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Abstract

Conceptual ecological models for general regional aquatic and terrestrial ecosystems were developed and reviewed by interdisciplinary/interagency teams.  The models apply to the conditions of the Cumberland-Piedmont and Appalachian Highland Network of National Parks, Historic Sites, and Battlefields as well as the region in general.  The two models are brought together to identify one set of indicators of ecological health.  Most of the indicators are documented with respect to the attribute(s), stressor(s), or impact(s) they measure.  The purpose of the effort is to help prepare for the selection of key ecological health indicators or “vital signs” as part of a systematic long-term environmental monitoring program in the networks.
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Conceptual Terrestrial and Aquatic Ecological Models

Cumberland-Piedmont and Appalachian Highlands Networks

Introduction

Conceptual terrestrial and aquatic models characterize the general ecosystems of concern in the region. Additional models addressing cave and karst systems are under development at Mammoth Cave National Park.  These models are based on a workshop held at Great Smoky Mountains National Park in July 2002 where input was solicited from ecological specialists from multiple disciplines and organizations.  Subsequent peer review comments have been incorporated.  The purposes of these models are to:

· Conceptualize ecosystem functioning and structure (cumulative, holistic, multi-scale)

· Identify major stressors, attributes affected, impacts, and indicators at a broad level

· Help identify “vital signs” to detect ecological health changes

Generalized “target conditions” generated during the conceptual modeling workshop are as follows (these will be refined as the process of identifying vital signs continues):

Maintenance, restoration and conservation of:

1. Genetic diversity and biodiversity toward unimpaired conditions [or a particular historical point in time].  This includes the spatial, demographic, and genetic dimensions of diversity for species and genetic diversity within species.

2. Productivity and nutrient status for native ecosystems.  This would also include the absence of toxics, related bioaccumulations, and their effects on biota.

3. Habitat connectivity, proximity, and geographic scale for many species approximating as closely as possible a natural state.  This includes the maintenance and movement of viable source populations to invade and colonize suitable new/restored habitat.  This will mean incorporating approximations of natural disturbance regimes and biogeography over the mosaic of landscape habitats over long time periods.

4. Structure and function of native communities.  Structure refers to trophic structure, species structure, and physical structure of stand-level habitat.  Function refers to hydrologic cycling, biogeochemical cycling, energy flow, and numerous ecosystem services.

5. Special habitat for sensitive, declining, rare, threatened and endangered species.

The terrestrial conceptual model is illustrated in Figure 1 with associated attributes and indicators illustrated in figure 2.  Figure 3 illustrates the aquatics conceptual model.   Both models include a core of biotic and abiotic attributes.  The similar drivers and stressors in these models pose some duel-use indicator possibilities for both aquatic and terrestrial systems.  The common drivers and stressors are air pollution, water pollution/hydrology, land use change/adjacent land use/agriculture, natural biotic processes (e.g., succession), climate change, non-native invasive species, and various aspects of human activity in the parks.

Figure 1.   Terrestrial ecological conceptual model: illustrates the drivers/stressors, responses, and some important relationships between them.  (See Figure 2 for a list of potential indicators)























Figure 2.  Potential indicators (at bottom of illustration) are based on relationships, processes, and desired conditions developed in the conceptual model (see figure 1).  So many interrelationships (arrows between boxes) exist that both the attributes and indicators are lumped for simplification.

















Figure 3.  Aquatic Conceptual Ecological Model
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Drivers and Ecological Stressors

Anthropogenic Drivers/Stressors:

Air Quality Degradation

Air quality degradation involves acid deposition, ozone, toxins, visibility, radioisotopes, and nitrification.  Of concern are both suspected and documented impacts to vegetation, water quality, exotic species invasions, nutrient cycling, and unique habitats/species highlighted.

Some of the highest air pollution exposures in the region are occurring in the park units of the networks, representing a major stressor to regional ecosystems (Chappelka, et al. 1999A; Eager, et al. 1996).  Degraded air quality with respect to ozone events, acid deposition, heavy metal deposition, and haze (decreased visibility), stem from the combination of industrial pollution moving in from the Midwest, regional power generation from coal-fired plants, and local transportation-related emissions (Southern Appalachian Mountain Initiative report, August, 2002).  Haze and high ozone levels are amplified by topography and summer air movement patterns in this region (Ibid).  Pollutants of major concern include nitrogen compounds, sulfur oxides, mercury, organic compounds and ozone.  

