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This conceptual model attempts to characterize the major components and processes involved in the ecological systems of Central Alaska Network parks.

Arrows point in the direction of presumed energy and nutrient flow.  Names of representative species operating at each level of the system are found in the boxes.
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Location of Central Alaska Network Parks

Acreages:
Yukon-Charley NP&P = 2.5 million acres



Wrangell-St. Elias NP&P = 13 million acres



Denali NP&P = 6 million acres

Network Progress during 2001-02

· Established Board of Directors

· Hired Network Coordinator and Data Manager
· Appointed Technical Committee

· Work Groups in each of 4 subject areas created 

· Groups developed "strategies" for approaches to monitoring

· Held initial Scoping Meeting

· received feedback on approaches and design of program

· Progressed on data mining

· Phase I Report progress

· Integrated Denali LTEM program into CAN

Approach to obtain input from parks and outside experts

· Technical Committee established with 3 park representatives (including Chiefs of Resources from each park)

· Park-level workshops that all park employees were invited to were held
· Results from park workshops were coalesced by Technical Committee into common monitoring concerns for the network
Organization of Network


Board of Directors:  

Superintendents from each network park (3 parks) - voting

Network Coordinator - assistant to Chairman of the Board

Regional Coordinator and Regional Science Advisor - advisors to Board

Technical Committee:

2 natural resource staff from each park (6 total)

Chief of Resources from each park (3 total)

Network Coordinator

Network Database Manager

Regional I&M Coordinator

USGS-BRD Liaison

Regional Hydrologist

Regional Science Advisor

(15 people)

Work Groups:

Members of the Technical Committee + others as needed (USGS staff, other park staff, university personnel).

Staffing and Park Involvement:

Key players in planning and design - Members of the Technical Committee, including the Chiefs of Resources.

Time/effort of existing park staff - substantial time and effort has been contributed by the entire Technical Committee.  

· attended day-long meetings every 6 weeks (Aug. - Dec.) 

· took part in conference-call meetings monthly (Jan. - Mar.).

· attended Scoping Workshop and TC meeting afterwards (2 1/2 days)

· each TC member also met as necessary with their Work Group (Oct. - Mar.) to draft subject-area "strategies"

Involvement from other experts:

USGS staff were members of the Work Groups and involved in development of strategies.  Regional NPS staff also assisted on Work Groups.  University personnel and consultants participated in the Scoping Workshop and provided much useful feedback and discussion on program development.

Monitoring Goals and Objectives:

The Central Alaska Network goals fall predominantly under Servicewide goal # 3 which is to provide data to better understand the dynamic nature and condition of park ecosystems and to provide reference points for comparisons with other, altered environments.   In addition, it is the goal of the Central Alaska Network Monitoring Program is to monitor ecosystems to detect change in its ecological components and to detect change in the relationships among those components.  Further, we seek to build a holistic picture of change in our ecosystems; thus we primarily desire a landscape level scope of inference from our observations. 

It is also our goal to provide a foundation to a monitoring program that will last in perpetuity.  We anticipate that over time the information gained from the monitoring program will provide valuable data that will aid appropriate management decisions in the network parks.  Thus management issues will be considered in design of the monitoring program, yet those issues should not limit the program because management issues change.  A well designed monitoring program will be related to future issues, including ones that we cannot foresee.

We have chosen to put our monitoring program into the framework of extensive and intensive objectives.  Extensive objectives are those for which we desire a landscape scale of inference.  Intensive objectives are those that are park-specific or are infeasible to address at a larger scale of inference.

Following are the monitoring goals and objectives as put forth in the monitoring 'stratgies' developed by the 4 subject-area Work Groups.  The purpose of the 'strategies' was to promote network thinking on the topics and provide a starting point for discussion at the Scoping Workshop.  Note that the complete text accompanying the goals and objectives is not included in this document.  Please contact Maggie MacCluskie, Network Coordinator if you would like the complete text of 'strategies'.

Physical Work Group Goals and Objectives

Goal #1: Monitor principle components of the physical environment. 

In order to meet this goal, we have identified five main objectives that account for changes in the primary components of the physical environment.  

Objective #1: Monitor and record weather conditions at representative locations in order to identify long and short-term trends, provide reliable climate data to other researchers, and to participate in larger scale climate monitoring and modeling efforts.

Objective #2: Monitor snowpack. 
Objective #3: Monitor permafrost trends at representative sites.

Objective #4: Monitor glacier trends and conditions.

Objective #5: Gauge the flow of a representative drainage system in each region.

Objective #6: Support air quality monitoring efforts of the Air Resources Division – Alaska Region.

