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Chapter  1.  Executive Summary

The North Coast and Cascades Network (NCCN) of parks has received funding from the Natural Resource Program Center to develop a natural resource monitoring program.  As such, we are required to prepare a report describing the monitoring strategy and the various processes, tasks and decisions that contribute to the final selection of vital signs indicators to be monitored by the network.   This report is the first of three scheduled installments of that plan, and constitutes the first three chapters of the ultimate plan.   It describes important background material on each park within the network, especially the significance of natural resources found within park boundaries and jurisdiction. In addition, the overall goals and objectives for the program are described both for the network as a whole as well as for individual parks.  Summaries of natural resource issues and significance are also described for each park, as well as details of recent or ongoing monitoring activities.  The third chapter describes the working assumptions about relevant ecosystems that have been identified with the most important natural resource issues for the network, or in some cases, for selected parks within the network. 

The seven parks within the North Coast and Cascades Network constitute a distributed network of parks geographically as well as by virtue of their characteristics and the spectrum of issues and challenges they face now and in the future (see Table 1).  Three of the largest parks are essentially wilderness in character, and face issues stemming from visitor use and threats from outside the park boundaries.  The remaining four parks are largely historic in nature, and by virtue of their size and proximity to rapidly urbanizing areas along their borders, also face particular challenges from a rapidly growing visitor base as well as land and water development pressures nearby.  

In response to these challenges, the parks within the network are working closely to develop an integrated program for monitoring natural resource conditions under their jurisdiction, that will provide timely and relevant information about the nature and proximity of threats to these ecosystems.  From the start, it is recognized that a fully integrated, thorough monitoring program cannot be implemented with the limited funds available.  However, these funds do provide an extraordinary opportunity to define a nearly complete vision for monitoring priorities for the network as well as individual parks.  Defining the elements to that program should provide ample opportunity for individual parks to seek additional funding from outside sources to supplement whatever core monitoring work is done under this program.  This, and the collaboration both within and outside of the network, will allow all member parks to gain expertise and maintain a sufficient level of knowledge about natural resources that will pay dividends to park management well into the future. 

Once completed, this program will have a decidedly ecological focus, to better understand the interplay of elements of ecosystems that support natural resources within the parks.  This focus also includes an appreciation for the key processes and ecological functions provided by both the biotic and abiotic (climate, soils, landscape processes and geological features, hydrologic regime and hydraulic characteristics, etc.) components of these ecosystems.  These considerations will become more fully integrated into the program during the design and protocol development phase.  

As this report describes, prior to the funding associated with the Challenge, not all parks have been equally well equipped to initiate in inventory or monitoring projects focused on natural resources.  Two of the large parks within the network, North Cascades National Park (NOCA) and Olympic National Park (OLYM), were selected as prototype parks during an earlier strategy to develop Park Service capability in monitoring natural resources.  North Cascades was selected to develop protocols for monitoring of aquatic resources, while Olympic was selected to develop such protocols to apply to temperate coniferous forests.  Although funds were not added to their respective base budgets, each of these parks has made considerable progress in protocol development.  These techniques and insights should be reasonably transferable to other parks with similar ecosystems.  In addition, San Juan Island National Historic Park (MORA) has engaged in a wide variety of project-level monitoring of natural resources.  These have included climatic as well as physical landscape processes, precipitation and snow accumulation, air deposition of pollutants, water quality of lakes and streams, aquatic and terrestrial biotic communities, terrestrial plant community associations and dynamics, to name but a few.  Monitoring associated with the remaining four parks has been more limited in scope and duration, a fact that underscores the need and benefit from their inclusion with the network efforts.  

As called for in the recommended process for developing a monitoring program and selection of vital signs, each park has now completed a Vital Signs Workshop.  During these workshops, invited resource staff, scientists and interested citizens were taken through a process to define the spectrum of natural resource issues and concerns, to better refine a list of relevant questions that might lend organization to the ultimate selection of vital signs or environmental indicators of “ecosystem health”.  In this network, these workshops preceded formulation of initial ecosystem conceptual models for most, but not all, relevant ecosystems.  Nonetheless, these workshops did provide substantial lists of issues from which the Network Monitoring Technical Committee gleaned common themes that might form the nucleus of questions important for the Network program.  These questions can further inform the Network’s characterization of specific objectives that will be needed to ground the program and give it focus and direction.  These questions and objectives will be presented in Phase II report, due April 2003.  

The conceptual models describe relevant ecosystems are presented in Chapter 3 of this report.  The technical representatives within the Network met in February of 2002 to develop these models. These conceptual ecosystem models display key components and critical linkages that will help frame the subsequent discussion leading to ultimate selection of a list of ecosystem indicators for use within the monitoring program. Conceptual models are presented for the following ecosystems: (1) terrestrial wildlife; (2) terrestrial vegetation; (3) aquatic resources for lakes, stream and rivers, and near-shore marine ecosystems; and system drivers including (4) climatic/hydrologic factors.  

The network technical staff decided to focus considerable attention to collecting relevant data on the following system drivers:

Natural Processes:
Climate - operating at multiple scales of time and place; global climate change factors

Atmospheric transport and deposition of pollutants – both organic and inorganic 

Hydrology  - coupled with climate information; a major driver in aquatic and riparian ecosystems.

Bio-geo-chemical processes - operating at watershed scales

Natural disturbances – nature, magnitude, frequency, duration and persistence

Anthropogenic Stressors: 
Human Activities – both from within and outside of park boundaries

External land & water use - (consumptive, extractive use and conversion to other land uses) 

Chapter 2.  Introduction 

The North Coast and Cascades Network (NCCN) of parks has received funding from the Natural Resource Program Center to develop a natural resource monitoring program.  This report, the first of three scheduled installments of what will ultimately be the monitoring plan, describes the monitoring strategy and the various processes, tasks and decisions that contribute to the final selection of vital signs indicators to be monitored by the network. The overall goals and objectives for the program are described both for the network as a whole as well as for individual parks It also describes important background material on each park within the network, especially the significance of natural resources found within park boundaries and jurisdiction.  The third chapter describes the working assumptions about relevant ecosystems that have been identified with the most important natural resource issues for the network, or in some cases, for selected parks within the network. 

The seven parks within the North Coast and Cascades Network, and their four letter abbreviations are shown below.  They include: 
· Ebey’s Landing National Historical Reserve 

(EBLA) 

· Fort Vancouver National Historic Site 


(FOVA) 

· Fort Clatsop National Memorial 



(FOCL)

· San Juan Island National Historical Park 


(SAJH) 

· Mount Rainier National Park 



(MORA) 

· North Cascades National Park Service Complex 

(NOCA) 

· Olympic National Park 




(OLYM)

Together, they constitute a distributed network of parks geographically as well as by virtue of their characteristics and the spectrum of issues and challenges they face now and in the future.  All but one of the parks is located within Washington State.  The one exception, Fort Clatsop National Memorial (FOCL) is located at the mouth of the Columbia River, on the Oregon side near the City of Astoria.  

2.1 Background on the Inventory & Monitoring Program within the National Park Service

Americans expect the National Park Service to preserve the nation's heritage, including living and non-living features of ecosystems in all units of the National Park System. Knowing the condition of natural resources in national parks is fundamental to the Service's ability to protect and manage parks. National Park managers across the country are confronted with increasingly complex and challenging issues, and managers are increasingly being asked to provide scientifically credible information to defend management actions. The National Parks Omnibus Management Act of 1998 includes a congressional mandate to provide information on the long-term trends in the condition of National Park System resources.

The National Park Service has implemented a strategy designed to institutionalize natural resource inventory and monitoring on a programmatic basis throughout the agency. The national strategy consists of a framework having three major components: (1) completion of basic resource inventories upon which monitoring efforts can be based; (2) creation of experimental Prototype Monitoring Programs to evaluate alternative monitoring designs and strategies; and (3) implementation of operational monitoring of critical parameters (i.e. "vital signs") in all natural resource parks.

The overall purpose for monitoring is to protect park resources. The Service-wide Goals of Vital Signs Monitoring are as follows:

· Identify status and trends in ecosystem health 

· Define normal limits of variation 

· Provide early warning of situations that require intervention 

· Suggest remedial treatments and frame research hypotheses 

· Determine compliance with laws and regulations 

The overall purpose of monitoring is to develop broadly based, scientifically sound information on the current status and long term trends in the composition, structure, and function of park ecosystems. Use of monitoring information will increase confidence in manager's decisions and improve their ability to manage park resources. A long-term ecosystem-based monitoring program is necessary and essential to enable park managers to: 

(1) make better informed management decisions;

(2) provide early warning of abnormal conditions in time to develop effective mitigation measures; 

(3) convince other agencies and individuals to make decisions benefiting parks, 

(4) satisfy certain legal mandates; and 

(5) provide reference condition data for relatively pristine sites for comparison with data collected outside of parks by other agencies. 

2.2  
Legislative Mandates

The following statement from Congress was included in the appropriations language in FY 2000, the first year of the Natural Resource Challenge:

"The Committee applauds the National Park 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." (emphasis added)
2.2.1
Legislation and Policy

National Park Service policy and recent legislation (National Parks Omnibus Management Act of 1998) requires that park managers know the condition of natural resources under their stewardship and monitor long-term trends in those resources in order to fulfill the NPS mission of conserving parks unimpaired. The following laws and management policies provide the mandate for inventorying and monitoring in national parks:

National Park Service Organic Act, 1916

The mission of the National Park Service is "…to promote and regulate the use of the Federal areas known as national parks, monuments, and reservations hereinafter specified by such means and measures as conform to the fundamental purposes of the said parks, monuments, and reservations, which purpose 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 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." 


2001 NPS Management Policies

"Natural systems in the national park system, and the human influences upon them, will be monitored to detect change. The Service will use the results of monitoring and research to understand the detected change and to develop appropriate management actions. The Service will: 

1. Identify, acquire, and interpret needed inventory, monitoring, and research, including applicable traditional knowledge, to obtain information and data that will help park managers accomplish park management objectives provided for in law and planning documents. 

2. Define, assemble, and synthesize comprehensive baseline inventory data describing the natural resources under its stewardship, and identify the processes that influence those resources. 

3. Use qualitative and quantitative techniques to monitor key aspects of resources and processes at regular intervals.

4. Analyze the resulting information to detect or predict changes, including interrelationships with visitor carrying capacities, that may require management intervention, and to provide reference points for comparison with other environments and time frames. 

5. Use the resulting information to maintain-and, where necessary, restore the integrity of natural systems." 

Additional legislative mandates specific to each park are included in the Park Summaries section of this report.

2.2.2
Long-term Programmatic Goals

To comply with legal requirements, fully implement NPS policy, and guide management activities, the Service-wide Inventory and Monitoring Program focuses on attaining the following major long-term goals: 

1.  Establish natural resource inventory and monitoring as a standard practice throughout the National Park system that transcends traditional program, activity, and funding boundaries. 

2.  Inventory the natural resources and park ecosystems under National Park Service stewardship to determine their nature and status. 

3.  Monitor park ecosystems to better understand their dynamic nature and condition and to provide reference points for comparisons with other, altered environments. 

4.  Integrate natural resource inventory and monitoring information into National Park Service planning, management, and decision making. 

5.  Share National Park Service accomplishments and information with other natural resource organizations and form partnerships for attaining common goals and objectives. 

Attaining these long-term goals is necessary to "manage the natural resources of the National Park System to maintain and perpetuate their inherent integrity." (NPS Management Policies, Chapter 4, 1988). 

2.2.3
Goals for the Government Performance and Results Act (1993) GPRA

Compliance with the requirements of the GPRA has injected a new level of accountability into park management.  The primary Park Service-wide goal under this mandate that relates to the I&M Program is stated as follows:  Vital Signs Identified: 80% (216) of 270 parks with significant natural resources have identified their vital signs for natural resource monitoring.

To achieve this, parks within the network are committed to ensuring that  “Natural and cultural resources and associated values are protected, restored, and maintained in good condition, and managed within their broader ecosystem and cultural context.” This statement makes the logical connection and relevancy to park management. The individual parks within this Network are working collectively to ensure that this goal is achieved, and the results are reported at the national level. 

There are also goals for natural resource inventories, vital signs, park visitor, and educational programs. There are a number of more specific goals nested under this overall service-wide goal, that include efforts to address air and water quality, wilderness stewardship, disturbed lands/exotic plant species, threatened and endangered species (T&E), and natural resource inventories.  All of these fall under the general heading of the Mission Goals that are refined and tailored to the circumstances found within each park. 

2.2.4
Service-wide and Network-specific Program Goals:
Service-wide goals:   

In order to comply with legal requirements, fully implement NPS policy, and guide management activities, the Service-wide Inventory and Monitoring Program focuses on attaining the following major long-term goals:

   1.  Establish natural resource inventory and monitoring as a standard practice throughout the National Park system that transcends traditional program, activity, and funding boundaries. 

   2.  Inventory the natural resources and park ecosystems under National Park Service stewardship to determine their nature and status. 

   3.  Monitor park ecosystems to better understand their dynamic nature and condition and to provide reference points for comparisons with other, altered environments. 

   4.  Integrate natural resource inventory and monitoring information into National Park Service planning, management, and decision making. 

   5.  Share National Park Service accomplishments and information with other natural resource organizations and form partnerships for attaining common goals and objectives. 

Attaining these long-term goals is necessary to "manage the natural resources of the National Park System to maintain and perpetuate their inherent integrity." (NPS Management Policies, Chapter 4, 1988).

Network Specific Goals:  

· Determine the present and future condition of natural ecosystems and their component resources, including biotic and abiotic components and landscape processes, across a range of spatial and temporal scales. 

· Utilize appropriate indicators and measures of ecosystem condition to quantify and detect the potential effects of human-caused stressors. 

· Improve the understanding of park resources across a hierarchy of species, communities, and ecosystems by collecting relevant scientific information. 

· Use the strategic application of monitoring protocols and interpretation of data to develop inferences about ecosystems that can contribute to areas beyond park boundaries. 

· Communicate this information to the public and decision-makers.

Park specific natural resource goals and objectives, where they have been defined, are included in the individual Park Summary section of this report.

2.3
Network organization 
As called for in the national guidance and the network charter, the NCC Network is governed by a Board of Directors comprised of the Superintendents of the seven park units.  There is no designated chairperson for the Board. Ex-officio members of the board include the Regional and Network I&M coordinators.  Key natural resource staff members from the parks also attend the (at a minimum) semi-annual meetings of the Board. The Board has adopted a Charter document as well as a Vision Statement, to help guide the development of the overall program. The Network Monitoring Coordinator, as staff to the Board, generally organizes the meetings, serves as facilitator, and note taker.  

A Technical Committee composed of the Chiefs of Natural Resources, one USGS scientist and selected natural resource staff members meets to develop and plan inventory and monitoring activities and propose priorities for consideration by the Board of Directors (Appendix 1). The Network Monitoring Coordinator convenes and chairs this technical group, with facilitation and recording responsibilities rotated among the members.  Topic area subcommittees have been formed to consider the key questions and measurable objectives associated with each element of the monitoring plan as it begins to be defined (see Appendix 2).
2.3.1
Staffing and park involvement: 

The Network has separated the functions of inventory and monitoring by having an inventory coordinator and a monitoring coordinator. The inventory coordinator coincidentally serves as the Science Advisor for the Network.  In addition to a full-time network monitoring coordinator, this network currently has two full-time data managers, with part-time contributions made from other data management staff within the network. Another full-time data manager will be added at Olympic.  Park specialists engaged in Geographic Information System (GIS) and information technology both at the support office and member parks also participate. Other technical staff are engaged with the ongoing monitoring development work, with portions of their salaries paid through I&M funds.  Additional park-level personnel contribute to the effort as circumstances allow. 
In addition, the Network has the able assistance of a number of staff scientists from the Biological Resources Division of USGS.  To date, this assistance has been primarily focused on refining and completion of a long-term ecological monitoring protocol for terrestrial forested systems within the Olympic National Park.  Recently, this group has helped organize specific workshops to help identify key questions and issues, and information needs involving components of aquatic ecosystems not currently being worked on at the other prototype park within the network (North Cascades National Park).  These will include workshops on larger lakes and ponds, amphibians, large river and floodplain systems and related protocol needs.  A memorandum of understanding (MOU) between the two services guides the scope of this work.

The natural resource chiefs in particular are key players in the planning and design work to date.  Although this network received I&M funding in FY 2001, it wasn’t until late that year that a dedicated person in the role of network coordinator was hired.  However, prior to that time, all vital signs workshops for the non-prototype parks were completed.  Senior natural resource staff members have also played a key role in ramping up the program.  They were responsible for defining the inventory plan and beginning implementation of that important adjunct to the overall program.  

The Network is fortunate to have nearly a dozen universities, colleges and community colleges located within close proximity to its member parks.  This should allow for active engagement of faculty and staff in research and monitoring once a plan is developed. To date, there has not been a tremendous involvement from university staff in the development of the program, except for participation in some of the VS workshops.  We hope to rectify this situation as we make better linkages with the new Cooperative Ecosystems Study Unit, located at the University of Washington in Seattle.  Building these relationships is predicated on the Network’s ability to define a need and research agenda, and bringing financial and other incentives to the program to attract qualified faculty and students.  To date, there has been little in the way of excess I&M program funds to allocate to this purpose.  On the other hand, subject matter experts from BRD have made substantial contributions, primarily in the role of protocol development, but also in the planning elements for the overall program.

2.4
Program Goals and Objectives

2.4.1
Network Vision Statement:

The Network Board of Directors has defined a vision statement to help guide the development of specific objectives for the monitoring program, as follows -

· In response to the Natural Resources Challenge, the seven National Park Service units in the North Coast and Cascades Network work collaboratively to design and implement a Network Monitoring Program to focus collective efforts on inventory, monitoring and research on natural ecosystems.  This will result in a comprehensive body of knowledge that provides timely and relevant, scientifically credible information to Park managers and the public. 

· Through these efforts we will be better able to understand, and explain to others, the status and trends in key components and indicators of Park ecosystems, and how they have and will respond over time to natural and human induced changes both from within and outside of Park boundaries. 

· This comprehensive, integrated long-term ecological monitoring program provides for better protection, restoration and maintenance of the natural ecosystems under NPS management.  
· The Network Monitoring Program collaborates with complimentary  monitoring efforts of all levels of government, in order to achieve the greatest level of protection to natural resources and to contribute a body of knowledge to address broader, regional natural resource issues.  

2.4.2
Natural Resource Monitoring within the North Coast & Cascades Network:
The near-term (through mid - FY 2003) monitoring program objectives of the NCCN are:

· Complete refinement of key questions from vital signs workshops;

· Link key questions to relevant measurable objectives; 

· Complete development of conceptual ecosystem models;

· Hold an outreach workshop to showcase plan elements and seek collaboration with outside entities engaged in natural resource management issues;

· Refine objectives and identify appropriate indicators to include in the overall monitoring plan;

· Develop sampling approach to address selected indicators;

· Identify and initiate development of needed protocols.

All of the parks within the Network have completed Vital Signs workshops within the last few years (Table 1).  The two prototype parks also held meetings to define elements of their long- term ecological monitoring programs, equivalent to the Vital Signs Workshops.  These workshops generated a list of 200+ potential issues and monitoring questions for consideration (see February Workshop Report, available on the NCCN web-site).  The topic area subcommittees met over several months to re-consider these questions and refine a list that would serve as a basis for group discussion and selection of priorities for the Network.  

Table 1.  NCCN Member Parks and “Vital Signs” Workshop Dates.

	Member Park

	Workshop Held

	Ebey’s Landing National Historical Reserve 
(EBLA)




	June 5 - 7, 2001

	Fort Clatsop National Memorial (FOCL)






	May 8 – 10, 2001

	Fort Vancouver National Historic Site (FOVA)





	June 19 - 20, 2001

	San Juan Island National Historical Park (SAJH)




	March 20 - 22, 2001

	Mount. Rainier National Park (MORA)






	May 22 - 24, 2001

	North Cascades National Park Service Complex (NOCA)




	 March, 1998

	Olympic National Park (OLYM) - LTEM Workshop






	January 26-28, 1999

	Network-wide VS Workshop
	Feb. 26-27, 2002


A Network-wide Workshop in February of this year successfully narrowed the list and concluded with an outline of conceptual ecosystem models and a selection of key questions that will be further refined.  Additional work to develop better cross-disciplinary integration among these questions will be done before submission of the Phase II report in April of 2003.  Key ecosystem components of interest were defined and their associated conceptual models were described and linked to the identified questions. These key questions and conceptual models will be refined over the coming year as indicators are identified and various approaches to sampling design are evaluated.  A final report on the outcome of this meeting was prepared and distributed as part of the administrative record for development of the overall monitoring plan. This report will be made available on the Network’s intra-net website, currently under development.

In addition to the workshops targeted at identification of key questions and “vital signs”, the Network is fortunate to have had the opportunity to hold several workshops to focus on specific subject areas or methodological questions (Figure 2). For example the Geologic Resources Division generously held a workshop on geo-indicators at OLYM, and a workshop on ultraviolet radiation exposure was organized to help us better understand the influence increased exposure might have to park visitors and biotic communities. In addition, workshops examining bio-geo-chemical cycles, glacier monitoring and sampling design and statistical analyses for terrestrial systems were also held.   Additional workshops are planned for the next few years, to consider habitat sampling frameworks for large rivers, marine derived nutrients and salmon population dynamics, persistent organic pollutants (POPs), remote sensing tools, climate monitoring, and terrestrial community diversity indices, to name a few.  

Table 2.  Focused Workshops for specific issues within the NCC Network.

	
TOPIC of Workshop



	DATE HELD

	Ozone Depletion & Ultraviolet Radiation
	July 16-17, 2001

	Bio-geo-chemical Processes








	January 16-17,2001

	Statistics and Sampling Design for Terrestrial Systems



	April 2001

	Geo-indicators (GRD sponsored workshop)






	August 14-15, 2001

	Glacier Monitoring









	March 2002 

	Soils Monitoring



	April 2002 

	Marine Inter-tidal Monitoring








	February 2002

	Indicator selection for ecological monitoring
	May 6-7, 1997

	Persistent Organic Pollutants
	June 26-27, 2001

	Network-wide workshop to prioritize questions and conceptual ecosystem models
	February 27-28, 2002

	Recreational Impacts Workshop
	September 2002



	Remote Sensing of Natural Resources
	September 2002

	Geological resources for Network member parks (GRD sponsored)
	September 2002


2.4.3
Criteria for refinement of monitoring questions that will aid in appropriate indicator selection:
We believe that before we can begin the process of indicator selection, we have to define the explicit questions we are trying to answer.  This gives important focus and identifies the purpose for the monitoring effort.  These questions are critical to identifying the specific program objectives, generating hypotheses that can be tested, defining working assumptions (aided by the conceptual ecosystem models)), and selecting appropriate variables (indicators) that will provide evidence to help answer the question.   To help this process of problem definition, we provide the following guidance when considering a range of questions (>200) that had been defined at the park-level Vital Signs workshops:

· Why is answering the question so important? What it is we are trying to achieve by answering the question (i.e. the objective)?

· Does the issue relate to identifiable human activities that affect park resources?  

· What are the consequences if we ignore the issue?  Will we make fatal management blunders, or doom a species or population to an uncertain fate through our ignorance?   

· Define the likely measurable objective and some indicator that is responsive to disturbances (stresses) over reasonable time frames and defined geographic areas (i.e. spatial scales).

· Is this a park-specific issue or one of network relevance? 

· What spatial scale is the question nested within, i.e. a Network level effort vs. a park level effort, a site or a watershed scale? 

· How does it link with other ecosystem components and integrate physical and chemical processes and biological responses? 

· Does it give insight into cause – effect relationships, or is it a status and trend indicator?

· Can we realistically detect a change within a time frame that is relevant to management?

Water and air quality values have been identified as significant to the network I&M program.  Air quality considerations are factored into the developing scheme to define an atmospheric/climatic component for the program.  We anticipate enlisting the assistance of the new regional air quality specialist (to be located at the Columbia Cascades Support Office in Seattle), to aid in the design of the approach we ultimately take.  In addition, we hope to establish working relationships with both the Puget Sound Air Pollution Control Authority and the Puget Sound Regional Synthesis Model (PRISM) group working at University of Washington.  In order to accommodate the concerns at FOVA and FOCL, additional collaboration will be developed with similar efforts near Fort Vancouver in and around the greater metropolitan area of Portland, Oregon.

For this network, a technical working group on aquatic resources has been working to integrate biotic components, water quantity and water quality.  To that end, the group takes on the responsibility to integrate program requirements for water quality elements into the overall work plan for current and future years.  This work plan is submitted to the Water Resources Division for their review and approval prior to receipt of operating funds. 

