Who is the audience for each of these reports?

Other than the annual report distributed by the Servicewide I&M program, there have been reports published locally by the park and submitted to professional journals.  Reports have been on American Ginseng poaching, insights on Dogwood Anthracnose from veg plots, and other topics.  These are prepared by the component leaders, periodically and when time allows.  The audience varies….internal reports are for park management decisions on specific issues.  Professional reports submitted are for general science audiences.

Give 3 examples of how the monitoring program improved park management, other agencies etc.

· Data on decline of Butternuts (Juglans cinerea), a tree that is a federal species of concern in the eastern U.S., was used to convince the Chief of the U.S. Forest Service to impose a moratorium on cutting this species in all National Forests, nation-wide.  Ironically, this protocol is one of the weakest sub-components in the program.  But the decline is real, and putting even this relatively subjective data in the right hands at the right time was critical.

· American ginseng is a rare, long lived herb that is listed on Appendix II of CITES.  It is also THE most poached species in GRSM, and a focus of integrated law enforcement, monitoring and inventory efforts.  Plants seized by LE rangers are aged and re-planted back into the watershed of origin to be part of long-term monitoring program.  This program assesses poaching pressure and effectiveness of our counter-measures.  Age structure data from the monitored roots proved decisive in getting the Office of Scientific Authority (in USF&WS) that approves exports from states and the U.S., to ban all exports of roots younger than 5 years of age.

· Some long-term vegetation plots were established before the current program.  Re-visits to these plots shows that our fears are confirmed about devastating losses of Flowering dogwood (Cornus florida), our greatest calcium “recycler”. This common species of tree is being killed by Dogwood anthracnose (Discula destructiva), which is thought to be from Asia.  This is an essential point, since specific plot data PRE infection was not available otherwise, and speculation on total mortality is more accurate.  MORE IMPORTANTLY, a small subset of the plots indicates that low intensity wild land fire may change forest habitats enough to effectively counteract anthracnose mass infections.  If confirmed by experimental work, this is very good news; it could point the way towards the first broadcast treatment for this fungal infection, that has killed tens of millions of these ecologically important trees in upland regions of the eastern U.S.

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?

· 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.

Shenandoah National Park Prototype LTEM Program Overview (Wendy Cass)
Introduction

Shenandoah National Park in the northern Blue Ridge Mountains of Virginia is the largest protected area in the mid-Atlantic region (79, 380 ha; 196,000 acres) and the site of the scenic Skyline Drive.  The Park ranges in elevation from 530 feet to 4, 050 feet above sea level and contains 60 peaks that exceed 3, 000 feet in elevation.  Because of its vicinity to Washington, D.C. and other large eastern metropolitan areas, the Park is a popular tourist destination.  The Park has a diverse flora of northern and southern plants and is well know for its showy display of wildflowers in the spring and brilliant fall colors.  Many Neotropical birds migrate through the Park or nest there, and the large mixed mesophytic forest provides important habitat for many species of wildlife.  The Park also contains the federally endangered Shenandoah salamander (Plethodon shenandoah), a species found nowhere else in the world.

High ozone levels and sulfate deposition; invasions by exotic forest insects, diseases, and plants; and destruction of habitats from development on adjacent lands threaten the natural resources in the Park. Protection of the resources is challenging because of the long narrow shape of the Park and the existence of concurrent threats in many areas.

In response to legal mandates and recognized threats, Shenandoah National Park (SHEN) bean long-term ecological monitoring of water quality, air quality, brook trout and bears in the 1980’s.  In 1992, prototype ecological monitoring for the deciduous forest biome was continued through the National Park Service (NPS) Inventory and Monitoring (I&M) Program and is fully integrated into the resource management program of the Park.  Since 1992, monitoring has been expanded to include rare plants, forest health, aquatic insects, other fishes, and neotropical birds. NPS natural resource funding has been critical for the establishment of the I&M program at Shenandoah; however, additional studies and funds are provided by cooperating agencies such as the U.S. Geological Survey, U.S. Forest Service, U.S. Fish and Wildlife Service, state agencies, and universities, and others who play and important part in the understanding and protection of Park resources.

Program Goals

The SHEN program goals agree with those developed for the Channel Islands NP monitoring program:

· Determine present and future health of ecosystems

· Establish empirical limits of variation in resources

· Diagnose abnormal conditions to identify factors in time to develop effective mitigation

· Identify potential agents of change

· Provide feedback to managers on the effects of management action (or inaction)

Data Management

Currently about 95% of the SHEN monitoring data has been converted from historical sources and placed into individual MS Access databases with consistent design and naming schemes.  Customized “Front-end Applications” are being developed to meet the needs of each program individually, with data entry, summary reports, and data checking.  A consistent “look and feel” is being applied to this conversion to facilitate planned integration of related program elements.  Related spatial data is reviewed in consultation with the park-wide GIS specialist to confirm compatibility and to plan for eventual linkages.  This processes has been carried out by the current SHEN I&M data manager in close consultation with the program managers.

Professional data management began with the hiring of Dr. Steven Tessler in 1994. Tessler’s focus on data management was routinely interrupted by the high demand for his adept computer skills.  Support from the information management group was not clearly defined and providing computer support to staff became a substantial drain on his time.  Still, Tessler made a lasting contribution to data management, not only in SHEN, but also to the national I&M program.  Many of his protocols and ideas were adopted on the national level as the need for professional I&M data management was becoming apparent.  Indeed, Tessler wrote much of the National Park Service’s Inventory and Monitoring Program Data Management Protocols (1996) document, which is the guiding document for development of this and other I&M Program data management plans.  

After Tessler left the Park Service in late 1995, the position remained vacant until filled in April, 1996 by Henry B. “Chip” Harvey, whose background was in statistics and ecology.  Harvey was hired partly for his statistical expertise and partly because of his expertise in developing and publishing World Wide Web (WWW) pages on the Internet.  However much of Harvey’s time for the first two years was consumed in computer support.  Due to “political” disagreements among SHEN managers, the I&M data are still not available on the internet.  Harvey left in April 1999 and the position remained vacant until 2000 when SHEN I&M entered into a cooperative agreement with the Conservation Management Institute (CMI), at Virginia Polytechnic Institute and State University to provide data management services.  CMI staff started converting the monitoring data and developing program interfaces in MS Access.  In July 2000, they hired Alan Williams to work as the SHEN I&M data manager in the park.  He is currently converting the monitoring data, developing the program applications as well as other data management and computer support needs of the SHEN I&M program.

Historically, data have been managed individually by program managers with assistance provided by a data manager.  This has lead to inconsistencies that can make meta-analyses and long term management of datasets difficult.  The current goal is to pull the individual program data together into an integrated database to take full advantage the relational database design.  Individual program “Applications” will continue to provide program users the means to enter and summarize program specific data.  The centralized database with its established relationships will be available to program managers to explore and utilize for cross-discipline summaries and GIS applications.

Reports

Most reports generated by the Shenandoah NP Inventory and Monitoring Program to date have been the required administrative annual reports and short newsletter articles.  Annual updates have been submitted for the Servicewide I&M Program annual report for the following monitoring projects: fisheries, landbirds, black bears, amphibians, rare plants, rare plant communities (big meadows), forest LTEMS, and aquatic macroinvertebrates.  The MAPS program is the only component of the SHEN I&M program that produces regular annual reports (DeSante et al. 1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000).  The additional reports listed below were single efforts designed to help Park personnel better understand study design effectiveness and data trends.   

