Heartland Network Monitoring Strategy: 

A Summary of Heartland Inventory and Monitoring Workshops to Develop Ecological Monitoring 

February 24th  and March 30th, 2000,  Springfield, Missouri
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Introduction

The fifteen parks of the Heartland Network extend across 8 states and a geographic area of approximately 500,000 square miles.  They represent three ecological regions that can be described as Tallgrass Prairie, Ozark Highlands, and Eastern Hardwood Forest. The three largest parks within the network are riverways.  Small, historic and cultural parks are another important component of the Heartland Network. 

A working group of park resource managers, Prairie Cluster LTEM staff and regional staff began meeting in October of 1999 to plan inventory and monitoring activities for the Heartland I&M Network (Table 1).  A natural resource representative from each park within the network was invited to participate, with six of the fifteen parks regularly represented in meetings and conference calls.  Two team members are from the Prairie Cluster LTEM Program.  Superintendent Neal (HOCU), as well as an interpretative specialist and the regional I&M coordinator, serve as advisors.  The working group outlined a series of steps and a timeline (Figure 1) for developing a full monitoring proposal for the network.  

The Prairie Cluster LTEM Program took the lead in organizing two workshops held in February and March of 2000.  One day of each workshop was devoted to inventory planning, and one day to the development of monitoring priorities.  This document provides a summary of the monitoring portion of each workshop and the products that resulted.  The working group anticipates further consultation with monitoring experts and workshop discussions, before finalizing a monitoring proposal in the spring of 2001. 

Table 1.  Heartland Network I&M Working Group.

Name, Position 


Park
Phone Number

Mike DeBacker, Botanist
LTEM
417-732-7038

Victoria Grant, Resource Manager
OSNR
573-323-4236

Kristin Legg, Resource Manager
PIPE
507-825-5464

George Oviatt, Resource Manager 
BUFF
870-741-5443

Stephen Rudd, Resource Manager
HOSP
501-624-3124

Gary Sullivan, Resource Manager
WICR
417-882-9144

Lisa Thomas, Ecologist
LTEM
417-732-7223

Gia Wagner, Resource Manager
LIBO
513-661-9187





Advising members:







Steve Cinnamon 
MWR
402-221-3437

June McMillen
MWR
402-221-3481

Johnny Neal, Superintendent
HOCU
740-774-1126

Figure 1.  Timeline for developing monitoring proposal;

    Heartland I&M Network.
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Background

The general setting and principal resources of the Heartland Network parks can best be summarized by considering three distinct eco-regions (Tallgrass Prairie, Ozark Highlands and Eastern Deciduous Forest).

Tallgrass Prairie Parks (EFMO, GWCA, HEHO, HOME, PIPE, TAPR) 

It is estimated that as much as 99% of the tallgrass prairie landscape has been converted to agricultural use.  Parks within this region have a unique opportunity to help preserve features of this nearly lost ecosystem. Many of the parks possess remnant and restored prairies, and commonly use prescribed fire as a management tool. Because small parks are often inadequately buffered against edge effects, invasion by exotic species is a pervasive problem. Within the prairie region, pollution of water resources poses a serious threat. The springs, creeks and ground water of these small parks are particularly vulnerable to external pollution sources and cannot be insulated by buffer zones or resource management within park boundaries.  Most of these small parks are also faced with protecting unique habitats and managing state or federally listed, rare and endangered species. Tallgrass Prairie National Preserve is the only park of sufficient size to support various burn regimes and include bison.

Ozark Highlands Parks (ARPO, BUFF, HOSP, ONSR, PERI, WICR)   

The parks of the Ozark Highlands include small historic parks and national riverways.  Arkansas Post NM, while in the delta region of Arkansas, shares some similarities to the oak-hickory woodlands of the Ozarks.  Water quality and hydrology are critical issues for these parks, as is the challenge to manage a watershed that extends beyond park boundaries.  Karst topography, with the resultant springs and caves forms another unique feature of the region.  In addition to oak-hickory woodlands, Ozark Highlands' parks possess unique habitats that range from xeric grasslands (glades and savanna) to wetland communities (seeps, fens, springs).  The parks are managing savannas, woodlands and open fields with prescribed fire.  The parks include a large number of state and federally listed T&E species, including endemic and relict populations.

Eastern Hardwoods Forest Parks (CUVA, LIBO, HOCU)

Parks in this group are uniquely challenged with balancing the needs of resource protection with high visitor use, by virtue of their location relative to large urban centers.  Historic and recent land disturbance has resulted in areas of various, successional regeneration within these parks.  Thus, the distribution and management of exotic species is a common management issue.  While many unique habitats are found in these parks, the areas are predominately forested with farmland interspersed.

Workshop Summary 

Two workshops were held in February and March of 2000, with one day of each workshop devoted to the development of monitoring priorities for the Heartland Network parks.  The first workshop was primarily a brainstorming session for park resource managers and invited experts, while the second workshop was limited to NPS participants and was mainly a discussion of the priorities and direction for monitoring efforts.   

Prior to the first workshop, each resource manager was provided with a worksheet to assist them in identifying their park's most significant natural resources, current or potential threats, and potential indicators of ecosystem health (Appendix I).
One month before the first workshop, park resource managers and invited experts were sent a briefing packet of reading materials to 1) explain the purpose of the NPS I&M Program, 2) give a conceptual background for planning monitoring efforts, and 3) provide additional monitoring references (Table 2; Appendix IV).   

Table 2.  Heartland Network I&M Workshop:  Monitoring Briefing Materials.
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A.   NPS Legislative and Policy Support for Inventory and Monitoring






B. Introduction to NPS Inventory and Monitoring Program







C. Excerpted Readings on Monitoring and the Design of Monitoring Programs 





What is monitoring? (from Noon et al. 1999)





Why monitor? (from Noon et al. 1999)







  
The legacy of environmental monitoring programs (from Noon et al. 1999)


   
A context for developing objectives (from Bernstein et al. 1993)



Stressors and indicators




Identifying stressors and indicators (from Noon et al. 1999)







Indicators for monitoring biodiversity (from Noss, R.F. 1990)





Indicators of ecosystem health (from Woodward et al. 1999)



Conceptual models 




The Channel Islands conceptual model (from Davis, G.E.)

The role of conceptual models (from Woodward et al. 1999)



 


Developing a conceptual model (from Noon et al. 1999)




C. Monitoring Bibliography 









E.     Inventory and Monitoring Websites

F.     NPS Natural Resource Challenge








During an introduction to the monitoring workshop, the Prairie Cluster LTEM staff presented an overview of concepts and design principles for developing ecological monitoring, including a review of materials provided as background reading.   They proposed the Heartland Network follow six steps outlined by Noon et al. (1999) for the development of a monitoring program, and suggested that workshop participants focus on steps one through four (Figure 2).  The Heartland Network adopted NPS Long-Term Ecological Monitoring (LTEM) goals for vital signs monitoring (Table 3).

Figure 2.  Steps in the design of a monitoring program (from Noon et al. 1999).


The Heartland Network encompasses a broad geographic area, with the resource emphasis, and predominant threats changing across the region.   For the purpose of discussing monitoring needs and priorities, the fifteen parks of the Heartland Network are divided into three smaller groups based on eco-region (Tallgrass Prairie, Ozark Highlands, and Eastern Forest).  

During the first workshop, 19 taxa experts (Appendix II) brainstormed with resource managers to consider the most significant park resources, current and future stressors (including threats & management actions), and potential indicators for vital signs monitoring.  The worksheets completed by park resource managers prior to the workshop provided a starting point for discussion. Table 4 describes the resulting list of resources for each eco-region.  

Table 3.  Goals for vital signs monitoring within the Heartland Network.  

Determine status and trends of the health of park ecosystems

Establish normal limits of variation in park resources

Provide early warning of resource decline

Evaluate the effectiveness of resource management practices

Develop a predictive understanding of environmental change

Table 4.  Most significant resources of the Heartland Network parks. 

Tallgrass Prairie Eco-Region (EFMO, HEHO, HOME, PIPE, TAPR, WICR).  






prairie ecosystems
Driftless area fauna

native tallgrass prairie
amphibians & reptiles

Restored prairie
song birds

Savanna/woodland
Carver Branch

Driftless Area flora
Cub Creek

Sioux Quartzite outcrops
Wilson's Creek

Limestone glade habitats
Pipestone Creek

Riparian & wetland areas
Topeka shiner

Missouri bladderpod


Western prairie fringed orchid





Ozark Highlands Eco-Region (ARPO, BUFF, GWCA, HOSP, OZAR, PERI) 




the river and its tributaries
old-growth hardwood/pine stand

high quality riverine resources
glade/post oak barrens communities

seeps and springs
oak hickory forest

Geothermal springs
deer herd

bayous and river
Waterfowl

cave ecosystems
cave fauna




Eastern Forest Eco-Region (CUVA, HOCU, LIBO)




mixed mesophytic forest
bird communities

oak/hickory forest
Wildlife

Woodlands
river and its tributaries

rare plant populations
stream bank habitats

From this list of resources, the workshop participants developed a preliminary conceptual model for each eco-region, building a comprehensive matrix of current and possible stressors, the resources they may affect, and potential indicators for monitoring (Table 4).  

Following this exercise, the resource managers and taxa experts developed a long list of potential monitoring projects for their respective eco-regions.  The participants were presented with the Analytic Hierarchy Process (Peterson, et al. 1995) as a tool for I&M planning.   Each resource manager was provided with a matrix of potential monitoring projects for their eco-region, as well as eight selection criteria to use in scoring each project (Table 5, Appendix III).   They were asked to consult with their superintendents and park staff as they considered the importance of each potential project for their park. 

The second workshop provided an opportunity for frank discussion among the resource managers and other NPS participants concerning each park’s monitoring priorities, and the resource issues where additional expertise was required.  Prior to the second workshop, the park responses to the monitoring worksheet, and the park-specific scoring of potential monitoring projects were summarized for each eco-region.  

The group agreed that while the invited experts had provided valuable advise, their recommendations reflected their individual areas of expertise (plants, vertebrate taxa).  A few of the network’s high priority issues required either a multi-disciplinary approach, or the input from additional experts (e.g. water quality issues).  During the second workshop, the resource managers met by eco-region to discuss these issues, and to resolve inconsistencies in the application of the selection criteria.  Based on those discussions, some resource managers decided to revise their park-specific scoring of potential monitoring projects.  The final project scores for the three eco-regions are presented in Table 6.  

Table 5.  Eight characteristics of good monitoring projects.  The Heartland parks used selection criteria adapted from Peterson et al. (1995) to rank potential monitoring projects. 