2.4.4
Prototype Parks:

The NCCN has only recently received Long Term Ecological Monitoring funding.  However, for several years prior to that time, protocol development was underway in two of the parks for some time using other resources. Both the OLYM and NOCA were competitively selected in 1993 to develop specific protocols for long-term monitoring of key aspects of temperate forests and aquatic ecosystems, respectively. Despite being near the end of the queue to receive funding, both parks found other sources of funding and collaboration, including USGS, to begin work. When the Network received its full I&M program funding in FY 2001 these “prototype parks” received partial support for ongoing protocol development work.  The remainder of the I&M funding is partitioned among the remaining five parks within the Network.

Natural resource scientists with the USGS have worked closely with the Olympic National Park (OLYM), one of two prototype parks within the Network, to develop a strategic monitoring plan for coniferous forest ecosystems and produce several field trials and pilot data sets. The North Cascades National Park Complex (NOCA), the other prototype park, began several years ago to develop protocols for fluvial aquatic systems, in collaboration with other agencies.  These efforts have primarily focused on habitat, fish and macroinvertebrate community characterization in smaller rivers and streams. These efforts have primarily focused on glacier mass balance, stream habitat, and fish and macroinvertebrate community characterization.  In collaboration with aquatic ecologists at Mount Rainier and with the USGS’s Forest and Range Ecosystem Study Cooperative (FRESC), additional work on monitoring protocols for lakes and ponds is progressing. Glacier mass balance monitoring protocols have been written and peer-reviewed, and should be finalized by early 2003.  Additional workshops are needed to help define a monitoring strategy and key components for large rivers and watershed processes and the biotic communities they support.  Special emphasis will be given to riparian zones, native salmonid population characteristics and habitat distribution, and marine derived nutrients in aquatic and riparian ecosystems.  In addition, MORA has been developing methods to monitor characteristics of mountain climate and atmosphere. 

Next Steps

In the future, the Network will work to better integrate the work of these two prototype parks in part, to take more advantage of sampling design approaches that may be transferable to other parks with similar ecosystems.  Also, we will make more meaningful links between the terrestrial with the aquatic protocols, especially at ecotones like riparian zones. Developing a way to export those elements of the protocols that will have wider applicability is an important function of the Network in partnership with its two prototype parks. Priorities for monitoring identified for the Network as a whole will be reconciled with those identified for individual parks.

Prototype Park #1 - North Cascades National Park Complex

In 1993, the park complex was selected as a "prototype park" within the framework of the National Park Service (NPS) Long Term Ecological Monitoring (LTEM) program (see "Long Term Ecological Monitoring Prototype Proposal for Lakes and Rivers," on file at NOCA).   The North Cascades LTEM program was funded by the NPS in FY 2001. 

The primary objectives of the North Cascades LTEM program are:

· Establish accurate inventories of park species communities and features.

· Identify vital signs, or key ecological indicators, for long term monitoring.

· Assess the current status and trends for these vital signs.

· Determine the range of natural variation for key ecological indicators.

· Develop a monitoring strategy that addresses environmental gradients of 

      elevation and precipitation.

· Link monitoring with park management.

In 1998, the park convened a workshop to begin development of a conceptual plan for LTEM, in anticipation of an expanded monitoring program. This plan represents the work of North Cascades NPS Complex natural resources staff, other NPS staff, and scientists in prioritizing monitoring components, describing specific parameters to be measured, and identifying linkages among resources. It is envisioned that long term monitoring will occur in specific west and east slope watersheds, and that the data sets or findings will enable future extrapolation to the regional and landscape levels. 

For further information, please consult the website maintained by NOCA that describes in detail the overall plan long-term ecological monitoring prototype objectives and components.  

Prototype Park #2 – Olympic National Park

In 1993, Olympic National Park was selected to develop a monitoring program and associated protocols for the coniferous forest biome.  Two years ago, the Olympic National Park was also included in the North Coast and Cascades (NCC) Network of parks for vital signs monitoring. Although Olympic National Park has only recently been funded to develop its prototype monitoring program, scientists with the USGS Forest and Rangeland Ecosystem Science Center (FRESC) previously found other resources to work closely with Olympic National Park resource managers and scientists to develop the monitoring concepts reported here.  

The goal of ecological monitoring in Olympic National Park is to provide timely information to help park managers make ecologically-based decisions, formulate management plans, and undertake corrective management actions to fulfill the National Park Service mission.  Understanding natural rates of change in park ecosystems is critical to preserving natural landscapes, identifying the endpoints of restoration activities, and minimizing or mitigating impacts of human activities (Jenkins et al. 2002, in review)

Toward these ends, the objectives of long-term monitoring in Olympic National Park are to:

· Detect natural and human-induced changes in key resources, ecological processes, or ecosystem status

The National Park Service mandate recognizes that ecosystems are fundamentally dynamic and that the challenge for park management is to allow for “natural” change while minimizing anthropogenic effects . The intent of monitoring in Olympic National Park, therefore, is to document natural variation in key components of forest ecosystems as context for recognizing aberrant or unnatural changes. Natural change is understood to be the normal consequence of often cyclical ecosystem processes that are in a state of dynamic equilibrium.  By comparison, anthropogenically-caused change, are by definition caused by humans and should, therefore, be responsive to local, regional, or global changes in human activities. Anthropogenic changes tend to be directional, rather than cyclical, and may be accompanied by losses in biodiversity or functional integrity (Jenkins et al. 2002, in review).   

· Establish benchmark rates of change in natural coniferous forest ecosystems against which more altered landscapes may be compared.

Decisions concerning land management activities both inside and outside national parks can benefit from benchmark reference information gathered in parks.   Within parks, reference conditions of natural areas may be used to define endpoints of restoration activities or for interpreting the magnitude of resource impairment.  For example, the planned removal of two hydroelectric dams on the Elwha River in Olympic National Park will present the need to restore several hundred hectares of exposed lake-bed to the most natural forested condition possible.  Information derived from monitoring on forest succession and forest community structure in naturally disturbed ecosystems will help to define restoration objectives and lead to the development of specific silvicultural prescriptions to meet those objectives.  Decisions concerning land management activities outside national parks can also benefit from benchmark reference information gathered in parks.  The most obvious example in the Pacific Northwest is the Northwest Forest Plan completed in response to the listing of the northern spotted owl under the Endangered Species Act. The plan requires that Federal land management agencies manage forested ecosystems for late-successional and old-growth forest related species within the range of the northern spotted owl in the Pacific Northwest.  Monitoring demographic traits of the northern spotted owl in Olympic National Park has provided the standard for natural demographic processes of this threatened species on Washington’s Olympic Peninsula. The role of Olympic National Park and other Network wilderness parks as benchmarks for comparison to altered areas is becoming increasingly relevant for many environmental issues in the Pacific Northwest.  

Where to find more information -

A report has been prepared (Jenkins et al., 2002 - in review) that presents the conceptual plan for developing the monitoring program for coniferous forest ecosystems in Olympic National Park. This approach was developed with the objective of making it relevant and exportable to other parks that may have similar forest biomes.  Results are synthesized from several workshops and numerous discussions with resource specialists and scientists from within the Park Service, others engaged in resource management, and with scientists from the West.   These discussions lead to an ecosystem-based monitoring strategy that focuses on indicators of ecosystem integrity, resource threats, and ‘special-status’ species (Woodward et al. 1999).  Below, a brief outline of this report is presented, excerpted directly from the report (Jenkins et al. 2002, in review). Those desiring more details should consult the report directly.

Part I of the report contains the conceptual ecosystem model designs including recommendations for key monitoring programs and a sampling framework for the prototype monitoring program.  The authors’ give the greatest emphasis and detail on monitoring development and design for terrestrial coniferous forest ecosystems. However, they present some ideas for monitoring lentic and lotic systems because of the close coupling of terrestrial and aquatic ecosystems.  Part I contains the following chapters:

· Chapter 1. Monitoring Goals, Strategies and Tactics: defines the guiding goals, strategies, and tactical approaches used to design an ecosystem-based monitoring program for coniferous forest parks.
· Chapter 2. Environmental Context:  a description of park resources provides context for selecting potential indicators, developing conceptual models of system drivers, agents of change, and ecosystem responses, as well as identifying sampling opportunities and constraints.
· Chapter 3. Scoping:  the process of identifying relevant management issues and potential indicators of change worthy of monitoring in Olympic National Park.  

· Chapter 4. Conceptual Models: communicates our concepts of how ecosystems work, key components and processes of ecosystems, and the interrelationships between temporal and spatial scales (a key step in ecological integration). 

· Chapter 5. Monitoring Framework:  identifies a core set of monitoring components and spatial relationships among monitoring projects (a key step to ecological and spatial integration).

· Chapter 6. Sampling Framework: recommends a general sampling design that preserves the spatial linkages among monitoring components.  The development of a sampling framework helps to cement the elements of spatial integration.

· Chapter 7. Next Steps: describes future steps in the development and implementation of an integrated monitoring program in Olympic National Park. 

Part II contains a complete record of potential indicators identified to date for Olympic National Park. Here, we provide the rationale for selecting the potential indicators, as well as a set of proposed indicators that will be needed to develop a more comprehensive monitoring program (i.e. a program that goes beyond the terrestrial forest ecosystem).  Olympic NP includes vast high elevation alpine and mountainous areas and one of North America’s most renowned stretches of wilderness marine coastline. Consequently, in Part II, we summarize the monitoring needs identified to date in all of these park ecosystems.  However, additional conceptual development and modeling is needed in the marine and alpine regions, and to lesser extent aquatic subsystems (Jenkins et al. 2002, in review).

2.5
Overview of Network parks and their natural resources:

In this section we very generally describe the physical, biological and cultural characteristics of the member parks within the Network.  More detailed descriptions for each park follow, wherein we describe the natural resource “goals” and desired future conditions, the national and regional significance of each park’s natural resources, the specific natural resource management and scientific issues each park faces and some details on the nature of monitoring that has occurred within each park.  The realm of water quality issues each park is facing is also described, although the details will be further amplified in a separate water quality report due later this year. 

The dynamic geologic and cultural processes that have shaped the Pacific Norwest are on display in the seven national park units encompassed within the North Coast & Cascades Network, in western Washington and northwest Oregon (Table 3; Figure 1).  These landscapes show tremendous environmental gradients, varying in elevation from sea level to snow- and ice-clad mountain peaks. These environmental patterns have shaped the variety and distribution of plant and animal communities and ecosystems encompassed within the parks. The four historic parks preserve snapshots of significant cultural milestones in the development of the Pacific Northwest.  The three larger parks showcase the variety of terrestrial and aquatic ecosystems native to this region.  

Table 3.  NCCN Member Park Statistics
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PARK

Park Code

Size (acres)

Size (ha)

Ecoregion Level IV

Ebey’s Landing National Historical Reserve

EBLA

17,400

7,044

Olym. rainshadow

Fort Clatsop National Memorial 

FOCL

1625

657.6

Coastal lowlands

Fort Vancouver National Historic Site 

FOVA

170

68.8

Portl./Vanc. Basin

San Juan Island National Historical Park 

SAJH

1,752

709.3

San Juan Islands

Mount. Rainier National Park 

MORA

235,625

95394.7

W. Cascade Montane

North Cascades National Park Complex 

NOCA

684,238

277,019

North Cascades

Olympic National Park 

OLYM

922,652

373,543

Low/High Olympics


Figure 1.  Map of North Coast & Cascades Network member Parks (note that the map does not reflect the recent addition of 1500 acres to FOCL.

Ebey’s Landing National Historical Reserve (EBLA) is an ambitious experiment in collaborative land management of 25 square miles owned by federal and state governments as well as private citizens and non-governmental organizations. The historical landscape of the reserve today looks much like it did a century ago – a mosaic of farms, forests, and century-old buildings and homes.  Fort Clatsop National Memorial (FOCL) is the reconstructed winter encampment of the Corps of Discovery (Lewis and Clark Expedition), while Fort Vancouver National Historic Site (FOVA) preserves the location of what was once the headquarters of the Hudson Bay Company on the Pacific Coast.   San Juan Island National Historical Park (SAJH) commemorates the historic events that occurred from 1853 - 1871 on the island in connection with the final settlement of the Oregon Territory boundary dispute, including the Pig War of 1859.  The park is the largest public open space on San Juan Island.  In addition to the historical buildings and features at both American and English Camps, the park contains important prehistoric Indian sites.

Given the pace and scale of land development in Washington State, the three larger parks in the Network stand in sharp contrast to surrounding areas and are rapidly becoming islands in a sea of developed landscapes.  With a combined area in excess of 2 million acres, these mostly wilderness parks reflect geologic processes that have shaped this edge of the continent for millions of years. Mt. Rainier National Park (MORA) is home to the highest peak in Washington, a strato-volcano shaped over time by fire and ice, which dominates the skyline of the rapidly expanding Puget Sound metropolis, even though it is over 100 miles away. The North Cascades National Park Complex (NOCA) complex also shows similar history in its erratic confusion of precipitous mountains and deep forested valleys. The North Cascades National Park Complex (NOCA) represents the most rugged and geologically diverse region of the Cascade Range, and contains the largest collection of glaciers in the lower 47 states. The Olympic National Park (OLYM) is on the margin of colliding oceanic and continental tectonic plates, and today exhibits telltale signs of marine volcanism and glaciation. The park is recognized as both a World Heritage Site, and an International Biosphere Reserve. 

2.5.1
Natural Resource Overview of parks within the Network– 

Geologic resources included in the Network are highly varied and complex, owing to their complex history of marine and non-marine volcanism, continental and alpine glaciation and plate tectonics.  Climate and weather is also highly variable within these landscapes.  The north-south trending ridgeline of the Cascades Mountains and the isolated Olympic Mountain Range play a significant role in the interception of Pacific storms that drop heavy precipitation on the west side of the ranges. 

Water resources and aquatic ecosystems - Washington State boasts more glaciers (in terms of area) than found in all the other 47 lower continental states combined.  Many of these glaciers and permanent snowfields originate within the three big parks, and their watersheds contribute substantial freshwater inflows to tributary rivers that supply water for hydroelectric utilities before emptying into, Puget Sound, the Columbia River and the Pacific Ocean.  These rivers in turn provide increasingly threatened habitat that supports native sea-run and resident salmon and trout, as well as a wide-variety of wildlife associated with the river corridors.  These include grizzly bear, coastal cutthroat and west slope cutthroat trout and several species on the federal T&E species list, including bulltrout and chinook salmon.  Water quality coming out of the three big parks is generally outstanding.  In addition to many large river systems, the Network parks include hundreds of alpine lakes and several very large lowland lakes, some with distinctive native fish communities.  Over 73 miles of marine shoreline are among the aquatic ecosystems found within these parks, with associated native vertebrate and invertebrate marine species.  

Terrestrial resources – As one might imagine, this complex of parks that ranges in elevation  from sea level to  >14,000 feet provides habitat for a wide range of terrestrial plan and animal communities. Plant communities vary in character from intertidal marine algae and eel-grass to old-growth coniferous forest to high-mountain subalpine and alpine vegetation.  Similarly, complex vertebrate and invertebrate marine and terrestrial animal communities can be found in these diverse habitats.  There are a number of federally listed threatened and endangered species that find a home within the network.  Northern spotted owls and marbled murrelets are among those terrestrial species found within OLYM and NOCA and at MORA.  Several species of native salmon are also found within the network parks, including federally threatened stocks of chinook salmon, Ozette sockeye salmon and bull trout/Dolly Varden char.

2.5.2
An Overview of Monitoring within the Network Parks:
As circumstances and need have dictated, several parks within the network have initiated discrete monitoring projects to address specific needs.  Table 4 provides an overview of some of those efforts current as of the last few years.  This table does not reflect the inventory efforts that have occurred.  A brief description of the focus of these efforts for the two prototype parks has been described above.  In general for the smaller parks, much less emphasis on monitoring has been occurred, due largely to limitations of staffing and funding. Over the last several decades, Mt. Rainier National Park has invested considerable time and effort into monitoring of biotic and abiotic ecosystem components.  These efforts summarized in Appendix 3 have included: establishing weather stations to gage precipitation, air quality and air deposition of pollutants; glacial, seismic and geothermal monitoring;; monitoring of aquatic biota, water quality and habitats for lakes, ponds, wetlands and streams; monitoring to document seasonal use of park waters by native salmon and trout; monitoring of vegetation communities and re-vegetation restoration outcomes; and monitoring of various taxonomic groups of terrestrial wildlife.  In addition, prior to the establishment of the Network, MORA had defined a monitoring and research agenda for natural resources.  The priorities described within this document are being reconciled with and integrated into the Network monitoring program.  

	Table 4.   Summary of current monitoring efforts - NCC Network Parks (X = monitoring)
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Ecosystem Component
	SAJH
	EBLA
	FOCL
	FOVA
	MORA
	NOCA
	OLYM
	
	

	Weather/Climate Resources
	
	
	
	
	
	
	
	
	

	Particulates/Visibility 
	
	
	
	
	x
	x
	x
	
	

	Meteorology
	x
	
	x
	
	x
	x
	x
	
	

	Snow/precipitation
	x
	x
	x
	x
	x
	x
	x
	
	

	Air quality
	
	
	
	
	x
	x
	x
	
	

	OZONE  
	
	
	
	
	x
	
	x
	
	

	UV radiation
	
	
	
	
	
	
	x
	
	

	Wet & dry deposition
	
	
	
	
	x
	x
	x
	
	

	Stream processes
	
	
	
	
	
	x
	
	
	

	Other gaseous pollutants
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Aquatic Resources
	
	
	
	
	
	
	
	
	

	Freshwater Aquatic Habitats
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	x
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	x
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Chapter 2.6
Individual Park Summaries 

2.6.1

Overview of Ebey’s Landing National Historic Park 

Ebey’s Landing National Historical Reserve was established in 1978 to preserve and protect a rural community on Whidbey Island. The historical landscape of the reserve today looks much like it did a century ago – a mosaic of farms, forests, and century old buildings and homes. The site encompasses 25 square miles (17,400 acres) and includes federal, state, county, and private property (Figure 2).  A Volunteer Trust Board administers the area to protect the cultural landscape and historic essence of the site.  Ebey’s Landing provides an unbroken historical record from nineteenth century exploration and settlement in Puget Sound to the present time, and commemorates:

· The first thorough exploration of Puget Sound by Captain Vancouver in 1792.

· Settlement of the area by Col. Isaac Ebey.

· Early active settlement during the years of the Donation Land Law (1850-1855).

· The growth since 1883 of the historic town of Coupeville.

. 

To achieve the above purposes, Congress required local government cooperators to formulate a comprehensive plan for the protection, preservation, and interpretation of the reserve. “The plan shall identify those areas or zones within the reserve which would most appropriately be devoted to: (A) public use and development, (B) historic and natural preservation, and  (C) private use subject to appropriate local zoning ordinances designed to protect the historical rural setting.”

The Comprehensive Plan (1980) provides guidelines for the above.  Because of the unique status of the Reserve within the NPS, management objectives combine natural and cultural resources.  Primary objectives are to:  

(1) identify and protect natural and cultural resources with a competent, professional management team;  

(2) provide public access in a manner that preserves and protects resources; 

(3) enhance public awareness of the significance of the resources; 

(4) establish and nurture strong resource management partnerships within the community and agencies; 

(5) establish sound and scholarly bases for decision making.

General Setting and Resources

The Reserve is located on central Whidbey Island, approximately 45 miles north of Seattle, at the extreme northern end of Puget Sound (Figure 2).  To the east are the North Cascades; north and south are miles of islands, coves, and bays; southwest lie the Olympic Mountains.  Whidbey Island varies from 1 to 10 miles in width and offers a rare combination of forests, prairies, and seascapes. A major force in the creation of this landscape was the Pleistocene glacial retreat about 13,000 years ago.  The retreating ice left glacial moraines, gravel, sand, and clay, as well as kettle lakes and raised beaches.  Natural forces continue to erode the beach bluffs and transport sand along the shores. 

Park Resources and Species of Concern

Outstanding natural features include miles of marine shoreline, 4,000 acre Penn Cove, three large native prairies, multiple glacial kettles, the island’s best farmland, high seaside bluffs, low rolling hills, shallow brackish lakes, and a long, narrow, rugged beach along Admiralty Inlet. 

The Reserve is located in the western hemlock forest zone of western Washington.  The unique climate, rain-shadow effect of the Olympic mountains (18.6” of rain annually), productive agricultural soils, maritime influence, and geologic features result in an unusual diversity of plant and animal species, communities, and habitats, including several small populations of the federally listed (threatened) Castilleja levisecta (Golden Indian Paintbrush).  Native flora are very diverse, ranging from small, scattered stands of old-growth Douglas-fir forest, flat-leafed cactus, and miles of hedgerows to dense rhododendron thickets, significant salt marsh communities and a recently discovered intact acre of original, pristine prairie.  Numerous populations of invasive exotic flora exist within the Reserve.

The rich marine resources attract over 140 species of migratory and resident birds.  Marine mammals are commonly observed in the waters mentioned above.  Little is known of reptile, amphibian, mammal, or invertebrate populations within the Reserve.

Figure 2.  Ebey’s Landing National Historical Reserve

Purpose

· The purpose of Ebey’s Landing National Historical Reserve (Reserve, or Ebey’s Landing NHR) is to preserve and protect the landscape and to commemorate the history of a rural community which provides a continuous record of exploration and American settlement in Puget Sound from the 19th century to the present.

Desired Future Conditions

(Editor’s note: these have been extracted from the draft General Management Plan and only those that relate to natural resources have been included).

Protection of Rural Landscape 

· At Ebey’s Landing NHR, one of America’s first Pacific Northwest settlements is preserved through a protected, viable, and dynamic landscape for the public to see and experience.

Cooperation and Assistance

· With the full cooperation and assistance of Island County and the Town of Coupeville, the rural historic landscape of the Reserve retains its integrity. New development is designed and sited to respect the cultural landscape and to protect key landscape features that are of historic significance.

Agriculture and Economic Health

· The presence of Ebey’s Landing NHR enhances the health of the central Whidbey community as it continues to grow and evolve. The local community appreciates and protects its historical inheritance and valuable natural resources by assisting in the maintenance of open space and historical structures and providing recreational and educational opportunities to residents and visitors alike. The agricultural community operating within the Reserve is healthy and is able to respond to changing market conditions to remain economically viable. 

· There is a desire to live within the Reserve because of its protection afforded and quality of life.

Education and Interpretation

· Residents and visitors are provided opportunities to learn about the natural and cultural history within the Reserve and have individual opportunities to contribute to the protection of the Reserve.
Natural Resources

· Natural resource conditions in the Reserve are maintained for natural processes and healthy ecosystems.
· Natural Landscapes of bluffs and beaches are maintained in natural conditions with minimal structural intrusions.
Sustainability and Stewardship

· The Reserve is a model for sustainable development that respects a community’s need to adapt to new challenges while protecting a nationally significant historical resource. The Reserve partnership is a model of cooperative management of cultural and natural resources. A well-developed sense of stewardship exists within the local community and among the Reserve partners that assures the health of the Reserve into the future.

The importance of the park’s natural resources in a regional or national context: 

Regional:  

· Large open agricultural fields under federal ownership: areas available for extensive native prairie plant community restoration.

· 3-5 acres of undisturbed, intact native prairie, including over 50 plant species in the community, within the Reserve and available, through partnerships, for propagation.

· The three small populations of the endangered golden paintbrush, Castilleja levisecta, are among only 10 such populations in the world.

· On an island facing aggressive development pressure, there are excellent habitat areas within the Reserve for numerous sensitive species, including golden paintbrush,  marbled murrelets, bald eagles, numerous other birds of prey, and amphibians.

· Ebey’s prairie offers excellent dark night sky and sweeping, relatively undeveloped landscape vistas similar to those of 1850’s.

· Keystone Spit and Lake Crockett are among the best birding areas in the state of Washington.

National:

· Large, open agricultural fields under joint cooperative management; selected areas available for extensive native prairie plant community restoration-the conditions exist for establishing a showcase partnership program within Puget Sound and the pacific northwest-including SAJH in Puget Sound and FOCL in the Pacific Northwest.

Threats and Sources

· Numerous vegetation management issues, including control/eradication of exotic , invasive flora; prairie restoration; forest health.

· Human population increase/land development/increased freshwater use

· Catastrophic events associated with human use, such as coastal marine oil spills, landscape scale fires.

· Global climate change/warming/rising sea level.
Scientific Issues:

· Propagation/population enhancement techniques for golden paintbrush.

· Site identification for effective native prairie restoration, and research on species composition, sources, techniques, effectiveness monitoring.

· Surface water quality inventory and plan development.

Resource Management Issues:

· Protection, preservation, and enhancement of golden paintbrush populations.

· Completion of natural resources baseline inventories.

· Implementation of effective IPM program, including control of pest species such as starlings, pigeons, and rats.

· Reintroducing fire into the ecosystem, as an element of native prairie restoration.

