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Utility of Monitoring 
Background Reference

• “Monitoring Ecosystems”--D.E. Busch 
and J.C. Trexler

• “Conceptual Issues in Monitoring 
Ecological Resources”--B.R. Noon



Monitoring & Research

• Research—emphasis experimental; 
addresses cause and effect questions

• Monitoring—emphasis temporal & 
spatial;
tracking: repeated measures, specified 
interval

Integration
Concurrent



Challenge
Detecting Meaningful Change

• Natural systems--inherently 
dynamic &
spatially heterogeneous



Intrinsic and Extrinsic Change
Natural Systems

Intrinsic
Stochastic and cyclic variation 
Succession (disturbance)

Extrinsic
Consequence of some 
human action
(singly or interactions)



Effects vs. Predictive
Monitoring

Effects-oriented
detecting change 
without link to cause 

Predictive ( $)
detect change 
with known cause 
(e.g., climate change)



Overarching Monitoring 
Goals & Objectives

Select indicators that change can be 
readily interpreted (prior scientific 
knowledge)

Discriminate between extrinsic and 
intrinsic drivers of change

Detect “early warning” (indicators within 
acceptable range or as predicted)



Overarching Monitoring 
Goals & Objectives

Provide insights--ecological
consequences
Aid decision-makers
--adjust management 
strategies & practices



Summary--Role of Monitoring
• Indicators of the quality, health, or 

integrity of the larger system

• Status and trends

Links to Research
• Ecological Thresholds (abrupt change)

• Simulation Modeling/Predictive models



National Parks & Climate Change

• NPS uniquely positioned  
contribute and communicate effects of 
climate change

“The Park Service is the caretaker of 
many of the nation’s most precious 

natural resources”



National Park Service 
Opportunities 

Understand & Communicate
Effects of Climate Change

1. Ecological Reserves
2. Public Interpretation/Outreach 
3. Vital Signs Monitoring



National Parks--Opportunities
Ecological Reserves

Large “ecosystems”; relatively pristine with 
minimal direct human intervention 

Legislative mandates…. “preserve for future 
generations”

Baseline to compare with 
landscapes/ecosystems with much greater 
influences from humans



From Moeur et al. 2006



National Parks—Opportunities
Communicating Science

• Agency Mission: Public outreach
• Interpretive/education emphasis
• NPS.gov—high traffic
(ranked ~1200
among U.S.
websites)



Communicating 
Threats to National Parks

Climate change and air pollution 
(expected)

greatest threats to National Parks in 
the Pacific Northwest



National Parks—Opportunities
Vital Signs Monitoring

Steve Fancy



National Parks 
Omnibus Management

Act of 1998:

“The Secretary shall undertake a program of inventory 
and monitoring of National Park System resources to 
establish baseline information and to provide information 
on the long-term trends in the condition of National Park 
System resources.”

Vital Signs Monitoring



Vital Signs Monitoring – Funded FY 2001

Key Characteristics
• Long-term, ecological monitoring 

perspective

• Integration and coordination among parks, 
programs, and agencies

• Emphasis on Information Management

• Centralized Guidelines



32 Monitoring Networks32 Monitoring Networks

33--16 parks/network (~independent)16 parks/network (~independent)
~2% agency~2% agency’’s $1.9 billion operating budgets $1.9 billion operating budget



Vital Sign
Subset of physical, chemical, and biological 
elements and processes of park ecosystems 

Selected to represent 
the overall health or 
condition of park 
resources 



• Management decision-making 
informed by scientific information

• Planning – connecting science and 
management

• Science Communication to Public

• Collaboration with Scientific 
Community

Key Uses of Vital Signs 
Monitoring Results





NPS-USGS Protocol Standards  (REQUIRED): 

Wildlife Society Bulletin 2003 31(4): 1000-1003.



Vital Sign Monitoring & 
Climate Change

• Climate change is not a programmatic 
focus or unifying theme

• Significant explanatory variable of 
certain vital signs among networks 



North Coast & 
Cascades Network

span an elevation gradient 
from sea level to over 4200 m; 
annual precipitation ranges 
from 50 cm to over 500 cm



North Coast & Cascades Vital Signs 
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Air temp, solar radiation, precipitation and snow packGlaciers 
Air temp, precipitationIntertidal Communities
Air temp,  precipitation, snow pack, ice phenologyMountain Lakes and Ponds
Air temp, precipitation, snow packLarge Rivers 
Air temp, RH, radiation, precipitationLarge Lakes
Air temp,  precipitation, snow packWadeable Streams
Air temp, snow packElk
Air temp, precipitation, snow packLandbirds