Support management decision making

Influence external decisions relevant to park management

Satisfy legal mandates

Maintain familiarity with park resources

Understand ecosystem function

Provide background information for use by other projects & programs

Provide background information against which areas outside the park are compared

Provide an early warning of resource decline 

Each eco-regional group also began a discussion of how to implement monitoring in their parks, and the next steps toward developing a full monitoring proposal.  Over the course of the discussions, it became apparent that the three eco-regions were in different stages of developing a monitoring program. 

Tallgrass Prairie Eco-region.  Monitoring underway in the Prairie Cluster LTEM parks (EFMO, HOME, PIPE and WICR) will form the core monitoring effort for the Tallgrass Prairie eco-region.   The priority monitoring issues at the two additional parks (HEHO, TAPR) are generally consistent with the Prairie Cluster monitoring focus (i.e. plant communities, water quality, T&E species).  The group recommended extending ongoing LTEM efforts to HEHO and TAPR, but conceded that funding is not sufficient to support all LTEM monitoring at the new sites.  Discussion also included whether the existing Prairie Cluster LTEM effort still meets park needs.  

All parks agreed that a rigorous exotic plant monitoring program that incorporates both a proactive, early warning component and a management component is needed.  Presently, USGS has not begun an exotic plant monitoring protocol as part of the LTEM program. The group agreed to take an active role in the design process with USGS and will initiate a meeting in the fall.  

The merits of aquatic macroinvertebrate monitoring were discussed and it was decided that ongoing monitoring is a cost effective, early warning of deteriorating water quality.  In parks with the most serious water quality threats, the group proposed expanding monitoring to include targeted chemical monitoring in association with WRD sponsored research.  Funds to expand water quality monitoring may come from cutting back butterfly or grassland bird monitoring.   

Eastern Forest Eco-region.   CUVA has a staff of resource specialists and a number of ongoing monitoring efforts in place.  The question for this group to consider was how to augment the existing staff to compliment the ongoing efforts at CUVA and meet additional monitoring needs at LIBO and HOCU.  The group extensively revised and re-assessed monitoring projects to address inconsistencies in interpretation.  The revised monitoring priorities for the network are: exotic vegetation distribution and control efforts; Gypsy Moth; water quality (biological); plant community monitoring (herbaceous and woody); and deer.

Gypsy moth traps, egg mass monitoring, and monitoring the effects of gypsy moths on vegetation are underway at CUVA.  HOCU and LIBO anticipate future problems from gypsy moth but have not yet had infestations in the parks.  Traps are currently deployed to detect the arrival of gypsy moths.  Similarly, water quality is extensively monitored at CUVA and is a low priority in the other parks.  Subsequently, the group agreed to direct new monitoring resources towards exotic vegetation, plant communities and deer.  

Ozark Highlands Eco-region.    This group recognized that they face perhaps the greatest challenge of the Heartland parks, but have the potential to build a monitoring program tailored to their park needs.  During the first workshop, the broad diversity of park issues, and the size discrepancy among the parks made it difficult to have a single discussion of monitoring priorities.  For the second workshop, the six parks split into two groups to discuss monitoring priorities (BUFF and ONSR; ARPO, GWCA, HOSP, and PERI).  

The four smaller parks found that they share some monitoring needs but also pose unique monitoring questions (e.g. thermal springs at HOSP, ungulate effects at PERI).   Three of the four parks ranked river integrity (biotic) and unique plant communities as high monitoring priorities.   Amphibian breeding habitat, distribution of invasive exotics, and river integrity (abiotic) are moderate priority needs. 

BUFF and ONSR share many resource issues and also have some ongoing monitoring efforts relating to river water quality.  River integrity (biotic and abiotic) is the top ranked monitoring need, followed closely by T&E species.  Because river water quality is integrally linked to watershed impacts, land-use change is also a high-priority issue.  Spring water quality, unique plant communities, and troglobitic fauna are moderate priority needs for BUFF and ONSR.  Because the majority of these monitoring needs are inter-related, the parks propose developing a more detailed monitoring strategy based on the top issues for their parks.  Dave Mott (BUFF hydrologist) will take the lead on developing a strategy, building on previous research (Doisy & Rabeni 1999, Jacobsen 1995) and reviewing monitoring plans developed around similar issues (e.g. Mammoth Cave LTEM proposal). 

Once a more detailed strategy has been developed, the parks will solicit review and discussion with appropriate experts.    

The Role of the Prototype LTEM in the Heartland Network

Though many decisions remain, a framework for monitoring in the Heartland Network has emerged from the workshops.  A diffuse, park based, eco-region approach has gained favor over a centralized model in response to the distance and dissimilarity among parks in the network.  The model seeks to maximize support and resource familiarity by placing expertise in several parks while promoting consistency and quality control through collaboration with the Prairie Cluster LTEM. The Prairie Cluster LTEM will form the core of the Tallgrass eco-region and assist with vegetation monitoring in the Ozarks. The Prairie Cluster may also provide centralized support with data management and GIS.  In the first years of the project, the Prairie Cluster LTEM will assist in the design of long-term ecological monitoring and, where appropriate, facilitate implementation through training. 

References:
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Table 4a.  Conceptual model of stressors and their potential effect on park resources: Tallgrass Prairie Eco-region (EFMO, HEHO, HOME, PIPE, TAPR, WICR), Heartland I&M Network.

Natural Drivers







STRESSOR







Stressor
Resource
Effect
Indicator


Succession

herbaceous forest understory
changes in compositoin
plant community composition




forest composition and structure
change in forest type
distribution of community types


Disturbance







drought/climate cycles
grassland plant communities* 
increased habitat heterogeneity
distribution of community types, Beta diversity



floods

cyclical changes in vegetation
plant community composition



wind-throw
grassland birds
cyclical faunal populations
grassland birds abundance



insects/pathogens
riparian zone
stream fluctuations
channel width, position, stream flow



fire (historically)
woodland plant communities
changes in forest structure
tree species density, abundance



grazing (historically)




Anthropogenic Drivers







STRESSOR







Stressor
Resource
Effect
Indicator


Fragmentation







exotic invasion
grassland plant communities* 
loss of native communities
distribution of community types





displacement of native species
plant community composition




unique habitats
displacement of native species
plant community composition



loss of adjacent habitat, 


adjacent land use



  corridors, colonization 
grassland plant communities* 
loss of native species
native diversity, rare plant populations



  sources 
grassland birds
increase in edge species
nesting success, abundance of brown headed cowbirds



  (island biogeography)
bobcats
smaller, isolated populations
population size, reduced genetic variability




deer
population increase
population size



fire suppression
prairie plant communities
conversion of prairie to woodland
distribution of community types





woody invasion of prairie
plant community composition




woodland plant communities
changes in age structure of forest
seedling and sapling density


Adjacent development



adjacent land use, census data



water pollution


pollutant assays, water chemistry




streams
effluent exceeds watershed capacity
point and non-point pollution sources





loss of pollution intolerant species
aquatic macroinvertebrate indices





accumulation of toxins
fish tissue, sediment 




springs, seeps, wetlands
loss of pollution intolerant species
aquatic macroinvertebrate indices




amphibian communities
loss of species, smaller populations
diversity, population size




underground water resources

pollutant assays, water chemistry

Table 4a cont’d.  Conceptual model of stressors and their potential effect on park resources: Tallgrass Prairie Eco-region (EFMO, HEHO, HOME, PIPE, TAPR, WICR), Heartland I&M Network.



Stressor
Resource
Effect
Indicator



changes in hydrology


river hydrology (flow, etc.)




aquatic communities
decrease in indices (richness, EPT, etc.)
aquatic macroinvertebrate indices, fish




amphibian communities
introduction of fish (predators)
diversity, population size



deer overabundance


population size, browse, deer health




woodland plant communities
loss of forb species
plant community composition




woodland plant communities
change in age structure of forest
seedling and sapling density


STRESSOR







Stressor
Resource
Effect
Indicator


Adjacent development







disturbed sites
plant communities  
depauperate plant communities
plant community composition





source of exotic invasions
distribution and abundance of invasive exotics


Visitor use







trails
unique habitats
compaction
plant community composition



exotic invasion
native communities with trails
displacement of native species
plant community composition, exotic vigilance


Global warming



local climate



Shift in temperature and 
grassland plant communities* 
landscape changes in vegetation
distribution of community types



  moisture gradients.  Shift 

conversion of community types
plant community composition



  in species' ranges.
grassland plant communities* 
change in species range
distribution of edge of range species




grassland bird communities
change in species range
distribution of edge of range species


New initiatives







different interpretation 
all
projects not completed
allocation of funds



  of mandates

loose ability to manage
allocation of funds


Resource management







prescribed fire
grassland plant communities* 
increased habitat heterogeneity
distribution of community types





maintenance of prairie landscape
distribution of community types





conversion of woodland to savanna
overstory density, herbaceous composition





maintenance of prairie communities
plant community composition, rare plants, butterflies





change in structural diversity
grassland bird abundance





loss of early spring species
plant community composition 




unique habitats
maintain/improve habitat quality
plant community composition




grassland bird communities
increase in habitat
breeding bird abundance





change in structural diversity
nesting success




reptiles and amphibians
fire related mortality
community abundance and diversity




small mammals
fire related mortality
community abundance and diversity




T&E plants
improve quality of T&E plant habitat
T&E plant population size

Table 4a cont’d.  Conceptual model of stressors and their potential effect on park resources: Tallgrass Prairie Eco-region (EFMO, HEHO, HOME, PIPE, TAPR, WICR), Heartland I&M Network.



Stressor
Resource
Effect
Indicator



exotic species control


distribution, and size of exotic patches






abundance and cover of exotic species




grassland plant communities* 
improve native communities
plant community composition




T&E plants
improve quality of T&E plant habitat
T&E plant population size



woody plant control
grassland plant communities* 
reduce woody thickets
distribution, size of thickets




woodland plant communities
reduce abundance of targeted species
density of woody species




T&E plants
improve quality of T&E plant habitat
T&E plant population size



stream bank
riparian zone
reduce bank erosion
rate of bank loss, siltation



  stabilization

revegetation of stream bank
establishment of seeded species



restoration
historic landscape
recreation of historic landscapes
distribution of community types




restored prairie plant communities
create prairie communities
plant community composition




T&E plants
expanding T&E species habitat
plant community composition



T&E habitat management
T&E bats
protect habitat 
population presence


cultural uses 







land use (quarry)
grassland plant communities* 
loss of native communities
distribution of community types



demonstration plowing
restored prairie plant communities
create exotic colonization source
distribution and abundance of invasive exotics


Management of adjacent lands







lost colonization sources
grassland plant communities* 
low species diversity
plant community composition

Table 4b.
Conceptual model of stressors and their potential effects on park resources:  Ozark Highlands Eco-region, 

Riverway Parks (BUFF and OSNR), Heartland I&M Network.