Summary of Existing Monitoring Program Focus

Soils:  Some initial inventory work has been done on soil characterization.  An interagency agreement with NRCS should allow further refinement of soils inventory at EBLA.
Vegetation:

· Exotic flora populations-EBLA RM staff, informal, and Island County Noxious Weed Board, 1990’s-present.

· Eelgrass beds, Penn Cove, Washington Dept of Ecology.

· Prairie restoration

Water Quality and Quantity:

· Groundwater monitoring- in collaboration with Island County.

· No waters within/adjacent to EBLA are presently known to exceed state water quality criteria; none listed on CWA 303d; none threatened with degradation at this time, per Washington Department of Ecology draft list for year 2002. No major point source polluters immediately adjacent to EBLA waters, or within boundaries.

· Entire Reserve and Island County are designated as a sole source aquifer.  Island County regularly monitors for groundwater quality, including saltwater intrusion, conductivity, mineral content.
Partnering and Neighboring Agencies, Tribes, Entities  & Individuals

Neighboring Land Management Agencies/Tribes:

Chapter 2.6.2
Fort Clatsop National Historic Park 

Overview

Fort Clatsop National Historic Park was established in 1958 to “commemorate the culmination and Winter encampment of the Lewis and Clark Expedition.”

Primary resource management objectives: 

· Proactively monitor the park’s cultural and natural resources in order to mitigate potential impacts, 

· Conduct continuing research to gather and analyze information necessary for managing the park’s resources, 

· Restore terrestrial, wetland and aquatic resources ecosystems and processes so they may operate essentially unimpaired, 

· Restore altered natural resources and processes and cultural landscapes to a condition as close as possible to what they would be today had the resources or processes continued unimpaired, 

· Protect threatened and endangered plant and animal species and reintroduce, where practical, those species eliminated or seriously reduced from the natural ecosystem, 

· Obtain at least the Phase I inventory and monitoring standard as identified in NPS-75, the Inventory and Monitoring Guideline, 

· Identify and evaluate all cultural resources within park boundaries for their significance and if determined eligible, nominate the properties to the National Register of Historic Places, 

· Adjust park boundaries as required to preserve important park resources, to complete ecological units insofar as possible and/or to provide for more effective management, 

· Permit only those types and levels of use or development that do not significantly impair park resources or values and provide only those types and levels of programs and activities that enhance visitor understanding and enjoyment of park resources, 

· Work closely with various local and regional managers, other agencies and departments, tribal representatives, scientists, educators, land owners, organizations, businesses, interest groups and individuals in order to provide a more integrated approach to park management, 

· Foster an awareness and appreciation among park visitors and neighbors for the significance of the park, its resources and natural processes, as well as the role of the park within the region. 

General Setting and Resources

Fort Clatsop National Memorial is located near the extreme northwest corner of Oregon at the point near where the Columbia River meets the Pacific Ocean.  Until very recently, the park encompassed a mere 125.2 acres in three distinct units (Figure 3). An August 2002 bill passed in Congress authorized expansion with the addition of 1500 acres to the park, with more additions from across the mouth of the Columbia River in Washington State, under discussion.  At this writing, visitor services are located within the 108 acre unit on the west shore of the Lewis and Clark River and the 100 foot by 100 foot Salt Works Site unit situated within downtown Seaside, OR. A third unit of the park is a 17 acre parcel of land located along the east shore of the Lewis and Clark River opposite the main unit. The park at present is located within three miles of the City of Astoria, the oldest American settlement west of the Rocky Mountains, with a current population of approximately 10,000.

The topography of the park varies from estuarine mudflats in the Lewis and Clark valley to steeper forested slopes and benches of the eastern toe-slope of Clatsop Ridge, the northern-most portion of the Oregon Coast Range. Elevation ranges from 6 feet to 60 feet. The park’s climate is characterized by relatively warm and dry conditions in the summer and fall, with cool, wet conditions in the winter and spring. Rainfall averages approximately 70 inches per year.

Although small in size, Fort Clatsop contains diverse wildlife habitat and resources. Park ecosystems range from the estuarine mudflats and tidal marshes, to shrub and forested swamps and upland coniferous rainforest, dominated by Sitka spruce as large as 6 feet in diameter. Ten types of wetlands occur within the park in palustrine, estuarine and riverine systems, as identified by the National Wetland Inventory, and wetlands comprise approximately half the park acreage. Surface water consists of the tidally influenced Lewis and Clark River, low-gradient brackish sloughs, freshwater ponds and small freshwater streams and springs. Approximately 50 acres of the park is coniferous forest habitat, composed of approximately 20 acres of older forests and 30 acres of younger forests. Flora and fauna diversity within Fort Clatsop National Memorial are high, reflecting the park’s habitat diversity, its moderate climate, its location along the Pacific flyway and its proximity to the Pacific Ocean.

The replica of the original Fort Clatsop was built in 1955 for the Lewis and Clark Sesquicentennial by local civic organizations. The fort is the nucleus for a variety of interpretive, educational and living history programs throughout the year. The entire park is listed on the National Register of Historic Places. 

Figure 3. Fort Clatsop National Memorial Park, State of Oregon 

Fort Clatsop Park Resources

Most Valuable Resources:

The park’s most important management and scientific issues include:

· Habitat loss and fragmentation due to historic land use patterns within the park and adjacent land management practices

· Habitat loss and degradation due to hydrologic and water quality changes to the Lewis and Clark River and its tributary sloughs and streams

· Introductions of invasive exotic species and pathogens

· Suppression of natural disturbance processes

Importance of park’s natural resources in a regional or national context:

Historic role  - The site’s natural resources are significant for their historic link to the Lewis and Clark expedition, who wintered here in 1805-06. The explorers described and sketched several dozen plant and animal species they noted during their stay, some of which were new to science. Meriwether Lewis collected nine plants in the Fort Clatsop vicinity, and these same specimens are today preserved at the Academy of Natural Sciences in Philadelphia.

Species diversity - Flora and fauna diversity within the park are high, reflecting its wide variety of habitat types, moderate climate, presence within the Columbia River estuary, proximity to the Pacific Ocean and location on the Pacific flyway. 

Habitat diversity - Park ecosystems range from estuarine mudflats and tidal marshes, to shrub and forested swamps and upland coniferous rainforest. The forest type within the park is predominantly coastal Sitka spruce-western hemlock, with several acres of late seral forest containing Sitka spruce up to 6 feet in diameter. Only a small remnant of old growth forest remains in Clatsop County, so protected forestlands within the park are of significant value. Forestlands west of Fort Clatsop Road are contiguous with the eastern toe-slope of Clatsop Ridge, an important wildlife corridor along the northern tip of the Oregon Coast Range. 

Ungulates of historic significance - A herd of Roosevelt elk with historic ties to the Lewis and Clark expedition inhabits the park and adjacent timber and agricultural lands. Population growth and development pressures in the surrounding area in recent years have increased the park’s wildlife preserve values. 

Wetland river and coastal habitats and communities - Ten wetland types comprise approximately half the park acreage in palustrine, estuarine and riverine ecosystems, including the tidally influenced Lewis and Clark River, low-gradient brackish sloughs, freshwater ponds and small freshwater streams and springs. The Lewis and Clark River provides habitat for threatened salmonid fish and bald eagles. Its shores host uncommon plant species rafted down river from its headwaters near Saddle Mountain in the Coast Range and upriver through Columbia River estuarine tidal flux. The park is also home to a rare coastal sphagnum swamp and freshwater streams that provide habitat for juvenile salmonids and Columbia torrent and giant salamanders.

Threats and Resource Management Issues

Threats and Sources:

The most important agents of change and stressors that may cause changes in park resources:

· Increased visitation pressures during the 2003-06 Lewis and Clark Expedition Bicentennial

· Population growth and development pressures both regionally and adjacent to park lands

· Increased water diversion to meet increasing Warrenton municipal water supply needs 

· Non-point source aquatic pollution

· Rapid climate change

Key monitoring issues and priorities:

· Remove or control high-priority exotic plant species, and monitor their distribution and abundance.

· Monitor for forest health.

· Restore forest structure in the park as closely as possible to its appearance/function in 1805, and monitor forest structure to determine how well it has been approximated.

· Monitor the restoration of wetlands and riparian areas as the vegetation recovers to structures that approximate that of 1805-06.

· Monitor dynamics of ungulate populations, esp. elk.

· Monitor bald eagles, marbled murrelets, other birds, and survey for the presence of spotted owls

· Monitor pond-breeding amphibians.

Summary of Existing Monitoring Program Focus

Climate / Weather: 

· Weather Monitoring - Daily air temperatures and precipitation are monitored at a National Weather Service remote site in the park.

Vegetation:

· Wetland Vegetation Community Monitoring - A baseline vegetation inventory in 1995 was conducted in a restored estuarine tidal marsh and adjacent Lewis and Clark River shoreline. Four permanent transects were established to determine species distribution and abundance in order to monitor successional changes and to provide a baseline for future wetland restoration and enhancement projects.
Visitors:  

· Visitor use numbers are tracked.

Water Quality and Quantity:

· Temperature, conductivity, salinity, pH, turbidity, alkalinity, dissolved oxygen and stream current flows are monitored on a seasonal rotation for the Lewis and Clark River, the Historic Spring, Hansen and Alder Creeks, and Clay Pit and Association Ponds. Results of FOCL Baseline Water Quality Data Inventory and Analysis (2000) indicated that 11 parameters exceeded screening criteria at least once within the regional study area. Dissolved oxygen, pH, chloride and copper exceeded their respective EPA criteria for the protection of freshwater aquatic life. Chloride, sulfate and beryllium exceeded their respective EPA drinking water criteria. Dissolved oxygen, pH, copper and zinc exceeded their respective criteria for the protection of marine aquatic life. Fecal-indicator bacteria concentrations and turbidity exceeded the WRD screening limits for freshwater and marine bathing, and aquatic life, respectively.

Desired future conditions for park natural resources

· Restoration of terrestrial, wetland and aquatic ecosystems and processes so they operate essentially unimpaired (i.e. recruitment of snags and large decaying logs in forested ecosystems, exotic species removal)

· Restoration of altered natural resources and processes to a condition as close as possible to what they would be today had the resources or processes continued unimpaired (i.e. removal of dikes and tide gates on the Lewis and Clark River)

· Protection of threatened and endangered plant and animal species and reintroduction, where practical, of those species eliminated or seriously reduced from the natural ecosystem

· Adjustment of park boundaries as required to preserve important park resources, to complete ecological units insofar as possible and/or to provide for more effective management

· Park use/development types and levels restricted to those that do not significantly impair Fort Clatsop’s natural resources or values

Partnering and Neighboring Agencies, Tribes, Entities  & Individuals

Adjacent monitoring efforts and partners:

· Water quality monitoring of Lewis and Clark River, Oregon Department of Environmental Quality

· Native Salmon and trout fish monitoring, Oregon Watershed Enhancement Board

· Noxious weed monitoring, Clatsop County Soil and Water Conservation District

· Wetland mitigation site monitoring, Astoria High School

Neighboring Land Management Agencies/Tribes:

Shoalwater Tribe, Others?

Chapter 2.6.3  
Overview of Fort Vancouver National Historic Park (FOVA)

Located along the Columbia River just across from the City of Portland, Oregon, Fort Vancouver was initially established as a National Monument in 1948 to protect and maintain “the site of the original Hudson’s Bay stockade and sufficient surrounding land to preserve the historical features of the area” for the benefit of the people. The Department of the Interior’s report on the same legislation concurred, stating that the lands so dedicated should fulfill “two essential requirements – the preservation of the historic stockade . . .and the preservation of the historic parade ground of the later United States Army post.” Thus, the purpose is to maintain the site of this primary center of early economic, cultural, and military development in the Pacific Northwest and to interpret the important part played in our nation’s westward expansion by the fur trade and other activities carried on at the fort. To further achieve this goal, Congress passed the act of June 30, 1961, enlarging the boundaries of Fort Vancouver and re-designating the monument a National Historic Site.

The site currently encompasses some 170 acres in a variety of conditions (Figure 4). The natural environment of the site has been heavily impacted over time by the Hudson’s Bay Company and by development, primarily US Army, which moved into the area in 1849. As a result of these impacts, almost none of the site’s historic natural environment remains. Today the site is comprised of: 62.9 acres of maintained historic landscapes with ornamental plantings and orchards, 83.3 acres of developed land (airport and railroads), and 23.8 acres of disturbed uplands and riparian areas. The uplands contain several aggressive exotic plant species and 9.3 acres of disturbed area in the Columbia River riparian corridor. 

In order to properly preserve and interpret the site’s full story, park management desires to re-establish a portion of the site’s natural area to show the landscape as it was upon arrival of Euro-Americans in the early 19th century. This mandate of natural environment preservation and establishment is supported by the park’s enabling legislation which refers to “sufficient surrounding land” (cultural and natural), as well as the 1978 Master Plan and 1993 Cultural Landscape Report. Current planning efforts to complete a new General Management Plan (scheduled for public release in early fall 2001) also are supportive of the reestablishment of a vestige of the areas natural environment, consisting of approximately 10 acres. The natural environment played a key role in the culture of native people and in this site being the place where the Fort was originally established. 

Figure 4. Fort Vancouver National Historic Site, in Washington State, just across the Columbia River from Portland, Oregon.

Park Resources and Species of Concern

There are a number of natural resource issues that are best dealt with through assessment and inventory rather than monitoring.  Given that this is ostensibly an historic park, its interests lie in understanding the landscape and features of its historic ecosystems from the time the site was in full operation as the Hudson’s Bay Company site.  

Threats and Resource Management Issues

Threats and Sources: 

Situated in a highly urbanized environment, Fort Vancouver will need to maintain and restore the integrity of its natural environment, and accommodate visitors from the adjacent growing Portland/Vancouver metropolitan area. 

Summary of Existing Monitoring Program Focus

Vegetation:

· Exotics – An exotic plant inventory has been conducted within the reserve.

· Historical trees – One tree from the former 19th Century orchard remains, and it being cloned in an effort to re-create the orchard in its original configuration.  

Most Important Science Information and/or Monitoring Needs

· Document natural resource (especially bird populations) in the area surrounding the Fort (including Village) and along the Columbia River.

· Increase the amount of green space through landscape restoration of native riparian, prairie, forest, and oak savanna plant species.

· Define the desired future conditions of the Columbia River frontage area, including but not limited to the canopy of mature cottonwoods.

· Define important resources associated with the restored wetland and processes or species that present opportunities for monitoring.

· Define how urbanization to date and future urbanization have affected or might affect natural resources in the Historic Site and the Historic Reserve.

· Explore the extent to which objectives for natural and cultural resources overlap or conflict, and how conflicting objectives should be addressed.

· Establish the effect of roads and other infrastructure corridors on connectivity of habitats.

· Establish the effect of pet dogs off leash on wildlife populations.

· Identify steps whereby vegetation succession in restored natural forest areas will not compromise objectives for cultural landscape.  

Summary of Current Research Projects and Needs

Existing Research Projects:

At present, the primary focus of on-site research is archeology and historical reconstruction of built and natural environments existing at the time of historic interests.  This includes ethnobotanical studies as well as paleo-ecology of the area.  

Research Needs:

Studies to estimate past environments and to explore human/environment interaction at the site:

· Studies of ancient pollen and phytoliths to explore the natural vegetative environment at Fort Plain (the site of Fort Vancouver) prior to settlement by Euroamericans and to determine the rate and impact of change to native plant communities by the settlement process and the introduction of exotics.  This could also assist in determining prehistoric use of the environment such as evidence for the prehistoric burning of the prairie environment of Fort Plain to enhance browse, improve berry and other native plant foods. 

· Studies of macrobotanical remains (seeds, wood, charcoal, and other materials) from archaeological contexts to explore prehistoric and early Euroamerican use of the environment surrounding Fort Vancouver and to explore the rate of change in habitat associated with changing technologies of resource use, including early logging, agriculture, and settlement. This could also provide important evidence for the harvesting of native plant foods, such as camas, tarweed, and other native plant foods by prehistoric peoples and the ethnically diverse inhabitants of the Hudson’s Bay Company village.

· Studies of faunal remains, including fish remains, from archaeological contexts, will be used to explore the human use of animal species and to determine variations in fish and animal populations from archaeologically-dated contexts.  These could generate valuable data on the presence of particular species or genera and the size of animals and fish by age and species. 

Baseline studies of existing conditions, building on the few previous studies:

· Studies of distribution and population characteristics of medium-sized mammals (rabbits, coyotes, deer)

· Avifauna – occurrence and distribution of resident and migratory birds.

Partnering and Neighboring Agencies, Tribes, Entities  & Individuals

Neighboring Land Management Agencies/Tribes:  

City of Vancouver, Washington; Department of Defense, US Army
Chapter 2.6.4
San Juan National Historic Park 

Overview

Situated at the head of Puget Sound in the Georgia Strait marine area along the border with Canada, San Juan Island is one of the larger islands in the San Juan Island group. San Juan Island National Historical Park, established in 1966, preserves the sites of the American and English camps on the island (Figure 5). The 1,752 acre park commemorates the historic events that occurred from 1853 to 1871 on the island in connection with the final settlement of the Oregon Territory boundary dispute, most notably the Pig War of 1859.  The park is the largest public open space on San Juan Island, which is experiencing rapid expansion of residential developments and associated infrastructure.  In addition to the historical buildings and features at both camps, the park contains important prehistoric Indian sites.  

Natural resources within the park are varied and reflect the influence of the coastal marine shoreline and its location within a major marine confluence zone.  These resources include: 6.1 miles of shoreline and intertidal habitat; 92 acres of wetlands, including 3 marine lagoons; 900 acres of grassland, which supports varied raptor and songbird populations; a slightly smaller acreage of largely second-growth fir, cedar and maple forests and Garry oak woodland.  The legacy effects from logging, grazing and cultivation are evident at both camps, but small pockets of old growth forest remain.  Exotics plant species abound, especially at American Camp. 

Figure 5.  San Juan Island National Historic Park – Two units, American Camp and English Camp, outlined in yellow.

Park Purpose

The purpose of San Juan Island National Historical Park is to preserve the historic sites of American and English Camps and to provide interpretive opportunities for understanding the Pig War and related events. The park commemorates the arbitration and resolution of an international dispute and the establishment of a lasting peace between nations.

Park Significance

Cultural

· Archeological sites at both American and English Camps represent thousands of years of Native American settlement on San Juan Island, including Guss Island as the creation site of the Lummi Nation (check with Lummi Tribe for OK).

· The Hoffmeister Orchard at English Camp (may?) contains several of the oldest domestic fruit trees in the United States of American (check with Susan Dolan).

· American and English Camps are nationally significant cultural landscapes that allow the visitor experience a glimpse of mid-19th century military life in an authentic setting.

· Hudson’s Bay Company established the first European settlement on San Juan Island at Bellevue Farm as part of its strategy to claim the island for the British Empire.

· The English and American Camp units represent the determination of the British and American leaders to resolve their boundary dispute peacefully, resulting in the treaty of Washington signed in 1871.

Natural

· The park offers important habitat for threatened and endangered species (eagle, peregrine, murrelet).

· The park provides opportunities to experience solitude, natural sounds, and dark night sky.

· The park protects significant natural habitats and features including prairies, wetlands, lagoons, forests, coastal marine environments, and the largest intact stand of Garry oak woodland in the San Juan Islands.

Social

· The park provides for island residents and visitors, a wide variety of year-round recreational opportunities that are compatible with the historic setting of the park.

· With three intact shoreline areas, the park provides the longest, continuous, and varied expanse of publicly accessible shoreline in the San Juan Islands.
· The open landscape of the park provides unobstructed, broad-sweeping vistas to the Strait of Juan de Fuca, the Olympic Mountains, Mt. Baker, Mt. Rainier, and other regional features.

· The non-violent resolution of the boundary dispute between Great Britain and the United States by third-party arbitration provides an example to the contemporary world of how potential conflicts between nations can be peacefully resolved.

Park Resources and Species of Concern

Park-specific natural resource objectives

The spread and distribution of exotic plants and animals are a major concern.  Exotic plant invasions are encouraged by the burrowing activities of exotic European rabbits. The elimination of ground-nesting birds is linked to the activities of feral cats and introduced red foxes.   Inventories are needed to determine the distribution of exotic plants and animals.  Subsequent monitoring is needed to establish the specific links between exotic plants and animals and the vital signs for important ecosystems found within the park.  Similar monitoring is needed to establish trend information for ecosystem indicators that are threatened by human use and development activities adjacent to the park.

As the largest natural area on the island, the park is subject to ever-increasing pressures from near-park development, increasing visitation, and different kinds of recreational uses.  Inventories are being conducted to determine if listed and sensitive plant and animal populations are present that might be impacted by these activities.  It is not known whether the park contains any listed plant species, such as the golden paintbrush, that have been documented elsewhere on the island.  Habitat for the listed marbled murrelet habitat has been located in the park, but no surveys have been conducted to determine they are present.  No other listed bird or mammal species are thought to be present in park.  Management has also identified a need for a park plant checklist for visitors that could be developed as a product of a completed plant inventory.  Little is known about the reptile and amphibian populations in the park or whether there are any listed species present.  Park-specific inventories need to be conducted to fill in these gaps.  Specific vital signs for monitoring on SAJH will be defined during the course of development of the overall monitoring plan.

Regional significance:  

· Large, contiguous, open-prairie area under federal ownership available for extensive native plant community restoration. 

· One of the larger undeveloped and protected open spaces in the San Juan Islands in northern Puget Sound.

· On an island facing aggressive development pressure, there are excellent habitat areas within the park for numerous sensitive species, including marbled murrelets, bald eagles, numerous other birds of prey, and amphibians.

· American Camp offers excellent dark night sky and sweeping, relatively undeveloped landscape vistas.

· A 20-acre Garry Oak woodland plant community, relatively intact. Garry oak communities are rapidly disappearing from Puget Sound due to clearing for development.

· Shorelines associated with the park protect important marine shoreline habitats and associated vertebrate and invertebrate communities.  Shoreline and upland land developments have compromise such communities elsewhere in Puget Sound. 

National significance:

· Large, contiguous, open prairie under federal ownership available for extensive native prairie restoration-the conditions exist for establishing a showcase partnership program within Puget Sound and the pacific northwest.

Threats and Resource Management Issues

· Uncontrolled invasive exotic flora and fauna.

· Human population increase, land development pressures on the Island, and associated increased demand for groundwater resource extraction.  

· Catastrophic events associated with human use, such as offshore oil spills, landscape fires.

· Global climate change/warming/rising sea level.
Management issues:

· Control/eradication of exotic European rabbits at American Camp.

· Numerous vegetation management issues, including timber stand thinning, and especially Control of exotic invasive flora at American Camp.

· Completion of natural resources baseline inventories.

· Realignment/site disturbance restoration of Cattle Point road.

· Restoration of fire into the ecosystem.

· Shoreline stabilization at English Camp.

Summary of Existing Monitoring Program Focus

Aquatic biota: 

· long-term inventory/monitoring of aquatic life in Jakle’s Lagoon, by Dr. Bruce Frost, University of  Washington; 

· population dynamics of clams in inter-tidal marine shoreline habitat in Garrison Bay, Dr. Vince Gallucci, University of  Washington.

Birds:

· Bald eagle breeding success- Washington Dept. of Fish &  Wildlife (1980’s-present).

Pests:

· European rabbit population-Stevens, Houston, Agee, et al., 1972-present.

· Exotic flora populations-SAJH RM staff, informal, 1999-present.

· Green crab population-Washington Dept Wildlife 1999-present

Vegetation:

· Douglas-fir invasion of Mt. Young oak woodland-OLYM fire management staff, 1994-present.

Visitors:  

· Visitor use is being monitored

Water Quality and Quantity:

· No waters within/adjacent to SAJH are listed on the State’s water quality limited list (i.e.  CWA 303d); none are threatened with degradation at this time, per Washington Department of Ecology draft list 2002. No major point source polluters immediately adjacent to SAJH waters, or within boundaries. There are concerns for groundwater depletion as more residential development seeks new well sources.
Most Important Monitoring Needs

· Control/eradication of European rabbits at American Camp.

· Native prairie restoration at American Camp: species composition, sources, techniques, effectiveness monitoring.

· Assessment of effects: removal of large woody debris from South beach.

· Surface water inventory, monitoring and conservation plan development.

Partnering and Neighboring Agencies, Tribes, Entities  & Individuals

Partnering Agencies/Individuals: University of Washington, Friday Harbor Marine Lab
Neighboring Land Management Agencies/Tribes: San Juan County, Lummi  and Nooksack tribes.