Atkinson, J. B.  1994.  Fisheries Management and Data Report.  Shenandoah National Park.  Unpubl. Report 90 pp.

DeSante, D. F., N. Michel, & P. Velez.  (2000)  The 2000 Annual Report of the Monitoring Avian Productivity and Survivorship (MAPS) Program in Shenandoah National Park.  Unpubl. Report, The Institute for Bird Populations, Pt. Reyes Station, CA.  25 pp.

DeSante, D. F., D. R. O’Grady, & P. Pyle. (1999)  The 1999 Annual Report of the Monitoring Avian Productivity and Survivorship (MAPS) Program in Shenandoah National Park.  Unpubl. Report, The Institute for Bird Populations, Pt. Reyes Station, CA.  24 pp.

DeSante, D. F., D. R. O’Grady, & P. Pyle. (1998)  The 1998 Annual Report of the Monitoring Avian Productivity and Survivorship (MAPS) Program in Shenandoah National Park.  Unpubl. Report, The Institute for Bird Populations, Pt. Reyes Station, CA.  13 pp.

DeSante, D.F., D. R. O’Grady & D. R. Froehlich. (1997)  The 1997 Annual Report of the Monitoring Avian Productivity and Survivorship (MAPS) Program in Shenandoah National Park.  Unpubl. Report, The Institute for Bird Populations, Pt. Reyes Station, CA.  18 pp.

DeSante, D.F., D.R. O’Grady & P.Pyle, (1996)  The 1996 Annual Report of the Monitoring Avian Productivity and Survivorship (MAPS) Program in Shenandoah National Park.  Unpubl. Report, The Institute for Bird Populations, Pt. Reyes Station, CA.  24 pp.

DeSante, D. F., D. R. O’Grady & B. R. Walker (1995)  The 1995 Annual Report of the Monitoring Avian Productivity and Survivorship (MAPS) Program in Shenandoah National Park.  Unpubl. Report, The Institute for Bird Populations, Pt. Reyes Station, CA.  21 pp.

DeSante, D. F., J. F. Saracco,  & B. R. Walker. (1994)  The 1994 Annual Report of the Monitoring Avian Productivity and Survivorship (MAPS) Program in Shenandoah National Park.  Unpubl. Report, The Institute for Bird Populations, Pt. Reyes Station, CA.  14 pp.

DeSante, D. F., J. F. Saracco,  & B. R. Walker. (1993)  The 1993 Annual Report of the Monitoring Avian Productivity and Survivorship (MAPS) Program in Shenandoah National Park.  Unpubl. Report, The Institute for Bird Populations, Pt. Reyes Station, CA.  15 pp.

DeSante, D. F. & K. M. Burton (1992)  The 1992 Annual Report of the Monitoring Avian Productivity and Survivorship (MAPS) Program in Shenandoah National Park.  Unpubl. Report, The Institute for Bird Populations, Pt. Reyes Station, CA.  7 pp.

Diefenbach, D. R. 2001.  Statistical Evaluation of the Vegetation Inventory and Monitoring Program at Shenandoah National Park.   prepared under Cooperative Agreement No. CA4000-8-9028, Supplemental Agreement No. 16 by Duane R. Diefenbach, Pennsylvania Cooperative Fish and Wildlife Research Unit, Biological Resources Division, U.S. Geological Survey. (in process, final report expected August 31, 2001)

Gibbs, J. P. 1998. Integrating monitoring objectives with sound sampling design: a pilot review of selected monitoring programs at Shenandoah National Park. Final Report to USDI, National Park Service.

Mahan, C. 2000. Vegetation inventorying and monitoring workshop for Shenandoah National Park: setting objectives and priorities. Summary Report of Workshop Outcomes, USDI, National Park Service.

Oderwald, R. G. 1996. Final Report Resource Study Project N-180 Evaluation of LTEM Forest Plant Community Plots. Unpubl. Reptort. 14 pp. text,  34 pp. tables.

Oderwald, R. G. 1998.  Characteristics of Long Term Environmental Monitoring Plots on the Shenandoah National Park. Unpubl. Report. 2 pp. text.  271 pp. tables.

U.S. Geological Survey. 1996. Review of Long-Term Monitoring Program at Shenandoah National Park. Unpubl. Report. 24 pp.

Report Purpose and Audience:

1.  The Fisheries Management and Data Report, 1994, was prepared to summarize fisheries data collected from park streams up to that point.  This report identified known or projected sensitivities such as the current status of brook trout populations, scale of acid sensitivity from low to high, the presence of exotic trout species and management recommendations.  Copies of this report were distributed to managers, law enforcement staff and education/interpretation staff throughout the park and to biologists within the Virginia Department of Game and Inland Fisheries.  This report served as the foundation for major revisions in the park’s fisheries monitoring program in 1995.

2 – 10.
The annual reports of the MAPS program are produced by the contractor as per contractual agreement each year.  These serve as the foundation for producing annual administrative reports for landbirds in the park.

The 2001 Diefenbach report tests the statistical power of existing SHEN vegetation monitoring datasets to detect change and answer questions of management interest. Analysis focuses on terrestrial LTEMS data, and on shrub cover data for Big Meadows. The report identifies discrepancies between study objectives and the statistical power of the collected data. Results will be used by park managers to determine necessary changes in sampling design and frequency needed to improve data utility. 

The 1998 Gibbs report provides a preliminary power analysis of selected Inventory and Monitoring datasets to detect changes of interest to managers. Limited datasets from the terrestrial LTEMS program, rare plants, and fish monitoring program were used.  The report was circulated within the Natural and Cultural Resources Division of SHEN. Results of the Gibbs report served as a catalyst for the formation of the objectives setting workshop described in the 2000 Mahan report. 

The 2000 Mahan report summarizes the outcome of a vegetation monitoring program objectives setting workshop.  The workshop took place on March 21, 2000 and included 14  participants from ten government and non-government organizations.  The workshop goal was to define the level of change in trends and status desirable to detect within the existing SHEN vegetation monitoring programs. Specific objectives were developed for measuring general forest trends, forest health, and unique plant communities.  The 2001 Diefenbach report summarizes statistical analyses done to test each programs power to address the objectives defined in the workshop.  



The 1996 and 1998 Oderwald reports were the result of a 1993 cooperative agreement with Virginia Tech University.  The original purpose of the agreement was to provide an evaluation of the terrestrial LTEMS program sampling design, and a summary of the first five years of  data.  The 1996 report provided specific suggestions for field sampling protocol changes, and suggestions for improving the number and location of sample plots.  The 1998 report was composed predominantly of tables which failed to summarize the data into any useful format.  The agreement that generated these two reports could have been improved by requiring periodic summary reports to SHEN.  This would have allowed greater NPS oversight into progress being made toward addressing specific objectives within the agreement. 

16.  This 1996 USGS report was produced by a multi-disciplinary panel of scientists and program managers who met to review the SHEN LTEMS program.  The review examined monitoring objectives, protocol design, implementation and program integration, statistical design, and data management.  The comments within the report are not based on data analysis, but do provide numerous helpful suggestions for program improvement.  The document was intended for park scientists currently involved in the LTEMS program.  

Applications of Monitoring Data 


SHEN currently has three principal fish regulation strategies stratified among 72 streams.  There are a suite of streams open for the legal harvest of trout as per statewide creel regulations for trout, there are a suite of streams open for catch and release fishing only and there are streams that are closed to fishing.  Data from the monitoring program are used as needed to change or modify fishing regulations on individual streams.


