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What I want to share with your

• Overview of I&M program
• Key elements of NPS I&M
• Lessons from 32 replicates
• Emphasis on opportunities to use I&M investments

Inventory & Monitoring Program National Park Service
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National Park Service
Natural Resource Challenge  (FY2000)

Revitalize and expand the natural resource program within 
the park service and improve park management through 

greater reliance on scientific knowledge
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NPS Natural Resource Challenge
• Learn what is in parks 

(inventories), and monitor 
the vital signs of natural 
systems

• Engage the scientific 
community and the public, 
and facilitate their 
inquiries

• Share the information 
widely
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• Geologic Resources

• Soil Resources

• Air Quality

• Vegetation Mapping

• Weather and Climate

• Water Quality

• Base Cartography (mapping)

• Natural Resource Bibliography

• Biological Inventories: (Species Lists, Abundance and 
Distribution) – vertebrates and vascular plants

NPS Natural Resources Inventories



6Developing an Effective and Efficient Monitoring Program:

Plan A: Develop a consistent, “interchangable” set of 
indicators and protocols that all parks use so that we 
can “roll-up” the data

• Standardization is a “sign of maturity” in the information age
• Allows sharing and comparing of data; putting your data into 

context; better interpretation of results
• Efficient & coordinated development of methods, databases, 

analyses, & reports
• Consistent data for reports to Congress and public



7Developing an Effective and Efficient Monitoring Program:

Plan A: Develop a consistent, “interchangable” set of 
indicators and protocols that all parks use so that we 
can “roll-up” the data

• Standardization is a “sign of maturity” in the information age
• Allows sharing and comparing of data; putting your data into 

context; better interpretation of results
• Efficient & coordinated development of methods, databases, 

analyses, & reports
• Consistent data for reports to Congress and public



8

The Wedding Cake
An alternative to “One Size Fits All”

National

Park

Servicewide Core Variables

Network/Ecosystem Core Variables

Network/Ecosystem

• Primary use of data is at the 
local level

• Park buy-in, local partnerships 
very important

• Most relevant indicators and 
protocols differ between 
systems
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Monitoring Strategy is based on Funding 

• Without integration and cost-sharing, parks could only monitor 
a few things; too few to assess a park’s resources;

• Some parks already monitoring priority resources.

• Park buy-in and cost-leveraging through partnerships critical; 
must be relevant to park managers and flexible to allow 
integration and partnerships;

• Strategy: Create “monitoring networks” that share funding and 
staff among parks and leverage $$ w/ others to improve 
efficiency, consistency, and quality.

Funding (~ $100,000 per park) will add one professional 
position plus about $30-40 K operating 
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The 32 park networks are an administrative 
tool for sharing staff & funding.

I&M services > 270 park units.
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The Burning Question

Who will use the monitoring results and 
what will they do with them?  

Who are intended audiences and what is the 
most effective way to get the information to 

them?
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• Inventory, Monitoring, Research studies
• Invasive species management
• Threatened & endangered species
• Restoration
• Planning
• Permits
• Performance management
• Interpretation
• Maintenance (trails, mowing, veg. control)
• Acquire funding for projects
• Address politics & people dynamics
• Management: how to allocate people, 

dollars

Issues and Tasks involved in Managing the 
Natural Resources of a Park 

Information is the common currency among 
all of these park stewardship activities
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• View monitoring as an 
information system

• Integrate natural 
resource information 
with other park 
operations

• Make information more 
useful and available at 
local level

• Make data available for 
research, education; 
modeling, more 
sophistical analyses

Understand, 
protect, 

restore park 
resources

(Adapted from National Water Quality Monitoring Council)

> 30% of resources 
dedicated to data 

management, analysis, 
reporting
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Overall Purpose of Vital Signs Monitoring:
Determine status and trends in the condition of 

selected park resources
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NPS I&M Program Monitoring Goals 
Common to all 32 I&M Networks

• Determine status and trends in selected indicators of the 
condition of park ecosystems to …  inform decisions, work 
effectively with other agencies …

• Provide early warning of abnormal conditions of selected 
resources …

• Provide data to better understand the … park ecosystems 
and to provide reference points for comparisons with 
other, altered environments.