STRESSOR
RESOURCE 
EFFECT 
POTENTIAL INDICATORS 

Natural Disturbance

Flooding
River Resources
Flooding as flush of river system
recharge area dynamics

Drought
Springs/ River Resources
Loss of species, concentration of pollutants
spring flow 

Drought
Forest Plant Communities
Loss of drought-intolerant species, increased fire severity 
overstory competition, 100-hr fuel moisture

Adjacent Development & Landuse


River Water Qualtiy 
Is the biotic integrity of the river being maintained?   
macroinvertebrate assemblages, fish/turtle diversity,  etc.  


River Water Qualtiy 
Is the abiotic integrity of the river being maintained
water chemistry, flow, turbidity, etc. 

Livestock grazing
River Water Quality 
Is water pollution associated with adjacent livestock grazing increasing/decreasing? 
fecal coliform levels, fecal coliform standard violations, nutrient loading, algae abundance 

Septic/sewage effluent
River Water Quality 
Is water pollution associated with sewage treatment  increasing or decreasing?


Agri-chemical runoff
River Water Quality 
Is water pollutuion associated with agricultural runoff increasing/decreasing? 


Erosion from                      clear-cutting 
River Water Quality 
Is land clearing on steep slopes adjacent to the park altering aquatic or biotic communities within park boundary?
sedimentation rates, loss of silt-intolerant species

Water pollution
Herpetofauna
Are amphibian and reptile populations stable? 
change in diversity &/or abundance over time

Gravel-mining
Streambed structural integrity, water quality
Is gravel mining resulting in increased turbidity and sediment loads, channel armouring, channel instability, and loss of macroinvertebrate diversity? 
rate of channel movement, geomorphic cross-sections, macroinvertebrates

Lead-mining
Watershed
Is underground mining causing underground movement of lead through karst aquifers? Is there bioaccumulation of heavy metals up through the food chain? 
Tissue assays from fish, sediment cores from stream bottom, heavy metal water assays 

Table 4b, cont'd. 
Conceptual model of stressors and their potential effects on park resources:  Ozark Highlands Eco-region,

Riverway Parks (BUFF and OSNR), 
Heartland I&M Network.

STRESSOR
RESOURCE 
EFFECT 
POTENTIAL INDICATORS 


Watershed
Are blowing dust from tailings piles, failing of tailing ponds, and treatment non-compliance resulting in accumulation of heavy metals? 
Tissue assays from fish, sediment cores from stream bottom, heavy metal water assays 

Road management
River Water Quality 
Is road management causing increase in sedimentation/pollution from road chemicals? 
Sedimentation rates, loss of silt-intolerant species, 

HazMat transport & spills
River Water Quality, 
Are hazmat accidents resulting in fish kills, population declines, water and soil pollution?
No. of spills, hydrocarbon pollutant assays, permitted sites, fish abundance/diversity

Development --          Diversion of Flow
River Water Quantity
Is landuse within the watershed changing the quantity of water flowing through the river(s)? 
hydrology, stream flow

Ground water pollution 
Caves, seeps, springs
Is development adjacent to the park affecting communities within caves, seeps, and springs, given karst geology?
loss of habitat-specific flora/fauna, decline in bat populations 

Fire Suppression
Plant Communities
Is the change in fire cycles from 3-5 yrs to 50-100 yrs. (fire suppression) causing loss of native species and exotic encroachment?
Plant community composition, loss of fire-tolerant species, increase in fire intolerant species

Fragmentation 




Exotic Invasion-                gypsy moths
Forest  communities
Are gypsy moths present in the park?  How is forest composition changing as a result?
gypsy moth traps, forest community composition 

Invasive exotic plants
Unique plant communities
Are exotic plants displacing native species in unique plant communities? 
distribution, size of exotic patches, composition of unique plant communities

Utility & road corridors
Plant communities
Are utility and road corridors acting as invasion corridors for invasive exotic species? 
changes in plant community composition, loss of native diversity

Utility & road corridors
Wildlife populations
Are utility and road corridors acting as barriers for colonization/migration, or decreasing the effective size of habitat areas?
aerial photography, fragmentation index 

Climate Change/ Global Warming


Unique plant communities
Will global warming alter the make-up of glade/barren communities?
change in plant community, loss of species, change in reptile species (i.e. collared lizard) 

Table 4b, cont'd. 
Conceptual model of stressors and their potential effects on park resources:  Ozark Highlands Eco-region,

Riverway Parks (BUFF and OSNR), 
Heartland I&M Network.

STRESSOR
RESOURCE 
EFFECT 
POTENTIAL INDICATORS 


River
Will climate change and global warming change the hydrologic character of the river?


Recreation

Horseback riding 
Riparian zones, water quality, unique habitats
 Is horsetrail use impacting park resources? 
vegetation associated with recreational use areas (i.e. cane brakes), fecal coliform levels   

Boating/camping 
Water Quality 
Are waste water and boat fuel impacting river water quality? 



Unique plant communities, cave resources 
Is camping along the riverway impacting sensitive natural areas? 


Caving
Caves and troglobitic fauna
Is caving negatively impacting caves and troglobitic fauna? 
loss of diversity/abundance of troplobitic populations

Management

Prescribed Fire
Glade/savanna communities
Is prescribed fire maintaining savanna-type communities?
plant community composition

Prescribed Fire
Glade/savanna communities
Is prescribed fire regime increasing species diversity (esp. conservative taxa)? 
conservative plant & animal species diversity

Old-field Management
Old fields
Are actions to promote open fields for wildlife increasing diversity?
diversity of mammals, birds, insects.

Old-field Management
Fishless ponds
Is old-field management affecting amphibian breeding grounds around fishless ponds?  
calling surveys to estimate diversity and abundance of amphibians 

Old-field Management
Canebrakes, Swainson's warbler
Is old-field management enhancing/degrading canebrakes, (habitat for Swainson's warbler)?
size and distribution of cane brakes; calling surveys for Swainson's warbler 

T&E Habitat Management
T&E species (cave, grotto, dark-sided salamanders)
Are T&E troglobitic fauna populations stable?
abundance estimates

T&E Habitat Management
T&E bat species
Are T&E bat populations stable? 
abundance estimates

Stream-bank stabilization
Riparian zone
Are stream-bank stabilization efforts successful in reducing stream bank erosion? 
height, length of eroded bank, photo-points

Table 4c.
Conceptual model of stressors and their potential effect on park resources:    Ozark Highlands Eco-region, 

Small Parks (ARPO, GWCA, HOSP, PERI), Heartland I&M Network.  

STRESSOR
RESOURCE
EFFECT
POTENTIAL INDICATORS

Adjacent Development

Deer overabundance
woodland plant communties
Are deer impacting plant community dynamics/diversity 
woody seedling and sapling density; plant community composition, browse line


deer
Is the deer population stable, increasing/decreasing?
Spotlight or aerial survey to determine abundance

Agricultural runoff
stream/river/bayou water quality
Is there an impact on water quality from agricultural run-off
algae, bacteria 

Water pollution
stream/river/bayou water quality
Does stream/river water qualtiy meet EPA standards?
aquatic macroinvertebrates, fish community, water chemistry

Water pollution
herpetofauna
Are amphibian and reptile populations stable? 
change in diversity &/or abundance over time

Water pollution
cold-water springs
Do the cold water spring meet EPA's Clean Water standards?
water chemistry, bacteria, isotopes, short-term storm event effects

Water pollution
geothermal springs
Do the geothermal springs meet EPA's Clean Water standards? 
water chemistry, bacteria/cyanobacteria, isotopes, short-term storm event effects

Water pollution, water usage
geothermal springs
Are the geothermal springs changing with regard to physical/chemical parameters
flow regimes, watershed hydrology, water chemistry, temperature, turbidity 

Predation by feral animals
small mammals & birds
Are domestic/feral cats & dogs impacting small mammal/bird populations?
changes in small mammal/bird populations 

Fragmentation




Exotic invasion
plant communities
Are exotic plant species displacing native species 
distribution and rate of spread of exotic patches, plant community composition

Loss of riparian corridors
riparian corridors, stream banks

rate and spread of erosion

Loss of adjacent habitat
old-growth hardwood/pine plant communities
Is the old-growth hardwood/pine community healthy?
plant community composition 

Table 4c, cont'd.
Conceptual model of stressors and their potential effect on park resources:    Ozark Highlands Eco-region,

Small Parks (ARPO, GWCA, HOSP, PERI), Heartland I&M Network.
STRESSOR
RESOURCE
EFFECT
POTENTIAL INDICATORS

Management




Mowing 
Native and restored prairie communities
Is haying regime healthy for the prairie? 
Plant community composition, habitat heterogeneity, small mammal diversity, nesting grassland bird diversity

Prescribed fire 
native and restored prairie communities
Is prescribed fire regime healthy for the prairie?
plant community composition, habitat heterogeneity, small mammal diversity, nesting grassland bird diversity

Prescribed fire 
forest plant communities
Is prescribed fire negatively impacting forests?  
plant community composition, woody regeneration, overstory structure.

Prescribed fire 
forest and riparian areas, herpetofauna
Is prescribed fire regime negatively impacting herpetofauna?
Distribution/abundance of breeding habitat, abundance, diversity of herpetofauna

Usage 

Poaching/killing of wildlife
alligators
Are local residents, tournament bowfishermen negatively impacting alligator populations
spotlight survey

Table 4d.  Conceptual model of stressors and their potential effect on park resources: Eastern Forest Eco-Region; (CUVA, LIBO, HOPE), Heartland I&M Network. 



Stressor
Resource
Effect
Indicator


Fragmentation



adjacent land use



exotic plant invasion


distribution of exotic plants




woodland / riparian plant communities
loss of native communities
plant community distribution, aerial photography, edge/area ratio





displacement of native species
herbaceous plant community composition,

woody plant community composition 



aquatic exotics (zebra mussel, gobies)
rivers and streams
loss of native species
fish community composition, IBI



loss of dispersal corridors


adjacent land use




small mammals
smaller, isolated populations
roadside mortality




amphibian populations
loss of access to breeding ponds
presence/absence of herps, egg counts, calling surveys, drift fence captures


Adjacent development







high visitor use
unique plant habitats
loss of species (trampling)
plant community composition



water pollution (sedimentation, run-off)


hydrology / water quality (physical and chemical), macro-invertebrates indices




fish
loss of pollution intolerant species, bio-accumulation of toxins
presence/absence of endemic species, IBI (Karr), fish tissue 




mussels
loss of sediment intolerant species
mussel distribution




wetland birds community
declining populations
species richness and diversity




heron 
declining populations
heron productivity 




amphibians (turtles)
declining populations  
diversity and population size of amphibians




phytoplankton
loss of species, changes in community composition
diatoms, blue-green algae



theft of natural resources
rare plants (goldenseal, ginseng)
loss of species
distribution of rare plants



nuisance / feral animals (cats)
native fauna species
loss of native species
birds, small mammals



deer overabundance


deer population size




woodland plant communities
loss of species
herbaceous plant community composition, exclosures, photomonitoring, Trillium

 



changes in age structure
woody plants (regeneration and overstory composition), exclosures

Table 4d cont’d.  Conceptual model of stressors and their potential effect on park resources: Eastern Forest Eco-Region; (CUVA, LIBO, HOPE), Heartland I&M Network. 