SHEN is recognized by the State of Virginia and other agencies or individuals interested in the biology and management of black bears as being one of the major source populations and refugia for bears in this state.  Park data are shared with the state and others concerned to complete the larger picture of bear population trends, nuisance activity and damage that include lands and administrative regions surrounding the park.  Conversely, the state agency (Virginia Department of Game and Inland Fisheries) shares bear harvest and nuisance data from the eight county area surrounding the park to complement bear data collected from within the park.  Over the past two years, park staff participated on a stakeholders advisory committee for the development of a statewide bear management plan.

Data from the SHEN rare plant monitoring program have been used to assist many management actions within the park.  Population location information and monitoring data have been used to modify mowing practices along Skyline drive, assist with environmental compliance site checks, assure that wildfires and fire suppression activities avoid sensitive areas.  Rare plant data has also been used to help justify and plan prescribed burns, and are currently being used to pursue a rock climbing ban on sensitive cliff communities.

Other applications of vegetation monitoring data within the park include the use of LTEMS data to answer employee and visitor questions.  Analysis has been limited to only sections of the LTEMS data, however we have been able to answer questions on the severity of pine and dogwood tree mortality caused by insect and disease, and about the severity of ice damage to common tree species.  Monitoring data have also been used to document the success of prescribed burns to reduce shrub density in Big Meadows, a rare plant community and significant cultural landscape.  

Success Stories

The principle success stories of  fisheries and wildlife monitoring components have been the cooperative relationships formed between the park and other agencies in the collection of data using shared crews and equipment on or in sites of mutual interest that satisfies the data needs of all participants.  This has been most evident in the fisheries monitoring program that now includes the annual participation of VDGIF staff to assist with electrofishing, the U.S. Fish and Wildlife Service which provides staff to collect tissue samples from fish for a national wild fish health and disease survey and the USGS which is currently collecting tissue samples from brook trout as part of a multi park brook trout genetics study.


The rare plant monitoring program at SHEN provides a good example of increased data utility through improved data management and organization.  SHEN contains 50 state rare plant species found at 162 locations within the park. These data have been compiled, organized, and an electronic framework has been implemented for managing records.  In addition, a GIS database was begun and is continually updated with new entries.  These changes have greatly improved the accessibility of the data and therefore its usefulness for application to resources protection.

Big Meadows is a high elevation meadow rich in archeological resources, rare plants and animals, and is the most popular visitor destination in the park. The Big Meadows restoration project provides one example of a success story in the SHEN vegetation monitoring program.  This project involved the collection of monitoring data that was used to influence need for, determine type, and evaluate success of management actions.  It also showcases the power of collaboration between park divisions to achieve a common goal.

· 1972-1997: Sporadic management takes place, yet the 140 acre opening of Big Meadows decreases to 119 acres.  After 1985, the lack of organized maintenance and non-compliance with an existing management plan appears to be due to disagreement between park divisions and lack of leadership.

· 1998-1999: Research of historic records, coupled with a comprehensive vegetation survey documents a decline in rare plants and a large increase in shrub cover since 1972.  Large-scale management appears needed to maintain the landscape.

· 1999:  An interdisciplinary work-group representing all park divisions and outside experts convenes to discuss the competing values and resources present in the area, and to determine four years (2000-2003) of management actions that are acceptable to all.

· 2000:  Research results and work-group management recommendations are presented to park management and to an all employees meeting for acceptance.  Collaborative management is implemented using staff from Natural and Cultural Resources, Maintenance, Ranger Activities (Fire and Law Enforcement), Interpretation and Education, and Administration (GIS).  

· 2000-2001: I&M vegetation monitoring results are used to mitigate effects of archeological work on rare plant communities, determine success of a large prescribed burn to control shrubs, and to educate visitors and staff.

Another success story of the SHEN I&M program has been the availability of highly skilled staff to assist other divisions within the park, as well as employees of nearby state and federal parks.  The presence of I&M staff at SHEN has meant that subject matter experts are readily available to address biological science questions and review material to be included in interpretive programs, displays, and stores within the park.  Highly trained staff are also available to assist in other park operations by performing environmental compliance site checks, provide technical assistance during wildfires, and to educate and assist managers of nearby state, local and federal land with sampling protocols and research questions.  Though these tasks do take away from direct monitoring time, they are beneficial because they increase the quality of monitoring and resource protection in and around the park, and increase the quality of interpretive programs, displays, and products made available to the public.

Lessons Learned

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.

Denali National Park & Preserve Prototype LTEM Program Overview

 (compiled by Susan L. Boudreau NPS & Karen Oakley USGS)

Over the years, Denali has supported and been the site of many studies, some repeated often enough to constitute monitoring.  Park managers have long recognized, however, the value of a formal system for monitoring park resources.  Development of a Long-term Ecological Monitoring Program became a possibility in 1992 when the park began to receive funding from a national-level program within the National Park Service for that purpose.

Over the past 10 years, the Denali LTEM Program has completed several milestones.  One of the most significant is the Conceptual Design of the Long-term Ecological Monitoring Program (Oakley & Boudreau) completed in 2000.  This design lays out the thinking that drives the monitoring and describes the design itself. It identifies the monitoring components and sets a single goal: to help park management protect the resources of Denali by providing the ecological context for resource preservation decisions.  Having a single goal provides the necessary basis for prioritizing monitoring work.  This goal is linked to a management focus objective, providing timely information to decision makers, and through an ecological focus objective, targeted to improve understanding of the Denali ecosystem.  The conceptual design also describes a process for understanding the ecological dynamics of Denali National Park & Preserve through modeling, which plays an important role in design and implementation of the monitoring program.  Furthermore, the conceptual design provides guidance on general features such as program management, how information is reported, and protocol documents.

The Denali LTEM program functions as an integral part of the Division of Research & Resource Management.  Key monitoring staff consists of Park Leads, temporary employees, interns, graduate students, and collaborating scientists and individuals from other agencies or institutions. Thirteen monitoring components are the core ingredients for the program.  They include: glacier monitoring, air quality, weather, snow survey, caribou, wolves, golden eagles, small mammals, vegetation, aquatic invertebrates, water quality, avian point counts, and monitoring avian productivity & survivorship.  This collection of monitoring components enhances Denali’s ability to keep track of a wide variety of ecosystem attributes that can help alert us to changes in the environment and provide understanding of the ecosystem.

Structure and Status of Denali Long-term Ecological Monitoring Database

Although the 1997 Data Management Protocols specified a centralized, relational database system for the Long-term Ecological Monitoring Program (LTEM), implementation of the database system began in 2000.  Since the inception of the LTEM program in 1992, most data has been housed on the respective computers of individual researchers in various files and formats.  Some data has even been lost or misplaced throughout the years as researchers let the program without leaving record of the stored data location.  A centralized database where data from all LTEM projects is located will clearly prevent data from being lost, and will allow greater tracking and potential use of the data.

A vision of the Denali LTEM database has been formed based upon an existing Channel Islands National Park MS Access database.  The Denali database will integrate all data from the various LTEM programs into separate tables, and will also provide the front-end forms for data entry.  The database will also have queries needed by each project and should be able to generate common report formats.  Ultimately, the database will be automatically linked to GIS software in order to provide up-to-date maps for spatial data.