Goal #2: Develop sample design in close coordination with other CAN monitoring components and larger-scale monitoring efforts.

Objective #1: Locate and design monitoring plans to effectively complement ecological monitoring efforts of the other three spheres within the Central Alaska Network monitoring program, and other, larger-scale monitoring programs.

Objective #2: Relate and present the composite suite of physical climatic change data, including winter snowpack trends, permafrost, glacier mass balance, ice on/off temporal trends, and meteorology data, so that it can be conveniently analyzed with other ecological monitoring data to make inferences on cause and effect relationships within the various ecosystems, such as population dynamics and vegetation changes.

Integration with Other Work Groups

Integration of the physical science monitoring program with the three other monitoring spheres (flora, fauna, and aquatics) is paramount and should be addressed at each step of protocol development and field implementation. It is important to select monitoring components and techniques that complement and support other monitoring efforts. 

Aquatic Work Group Goals and Objectives

The goal of the aquatic monitoring program is to determine the key factors that affect community structure and productivity in ponds and streams of the Central Alaska Network and detect changes in indices of productivity and community structure over time.

Pond Monitoring Objectives

1. Monitor and detect change in the physical structure of CAN ponds to determine if significant change has occurred.

a) Detect change in the size, depth, shoreline index, and bathymetry of ponds.

b) Detect changes in hydrologic regime.

c) Detect change in the thermal profile of each pond.

d) Detect change in permafrost/thermokarst features surrounding each water body.

e) Detect changes in break-up and freeze-up.

f) Detect change in sedimentation rates i.e., carbon accumulation.

2. Monitor landscape level changes to detect changes in the distribution and composition of targeted taxa found in ponds within the Central Alaska Network. 

a) Detect change in the distribution of major plant growth forms (treed region, shrub zone, emergent, submergent, and floating).

b) Detect change in the species richness of aquatic plants.

c) Detect change in the number of (genera?) of macroinvertebrates.

d) Detect change in the number of major taxa of zooplankton.

e) Detect change in the species richness of fish present in ponds.

f) Detect change in the species richness of phytoplankton (or diatoms as a taxonomic group?)

3. Monitor indices of productivity of targeted taxa found in ponds within the Central Alaska Network.

a) Detect change in the relative abundance of aquatic plants.

b) Detect change in the density of macroinvertebrates.

c) Detect change in the density of select taxa of zooplankton.

d) Detect change in the density of each fish species present in ponds.

e) Detect change in the productivity of phytoplankton by measuring Chla. 
4. Monitor water quality of ponds within the Central Alaska Network to determine natural variability across the landscape and detect changes in alkalinity, pH, conductivity, total nitrogen, total phosphorus, water color, Secchi depth, dissolved oxygen, temperature, turbidity, and total dissolved solids over time.

5. Relate the physical and chemical conditions found in ponds to species richness, density and productivity of targeted taxa.

6. Monitor pond succession by using permanent photo points.

Headwater Stream Monitoring Objectives

To accomplish the following objectives a permanent channel cross section will be established in a riffle habitat within a randomly selected stream segment which will visited in conjunction with the pond monitoring within each park.  

1.  Monitor and detect change in the physical structure of small headwater streams by evaluating spatial and temporal variation in the stream channel. 

a) Detect changes in stream channel width, depth and gradient.  

b) Detect changes in the hydrologic regime; timing of spring-melt, velocity, extreme high and low waters level.

c) Detect changes in streambed stability. 

d) Monitor stream temperature by installing both water column and inter-gravel temperature recorders. 

e) Detect changes in substrate particle size and interstitial fine sediment (<2 mm in diameter).

f) Detect changes in pool frequency and maximum pool depth.  

g) Detect changes in large woody debris, coarse particulate and fine particulate organic matter. 

2. Determine the composition and spatial distribution of aquatic organisms within small headwater streams selected for sampling. 

a) Detect changes in fish species richness, fish community composition and distribution. 

b) Detect changes in the taxonomic composition of macroinvertebrate populations.

c) Describe and monitor changes in macroinvertebrate assemblages. 

3. Monitor indices of stream productivity.

a) Detect change in the relative abundance of major groups of macroinvertebrates. 

b) Detect changes in periphyton biomass. 

c) Detect changes in canopy cover and composition of riparian vegetation (vegetation classification).  

d) Measure and detect changes in fish density and relative abundance of fish species.

4. Monitor water quality and detect changes in total nitrogen, total phosphorus, total dissolved solids, conductivity, pH, and turbidity.