Stressor
Resource
Effect
Indicator




rare plants 
loss of populations (browsing)
population size, persistence, exclosures




small mammals
changes in cover, loss of species
herbaceous plant community (emphasis on total cover), small mammals (presence / absence)




human health
increase in Lyme's disease
ticks




ground nesting birds
loss of ground nesting species, decrease population size
birds (presence/absence), reproductive success


Resource management







prescribed fire
native plant communities
maintain native communities
plant community composition, coefficients of conservatism, exotic/native ratio, p/a of deer mice - white footed mice



restoration
cultural landscape
re-create historic landscape
distribution of community types




restored grasslands 
create grassland communities
plant community composition



exotic plant species control


distribution and size of exotic patches, abundance and cover of exotic species




native plant communities
improve quality
plant community composition




T&E plants
improve habitat for T&E species
population size



gypsy moth


male traps, egg mass




deciduous hardwood forest
mortality
area of defoliation





displacement of oak woodlands
distribution of forest communities





changes in overstory forest composition,  
woody plants (regeneration and overstory composition), herbaceous plant community 




lepidoptera
loss of species
butterfly monitoring




amphibian populations
loss of species
abundance




T&E plants
loss of habitat
abundance and distribution of T&E plants



T&E species
Indiana bat
protect habitat and population
population size, breeding success




state listed T&E plants
protect habitat and population
population size (persistence)









Natural Disturbance







flood
aquatic community
changes in species composition
fish, aquatic macro-invertebrates



drought
river hydrology

sedimentation, flow




riparian zone
erosion, riparian vegetation





woodland plant communities
mortality
regeneration, soil moisture, light penetration




amphibian community
loss of species
diversity and population size of amphibians



disease (rabies)
small / medium samples
mortality
diversity and population size of mammals

Table 5a.    Park ratings of potential monitoring projects for the Tallgrass Prairie Eco-Region; (EFMO, HEHO, HOME, PIPE, TAPR, WICR), Heartland I&M Network.

Park
T&E species, species of special concern
Water quality
Plant communities (e.g. prairie, savanna, glades)
Habitats of concern, (flora & or faunal)
Birds (e.g. grassland, savanna, wetland)
Invasive exotics - early warning and control effectiveness
Butterflies as indicators of prairie health
herps (fire effects)
deer & deer effects 
human impacts to natural resources (e.g. visitor use - horse trails,   cultural -quarrying)
Weather
Adjacent land use changes















Effigy Mounds
74
66
74
70
56
74
55
48
55
52
60
65

Herbert Hoover

68
61

67
59
58
54
56

49
55

Homestead
68
65
72
66
48
66
62
61
67
57
61
49

Pipestone
75
66
66
68
58
64
59
65
20
57
55
67

Tallgrass
73
73
74
71
73
76
66
71
52
72
72
60

Wilson's Creek
60
66
57
55
45
61
52
51
61
62
35
57















average
70.00
67.33
67.33
66.00
57.83
66.67
58.67
58.33
51.83
60.00
55.33
58.83

Table 5b. 
Park ratings of potential monitoring projects for riverway and small parks of the Ozark Highlands Eco-Region,



(BUFF, ONSR; ARPO, GWCA, HOSP, PERI), Heartland I&M Network.

PARK
T&E Species
River integrity (biotic - turtles, fish, macroinvert.)
River integrity (abiotic)
Springs 
Geothermal springs
Common plant communities -photomonitoring
Plant communities - unique habitats
Senisitive neotropical migrants
Invasive exotics (distribution)
Invasive exotics (control)
Amphibian breeding habitat
Troglobitic fauna
Ungulate Effects (exclosures)
Land use change (adjacent, watershed)
Usage corridors


















BUFF
70
69
69
67

51
65
65
48
48
60
62
44
68
27

ONSR
69
74
71
70

57
70
55
54
51
61
72
41
70
54


















average
69.5
71.5
70
68.5

54
67.5
60
51
49.5
60.5
67
42.5
69
40.5



































ARPO
57
75
51


50
74
53
65

67

57
47


HOSP

74
69
63
79

73

65
71
73

44
65
54

PERI
41


54


45

41
39
48

67
43


GWCA
49
71
47
45

29
66
43
64
47
61

20
49
29


















average
49.00
73.33
55.67
54.00
79.00
39.50
64.50
48.00
58.75
52.33
62.25

47.00
51.00
41.50

Table 5c.    Park ratings of potential monitoring projects for the Eastern Forest Eco-Region; (CUVA, LIBO, HOPE), Heartland I&M Network.

Park
Deer
T&E Bats & Others if found
Stream?River Health-Boliogical
Water Quality-Chemical-Physical
Plant Community Distribution (Veg Maps
Plant Community Distribution-(Plot level)
Unique Plant Habitats
Special Concern Plants-harvesting
Birds
Invasive Exotics-Veg. Mgmt/Contol/Distrib.
Gypsy Moth
Arthropod Diversity
Terrestrial Salamanders
Small mammals
Adjacent Land Use-Buffer Zone


















Cuyahoga Valley
28
23
26
26
19
20
21

17
24
24
11
17
17
16

Lincoln Boyhood
20



18
23
15

17
26
21
22
18
15
22

Hopewell Culture
18

19
18
18
24
15
19
19
23
24
20
18
17
23


















average
22.0
7.6 (23)
22.5
22.0
18.3
22.3
17.0
6.33 (19)
17.7
24.3
23.0
17.7
17.7
16.3
20.3

Heartland Network Monitoring Strategy: 

A Summary of Heartland Inventory and Monitoring Workshops to Develop Ecological Monitoring 

February 24th  and March 30th, 2000,  Springfield, Missouri

Appendices
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Appendix I.  Worksheet to Identify Potential Indicators for Ecological Monitoring

(Completed  by park Natural Resources Manager prior to workshop.  Please read pages 4-15 of the briefing  materials before filling this out.)

I. Predicting long-term change

A. Off the top of your head, if you could choose three things to monitor over time, to track the condition of natural resources within your park, what would they be? 

B. You return to visit in 20 years and walk through the park with the resource manager to hear about the current condition of the natural resources, and the management issues and threats of the day.  Imagine what that person might describe to you.  

C.  At the end of your conversation, this young whipper-snapper has the gall to ask, "Twenty years ago, when you set up the monitoring program, why didn’t you consider ________________________________________________ ?"

II. Natural resources that NPS is mandated to monitor and protect.  

A. What federally-listed threatened and endangered species are known to occur in the park?

B.  List any park-specific legislative mandates that direct NPS to monitor a particular natural resource at your park. 

III. Monitoring directed at natural resource threats and management issues.  What are the management questions that natural resource monitoring should answer?

A. 1.  For your park, list monitoring questions relating to natural resource threats. 

Examples:

1. Does the water quality of Cub Creek meet EPA's Clean Water standards?

2. Are exotic plants displacing native species in prairie remnants?

3. Is urban encroachment changing deer populations within the park?

2. For these threats, what are potential indicators of resource decline or improvement?

Examples:

1. water chemistry, fish community, aquatic macroinvertebrates

2. exotic species distribution or abundance, plant community composition

3. deer density, browse-line

 Appendix I cont'd.  Worksheet to Identify Potential Indicators for Ecological Monitoring 


B.  1.  For your park, list monitoring questions relating to natural resource management actions.


Example:  Is the prescribed fire regime maintaining healthy native prairie?


        2.  What are potential indicators of success/failure of these management actions?  

Example:   plant community composition, butterfly diversity, nesting grassland birds



IV. Monitoring directed at long- term ecosystem health 

A. What are the park’s most significant natural resources?

Examples:  The river and its tributaries, caves and cave fauna, rare plant communities, elk herd

B.  What are indicators of the health of those natural resources?

Appendix II.    Taxa experts participating in Heartland Inventory and Monitoring Workshop.  

Dr. Barbara Andreas

Cuyahoga Valley Community College

1366 Mockingbird Dr.

Kent, OH  44240

(216)987-2389

bkandreas@compuserve.com
Barbara.andreas@tri-c.cc.oh.us
Dr. Hugh Genoways

University of Nebraska – Lincoln

W436 Nebraska Hall

Lincoln, NE  68588-0514

(402)472-2012

hgenoway@unlserve.unl.edu

Dr. Abby N. Powell

Arkansas Project Office

Northern Prairie Wildlife Research Ctr.,U.S.G.S.

University of Arkansas

Dept. of Biological Sciences

Fayetteville, AR  72701

(501)576-6360

anpowell@comp.uark.edu

Dr. Brooks Burr

Dept. of Zoology, MC6501

Southern Illinois University

Carbondale, IL 62901-6501

(618)453-4112

burr@zoology.siu.edu
Dr. Don Kaufman

Kansas State University

Division of Biology Ackert Hall

Manhattan, KS  66502

(785)532-6622

dwakufma@ksu.edu
Dr. Charles Rabeni

U.S.G.S., BRD

302 Natural Resources Building

University of Missouri

Columbia, MO  65211-7240

(573)882-3524

rabenic@missouri.edu

Gary Casper

Milwaukee Public Museum

Section on Vertebrate Zoology

800 W. Wells St.

Milwaukee, WI  53233-1478

(414)278-2766

gsu@mpm.edu
Doug Ladd

The Nature Conservancy

2800 S. Brentwood

St. Louis, MO  63144

(314)968-1105

Dladd@tnc.org
Dr. Lynn Robbins

Dept. of Biology, SMSU

901 S. National

Springfield, MO  65804-0089

(417)836-5366

1wr704f@mail.smsu.edu

Frank Cross

Dept. of Biology-Ecology & Evolution

University of Kansas – Lawrence

502-D Dyche

Lawrence, KS  66045

(785)864-3369

crossfm@midusa.net

Dr. Mike Lannoo

Muncie Center for Medical Education, MB 209

Ball State University

Muncie, IN  47306

(317)285-1050

mlannoo@gw.bsu.edu
Dr. Stan Trauth

Arkansas State University – Jonesboro

P.O. Box 599

Jonesboro, AR  72467

strauth@navajo.astate.edu

Dr. Jane Fitzgerald

Natural History Division, Partners in Flight

8816 Manchester, Suited 135

Brentwood, MO  63144

(314)918-8505

fitzgj@mail.conservation.state.mo.us
John Logan and Mike Currier

Missouri Dept. of Natural Resources

Division of State Parks

101 Adams St.

Jefferson City, MO  65101
Dr. Gary Wilson

U.S.G.S., BRD

University of Missouri – Columbia

302 Gentry Hall

Columbia, MO  65211

(573)882-8645

willsongd@missouri.edu

Steve Cinnamon   (402)221-3437

Jim DeCoster        (402)221-3859

Dan Licht              (402)221-3603

Midwest Regional Office, NPS

1709 Jackson St., Omaha, NE  68102
Christopher Phillips

Illinois Natural History Survey

607 E. Peabody Dr.

Champaign, IL  61820

(21)244-7077, chrisp@inhs/uiuc.edu


Appendix III.  Criteria and Scale for Ranking Monitoring Projects (adapted from Peterson et al. 1995). 

