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Purpose: 
The National Park Service (NPS) Inventory and Monitoring Program provides 

funding and technical support to approximately 269 national park units to conduct basic 
inventories and long-term monitoring of park natural resources. In FY2000, parks were 
organized into 32 biome-based networks that share similar natural resources and 
management issues, and funding was provided to each network to develop a detailed 
study plan for conducting inventories of vertebrates and vascular plants in parks. 
Beginning in FY2001, networks of parks will begin receiving funding to implement long-
term monitoring of "vital signs" of park ecosystem health. These inventory and 
monitoring efforts are part of the Natural Resource Challenge, an initiative to revitalize 
and expand the natural resource program within the National Park Service and improve 
park management through greater reliance on scientific knowledge. 

The NPS recognizes the importance of collecting data in a scientifically credible 
manner so that they can be used to address current and future management issues. All 
parks and their contractors and cooperators should use certain "good sampling practices" 
so that data meet the purpose for which they were collected and withstand scrutiny by 
critics. Sample sizes will almost always be limited by shortages of funding and 
personnel, and it is critical to be able to make inferences to larger areas from data 
collected at relatively few sampling locations. 

Beginning in Spring 2000, most of the 32 networks will hold workshops to 
develop a detailed study plan for inventories of vertebrates and vascular plants, and a few 
networks will also begin developing plans for long-term monitoring of vital signs. All of 
the plans for inventorying and monitoring in national parks will contain a statistical 
sampling design developed by the network parks and their cooperators and contractors. 
To provide some guidance to these 32 or more separate design efforts, and to help reduce 
duplication of effort and inconsistencies among networks, the Servicewide I&M Program 
convened a panel of sampling experts on February 23-24, 2000 to develop some 
recommendations for designing a sampling program. The six panel members were Drs. 
Paul Geissler, Douglas Johnson, and John Sauer of USGS/BRD; Drs. Lyman McDonald 
and Trent McDonald of West, Inc.; and Dr. Anthony Olsen of the US Environmental 
Protection Agency. All six panelists have considerable experience and have published 
numerous scientific papers on sampling design, and all six are known for their practical, 
real-world understanding of problems such as difficult access and high costs of sampling 
in many field situations. To provide focal points for discussion of various sampling 
approaches, four parks were chosen to present specific objectives and management 
questions, and to present some of the logistical problems for their park. The four park 
scenarios that were discussed were for Gates of the Arctic NP in Alaska, Olympic and 
North Cascades NP in Washington, and Great Smoky Mountains NP in Tennessee and 
North Carolina. A list of workshop participants and a summary of the park scenarios that 
were discussed is presented in Appendix A. 



What is the best sampling desifin? 
The "best" sampling design depends on the question being asked and the attribute 

being measured, and several equally valid designs may be possible even in cases where a 
very specific question with only one variable of interest is being asked. If the purpose of 
the survey is to determine the distribution or abundance of some rare species, the most 
efficient design may be very different from one intended to provide the same information 
for another species with a different life history or spatial distribution. Sampling design 
issues for monitoring continue to be an area of active research (e.g., see special issues on 
measuring change over time in Ecological Applications [1998, Vol. 8, No. 2] and the 
Journal of Agricultural, Biological and Environmental Statistics [1999, Vol. 4, No. 4]). 
Any statistician who is asked to design a survey will begin by asking for specific 
information regarding the goals of the survey. For the purposes of this workshop we 
asked the panel to recommend designs for an omnibus inventory or monitoring program 
with multiple goals because most parks are interested in knowing the status or trend of a 
number of various natural resources or "target populations" rather than answering a 
single, focused question. When discussing inventories, we focused on the biological 
inventories of vertebrates and vascular plants that the 32 networks are developing this 
year. However, it was recognized that even if the objective is to conduct a one-time 
inventory of the status of various species (e.g., presence/absence, distribution or 
abundance), someone may later decide to revisit some of the inventory sampling sites to 
look at long-term trends in the variable of interest, and therefore a sampling design that 
allows managers and scientists more flexibility in the future is better than one that is 
restrictive. 

The panel was repeatedly reminded that access and cost have a major effect on 
how surveys are conducted, and some park areas are simply impossible to sample because 
of terrain, impenetrable vegetation, safety issues, or logistic considerations. After two 
days of discussing a number of different park sampling scenarios, and two weeks of 
trading email messages discussing the pros and cons of various approaches, it was 
decided to present several different designs and a discussion of some good sampling 
practices for park managers to keep in mind as they develop their sampling program. The 
companion document examples.doc presents details for the designs summarized below. 

Working Definitions (for the purposes of this report): 
• An Inventory is an extensive point-in-time effort to determine location or condition 

of a resource. In the case of biological inventories, the interest is in documenting at 
least 90% of the vertebrates and vascular plants that occur in the park, and to obtain 
distribution and abundance information for a subset of those species that are of 
special interest to park managers. It should be recognized that even if the inventory is 
designed as a one-time "snapshot" of the distribution or abundance of a resource, 
someone may later decide to repeat the inventory to look at change, and thus the 
inventor)' may become the initial set of observations for a monitoring program. 
Inventories focus on determining spatial occurrence and distribution, whereas 
monitoring focuses on detecting temporal change and usually involves a subset of the 
sites that were included in the inventory. 
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