5.     Relate the physical and chemical conditions to the indices of productivity, distribution and taxonomic composition of biological organisms living in small headwater streams.

GIS and Remote Sensing Objectives:

1. Utilize GIS to map watersheds in each park. This information will be used to aid the development of a rigorous sampling design for both stage one and stage two sampling. 

2. Conduct remote sensing to monitor landscape level changes in water types, e.g., small headwater streams, ponds, large lakes, glacial rivers etc.

Terrestrial Fauna Work Group Goals and Objectives

Goal:  To detect change in the presence, distribution or relative abundance of terrestrial fauna and relate changes in these parameters to vegetative and physical parameters across the landscapes of Central Alaska Network parks. 

Objective #1: To identify patterns in the distribution and relative abundance of organisms;

Objective #2: To examine the association between composition of the animal community directly with composition and configuration of a landscape (e.g., compare animal community structure and directly with composition and structure of the plant community);

Objective #3: To predict species distribution based on a suite of ecological or environmental variables; 

Objective #4: To predict changes in faunal components in relation to changes in vegetation and physical components.

Objective #5: To provide direction for future research to investigate observed faunal community patterns.

Program Design:

We propose that the terrestrial fauna sampling design be integrated with the vegetation sampling scheme, which allows for landscape inferences.  We recognize that capturing community information requires both single species and multi-species techniques.  We propose a hierarchical sampling design that will allow inferences across multiple scales (Figure 2).  

Monitoring the population trends of multiple species of terrestrial vertebrates over both space and time and integrating such efforts with vegetation and abiotic monitoring represents the cutting edge of monitoring science.   Therefore, our first step in program development is testing analytical and field methodology and evaluating its appropriateness for meeting our objectives.  We will initially focus our efforts on: 1) developing protocols to monitor species that are difficult to monitor on a landscape scale in Alaska, e.g. small mammal, furbearers and amphibians; 2) integrate measures of forage quantity, quality and utilization with other monitoring components; and 3) assess analytical methodology for examining changes in species assemblages (species richness and diversity), habitat selection, and landscape ecology.

We recognize that we cannot monitor all faunal components within a community.  We will focus our efforts on groups of species that are most informative of a community, and decisions will be based on how well they fit our objectives as outlined above.  Additionally, the parameters that we monitor, such as presence/absence, relative abundance, population size, will also be evaluated and chosen based on how well they meet our objectives.

Marine Fauna:

Our proposed strategy does not address marine ecosystems.  Containing approximately 125 miles of coastline, WRST is the only park in CAN that possesses marine resources.  WRST marine fauna include fish, seabirds, harbor seals, northern sea lions, whales, and sea otters, and some of these species are important subsistence resources.  In addition, the only threatened or endangered species found in CAN (Steller sea lion and marbled murrelet) are marine species found in WRST.  WRST has been working with the NPS Coastal Cluster (Glacier Bay, Sitka, Klondike Gold Rush), USFWS, and NOAA in developing and implementing remote monitoring methods and surveys for marine mammals and birds. The Southwest Alaska Network also includes considerable marine coastline, and strategies for monitoring these ecosystems should possibly be developed on a cross-network basis.









































































Figure 3.  A conceptual model of a hierarchical sampling design.  A design that incorporates co-located and nested sampling will allow CAN to make inferences across multiple scales and therefore integrate components.  For example, by extrapolating data on vegetation composition and structure from the smallest sampling unit, we would be able to better describe the distribution of ungulates across the landscape, which are best sampled with a larger sampling units.  Sampling unit size for a given species will be based on the scale that the species or species group uses the landscape. 

Vegetation Work Group Goals and Objectives

Objective #1:

Monitor changes in the structure of the vegetation cover of each Park at a landscape scale.  Vegetation “structure”, as we define it, means the relative abundance (in both vertical and horizontal dimensions) of the different species and growth-form classes that constitute the vegetation cover.  Growth form classes that we recognize include the following: tree, shrub (tall/low), dwarf shrub, forb (tall/low), graminoid-sedge, graminoid-grass, moss, and lichen.  The vegetation structure of a site, therefore, will consist of quantitative data: cover values by species (within different height strata) for each of the sample sites.  Species-level cover values will be combined to form growth-form cover values for the purposes of the vegetation structure analyses.  In addition, the quantitative data will be used in combination with other observations in order to classify the vegetation of each site according to the Alaska Vegetation Classification (Viereck et al 1992). 