Chapter 2.6.5
Mount Rainier Park – MORA 

Park Overview

Mount Rainier National Park encompasses 235,625 acres on the West-side of the Cascade Range, and is located about 100 kilometers (50 miles) southeast of the Seattle-Tacoma metropolitan area (Figure 6).  At 14,411 feet, Mount Rainier is the highest peak in the Cascade Range of Washington and dominates the landscape of a large part of the western section of the State.  The mountain stands nearly three miles higher than the lowlands to the west and one and one-half miles higher than the adjacent mountains. It is an active volcano that last erupted approximately 150 years ago. Mount Rainier National Park is approximately 97 percent wilderness and 3 percent National Historic Landmark District and receives approximately 2 million visitors per year.  The park is covered by 90.4 km2 of glaciers, which exert a strong influence on aquatic ecosystems and represent a key geologic hazard feature.  

The park is part of a complex mountain ecosystem.  Vegetation is diverse, reflecting the varied climatic and environmental conditions encountered across the park’s 12,800-feet elevation gradient. Approximately 58 percent of the park is forested, 23 percent is subalpine parkland, and the remainder is alpine, half of which is vegetated and the other half consists of permanent snow and ice. The park contains 26 named glaciers across 9 major watersheds, with 382 lakes and 470 rivers and streams and over 3,000 acres of other wetland types. 

Forest ages range from less than 100 years old on burned areas and moraines left by receding glaciers to old-growth stands 1,000 or more years.  Some alpine heather communities have persisted in the park for up to 10,000 years. More than 800 vascular plants are known or thought to occur in the park.  Vertebrete species include, 159 birds, 63 mammals, 16 amphibians, 5 reptiles, and 18 native fishes. Of these vertebrates there are 4 federally listed threatened or endangered species known to occur in the park, including 3 birds and 2 fish, including bull trout and chinook salmon.  Four other species historically occurred in the park, but their present status is unknown including: gray wolf, grizzly bear, and Canada lynx. 

Legislative Mandates

The park was established in 1899 to "…provide for the preservation from injury or spoliation of all timber, mineral deposits, natural curiosities, or wonders…and their retention in their natural condition…grant parcels of ground at such places shall require the erection of buildings for the accommodation of visitors…provide against the wanton destruction of the fish and game found in the park" (Mount Rainier National Park Act 1899). 

As directed by the National Park Service Organic Act, the Redwood Act for Expansion and its enabling legislation, the major activities conducted by Mount Rainier National Park are the protection and preservation of natural and cultural resources and the provision for use of the park by visitors. In 1978 an act expanding Redwood National Park, amended general authorities to mandate that no activities should be undertaken “...in derogation of the values and purposes for which these various areas have been established, except as may have been or shall be directly and specifically provided by Congress.” (16 USC 1a-1).   

The Mount Rainier Wilderness, comprised of 228,480 acres of the park, was established by the Washington Wilderness Act of 1988 (P.L. 100-668) and is to be managed according to the Wilderness Act of 1964 (P.L. 88-577), which states:
A wilderness, in contrast with those areas where man and his works dominate the landscape, is hereby recognized as an area where the earth and its community of life are untrammeled by man, where man himself is a visitor who does not remain. In addition, wilderness shall retain “its primeval character and influence....” and is protected and managed such that it “appears to have been affected primarily by the forces of nature, with the imprint of man’s work substantially unnoticeable...” and offers “outstanding opportunities for solitude or a primitive and unconfined type of recreation....”.
The Butter Creek Research Natural Area consists of the Butter Creek watershed, approximately 2000 acres located in the Tatoosh Range in the southern part of the park.  An additional 560 acres of that drainage, located in the Tatoosh Wilderness of the Gifford Pinchot National Forest, was added to the area in 1972.  Research Natural Areas are established to provide a baseline from an undisturbed ecosystem against which effects of human activities in similar environments can be evaluated; or for scientific and educational purposes; and as gene pool preserves for native plant and animal species.

The park is designated a Class I Air Quality Area under the Clean Air Act of 1977.  In Class I areas, air quality standards are stricter than that required by the National Ambient Air Quality Standards, and very little deterioration of air quality is allowed.  In addition, air quality related values such as visibility, odor, flora, fauna, soils, geological, archaeological, and water resource must also be protected under the Act.

The Geothermal Steam Act Amendments of 1988 identified the park as having significant thermal features.

Mount Rainier National Park General Management Plan

The Mount Rainier General Management Plan establishes a basis for decision-making in accordance with defined, long-term goals.  Specific purposes of the plan are as follows:

· Identify desired future conditions for park resources and provide direction for natural and cultural resource management, interpretation and education, visitor services, and other programs

· Establish a visitor carrying capacity framework for the park based on physical limitations of facilities and on resource and visitor experience indicators and standards

· Manage the park to protect and preserve its natural and cultural resources, processes, and values, while recognizing their increasing importance in the region, nation, and world.

· Provide opportunities for visitors to experience and understand the park environment without impairing its resources.

· Maintain wilderness values and provide for wilderness experiences.

As its first priority, the National Park Service must ensure that park resources are preserved and that high-quality visitor experiences are provided.  Within these mandates, the General Management Plan addresses major issues such as vehicle congestion; perceived overuse of wilderness; changes in the park infrastructure, such flood damage that has resulted in the closing of Westside Road and periodic closing of Carbon River Road.  See Appendix I for additional information relevant to Vital Signs planning.

The primary goal for Vital Signs monitoring at Mount Rainier National Park is to provide park managers with the ecological understanding necessary to make resource preservation decisions that protect the resources of the park.  In order to accomplish this goal, general objectives addressing both an ecological and management focus must be met:

1. To improve understanding of the Park ecosystem.

2. To provide timely information to decision makers to determine if the ecological status and trends require a change in management.

By meeting these objectives park managers will provide the public with the scientific rationale and justification behind various management decisions.  It was the purpose of the MORA Vital Signs Workshop to identify important threats (stressors) to park resources, potential ecosystem responses to these threats, and key ecological indicators (what and where to monitor).  Knowing these will enable the park to develop specific, measurable objectives that will guide the design of protocols for the most important of vital signs.  The park participates fully as a member of the planning efforts within the North Coast and Cascades Network.

Natural Resource Goals and Desired Future Conditions

Air Quality

Goal : Mount Rainier XE "Mount Rainier"  is designated a class I area under the Clean Air Act. This designation permits XE "permit(s), permitting"  the least degradation of air quality XE "air quality"  and air quality related values, including visibility. The following policies and strategies will ensure that Mount Rainier’s air quality is enhanced or maintained with no significant XE "significant (significance)"  degradation and that nearly unimpaired views of the landscape both within and outside the park are available. These will help ensure that scenic views that are integral to the visitor XE "visitor(s)"  experience XE "visitor experience" , which have been identified in the park in accordance with the Clean Air Act, remain substantially unimpaired.

Desired Future Conditions:
· In Mount Rainier XE "Mount Rainier"  the National Park Service XE "National Park Service (NPS)"  will strive to set a global example of how to effectively protect Class I areas and critical air-sheds.

· Emissions associated with administrative and recreational XE "recreation, recreational"  use of the park will be reduced.

· Baseline information and monitoring XE "monitoring, monitoring program"  of air quality XE "air quality"  related values will be expanded through research XE "research" , inventory, and monitoring programs to identify human stressors and general air quality trends.

· Programs will be expanded to share air quality XE "air quality"  information with surrounding agencies and to develop educational programs to inform visitors XE "visitor(s)" , as well as regional residents, about the threats of air pollution to park resources XE "resource(s)" .

· The park staff will continue to participate in regional air quality XE "air quality"  planning, research XE "research" , and the implementation of air quality standards. Regional partnerships for development XE "development"  of alternative XE "alternative(s)"  transportation systems and clean fuels that improve air quality will be promoted.

Geologic Resources

Goal:  The following strategies will be implemented to better understand geologic resources and their effects on ecosystem processes, functions and components; to identify and monitor human stressors to geologic resources; and to assess and monitor potential effects on visitors XE "visitor(s)"  and adjacent communities. 

Desired Future Conditions:

· A comprehensive plan will be developed to address geologic research XE "research" , inventory, and monitoring XE "monitoring, monitoring program" . 

· Inventories and monitoring XE "monitoring, monitoring program"  of park glaciers XE "glacier(s)"  will be expanded to better understand the role of climate change, and to assess the effects of this change on park resources XE "resource(s)" , infrastructure, and visitor XE "visitor(s)"  safety XE "safety" .

· Baseline information on soils XE "soil(s)"  and more detailed information on surficial geology will be obtained for use in ecosystem management XE "management"  and hazards assessment.

· Park staff will continue to partner with the U.S. Geological Survey, state and local agencies, and academic institutions to assess and monitor geologic hazards.

· Interpretive and educational programs will be developed to educate visitors XE "visitor(s)"  and the public on park geologic resources XE "resource(s)"  including hazards associated with these resources.

Water Quality and Aquatic Resources

Desired Future Conditions:

· The pristine water quality XE "water quality"  in the park will continue to be protected, and designation of park waters as “outstanding natural XE "natural"  resource XE "resource(s)"  waters” will be pursued.

· The condition of aquatic resources XE "resource(s)"  will be assessed, including physical, chemical, and biological components and processes, across a range of spatial and temporal scales. Appropriate indicators and measurements will be utilized to quantify and detect the potential effects of human-caused stressors through long-term monitoring program XE "monitoring, monitoring program" s.

· The effects of visitor XE "visitor(s)"  use on aquatic resources XE "resource(s)"  will be monitored. Administrative XE "Administrative"  uses that could adversely affect aquatic resources will also be monitored. If conditions are determined to be out of standard, actions will be taken to prevent degradation of the park’s water quality XE "water quality" .

· Stormwater runoff from roads and parking XE "parking"  lots will be assessed and “best management XE "management"  practices” will be implemented to reduce any potential impacts.

· Air quality effects on aquatic resources XE "resource(s)"  will be assessed and monitored and information will be provided to regulators for use in state and regional air quality XE "air quality"  management XE "management"  and permitting XE "permit(s), permitting" . 

· Education programs will be developed to inform visitors XE "visitor(s)"  and the general public about water resource XE "resource(s)"  management XE "management"  issues XE "issue(s)"  and concerns.

Vegetative Communities

Goal:  Plant communities and the processes governing them will continue unaltered in the majority of the park. Communities will include the diverse species, genetics, associations, and successional stages representative of an ecologically functioning system in the Northern Cascades.

Desired Future Conditions:
· Plant communities will be monitored to assess their condition. If it is shown that human use is degrading an area, a variety of mitigating measures will be considered to restore the area to acceptable standards. Such measures may include establishing trails, delineating or hardening trails, erecting signs or taking other educational measures, restricting access XE "access"  to problem areas, closing problem areas, restoring degraded areas, or limiting trail XE "trail"  use in shoulder seasons until there is enough snow to protect vegetation XE "vegetation" . Sensitive subalpine and alpine XE "alpine"  meadows will be given extra protection.

· The park staff will continue to work with surrounding land managers to prevent the spread of exotic (nonnative) plant species into the park.

· Monitoring programs will be developed to detect the effects of human stressors on vegetation XE "vegetation"  and to determine natural XE "natural"  vegetation dynamics and processes.

Wildlife and Fisheries

Goal:  The condition of wildlife XE "wildlife"  and fisheries resources XE "resource(s)"  will be determined across a range of spatial and temporal scales, and appropriate indicators and measurements will be utilized to quantify and detect the potential effects of human-caused stressors through baseline inventories and long-term monitoring program XE "monitoring, monitoring program" s.

Desired Future Conditions:

· The park staff will seek to preserve or restore natural XE "natural"  aquatic habitats and the natural abundance and distribution of native aquatic species together with the associated terrestrial habitats and species. Partnerships will be developed with other federal, state, local and tribal agencies to restore native resident and anadromous fish species in park streams.

· Park staff will seek to perpetuate the native animal life (such as mammals, birds, reptiles, fish, insects, worms, crustaceans, and microscopic animals like paramecia) as part of the natural XE "natural"  ecosystem. Management emphasis will be on minimizing human impacts on native animals and minimizing human influence on naturally occurring fluctuations of animal populations. Ecological processes will be relied on to control populations of native species to the greatest extent practicable.

· The preservation of populations and habitats of migratory species inhabiting the park, such as bats, elk, and anadromous fish, will be ensured. Park staff will cooperate wherever possible with others to ensure the preservation of their populations and habitats outside the park.

· Education programs will be developed to inform visitors XE "visitor(s)"  and the general public about fish and wildlife XE "wildlife"  issues XE "issue(s)"  and concerns.

· Management of populations of exotic fish and other animal species will be undertaken wherever such species threaten park resources XE "resource(s)"  or public health, and when control is prudent and feasible.

· Developed areas and wilderness XE "wilderness"  campsites will be managed to reduce to the maximum extent possible the potential for wildlife XE "wildlife"  to become accustomed to receiving human food and the associated unnatural tameness, unpredictable aggression, and other safety XE "safety"  and health concerns that result.

· If conflicts between people and wildlife XE "wildlife"  take place, actions such as posting of warnings and administrative closures will be taken to protect visitors XE "visitor(s)"  and wildlife. It is the park's policy to allow large carnivores, to the maximum extent possible, the ability to possess and exhibit natural XE "natural"  behaviors relating to seasonal movements, defense of young or of food resources XE "resource(s)"  through public education XE "education"  and wildlife inventory and monitoring program XE "monitoring, monitoring program" s. 

· Park resource XE "resource(s)"  managers will continue to work with surrounding land management XE "management"  agencies to address the “edge effects” that affect species and their habitats resulting from activities occurring outside the park boundary, such as timber harvests, land development XE "development" , and wildlife XE "wildlife"  management practices.

· Fish and wildlife XE "wildlife"  habitat will be protected through timing of park activities and consultation with the U.S. Fish and Wildlife Service XE "U.S. fish and Wildlife Service (USFWS)" , National Marine Fisheries Service, and the Washington Department of Fish and Wildlife.

Threatened and Endangered Species and Other Special Status Species

Goal:  Under the Endangered Species Act XE "Endangered Species Act"  the National Park Service XE "National Park Service (NPS)"  is mandated to promote the conservation of all federal threatened and endangered species XE "endangered species"  and their critical habitats within the park boundaries. Five federally listed threatened or endangered species occur in the park. Another 31 federal species of concern and state endangered, threatened, sensitive, and candidate species also occur or are likely to occur in the park.

Desired Future Conditions:

· The park staff will continue to work with the Washington Department of Fish and Wildlife, U.S. Fish and Wildlife Service XE "U.S. fish and Wildlife Service (USFWS)" , and the National Marine Fisheries Service to ensure that the National Park Service XE "National Park Service (NPS)" ’s actions help special status species to recover. If any state or federally listed or proposed threatened or endangered species XE "endangered species"  were found in areas that would be affected by construction, visitor XE "visitor(s)"  use, or restoration XE "restoration"  activities proposed under any of the alternatives in this plan, the park staff would first consult informally with the above agencies. Should it be determined through informal consultation that an action or proposed project might adversely affect a federally listed or proposed species, park staff would initiate formal consultation under section 7 of the Endangered Species Act XE "Endangered Species Act" .

· Park staff will cooperate with the above agencies in inventorying, monitoring XE "monitoring, monitoring program" , protecting, and perpetuating the natural XE "natural"  distribution and abundance of all special status species (i.e., state and federally listed threatened, endangered, rare, declining, sensitive, candidate, or special concern species) and their essential habitats in Mount Rainier XE "Mount Rainier"  National Park XE "Mount Rainier National Park" . These species and their required habitats will be specifically considered in ongoing planning and management XE "management"  activities.

Carrying Capacity

Goal:  All general management plan XE "general management plan (GMP)" s for units managed by the National Park Service XE "National Park Service (NPS)"  must by law address the issue XE "issue(s)"  of carrying capacity XE "carrying capacity" . Carrying capacity is a determination of what types and levels of visitor XE "visitor(s)"  use can be accommodated while maintaining social and resource XE "resource(s)"  conditions consistent with the purposes of the park, its mission XE "mission"  goals, and the prescriptive management zones XE "prescriptive management zones" . There are three major components of carrying capacity: physical capacity (e.g., parking XE "parking"  spaces, facility space, road capacity); the visitor experience XE "visitor experience"  (e.g., congestion XE "congestion"  in parking areas, opportunities for solitude), and resources (which includes natural XE "natural"  and cultural resources XE "cultural resource(s)" ). The carrying capacity in a given area could be exceeded for any of these components, which would trigger management XE "management"  action XE "management action" . The visitor experience and resource protection framework is used by the National Park Service to address carrying capacities in national parks.

Desired Future Conditions:

· Increasing visitor XE "visitor(s)"  use at Mount Rainier XE "Mount Rainier"  has resulted in changes in the park’s resources XE "resource(s)"  and in the visitor experience XE "visitor experience" s. Resource damage has occurred in several areas, such as the Paradise XE "Paradise"  Meadows and Spray Park XE "Spray Park" . With use levels expected to continue to increase in the future, there is the potential that unacceptable changes could occur to park resources and visitor experiences — changes that would be contrary to the purposes and significance XE "significant (significance)"  of Mount Rainier National Park XE "Mount Rainier National Park"  and the mission XE "mission"  of the National Park Service XE "National Park Service (NPS)" . To prevent or minimize these impacts, the park staff would proactively manage visitor use and resources at Mount Rainier.

Summary of Existing Monitoring Program Focus

Mount Rainier has invested considerable time and effort into monitoring of biotic and abiotic ecosystem components.  These efforts described in Appendix 3 at the end of this document, have included: establishing weather stations to gage precipitation, air quality and air deposition of pollutants; glacial, seismic and geothermal monitoring;; monitoring of aquatic biota, water quality and habitats for lakes, ponds, wetlands and streams; monitoring to document seasonal use of park waters by native salmon and trout; monitoring of vegetation communities and re-vegetation restoration outcomes; and monitoring of various taxonomic groups of terrestrial wildlife.  In addition, prior to the establishment of the Network, MORA had defined a monitoring and research agenda for natural resources.  The priorities described within this document are being reconciled with and integrated into the Network monitoring program. With the initiation of the network monitoring program, resource management staff at MORA are fully engaged in the ongoing process to define a comprehensive monitoring program that meets network-wide as well as park-specific needs for resource information. 

Chapter 2.6.6 
North Cascades National Park Service Complex 

Resources of the North Cascades National Park Service Complex

North Cascades National Park (NP) (204,374 hectares), Ross Lake National Recreation Area (NRA) (47,350 hectares), and Lake Chelan NRA (25,091 hectares) comprise the North Cascades National Park Service (NPS) Complex (see map). The park complex was established on October 2, 1968. The Washington Park Wilderness Act of 1988 established 256,828 hectares of the Complex as the Steven Mather Wilderness. There are five designated and two proposed Research Natural Areas within the park.

The park complex is located in the North Cascade physiographic province in northwestern Washington. It is bounded on the west, south, and east by 1.9 million hectares of National Forest lands, of which 763,890 hectares are designated wilderness. Most of these wilderness areas are contiguous to the Stephen Mather Wilderness. The North Cascades NP northern boundary is the international boundary with the Canadian province of British Columbia. Provincial forest lands and a recreation area are adjacent to the boundary in British Columbia; a provincial park is just to the east.

The North Cascades NPS Complex spans the Cascade crest, placing within its boundary two major biogeographic zones: temperate marine and semi-arid continental. The climatic and biotic diversity are further increased by a transitional zone, roughly the lower elevations of the Ross Lake drainage. The third zone is created by an orographic divide west of the crest. Vegetal and climatic characteristics within this zone are intermediate between the mild, wet conditions typical of the west side and the semi-arid conditions typical of the east side. 

The park complex is characterized by deep, forested valleys between high, glaciated mountain peaks (see map). The local topographic relief is 8,800 feet with the lowest point being 400 feet along the Skagit River and the highest elevations occurring on several mountain peaks over 9,000 feet. The bedrock geology of the North suite is composed of green schist and phyllite. East of the fault are granite and gneiss, which compose a crystalline core of the North Cascades. The park complex has been shaped by a combination of uplifting of predominantly granitic formations and substantial glaciation. Watersheds typically begin in high-elevation glaciers and snowfields, dropping in numerous cascading streams down precipitous valley walls to classic,

U-shaped valley floors carved by glaciers during the Pleistocene. Mainstem streams are generally sinuous and braided across relatively broad, flat valley bottoms.

Precipitation varies across elevation gradients and the crest of the North Cascade Range, with an average of 400 cm/yr. on the western peaks, to 50 cm/yr. in the Lake Chelan corridor. The intermediate zone within the lower elevations of the Ross Lake basin averages between 100 and 150 cm/yr precipitation; the slopes to the west and east of the valley typically receive 150 to 200 cm/yr. 

Geologic Resources

A 1971 inventory identified 318 glaciers in the North Cascades NPS Complex: more than all of the other national parks within the conterminous states combined. From the glaciers, permanent snowfields, and 245 lakes flow approximately 6,500 km of rivers and streams (excluding intermittent streams, which may increase the total to over 10,000 km). North Cascades NP contains the headwaters for three major river systems: the Columbia, Fraser, and Skagit. 

Aquatic Resources

There are three reservoirs within Ross Lake NRA, all behind dams built to provide hydroelectric power. A small hydroelectric project on Newhalem Creek provides further power via a stream diversion. Lake Chelan, which developed within a deep, glacial trough, is the third deepest natural lake in the United States. It was dammed in the 1920's to regulate its elevation for hydroelectric power. All four reservoirs provide recreational opportunities and transportation routes as well as power. Dams also influence stream processes downstream and the migration

of fish throughout the watershed. Reservoirs affect microclimate, cause erosion of terrestrial habitat, and limit the ranges of terrestrial species. 

Biotic Resources

The abundance of water and the wide variation in landforms, soil types, elevation, slope, and aspect create many types of habitat that support a diversity of flora and fauna. There are 75 mammal species, 200 bird species, 28 fish species, 17 species of reptiles and amphibians, and some 1,577 species of vascular plants within the park complex. Of these, 2 mammals, 6 birds, 3 amphibians, and 57 plant species are listed federally or by the state of Washington as threatened or endangered; an additional 4 mammals, 10 birds, and 1 fish species are candidates for federal and/or state listing. About 260 non-native plant species are also found, including diffuse knapweed, spotted knapweed, rush skeletonweed, St. Johnswort, Scotch broom, Japanese knotweed, foxglove, and common mullein. Non-native stocks of rainbow trout, cutthroat trout, brook trout, golden trout, and kokanee salmon are also found within North Cascades NPS Complex. 

Watershed Monitoring: A Framework for Analysis

North Cascades National Park has adopted a watershed approach to long-term ecological monitoring beginning with watershed analysis as described in the Northwest Forest Plan. The watershed approach tracks upslope processes and conditions, but places an emphasis and enhanced resolution on aquatic and riparian habitat and communities. This approach will allow us to extrapolate site-specific information from lakes, ponds, wetlands, or stream reaches to watersheds, river basins, and landscapes. Most watersheds in the North Cascades NP drain

In to the Skagit River basin on the west slope of the North Cascades Range and the Stehekin River on the east slope. They are unaltered by past human-induced disturbance and can serve as reference sites and templates for restoration efforts in the Pacific Northwest.  

The condition of a watershed is the reflection of the distribution and types of seral classes of vegetation, land-use history, effects of previous natural and cultural disturbances, and the distribution and abundance of species. Major natural disturbances affecting the mountainous regions in the Pacific Northwest are episodic floods, volcanic eruptions, earthquakes, geomorphic changes in stream channels and landforms, fire, wind, insect and disease outbreaks, and glacial activity. Important landform disturbances include landslides and earthflows in glacial deposits on steep slopes.

Human-induced disturbances include: alterations of water quality and quantity; habitat destruction or modification; and biological impacts such as the invasion of non-native plants or animals; fish harvesting or stocking of high lakes; road construction or intrusive maintenance; deposition of air pollutants such as pesticides and heavy metals; and the introduction of non-native diseases. These disturbances may reduce or eliminate key ecosystem components or processes and reduce the efficiency of nutrient cycling, change productivity, alter species diversity, change size/age distribution and faunal life-history traits, increase isolation, and alter the incidence of disease. 

Watersheds have distinct physical boundaries and define the ranges of plants and animals. They integrate climatic, geologic, hydrologic, and biotic components in the alteration of habitat as vast quantities of water and sediment move from source areas in high mountains to low-elevation valley floors. Watershed analysis methods provide a framework for understanding ecological processes at various scales. Big Beaver Creek, Thunder Creek, and Bridge Creek are "target watersheds" for pilot studies in the context of the Long-Term Ecological Monitoring

 (LTEM) program. These watersheds were selected based on patterns of climate, geology, hydrology, biology, accessibility, and linkages to management concerns.

As we conduct surveys and learn more about these watersheds, we are also considering other watersheds for inclusion in the LTEM program. The Stehekin River is eligible for Wild and Scenic River status, but has challenging management issues because of adjacent roads, private property, and fish stocking in Lake Chelan. The Goodell Creek watershed was logged before the establishment of the Complex, and is recovering, but it would provide the LTEM program with a watershed having salmon and steelhead runs from the Skagit River. Finally, we have been assessing the resources of the Chilliwack River in cooperation with other agencies since

1998 (see below).