Soil temp & moisture, air temp, RH, snow pack, precipitation, 
radiation

Exotic Plants

Soil temp & moisture, air temp, RH, snow pack, precipitation, 
radiation

Subalpine Vegetation
Soil temp & moisture, air temp, precipitation, solar radiationPrairie Vegetation

Soil temp & moisture, air temp, RH, snow pack, precipitation, 
radiation

Forest Under & Overstory
Snow pack, precipitation rate, maximum wind speed & wind directionLandscape Dynamics
Climate LinksVital Sign Protocol

Climate Information Links to Vital Signs 
in NCCN parks



Robert E. 
Kennedy

Warren B. 
Cohen

Alan A. 
Kirschbaum

Erik Haunreiter

2007



Annual Monitoring—Type 1 
(Climate Change)

• Avalanche chute clearing
• Clearcuts
• Fire
• Insect/disease defoliation
• Landslides
• Riparian disturbance
• Windthrow



Decadal Monitoring—Type 2
(Climate Change)

• Alpine tree establishment*
• Forest Structure*
• Hardwood/conifer forest composition



Flooding along 
Tahoma Creek,  



San Juan National Historic Park: 
American Camp
Change Detection 1997-2007

10.19.0Water

16.716.7Roads

5.25.3Managed 
Grassland

695.7771.3Prairie

435.8361.6Forest

0.10.1Buildings

85.485.1Bare Earth

2007 
Acreage

1997 
Acreage

American 
Camp   Land 
Cover Type

From Dalby & McCoy, NPS, PWR



Olympic
National Park

Intertidal--NCCN Marine Parks

NOCA

MORA

FOVA

SAJH

EBLAOLYM

LEWI



Olympic
National Park

Agents 
of 

Change

Multiple
Stresors

Ecosystem
Responses

Emergent
Impacts

Conceptual Model of NCCN 
Marine Ecosystem Change

Nutrient 
Enrichment

Hydrologic
Manipulation

Toxic 
Contamination

Exotic
Species

Harvest Climate
Change

Land Development
Septic/waste 

Systems

Land Develpmnt
Shoreline mod
Water impndmnt
Grndwar withdrwls

Toxic Spills
Air pollution
Land development
Debris
Aquaculture

Aquiculture
Shipping traffic
Human Dispersal

Clam harvest
Fish harvest
Seaweed harvest
TRAMPLING

Natural global proc.
Industrial pollutants

Species diversity Δ
Sea Level Δ
Coastal Erosion Δ
Salinity Δ
Precipitation Δ
Environ. fluct. Δ
Pathogens

comm structΔ
habitat comp/quaΔ
species distribΔ
species interactΔ
water qualityΔ
Pathogens Δ

Bioaccum
comm struct Δ
habitat comp/qual Δ
pop dynamics Δ
diversity Δ
water quality Δ
mortality
pathogens
Sed contam

community Δ
habitat Δ
water quality Δ
primary prod Δ
pathogens
turbidity/sediment

animal comm struc Δ
habitat comp/quality Δ
longshore current Δ
plant comm struct Δ
species recruit Δ
Water quality Δ
water table Δ
coastal erosion Δ
Saltwat intrusionΔ

comm composition Δ
nutrient dynamicsΔ
species diversityΔ
species size structureΔ

Human Health Costs
Socio-economic Costs

Climate System Changes



Olympic
National Park

The “Network” Marine National Parks



Olympic
National Park

Collaborative Partners

MARINe

Marine “Network”

of National Parks



Olympic
National Park

Olympic N.P. Major Habitat Types

Rock Platform 
Habitat = 21 %

Sand Beach 
Habitat = 30 %

Mixed-Coarse Habitat = 28 %



Olympic
National Park

Species Richness – Rocky Substrates
Biodiversity Hotspot

>180 Invertebrate Animals

>120 Macroalgal (Non-Vascular Seaweed) Species

4 Vascular Plants

5 Lichens



Subalpine (under development)Subalpine (under development)
ForestForest//TreelineTreeline & Climate Change & Climate Change 



Forest Vegetation

Trends in tree 
mortality, 

recruitment, 
and growth



North Cascades NP: 42 mi2

Mount Rainier NP: 34 mi2

Olympic NP: 18 mi2

Glacier Monitoring
+ Indicator of Climate Change

Vitally Linked to Local Economy

~5%

Land 
Area



Provide Key Ecological Functions

Photo: P.Hartzell



1960

2005

Long-term Trends



North Coast & Cascades Monitoring
Indicators & Climate Change--Challenges & Opportunities

• Air temperature, humidity, and wind speed
• Water physcial and chemical properties (e.g., quantity, 

quality, temperature, snow and ice)
• Species richness, distribtions, abundance, & community 

composition 
• Sea level
• Disturbace frequency and extent
• Phenology
• Vegetative cover, mortality, growth
• Invasive species 
• Population trends



End----Questions