What have you learned about designing and implementing a monitoring program that may be useful to other parks as they develop their monitoring efforts?

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.

Some examples of how Denali monitoring data has been used towards our management focus and ecological focus objectives:

I.
Management Focus:

· Four Remote Automated Weather Stations (RAWS) units collect, store and forward data hourly to a computer system located at the National Interagency Fire Center in Boise, Idaho.  Denali fire managers have used the RAWS data to predict fire behavior and monitor fuels.

· Snowpack monitoring has aided park management with decisions regarding recreational winter use – snowmachines.

· Input for EIS/EA’s (Snow machines, North Access, Spruce IV, Maintenance Projects).

· Wolf Monitoring Data – Assisted Denali managers with Proposal 11 submitted by the Alaska Wildlife Alliance to close a portion of the Denali National Park 7 Preserve east of the Toklat River to wolf hunting and trapping.

II.
Ecological Focus:

· Snowfall data for population dynamics modeling for caribou and wolves. (Layne Adams, USGS-BRD)

· Weather anomalies affecting Grizzly bear cub production. (Pat Owen – NPS)

· Small mammal abundance based on derived climate indices. (Ed Debevec, Eric Rexstad, UAF)

· Precipitation data to calibrate a numerical model that simulates surface runoff response. (Kenneth Karle, NPS)

· Relating tree growth to tree location and microclimate (Martin Wilmking, UAF)

· Watershed data for vegetation simulation modeling in forest and tundra. (Chris Potter, NASA)

· Precipitation and maximum temperatures for sediment discharge of Yukon River (Kaz Chakita, Hokkaido University)

Introduction to the Prairie Cluster Prototype LTEM Program

The Parks, Their Natural Resources And Management Issues

North American prairie once extended across the mid-continent region from Canada to Texas and from the Rocky Mountains to the Appalachian forest.  The vast landscape was nearly continuous grassland, transitioning gradually from shortgrass steppe in the west to tallgrass prairie and savanna in the east.  Today, Great Plains grasslands are fundamentally altered by the conversion of prairie to cropland and pasture, the removal or disappearance of native ungulates, drainage of wetlands, and an increase in woody vegetation through plantings and fire suppression.  Estimates of the loss of native prairie range between 80% and 99.9%.  Fragmentation of the tallgrass prairie ecosystem has left our national parks with a unique challenge to help preserve remnants of this nearly vanished habitat. 

The six Prairie Cluster parks are relatively small, historic parks.  Until recently, the native prairie and savanna vegetation of these parks has primarily been treated as a backdrop for interpreting each park’s cultural significance.  Restoration of prairie and savanna communities was undertaken mainly to recreate historic landscapes. More recently, the contribution of remnant prairies to regional biodiversity has been recognized.  The most significant natural resources management issues of the Prairie Cluster parks are summarized in Table 1.   

While each park has a unique mission and represents a distinctive component of regional biotic diversity, these parks share many natural resource management issues.  All include high-quality prairie remnants, sites requiring complete restoration, and a continuum of resource conditions between these two extremes.  The two most eastern parks, Wilson’s Creek NB and Effigy Mounds NM are also managing oak savanna remnants.  Restoring prairie/savanna vegetation to disturbed sites and managing grassland communities with prescribed fire are common resource management priorities.  

The small size of the parks makes them particularly susceptible to external threats.  Agricultural, residential and industrial development are prominent land uses adjacent to these parks.  Because small parks are often inadequately buffered against edge effects, invasion by exotic plant species is a pervasive problem.  Water pollution may be the most urgent external threat.  Because the parks are small, their springs, creeks and ground water are particularly vulnerable to external pollution sources and cannot be insulated by buffer zones or resource management inside the parks.  Most of the parks must also protect unique habitats and manage state or federally listed, rare and endangered species. 

Table 1.   Most significant natural resource management issues of Prairie Cluster parks. 

MOST SIGNIFICANT RESOURCE MANAGEMENT ISSUES



· Managing remnant prairies and savannas with prescribed fire  

· Restoring prairie/savanna vegetation to recreate historic landscapes

· Controlling invasive exotic species

· Managing T&E species habitats to maintain stable populations 

· Maintaining integrity of unique habitats and their associated flora/fauna

· Providing adequate habitat for grassland bird and herpetofauna communities

· Preventing negative impacts associated with deer overabundance

· Declining stream water quality associated with external development and landuse

· Controlling visitor use to minimize resource impacts

Program History

Initiated in 1994, the Prairie Cluster Prototype LTEM Program was the first prototype monitoring effort to address the needs of small parks.  This monitoring program is structured around a group of six small prairie parks that are widely scattered throughout the central grasslands.  The program involves a team of resource specialists based in one park (Wilson' Creek National Battlefield, Missouri), who collect monitoring data there and in five other parks (Agate Fossil Beds, Scotts Bluff, and Homestead National Monuments in Nebraska, Pipestone National Monument in Minnesota and Effigy Mounds National Monument in Iowa).  

The Prairie Cluster LTEM Program was funded after the formation of the National Biological Service (currently Biological Resources Division of USGS), resulting in the division of the LTEM programs into a protocol design phase led by BRD/USGS, and the NPS operational phase.  Dr.Gary Willson, Northern Prairie Science Center, served as the BRD/USGS Coordinator and Lisa Thomas served as the NPS Coordinator during the design phase (1994-2001).  BRD produced seven monitoring protocols during this time. 

In 1997, a NPS transition plan was written, updating the professional positions described in the original proposal to be consistent with the Natural Resources Professional Development Program, and detailing gradual funding of the NPS operational program over a four year period.  The actual timetable for building the operational program and hiring permanent staff closely followed the transition plan (Table 2).  

Table 2.  Growth of Prairie Cluster LTEM Program from FY1998 through FY2001. 


FY 1998
FY 1999
FY 2000
FY 2001

Staff Positions 





Program Manager (GS-408-12)
X
X
X
X

Botanist (GS-430-11)
X
X
X
X

Career Seasonal Botanist (GS-430-7/9)

X
X
X

Data Manager (GS-401-11)

X1
X
X

Administrative Assistant (GS-303-5)


X
X

Wildlife/Aquatic Ecologist (GS-408-9/11)


X
X

Plant Ecologist (GS-408-9/11


X
X

1Data manager originally hired as term position; refilled as permanent position in FY 2000.  

Program Design 

The original monitoring proposal defined a central ecological question to guide monitoring activities: To what extent are the species, communities, and ecological processes of small remnant and restored prairies sustainable?  Overall goals of the monitoring program are to provide early warning of resource decline and to assess the effectiveness of resource management.  Protocols are being developed to address these issues at multiple ecological levels (Table 3).  The conceptual design of the program is posed as a series of monitoring questions to examine how external threats and resource actions might affect core indicators of ecosystem integrity (Figure 1).  We continue to consider how core datasets might be used with ancillary environmental data and management records to answer the underlying management questions. 
Table 2. Monitoring components of the Prairie Cluster Prototype LTEM Program. 
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Terrestrial and Aquatic Ecosystems

Landscape Monitoring 

Adjacent Landuse

Terrestrial Ecosystem
Community Monitoring
Plant Communities

Grassland Birds1
Grassland Butterflies1 

Population Monitoring 

State-listed T&E plants 

Missouri bladderpod (Lesquerella filiformis)*

Western prairie fringed orchid (Platanthera praeclara) *
Black-tailed prairie dog (Cynomis ludovicianus)


Environmental Monitoring 



Local weather (related to L. filiformis and P. praeclara dynamics)2

Aquatic Ecosystem

Community Monitoring
Macroinvertebrates as indicators of stream health 

Population Monitoring 

Topeka shiner (Notropis topeka) 3 *
* Federally threatened or endangered species 

2 Not included in original proposal

1 Phase II (moderate priority) in original proposal
3 No park occurrence record at time of original   proposal
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Figure 1.  Conceptual model of key resource threats, resource actions and monitoring questions addressed by the Prairie Cluster Prototype LTEM Program.  The program takes a balanced approach, emphasizing community and population level monitoring.  