Watershed restoration is a major public issue and land management objective in western North America. The Chilliwack River watershed is a prime international example, and may be considered for the LTEM program in the future. In the United States (National Park Service), it has been managed as designated Wilderness and under the U.S. Northwest Forest Plan it is a Tier 1 Key Watershed in the Aquatic Conservation Strategy. In Canada, it has been managed for multiple consumptive resource use with logging, road building, recreation, fish hatcheries,

and other activities. The Chilliwack River originates in the United States and flows northwest into the Fraser River south of Chilliwack, British Columbia. The watershed is 31,350 ha in size with an elevation range of 550-1,740 m. The Chilliwack River has significant anadromous salmon populations (sockeye, coho, steelhead and chinook), as well as resident fish populations, including bull trout, rainbow trout, cutthroat trout, and mountain whitefish.

The USDA Forest Service (Mt. Baker-Snoqualmie National Forest), National Park Service (North Cascades National Park), Province of British Columbia (Ministry of Lands, Parks, and Environment), and the University of British Columbia are cooperating to inventory and monitor the upper Chilliwack River. This portion of the watershed can serve as a reference site or template for future restoration work elsewhere in the Pacific Northwest. To date, they have conducted Level II and III watershed surveys of its physical, chemical, and aquatic biological resources. 

The diversity of watersheds from west to east across the North Cascades National Park Service Complex provide a framework for long-term monitoring, as well as other research efforts and analyses.  By focusing on a few watersheds, we will have sufficient resolution to quantify environmental change and will have the scientific foundation to provide input to resource management decisions.

Legislative Mandates

North Cascades National Park, Lake Chelan National Recreation Area, and Ross Lake National Recreation Area (collectively referred to as the North Cascades National Park Service Complex hereafter Complex) were established by Public Law 90-544, October 2, 1968. According to this legislation, the purpose of North Cascades National Park is:

... to preserve for the benefit, use and inspiration of present and future generations certain majestic mountain scenery, snow fields, glaciers, alpine meadows, and other unique natural features ....  [16 U.S.C. §90]

The legislation further stated that the purpose of the Lake Chelan National Recreation Area and the Ross Lake National Recreation Area is:

... to provide for the public outdoor recreation use ... and for the conservation of the scenic, scientific, historic and other values contributing to the public enjoyment .... [16 U.S.C. §90a & 90a-l]

The legislation (as amended) provided for development and operation of certain hydroelectric projects, the use of renewable natural resources, mineral development:

As units of the National Park System, management is also guided by the Organic Act [16 U.S.C. §1] that states that the purpose of the various units 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.

Administration of the National Park System have been further clarified as follows:

The authorization of activities shall be construed and the protection, management, and administration of these areas shall be conducted in light of the high public value and integrity of the National Park System and shall not be exercised in derogation of the values and purposes for which these various areas have been established, except as may have been or shall be directly and specifically provided by Congress. [16 U.S.C. §la-l]

The Washington Park Wilderness Act of 1988 (Public Law 100-668) established the Stephen Mather Wilderness, comprised of 634,614 acres or 93% of the park and recreation areas.

Natural Resource Goals

· Mitigate the environmental impacts (or restore impacted lands) associated with the four hydroelectric reservoirs and two run-of-the-river projects within the Complex and two reservoirs adjacent to the boundary.

· Mitigate the environmental impacts (or restore impacted lands) associated with the consumption of renewable resources such as sand, rock and gravel, surface water rights, and firewood.

· Mitigate the environmental impacts (or restore impacted lands) associated with mineral resource extraction, subject to valid existing rights.

· Protect wilderness by planning to minimize environmental impacts, controlling public recreational use, monitoring Limits of Acceptable Change, and restoring impacted sites.

· Mitigate the environmental impacts (or restore impacted lands) associated with 755 acres of private lands.

· Restore wildland fire so it mimics natural fire intensities, frequencies, and patterns (maintains wildlife habitat and plant diversity) on the landscape.

· Increase our knowledge and understanding of the interrelationships of the natural processes, and of methods for implementing appropriate management actions.

· Preserve, maintain or restore the components and processes of a naturally evolving ecosystem, including the natural abundance, diversity, and ecological integrity of plants, animals, water, and soil to the extent public safety permits.

Long Term Ecological Monitoring Goals

· Assure that our long-term ecological monitoring is relevant to park management

· Assure that our long-term ecological monitoring is scientifically creditable

Resources Objectives

· Maintain natural hydrologic processes and water quality

· Receding glaciers and snowfields

· Declining anadromous and resident fish populations and diversity

· Halt or restrict stocking non-native fish in mountain lakes

· Contain or control non-native fish in mountain streams

· Increasing non-native plant populations and diversity 

· Well-documented reference baseline resource inventories and condition assessments

Threats and Natural Resource Management Issues

· Hydroelectric reservoirs and run-of-the-river projects

· Consumption of renewable natural resources

· Extraction of mineral deposits

· Protection of wilderness

· Restoration of fire

· Fish stocking in mountain lakes

· Non-native pests and diseases

· Non-native plants and animals

· Acid precipitation

· Airborne pollutants

Summary of Existing Prototype Park Monitoring Program Focus

Atmospheric Resources

Air Quality: 

· Continue to monitor at the NADP and IMPROVE sites

· Continue to coordinate monitoring and information sharing with other federal and state agencies and the tribes 

Weather/Climate: 

· Continue to monitor at four remote weather stations strategically located

· Continue to monitor snow accumulations in wilderness (partners include SCL and NRCS)

Pollutants/Contaminants:

· Research persistent organic pollutants in mountain lakes in the North Cascades and Olympic mountain ranges (partners include USFS, EPA, and USGS) 

Sound/Noise: (no actions to date)

Geologic Resources

Glaciers:

· Develop surface snow mass balance monitoring protocols for small glaciers (partners with USGS and University of Washington)

· Produced large scale maps of four index glaciers for monitoring

· Continue to monitor four index glaciers for surface snow mass balance

· Cooperated with USGS to use classified satellite imagery to estimate winter snow accumulation and summer melt on two glaciers in 1999

· Conducted ice radar measurements on the thickness of two index glaciers

· Cooperated with U. Alaska – Fairbanks researcher on laser surface mapping of two index glaciers

· Developed a GIS system for annually estimating the glacier contributions to the total summer runoff for three watersheds

· Completed the first inventory (1999) of all park glaciers (300+) since the 1960’s

· Collected solar radiation measurements at three park sites, including an index glacier from 1995 through 1999

Surficial Geology:

· Completed landform maps and landslide inventories for the Thunder Creek and Chilliwack River watersheds, 1:24,000 scale

· Researched a large landslide (1998) that blocked the Skagit River for several centuries, and published two technical papers in 1999

Aquatic Resources

Hydrologic Processes:

· Refine watershed assessment protocols

Streams: (partners with NPS-WRD, USGS-BRD, USFS-MBS, and Canada’s BC-MPE)

· Refine watershed assessment protocols

· Evaluated methods for monitoring sediment, large woody debris, and stream channel shape with intensive studies in two major watersheds

· Examined the natural variability in physical characteristics of stream channels and their classification in two major watersheds

· Obtained 1:6,000 scale aerial photography for the lower Stehekin River and Chilliwack River watersheds

Mountain Lakes and Ponds: (partners with OSU and USGS-BRD)

· Evaluated the effects of non-native fish on native aquatic communities

· Documented the distribution, relative abundance, community associations, natural variability, and limiting factors for zooplankton, phytoplankton, benthic macroinvertebrates, fish, and amphibians in over 100 lakes

· Documented the chemical and physical attributes of over 100 lakes and ponds

· Complete LTEM protocols for monitoring lakes and ponds in 2003

· Develop a handbook for monitoring physical, chemical, and biological attributes of mountain lakes and ponds

Reservoirs:

· Inventoried shoreline erosion sites on Ross Lake and Lake Chelan

· Monitored rates of shoreline recession at several sites on Ross Lake and determined a loss of more than an acre per year 

· Mitigation for erosion control on Ross Lake

· Monitored stream barriers to fish spawning migration in the Ross Lake drawdown zone

· Monitoring reservoir water level fluctuations

· Monitoring fecal coliform in the reservoir waters at recreational sites on Ross Lake, Diablo, and Lake Chelan

Aquatic Wildlife Resources

Invertebrates: 

· Develop stream benthic macroinvertebrate monitoring protocols and apply commonly used metrics

· Completed studies for developing indices for monitoring biological integrity of streams using benthic macroinvertebrates at 75+ streams from unimpaired to a range of human disturbance on NPS and USFS lands 

Amphibians:

· Collected amphibian distribution, relative abundance, and environmental attribute data for three major watersheds in preparation for developing stream amphibian monitoring protocols

Fish:

· Obtained resident fish distribution and relative abundance data for stream reaches in four major watershed plus some smaller tributaries, and the sampling methods are being evaluated 

· Researched the genetics of native westslope cutthroat trout and assessed the extent of hybridization with non-native rainbow trout in the Stehekin River watershed (This has monitoring implications for other native and non-native fish in other watersheds and parks.)

· Completed salmon spawner escapement surveys at several Skagit River locations and in the upper Baker River, including 8 years monitoring salmon smolt out-migration at two locations and participation in interagency Skagit River basin-wide anadromous fish committees for research, monitoring, and management.

Terrestrial Vegetation

Riparian Habitat:

· Developed and applied methods for characterizing stream riparian habitat

· Sampled terrestrial riparian arthropods in Big Beaver Creek watershed, created a reference collection with over 500 species, and wrote five technical reports.

Coniferous Forest: 

· Hosted a vegetation monitoring workshop at University of Washington (Feb. 2000) to determine the best monitoring methods for Pacific Northwest forests.

Wildland Fire: 

· Hosted a FIREPRO fire effects monitoring team since 1996, and established monitoring plots in NOCA and other parks, and analyzed NOCA data in 2000 with a 5-year peer review 

· re-analyzed fire effects monitoring data and began to develop an integrated vegetation monitoring approach.

Terrestrial Wildlife Resources

Invertebrates:

· Sampled terrestrial riparian arthropods in Big Beaver Creek watershed, created a reference collection with over 500 species, and wrote five technical reports.

Birds:

· Continue the breeding bird surveys with 15 years of data and documented the presence and relative abundance of some 50 species of breeding landbirds.

· Inventory breeding landbirds and evaluate landbird count methods for old-growth coniferous forests (partners include the Institute for Bird Populations and Western Washington University).

· Inventory abundance and distribution of obligate water birds such as the king fisher, water ouzel, Harlequin duck, osprey, etc.

· Develop monitoring protocols for resident and neo-tropical migratory birds.

· Published an examination of wintering bald eagle trends on the Skagit River from 1982 to 1999 (relative abundance, distribution, and age structure).

· Conducted northern spotted owl surveys and continues to support the monitoring of productivity and survival by the National Council for the Paper Industry for Air and Stream Improvement, Inc.

Mammals:

· Inventory bat species and distribution using mist nets and echolocation recordings

· Surveyed mountain goats to determine the status and feasibility of long-term monitoring (partners include USFS, WDFW, and the tribes)

· Supported a Washington State University bear hair-snare survey to distinguish between grizzly and black bears and determine some health factors 

Most Important Monitoring Needs

The North Coast and Cascades Network needs an integrated monitoring program that enables the NPS to examine local, regional, national, and international.

Weather/Climate is a major driver and integrator of physical, chemical, and biological processes.  The paleoecological record broadens our understanding and perspective.  It may also contribute to our future models. 

Water (and the water cycle) is also a major driver and integrator of physical, chemical, and biological processes in the North Cascades, particular since the Complex is located at the headwaters for the Skagit River, Stehekin-Chelan-Columbia Rivers, and Chilliwack-Fraser Rivers.  Glaciers are the natural snow and ice mountaintop reservoirs of the water cycle, and their advances and recessions over eons of time have changed the landscape and flow patterns.  The loss of glaciers will dramatically alter the hydrological regime. Current environmental perturbations to surface waters such as acid rain, persistent organic pollutants, bacteria, and reservoirs can inextricably be linked to human activities and products.

Rock and Soil: The steep, jagged North Cascades mountain range has been called the American Alps.  Geological processes are dynamic on these landscapes.  Soils are recruited from alpine areas where climatic processes contribute to the gradual weathering of rock.  These soils are in turn, transported downhill via gravity through the mass wasting of hillslopes.  Eventually, soils are recruited from adjacent hillslopes into stream channels and over time, deposited and transported downstream by rivers.  Rock is continually being fractured into smaller pieces, dissolved, and moved elsewhere.  Soil is a physical, chemical, and biological plant medium that is accumulating or eroding.  We need to understand it better, and work with the Natural Resource Conservation Service national laboratory to define soil quality per forest type.

Fire is a major disturbance factor in the ecotonal transition zone between west and east slope coniferous forests and along the east slope of the North Cascades mountain range and ecosystem.  We need to assure that research on fire history, research on paleoecological fire, and current fire effects monitoring are integrated with the long-term ecological monitoring of vegetation.

Salmon and other native anadromous fish are icons of the Pacific Northwest, British Columbia, and Alaska.  Their migratory travels broaden our ecological and conservation perspectives.   They have strong socioeconomic and cultural resource connections.  Their conservation will force human economic and lifestyle changes. 

Arthropods – including aquatic macroinvertebrates

Neighboring Agencies, Tribes, and Non-governmental Organizations

Within the 10 million-acre North Cascades ecosystem, there is 4 million acres of designated wilderness and two countries, the United States and Canada.  North Cascades NPS Complex is surrounded in the United States by USDA Forest Service managed lands with the Mt. Baker –Snoqualmie and the Wenatchee-Okanogan National Forests.  The Complex has 24 miles of common boundary with British Columbia, Canada, and about half of this distance has adjacent protected lands as part of Manning Provincial Park and Skagit Valley Park.

Neighboring tribal governments with public trust interests in the Complex include the Upper Skagit Tribe, Sauk-Suiattle Tribe, Colville Tribe, and the Yakama Nation.  First Nation interests in Canada include the Upper Thompson and ….

State agencies with natural resource interests on NPS and Forest Service lands include the Washington Departments of Ecology, Puget Sound Water Quality Action Team, Fish and Wildlife, Natural Resources, and the University of Washington Cooperative Ecosystem Studies Unit.

The NPS works closely with the USDA Forest Service on wildland fire management and also involves the Washington Department of Natural Resources and the Canadian Department of Forestry. 

Potential Partnerships for Long Term Ecological Monitoring

	US and Canadian Federal and Provincial Agencies
	State & Local Agencies
	Tribal Government
	Non-governmental Organizations

	USDA Forest Service,

U.S. Geological Survey,

U.S. Environmental Protection Agency,

Environment Canada,

British Columbia Provincial Parks

	Washington Departments of Ecology, 

Puget Sound Water Quality Action Team

Fish and Wildlife,

Natural Resources,

U. Washington Coop. Ecosystem Studies Unit,

Seattle City Light,

Chelan PUD,


	Native American tribes:

Suak - Suiattle Tribe.

Upper Skagit Tribe,

Swinomish Tribe,

Colville C. Tribes,

Skagit System Coop., 

Yakama Indian Nation


	North Cascades Institute,

Puget Sound Energy, Inc.



	
	
	
	


Responses to additional questions posed in Phase I Report Outline

Question #1.  What are the desired future conditions for natural resources in the parks, i.e., what, exactly, does “success” in resource stewardship look like?
Goal: Assure that our long-term ecological monitoring is relevant to park management

Goal: Assure that our long-term ecological monitoring is scientifically creditable

Goal: Mitigate the environmental impacts (or restore impacted lands) associated with the four hydroelectric reservoirs and two run-of-the-river projects within the Complex and two reservoirs adjacent to the boundary.

· Reduce reservoir shoreline erosion

· Eliminate non-native fish

· Eliminate non-native plants

· Have a functioning riparian habitat along the reservoir shoreline

· Have river flows below the dams that support a viable native fishery, anadromous and resident fish, and the associated food chains

· Maintain the highest water quality possible under natural conditions in the reservoirs

· Maintain the ecological role of sediment and large woody material in reservoir waters and the rivers downstream 

Goal: Mitigate the environmental impacts (or restore impacted lands) associated with the consumption of renewable resources such as sand, rock and gravel, surface water rights, and firewood.

· Eliminate bare ground 

· Eliminate non-native plants

· Maintain adequate instream flows for native plants and animals

· Complete manual and mechanical forest thinning and maintain forest stands and types with fire to mimic natural forest conditions and diversity 

Goal: Mitigate the environmental impacts (or restore impacted lands) associated with mineral resource extraction, subject to valid existing rights.

· All valid existing mineral rights are purchased and the threat of mineral extraction no longer exists

Goal: Protect wilderness by planning to minimize environmental impacts, controlling public recreational use, monitoring Limits of Acceptable Change, and restoring impacted sites.

Goal: Mitigate the environmental impacts (or restore impacted lands) associated with 755 acres of private lands.

Goal: Restore wildland fire so it mimics natural fire intensities, frequencies, and patterns (maintains wildlife habitat and plant diversity) on the landscape.

Goal: Increase our knowledge and understanding of the interrelationships of the natural processes, and of methods for implementing appropriate management actions.

Goal: Preserve, maintain or restore the components and processes of a naturally evolving ecosystem, including the natural abundance, diversity, and ecological integrity of plants, animals, water, and soil to the extent public safety permits.

Question #2.  What is the importance of the park’s natural resources in a regional or national context?

As the park name implies, cascading water in this steep mountainous terrain is a defining attribute.  Precipitation in all its forms is a major ecosystem input, and the amount increases with elevation.  The alpine regions of the Complex host more than 300 small glaciers and snowfields, but they are noticeably receding.  In watersheds with glaciers, their melt waters contribute from 25 to 40 percent of the total stream flow.  In addition to effecting the amount of water, glacial melt waters effect flow patterns, temperature, chemistry, sediment load, and ultimately the stream biota. 

On the west slope of the North Cascades mountain range, the park is the headwaters for the Skagit River, which is the largest river draining into the Puget Sound basin.  Some 40 percent of the returning Puget Sound salmon and steelhead spawn in the Skagit River and its tributaries.  On the east slope, it is the headwaters for the Stehekin River and Lake Chelan (a Washington state Class A water body that is 50+ mile long and 1,500 ft. deep).

River instream flows, surface water quality, glaciers, and anadromous fish are of regional, national, and international importance.  In addition, research on acid precipitation and persistent organic pollutants will inextricably link air quality to water quality in the Complex’s 245+ mountain lakes.  These contaminants also detract from the ecological integrity of the Stephen Mather Wilderness, which comprises 93 percent of the North Cascades NPS Complex. 

2.6.7
Overview of Olympic National Park – OLYM

Overview

Situated in the northwest corner of the continental United States and surrounded on three sides by deep saltwater, Olympic National Park is over 922,000 acres in size.  The park is one of the most diverse natural areas in the conterminous United States, and is said to be “three parks in one” – rugged glacier-capped mountains, over 60 miles of wilderness coastline, and stands of old-growth and temperate rain forest.  Elevations range from sea level to almost 8,000 feet, rising from rocky beaches to glacier-clad peaks of the Olympic Mountains.  The mountains intercept and capture moisture from winds off the Pacific Ocean, resulting in a rain shadow effect more pronounced than any other in North America.  Rain forests blanket the western slopes of the mountains.  This is the wettest spot in the conterminous United States, with Mount Olympus receiving about 200 inches of precipitation per year.  Forty miles to the east, precipitation is less than 20 inches per year.  A unique resource of Olympic is the wilderness coast.  Rich intertidal life, broad expanses of driftwood, eroded cliffs, and sculptured rocky islets characterize this area.  This is one of the last remaining undisturbed coastal ecosystems in the contiguous United States.  Ninety-five percent of the park is designated wilderness.

Unlike the volcanic origin of the Cascade Range, the rugged peaks of the Olympic Mountains originated as sediment on the ocean floor.  Pressures of colliding oceanic and continental plates produced a jumbled array of massive, steep mountains.  Alpine glaciers sculpted great U-shaped valleys, glacial tarns, and moraines.  Additionally, immense continental glaciers shaped the Olympics in distinctive ways.  These vast ice sheets carved the Puget Sound and the Strait of Juan de Fuca, creating a peninsula, and also effectively isolating the flora and fauna from the rest of the continent.  As a result the park contains 16 endemic plant and animals species.  Of equal note is the lack of species that occur in the Cascade Range to the east but are not present in the Olympics, including the grizzly bear, wolverine, pika, and mountain sheep.  Because deep water surrounds the peninsula on three sides, immigration, largely originating from the south, has been slower than in less geographically isolated areas.  

The park contains several large river valleys that support all 5 species of Pacific salmon, as well as anadromous and resident forms of rainbow trout, coastal cutthroat, bull trout and Dolly Varden.  Natural structure and function in the upper reaches of these river valleys remains largely intact. Because of this, the park harbors some of the best spawning and rearing habitat for these highly sought-after and ecologically valuable species outside of Canada and Alaska.  Other habitats and communities of the park include intertidal areas, coastal bogs, temperate  rainforests, rich riparian zones, montane and subalpine forests, subalpine and alpine meadows, alpine fell-fields, and glaciers.

Human occupation on the Olympic Peninsula began as early as 12,000 years ago. Peninsula tribes have lived along the Peninsula’s coast and rivers for thousands of years. More tribal groups are associated with the land base of Olympic National Park than any other national park.  Twelve tribes have traditional associations to the park:  Chehalis, Hoh, Jamestown S’Klallam, Elwha Klallam, Makah, Port Gamble S’Klallam, Quileute, Quinault, Shoalwater Bay, Skokomish, Squaxin, and Suquamish tribes.  Six of these are self-governance tribes, with status to compact with Interior agencies for administration of activities that have geographical, cultural, or historical interest to Native Americans.

The Olympic Peninsula was America's “last frontier” for European explorers in the lower forty-eight states.  Since its first exploration by Europeans in the late 18th century, the Olympic Peninsula has impressed visitors with its wildness, rugged mountains (a suitable retreat for the gods, thought Captain John Meares, who accordingly named Mount Olympus), unapproachable rocky coast, and towering, impenetrable forests.

Cultural resources, including cultural landscapes, archeological sites, prehistoric sites, traditional cultural properties, etc. occur throughout the park from the mountain peaks to the coastal areas.   The park contains one of the most complex set of cultural resources within the Pacific West Region.

Humans have introduced some species to the Olympic Peninsula, altered species, and exterminated others.  Mountain goats were introduced to the Peninsula in the 1920s.  Removal of this exotic species has been a high park priority for the past several years.  Introduction of hatchery stocks, habitat modification outside of park boundaries, and over-fishing have contributed to the decline of wild, native strains of fish.  And, intensive hunting and trapping resulted in the disappearance of the once-abundant Olympic wolf in the 1930s.

2.6.7.1
The importance of Olympic National Park’s natural resources in a regional and national context:

The park was established to protect specific natural resources including:  “[T]he finest sample of primeval forests of Sitka spruce, western hemlock, Douglas fir, and western red cedar in the entire United States…herds of native Roosevelt elk and other wildlife indigenous to the area… outstanding mountainous country, containing numerous glaciers and perpetual snow fields, and a portion of the surrounding verdant forests together with a narrow strip along the beautiful Washington coast.” (H.R. 2247 accompanying the park's enabling legislation).  However, there are no “primary” or “secondary” resources recognized within the park.  No individual resource or resource type within Olympic may be said to be more important or valuable than another.  All resources, biotic and abiotic, of the land, water, and air within the park are values for which the park has been designated and is legally responsible to protect.  Resources of the park are recognized as significant both nationally and internationally.

International and National Importance:, The Olympic National Park was designated in 1976 as a Biosphere Reserve under the Man and Biosphere Program.  In 1981, UNESCO designated the park as a World Heritage Site.  Olympic is one of only four national parks in the United States selected as both an International Biosphere Reserve and a World Heritage Site.  With these designations, Olympic National Park is deemed a place of outstanding universal value as part of the world's cultural and natural heritage.  Technical review of the park's nomination for world heritage status by the International Union for the Conservation of Nature concluded:  “…Olympic National Park is the best natural area in the entire Pacific Northwest, with a spectacular coastline, scenic lakes, majestic mountains and glaciers, and magnificent temperate rain forests; these are outstanding examples of on-going evolution and superlative natural phenomena.  It is unmatched in the world.”

Under the Clean Air Act, the park is a Class I area, having the most strict of requirements for protection of air quality.  Several sites within the park individually have special recognition.  There are four established Research Natural Areas in the park.  Addi​tionally, in 1983, Point of Arches was listed on the National Registry of National Landmarks (the official list of nationally significant areas representative of the country's ecological and geological heritage).  In 1994, portions of the Olympic National Park’s  coastal strip and offshore islands were included in the Olympic Coast National Marine Sanctuary, with which the Park shares overlapping jurisdiction.   The park is also a “mixing zone” for intertidal species characteristic areas to the north or to the south; thus, the intertidal species diversity within Olympic National Park is among the highest in North America.