Ecological concerns in more vulnerable parks are high levels of air pollution damaging undetermined components of terrestrial biota (direct exposure) as well as indirectly stressing and altering ecosystem processes including soil chemistry and stream water chemistry (Herlihy, et al. 1996; Fenn, et al, 1998).  The human health-based National Ambient Air Quality Standards appear insufficient to avoid suspected continued declines in ecological integrity of the region’s forests and other native biota.  Major indirect effects of air pollution on ecosystem processes depend on local buffering capacities and air quality conditions.  Suspected or documented effects include (Southern Appalachian Mountain Initiative Final Report, 2002): 

· leaching of significant amounts of nitrogen and calcium from acid-sensitive soils and plant tissues (Eager, et al, 1996), thereby stressing or eliminating natural buffering capacity that resists acidification in some parks,

· acidification of streams and soils in acid-sensitivity locations/parks, causing losses of chemical components, especially nitrogen (Swank and Vose, 2001), important to productivity (Eager, et al, 1996),

· release of toxic elements, such as aluminum, into solution in soil and water – mostly for parks with acid-sensitive soils,

· suspected (undocumented) deposition of toxic heavy metals, including mercury, resulting in toxin bioconcentration in the tissues of species high on the food chain,

· stress in fauna (respiratory) and flora (leaf damage) from exposure to high ozone levels (Chappelka et al, 1996A, 1999A),

· suspected (undocumented) damage to plant and animal tissues from possible higher UV-B exposure as a result of declines in stratospheric ozone concentrations, and

· Increasing carbon dioxide concentrations which alter functions of some plants (Owensby, et al, 1999) and global warming affecting aspects of climate and weather.

Acid deposition affects various ecosystems differently in the region depending upon their buffering capacity.  The highest elevation systems and those areas underlain by non-limestone geology are the most vulnerable to change.  Therefore, elevation and buffering capacities are important factors in risk assessment.

Increased concentrations of atmospheric carbon dioxide affect plant growth processes, favoring some species guilds (e.g., grasses, and some exotics) while discriminating against others.  This could alter reproductive success, successional patterns, and the structure and distribution of ecological communities.  (Owensby, et al, 1999; Ziska, et al, 1999)
Direct monitoring of various aspects of air quality is a primary need in this region.  Since ecosystem responses vary, monitoring nutrient and chemical changes in soil and water, as well as direct damage to sensitive plants, is important.  Long term monitoring of species composition and population structure within various habitats and ecosystems, especially those most vulnerable, will provide early warning of major air quality-related changes. 

Land Use/Demographic Change

Land use and demographic change impacts are from agriculture, farm land development, water pollution, water impoundments, hazardous material spills, habitat fragmentation, exotic species invasions, viewsheds, noise, and night lights.  Concerns are highest for T&E species, water quality, and identification of specific contaminants.

Population change inevitably results in land use change.  For the parks, this includes pressures from adjacent lands, activities inside parks such as increased road and trail construction, other recreation-related development, and sometimes unsustainable recreational use.  Although land use change can be expressed in various ways, the primary related ecological issues are habitat loss, habitat fragmentation, altered nutrient cycles, various types of pollution (air, water, noise, light), major hydrologic changes, siltation of streams, and increases in invasive and nuisance species associated with increasing urbanization (Southern Appalachian Assessment, 1996; Wear and Greis, 2001; Pearson, et al., 1999). Changes in hydrology (storm water diversion, impoundments, water withdrawals and other practices that lower streamflows and water tables) affect aquatic and terrestrial ecological resources (e.g., riparian habitats, wetlands, stream habitats). 

Population increases and demographic shifts are associated with stressors such as the introduction of invasive exotic species, increases in emissions from automobiles and power plants, increased water pollution, expansion of rights-of-way, and clearing of forest and other native habitats for development (along with the associated increase in impermeable surfaces, and heat/light island effects).  Rural and suburban sprawl include low-density development mingling with forest cover to create vastly altered landscape and habitat patterns.  The dividing of existing native habitats into smaller and more isolated patches drastically affects native species dispersal patterns and reproductive success.  All of these impacts are of particular concern because of rapid population expansion and second home development in this region.

Detecting effects specifically from land use change can be difficult.  Monitoring biodiversity can be effective.  Water quality and hydrology changes are good indicators.  Monitoring for changes in landscape patterns from aerial photos, although accurate and fairly easy, requires inferences as to their ecological effects based on working ecological principles rather than clearly documented effects.

Invasive Exotic Species/Pathogens

Concern about ecological damage from exotic invasive species involves impacts to native vegetation, fauna, aquatic systems, and fire hazards.  Especially among these are concerns for threatened and endangered species sustainability and loss of more common species.  Invasive exotic species include terrestrial plants, aquatic biota, insects, diseases, and pathogens not native to the region that aggressively affect native species.