Specifically, our objectives regarding vegetation structure will be to:

a) detect changes in the abundance (and in the vertical and horizontal distribution), of the different growth-form classes that form the vegetation cover of the parks. 

b) detect change in the abundance and composition of the dominant species in the vegetation cover. 

d) detect change in the distribution of discrete vegetation types on the landscape of the parks.

Objective #2:

Monitor changes in the taxonomic composition (and species-area relations) within the vegetation cover of the network at a landscape scale.  Along with vegetation structure, taxonomic composition is a basic element of the botanical resource of the network. Changes in plant species composition are similarly strongly correlated with a broad spectrum of vital aspects of the ecosystem including forage quality, habitat use patterns, nutrient cycling and successional status (to name a few). In addition, the most basic taxonomic unit in resource conservation is the species, and it is therefore incumbent upon the N.P.S. to monitor changes in species distribution and abundance in order to meet this basic conservation imperative.  Furthermore, specific management concerns such as the invasion of exotic plant species and the conservation of rare native plants require a landscape-scale framework (such as can be provided by the monitoring program) within which to institute more targeted and intensive monitoring activities.  Monitoring species composition is also important because of “keystone” ecological functions only performed by certain species.  The absence of a keystone species has been shown to have cascading and unpredictable effects throughout a natural system.  Similarly, specific mutualistic relationships (dependent on particular species) can have very important consequences for the integrity of the system.  Potential examples of this are specific plant-pollinator relationships (important for rare invertebrates), secondary host plants of forest pathogens (Ribes, for instance), and obligate mutualistic associations with ecosystem implications (N-fixers, mycorrhizae, ?).

Specifically, our objectives for monitoring the taxonomic composition of the vegetation will be to:

a) detect major changes in the species composition of the vegetation of the sample sites (compare species lists at time1 vs. time2 )

b) detect change in the species-richness characteristics of the vegetation cover (species-area relations) of the sample sites (compare the number of species per unit area at time1 vs. time2)
c) detect changes in the number (or abundance) of exotic species (this will serve as “background” level for more targeted work in developed/disturbed sites)

e) detect changes in the number (or abundance) of rare species (again this will serve as “background” level data for smaller scale monitoring of sensitive species in particular target areas)

Objective #3

Monitor the density (number of individuals per unit area) and basal area of selected plant species at a landscape scale.  It is not feasible to measure density and basal area for all plant species within an extensive-plot network. Therefore, these measurements will be made only for species of particular interest, such as: all tree species, dominant woody shrubs, exotics, and very rare native species.  These measurements are important because they will give us rough measures of the productivity (basal area) and population structure (numbers of individuals within different size classes of a species) for important elements of the vegetation.  For example, documenting changes in the density of spruce seedlings over time is a critical element for detecting the potential for future changes in the distribution of forest on the landscape.

Specifically, our objectives for monitoring density and basal area of selected plant species will be to:

a) detect change in the density of selected species over time in sample plots.

b) detect change in the basal area of selected species over time in sample plots

Obtaining the information listed above will be an integral part of mapping each permanent plot, as the DBH and location of each tree and tall shrub will need be recorded for purposes.  Additional work will be required when densities of certain herbaceous taxa are required (i.e. exotics and rare natives), but the number of plots with these additional requirements is expected to be very small.

Objective #4

Monitor changes in the amount, distribution and character of fuels (particularly the duff layer and woody debris) on the landscape of the network parks.  Fire management is, and will likely remain, a key aspect of vegetation management of the network parks. Changes in the distribution and character of vegetation and fuels have significant impacts on the preparations and planning of effective fire management for a park. For example, a large increase in the amount and flammability of potential fuels in proximity to developed areas over time would necessitate increased readiness and infrastructure related to fire management in those areas.  There are important ecological implications of (so-called) “fuels” relating to ecosystem function (particularly relating to decomposition) and fish and wildlife habitat.  For example, standing dead woody vegetation represents nesting habitat for numerous avian species, and the amount and character of woody debris in streams is a very important factor for aquatic invertebrates and fish habitat/productivity.

Specifically, our objectives for monitoring fuels will be to:

a) detect changes in the total amount of fuels on the landscape of a park (as represented by sampling sites…)

b) detect changes in the type, size and position (vertical distribution) of fuels

c) detect changes in the depth of the duff layer

Objective #5

Monitor changes in the degree, extent and distribution of selected forest insect damage in our network parks at a landscape scale. Land management agencies were caught off-guard by the spruce-bark beetle “outbreak” that occurred in south-central Alaska recently.  The National Park Service, and others, had virtually no baseline data regarding the presence, abundance and distribution of forest insects or their indicators. As a result, we were unprepared to provide the public and decision-makers with valuable background information on this phenomenon.  We believe that it should be the responsibility of the monitoring program to provide background data concerning issues such as this.