Goals and Objectives 

NPS 75 defined natural resource monitoring as "long-term systematic repetition of a specific resource survey and the analysis of those data to predict or detect natural and human-induced changes in resource condition, and to determine if natural resource condition objectives are being achieved".  Based on that definition, we developed five goals of the PC-LTEM Program.    

· Determine status and trends of the health of park ecosystems

· Establish normal limits of variation in key park resources

· Provide early warning of resource decline 

· Evaluate the effectiveness of resource management practices

· Develop a predictive understanding of environmental change
A review of the successes and failures of previous long-term monitoring efforts has led us to further describe five key characteristics of an effective monitoring program.  The specific objectives of each monitoring project are provided in section IV.  

An Effective Monitoring Program Must:

· Be relevant to current management issues & resource threats 

· Anticipate future issues and threats to park ecosystems 

· Be scientifically credible

· Generate accessible, high-quality data

· Feed back into decision-making with timely, relevant data

Overview of Data Management 

Data Management Philosophy

Our monitoring staff annually makes thousands of observations about plant and animal populations, communities and their environments.  Those observations form a statistical representation of our sampling universe.  The purpose of data management is to ensure that an accurate and complete record of those observations is maintained in perpetuity.  The focus of data management efforts in the Prairie Cluster is strategic within the context of service-wide data management activities.  WASO I&M has invested considerable resources in developing tools to archive and disseminate data (e.g. NPSpecies, Dataset Catalog, Theme Manager).  Further, general guidance regarding data management procedures for handling and validating data is contained in the Draft Data Management Protocol (Tessler & Gregson, 1997).  The Prairie Cluster data management system builds on these resources while emphasizing and expanding the role of data management during data collection and handling.  Specifically, the Prairie Cluster has developed an integrated Access database system with built-in QA/QC features, and defined specific data handling procedures to assure data quality.  Attention to data management early in the process targets resources where they have the greatest potential to control data quality. 

Staff Resources Dedicated to Data Management.  

Assuring and maintaining data integrity is fundamental to the mission of a long- term monitoring program and requires a considerable investment of staff time.  Table 4 provides an approximation of the personnel resources committed to data management within the Prairie Cluster Program.  

Table 4.  Prairie Cluster staff resources directed toward data management.  

Position Title
# of Staff Positions
GS Grade
% of Time
Data Management Responsibilities
Total FTE
Total Cost (k)

Program Coordinator
1
12
20%
analysis, data summary and report writing
0.2
16

Data Manager
1
9/11
50%
data archiving and dissemination, database development, report automation, assure overall QA/QC
0.5
33

Ecologists
3
9/11
30%
data validation, summary and report writing, oversee data entry and verification
0.9
59.5

Botanist
1
7/9
30%
data entry and verification
0.3
16.5

Biotech
1
5
30%
data entry and verification
0.3
5.5

Program Total:




2.2
130.5 

Roles and Responsibilities.  The data manager and project manager (lead ecologist on each monitoring project) share responsibility for data management within the Prairie Cluster organization.  Typically, the project manager is responsible for data collection, data entry, verification and validation; as well as data summary, analysis and reporting.  The data manager is responsible for data archiving, security, dissemination, and database design.  Furthermore, the data manager, in collaboration with the project manager, develops data entry forms and other database features to assure QA/QC and automates routine report generation.  The data manager is ultimately responsible that adequate QA/QC procedures are built into the database management system and appropriate data handling procedures followed.  

The sharing of data management responsibilities, while requiring close working relationships, has produced synergistic results for the Prairie Cluster.  If given a choice, most ecologists will continue to use the data management tools with which they are most familiar, and may at times resent the imposition of standardized database structures.  Data managers on the other hand, may not build adequate flexibility into standard designs to meet the needs of diverse monitoring projects.  The collaboration between data manager and project manager creates shared ownership and ensures a product that accommodates data complexity of individual datasets, while providing for standardization and integration among monitoring projects. 

Data Resources

The range of data relevant to long term monitoring can be broken down into the categories described in Table 5.  The monitoring staff directly collects:  

Primary data  
-- the focus of the monitoring protocol (e.g. plant species occurrence and abundance for plant community monitoring; prairie dog counts for prairie dog monitoring) 

Metadata  
--standardized across projects, metadata describes the where, when and who of primary data collection

Habitat/ 
-- unique to each protocol, describing physical, chemical or biotic 

environmental 
aspects of habitat (e.g. water temperature, stream flow and substrate

data 
description for macroinvertebrate sampling; weather conditions, vegetation structure for bird monitoring).  

Attribute and ancillary data are derived or collected by third parties but are essential for summarizing or interpreting the primary data.  

Table 5.  Data types collected and managed– an example from grassland bird monitoring.
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Data Management System

Database Infrastructure.  The database system in use by the Prairie Cluster is noteworthy in that the system accommodates the diversity of data, eliminates redundancy and maintains integrity among data tables through the use of software tools.  The design’s utility is evidenced by the decision to incorporate elements of the Prairie Cluster database system into the service-wide model.  The database infrastructure for the Prairie Cluster is a relational database management system in MS ACCESS.  The basic design is modeled after work done at Channel Islands modified to incorporate service-wide data standards.  The overall database system is modular; that is, each protocol database can stand-alone or be married into a single database file.  The modular design allows database development to proceed at different paces coinciding with protocol development; thereby, those responsible for protocol development can also contribute to the database design.  Similarly, several people can be leading development of protocol databases simultaneously.  The modular design has a potential disadvantage.  Standardized field names, data types, etc. had to be built into the Prairie Cluster system later in the process to allow inter-relationship among protocols.  However, with the new service-wide standards now available, they could be incorporated from the beginning.  The experience of the Prairie Cluster suggests that the flexibility of the modular design is preferable to the Herculean task of developing a single database at one time to manage all the program’s data. 

The relational design allows secure and efficient storage of primary data, metadata, habitat/environmental data and attribute data together in a digital environment.  For each monitoring protocol, a series of tables were created to accommodate the variety of data.  Figure 2 shows the tables and their relationships that comprise the grassland bird monitoring database.  In this example, the occurrence and distance of bird species (tbl_BirdObservations) is linked to essential metadata regarding the location and time of data collection.  Bird occurrence data are also related to species’ attributes (e.g. foraging guilds) and habitat/environmental data (e.g. plant community structure). 

Figure 2.  Relationships among tables within a protocol database. 
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Each protocol database share standardized sampling events and sample locations tables that are compatible with service-wide standards.  Through the sharing of common tables, all data within the LTEM program is interrelated and potentially linked to other I&M data service-wide.  Figure 3 diagrammatically represents the inter-relationship among protocols accomplished by linking each protocol database through the EventID and LocationID fields.  Consequently, a user - for example – with a single query can find plant community data, bird data and butterfly data from a particular management unit of interest.  The resulting ability to query data across many protocols using time or location criteria is a powerful data exploration tool.  Value is derived from data when it is analyzed, summarized and results reported.  Furthermore, we can not possibly anticipate all ways in which the data may be useful.  In that light, efforts to promote data exploration, particularly among protocols, is an important data management achievement. 