Every park in the region has experienced proliferation of invasive exotic species.   Human population movement and interregional/international commerce have facilitated the spread of this destructive group of biota (Williamson, 1996).  Invasive exotic plants and animals, diseases and other pathogens are affecting the composition and quality of habitat, and impacting native species populations, including threatened and endangered species (Ferguson and Bowman, 1994; Moony and Hobbs, 2000; Corn, et al, 1999; Miller, 1997).   Evidence is mounting that species genetics and pollination dynamics are being altered as well (Johnny Randall, NC Botanical Garden, 2002, personal communication).  Particularly damaging past, current, and potential future examples include gypsy moth, chestnut blight, dogwood anthracnose, balsam wooly adelgid, hemlock wooly adelgid, Asian longhorn beetle, sudden oak death, Dutch elm disease, beech bark-scale disease, European mountain ash sawfly, west Nile virus, zebra mussel, Eurasian water milfoil, purple loosestrife, butternut disease, cogongrass, Japanese stiltgrass, emerald ash borer, several species of bark beetles, princess tree, tree of heaven, invasive privet, multiflora rose, garlic mustard, and many more.

Exotic invasive species impose suspected stresses on natural systems that are not yet well defined but are becoming better understood (Leibhold, et al, 1995; Williamson, 1996, GAO, 2001)).  Sometimes drastic measures necessary to control these invaders can also have unwanted impacts.  Chemical or physical control efforts (USDA Forest Service, 1994) are often disturbances in themselves that can further alter habitat quality and quantity, at least over the short-term, requiring restoration efforts.  Some exotic invasive species are so ubiquitous and hard to control (e.g., Japanese stiltgrass, gypsy moth, and chestnut blight) that they are now a permanent part of ecosystems generally with poorly defined ecological effects.

Monitoring should focus on early detection, defining existing distributions of species, and determining changes in distributions or rates of spread (changes at the margins of populations).  Important concerns are the likely pathways of spread (vectors), invasions in sensitive ecological areas containing unusual or endangered species, and identifying and monitoring habitats or species particularly vulnerable to invasions/infections.  Monitoring is also needed to identify the impacts of invasions that are diverse.  Some variables to monitor are landscape or stream habitat patterns, species diversity, nutrient cycling, pollinator habits, and possible disturbance patterns.    Early detection requires a combination of monitoring methods to be effective.  These methods include permanent plots and frequent observation of vulnerable habitats and likely vectors.

Hydrologic Changes

Hydrologic changes concern stream high and low flows in response to weather events, effects on aquatic life, and impacts to recreation and aesthetics.  Adjacent land use, climate change, and impoundments are major drivers.

The primary concerns include stream channelization, altered storm water discharge, effects of impoundments, wells, low flow during drought periods, oil extraction spills/impacts, and stream water withdrawals.  The terrestrial concern with these changes is related to water table drawdown (loss of small wetland habitats), riparian habitat loss, and stream bank scouring that can lead to erosion/sedimentation and associated habitat degradation, as well as invasion by exotic plants.

The aquatic concern is with stream discharge (flow) dynamics and effects of hydrology on stream physical and biological conditions (water quality, stream substrate conditions, and aquatic biota).  Stream discharge dynamics continue to be altered by impoundments, water withdrawal, expansion of impermeable surfaces in watersheds, climate change, loss of riparian buffers, and changes in runoff characteristics under various vegetation conditions.  These lead to concerns for extreme events in low stream flow, flooding dynamics, sediment movement and channel scouring, flow responses (spikes) to storm events, and altered stream water temperature profiles (Harding, et al., 1998).

The primary indicators to monitor are stream flow, especially during unusual weather events, water table changes, stream channel characteristics, and changes in watershed land use.  These watershed characteristics extend outside park boundaries to include number and type of impoundments, percent impermeable surface, and percent cleared forest.

Water Quality

Water quality concerns are with off-site pollution, inappropriate visitor use, atmospheric deposition (stream acidification), water pollution effects on use of water resources, and loss of aquatic biota.  

Concerns over changes in water quality are so imbedded in, and important to, the other areas as to be repetitive here.  One example is acid deposition effects on aquatic resources (Herlihy, et al, 1996) Rather than repeat them, the primary monitoring concerns are identified here.  The two primary ecological concerns with water quality are (1) as an indicator of terrestrial ecosystem functions (nutrient cycling, elemental content, and acidity) and (2) habitat and substrate for aquatic biota (Rosenberg and Resh, 1993).
The various key indicators are dissolved oxygen, temperature, pH, buffering capacity, sediment load/turbidity (Reidel and Vose, 2002), coliform count, concentration of nitrogen compounds, species abundance/diversity (e.g., algae and plants, bacteria, zooplankton, macroinvertebrates, fish, amphibians, reptiles, and water birds) (Grossman and Ratajezak, 1998), detritus composition, and presence of key pollutants to T&E species.

Well documented USGS core parameters along with macronutrients are potential indicators as are riparian birds, macroinvertebrates, fish, and amphibians.

Agricultural Land Use

Adjoining agricultural land use stressors concern agrichemicals, water use, and changes in crop management that would affect water quality, habitat fragmentation, invasive species dynamics, and possibly genetics of native biota.