• Provide data to meet certain legal and Congressional 
mandates …

• Provide a means of measuring progress towards 
performance goals. (Need monitoring for performance 
management)



16

Outline for Vital Signs Monitoring Plans

Executive Summary
1. Introduction and Background
2. Conceptual Models
3. Vital Signs
4. Sampling Design
5. Sampling Protocols
6. Data Management
7. Data Analysis and Reporting
8. Administration/Implementation of the Monitoring 

Program
9. Schedule
10. Budget
11. Literature Cited
Appendices and supporting documents

Phase 1 Plan

Phase 2 Plan



National Park Service - Inventory & Monitoring Program

Phase 1: Background work prior to selecting vital signs (2 yrs)

• Articulate goals and objectives for monitoring

• Summarize park context, resources and issues

• Synthesize existing data and understanding

• Draft conceptual models

• ID past and current monitoring

• List potential indicators
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Good Conceptual models will :
• Express understanding of system processes and dynamics
• Identify linkages across disciplinary boundaries
• Identify the bounds and scope of the system of interest
• Articulate what we know, and don’t know

And foster communication 
• Among scientists and program staff
• Between scientists and managers
• With the general public
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Conceptual models used by I&M
• Figure / diagram & legend
• Structural model (e.g., simulation flow chart)
• Text
• Tables
• Pictures
• References

ARCN coastal shoreline 
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Southwest Alaska Network Biotic interactions model.  
Illustrates nutrient fluxes, trophic interactions, ecosystem 
engineers, and agents of disturbance.
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Use of conceptual models varies with program maturity

Communicate understanding about ecosystem:

What are the major ecosystems? What do we know about 
them?  What are key drivers and interactions?

Ensure selected indicators are integrative, comprehensive

Communicate why / how indicators are informative and important

Inform sampling design; identify connections between indicators

Basis of statistical models; facilitate integration & synthesis of 
data; communicate context and importance of results

Conceptual design of monitoring programs

Selecting indicators

Sample design and indicator integration

Evaluation and operation
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A few key lessons:

• Construct models for specific purposes 
• No ‘one size fits all’ solution

• Hierarchical models work well

• Up-front investments pays off
• Many of the insights accrue during 

model construction

• Models are statements of hypotheses.
Revise as appropriate.
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Resources for developing conceptual models:

http://science.nature.nps.gov/im/monitor/ConceptualModels.cfm

Monitoring plans (see detailed appendices)

Integration and Application Network (IAN – Bill Dennison)

http://science.nature.nps.gov/im/monitor/ConceptualModels.cfm�
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Identifying, ranking, and selecting Vital Signs
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Ecological Monitoring Framework (Abbreviated)
Level 1 Category Level 2 Category

Air and Climate Air Quality;   Weather and Climate
Geology and Soils Geomorphology

Subsurface Geologic Processes

Soil Quality
Water Hydrology ;  Water Quality
Biological Integrity Invasive Species

Infestations and Disease
Focal Species or Communities
At-risk Biota

Human use Point-Source Human Effects
Non-point Source Human Effects

Visitor and Recreation Use
Landscapes (Ecosystem 
Pattern and Processes)

Fire and fuel dynamics
Landscape Dynamics
Nutrient Dynamics
Productivity

Vital Signs Monitoring Framework
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Vital Signs Monitoring Framework



Streamline and structure ranking process

● Presentation and capture of information and commments.

● Accommodates groups working at different pace.

● Immediate feedback.



Populate database before ranking workshop
• Results from scoping workshops
• Literature
• Local knowledge
• Include managers

Vital signs workshops – Use a database!!
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Streamline and structure ranking process

● Presentation and capture of information and commments.

● Accommodates groups working at different pace.

● Immediate feedback.
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After ranking vital signs, select VS for funding 

Final selection based on:
• Cost vs information

• Historical data

• Partnerships

• Logistics

• Negotiations
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ARCN Vital Signs (abbreviated)

I&M Network funds monitoring
Other program monitors

t High priority; monitor if funding available
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Lessons:

• Select an indicator framework – early. 
• Really helps collaboration and communication.

• Use database in workshops to describe, evaluate, 
and rank indicators.  Revise in workshop.

• Separate indicator ID, ranking, and selection



“Phase 3” Activities:

• Protocol development summaries 
• Design overall sampling approach
• Schedule protocol development
• Finish data management plan
• Analysis and reporting plan
• Staffing and budget



Monitoring Objectives

Objectives should be realistic, specific, and 
measurable; they should be monitoring objectives, 
not management objectives or sampling 
objectives.  

What exactly will the protocol do?



Are each of the objectives measureable, and is the set of 
objectives achievable?