Figure 3.  Integration of monitoring protocol databases.
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QA/QC Features and Procedures.  A database infrastructure ensures that data, once entered, is secure and related to essential metadata.  However, good handling procedures ensure that the data, as it occurs in the database, is of good quality.  Preventing transcription error while detecting observation error is the goal during the data handling phase, and is aided by tools designed for data entry. 

Data entry forms in MS ACCESS with QA/QC features have been developed for each protocol to minimize error.  For example, data entry forms prevent transcription errors through pick list and value limits and provide controlled access to the database (i.e. forms are set for data entry only which prevents accidental deletion of alteration of existing data).  Forms also control the sequence of data entry.  For example, synonymous names (i.e. two or more different names referring to the same taxon) are common for plant species.  Through the data entry form, a user searches for synonymous names before entering a new species name, thereby preventing the duplicate entry of synonyms.  Figure 4 demonstrates some of the QA/QC features of the plant community data entry form. 

Specific procedures for data verification, validation, archiving, security, dissemination, etc. are contained in the Prairie Cluster Data Management Plan.  However, the procedures essentially follow guidance provided by the Draft Data Management Protocol (Tessler & Gregson, 1997) and will not be discussed here.  

Figure 4.  QA/QC features of data entry forms.


Reporting

The model of a successful monitoring program ends with monitoring data incorporated into management decision-making.  To facilitate that goal, the Prairie Cluster has a two tiered reporting strategy.  First, routine reports are generated following field sampling (see Table 6).  Routine reports follow formats specified in each protocol and are presented for discussion at an annual meeting of park resource managers and superintendents.  Second, trend analysis will be reported every 5-10 years, depending upon funding and the availability of cooperators.  

Table 6.  Routine reporting schedule for Prairie Cluster monitoring projects.

Monitoring Protocol
Routine Reporting Interval
Operational Status





Adjacent Land Use
10 years
In development - all parks

Plant Communities
4 years 
Implemented - all parks

Grassland Birds
3-5 years
In development - AGFO

Grassland Butterflies
unknown
Not implemented

State-listed T&E plants 
variable (species-specific)
In development - all parks

Western prairie fringed orchid 
annual
Implemented - PIPE

Missouri bladderpod 
annual
Implemented - WICR

Black-tailed prairie dog 
annual
Implemented - SCBL 

Local weather 
annual
Implemented - PIPE, WICR

Aquatic Macroinvertebrates 
annual
Implemented - AGFO, HOME, PIPE, WICR 

Topeka shiner
annual
In development - PIPE

How Has Monitoring Data Been Used To Improve Park Management?  

Monitoring restoration progress.  For most of our monitoring projects, our data record is not yet of sufficient length to assess trends through time.  Exceptions are prairie/savanna restoration projects, where active resource programs are resulting in rapid vegetation change.  We are currently monitoring restoration projects at SCBL, PIPE, EFMO, HOME and WICR.  Park managers use monitoring feedback to gauge restoration success and modify restoration methods or prescribed fire regimes (Figure 5).  

Figure 5.  Plant community monitoring of restored tallgrass prairie at PIPE indicates a decrease in exotic smooth brome and an increase in native warm season grass cover. 

Planning Trail Development.  At EFMO, the resource manager used baseline plant community monitoring data to successfully argue that a new trail should not terminate on a species-rich goat prairie (tiny bluff-top prairies).

What Have You Learned About Designing And Implementing A 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 fieldwork 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; and (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. 

References
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Cape Cod National Seashore Prototype LTEM Program Overview

What are the goals and objectives of your monitoring program?

The ecological context, goals, and strategy of CACO's Inventory and Monitoring Program, also referred to as the Long-term Coastal Ecosystem Monitoring Program, is discussed in detail in Conceptual Framework for the Development of Long-term Monitoring Protocols at Cape Cod National Seashore.1-1   As described in this document, the overall goals of our I&M Program are to:

· detect changes in specific attributes of the coastal ecosystem and determine if those changes are within the bounds of natural or historic variability;

· predict how those changes relate to natural processes and human-influences;  and,

· understand how such changes affect the condition of the coastal ecosystem.

We have adopted an ecosystem-based and issue-oriented approach to identifying specific monitoring objectives.   As a result, the parameters chosen for study include key stressors as well as ecosystem responses, and monitoring protocols are developed with the following goals in mind:

· to validate model assumptions and predictions that explain how and why changes occur;

· to forecast potentially adverse changes that provide "early warning" capabilities;

· to inform whether and when management intervention is necessary;  and

· to evaluate the effectiveness of management.

1-1Roman, C.T. and N.E. Barrett.  1999.  Conceptual Framework for the Development of Long-term Monitoring Protocols at Cape Cod National Seashore.  USGS Patuxent Wildlife Research Center, University of Rhode Island.  59p.

Provide a summary of the monitoring protocols that have been developed (or are being developed) for your monitoring program. 

CACO is pursuing 31 monitoring protocols and related projects at this time.  Three have been completed and are operational, one is under consideration for development, and twenty-seven are in various stages of development or testing.  For a complete list and summary of these protocols and related projects, please see the protocol database.

Give an overview of your approach for data management.  Do you have a centralized data management system or does each program leader/PI manage their data separately?

NPS program leads manage their data separately within program-wide guidelines addressing naming and storage conventions for electronic copies.  The network manager has instituted a regular file backup procedure for the network drives containing program data.  Independent investigators contracted to develop protocols keep and manage their data independently.

Improving and integrating data management is one of CACO's top priorities for FY02.  Key tasks include hiring a data manager and instituting standard operating procedures for QA/QC, hard copy filing, and documentation.  More long-range goals include developing database formats that are compatible across protocols and integrating data sets. 

List the various reports that are generated from the monitoring data, who develops them, and how often they are developed.  Who is the audience for each of these reports?

Two of the three completed monitoring protocols were developed before the inception of CACO's I&M program and have thus been generating data for several years (pond water quality and piping plovers).  Data from piping plover (Charadrius melodus) monitoring are used to produce an annual report for park management and partner agencies.4-1  The report is used to track results of recovery efforts and to inform management decisions in subsequent years.  The report is prepared by the bio-techs that conduct the monitoring and the biologists that oversee plover monitoring and management.  The results of pond water quality monitoring are a major component of the recently published Kettle Pond Data Atlas:  Paleoecology and Modern Water Quality, Cape Cod National Seashore.4-2  This document includes an evaluation of the influences of visitation, shoreline septic systems, and liming on pond water quality and provides recommendations for future research and monitoring.   The report can be used by park managers, officials and technical staff from adjacent towns, park scientists, independent researchers, and interested community members.  The lead author and a co-author are both NPS scientists.  The other protocols are still in development or have not been producing data long enough to support a report based on monitoring results.  Several of the investigators developing protocols produce interim reports describing their progress and preliminary results.4-3(example)  These reports are directed to the appropriate NPS lead.  We also contribute to the national Inventory and Monitoring Program Annual Report.

4-1Hoops, E.M and M. Hake.  2000.  Breeding Ecology of Piping Plovers Nesting at Cape Cod National Seashore, 2000.  Cape Cod National Seashore.  23p.