Objectives/ Criteria

Ranking Scale


Support management decision making






How important the decision is for which the project supplies supporting data
4) important

3) fair importance

2) slight importance

1) not important


How badly the data are needed to make an informed decision
4) strong need

3) moderate need

2) slight need

1) no need


How well the project provides the data needed for the decision
4) all data provided

3) moderate amount

2) slight amount

1) none provided

Influence external decisions relevant to park management






The importance of the decision to the park.
4) important

3) fair importance

2) slight importance

1) not important


The potential for park managers to influence the decision.
4) strong influence

3) moderate influence

2) little influence

1) no influence


The degree to which information from the project increases the influence of the NPS over the decision
4) strong need for data

3) moderate need for data

2) slight need for data

1) no need

Satisfy legal mandate






The degree to which legal man-dates are binding requirements
4) absolutely required

3) moderate requirement

2) slight requirement

1) no mandates


Whether data from the project is sufficient to satisfy the legal mandates
4) completes requirement

3) provide much data

2) provides some data

1) no mandates

Maintain familiarity with park resources






The importance of the resource involved in the project
4) important

3) fair importance

2) slight importance

1) not important


Whether the resource is changing
4) rapid

3) fairly rapid

2) slow

1) no change expected


The amount of current knowledge of the resource
4) no information

3) substantial knowledge

2) fairly complete

1) info. not needed


The degree to which the project fills gaps in current knowledge
4) well

3) moderately well

2) poor

1) info. not needed




Objectives/ Criteria

Ranking Scale


Understand ecosystem function






The importance of the resource involved in the project
4) important

3) fair importance

2) slight importance

1) resource absent


The amount of current knowledge of the resource
4) no information

3) substantial knowledge

2) fairly complete

1) no info. needed


The degree to which the project fills gaps in current knowledge
4) well

3) moderately well

2) poor

1) no info. needed

Provide background information for use by other projects and programs






How useful the information will be
4) data widely used

3) data used somewhat

2) data rarely used

1) no applicable projects

Provide background information against which areas outside the park are compared






The regional importance of the resource involved in the project
4) important

3) fair importance

2) slight importance

1) not important


The comparability of the resources and areas compared
4) good comparability

3) acceptable

2) poor

1) no comparisons needed


The usefulness of the project for providing warning about changes in resource conditions at the regional scale
4) reliable warning

3) fair warning

2) poor warning

1) no warning

Provide an early warning of resource decline






The usefulness of the project for providing warning about changes in resource conditions.
4) reliable warning

3) fair warning

2) poor warning

1) no warning

Appendix IV.   Briefing Materials for Heartland Inventory and Monitoring Workshop

A.   NPS Legislative and Policy Support for Inventory and Monitoring


1



B.   Introduction to NPS Inventory and Monitoring Program



2




D. Excerpted readings on monitoring and the design of monitoring programs 



What is monitoring? (from Noon et al. 1999)





4
Why monitor? (from Noon et al. 1999)





6

The legacy of environmental monitoring programs (from Noon et al. 1999)

7

A context for developing objectives (from Bernstein et al. 1993)


8

Stressors and indicators



Identifying stressors and indicators (from Noon et al. 1999)


9



Indicators for monitoring biodiversity (from Noss, R.F. 1990)


10



Indicators of ecosystem health (from Woodward et al. 1999)


12

Conceptual Models 



The Channel Islands conceptual model (from Davis, G.E.)


14



The role of conceptual models (from Woodward et al. 1999)


14



Developing a Conceptual Model (from Noon et al. 1999)


15

E. Monitoring Bibliography 








16

E.   Inventory and Monitoring Websites
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NPS Legislative and Policy Support for Inventory and Monitoring

The mission of the National Park Service is "… to conserve the scenery and the natural and historic objects and the wild life therein and to provide for the enjoyment of the same in such manner and by such means as will leave them unimpaired for the enjoyment of future generations" (National Park Service Organic Act, 1916).

The need to inventory and monitor natural resources is reflected in NPS policy:

"The National Park Service will assemble baseline inventory data describing the natural resources under its stewardship and will monitor those resources at regular intervals to detect or predict changes. The resulting information will be analyzed to detect changes that may require intervention and to provide reference points for comparison with other, more altered environments" (NPS Management Policies, Chapter 4:4, 1988).

The importance of inventorying and monitoring natural resources has been reinforced by recent legislation (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. The monitoring program shall be developed in cooperation with other Federal monitoring and information collection efforts to ensure a cost-effective approach." 

FY2000 is the first year of the Natural Resource Challenge - an NPS initiative to revitalize and expand the natural resource program within the park service and improve park management through greater reliance on scientific knowledge.  The Inventory and Monitoring Program is a high priority within the Natural Resource Challenge.  The following statement is from the "From the Hand that Feeds Us" (FY2000 Congressional Appropriations Language): "The Committee applauds the Service for recognizing that the preservation of the diverse natural elements and the great scenic beauty of America's national parks and other units should be as high a priority in the Service as providing visitor services.  A major part of protecting those resources is knowing what they are, where they are, how they interact with their environment and what condition they are in. This involves a serious commitment from the leadership of the National Park Service to insist that the superintendents carry out a systematic, consistent, professional inventory and monitoring program, along with other scientific activities, that is regularly updated to ensure that the Service makes sound resource decisions based on sound scientific data."

Introduction to NPS Inventory and Monitoring Program

In 1991, the National Park Service published the Vail Agenda restating the need for natural resource monitoring.  The Vail Agenda action plan calls for park managers and superintendents to have solid natural resource information at their disposal.  Subsequently, inventory and monitoring have continued to rise in NPS priority, as evidenced in the 1999 Natural Resource Challenge.  Congressional funding of the Natural Resource Challenge I&M component indicates broad support for natural resource monitoring within NPS.

To address this need, the NPS created the Servicewide Inventory and Monitoring (I&M) Program in 1992 to provide funding and technical support for completing inventories and implementing long-term monitoring in more than 265 park units with significant natural resources.  Providing natural resource information in a comprehensive and timely manner is the mandate of the I&M Program.
Long-term goal:

Implement ecological monitoring in all units of the NPS.

Short-term goals:
Complete inventories for 12 basic elements in all parks;




Learn how to design and conduct long-term monitoring.

Inventory:

The basic goal of the NPS inventory program is to provide park managers with comprehensive, scientifically-based information about the nature and status of selected natural resources occurring within park boundaries in a form that increases its accessibility and utility for making management decisions, for scientific research, and for educating the public.  The inventories will also lay the groundwork necessary for park managers to develop effective monitoring programs and to formulate effective management strategies for resource management and protection.  In 1992, program planners identified 12 basic inventory data sets that all parks need to manage their natural resources (Table 1). 

 One of these data sets, biological inventories of vertebrates and vascular plants, will be designed to meet three basic objectives:  

1. To document through existing, verifiable data and targeted field investigations the occurrence of at least 90 percent of the species of vertebrates and vascular plants currently estimated to occur in the park. 

2. To describe the distribution and relative abundance of species of special concern, such as Threatened and Endangered species, exotics, and other species of special management interest occurring within park boundaries.

3. To provide the baseline information needed to develop a general monitoring strategy and design that can be implemented by parks once inventories have been completed, tailored to specific park threats and resource issues.

Geographic Information System (GIS) technology has proven to be a powerful and useful tool for displaying, analyzing, and integrating natural resource information, and most parks routinely use GIS in park management.  Many of the 12 basic inventory data sets are GIS themes (maps), and even information such as species lists and tabular information can be organized and integrated by presenting them as tables in GIS themes.  Wherever possible, we recommend that inventory results are produced in a form that is compatible with or can be downloaded into a GIS format.

Table 1.  Twelve basic inventory data sets that parks need to manage their natural resources:

________________________________________________________________________

Natural resource bibliography

Base cartographic data

Geology map

Soils map

Weather data

Air quality 

Location of air quality monitoring stations

Water body location and classification

Water quality data

Vegetation map

Documented species list of vertebrates and vascular plants (NPSpecies database)

(    Species distribution and status of vertebrates and vascular plants


Document 90% of vertebrates and vascular plants that occur in each park


Relative abundance and probable distribution maps for species of concern

________________________________________________________________________

Monitoring 

Natural resources monitoring is designed to detect changes and quantify trends in resource conditions. 

NPS guidelines assert the value of natural resource monitoring by emphasizing its relationship to management.  Monitoring is designed to provide a feedback between natural resource conditions and management objectives and can serve both to trigger management actions and to evaluate their effectiveness.  (NPS - 75, Natural Resources Inventory and Monitoring Guidelines).  

In order to learn how to design and conduct long-term monitoring, the I&M program selected a small group of parks or park clusters that would initiate experimental monitoring of natural resources.  Beginning in 1992, funding from the national program was provided to four prototype monitoring parks: Channel Islands National Park, Great Smoky Mountains National Park, Shenandoah National Park, and Denali National Park and Preserve.  In 1994 through 1996, an additional three parks or park clusters began to develop experimental monitoring programs: Cape Cod National Seashore, the Great Plains Prairie Cluster (consisting of six small prairie parks), and the Virgin Islands - Southern Florida cluster.  In 1999, the Natural Resource Challenge proposed expanding upon the prototype program by creating 32 networks of parks to cooperatively conduct ‘vital signs’ monitoring in all parks with significant natural resources.  

Through the prototype efforts, NPS has learned the importance of clearly articulating the value and purpose of a monitoring program.  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 threat.  While the specifics of what to monitor vary from area to area, the basic reasons for monitoring are universal.  They are to:

· Determine present and future health of ecosystems

· Establish empirically normal limits of variation in resources

· Provide early diagnosis of abnormal conditions, and

· Identify potential agents of abnormal change

(NPS, Design of a Monitoring Program, Channel Islands National Park)

Excerpts  from B.R. Noon, T.A. Spies, and M.G. Raphael. 1999.  Conceptual basis for designing an effectiveness monitoring program, pp. 21-48 in Mulder et al.  The strategy and design of the effectiveness monitoring program for the Northwest Forest Plan. Gen. Tech. Rep. PNW-GTR-437. Portland, OR: U.S. Dept. of Agriculture, Forest Service, Pacific Northwest Research Station. 138 p. 