Pristine qualities and genetic "storehouse" characteristics were primary reasons for establishment of four Research Natural Areas in Olympic.  These four areas are Hades Creek (560 acres), Higley Creek (480 acres), Jackson Creek (160 acres), and Twin Creek (100 acres).  

Regional Importance:  Within the area covered by the Northwest Forest Plan (i.e. Pacific Northwest and beyond), Olympic National Park is important as the largest contiguous block of undisturbed habitat remaining for several threatened species, including the northern spotted owl, marbled murrelet, bald eagle, Ozette sockeye, Puget Sound chinook salmon, and bull trout. In prior population “status reviews” of West Coast salmon, the Park has been recognized for its importance in maintaining the productivity and health of a number of other salmon and trout populations on the Olympic Peninsula. The Park also supports at least 16 endemic species of plants and animals.
The following “waters” originating from within the Olympic National Park have been found to exceed water quality standards and are listed on Washington States’ 303d lists or constituents that may be threatened to become degraded.    

· North Fork Skokomish – Instream flow regime

· Dungeness – Instream flow regime

· Elwha – PCB and Temperature

· Bogachiel – Temperature

· Coal Creek – Temperature

· Soleduck – Dissolved Oxygen and Temperature

· Kalaloch Creek - Temperature

These are waters on the Washington State 303d list for 1998, the last time that the list was updated. The portion of the water body that is listed is generally not within the Park boundaries, but rather, are pollutants that enter the watercourse at downstream points coincident with private or local government ownership.  Olympic National Park will provide additional information for the next preparation of the list of impaired waters which is occurring now (2002). At this time, there are not waters listed within the Park for Outstanding Natural Resource Waters.

2.6.7.2

Purpose of Olympic National Park:
· to preserve for the benefit, use and enjoyment of the people, the finest sample of primeval forests of Sitka spruce, western hemlock, Douglas fir, and western red cedar in the entire United States; 

· to provide suitable winter range and permanent protection for the herds of native Roosevelt elk and other wildlife indigenous to the area; 

· to conserve and render available to the people, for recreational use, this outstanding mountainous country, containing numerous glaciers and perpetual snow fields, and a portion of the surrounding verdant forests together with a narrow strip along the beautiful Washington coast.

A special value of the park is its biodiversity, including many species and genetic types that are endemic to the Olympic Peninsula.

2.6.7.3

Draft Management Prescriptions 

(from the 2002 Draft General Management Plan under development for OLYM):
“Success in Resource Stewardship” relative to Natural Resource Management looks like:

· Old-growth forest will receive the utmost protection from impacts due to human activities and facilities.

· Human impacts on areas defined as “keystone habitats” are minimized.  Keystone habitats are highly ecologically significant habitats are minimized Currently recognized keystone habitats are:

· Rivers, including salmon spawning and rearing habitats

· Lakeshores

· Riparian zones

· Wetlands

· Intertidal zones

· Glaciers and snowfields

· Human activities that directly or indirectly reduce structural complexity are minimized .  These include loss of elk along the boundary, reducing herbivory; trampling of intertidal areas; hardening of stream banks; invasive exotic plants; fuels management; and other alterations.

· Rare habitats (such as coastal bogs) and habitats harboring rare, endemic, imperiled, or status-unknown species are protected and, where necessary, restored.

· Geothermal features, processes, and organisms are preserved and, where necessary, restored.

· Damaged ecosystems and habitats are restored.  
· Restoration includes:
· Restoration of hydrologic systems, including water flow dynamics, lake level fluctuations, /subsurface water interactions, temperature regimes, gravel/sediment flow, and woody debris recruitment and movement through the system

· Spawning anadromous fish and their roles in nutrient regimes, ecological interaction with terrestrial species

· Reforestation, including the full complement of vascular and non-vascular plant species, three-dimensional structure, and restoration of woody debris recruitment into hydrologic systems

· Restoration of natural slope stability 

· Restoration of populations, which will be viable over the long term, of the full complement of native terrestrial and aquatic fauna (vertebrate and invertebrate).

· Natural disturbance regimes and processes are conserved and where necessary, restored. Human activities neither promote nor hinder the rate and magnitude of natural disturbance processes, except as necessary to conserve T&E species or to maintain existing critical facilities such as Highway 101.  

· Fluvial processes are protected unimpeded.  Recreational access is provided using the most current information to minimize effects on fluvial processes and aquatic and riparian habitats/processes.  Benefits of recreation are weighed against resource protection.

· Aquatic systems:  physical, chemical, and biotic characteristics (including nutrient regimes) of native fish spawning and rearing habitats are protected/restored 
· Soils and water resources are maintained free of contaminants.

· Natural nutrient regimes – including inputs, outputs, overall levels, and nutrient cycling processes – are conserved/restored.  

· Escapement levels provide for salmon to achieve the full role of anadromous fish in the ecosystem, supporting interdependent ecosystem processes and components such as wildlife, plants, and other aquatic species.  

· The full complement of native (migratory and resident) species populations, life histories, and communities are conserved and, where necessary, restored.  Animal and plant populations are viable over the long term, fluctuating within the normal range of variability.

Genetic integrity of native plant and animal populations is protected.

· Connectivity of habitats for native species that do (or would) range beyond park boundaries is conserved/restored and maintained.

· Natural fire regimes are restored and maintained, resulting in natural levels of heterogeneity across the landscape, modified as necessary for T&E species conservation, air quality regulations, cultural resources, safety, developed zones, jurisdictional boundaries, and in-holdings.

· Forest fuel loads are subject to management intervention only where they have accumulated due to human activities, to the point that they threaten developed zones, in-holdings, or specific significant cultural resources (as defined by the Secretary’s standards).

· Fire- and fuels-management activities have minimal impacts on resource values.

· Park plant and wildlife communities are free from non-native diseases and pests.   Effects of native diseases and pests are within normal range of variation, and are not exacerbated by anthropogenic factors.  

· Ecosystems are free of exotic species, except where they are non-invasive and a “significant” (as defined by the Secretary’s standards) feature of a cultural landscape.

· Opportunities for visitors to experience natural sound-scapes are preserved.  Ecological interactions that depend upon, or are affected by, sound are protected. 

· Opportunities for visitors to experience dark night skies free of light-pollution are preserved.  Ecological processes that depend upon, or are affected by, nighttime light are protected.

Developed Zones and Transportation Corridors
“Success in Resource Stewardship” relative to Program Management, looks like:

· Developments and associated activities do not significantly impact the ecological function of “keystone” habitats.  

· Old-growth forest communities are protected/conserved.  Facilities that would necessitate hazard tree management will be located (distributed, i.e. this is the target condition) outside areas of old growth.

· Developed zones, and activities associated with them, do not alter natural shoreline erosion, deposition and transport processes.  

· Human activities and facilities in developed zones have no effect outside of the developed area, such as on flow of surface water, subsurface water quality, and wildlife species composition, relative abundance, movements, and species interactions such as predator/prey relationships.  

· Areas of impervious surface in developed zones do not contribute to the amount of surface flow in adjacent areas, and do not alter water quality/chemistry in adjacent areas 

· Natural disturbance regimes and processes are conserved and where necessary, restored.   Human activities do not alter the rate and magnitude of natural disturbance processes, except as necessary to conserve T&E species or to maintain existing critical facilities such as Highway 101.  

· Connectivity is maintained between key habitats allowing dispersal and movements to occur at natural rates.

· Roads within the park are managed using methods that have minimal impacts on resource values.  

2.6.7.4

Overview of Monitoring at OLYM – Prototype Park

Air:
· Sulfur dioxide, ozone and meteorological monitoring (HQ Area): 1983 to present

· Passive ozone sampling (various sites throughout park): 1995 to present, summer only

· NDDN (National Dry Deposition Network, HQ Area):  1998 to present

· IMPROVE (Interagency Monitoring of Protected Visual Environments, Blyn Mountain): 2001 to present

· NADP/NTN (National Atmospheric Deposition Program/National Trends Network, Hoh River): 1980 to present

· DAM (National Dioxin Air Monitoring), Lake Ozette:  1999 to present

Amphibians:
· Population trends, several ponds  presence/absence, several ponds (1995 – present)

Biogeochemical Processes:
· Small watershed monitoring since 1984 (West Twin Creek, Hoh River).  Precipitation chemistry, throughfall, streamflow, water quantity, water chemistry, litterfall, etc.
Coastal Systems:  Intertidal community monitoring, intertidal community monitoring 1996- present. 

· Razor clams population monitoring;  1980’s to present.

· Surf smelt population monitoring:  1998 to present.

Fire:  see fire plan for fire history information, lightning strikes, etc. 

Fish:  
· Solduc summer coho:  1980’s to present.
· Lake Crescent trout (Beardslee and Crescenti):  1980’s to present.
· Bull trout, Skokomish:  intermittently since mid 1990’s.
· Chinook, coho, steelhead spawning - cooperative monitoring with state, tribes since 1980’s.
Geology:  

· Mass balance estimates, Blue Glacier (since 1956)

Meteorology:  

· Basic Meteorology (wind speed/direction, precipitation, dew point, temperature, PAR, etc.) (data provided to National Weather Service - Blue Glacier1957-1965; Elwha Ranger Station 1948-2002; Quinault Ranger Station 1948-2002).

· Met data also collected at NADP/NTN site, ambient air monitoring station, and 8 EPA -GEM weather stations located around the park. EPA stations measure air temperature, soil temperature, wind direction and velocity, relative humidity, soil moisture at 3 depths, and photosynthetically active radiation.

Radiation:  

· Ultraviolet Radiation (1998-present)

Snow:   

· Snow survey stations Hurricane Ridge, Deer Park (1960’s-present).  

· SNOTEL site, Hurricane Ridge (2000-present).

· Snow water equivalent is monitored at 3 locations: Hurricane/Wolf Creek (1949 to present), Cox Valley (1967 to present), Deer Park (1949 to present).

· Blue Glacier monitored intermittently since 1950’s

Vegetation:
· Forest demography and primary production (West Twin watershed, Hoh Lake watershed, Twin Creek RNA, SF Hoh R.), 1978 to present

· Effects of elk herbivory on vegetation structure (SF Hoh), 1978 to present

· Rare plant monitoring, 1985 to present

· Visitor impacts in wilderness camp areas, 1974 to present.

· Exotic species inventory completed several areas; limited monitoring

· Bryophytes, lichens, mushrooms, fungi:  inventory completed for several areas

Visitors:

· Visitor use data available since 1979.

Water Quality and Quantity:
· EMAP, 17 streams, 1995-96.

· Inventory data regarding lake water quality – 23 park lakes since 1981.

· Basic water quality parameters Lake Crescent (1984-1988, 2000-2002).  

· Water quality studies on each of Soleduck and Olympic Hot Springs (1970, 1979). 

· USGS discharge stations:  two located inside the park; several outside the park.

· Flood hazard surveys on three major drainages within the park (1983, 1987). 

Wildlife:
· Mountain goat population (census: 1983, 1990, 1994, 1997, 2003)

· Roosevelt elk population (census:  1985, 1986, 1998)

· Northern spotted owl (inventory 1992-1995; population/demography:  1995-present)

· Breeding Bird monitoring, 2 sites (Ozette:  1971-present; Hurricane:  1992-present) 

· Bald eagle population and recruitment monitoring (1980 to present).  

· Northern spotted owl monitoring (1989-present)

2.6.7.5
Most important “Agents of Change” and “Stressors” that may cause change.  

Over the past 60-70 years, enormous changes occurred around the area that is now Olympic National Park.  Once a refuge from glacial ice, the park is now a sanctuary of old-growth forests among landscapes cut during timber harvest.  Once nutrient-enriched by spawned-out salmon carcasses, park rivers now support remnants from population harvests.  Once perceived as a treacherous, impenetrable wildland, the park is now a magnet of wilderness to the burgeoning Puget Sound population.  The park simultaneously remains an unknown and even “frightening” place to an ever-increasing, indifferent, urban-reared population. 

Challenges of conducting a comprehensive, quality natural resource management program in Olympic National Park include the remarkable complexity of the park’s resources, the substantial effects of habitat loss and extreme harvest pressures on many migratory species, and difficult field logistics rivaling those of the most remote areas in North America.  Other challenges stem from the social and political atmosphere surrounding a protected area within a traditionally resource-extraction based economy.  

· Habitat loss and fragmentation outside the park

· Alteration of fish habitat inside and outside of the park

· Reforestation effects (genetic contamination)

· Climate change

· Atmospheric pollutants and deposition (contaminants)

· Oil Spills

· Alien/invasive species and diseases

· Hatchery effects (genetic contamination)

· Consumptive uses, legal and illegal –fish harvest, shellfish harvest, timber poaching, moss poaching, etc. 

· Direct human activity/disturbance (trampling, noise effects on T/E species)

· Mineral rights (within the park)

2.6.7.6

Olympic National Park - Anthropogenic Threats 

If Olympic National Park is to meet its mandate to maintain its natural resources unimpaired for future generations, the impacts to those resources caused by anthropogenic stresses must be mitigated or prevented. Some threats and their effects are unforeseeable and cannot be specifically discussed. These threats are addressed by monitoring indicators of ecosystem status expected to provide an early warning of changes to the structure and function of park ecosystems.

Anthropogenic threats that are currently of concern to park management are identified in the park’s Resource Management Plan. Some threats have local affects on specific resources (e.g., illegal harvest of animal and plant taxa) while others are ubiquitous and have unknown consequences (e.g., UV radiation may have a wide range of yet undetermined effects). Nevertheless, all management concerns can be seen as symptoms of larger issues (Table 2.9.1). Identifying these issues creates the context for monitoring questions in two ways. First, identifying the larger issue addressed by specific concerns across a region can provide the common ground needed to integrate those programs. For example, different land management agencies have different specific concerns regarding how global climate change might affect their resources (e.g., reduced timber production, increased fire frequency). It is logical to integrate these concerns around the larger issue of climate change. Second, that some threats can be addressed directly by park management, either with a policy change, mitigation, or increased enforcement, and others cannot. For threats the park cannot act on directly, the park can serve as a natural benchmark for managed systems; monitoring should include the benchmark role as a consideration. Management concerns can also be categorized by whether they are local or have park-wide scope. This perspective will provide a clear context for monitoring questions and approaches. Concerns that affect local areas or a limited number of resources are most likely to be addressed by smaller-scale and maybe shorter-term monitoring. In contrast, concerns with park-wide impacts will require an extensive component.

Table 2.6.7.6.  Summary of anthropogenic threats identified in the Olympic National Park Resource Management Plan. Specific threats are grouped into general categories. Whether the park address the concern with management actions and whether the impacts are parkwide are also indicated (Y = yes, N = no). (extracted from draft LTEM by Jenkins, Woodward and Schreiner, 2002)

	GENERAL THREAT     
	MGMT.

ACTION?  
	SPECIFIC CONCERN IDENTIFIED IN RESEARCH MANAGEMENT PLAN
	PARKWIDE

IMPACTS?

	Habitat Outside of the Park
	      N
	Fragmentation outside the park  

Isolation of animals inside the                   

    park

Alteration of fish habitat

Alteration of marine habitat
	         Y

         Y 

         N

         Y

	Climate Change
	      N
	Increased ultra-violet radiation 

Effect on ocean conditions
	         Y

         ?

	Pollutants
	      N
	From growing metro area to east

From Asia

Oil and chemical spills

Effects on plants

Potential for lake acidification
	         Y

         Y

         N

         Y

         N

	Genetic Contamination
	      N
	Fish hatcheries
	         N

	Water Rights
	      N
	Dams
	         N

	Consumptive Use Outside Park
	      N
	Hunting

Over-harvest of fish

Off-shore coastal development

Mineral claims
	         Y

         N

         N

         N

	Exotic Species
	      Y
	Exotic animals and plants

Introduced pests or diseases
	         Y

         ?

	NPS Development & Policies
	      Y
	Park management (development)

Fire suppression
	         N

         Y

	Visitor Impacts
	      Y
	Trampling

Impacts to soil and vegetation

Illegal harvest

Interactions with wildlife

Unknown magnitude of day use

Future visitor trends
	         N

         N

         N

         ?

          N

          Y

	Consumptive Use Inside Park
	       Y
	Harvest levels of intertidal & marine organisms

Illegal harvest

Mineral rights
	          N

          N

Y


2.6.7.7
  Management Objectives 

The Resource Management Plan for Olympic National Park identifies eight objectives to meet the overall goal of conservation:

· Protect the park’s natural resources and values in an unimpaired condition and restore altered areas to the condition they would possess absent European settlement.

· Protect rare species, restore threatened and endangered species, and minimize harm to indigenous species.

· Use scientific research to gain information about resources and effects on them.

· Assemble baseline inventory data describing the park’s natural resources and systematically monitor them in order to understand the governing natural processes and detect impacts.

· Archive and maintain data from research and monitoring and encourage its dissemination.

· Provide for appropriate wilderness uses and experiences, especially solitude, while protecting wilderness resources.

· Provide appropriate recreational opportunities in environments least vulnerable to resource degradation.

· Promote communication among Olympic Peninsula land managing agencies to identify common issues, propose solutions and pool data.

These objectives are compatible with the approach of monitoring specific management issues, focal species, and indicators of ecosystem status. Although specific agents of change are not identified, it is recognized that the agents could be internal or external to the park, and that anthropogenic change and human use are matters of concern.

Table 2.6.7.7.  Key information about natural resources and visitor use in OLYM.

	Olympic “Profile”

	Acreage
	922,651

	Designated Wilderness acres
	>870,000

	Rivers and streams, miles
	> 3000

	Named glaciers
	60

	Native plant taxa
	> 1200

	Endemic plants and animals
	16

	Reptile and amphibian species
	20

	Native fish species
	37

	Bird species
	300

	Mammal species, terrestrial
	32

	Mammal species, marine
	24

	Species listed under Endangered Species Act
	17

	Rare (state-listed) plant species
	> 50

	National Natural Landmark (Point of Arches)
	1

	Research permits issued annually
	ca. 70

	Archeological sites
	650

	Cultural landscapes
	31

	Historic structures
	112

	Ethnographic resources
	880

	Catalogued museum objects
	22,000

	Archival objects
	> 600,000

	Developed campgrounds
	17

	Trailheads
	64

	Trails, miles
	611

	Roads, miles
	168

	Buildings
	457

	Overnight concession-operated lodges
	4

	Day-use concession facilities
	2

	Concession permits
	5

	Incidental Business Permit holders (e.g. horse packers, fishing guides)
	70

	Park visitation, total visits, 2001
	4,286,280

	Overnight hiking groups, 2001
	18,000

	Search and Rescue missions, 2001
	27

	Emergency medical cases, 2001
	107

	Law enforcement contacts per year, other than resource protection cases
	1200

	Law enforcement contacts related to resource protection, 2001
	800

	Felony crimes, 2001
	65

	Non-felony crimes, 2001
	3,292

	Visitors attending education programs, 2001
	32,000

	Visitor contacts at visitor centers and contact stations, 2001
	677,393

	Park website use, 2001
	2,074,036


Chapter 3.  

Conceptual Models of Key Ecosystems 

3.1
Monitoring with a Purpose

In order to specify what information we hope to gain from our monitoring program, we need to define and distinguish among the various kinds of natural resource monitoring and link these with the respective questions we hope to address. Any discussion of monitoring inevitably leads to some confusion in the use of terms.  There are no universally accepted definitions established for terms commonly used to describe the various types of monitoring, although several authors have offered up reasonable sets to consider (MacDonald et al. 1991, Conquest et al. 1994)).  Some terms used to describe differing types of monitoring are shown in Table 5 below, with corresponding generalizations made about the frequency, distribution and duration of measurements, and some indication of the intensity of data analyses. We describe below how we define these terms.  We caution that the reader should to not get distracted by these definitions or semantics.  They are meant only to establish that there are different information needs and approaches to monitoring.  We felt it important to be explicit about our objectives before we define the elements of the network-monitoring program.  

Because we lack fundamental information about the condition of some critical ecosystem components (biotic and / or abiotic) we will have a portion of our efforts devoted to the systematic and strategic collection of information on the status and trends (over space and time) of key indicators of ecosystem condition. This involves a basic assessment, using techniques that can be repeated throughout the years, on sites selected in a way that provides repeatable and statistically valid information. Some have referred to the basic assessment component of this work as baseline monitoring.  Status implies determining how a particular “state” or condition ranks among similar measures from the sampled population, and therefore allows one to gauge the relative conditions found at a particular site or with a particular measured indicator.  Knowing the status of a given indicator distributed broadly across a geographic area allows one to make cautious inferences about conditions elsewhere within the range of that indicator.  Therefore, with sufficient sampling, space can substitute for studies done at fewer sites but over much longer periods of time (see Hilborn and Walters 1981).   Trends over time can also be established once sufficient repeat surveys have occurred and the accumulated date analyzed. 

Establishing a range of natural variability for a given parameter distributed across landscapes (or watersheds) with similar and dissimilar characteristics will be essential to our ability to detect “change” out of that range and otherwise interpret our data.  Status and trend monitoring will be targeted for specific topics at specific scales of interest. For example, status and trend information concerning atmospheric, climactic and hydrologic information throughout the network will air the interpretation of a host of other related indicators.  It might also entail sampling fewer sites for shorter duration, depending upon the objectives identified.  During the design phase of the program, decisions whether to develop a distributed network of sampling sites wherein extensive sampling of a suite of indicators might take place.   

Effectiveness monitoring will allow us to evaluate the outcomes associated with one or several management decisions (including the “no action” alternative) on an environmental parameter of interest.  This sort of information will likely be more limited in terms of spatial extent at which it is applied, but that depends upon the nature of the inquiry. It might also entail more directed, focused or intensive sampling for a shorter duration of with fewer sites.  However, some cautions might be appropriate.  For example, if the effectiveness of sediment abatement techniques used in unpaved forest roads were to be evaluated, it would need to be done strategically across typical geological strata types and levels of traffic use, if we are to gain an exportable picture of the problem and its resolution. (Solomon 1989, cited in MacDonald et al. 1991).  At very specific sites, this type of monitoring may be at the project level.  

A third type of monitoring we may employ is validation monitoring, through which we can examine the base assumptions about the relationships of key ecosystem components.  While this type of monitoring hasn’t yet been explicitly called for in the program guidelines, it seems reasonable to assume that at some point the networks may want to better understand the linkages among and between ecosystems components, and thereby gain knowledge about cause and effect relationships.  Some of these relationships might be dealt with through dynamic modeling where certain assumptions about processes and functions are established (MacDonald et al., 1991). Decisions on if and when to develop validation monitoring will be left until after the numerous sampling design and protocol issues are refined.

Table 5.  General characteristics of monitoring types (adapted from MacDonald et al. 1991)

	Type of Monitoring
	Frequency of Measurements/No. Sites
	Duration of Monitoring Efforts
	Intensity of Data Analysis

	Status /Trend

Effectiveness

Validation


	Low / Low to High

Medium to high / Low

High / Medium to High


	Short to Long

Short to medium

Medium to long
	Low to moderate

Medium

High


3.2
Measurement Error, Bias and other Statistical Issues:

The guidance for preparation of this report asked that we describe the overall process to “….identify the degree of measurement error and/or uncertainty that can be tolerated for management decisions”.  At this point in the development of the monitoring program it is not possible to describe the desired degree of measurement error associated with the myriad of independent and interrelated variables likely to be selected for monitoring.  So, our discussion will focus more on the process to determine that acceptable error component.  We will save a discussion of the importance of error, precision and accuracy for later iterations of the planning document and after the design phase is more thought out.  

A first step is deciding what things we are likely going to include in the monitoring program, and for which of these we can define a quantitative and measurable objective.  While identifying quantitative objectives for monitoring is a universally recognized need (Elzinger et al. 1998, Noon 199919991999), being able to exactly specify the amount of change necessary to detect over a given time period, and its ecological significance, is not always easy. Whereas, the type of information being sought is paramount to determining both the question and the selection of appropriate indicators, the specificity of the monitoring questions we can describe at this time depends on a variety of factors, some known and some unknown (Jenkins et al., in review).  These include: the characteristics of the variable being monitored (e.g. the coefficient of variation associated with each indicator); the bias associated with field methods, knowledge of what constitutes an ecologically significant change; some idea of natural variation and disturbance on indicator expression; and numerous other factors not yet fully considered. 