Agricultural practices are believed to be changing (e.g., water management, pesticide use, bioengineered crops, tilling practices, role of farm ponds, and crop rotations) and there may be a transition to intensive production systems in some areas. 

The primary concerns are erosion (movement/loss of topsoil), changes in soil structure that would affect hydrology, chemical and nutrient runoff, and productivity (e.g., changes from pasture to row crops).  Changes in the use/movement of fertilizers, pesticides, and dust as well as use of genetically modified crops that might affect pollinators and other insects are of concern.  Possible hydrologic alterations from changes in storm runoff and irrigation practices are significant concerns.  There may be recent trends toward larger tracts in single crops and changing land use patterns around parks.  This affects the creation or destruction of habitat corridors for both native and pest species and factors related to pollinators and genetics.  Future agricultural trends may include further concentration of livestock into intensive production systems (e.g., chickens and hogs) that involve mass regional movement of nutrients and their disposal/accumulation in soils through long term fertilizer use and waste disposal (e.g., nitrogen in eastern North Carolina).  These have strong implications for future productivity, land use patterns, and water quality/quantity issues that relate back to terrestrial ecosystems.

Detection of these changes may best involve the monitoring of stream hydrology, water quality (i.e., content of macronutrients, pesticides, and turbidity), landscape patterns, and changes in bird and pollinator populations.

Resource Extraction


Resource extraction impacts in/near some parks concern mining, nearby timber harvesting, and withdrawal of limited water resources.  The major concerns are contaminated mine drainage, erosion, siltation, and impacts from construction and access.  Park aquatic habitats are most directly affected but long term impacts to park terrestrial biota are of concern as well.

Extracting minerals (coal, oil, gas) can increase sedimentation or drive the concentration of chemicals to toxic levels (e.g., brine, heavy metals, hydrocarbons). Extracting water, river rock, sand and gravel can alter habitat by altering flow volume and patterns, reducing bank stability and changing sediment deposition patterns. Reductions in flow volume can impact water quality by concentrating potentially toxic substances, reducing light penetration, and increasing water temperature.  Water table changes may also occur as a result of mining and well drilling which can affect water table-dependent habitats.   Timber harvesting and poaching within and adjacent to parks are problems for park biota.  Devastating spills of hazardous substances are of concern in several park units. 

Potential indicators to monitor are toxins in streams, bioaccumulation of toxins in tissues of populations of affected species, siltation/sediment patterns in streams, numbers or acreage of extractive actions, water table levels, and stream flow patterns.

Inappropriate Recreational /Resource Use


Inappropriate visitor use of natural resources is affecting cave environments, trail corridors, rock outcrops of various types, stream and lake environments, air quality, campsite areas, and dispersal of invasive species.

Demographic changes (Southern Appalachian Assessment, 1996) can dramatically increase park visitation and recreational use, sometimes to unsustainable levels.  Park traffic emissions, noise, trampling of sensitive habitats, poaching, cliff and cave use, horseback riding, ATV use, hiking, swimming, boating, and recreational development, to name a few, can have direct and indirect impacts on species reproduction and survival, as well as habitat availability, fragmentation, and quality.

Variables to monitor might include visitation rates, loss of species, introductions of exotic invasive species, soil structure, air quality, noise levels, and water coliform content.

Climate change

Potential impacts to high-alpine relic communities and high-elevation T&E species are a particular concern.  Other issues relate to changes in weather events, growing season changes, and other aspects of natural disturbance regimes that would alter natural communities and facilitate general change in species/habitat distributions.

Increasing carbon dioxide concentrations in the atmosphere may be effecting climate change (Burkett et al. 2001; Climate Change Impacts on the United States, 2000), which will result in more frequent or more severe storm events (altering natural disturbance regimes), altered annual rainfall (affecting wetlands, stream, and forest/community species composition and structure), and significant changes in the timing of last spring frost and first fall frost (important reproductive implications for plants, birds, amphibians, and insects, among others).  Such changes could drastically alter the structure and distribution of ecological communities, especially in areas with high biodiversity and endemism (Peine (ed.), 1998; Melillo, et al., 2001; Burkett, et al., 2001).

Weather is so variable from year to year that detection of significant climate changes is difficult.  Recommended indicators to monitor (ibid.) are changes in habitat margins (habitat distribution and pattern), first and last frost dates, soil biota changes, stream flow patterns, growing degree-days, precipitation events, tree rings, and atmospheric carbon dioxide content.

Additional Management Issues To Consider
· Fire – for management of native communities as well as fuel loads

· Geological Resources – especially cave and cliff (rock outcrop) formations

· Re-introduction of Extirpated Species – which species, likely success, effects to other native species, and associated concerns about the genetics of individual species re-introduced.

· Threatened and Endangered (T&E) Species – many questions (and legal mandates) some of which concern augmentation of populations, determination of habitat preferences, modification of natural and anthropogenic disturbance regimes to accommodate T&E species, response to FERC permits and other adjacent land use changes, level of control over limiting factors/threats.