 What is Monitoring ?  

Monitoring is the "measurement of environmental characteristics over an extended period of time to determine status or trends in some aspect of environmental quality" (Suter 1993)… 

Monitoring is purpose oriented (Goldsmith 1991).  In general, monitoring data are intended to detect long-term environmental change, provide insights to the ecological consequences of these changes, and to help decision-makers determine if the observed changes dictate a correction of management practices.  Monitoring is conducted at regular intervals to assess the current status and the time trend in various environmental attributes.  By its very nature, monitoring is a dynamic exercise; that is, it is a continuing activity and its temporal span may be indefinite.  The time frames for monitoring programs are frequently unspecified, because human behavior and continuing human population growth lead to ongoing environmental change with unexpected ecological events as unavoidable consequences.  

In the following discussion, environmental attributes are broadly defined to include any biotic or abiotic feature of the environment that can be measured or estimated.  The convention is to refer to the measured attributes as "indicators," under the assumption that their values are somehow indicative of the quality, health, or integrity of the larger system to which they belong.  

The most common reason to monitor a specific indicator is to detect differences in its value among locations at a given moment (status), or changes in value across time at a given location (trend).  Changes in the value of an indicator are useful and relevant to the extent that they provide an early warning of adverse changes to an ecosystem before unacceptable loss has occurred.  Trend, viewed as the estimated time trajectory of a state variable (a variable that describes some fundamental attribute of the system), is particularly relevant because even if the value of an indicator is currently acceptable, a declining (or increasing) trend may indicate a trajectory towards system degradation, or an undesired state.  

The task of detecting and recognizing meaningful change is complex because natural systems are inherently dynamic and spatially heterogeneous.  Further, many changes in space and time are not a consequence of human-induced effects, and many are not amenable to management intervention.  For example, at least three kinds of change are intrinsic to natural systems: stochastic variation, successional trends after natural disturbance, and cyclic variation.  Assuming that sustained ecosystems maintain these dynamic variations with predictable bounds of variation (Chapin et al. 1996), management intervention may be appropriate even when change is not human induced.  For example, developing an underlying structural model that predicts the expected magnitude of change in state variables arising from natural variation may be possible.  Values of indicators could then be viewed in the context of deviations from expectations based on the structural models.  Repeated observations of indicator variables whose values appeared "out of range" could trigger a management response.  

Extrinsically driven changes to biological indicators that arise as a consequence of some human action are of most interest to environmental monitoring programs.  Concern arises when extrinsic factors, acting singly or in combination with intrinsic drivers of change; that is, a mechanism is needed to filter out the effects of expected intrinsic variation or cycles (noise) from the effects of additive, human-induced patterns of change (signal).  

Intrinsic and extrinsic drivers of change can, for the most park, be collectively referred to as "disturbance events".  Disturbances alter processes or act as physiological disruptors that elicit a response from the biota; they generate a change in the value of the state variables that characterize an organism or an ecosystem.  The term "stressor" is used to refer to disturbance events that result in significant ecological effects.  These effects can be either positive or negative; however, our focus is usually on those resulting in undesired outcomes.  In this context, stressors are considered as the proximate causes of adverse effects on an organism or system.  The focus is on stressors arising from human activities because they are amenable to management intervention and changes in policy.  Further, we focus on stressors that cannot be incorporated within the natural disturbance dynamics of a system, exceed the resilience of the system, and drive an ecosystem to a new state.  

Stressor effects are evaluated in the context of induced changes in one or more indicators.  The magnitude of indicator change that could generate a management response, however, is difficult to determine a priori.  This uncertainty arises primarily from an incomplete understanding of the dynamics of ecosystems and the bounds of variation to which they are resilient.  Interpretation of the significance of changes in the value of an indicator is also complicated by nonlinear, cause-effect relations between the indicator and its stressor(s).  The assumption of linearity implies that marginal increases in the magnitude of the stressor generate fixed, marginal changes in the value of the indicator.  Such assumptions fail to recognize the fundamental nonlinearity of most ecological systems.

The real danger for monitoring programs, however, is that assumptions of linearity fail to acknowledge the possible existence of thresholds.  Thesholds are regions of change in the value of a stressor that generate precipitous declines in the value of the indicator or, more seriously, the larger ecosystem.  A familiar analogy is an acid-base titration in analytical chemistry.  Increasing acidity (the stressor) is indicated by changes in color (the indicator) of the liquid, but the change in color is not uniform with marginal increases in acidity; rather, the change is precipitous when the buffering capacity (threshold) of the liquid has been surpassed.  

A lessor known, but extremely relevant example in public land management considers the effects of habitat loss and fragmentation on the extinction process.  Loss of some area from relatively continuous habitat may have no effect for some time.  But, at some point, landscape connectivity is lost, and populations become isolated and vulnerable to stochastic processes (Opdam et al. 1993).  Computer simulations of these scenarios suggest that critical threshold amounts and distribution of habitat exist, below which species populations rapidly decline (Lamberson et al. 1992, Lande 1987). 
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Why Monitor?

The ultimate rationale for monitoring arises from the fact that long-term human welfare and environmental integrity are inseparable.  Monitoring is usually justified in the context of a more immediate goal or mandate; however, on multiple-use public lands, management actions are subject to many environmental standards.  The public demands information about whether these standards are being realized and resources sustained; for example, monitoring is mandated on National Forest lands to ascertain the degree of compliance with the population viability requirement of National Forest Management Act (NFMA) and with minimum water quality standards of the Clean Water Act of 1972. , as amended.  Even for lands reserved from resource extraction and multiple use, such as the National Parks, compliance with the broad mandate to sustain "wild" resources for the enjoyment of future human generations must be assessed.  In this document, we are developing a monitoring program for the Forest Plan to determine whether the goals and objectives of that plan are being met.

Determining compliance with a monitoring goal requires a predetermined standard or norm for comparison.  The degree of deviation of the indicator from its desired value serves as a signal of noncompliance or a measure of environmental degradation.  Standard or benchmark values for indicators are particularly important when monitoring is part of a large restoration project.  In highly degraded ecosystems some time may elapse before indicator values begin to approach the standard, but evidence that the indicator is changing in the direction of the benchmark value is evidence that the restoration effort is working. 

One way to establish the benchmark value of an environmental indicator is to refer to documented historical values or to conduct preliminary, baseline monitoring of a non-affected ("pristine") system.  Given the scarcity of truly pristine systems, however, benchmarks may have to be based on some concept of a "desired condition".  Therefore, in the absence of reference systems, some other method must be used to generate expected values or time trajectories of indicator variables.  

In addition to assessing compliance, environmental monitoring programs have great value as early warning systems.  By providing measures, in the early stages of decline, of those attributes indicative of ecological change, monitoring can result in prompt intervention before unacceptable environmental losses occur.  Note, however, that compliance monitoring and early warning monitoring can lead to selection of very different indicators.  A simple example will demonstrate this difference.  On a parcel of public land, the ESA may require compliance monitoring for a top-level, vertebrate predator, such as the northern spotted owl.  The life history of this species (long lived, high survival rate, low fecundity, high site fidelity) may introduce lags in its response to environmental change, however, and thus make it a particularly poor choice as an early warning indicator of all but large-scale changes in old-growth ecosystems. 

Thus monitoring, whether for compliance or early warning, is undertaken to ascertain whether the current state of the system matches the expected norm or lies within some acceptable confidence region about the norm.  If monitoring results indicate that conditions lie outside the acceptance region, then some specific attribute of land management practice or resource policy should be changed.  Alternatively, the information from monitoring can be used to investigate the response of the system to specific management actions.  This information will allow the question, "Is the system responding as predicted?" to be addressed.  

The Legacy of Environmental Monitoring Programs

…Environmental monitoring programs often are discussed in abstract terms, have little theoretical foundation, try to measure too many attributes, have vague objectives, and have no institutionalized connections to the decision process….  To gain institutional support, the concept of environmental monitoring must become less abstract, its purposes more relevant, and its contributions more apparent.   At a minimum, a defensible monitoring program should do the following:

1. Clearly state management goals and objectives, emphasizing how periodic information about the status of the resources is needed for informed management decisions.

2. Provide a clear statement of why the monitoring program has value, what information it will provide, and how the interpretation of that information will lead to a more responsible management response.

3. Establish the relation between those factors that may compromise the management goals and their ecological expression.  This action is best accomplished by developing a conceptual model of how the system works and how it will be affected by external stresses. 

4. Provide a clear exposition of the logic and rationale underlying the selection of the environmental attributes (indicators) to be measured.  Recognizing that every species or physical or biological process of interest cannot (and need not) be measured, on what basis should attributes to be monitored be selected from among all possible candidates?  Inherent in this step is the need to select indicators that can be measured simply and cost-effectively.

5. Outline the sampling design and methods of measurement to estimate the value of the indicator variable.  This element includes, but should not be limited to, the sampling and measurement protocols.

6. Ensure statistical precision of the measurement protocols.  For example, the sampling design must address the necessary precision of indicator estimation to detect a given magnitude of change, and the likelihood of detecting this change should it occur.

7. Include those procedures that connect the monitoring results to the decision process.  For example, determine what magnitude of change in a given indicator should trigger a management response, and what the response or responses should be? 






A Context for Developing Objectives

Excerpt from Bernstein, B.B., et al.  1993.  A combined science and management framework for developing regional monitoring objectives.  Coastal Management 21: 185-195.  

While the importance of clear monitoring objectives is often invoked, there exists little guidance about how, specifically, effective objectives should be framed.  Nor is there guidance about how they should be structured to represent both management information needs and the levels of technical detail needed to satisfy these.

In addition, a common mistake in planning monitoring programs is to focus too soon on technical details, such as how many samples to take, before more fundamental goals and priorities are established.  

We suggest a hierarchy of successive levels of detail in constructing effective monitoring objectives (Figure 1).  Each level provides the foundation for the next level of specificity.  Levels I and II (see Figure 1) need to be resolved early in the monitoring design process, while Levels III and IV are more technical and should be addressed subsequently.

The broad concerns represented by Level I and the basic management/scientific objectives represented by Level II depend on input from both managers and scientists for their definition.  For these, neither policy and value considerations on the one hand, nor scientific considerations on the other, are primary.  Instead, both influence and constrain each other.  Such concerns and objectives are best established through interaction between managers and scientists.  This can be difficult because scientific and managerial views of the world reflect differing perspectives, assumptions, values, and ways of using data.

…In our experience, this (developing Level II objectives) is where communication and coordination between scientific and managerial perspectives and priorities most frequently break down.  Scientists and mangers typically either claim full responsibility and authority or defer to each other, claiming that such objectives fall into the other's domain.  Rarely do both parties recognize the importance of shared input and know how to go about achieving it.  It is vital to bridge this gap, because without adequate Level II objectives, monitoring programs stand little chance of producing useful information for decision making. 