Does the set of objectives give the reader a good sense 
of what the resulting data set will include?

When the data collected by the protocol are analyzed 
after several years, will the data set be able to deliver 
on what is “promised” by the monitoring objectives?

Do any of the objectives state that the protocol will 
demonstrate a cause-effect type relationship?

• Most cause-effect objectives require a more 
expensive research design.

Monitoring Objectives



Vital Sign or 
Protocol

Measurable Objectives

Terrestrial 
plant species 
and 
communities 

Determine long-term trends in species composition and 
community structure (e.g., cover, density by height 
class of woody species) of selected focal plant 
communities.

Determine annual variation in recruitment and mortality 
for selected populations of long-lived perennial plant 
species of special management interest. 



Vital Sign or 
Protocol

Measurable Objectives

Terrestrial 
plant species 
and 
communities 

Evaluate nutrient-caused changes in aquatic plant 
communities and effects on fish species.

Collect data on vegetation communities and changes 
over time.

Determine cause of annual variation in grass cover.

Not …



It’s difficult to articulate clear, concise, and focused 
monitoring objectives.

Good objectives:
• Communicate  goals to collaborators / contractors
• Effectively  guide protocol development
• Save time and money developing protocol

I&M guidance for monitoring objectives:

http://science.nature.nps.gov/im/monitor



Wildlife Society Bulletin 2003, 31: 1000-1003



Recommended Protocol Format

• Protocol Narrative

• Series of Standard Operating Procedures 
(SOPs)

• Supplementary Materials



SOP  1: Before the Field Season
SOP  2: Field Season Schedule

SOP  3: Training Observers
SOP  4: Establishing and Marking Sampling Plots
SOP  5: Conducting the Variable Circular Plot Count

SOP  6: Documenting Habitat Variables
SOP  7: Data Management
SOP  8: Data Analysis

SOP  9: Reporting
SOP 10: After the Field Season
SOP 11: Procedures for Changing the Procedures

Example SOPs from bird monitoring protocol



Protocol development takes a long time, involves a 
lot of work, and can be very expensive.

Lesson:  Use or modify existing 
protocols when possible.

Lesson: A standard indicator framework and 
database facilitates collaborative development, or 
discovery and reuse of protocols.

Interagency database:  http://nrmp.nbii.gov/portal/server.pt

NPS I&M Protocol Database
http://science.nature.nps.gov/im/monitor/protocoldb.cfm
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Once you’re collecting data, how do you 
ensure it’s useful?

Highly 
Aggregated 

Indices

Indicators, Indices 
and Information

Processed Data/Statistics

Raw Data



Scientific Information Needs and Expectations of 
I&M Networks

Question: What kinds of information would you like to 
get from your Inventory and Monitoring Network?

• Executive summaries
• Verbal presentations/ 

briefings
• Annual status reports
• Technical reports
• Scientific journal 

publications

• Synthesis reports
• Management 

recommendations
• Resource education 

(interpretive)
• Raw data
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Important 
Resources 
and Values Indicators

Current 
Condition

Target 
Condition

Prairie 
Community

Shannon Diversity – Native Plants 1.51 >2.63

Invasive Plant Relative Cover 11% <8%

# of Grassland Bird Species 5 5

Stream 
Community

State Water Quality Standards Not Met Met

Proper Functioning Condition Nonfunctional Functioning

Herbert Hoover NHS – Resource Stewardship Strategy (simplified 
table)Reporting Park condition
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UCBN Vital Sign Measure
Current 

Condition
Data 

Sources
Stream/river channel 
characteristic

Pool depth (mean/reach)
8

Width-depth ratio (mean/reach) 8

Surface water dynamics Mean daily base flow (Sept) 6.4 cfs (2006) 1

Mean daily peak flow (April) 47 cfs (2007) 1

Water Chemistry Temperature (7-day mean min) 24o (2006-
2007) 1, 4

Dissolved oxygen (7-day mean 
min) 4

Example:  John Day Fossil Bed NM
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Current Strategy



Summary of key factors for NPS I&M

• Design and implementation multi-year process. 

• Early focus on engagement and relevance.

• Strong objectives are critical

• Data management is central ; 30% of I&M budget

• Success is more strongly related to staff than to 
any other factor. 
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http://science.nature.nps.gov/im/monitor/index.cfm

Fancy et al. 2009.  Monitoring the condition of natural 
resources in US national parks.  Environmental Monitoring 
and Assessment 151: 161-174.
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