4-2Portnoy, J.W., M.G. Windler, P.R. Sanford, and C.N. Farris.  2001.  Kettle Pond Data Atlas:  Paleoecology and Modern Water Quality.  Cape Cod National Seashore, National Park Service, U.S. Department of Interior.  119p.

4-3Hadden, S.W.  2001.  Waterbird Inventory and Monitoring:  Report on Protocol Implementation and Development at Cape Cod National Seashore.  66p.

Give at least three examples of how the monitoring data has been used to improve park management or by other agencies.  What are some of the "success stories" for your monitoring program?

· Data are being shared with neighboring municipalities to allow both the NPS and local towns to better evaluate environmental impacts of proposed actions outside park lands.

· Data are being shared with state agencies to assist in statewide planning and analyses, and to evaluate the regional importance of CACO to state threatened and endangered species such as the piping plover (Charadrius melodus).

· Data have been used by the park to make decisions regarding visitor use such as seasonal beach access and trail planning and reconstruction.  Recently, data on spotted turtles, a State Species of Special Concern, was incorporated in decision-making on wetland boardwalk reconstruction.

· Hydrological and ecological monitoring data at the Hatches Harbor salt marsh restoration site are being used to document the response of a degraded salt marsh ecosystem to reintroduction of tidal flow.  Monitoring is used to quantify restoration success.

What have you learned about designing and implementing a monitoring program that may be useful to other parks as they develop their monitoring efforts?  What would you do differently knowing what you know now?

· 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.
Virgin Islands/South Florida Prototype LTEM Program Overview (Don Catanzaro)

What are the goals and objectives of your monitoring program?

Objectives of the VI/SF LTEM Program are limited by the meager amount of funding received by the program.  Funding precludes many of the monitoring projects originally proposed.  In priority order, our objectives are to determine the status and trends of coral, fish, and seagrass populations.  I plan to attain these goals by using a combination of available staff, operating funds, and cooperative projects.

Coral Monitoring 

Video Monitoring Protocol

The protocol developed by the USGS-BRD is currently being used at 3 sites at VIIS and 2 sites at BUIS, we will probably be setting up one additional site at VIIS.  Developing and implementing this protocol has been our highest priority.  NPS and USGS-BRD have spent considerable time and brainpower to ensuring our monitoring program collects only the highest quality, scientifically defensible data.  For the first time in reef scientific history, samples are being randomly located and re-located along reef areas.  This randomization increases the statistical rigor of the protocol to be above and beyond what any other marine scientist in the world is currently doing.  The use of SCUBA and AquaMap (an underwater SONAR navigation system) complicates matters and increases time and effort spent.  Matt Patterson (BISC) came down to evaluate the AquaMap system and the protocol will more than likely be adopted by BISC in the near future.  The protocol is now on the USGS-BRD website and a 10-minute video explaining the protocol has been produced (available in VHS format or digitally on the USGS-BRD website).  See: http://www.fcsc.usgs.gov/Monitoring_Manual.pdf and http://www.fcsc.usgs.gov/Coral_Reef_Ecology/Coral_Monitoring_Kit/coral_monitoring_kit.html.

Chain Transect Monitoring

The video protocol method builds upon eleven years of coral monitoring using the chain methodology.  We have 2 sites at VIIS that we are simultaneously applying the chain and video monitoring methods in order to ensure we correctly understand any new biases that may occur by moving to the new video monitoring method.  We have a publication (Rogers, Miller.  Coral bleaching, hurricane damage, and benthic cover on coral reefs in St. John, US Virgin Islands: A comparison of surveys with the chain transect method and videography.  Proceeding of the NCRI Meeting.)  I anticipate us completing a total of 5 years of both methods in order to fully grasp what changes may really be occurring to the system and not due to a change in methodologies.  

Disease Monitoring

In the original proposal, coral disease was only mentioned in passing, but since then, coral disease has swept through the Caribbean and has become a major change agent within the system.  Coral diseases are killing reefs at an alarming rate.  NPS needs to monitor this event in order to understand how our reefs may be altered in the near future.  Monthly monitoring at one diseased site at VIIS is providing an excellent source of data on the present background rate of coral diseases found within the reef.  While the work is intensive, it is critical to understanding what may be occurring throughout the wider Caribbean.  Data are collected along eight 10 meter long transects, have a spatial resolution of 0.5m2, and include % live coral, % macroalgae, % disease, species and size of disease (cm2).  A protocol is in the works.  A separate site is monitored photographically.  Individual coral colonies that have been diseased are repeatedly photographed every month or two.  

We have begun a project looking at the video tapes collected via the video monitoring protocol and tracking the mortality of individual bleached coral colonies over a 3 year period.  This is a very exciting "twist" on our protocol.  Because we are absolutely certain we are filming the same transect, we can take observations on individual coral colonies across time by watching two videos simultaneously.

Coral Recruitment 

We have been working with Dr. Peter Edmunds (California State University, Northridge) for the past 15 years.  He has been conducting a photographic monitoring program that supplements our video monitoring.  NPS has paid Dr. Edmunds to come to St. John for the last two years to begin monitoring coral recruits at two sites at VIIS.  We are very excited about this integration of data.

Fish Monitoring

VIIS Fish Blitz

Last year, for the first time down here since the BRD was formed, NPS started monitoring fish populations.  In the past we conducted yearly fish counts at 4 reefs around VIIS.  With additional monies I have been able to add 4 new reefs to the monitoring effort and this year we installed 6 new sites within the Virgin Islands Coral Reef National Monument.  Our fish blitz now has a total of 14 sites and is stratified by high use and low use areas.  It is extremely difficult to get and retain qualified observers and we have been working collaboratively with Dr. Jim Beets and Dr. Alan Friedlander for the last 11 years collecting data.  I have written a 5-year Cooperative Agreement with Jacksonville University (Dr. Jim Beets) and we pay his travel and 6 weeks of salary.  I have been able to synergize with Dr. Mark Monaco (NOAA Biogeography Program) who also brings qualified fish observers and qualified USGS-BRD personnel.  This has been an exciting collaboration and we are happy about integrating their data into our program.  We have historically monitored "reef" areas because they have the highest numbers and biomass of fish.  Now that we have several cooperators, we have expanded efforts into seagrass beds, sand areas, and gorgonian beds and are thus able to look across the entire seascape.  An integrated protocol does not exist, however, we have been using standard methods for the 11 year effort.  The methods and analysis will be included in the formal protocol under development by USGS-BRD.  USGS-BRD has contracted Dr. Beets and Friedlander to analyze the 11 year dataset and this report will feed into the protocol development process.

Juvenile Fish

We have been conducting monthly censuses of juvenile fish at one site for three years in order to monitor this life stage of many of the fishes.  We are trying to link the adult fish blitz data to the juvenile fish data.  We have been monitoring juvenile fish once a year at our 4 primary reefs and are now expanding that effort into the other sites.  No formal protocol exists but is in the works by USGS-BRD.

BUIS Fish Blitz

Working collaboratively with the NOAA Biogeography program and BUIS RM staff, we have reinitiated fish censuses at BUIS.  These censuses were previously done from 1988-1994.  We paid to enter in all those data and used that data to help design a sampling scheme that stratifies by inside/outside BUIS Monument, inside/outside the lagoon, and habitat types.  Over a two-week period we sampled 120 sites at BUIS.  After two or three more intense sample periods we will analyze the data and determine optimal sample size and frequency of census.