Figure 1.  Four levels of detail that must be fleshed out to provide effective guidance for monitoring programs.  
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excerpt from Noon et al. 1999.  Conceptual basis for designing an effectiveness monitoring program, pp. 21-48 in Mulder et al.  The strategy and design of the effectiveness monitoring program for the Northwest Forest Plan. Gen. Tech Rep. PNW-GTR-437. Portland, OR: U.S. Dept. of Agriculture, Forest Service, Pacific Northwest Research Station. 138p 

Identify Stressors Relating to Management Goals

This step usually will take the form of identifying the anticipated extrinsic environmental stressors that may compromise the integrity of the ecosystem and its component species and resources.  From previous studies of disturbed ecosystems, we know if the effects of an extrinsic stressor exceed the resilience or adaptational limits of the ecosystem, change occurs, the ecosystem moves to a new state, and the management goal may be compromised.  Stressors, as envisioned here, can be both human-induced and "natural."  Examples include (see Barber 1994): 

· Loss of late-successional habitat by fire

· Alterations of hydrologic cycles because of dams or water diversions

· Reduction, loss, or fragmentation of critical habitat

· Increased sediment loads to stream after storm events

· Over-harvest of game species

· Changes in the transport of minerals and nutrients resulting from road construction

· Increased pollution from point sources or diffuse input of toxins

To retain the possibility of establishing cause-effect relations from the monitoring program, the status of the stressor also must be periodically estimated; that is, to infer causation from an observed change in the value of an indicator requires concurrent estimates of the status of the indicator and the magnitude of the supposed stressor.  

To aid the process of indicator selection, identifying the ecological resource(s) likely to be affected by a given stressor, is important.  A resource is broadly defined as an ecological entity subject to stressor effects.  In practice, a resource is usually a key component of the larger ecosystem or management unit.  Examples include fresh-water lakes and montane meadows in National Forests.  A resource can be either discrete or extensive (EMAP 1993). Examples from the Forest Plan of extensive resources include late-successional forests and aquatic-riparian ecosystems; discrete resources include the northern spotted owl and marbled murrelet.  Establishing the functional relations between stressors (natural or human induced) and resources is an essential first step in developing the conceptual model.  

Identify Candidate Indicators Responsive to Environmental Stressors

The indicators arising from the conceptual model are the attributes that characterize structural and compositional resources of the system.  Their values indicate the current state of those resources.  The indicators subsequently selected for measurement are those best reflecting known or suspected cause-effect relations among system components as identified in the model…. At this point, the primary criteria for selecting indicators are that they reflect underlying ecological processes and changes in stressor levels, represent the larger resource of which they are a structural or compositional component, and are measurable.  We begin with candidate indicators because our knowledge of the stressors affecting the system is limited.  Thus, we identify a set of indicators that, based on our current knowledge best meets our needs, but with the understanding that these may change as the program is implemented and new knowledge gained.

… Imagine a funnel-shaped filter into which are poured all possible attributes of an ecological system that can possibly be measured.  The fabric of the filter is composed of scientific, political, and social threads.  Our goal is to design the scientific fibers of the filter so that only those attributes that allow the most comprehensive and reliable inferences to the status of the ecosystem, constrained by cost functions, remain in the filter.  Those attributes retained by the filter become the indicators.  

A Hierarchical Characterization of Biodiversity
Excerpt from Noss, R.F.  1990.  Indicators for monitoring biodiversity: a hierarchical approach. Conservation Biology 4:355-364. 

Conservation biologists now recognize the biodiversity issue as involving more than just species diversity or endangered species.  The issue is grounded in a concern about biological impoverishment at multiple levels of organization….

…Hierarchy theory suggests that higher levels of organization incorporate and constrain the behavior of lower levels (Allen & Starr 1982; O'Neill et al. 1986).  If a big ball (e.g., the biosphere) rolls downhill, the little balls inside it will roll downhill, also.  Hence, global problems such as greenhouse warming and stratospheric ozone depletion impose fundamental constrains on efforts to preserve particular natural areas or endangered species.   The importance of higher-order constraints should not suggest that monitoring and assessment be limited to higher levels (e.g., remote sensing of regional landscape structure).  Lower levels in a hierarchy contain the details (e.g. species identities and abundances) of interest to conservationists, and the mechanistic basis for many higher-order patterns.  

The hierarchy concept suggest that biodiversity be monitored at multiple levels of organization, and at multiple spatial and temporal scales.  No single level of organization (e.g., gene, population, community) is fundamental, and different levels of resolution are appropriate for different questions….

Another value of the hierarchy concept for assessing biodiversity is the recognition that effects of environmental stresses will be expressed in different ways at different levels of biological organization.  Effects at one level can be expected to reverberate through other levels, often in unpredictable ways.  Tree species, for example, are known to be differentially susceptible to air pollution, with some (e.g. Pinus ponderosa) highly sensitive to photochemical oxidants such as ozone (Miller 1973).  Different genotypes within tree species vary in their tolerance of air pollution.  A decline in a tree population due to air pollution would alter the genetic composition of that population, and reduce genetic variation, as pollution-intolerant genotypes are selected out (Scholz 1981).  If a declining tree species is replaced by species that are either more or less pyrogenic, or otherwise regulatory of disturbance dynamics, changes in biodiversity could be dramatic as the system shifts abruptly to a new stable state. 

Regional Landscape

The term "regional landscape" (Noss 1983) emphasizes the spatial complexity of regions.  "Landscape" refers to "a mosaic of heterogeneous land forms, vegetation types, and land uses" (Urban et al. 1987).  The spatial scale of a regional landscape might vary from the size of a national forest or park and its surroundings up to the size of a physiographic region or biogeographic province . . .  Landscape features such as patch size, heterogeneity, perimeter-area ratio, and connectivity can be major controllers of species composition and abundance, and of population viability for sensitive species (Noss & Harris 1986).  Related features of landscape composition (i.e., the identity and proportions of particular habitats) are also critical….  Landscape structure can be inventoried and monitored primarily through aerial photography and satellite imagery, and the data organized and displayed with a Geographical Information System (GIS)….Monitoring landscape composition requires more intensive ground-truthing than monitoring structure, as the dominant species composition of patch types (and, perhaps, several vertical layers) must be identified.  

Community-Ecosystem

A community comprises the populations of some or all species coexisting at a site.  The term "ecosystem" includes abiotic aspects of the environment with which the biotic community is interdependent.  In contrast to the higher level of regional landscape, the community-ecosystem is relatively homogenous when viewed, say, at the scale of a conventional aerial photograph.  Indicator variables for the community-ecosystem level include many from community ecology, such as species richness and diversity, dominance-diversity curves, life-form and guild proportions, and other compositional measures.  Structural indicators include many of the habitat variables measured in ecology and wildlife biology…. 

Population-Species

Monitoring at the species level might target all populations of a species across its range, a metapopulation (populations of a species connected by dispersal), or a single, disjunct population.  The population-species level is where most biodiversity monitoring has been focused…. Noss (1990) lists five categories of species that may warrant special conservation effort, including intensive monitoring (1) ecological indicators: species that signal the effects of perturbations on a number of other species with similar habitat requirements; (2) keystones: pivotal species upon which the diversity of a large part of a community depends; (3) umbrellas: species with large area requirements, which if given sufficient protected habitat area, will bring many other species under protection; (4) flagships: popular, charismatic species that serve as symbols and rallying points for major conservation initiatives; and (5) vulnerables: species that are rare, genetically impoverished, or low fecundity, dependent on patchy or unpredictable resources, extremely variable in population density, persecuted, or otherwise prone to extinction in human-dominated landscapes….

Monitoring Ecosystem Status

Excerpt from Woodward et al.  1999.  The role of ecological theory in long-term ecological monitoring: report on a workshop.  Natural Areas Journal 19: 223-233.  

Ecosystems are collections of organisms integrated by flow of matter and energy among each other and the abiotic environment.  As such, ecosystems exhibit properties that are greater than the sum of their parts.  With organs and organisms, which are also collections of interacting units, we can make certain measurements and determine whether they are healthy.  Analogously, a major challenge for monitoring is to assess the "health" of an ecosystem.  Intuitively we may know what ecosystem "health" means, but the term is too nebulous to have metrics.  In the past, definitions of health have included such diverse concepts as homeostasis, absence of disease, diversity, complexity, stability, resilience, and capacity for growth (Costanza 1992), each of which represent components of our intuitive definition but not the complete picture.  More recently, Haskell et al. (1992) suggested an operational definition of ecosystem health based on four major characteristics of complex systems: sustainability, activity, organization, and resilience: "a(n) ecological system is healthy….if it is stable and sustainable -- that is, if it is active and maintains its organization and autonomy over time and is resilient to stress."  This definition suggests that measures of resilience, persistence, process, and organization are logical starting points in the search for indicators of system health.  Here we explore two general approaches to monitoring ecosystem status: (1) integrate information obtained by monitoring some group of individual species, and (2) determine emergent properties of the system that can be measured to indicate whether the system is operating well or whether it is stressed. 

Assessing Ecosystem Status by Monitoring Individual Species

Most monitoring programs are oriented toward taxonomic groups.  One approach to choosing monitored organisms is to begin with an integrated concept of the ecosystem ("top-down").  This conceptualization will likely include ecosystem components and flows of matter or energy.  The conceptual model of a food web provides one possible integrative structure for selecting indicators.  The trophic construct helps to ensure that ecological linkages among species selected for monitoring are explicitly stated.  This could put the focus on higher trophic levels, when lower levels may also be important, especially for early detection of changes.  While higher trophic levels may integrate stress (e.g. bio-accumulation of toxins), this process may take time.  Meanwhile, changes may already be apparent at lower trophic levels.  Therefore, the time-course of stresses and their likely progress through the trophic web should be taken into consideration when deciding which trophic level to sample.

The bottom-up approach involves choosing species from a variety of taxa and hoping they will adequately represent the entire system.  It should be noted that the bottom-up approach risks missing important information….We conclude that a taxonomically based system will only be the sum of its parts.  However, if those parts are thoughtfully chosen based on a system model and are well distributed across taxonomic groups, trophic levels, and so on, they will in fact give an adequate description of the status of ecosystem processes and interactions among species. 

Emergent Properties

Ecosystems can be thought of as complex self-organizing systems with a number of possible stable states.  If the system is stressed, it will initially resist change, but may eventually lurch irrevocably to another state.  It would be useful to be able to recognize movement of the system toward another state.  Because of the complexity of ecosystems, looking at individual species may not be productive because those  

species may not indicate the state of the entire system.  There is also a risk that management may have unforeseen consequences when it is based on individual species.  