If the climate continues to warm, it stands to reason that major changes in the distribution and abundance of insect species will occur in our area. It is well known that the growth and development in many insect taxa is temperature dependent; therefore the distribution of many insects is likely controlled by temperature-related climatic factors.  

Specifically, our objectives for monitoring forest health and insect damage will be to:

a) detect change in the average number of forested plots affected by selected insect species over time


b) detect change in the severity or intensity of insect damage to trees in forested plots over time

d) detect change in the bole and canopy characteristics of study plots over time (in relation to insect activity)

Objective #6

Monitor changes in the distribution and abundance of lichen species in our network parks (particularly key indicators of air quality) at a landscape scale. This objective could be considered a sub-topic of objectives number one and number two because it deals with abundance and taxonomic composition of a vegetation component. However, it merits a separate objective statement because specific protocols that address lichens will need to be instituted, in addition to the basic structure and composition components. For example, lichen species that dwell on branches and trunks of trees would rarely be measured in the structure/abundance protocols presently being contemplated.

Specifically, our objectives for monitoring lichen indicator distribution are to: 


a) detect changes in the overall distribution (presence/absence) of the lichen flora among plots


b) detect change in the abundance of selected lichen species that are valuable indicators of air 

 
    quality/contaminants within plots over time

Background Work and Conceptual Model Development

The conceptual models for the Central Alaska Network (CAN) are presently being developed at the 'ecoregion' level of the state.  The ecoregion classification is part of a program completed by the EPA and other agencies for the conterminous U.S. and is parallel to the Ecological Land Classification program conducted in Canada by Environment Canada.  Using this classification, 4 ecoregions are included in the Central Alaska Network. These ecoregions are defined by the driving forces of climate and landform, and provide a unifying framework for the network, that matches the expansive spatial scale of the network parks (8.8 million hectares). We are developing conceptual models for each ecoregion that characterize major components and processes of each system. 

Components being developed for the Phase I Report

Draft lists of important management issues for each park were developed at the park-level workshops in Sept. '01.  

Protection Concerns:


Climate change


Military training overflights


Water Quality


Wildlife management


Subsistence management


Private land development


Industrialization


Access


Mineral extraction


Scenic preservation

Important Natural Resources:


Arctic-steppe plant community


Peregrine falcons


Rivers


Glaciers


Volcanism


Entire watersheds


Salmon


Wildlife


Visual distance

Draft Conceptual Models:  Our conceptual models are based on an ecoregion classification of the state.  Please see the last page of this handout for a draft model of the intermontaine boreal forest ecoregion.

Integration of Water Quality monitoring, other program areas (air quality, fire, T&E species), and existing park operations (e.g., resource management, interpretation, law enforcement, maintenance) with the planning and design efforts for core vital signs: is it working?

The CAN has integrated water quality monitoring alread with the freshwater fish inventory.  We are continuing this same theme with water quality being integrated into the monitoring program via the overall framework we are implementing to the program. 

Our focus thus far has been in developing an overall structure to the monitoring program.  We have had extensive interaction with resource management personnel in all three parks and to the extent possible given the stage of development the network is in, that integration is working well.  Other park operations have been involved in initial scoping meetings and there is general support for the program. 

Successes and stumbling blocks: What aspects of the planning and design work are going well?  Is there something you have tried that you would recommend that other networks avoid?

Things that have worked:  Breaking into focused Work Groups was beneficial during initial development of thought for the program.   During fall '02 we will establish an interdisciplinary team to develop the rest of the program.  When necessary, specific questions will still be addressed by the previous subject-area work groups.  We have learned that to develop an integrated program, your work groups must be integrated.  We have also learned that while we still need a full Technical Committee (15 people) for oversight and communication, most of the real work and decision making happens in much smaller groups.  For example, the 3 Resource Chiefs constitute a de facto strategic planning and decision making group with respect to such issues as hiring of new staff, while park biologists constitute the de facto decision making group about technical issues, such as what type of weather monitoring equipment to buy.  The Network Coordinator plays a critical role in communication within and among these smaller informal groups, in addition to the same role for the formal groups (Board of Directors, Technical Committee). 


Additionally, putting the program into the context of extensive/intensive objectives has facilitated thought on the program.  It provides an overarching framework to the program that allows people to see the larger picture.

Finally we have been proactive in modifying our approach when we find out something we are doing is not working very well.
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This conceptual model attempts to characterize the major components and processes involved in the ecological systems of Central Alaska Network parks.
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