· Poaching and Theft of Natural Resources – especially which resources are at threat and distribution of those resources.

· Cultural Landscape Management – an area of major concern addressing natural resource components of battlefields, historic homesites, archaeological sites, caves, and water bodies.  The issues address the condition of the natural resource of significance to a park’s cultural landscape.  Included in this is rehabilitation of disturbed areas, issues concerning exotic pests, natural habitats, and relationships to cultural landscapes.

Some indicators that might be useful to monitor based on these issues are:

· For fire: fire fuel load, number and intensity of fires, species composition after fires, and extent of fire-maintained communities.

· For native species populations: population dynamics including population structure, breeding pairs, reproductive success, and mortality.

· For geologic resources: damage and loss rates of specific features.

· For species re-introductions: occupation rate of suitable habitats, population dynamics, genetic diversity, and specific interspecies interactions.

· For threatened and endangered species: see “species re-introductions.”  Include also the listing of T&E species and loss of species T&E from known locations.

· For poaching and theft: quantity of poached species confiscated and population structure of likely poached species

· For cultural landscape management: species inventories, habitat (landscape) patterns, exotic invasive species, soil structure, water quality,  and parameters related to the physical structure of terrestrial vegetation and stream morphology.

Natural Drivers/Change:

Natural Disturbance

Natural disturbance regimes, which are crucial to ecosystem integrity and function, include fire, storms, landslides, floods, drought, and native pest outbreaks.  The frequency, intensity, and distribution of these are constantly being altered by a long list of human activities, some of which are described in the previous section.  Because of past alterations of native ecosystems in this region, including the removal of dominant trees such as the American chestnut and many decades of fire-suppression in fire-dependent ecosystems, it is difficult now to establish a baseline for natural disturbance regimes.  Anthropogenic change, as well as potential restoration efforts, will undoubtedly continue to alter this baseline.  Restoration of American chestnut populations, as an example of one of many restoration possibilities, would impose an extirpated species into an “adjusted ecosystem” which is unlikely to return to its original state given the breadth of alterations by many other factors. 

Monitoring of any of the regional ecosystems will need to accurately recognize the role of natural disturbance regimes and find ways to detect and diagnose the causes of subtle, as well as, large changes within the ecosystems that are dependent upon these disturbances.  These will entail the characterization of the frequency and severity of naturally occurring fires, landslides, ice storms, droughts, pest outbreaks, spikes in animal populations, torrential downpours/floods, and other episodic events.  Landscape pattern analyses, geologic pollen records, tree rings, sediment analyses, and soil patterns may help define these natural disturbance regimes.

Climate Change

Whether natural or anthropogenically influenced, climate change is a major driver of ecosystem change because it affects all the “lower elements” of the model, including microclimate, soil chemistry, and geographic distribution of species.  Interacting with the abiotic factors of soil, topography, hydrology, and geology, climate change defines the range, abundance and spatial distribution of habitats and species.

The primary concern is to establish a climate base line with defined confidence limits for the region.  It has been difficult to translate global climate change models into local or regional changes in weather and climate.  Projecting natural changes and/or separating them from anthropogenic changes is even more difficult.

Potential Attributes, Ways They are Monitored, and Relationship to Stressors

Abiotic Attributes:

Soil Quality

Soil quality is a particularly important attribute of ecosystem function.  Soil structure, percolation, carbon content (both elemental and organic), profile condition (especially A and B horizons), litter layer condition, soil surface stability, and mineral soil exposure are all valuable measures of soil quality.  Of these, the greatest response may be detected in litter layer conditions and soil carbon content.  These attributes integrate a large number of factors and represent a sensitive early warning of change.  Soil carbon can be related to productivity changes, soil chemistry, and community changes which in turn relate to a wide number of the stressors identified in figure 1.

Erosion and sedimentation are directly indicative of soil disturbance and provide a good indicator of the rate or extent of land use change.  Monitoring sediment increases and turbidity in streams, as well as the extent of exposed soils from aerial photographs are all good measures.  They may also be indicative of habitat fragmentation.

Soil testing laboratories can measure percolation rates, bulk density, and particle composition (e.g., loams, clays, etc.).  They can also classify samples into soil types and infer erosiveness:slope relationships.

Soil Chemistry

Soil chemistry attributes of most concern for ecosystem health are carbon/organic matter content, nitrogen leaching (leachate quality from soil profiles), macronutrient content, chlorinated pesticide content, heavy metal content, and aspects of biogeochemical cycling including Ca:Al ratios, soil pH, and cation exchange capacity.   

Soil chemistry can be evaluated through instrumentation installed in the ground to collect water at various depths as it passes through the soil profile.  Soil samples can also be taken and analyzed in soil laboratories.  A few very portable instruments can be used to measure soil conductivity, moisture content, and pH.  There are also simple field tests to measure soil percolation (more of a physical attribute).