Seagrass Monitoring

Natural Bays

Historically we have 11 years of data monitoring 3 bays within VIIS using permanent transects.  This effort has been a collaboration between NPS, USGS-BRD and Dr. Lisa Muehlstein (Jacksonville University).  We are continuing this effort and are testing a protocol under development.  The new protocol uses our AquaMap technology to randomly locate 25 samples within a bay.  We then revisit these samples on a yearly basis.  The system was tested at one bay last year and this year we added 3 more bays using the Aquamap.  We installed permanent transects in those bays as well.  This two tiered approach accomplishes two goals.  First it provides a good comparison between methodologies (like the chain vs. video) and second it ensures that if the technology fails, we can still collect quality data.  Most of the field work is done through a cooperative agreement I wrote with Jacksonville University.  NPS pays her and a field assistant to come down.

Assessment of Recovery around Moorings

VIIS now has over 200 moorings across the Park.  We are monitoring the effectiveness of the mooring program and documenting recovery of seagrass beds within four bays that have moorings (not the same bays as above).  We feel that this data can also be used to shed light on some of the patterns observed at the natural bays.

Other Issues

As time and money arise we will attempt to tackle several other resources (e.g. conch & lobster populations) and/or other parks.  We have been struggling with Remote Sensing issues over the last two years.  Poor bathymetry exists for the islands and I have now implemented a mobile mapping system that should be able to address this.  We have been working collaboratively with the NOAA Biogeography Program and the US Coral Reef Task Force over the last two years to produce the first benthic habitat map in 18 years.  This project has been a great success and one that has taken quite a bit of NPS and USGS-BRD staff time.

 
A push was made to publish the Coral Reef Monitoring Manual on the web.  Working with the USGS-BRD, the manual is now fully digital and available as a PDF.

As you aware, previous Superintendents fought amongst themselves over funding and resources for more than a few years down here, perhaps someday it will be resolved.  I am not pushing it very hard because with no chance of additional funding, it makes no sense for me to add more work to me and my staff.  Until then I am concentrated on VIIS and BUIS coral, fish and seagrass in that order.  With available funding we are looking at having a total of 2 coral sites at BUIS, 4-6 at VIIS, once a year sampling for fish at VIIS and BUIS and seagrass once a year at VIIS.  So far we have me, one fisheries biologist (hired August 2000) and a biological science technician (hired Feb. 2001), I expect to have the DataManager onsite by November of 2001.  For the foreseeable future, that is all the existing dollars will allow.  In time it is within the realm of possibility that the Superintendent will release additional funds, even though we are considered "fully funded" by the National I&M Program.  

Even with this small staff I think we have done an incredible amount of work in a short time.  I feel that we are still in the beginning stages, we are collecting data, and moving as fast as we can on a severely curtailed budget.  Because of the major funding battles, I have opted for a multi-tiered approach, using my staff and dollars to do most of the coral, some of the fish and little of the seagrass.  We are working with several cooperators (NOAA, Universities, NGOs) to leverage our dollars and accomplish many things at once.  I am optimistic that we can attain our goals. 

Give an overview of your approach for data management.  Do you have a centralized data management system, or does each program leader/PI manage their data separately?  

Our approach for data management is a centralized system where PIs give us the data we pay for.  We have been storing data and metadata in a number of Excel spreadsheets and we will eventually move to a relational database structure.  For our data, we type it in ourselves.  This system is less than ideal, and we are trying to get a Data Manager in place to move us forward faster.  The DM will also be working on GIS and RS issues. 

List the various reports that are generated from the monitoring data, who develops them, and how often they are developed.  Who is the audience for each of these reports?

Right now, we are not reporting much.   I publish a newsletter every 6 months updating the "interested layperson" on our activities.  I want to start producing yearly reports, now that we have staff and are collecting data.  Eventually we are moving towards producing yearly reports and the I&M staff will do this.  We have made a number of presentations and publications over the last couple of years:

Miller:
Monitoring the coral disease, Plague Type II, on coral reefs in St. John, US Virgin Islands.  AMLC, Puerto Rico.

Catanzaro:  A Field Based Spatial Model of Newfound Reef, St. John U.S. Virgin Islands.  Coastal GeoTools, Charleston SC.

Miller: The use of SONAR and underwater video for monitoring coral reefs.   Caribbean: Planning for Adaptation to Global Climate Change.  Kingston, Jamacia

Miller: Tracking changes on a reef in the US Virgin Islands with videography and SONAR: a new approach. 9th International Coral Reef 
Symposium, Bali, Indonesia.

Publication:  Rogers, Miller, and Waara.  Tracking changes on a reef in the US Virgin Islands with videography and SONAR: a new approach.  Proceedings of 9th International Coral Reef Symposium, Bali, Indonesia.

Give at least three examples (a few sentences or bullets on each) of how the monitoring data has been used to improve park management or by other agencies.  What are some of the "success stories" for your monitoring program?

· Data collected by the I&M Program were used as a biological basis for the establishment of the newly created Virgin Islands Coral Reef National Monument.  Additionally, a very nice success is the fact that we are doing inventory work within the newly created Monument and found wonderful reef out there.

· We will address the fishing issue during our GMP process using the data I&M collected.

· We recently upgraded our water quality monitoring program to include fecal coliform colonies and bacteria.  We have been monitoring three beaches and have been discovering a few problems and have been discussing how best to solve them.  These include horses/donkeys near the beach as well as possible leaching from septic systems.

What have you learned about designing and implementing a monitoring program that may be useful to other parks as they develop their monitoring efforts?  What would you do differently knowing what you know now?

· 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. 
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Habitat/Environmental data





Primary data





Metadata





Attribute data





Ancillary Data





Bird occurrences with distance estimates





Sample site information (e.g. utm coordinates)





Resource management activities (e.g. fire)





Species attributes (e.g. origin, guild assignment)





Habitat (e.g. herb and shrub composition and structure, canopy cover)





Weather





Sample event information (e.g. date, duration)	





Investigator information





Data collected by Prairie Cluster staff
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	      Metadata





	       Attribute data





       Habitat data environmental data
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Enter new sampling event information (e.g. when, who) before selecting the event from the pick list.





Searches database for synonymous species’ names and confirm the correct species nomenclature.





Enter temporary code to track unknown species. spspecimens





Pick lists to choose location, sampling event and plot.





Enter species name.  Values are limited to a standardized list of accepted names (i.e., ITIS) to ensure consistency. 


and prevent duplicate entry of synonyms.
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� Hinds, W.T. 1984.  Towards monitoring of long-term trends in terrestrial ecosystems.  Environ. Cons. 11(1):11-18.
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Resource Actions

Are prairie remnants sustainable within small parks?

How is external land use changing? 

How is prescribed fire affecting prairie plant communities?

Where are invasive exotics distributed within and adjacent to the park? 

Are exotic control efforts effective?

Is the water quality of prairie streams declining?

Population 

Community

Landscape

Threats

Indicators of Ecosystem Health

Are land-use changes affecting prairie remnants?

Is rare species habitat protection & restoration working?



Are restoration methods working?

Is the proximity or size of nearby prairie remnants changing?



Do prairie streams support diverse macroinvertebrate communities? 



Do small prairie remnants support diverse native plant communities? 



Do small prairie remnants support diverse butterfly and bird communities?



Are rare species populations stable?

Are rare species re-colonization sources disappearing?
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