However, there are several emergent properties that may indicate that the system is moving toward the boundary of its current stable state (Rapport et al. 1985).  These include community respiration, because it is a measure of inefficiency and should increase with stress (Odum 1985)… Biodiversity, including species richness (Palmer 1995) and equitability, spatial dynamics, and biochemical indicators are other possible indicators of overall system status.

Karr (1987, 1991) suggested that indices created from a group of metrics provide an integrated assessment of biotic resources.  He argued that no single metric is a reliable indicator because each varies with geographic scale, type of stressor, and regionally.  However, an aggregate index, especially if it includes measurements of pattern and process from individual, population, community, and ecosystem levels is strongly correlated with system status…. 

A drawback to measuring emergent properties is that they are difficult to link to management action and public support.  Although they may be valid indicators of whether the manager should be concerned, a change for the worse may not suggest a course of action.  Also, it might be hard to link emergent properties to public values.  Therefore, it is probably necessary to look at species as well.  

Excerpt from Davis, G.E.  General ecological monitoring program design, implementation, and applications: a case study from Channel Islands National Park, California. In Measuring and Monitoring Biodiversity for Conservation Science and Adaptive Management.  Smithsonian Institute.  

Conceptual Model

This step-down plan describes the design process used to develop a GEM (general ecological monitoring) program for Channel Islands National Park.  The first step was to create a conceptual model of the park that all collaborators understood and accepted.  It included the park's biological resources (populations and communities), environmental forces (climate and ocean currents), land forms (islands and ocean basins), and management issues (fisheries, pollution, grazing, alien species, and habitat fragmentation).  Specific features of the California Channel Islands ecosystems structure and function, combined with management issues, shaped the GEM program by determining what information is needed to address the issues and still maintain the resources unimpaired for the enjoyment of future human generations….

Excerpt from Woodward et al.  1999.  The role of ecological theory in long-term ecological monitoring: report on a workshop.  Natural Areas Journal 19: 223-233.  

Role of Conceptual Models

Conceptual models provide a concrete description of the assumptions underlying our understanding of how ecosystems function, and help clarify the objectives of monitoring.  Thus they can help justify monitoring, facilitate communication with land managers and the public, aid in identification of points of disagreement with managers, and specify hypotheses that can be assessed.  Moreover, conceptual models can be used to extrapolate monitoring results.  For example, when abalone populations declined in southern California, the fact that recruitment collapsed at Channel Islands could be extrapolated to the rest of the state because of "conceptual" linkages.  This suggested and justified a state-wide moratorium on collection of three abalone species.  

Conceptual models also provide a vehicle to formulate hypotheses that can be revisited in light of new data accumulated from monitoring and other sources.  Participants in our workshop suggested that, in practice, conceptual modeling should follow these steps: (1) describe the system, (2) superimpose stressors, (3) consider concerns of management (4) select indicators, (5) monitor, (6) incorporate results into the model, (7) reconstruct the model as necessary…. 

excerpt from Noon et al. 1999.  Conceptual basis for designing an effectiveness monitoring program, pp. 21-48 in Mulder et al.  The strategy and design of the effectiveness monitoring program for the Northwest Forest Plan. Gen. Tech. Rep. PNW-GTR-437. Portland, OR: U.S. Dept. of Agriculture, Forest Service, Pacific Northwest Research Station. 138 p. 

Develop a Conceptual Model Linking Relevant Ecosystem Components

To select indicators that reflect underlying ecological structure and function requires well-developed conceptual models of the resources of concern (Barber 1994: NRC 1990, 1995).  The conceptual model outlines the interconnections among ecosystem resources (key system components), the strength and direction of those links, and the attributes that characterize the state of the resources.  The model should demonstrate how the system works, with particular emphasis on anticipated system responses to stressor input.  The model also should indicate the pathways by which the system accommodates natural disturbances and how the system may acquire resilience to disturbance.  These processes could be portrayed illustrating the acceptable bounds of variation of system components, and normal patterns of variation in input and output among the model elements.  

As a general goal, management will strive to maintain ecological processes.  These functions, however, are often difficult or impossible to measure directly.  Conceptual models should identify structural and compositional elements of the resources affected by, and affecting, the underlying processes.  A heuristic device to guide the model development would link process and function to measurable aspects of structure and composition.  These elements, in turn, can be used to make predictions of expected biological response.  

Measurements and inferences from biological systems are affected by the scale of observation.  Therefore, to determine the appropriate scale for measuring an indicator, the temporal and spatial scales at which processes operate and resources respond must be estimated (at least to a first approximation) and clearly identified in the conceptual model.  As a result, the most useful conceptual models will have a hierarchical structure; that is, a given structural-compositional resource in the model will reflect processes operative at smaller temporal and partial scales, and indicate the constraints operating at larger scales (Allen & Hoekstra 1992, Allen & Starr 1982).  

To make the process of scale an explicit component of the conceptual models developed for the Forest Plan, we developed a worksheet to characterize stressors and their anticipated effects on the ecosystem and its components (figure 9)… To illustrate the use of the worksheet in developing a model, consider the addition of roads as a stressor.  The biotic consequences at the landscape scale for road building could be a disruption of landscape connectivity for plants and animals (function-process) leading to the isolation of habitats or species (structure-composition).  A consequence at the community-ecosystem level could be changes in the dynamics of predator-prey systems resulting in changes to the species abundance distribution.  At the population-species scale, a decrease in connectivity among individuals within a population may result in inbreeding depression.  At the genetic scale, gene flow is altered via the barriers to dispersal and migration, thereby resulting in a change to the distribution of genotypes.  Developing the conceptual model should highlight that the links between stressors and biotic responses may be indirect.  The building of roads, for example, may lead to an increase in erosion resulting in excess fine particle sedimentation in streams and associated biotic responses….

Figure 9.  The stressor-specific worksheet used to identify the biotic consequences at several ecological scales. 
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Inventory & Monitoring Websites You Should Know About

From the NPS Monitoring Natural Resources Website: http://www.nature.nps.gov/sfancy/websites.htm

NPS Natural Resource Bibliography

http://www.nature.nps.gov/nrbib/index.htm (Will eventually include all park documents, but waiting for parks to identify any sensitive material before remaining documents are made available online).

Vegetation Mapping Program

http://www.nbs.gov/npsveg/index.html (includes protocols for sampling vegetation)

Monitoring Natural Resources in our National Parks (includes a Protocol Database)

http://www.nature.nps.gov/sfancy 

Integrated Taxonomic Information System (ITIS)

http://www.itis.usda.gov/plantproj/itis/index.html

Patuxent Wildlife Research Center website on Monitoring

http://www.mp1-pwrc.usgs.gov/

Paul Geissler's website on Statistical Methods for Park Inventories

http://www.mp1-pwrc.usgs.gov/fgim/istat.htm

Paul Geissler's website on Conceptual Models of Park Inventories

http://www.mp1-pwrc.usgs.gov/fgim/cmodel.htm

Channel Islands National Park (ideas for designing a monitoring program)

http://www.nature.nps.gov/im/chis/design.htm

Denali National Park Long-term Ecological Monitoring Program website

http://www.absc.usgs.gov/research/Denali/research.htm

Overview of the Forest Health Monitoring Program

http://willow.ncfes.umn.edu/fhm_fact/overview.htm

http://willow.ncfes.umn.edu/fhm/fhm_hp.htm

Description of the QA/QC component of the FHM program

http://willow.ncfes.umn.edu/fhm_fact/quality.htm

British Columbia Ministry of Environment, Lands and Parks

http://www.for.gov.bc.ca/ric/pubs/TEBIODIV/

The BC government has spent $4-5 Million developing standardized inventory and monitoring methods for birds, mammals, and herptiles, as well as general guidance for sampling vertebrate populations. Approximately 37 detailed manuals are available in .pdf or other format for downloading from their website. See especially the manual "Species Inventory Fundamentals".

EPA's Environmental Monitoring and Assessment Program, aquatic components

http://www.epa.gov/emap/html/publs/docs/surfwatr/97fldman.htm

Some of EMAP's indicators and protocols for sampling the aquatic environment may be particularly useful to parks.

Links to monitoring aquatic macroinvertebrates and other aquatic components

http://www.epa.gov/earth1r6/6wq/ecopro/watershd/monitrng/tools/bio_refs.htm

USGS NAWQA program (National Water-Quality Assessment)

http://wwwrvares.er.usgs.gov/nawqa/protocols/doc_list.html

Widely-used protocols for monitoring stream fish, benthic invertebrates, and stream habitat.

Canadian EMAN (Ecological Monitoring and Assessment Network) Protocols

http://www.cciw.ca/eman-temp/research/protocols/intro.html

National Park Service I&M Program Data Management Guidelines

http://www.nature.nps.gov/im/dmproto/joe40001.htm

Data Management Plan for Channel Islands National Park

http://aqsun.aqd.nps.gov:82/CHISDATA/Chis.htm

Analytic Heirarchy Process (a method used by several parks for setting priorities and documenting the decision process; an alternative to the BOGSAT decision process (bunch of guys/gals sitting around a table).

http://www.srs4702.forprod.vt.edu/pubsubj/reso_man.htm

Statistical Power (how do you determine how many samples are needed for various resources?)

http://www.mp1-pwrc.usgs.gov/powcase/powcase.html

Overview of Statistical Power programs

http://www.insp.mx/dinf/stat_list.html

Copies of the "Forest Health Monitoring Field Methods Guide" and "Vegetation Pilot Field Methods Guide" can be obtained from the FHM Program National Office, Forest Sciences Laboratory, PO Box 12254, Research Triangle Park, NC 27709.

Contact Barbara Conkling, Technology Transfer Coordinator, at (919) 549-4084, email: bconklin/srs_rtp@fs.fed.us

Obtain a free copy of "Elzinga, Caryl L., D. W. Salzer, and J. W. Willoughby. 1998. Measuring and monitoring plant populations. BLM Tech. Reference 1730-1. BLM/RS/ST-98/005+1730. Available from Bureau of Land Management, National Business Center BC-650B, PO Box 25047, Denver, CO 80225-0047" by sending a fax to the BLM Printed Materials Distribution Service, (303) 236-1975.

Copies of "The strategy and design of the effectiveness monitoring program for the Northwest Forest Plan" and other NWFP documents can be downloaded in .pdf format from http://www.fs.fed.us/pnw/welcome1.htm or ordered through that website from the Pacific Northwest Research Station (free).
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Noon et al. 1999.  Conceptual basis for designing an effectiveness monitoring program, pp 21-48 in Mulder et al. The strategy and design of the effectiveness monitoring program for the Northwest Forest Plan. Gen. Tech. Rep. PNW-GTR-437. Portland, OR: U.S. Dept. of Agriculture, Forest Service, Pacific Northwest Research Station.  138 p.  
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