Air Physical and Chemical Qualities

The primary physical atmospheric qualities of concern are UV-B radiation, temperature, movement, and humidity.  Ultraviolet radiation in the “B” frequency is noted for being particularly harmful to some organisms during reproductive stages, and to organisms with sensitive cutaneous layers (as with humans). Direct measurement of UV-B is possible (http://www.forestry.umt.edu/research/MFCES/programs/primenet/ultraviolet_radiation_monitoring.htm#info and http://uvb.nrel.colostate.edu/uvb/uvb_program_overview.htm).    There is also an inverse relationship between UV-B radiation levels and stratospheric ozone concentrations (Melillo, et al., 2001). 
Temperature change, although highly variable, is simple to measure, and one of the direct indications of climate change (global warming) when analyzed in the context of large data sets. More locally, the influence of heat islands from neighboring cities and towns can be detected.  Other important information that can be extracted from temperature measurement is the calculation of growing-degree days that are important in assessing changes in primary productivity.

The combination of particulate concentration and humidity affects visibility impairment, and visibility impairment adversely affects visitor enjoyment of the parks.  Particulate concentration is determined by various chemical attributes with visibility impairment a calculated value (deciview).  Summer stagnant high pressure systems contribute to high ozone concentrations, too (Southern Appalachian Mountain Initiative Final Report, 2002).   Visibility impairment can be monitored photographically with 35mm digital or video cameras.  Special filters can be used to monitor particulates in the air.

Atmospheric chemical attributes include ozone, sulfur oxides, nitrogen oxides, acidity of atmospheric deposition, and carbon dioxide.  Ozone affects the respiratory tracts of animals and directly injures sensitive plants.  Ozone monitoring can be conducted by direct ambient measurement instruments that include permanently-fixed and portable, e.g., 2B Tech, continuous  or “active” monitors and passive monitors, e.g., Ogawa) or through monitoring damage to selected indicator plants.  Both of these measurements are important in understanding the toxic effects of ozone concentrations and exposure patterns.  Monitoring of animals for respiratory effects is probably not possible except in the lab.

Acid deposition can be measured directly (wet and dry and fog/cloud deposition).  Sulfur and nitrogen compounds can be collected with instrumentation to determine both dry and wet atmospheric deposition.  Precipitation acidity is another direct measure.  Other less direct indicators are acidity and acid neutralizing capacities of streams, acidity increases in soil chemistry, Ca:Al ratios in stream water and soil leachate, atmospheric ammonium, declines in soil cations, nitrogen concentration in streams, water conductivity changes, and reduced calcium concentration in leaves.

Carbon dioxide is well known for its effects on altering plant growth (respiration and photosynthate allocation) as well as being the major contributor to the greenhouse effect (Greenland and Swift, 1990; Melillo, et al., 2001).    Carbon dioxide can be measured indirectly by effects to plants (e.g., leaf stomata aperture diameter and leaf-atmosphere gas exchange rates) or directly, and much more easily, by direct atmospheric measurement.
Water Quality and Hydrologic Condition

The physical attributes of water quality are temperature, suspended solids, and speed of discharge.  Storm discharge rates, when tied to the intensity of storms, can indicate upstream watershed conditions such as impermeable surface extent and other factors associated with urbanization.  These, in turn, might indicate habitat loss and habitat fragmentation.

When hydrologic conditions change in a watershed due to development, the seasonal dynamics of water temperature will change during storm events.  Even ambient stream flow temperatures will change due to development-related changes upstream.

Of particular concern in the Cumberland Plateau region is the effect of impoundments on water temperatures and stream biota.  These and the other factors listed above influence stream productivity and food availability for some terrestrial species.

USGS standard water sampling methods are recommended.  Water temperature can be easily monitored directly with a thermometer.  Suspended solids and turbidity can be measured in several ways including small samples taken to a lab or on-site observations of patterned discs to note the depth at which the patterns are no longer discernable.  Speed of discharge is a little more complicated since water flow rates vary across the profile of a channel.  Consistent sampling points can reduce some of this complexity.

Pollution and Water Chemistry

Water chemistry (pH, acid neutralizing capacity, conductivity, nitrogen content, coliform content, organic chemical content) is an extremely important indicator of the health of terrestrial ecosystems.  Many of the chemical changes are described in the Aquatic Model and related to specific ecosystem attributes.  Reductions in pH and acid neutralizing capacity are closely linked to atmospheric acid deposition and/or acid drainage from mines and can stress plant growth and soil productivity.  Where upstream watersheds are unaltered, increased nitrogen content in water can be an indication that upstream ecosystems are not retaining nutrients and are declining in productivity, or that there is excessive atmospheric nitrogen input.  Where streams originate outside park boundaries, such water quality changes could be a response to agricultural fertilizer use.  Organic chemical content may indicate land use changes upstream, especially mining or industrial activity.  These organics affect freshwater mussels and other aquatic organisms directly, and are also indicative of overall watershed problems affecting riparian and terrestrial biota.  Increased acidity in aquatic systems can raise concentrations of dissolved aluminum, which is toxic to native biota, both aquatic and terrestrial. In evaluations of water acidity, it is important to ascertain acid neutralizing capacity to understand the dynamics of the system.  Acidity and acid neutralizing capacity are therefore good candidate indicators.  Similarly, measurement of coliform content can be indicative of human and animal waste problems upstream and can relate to storm water discharge from urbanizing landscapes.