Consequently, we recognize that there will be three categories of monitoring questions that we will likely be considering:

1) Questions with quantitative and measurable objectives. These are questions for which we can define quantitative changes in a specific metric over a given time.  In some cases, we know what to target in terms of testing assumptions about spatial variation, for example. Experience already gained allows us to specify the metric of interest, which could be the mean or median value of some response, or some other summary statistic, possibly based on variance.  Two situations come to mind for questions in this category, as described below. 

a) Effectiveness monitoring used to evaluate whether management actions are working as intended. In these cases, the monitoring question can specify quantitative detection goals based on “limits of acceptable change” or other criteria. For example, one might want to monitor whether some percentage of plants in a vegetation restoration project, have persisted after a set amount of time.

b) Some non-management monitoring questions can be asked with specific objectives or end-points in mind if there is some knowledge or intuition about what constitutes a biologically significant change, or state that a given site-location is used to compare with. For example, one might want to detect when a rare plant population has declined below a certain percentage of its baseline distribution. 

2) Questions reflecting the need to obtain status and trend data. For conditions associated with ecosystem drivers, such as weather, geologic processes and human activities, it is important to establish current conditions and monitor trends over time to establish normal ranges in the expression of important characteristics without specifying a need to detect a quantitative change. These variables are generally out of the direct control of management.  But, it is important to understand the range of expression from which to plan for possible future changes while allowing for interpretation of related monitoring results. These associated questions will be phrased as the need to establish a trend in the measurable expression of some variable from which to better understand natural variation and legacy effects of past disturbances, over broad areas of space and time.  In some cases, we do now know the relative sensitivity to detect change in the parameter and methods we have chosen to use (i.e. the power of the test) (Osenberg, et al., 1994, Conquest and Ralph, 1998).  In such cases, part of the protocol development and its sampling scheme is to test the appropriateness of the measures and methods we have chosen to use, and evaluate any observer bias (for example, see Poole et al., 1997, and Strayer 1999).  

3) Questions regarding resources about which we have limited knowledge. Some monitoring of ecosystem responses might have quantitative goals when we learn more about what signifies a biologically significant change. In such cases, we frame questions that ask “…has a change occurred”, and take an educated guess at what level of sampling will be required. As monitoring proceeds, experience will teach us how to more effectively approach sampling for a given variable. These are the questions that are most in need of re-evaluation and mid-course correction of the monitoring approach.

Our assumption is that the value of being able to state quantitative monitoring goals for a specific indicator is that, along with some knowledge of natural variation, one can design a sampling protocol with sufficient replication to achieve the goal (Jenkins et al., 2002 - in review). 

3.3
The NCCN Approach Used to Develop Conceptual Ecosystem Models 

We have developed and present below pictorial representations of key components and linkages among important ecosystems for our Network.  These models should help refine our discussion of key questions that we hope to have answered through the Network I&M Program.  The Network Technical Committee considered the various approaches taken by others involved with developing a conceptual framework for natural resource monitoring.  Specifically, we considered using the approach that was used at the Cape Cod National Seashore (Roman and Barrett 1999). They developed a number of operational terms to explain assumptions with their approach, which is both ecosystem-based and issue-oriented. The ecosystem-based perspective recognizes that environmental processes and the outcomes of human activities operate at various temporal and spatial scales. This approach recognizes natural, hierarchical dimensions of the landscape as a template for monitoring changes in ecological phenomena associated with both natural and human causes.  Ecosystems respond through detectable changes to fundamental processes that affect the expression of their component structures and functions.  This approach is consistent with our emphasis on system drivers that operate over broad spatial and temporal scales to influence the expression of a number of significant characteristics of ecosystems found within our network.  

The issue-oriented emphasis described by Roman and Barrett (1999) acknowledges natural and human induced influences to ecosystems, both internal and external, and the range of management responses we have available to address those threats.  This is synonymous with our recognition of the importance of understanding both status and trends, through directed monitoring.  It also includes our emphasis on effectiveness monitoring wherein we want to evaluate the outcome of particular management actions, or further examine suspected cause/effect relationships.   Through this approach, we attempt to examine important factors contributing to observed changes, in order to understand and even predict the nature of these changes, and how they might affect park management. This emphasis on issues further explores understanding of cause-and-effect relationships among components of the ecosystem by incorporating two complementary strategies: threat-specific monitoring and effects-based monitoring.  A presumption that we know something about cause and effect relationships, is usually associated with threat-specific monitoring. Effects-based monitoring focuses on tracking trends (once status measures are made) that are key indicators of things we think reflect “ecosystem integrity”, such as acceptable or expected ranges of values for biological diversity or population productivity.  The issue-oriented strategy emphasizes both threat-specific and effects-based monitoring in order to achieve a sufficient level of predictability to better guide management action.  

We chose to not use these exact terms, but we recognize the varying distinctions they are making and will specify what it is we are trying to accomplish when we define our explicit monitoring questions and associated measurable objectives.  After further consideration, we decided to go our own path and define an approach that is more appropriate for the various ecosystems and spatial scales that we are working with. Our conceptual framework uses a construct to begin help explain our sense of the complex relations among system drivers, associated stresses and ecosystem responses.  

System Drivers are mechanisms defined as natural processes and events, or human activities that precipitate changes to these processes.  We differentiate between natural processes and human influences upon them because generally, the spatial and temporal extent of the former somewhat complicated detection of the latter.   System Drivers can operate within the range of natural variability and acceptable limits of change, or they may not. If not, they are the sources of stresses to the ecosystem attributes we value. In many cases, we have yet to establish reliable reference conditions to establish normal ranges of expression for system drivers. 

Stresses are the associated problems or products of human activities or natural events (agents) that diminish the quality or integrity of the ecosystem.  Often, they act to change the magnitude, frequency, duration and distribution of processes (e.g. geologic, climatic or watershed) that reflect themselves in attributes we associate with properly functioning ecosystem conditions.  Think of these as causes or inputs that exceed what we consider background levels.

Ecosystem responses are defined as detectable changes or trends in any measurable value of the ecosystem’s structure, function or processes that is considered indicative of ecosystem quality or integrity.  They reflect outcomes and consequences imposed by stresses.  

System Drivers

    Stresses


Ecosystems Responses

For landscapes in the Pacific Northwest these “system drivers” include atmospheric and bedrock geology and topographic landscape features.  We also include in our definition of system drivers, the role of disturbance factors associated with human activities, since their relative effects can be both extensive in spatial and temporal scales, especially in terms of persistence.

3.4
System Drivers

The Technical Committee elected to focus considerable attention to collecting relevant data on the following system drivers:

Natural Processes:

Climate - operating at multiple scales of time and place; global climate change factors

Atmospheric transport and deposition of pollutants – both organic and inorganic 

Hydrology/Geology/Landscape Processes  - coupled with climate information; a major driver in aquatic and riparian ecosystems.

Bio-geo-chemical processes - operating at watershed scales

Natural disturbances – nature, magnitude, frequency, duration and persistence

Anthropogenic Stressors: 

Human Activities – both from within and outside of park boundaries

External land & water use - (consumptive, extractive use and conversion to other land uses) 

Understanding of these factors will help build a larger context for later data analysis and interpretation, by providing information on variability and background levels of important system components and their signals (Table 6).  Since some of these drivers are auto-correlated and reflect natural processes and background levels, while others are the result of direct and indirect human activities.  Because of this, we have further compressed this list into two spheres that operate at regional scales (Atmospheric/Climatic and Geologic/Landscape Processes).  Hydrology and natural disturbances are included in these ultimate drivers.  Factors attributable to human actions are nested below the previous factors, but can be summarized as external land & water use, visitor impacts and air and water pollution.    

Table 6.   Conceptual relationships between system drivers, stressors and ecosystem effects as perceived within the North Coast & Cascades Network.

	System Drivers
	Stressors
	Ecosystem effects 

	Climate
	Weather / Climate regime shifts; Ozone depletion
	Increased exposure to ultraviolet radiation

	Hydrology/Geology/Landscape Processes
	Flow regimes; mass-balance of glaciers; near-shore marine transport, salinity 
	Surface & groundwater source protection, pollution, depletion, biotic communities

	Natural Disturbance Events
	Fire; disease pathogens; geological process disturbances; wind and storm events


	Increased rate, magnitude,  duration and persistence of natural disturbance effects

	Bio-geo-chemical processes
	Global climate change consequences, changes in carbon and nitrogen cycling, weathering
	Nutrient cycling, soil characteristics, floristic response, precipitation and stream chemistry, trophic relationships

	Human Activity
	Fisheries & wildlife Mgmt.; Visitor use: Park mgmt.
	In-holders & development activities; harvest of park-migratory fauna(e.g. elk, salmon)

	External Land & Water Use
	Land cover & adjacent use effects; Coastal Zone mgmt. & adjacent land-use decisions by local governments


	Border issues-adjacency of clearing and grading; spread of exotic species, habitat fragmentation, cumulative and synergistic effects, etc.

	Atmospheric deposition
	Transport & deposition of pollutants
	Effects on vegetation, soils, water quality, aquatic biota

	Pollution (air and water)
	Wet & dry deposition of pollutants; land-use
	*Point & non-point pollution, aquatic habitat deterioration


*Non-point source pollutants include: Oil spills into waterbodies, road run-off, hill-slope failures due to management activities, recreational vessels/commercial shipping – discharges in adjacent park air and waters, and those associated with present and past visitor use to sensitive areas within parks.

3.5
Conceptual models of selected ecosystem components 

A conceptual model is a visual or narrative summary that describes the important components of the ecosystem and the interactions among them. Development of these models helps in understanding how the diverse components of a monitoring program interact, and promotes integration and communication among scientists and managers from different disciplines.  Development of conceptual models of park ecosystems is viewed as an important first step in development of a formal I&M program. 

Because of the wide diversity of topographic and biological communities found with our Network parks, there is no one, holistic conceptual model of ecosystems that would suffice to represent all of the various components under consideration for inclusion in the overall monitoring program.  Generalized ecosystem models for forested, mountain ecosystems, alpine ecosystem, forested and glaciated watershed ecosystems, and Pacific coastal marine ecosystems already exist, and will be referenced.  However, our Network has decided to develop conceptual models of more discrete ecosystems to provide a smaller context for framing monitoring questions. 

Guided by the conceptual approach taken by the Cape Cod National Seashore (Roman and Barrett 1999) effort, the working groups applied the  “Agents of change – Stresses – Ecosystem response” construct and as a framework to further develop a conceptual model of ecosystems associated with initial ideas of key questions.  As explained earlier, we have substituted System Drivers for Agents of Change in our network.  These initial ecosystem models, presented below, will be further refined and explained by narrative descriptions of their components and interactions. We understand that not all monitoring is necessarily the result of concerns about changes associated with stressors.  For example, status and trends monitoring is initiated to help establish some basis for understanding spatial and temporal variability, and may not lend itself to understanding cause and effect relationships until and unless it is focused to do so through a deliberate scheme targeted at testing specific hypothesis.  Understanding the role of system drivers and background levels of important ecosystem attributes can provide valuable insight into “cause and effect” relationships and help with interpretation of information generated through the monitoring program (Roman and Barrett 1999).  This can be accomplished by monitoring key input variables (e.g. watershed scale sources that control the timing and volume of sediment load inputs into streams systems) that reflect expressions of processes that are affected by natural as well as anthropogenic causes, and which may operate at large spatial scales.  This is essential if we are to make interpretations of data collected on outcome variables associated with those same processes (see Montgomery 1995).   

3.6
Selected ecosystems for the Network

The landscapes within the North Coast & Cascade Network include a wide variety of distinct and varied ecosystems that in total defy one simple graphical representation. Many of these landscapes, especially forested watersheds, lakes and coastal marine areas in the PNW are relatively young in terms of geologic history, having been substantially glaciated as recently as the Pleistocene (c. 12,000 years before present).  Uplifting associated with glacial recession and active plate tectonics have continued to affect changes in landscape features, including bedrock and surface geology as well as characteristics of climatic patterns through the Pacific Northwest. (Ziemer and Lisle 1998, Montgomery and Buffington 1998, Burns 1985).

To address this challenge, specific component ecosystems are described below that will serve as the focus of our developing monitoring strategy.  These ecosystem components provide the broader context within which the key questions identified through our vital signs workshops are nested and through which they are best addressed.  For the North Coast & Cascades Network we have divided the various ecosystems found within the Network into these sub-units (i.e. ecosystem types).  Table 7 shows how these ecosystems are distributed among the parks within the Network.

Atmospheric/Climatic/Geologic/Landscape Processes

Air quality

Water quality

Soil quality 

Landscape/geomorphic processes

Aquatic

Marine near-shore communities

Marine coastal/estuary communities

Lakes & ponds/wetlands

Streams (wade-able)

Large rivers

Terrestrial Vegetation

Coastal coniferous forest/terrestrial vegetation

Riparian forest/lowland vegetation

Montane coniferous forest/vegetation

Subalpine/alpine montane vegetation

Terrestrial Wildlife

Table 7.  North Coast & Cascades Network - Parks having priority ecosystem types within their borders.  

	Conceptual Model of Park Ecosystems
	Mount Rainier 
	S. Juan Island 
	Ebey’s Landing 
	North Cascades 
	Olympic 
	Fort Clatsop 
	Fort

Vanc.

	Atmospheric/Climate
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Geology/Landscape Characteristics & Processes 
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	No

	Terrestrial Vegetation
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Terrestrial Wildlife
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Aquatic- Lakes & Ponds -lotic systems
	Yes
	No
	Yes
	Yes
	Yes
	Yes
	No

	Aquatic- Streams and Rivers -fluvial systems
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Aquatic- Coastal marine shoreline
	No
	Yes
	Yes
	No
	Yes
	Yes
	No


3.7
Examples of Ecosystem Models

During the course of working with the information developed through the vital signs workshops, the technical staff engaged in development of the monitoring program framed an approach to addressing key components of ecosystems that are encompassed within the Network parks.  Each of the subject area workgroups prepared a draft conceptual model of the ecosystem component that best accommodated the questions considered during their deliberations. 

In reviewing the literature on developing conceptual models of ecosystems, we took into consideration the key attributes such models should have as suggested by Pickett and Cadenasso (2002).  These attributes are summarized for each respective model in Table 8.  Below, we provide a narrative that describes fundamental assumptions and how model component interact, spatial and temporal scales at which they operate, and system constraints.  Common to all of these models, we describe system drivers (atmospheric and geologic) that in many cases serve as the ultimate determinant to ecosystem processes and functions.  

With Figure 8, we attempt to represent the distribution of selected ecosystems found within the network parks along an elevation gradient that reflects the topographic context of the Pacific Northwest.  Increasing elevation, coupled with geologic processes expressed in local relief and bedrock geology, have had profound influences on the evolution, distribution and nature of biotic communities.  We acknowledge as well those factors associated with climatic and atmospheric processes as ultimate controlling influences on regional ecology.  

The figure also shows how major elements of terrestrial and aquatic ecosystems are distributed throughout these elevational gradients.  The boundaries between and among a given ecosystem are not meant to appear to be abrupt, but rather should be viewed as a continuum as one increases in elevation from sea-level to alpine and arctic conditions.  Similarly, boundaries between different ecosystem are also fluid, and this overly simplistic graphic does not mean to diminish the importance of boundaries (ecotones) between ecosystem, such as the land/water interface often referred to as riparian zones. 

Table 8.  Key attributes of North Coast & Cascades Network conceptual ecosystem models (inspired by text in Picket and Cadenasso, 2002).
	Conceptual Model of Ecosystem
	Biotic/Abiotic elements 
	Temporal Scales (yr.)
	Spatial

 Scales 
	Direct Linkages 
	Indirect

Linkages 
	System boundaries & constraints

	Atmospheric/Climate
	Precipitation

Deposition

Temperature

Hydrology

Topography
	Seasonal

Annual

1 – 103 yr
	Global

Regional

Local 

Micro
	Landforms;

Global and no. pacific oceanic processes
	Terrestrial plant and animal & aquatic commun.
	Global weather; boundary layers; ocean processes

	Geology/Landscape Characteristics & Processes 
	Gravity;

Weathering/ erosion;

Watershed/

channels
	Annual

102 – 105 yr


	Regional

Watershed

Basin

Local site


	Landforms;

Global & regional climatic processes
	Tectonic processes;

Residual influence glaciation
	Time; weathering forces; dynamic & stocastic processes

	Terrestrial Vegetation
	Geology/soil

microclimate
	Seasonal, <1 – 103 yr

	1m2 – 104 km2
	Wildlife,

Soils,

Lithology,

Topography


	Nutrient cycling; radiation; atmosph. depostition
	Vertical limits to distribution imposed by climate/soils 

	Terrestrial Wildlife
	Structural diversity of habitats; link to trophic relationships
	Seasonal, <1 – 102 yr

	10 m2 – 103 km2
	Vegetation community structure, water, climate
	Climate/

Weather,

Soils
	Vertical & horizontal limits to distribution

	Aquatic- Lakes & Ponds -lotic systems
	Organic and inorganic nutrient inputs; water 
	100 – 105 yr
	10-1  m– 102 (km2)


	Climate, geology, hydrology,
	Soils, nutrient cycling, atmosheric deposition;

climate
	Hydrologic divides; input and output pathways; limits to productivity

	Aquatic- Streams and Rivers -fluvial systems
	Water, nutrients, organic debris, sediment, vertebrate & invertebrate biota
	100 – 105 yr
	length =10-1  m– 104; area=

 10-1  m2 - 104 (km2);

Watershed

Stream,

Segment,

Reach

Pool/riffle


	Upland and riparian processes, nutrient inputs and uptakes; hyporehic zone; beavers
	Climate cycles and extremes; geologic processes; disturbance legacies; hydrologic cycles
	Valley form and channel constraints; upstream barriers to migration; declines in salmon runs

	Aquatic- Coastal marine shorelines
	Water, nutrients, organic debris, sediment, vertebrate & invertebrate biota, algae
	100 – 106 yr
	10-1 – 105 m
	U/s inputs/ river transp. processes, long and x-shore; upwelling -nutrient inputs and uptakes
	El Nino, upwelling;

watershed processes involving water and sediment inputs
	Salinity & C(gradients, currents, magnitude of inputs from tributary sources


Figure 7.  North Coast & Cascades Network – Elevational gradients and distribution of key component ecosystem, and relationship of dominant system drivers to component ecosystems.















3.8  
Narrative Descriptions of elements and assumptions for ecosystem models
3.8.1
Lotic (flowing water) ecosystems - Narrative description about fundamental assumptions and relationships implied in the conceptual ecosystem model. 

The model for lotic systems recognizes that natural factors that influence fluvial systems and operate at multiple spatial scales and influence the biotic and abiotic characteristics of fluvial systems Figure 8.  Our model does not yet explicitly deal with these differing spatial (as well as temporal) scales, but it will be incorporated later as we develop the overall monitoring design.  In order to accommodate stream/valley systems of differing character and scale, we will consider using some existing system that incorporates a nested hierarchical approach to account for the multiple components of these fluvial systems that would include: landscape – basin – watershed – stream – channel segment – habitat unit.  We also recognize the dynamic nature of stream systems, and will factor in a means to account for this in the sampling and analyses scheme.  
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Figure 8.  Conceptual Model for Lotic (flowing freshwater) Systems. System drivers which operate at landscape and watershed scales are shown in gray, while human induced change factors (stressors) are shown in pink, and operate at multiple scales and affect biota at multiple scales (i.e. from individual to community to population level).

The model describes our understanding of the interaction and integration of hill-slope, riparian and in-channel processes, and the ecological functions provided by these features.  We also recognize that these factors can drive the expression and interaction of physical, chemical and biological components of ecosystems. The Network is fortunate to have one of its parks (North Cascades) already working on integration of these three key components via the largely fluvial sampling protocol they have been developing.  In doing so, they are testing field methods and analytical approaches for evaluating stream water quality, vertebrate distribution and abundance, and invertebrate community metrics for evaluations of biological integrity, riparian stand composition and aquatic habitat inventory and analyses.  A strong linkage has been made with the landscape processes component through a cooperative venture with the Park geologist, where landscape features that directly affect the stream channel (such as slope failures that input sediment) are being mapped and aged. 

Stream dwelling plants and animals communities will colonize and persist in a given stream by virtue of their ability to thrive under the physical and chemical conditions imposed by the dynamics of the stream system. The River Continuum Concept (Vannotte et al.1990) suggests a downstream distribution or gradient of biotic community occurrence within stream systems.   Our model recognizes this feature of fluvial systems and strives to examine those relationships.  To that end, we have incorporated a variety of biotic components as well as means to document the nature and extent of physical instream and riparian characteristics to examine these associations.

A primary goal of the monitoring program is to track and understand how aquatic communities and habitats respond to natural processes, and to be able to distinguish differences between human-induced disturbance effects to aquatic ecosystems and those caused by natural processes.  Major natural disturbances affecting the mountainous regions in the Pacific Northwest include episodic floods, volcanic eruptions, earthquakes, geomorphic changes in stream channels and landforms, fire, wind, insect infestations and glacial activity.  Human-induced disturbances include alterations of water quality and quantity, and habitat destruction or modification, and biological alterations (e.g. non-native species introductions, fish harvest and stocking, logging, etc.).

In reviewing the literature on developing conceptual models of ecosystems, we took into consideration the key attributes such models should have as suggested by Pickett and Cadenasso (2002).  These attributes are summarized for each respective model in Table 8, and alluded to here in reference to the aquatic model for flowing water systems.

Natural factors that help determine the form and functions of both fresh and marine aquatic ecosystems in the Pacific Northwest include climate, geology, and processes influenced by both natural and human disturbances.  Climate is fundamental in determining the availability of solar energy inputs, ambient temperature, water, and to a lesser degree, soil nutrients. Geology interacts with climate to create the physical template for vegetation.  Large-scale and dynamic geologic processes have created the mountain ranges and associated climatic gradients, especially in precipitation and temperature.  At a more local scale, bedrock geology, glaciers, and running water have created a diverse array of landforms with varied soil properties and microclimates.  Climate and geology also strongly influence natural processes and disturbances, of which many are stochastic in terms of their frequency, magnitude and duration. Commonly occurring natural disturbances in the Pacific Northwest include fire, wind throw, pathogens, disease, parasitism, flooding, and geologic disturbances (e.g., volcanism, slope failures, snow avalanches). 

Bedrock geology and topography, coupled with climatic factors are both ultimate and locally proximate determinants of the characteristics watersheds, and the rivers and streams.  Specifically, watershed characteristics and valley form determine in large part the pattern and profile of rivers and streams, as they adjust to valley gradient and varying supplies of water and sediment inputs.  Stream channel dimensions are also affected by the input of sediment and flow regimes as constrained (or not) by valley-wall features and riparian conditions (Montgomery and Buffington 1997, Leopold et al. 1964, Dunn and Leopold 1978).  The spatial distribution of reach types within a drainage basin influences the distribution of potential input sources for wood, water and sediment, and channel responses to disturbance (Montgomery and Buffington 1998).

In general, for rivers and streams within this Network, seasonal patterns of precipitation create two distinct peaks runoff periods to hydrologic regimes represented in annual hydrographs.  In lower gradient fluvial stream and river systems (<4% gradient), flood flows of approximately a two-year recurrence interval magnitude can significantly reshape localized channel dimensions and pool/riffle characteristics. Watershed scale processes interplay in the supply and delivery of water, sediment and large woody debris to stream channels (Ziemer and Lisle, 1998).

Originating primarily in the upslope zone of forested watersheds, heavy precipitation associated with seasonal “rain on snow events” trigger slope failures (and in-channel debris-dam break floods) that can contribute large volumes of sediment and organic debris into stream channels.  These in turn are transported downstream at rates coincident with their inherent channel transport capacity.  The frequency, magnitude, spatial extent and duration of sediment and flow fluxes through the system determine the rate and characteristics of changes to the physical, chemical and biotic features of streams, as is illustrated in Figure 8.  These changes occur at multiple spatial scales and persist for varying periods of time (Table 8).  In addition to the constraints imposed by sediment and flow flux, constraints on fluvial systems primarily result from those imposed by the valley through which they flow and associated riparian plant community characteristics.  

Water temperature, habitat, fish and macroinvertebrates were chosen as our highest priorities for monitoring lotic systems (highlighted in Figure 8).  These components are representative of a number of important ecological and physical processes.

Water temperature influences a number of biological processes.  Distributions of biota are greatly influenced by small changes in water temperature.  Shifts in species distribution can affect a number of important processes including competition, reproduction, growth rates, and productivity.  Global climate change and land management activities on adjacent lands are potential threats to alteration of temperature regimes in aquatic systems of the NCCN network parks.

Evaluation of aquatic habitat is critical to understanding natural processes and in the interpretation of impairment.  Habitat assessment plays an important role in determining constraints of potential integrity or use of a site.  The attainment of higher quality biological condition may be prohibited by the constraints of habitat quality.  Aquatic habitat complexity is a primary factor influencing the diversity of fish, amphibian, and macroinvertebrate communities.  Attributes of aquatic habitats include the variety and range of hydraulic conditions (e.g. width, depth, and water velocities), numbers of pieces and size of wood, types and frequency of habitat units, and variety of bed substrate, water temperature, and water chemistry parameters etc. 