Landscape Pattern and Its Change

Care must be taken in defining physical connectivity since connectivity is a combination of actual physical conditions/arrangements of habitats and the ability of different species to use habitats and to cross barriers (Forman and Godron, 1986).  A single landscape pattern can be interpreted many different ways depending on the species of interest. 

Some of the indicators of significant changes in landscape pattern include linear extent of edge, average size of habitat tracts, connectivity and width of riparian corridors, distribution of sizes of habitat tracts, percent forested land, edge-to-area ratios for habitats of concern, and average distance between habitats of various types (Turner and Gardner (editors), 1990).  These measurements are best made simultaneously and can be obtained from maps and aerial photographs using landscape analysis software available in the public domain (McGarigal and Marks 1995; McGarigal, et al. (In prep)). 

Results from landscape pattern analyses can help characterize changes in patterns over time, scale, arrangements of valuable habitats for selected species, and ways landscapes might be modified to reduce negative effects or increase positive effects on species of concern (Costanza and Maxwell, 1994; Skovlin, et al., 2001).  Results have been used, for example, to determine how to modify landscape patterns to reduce invasive plant problems (e.g., reduce fence rows and edges) or where to improve connectivity of riparian corridors.

Biogeochemical Cycling

Measures of biogeochemical cycling, although complex, can help define the mass balance of elements within terrestrial and aquatic systems including P, K, Ca, Mg, N, C, as well as micronutrients and heavy metals.  Measurements are used to determine if a system is gaining, losing, or maintaining stable concentrations of various elements.  Systems maintaining constant states may be considered in balance, at least for the elements evaluated.  Significant loss or gain of elements is a good indicator of change in the system such as acidification or large accumulations or losses of biomass.  Nitrogen has often been used as the key indicator of biotic changes (Eager, et al., 1996; Johnson, et al., 1998).  Acidification of soils, leachates, and streams and the relative concentrations of calcium and aluminum are key measures of major adverse changes.

Biotic Attributes:

Biotic attributes generally fall into the categories of biodiversity, genetics, population structure and distribution, natural invasion/dispersal/competition processes, bioaccumulation processes, inter-specific relationships, other ecosystem functions and indications of habitat conditions and ecosystem integrity.  In many cases these are simply presented as important broad categories with no further descriptive refinement.

Soil Biota

Soil macrofauna, macroinvertebrates and microbiota can be excellent integrated indicators of climate change (Rillig, et al., 1999; Soil Biota and Climate Change, 1998), land use fragmentation, soil chemistry and nutrient cycling (Hendrix, et al. 1998), physical qualities, and recovery from past disturbances.  Some of the biota respond strongly to minor changes in soil temperature regimes, chemistry, moisture conditions, soil physical structure, and organic matter qualities/input.  Soil biota composition, diversity, biomass, and population structure (e.g., worms per Bouche, 1977) should be considered for terrestrial ecological health vital signs.  The greatest limitation is the limited knowledge that exists for calibrating soil biota characteristics with ecological health.  This is an important area for research for natural area ecological health monitoring.

Methods usually involve collecting soil samples and separating macro-organisms from soil and dead organic material.  Often organisms are separated by genus or family rather than species except for some well-known organisms.  Micro-organism separation and identification require quite different methods.

Biodiversity

Significant change in native biodiversity is a key early warning of ecosystem distress. Biodiversity measures can monitor links between terrestrial and aquatic systems (Bardgett, et al., 2001), between above- and below-ground systems (Hooper, et al., 2000), or the health of natural life support processes (Naeem, et al., 1999).  The region encompassing these parks has more species of snails, freshwater mussels, salamanders, and trees, for example, than any other temperate region on Earth (Stein, 2000).  Increasing biodiversity is believed by many to increase ecosystem functions (Martinale, et al, 2002) but there are those who find such relationships between biodiversity and ecosystem functions such as productivity hard to clearly identify (Huston, 2000). There are many ways of measuring biodiversity.  It can include an inventory of the total number of species, separating natives from exotics.  Species can be grouped into plants or animals or other taxonomic groupings, or into a particular guild, or some other functional aggregation.  The different number of genera or families of organisms present, rather than the number of individual species in these groups might for example, measure biodiversity. Biodiversity is also a measure of the evenness in representation of different species or groups in an area.  The outright loss of particular species may be a good indicator of some ecological change but it could also indicate a specific temporary problem specific only to that species.