Fish represent an important management designated use of most waters and they are culturally and economically important. Often the most stringent constraints on water quality stem from the need to protect coldwater fisheries.  Ecologically, fish are important because they represent the higher trophic levels in streams and lakes and also provide a food source for terrestrial fauna.  The presence or absence of particular species can be a quick and important indicator of serious impairment.  Fish can be a useful integrator of a variety of physical and biological factors including streamflow, sediment, temperature, turbidity, pH, dissolved oxygen, stream habitat structural components, productivity, and food availability.  All species of Pacific salmon are found in NCCN waters.  Several salmonid species are either listed as threatened or endangered under the Endangered Species Act, or are considered as candidate species for listing including; chinook salmon, bull trout, and cutthroat trout.  Stocking of nonnative fish species and strains, fisheries over-harvest and habitat impairment has seriously affected fish populations in the Pacific Northwest. 

Assessment of stream biological integrity and traditional water quality constituents are other components of the monitoring program.  The assessment of water quality has historically focused on chemical parameters and comparing concentrations to state or federal criteria or standards. Recently there has been an increase in the use of biological indicators for the assessment and monitoring of surface waters. While there are a variety of reasons for the increased use of bio-indicators, one important reason is the realization that biological indicators provide a time-integrated assessment of both physical and chemical alterations and how these alterations affect the biological integrity of these systems. Within a given habitat strata certain expectations for community composition and abundance can be defined.  Deviation in these biological attributes, between what is observed and what is expected (reference conditions), provides the framework for diagnosis of impairment.  The multivariate nature of complex biological systems requires that evaluations be based on a number of relevant biological attributes.  In order to facilitate the interpretation of impacts and changes occurring at different temporal scales, we will incorporate information from a variety of organisms, trophic classes and functional groups.  Primary assessments of Biological Integrity will be based on community and indicator species metrics that are known to respond to human disturbance using a variety of taxonomic groups including; primarily benthic macroinvertebrates and fish.  

Macroinvertebrate communities are widely accepted and used for monitoring pollution and biotic integrity in aquatic systems.  Many water quality programs have incorporated benthic macroinvertebrates (BMI) into their protocols for assessing water quality and biological integrity, including the U.S. Geological Survey, U.S. E.PA, and over 40 state resource agencies.  There are a number of characteristics that make them useful as indicators, including: they are relatively immobile; can be easily collected; can be sampled at relatively low cost; are quick to react to environmental change; display a wide range of functional feeding preferences even at generic taxonomic levels; and represent the middle of the food web for fish and other biota.  In addition, the taxonomy and pollution tolerance information has greatly developed in recent years as a result of increasing agency recognition of their value for monitoring.  Evaluations using BMI are based on the fact that characteristic assemblages occur in waters of varying physical and chemical properties.  In streams and lakes of high water quality and suitable habitat, a stable well‑balanced community usually exists.  Aquatic habitat perturbations are reflected in the species present, trophic class composition, abundance, and in indices of diversity, evenness, and species richness.  A number of BMI community metrics has been developed for application in assessment of environmental impairment.  However, it is important that currently described metrics and other assessment tools be evaluated for their applicability for monitoring in NCCN streams and rivers.

Implementation of the aquatic bio-monitoring program will incorporate extensive surveys for the rapid assessment of biological integrity and document temporal changes in species distributions and community characteristics.  Intensive monitoring may be also applied to address important fish attribute data for species of special management concern.   Appendix 4 & 5  show examples of the interplay of agents of change, stresses and ecosystem response for marine coastal and fluvial (lotic) systems.  

3.8.2
Conceptual Model for Lentic Ecosystems - narrative description 

In a similar manner as lotic model, the model for lentic systems recognizes that natural factors and stressors that influence fluvial systems and that operate at multiple spatial scales, influencing the biotic and abiotic characteristics of these fluvial systems (Figure 9).  

Many of the NCCN lakes are glacially formed oligotrophic mountain systems. They are diverse in many characteristics important in determining the physio-chemical properties of lakes as aquatic habitats, which in turn influence the structure of the biological communities of the lakes.  Differences among the lakes include geologic and climatic settings, geological age, geomorphic origin, elevation, aspect, and extent of glacial influence, vegetation, and morphology.  In addition to the mountain lakes and ponds there are a number of large natural lakes and reservoirs located the NCCN park units.

Lake classification has been studied at NOCA with mountain lakes and ponds grouped by a hierarchical system based on 3 levels of classification. The first level of the classification separates the lakes into two major geographic regions.  Large-scale differences in climate, aspect, air-mass movements, and vegetation east and west of the hydrologic drainage divide
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 Figure 9. Conceptual Model for Lentic (lake and pond) Systems
are identified.  The westslope maritime climate grades to a more continental climate east of the crest.  Orographic effects create a rainshadow east of the crest, consequently, vegetation and landforms (erosional, depositional, glacial) reflect greater moisture availability on the westslope.

The second level classifies each lake watershed within the eastslope and westslope regions by vegetation zone based on smaller scale variations in climate, aspect, and soils. Since soil and climatic conditions of NOCA lake watersheds are not well known due to the remoteness of the lakes, vegetation was chosen to approximate local soil and climatic conditions.  Four vegetation zones were identified in each region including  Alpine, Subalpine, Forest-montane, and Forest-lowland.  

The third level of classification identifies physical differences among the lakes.  Morphogenetic origin describes the general morphometry of the watershed and lake basin, and describes how the basin was formed.  Features generally related to a lake’s origin include: lake depth, basin location, potential for stream inlets,  and relative persistence.  Morphogenetic classes identified include: cirque, trough, ice-scour, moraine dammed, slump, fault influenced, bench, and kettle lakes.  Lake classifications for NOCA have proven useful in data interpretation of differences in community patterns in zooplankton, macro-invertebrate, amphibian, and fish communities,  and have helped to sort out impacts of non-native fish stocking on native communities.

Increasing industrialization, urbanization, and population growth in the Puget Sound/Strait of Georgia area of Washington and British Columbia, as well as long-range dispersed pollutants, present ever-increasing threats to aquatic ecosystems attributed to air quality.  Air dispersed pollutants of interest to lake water quality and biota include sulfur, nitrogen, acid precipitation, and pesticides.

Non-native fish stocking in naturally fish-free lakes has been a controversial issue since the 1960s.  Historically, over 90 percent of the mountain lakes west of the Rocky Mountains were naturally fish-free.  Sixty of 240 mountain lakes in the NOCA Complex have been stocked with non-native fish.  Non-native fish create direct and indirect impacts.  Twelve years of research in NOCA has shown that fish stocked into mountain lakes alter the natural aquatic food chain by consuming preferred prey species such as zooplankton, benthic macroinvertebrates, and amphibians.  Amphibians are displaced as top predators to become primary prey, and their populations have declined. In some instances, rainbow and brook trout have escaped from these lakes into the streams and formed reproducing populations cross-breeding with native cutthroat and bull trout, degrading the genetics of these native fish species.   Other indirect impacts occur when recreational fishermen trample native vegetation along the lakeshores and create trails and campsites.  In severe cases, bare ground is exposed and soil erosion occurs in subalpine and alpine areas where natural recovery and restoration efforts may require years of work.  The possibility of introductions of pathogens by fish stocking may also impact native communities.

Other potential stressors include affects adjacent land management activities such as logging and other catchment ground disturbances, non-fishing related visitor use, park operations related to trail and campground development and maintenance, and point and non-point pollutants.  Climate change may alter hydrologic cycles, temporal patterns in thermal regimes, productivity, and distributions and abundance of aquatic biota. 

Water temperature, water chemistry, zooplankton, amphibians, and fish were chosen as higher priority components of lentic systems for monitoring.  Temperature is a key parameter that reflects the net result of a variety of energy transfer processes that can be altered through disturbances to the landscape and global climate change.  Temperature is critical to the distributions of aquatic biota and ecological processes in lakes.  Physical properties and chemical constituents of water have been traditionally used as a primary means to evaluating water quality.  Parameters considered for monitoring include those that represent and are sensitive to landscape disturbance, and terrestrial and air quality related point and non-point source pollution.  

Zooplankton were chosen because of their importance in the food chain, sensitive to impacts related to non-native fish introductions, and may provide an early warning for air and terrestrial pollutant deposition. 

The status of certain amphibian populations is also of interest.  Amphibians are an important component of the northwestern fauna.  Twenty-two species inhabit forests of the northwest, with 14 of these species endemic to the region.  Many of the habitats that they are associated with are increasingly affected by human activities.  Fish stocking, alteration of streams, wetlands, and riparian areas, and logging practices have created widespread impacts to amphibian communities.  Several species of frogs have considerably contracted distributions as a result of human disturbances.  The spotted frog, cascade frog, and red-legged frog all occur in NOCA and are listed by the State of Washington as threatened species. Widespread stocking of fish into previously fish-less lakes may continue to affect the distribution of certain salamander species in lakes and ponds of NOCA.

Fish communities in lakes represent the top predators in lake food chains and as a result can affect the abundance and distribution of their prey.  They also can be used as indicators of a variety of perturbations to lentic systems.  Incorporating fish in monitoring program serves several purposes. It will be important to track distributions and abundance of non-native fish for both monitoring restoration efforts and preventing the spread of impacts related to these introductions.  They can also be used to evaluate impacts regarding pollutants and other disturbances.  Important native fish populations can be found in larger lakes.  Monitoring efforts in these larger waters would be directed at population assessment for protection and restoration of these populations  (particularly for some threatened populations of species such as bull trout and cutthroat trout).

3.8.3
Coastal Marine Ecosystem Model - Narrative description about fundamental assumptions and relationships.

Four out of the seven parks within the Network have direct connection to marine ecosystems. From their location in a major confluence zone, Ebey’s Landing NHP on Whideby Island, and San Juan Island NHP have marine shorelines and/or tidally influenced estuarine habitats within their jurisdictional boundaries.  The 65-mile coastal strip of Olympic NP contains both coastal riparian and marine inter-tidal habitats. Fort Clatsop also has both estuarine, tidally influenced river habitat and marine shores.  The shoreline of Fort Vancouver is on the tidally influenced portion of the lower Columbia River.  In addition, anadromous native salmon returning to spawn in their natal rivers flowing from the North Cascades and Mount Rainier national parks return marine derived nutrients and renew the cycle of birth and death for a host of freshwater and aquatic organisms.  The increasing significance of the variety of stressors that factor into shaping the conditions found within the near-shore marine environment also need to be tracked over time and integrated into the realm of management response to anticipated effects.  
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Figure 10. Conceptual model of coastal marine ecosystems associated with the North Coast and Cascades Network.

These marine intertidal zones host a diverse array of habitats, from sandy beaches, estuaries, to boulder fields, to rocky platforms.  Each of these habitats supports diverse assemblages of macroalgae, invertebrates, and fish. The coastal strip of the Olympic NP, with its extraordinary habitat and biological diversity, coupled with the remote nature of the Olympic coast, make it a unique coastal ecosystem within the context of the contiguous United States. In the course of the development of the monitoring plan, we will further define the important biotic and abiotic components of these ecosystems, their respective linkages with other ecosystem processes, and the spatial and temporal scales within which these processes operate to affect the state of the near-shore.  Vertical limits to the near-shore and intertidal zones are defined by the height of the tide waters, the accumulation of sediments along the land/water interface, and the influence of salt spray on the vegetative communities along this riparian zone.  The geomorphic character of the shoreline itself - coupled with long-shore currents - define horizontal limits of biotic community distribution (see for example, Downing 1983).  

These coastal intertidal and estuarine areas are not closed systems, and are affected by changes in oceanic processes operating at near global scales (e.g. El Nino cycles, sea-surface temperature changes) as well as near-shore processes (e.g. sediment fluxes and transport shift, current oscillations). Consideration of linkages between the intertidal and subtidal/near-shore zones is necessary for adequate treatment of intertidal monitoring needs. Ecologically there are substantial physical and biological linkages between these zones that are critical in determining zonal community structure.  Accounting for and understanding the mechanism of effect associated with system drivers is key to understanding, interpreting and anticipating possible outcomes from the interplay of these various factors in the marine/terrestrial ecotone.   We will also need to understand the influence of stressors associated with increasing human use of the near-shore marine environment in order to craft appropriate management plans in response to unacceptable change.  Changes to the various trophic levels of interdependent marine life (both plants and animals, vertebrates and invertebrates) in these coastal areas will undoubtedly be a key area of focus for that portion of the monitoring program focused on the near-shore marine environments.  

3.8.4
Narrative description about fundamental assumptions and relationships implied by the Atmospheric and Climatic model of major system drivers.

Atmospheric & Climatic Model

Meteorologic and atmospheric data are essential to understanding and interpreting ecosystem trends that will be detected from all aspects of the NCCN long-term monitoring program.  They are important factors governing the activity of organisms and community composition.  The atmosphere is critical to the cycling of elements, nutrients and minerals through ecosystems.  Information obtained from atmospheric and meteorologic monitoring will be useful to interpreting and understanding changes in species composition, community structure, water and soil chemistry, and related landscape processes (Figure 11).
Air Pollution - Comprehensive scientific information is essential to understand and document air quality conditions and effects of air pollution on park resources. Because most of the networks’ national parks are remote and usually geographically centered in mountains, atmospheric deposition is the most important source of contamination. While the air quality of the region is generally considered better than other areas of the United States, there is potential for both long-term and short-term degradation that could affect human health, vegetation, aquatic resources, and biogeochemical processes. Of particular concern are: 

· tropospheric ozone, which is highest during the summer months and at higher elevations, potentially damaging vegetation and reducing respiratory function in humans; 

· acidic deposition, which could increase the acidity of poorly buffered aquatic systems and soils over the long term, potentially affecting fish, amphibians, and soil dependent organisms; and 

· particulate pollutants, which reduce visibility of scenic vistas, and cause respiratory distress in some visitors; 

· Persistent organic pollutants and other toxic substances.   Little is known about the presence, amounts or distribution of toxics in the park but potential effects on park resources may be significant.  
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Figure 11.   Atmospheric Ecosystem System Driver Model 

Spatially, the seven parks are distributed across a diverse landscape and range of climatic conditions.  Several climate zones exist as a function of elevation and geography within the NCCN.  The potential for long-term changes in the global atmospheric environment to affect park resources is uncertain. Increased temperature and altered precipitation, which are currently predicted for the next century as the result of increased greenhouse gases, would have significant effects on the distribution and abundance of terrestrial and aquatic biota, and ecosystem processes such as carbon cycling. Increased ultraviolet radiation could also affect the physiological function and mutagenic rates of some organisms.

Three parks within the NCCN are designated Class I areas.  Comprehensive scientific information is essential to understand and document air quality conditions and effects of air pollution on park resources.    Parks within the NCCN are subject to regional long-distance transport of air pollutants (sulfur and nitrogen oxides, ozone, particulates, toxic pollutants) from various mobile and stationary sources, from as far north as Vancouver, and south to Portland, Oregon. Canadian sources from the Lower Frasier River Valley also affect air quality in NOCA and possibly SAJH.  Most stationary and mobile sources are in metropolitan Seattle-Tacoma and Portland regions.  Trans-Pacific transport of persistent organic pollutants is also occurring but little is known about how park resources may be affected.  Persistent organic pollutants (POPs), (twelve are covered in an international treaty to reduce their use) include pesticides (e.g., DDT, chlordane, dieldrin, etc.) and compounds used in or produced by industry (e.g., PCBs, dioxins, furans, etc.). Toxic metals, also produced by industry, include mercury, lead, zinc, and cadmium. All of these chemicals are toxic at low concentrations, persist in the environment, bioaccumulate, and are easily vaporized into the atmosphere. In addition, there are new chemicals whose behavior is not yet understood, including brominated compounds, flame retardant coatings and substitutes for CFCs. Contaminants can reside and move in the air and water, but because most national parks are remote and usually geographically centered in mountains, atmospheric deposition is the most important source of contamination. 

While the air quality of the region is generally considered better than other areas of the United States, there is potential for both long-term and short-term degradation that could affect human health, vegetation, aquatic resources, and bio-geo-chemical processes. Of particular concern are: (1) tropospheric ozone, which is highest during the summer months and at higher elevations, potentially damaging vegetation and reducing respiratory function in humans; (2) acidic deposition, which could increase the acidity of poorly buffered aquatic systems and soils over the long term, potentially affecting fish, amphibians, and soil dependent organisms; and (3) particulate pollutants, which reduce visibility of scenic vistas, and cause respiratory distress in some visitors; 4)  Persistent organic pollutants and other toxic substances.   Little is known about the presence, amounts or distribution of toxic substances in the park but potential effects on park resources may be significant.  

The dynamic nature of weather and its meteorologic and atmospheric agents demonstrate the need for an on-site, comprehensive, long-term monitoring program. Information generated through air quality monitoring has been used by NPS managers to secure substantial pollution reductions at specific industrial facilities, to persuade States to limit emissions from new pollution sources, and to bolster the U.S. Environmental Protection Agency’s promulgation of more stringent air pollution regulations (NPS 2001).
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Figure 12.  Conceptual model for processes and functions of glaciers in mountain landscapes (J. Reidel, pers. communication)

3.8.5  A conceptual model for Glaciers

Glaciers are linked to ecosystems in the three large parks in the NCCN in three primary ways.  First, glaciers are habitat to a number of invertebrates, including ice worms, spiders and flies. Second, changes in the size of glaciers directly affects terrestrial habitat.  Third, glacial melt-water buffers aquatic ecosystems during seasonal and inter-annual droughts, by providing critical additions to base streamflows.  Much of this flow augmentation occurs coincident with spawning periods of chinook and pink salmon and summer steelhead. Glacial advance and retreat (and mass balance) are also important indicators of climate change and seasonal weather, particularly in rugged wilderness parks where there are few high-elevation weather stations (Figure 12). 

3.8.6
Narrative description about fundamental assumptions regarding relationships for ecosystems supporting Terrestrial Wildlife 

System drivers are listed across the top row of the model and include human activity, disturbance, climate/weather, and land use patterns.  Wildlife habitats, shown as landscape vegetation pattern and vegetation community composition, are listed at the bottom of the model.  Linkages between all the system drivers and habitats occur, but are not shown to simplify the figure.  Boxes between system drivers and vegetation are examples of ecosystem responders selected for long-term monitoring.  Lines connecting boxes, and their thickness, show the direction and level of interaction of the model components (Figure 13).
 Acting as bio-monitoring indicators, animal populations can be excellent indicators of environmental change.  Selected to complement physical monitoring, they can help better understand cause and effect relationships in terms of community dynamics.  Animals that are high on the food chain can act as suitable monitors of signals that accumulate in their environment (e.g. organochlorines can cause eggshell thinning).  Long-lived species are capable of integrating the effects of environmental stresses over time.  Animals also have widespread public interest.
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Figure 13.  Conceptual Model for Terrestrial Wildlife.

In the Terrestrial Wildlife Conceptual Model, system drivers are listed across the top of the model.  System drivers identified as key environmental forces shaping wildlife communities in the North Coast and Cascades Network parks include climate and weather, landscape use patterns, natural disturbances, and human induced disturbances.  These key environmental correlates shape wildlife communities by influencing species abundance, fitness, and viability.  They do this is several ways and at varying scales.  The single most important way system drivers shape wildlife communities is through how they create and change wildlife habitat, those attributes in the environment that serve as life requisites for species to survive and reproduce.  In our conceptual model, habitat at the community level is comprised of attributes like cover type, structural condition, and plant species composition.  At the landscape level, heterogeneity of vegetation communities, community patch sizes, and fragmentation represent influences shaping wildlife communities.  Though direct linkages are not shown in the model between system drivers and vegetation (wildlife habitats), they exist at the strongest levels of interaction.  

Climate and weather not only shape wildlife communities by their influences on habitats, but by direct effects to the individual.  Scientists have identified strong relationships between climate, weather, and avian population dynamics, such as birth and death rates (Nott et. al. 2002).  Wildlife harvest, disease, parasitism, intake of herbicides and pesticides, and geologic events, such as landslides and avalanches, all identified in the model, can regulate animal populations through direct mortality of individuals or through reproductive failure (e.g. predation, fitness, etc.).  

It is important to note the conceptual model shows that the interactions between wildlife communities and their environment are not one directional. Wildlife communities can influence their own environment though direct manipulation of that environment (e.g. changing vegetation structure and volume as shown through deer and elk browsing patterns).  And, component species of animal communities interact with each other (e.g. predator – prey relationships, colonization and displacement by exotic species).  The interactions shown in this model are dynamic and fluid.

The importance of external influences can not be over stressed in the model. Wildlife species represented in the model have varied life histories.  A significant number of these species spend portions of their annual life cycles living in areas outside the jurisdiction of park management.  Global influences to park wildlife resources not only come in the form of global climate change, but in other forms such as habitat manipulation and loss at regional stop over sites and wintering sites of migratory animals.  Influences from other regions can have as dramatic an effect on species abundance, fitness, and viability.  However, monitoring migratory species can provide an excellent opportunity to address large-scale issues that effect park resources too.  

3.8.7
NCCN Vegetation Ecosystem Conceptual Model 

Vegetation is the great integrator of the biological and physical environment, and is the foundation for trophic food webs and animal habitat. Consequently, results from monitoring vegetation and associated ecological processes are an essential tool for detecting changes occurring in park ecosystems (Figure 14).

Natural forces shaping vegetation in the Pacific Northwest include climate, geology, and landscape to local level processes that are associated with disturbance.  Climate is fundamental in determining the availability of energy, water, and, less so, soil nutrients. Geology interacts with climate to create the template for vegetation.  Large-scale geologic processes have created the mountain ranges and consequent steep gradients in precipitation and temperature.  At a more local scale, bedrock geology, glaciers, and running water have created a diverse array of landforms with varied soil properties and microclimates.  Climate and geology also strongly influence natural disturbance regimes including their pattern, magnitude and frequency. Commonly occurring natural disturbances in the Pacific Northwest include fire, wind throw, pathogens, disease, drought, climactic extremes, parasitism, and outcomes associated with a variety of geologic processes.
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Figure 14.  Conceptual model of terrestrial vegetation ecosystems in the North Coast & Cascades Network 

Parks in the NCCN cover a wide environmental range.  The elevation gradient among parks extends from sea level to more than 4390 m (14,411 feet), shown in Figure 7. The precipitation gradient includes extremely moist maritime areas to dry (xeric) conditions in the rainshadow of the Olympic and Cascade Mountains. Soil properties vary according to the strong climatic and vegetation gradients as well as the variety of bedrock substrates including sedimentary in the western Olympic Peninsula, to volcanic near Mount Rainier, to granitic in the northern Cascades. The diversity of vegetation types resulting from this mosaic of environments includes alpine areas, subalpine parklands, montane and low-elevation forests dominated by hemlock, Douglas-fir, or Ponderosa pines, coastal rainforests dominated by Sitka spruce, prairies and coastal grasslands, and numerous types of riparian zones. These diverse vegetation types will respond to environmental changes in different ways. Consequently, patterns of vegetation change in relation to environmental gradients offer a superb opportunity to detect a variety of natural and anthropogenic mechanisms.

Human-caused disturbances also alter vegetation composition. Locally, park visitors and the park management necessary to accommodate them can affect vegetation. Trampling from hiking and camping, run-off from roads and hardened trails, and legal or illegal plant collection, are among the various mechanisms. At the landscape scale, changes in land use surrounding parks (e.g., timber harvest, development) can disrupt corridors of dispersal for some native plants and encourage the spread of unwanted exotic plants, and increase the susceptibility of park edges to wind throw. Regionally and globally, air pollution can alter vegetation by affecting nutrient cycle and compromising plant health. Natural and anthropogenic forces can also interact with plants by affecting the soil and soil organisms that they are associated with (Figure 14).

Vegetation is also the base of the terrestrial food chains, and therefore has many important interactions with wildlife. As well as providing nutrition and structural resources for animals, vegetation structure and composition is in turn, shaped by animals that occupy these habitats. For example, herbivory by animals of all sizes from ungulates to insects, can have a profound affect on vegetation community structure and subsequent function. Integration of the monitoring of both vegetation and wildlife will increase our understanding of each.
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Sheet1

		North Coast & Cascades Network

		PARK								Park Code		Size (acres)		Size (ha)		Ecoregion Level IV

		Ebey’s Landing National Historical Reserve								EBLA		17,400		7,044		Olym. rainshadow

		Fort Clatsop National Memorial								FOCL		1625		657.6		Coastal lowlands

		Fort Vancouver National Historic Site								FOVA		170		68.8		Portl./Vanc. Basin

		San Juan Island National Historical Park								SAJH		1,752		709.3		San Juan Islands

		Mount. Rainier National Park								MORA		235,625		95394.7		W. Cascade Montane

		North Cascades National Park Complex								NOCA		684,238		277,019		North Cascades

		Olympic National Park								OLYM		922,652		373,543		Low/High Olympics
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