Genetic Diversity

In rare species that exist in metapopulations, genetic analysis can explain the species’ historic distribution, identify detrimentally isolated sub-populations, and generally define the dynamics of species movement and survival.  Isolated populations may interact (exchange genes) at widely varying frequencies, but through genetic analysis, even infrequent gene exchange events have been shown to be very important to species survival.  As landscape patterns change and populations are reduced or extirpated, the overall long-term viability of these species may be affected through reproductive isolation and associated inbreeding depression or other adverse genetic effects. Genetic content is an important consideration when re-introducing species into areas where they have been extirpated or where habitat seems suitable but the species is not present.  Monitoring change in genetic diversity is important as an early warning of ecological stressors.  Genetic markers, DNA sequencing, phenotypic studies, and other methods of distinguishing genetic variations are the monitoring variables of concern.

Even for common species of the region, amazingly little is known about genetic diversity. Common species such as black locust (Chang, et al., 1998) are just being evaluated while many other species’ intraspecific genetic diversity is unknown.  Monitoring changes in species’ genetic diversity could provide valuable indicators of ecological health in the region.

Population Dynamics

Populations of species can sometimes exhibit wide natural fluctuations.  Because of this, monitoring of population numbers, without understanding the range of natural fluctuation, will not be diagnostic.  However, human-caused stressors are often significant enough to push population fluctuations outside normal ranges or to alter normal responses to naturally occurring feedback and control mechanisms.  Since populations can be described in terms of birth, growth, reproduction, dispersal, and death (with numerous variables under each of these categories), they can be analyzed for the most critical aspects of their life cycles with respect to human-caused stressors.  Monitoring population dynamics can evolve from early warning to diagnostic.  The classic example is the detection of a decline in bald eagles (early warning) that led to studies showing reproduction constraints (along with poaching) as a problem.  This led to the identification of eggshell frailty and consequently to tissue studies showing DDT-related problems.

Threatened and Endangered Species

Threatened and endangered species are an aspect of biodiversity important to this region, and parks are mandated to monitor their condition and implement conservation activities to further their recovery.  The high endemism generated by the topographic isolation of species, along with pressures from the rapidly expanding human population, has resulted in a large inventory of T&E species. Evaluations of species such as fresh water mussels in the parks (Biggins, et al., 1997) have helped document the species’ distribution, some of the circumstances, natural and man-made, leading to their condition, and practices necessary for their conservation and sustainability.  Cave fauna (e.g., Mammoth Cave), a major component of the region’s biodiversity, are emerging as highly vulnerable species to environmental stressors.  Other T&E species are coming under stress from invasive species impacts, land use change, and suspected chronic exposure to degraded air quality.  The issue of monitoring rare species is high priority since the NPS is legally mandated to conserve T& E species.  However, their suitability as indicators of ecological health is less clear.  Guilds or groups of species may have value as potential indicators [eg., recent noted declines in amphibian populations (Blaustein and Wake, 1995)].

Monitoring the condition of T&E species and how this number changes through time may be indicative of environmental stress.  Individual T&E species can be so affected by specific problems resulting from severe population depletion, specific diseases, or other factors, that one species may not represent a good indicator of overall ecosystem health.  However, analysis of the threats to T&E species in a specific area can often illustrate patterns of ecosystem dysfunction, such as abnormal fire suppression, disruption of hydrologic regimes, water pollution, etc.

Trophic Structure and Function (including Productivity)

Trophic structure and function refers to the relationships that exist between primary producers (green plants), primary consumers (insects and animals, for example, that feed directly on plants), secondary and tertiary consumers (further up the food chain), and decomposers/detritus feeders.  If there is a loss or change in any of these different “trophic levels” it may be a response to an environmental stressor or to processes of natural succession.  One attribute to monitor is primary productivity (measured as a photosynthetic rate per unit area).  Net primary productivity is another indicator, usually measured as inventories of vegetation biomass per unit area.  Trophic levels relate to one another in the way one group feeds on another.  In essence it is a flow of energy and nutrients through the ecosystem.  Ecosystem energy flow is difficult to monitor so other monitoring methods are recommended.  Monitoring representative trophic groups for standing biomass is easier.  Also, predator-prey relationships offer easier monitoring opportunities as long as more than one predator-prey relationship is considered.  An example of this might be to monitor the relationship between foliage biomass and leaf-feeding insect biomass over several plots at specified intervals, perhaps organized by habitat type or vegetation type.

Interspecific Interactions

The interaction between two or more species changes and fluctuates naturally due to natural stressors.  Interactions may also change in response to anthropogenic stressors. Relationships of, for example, turkey reproduction/populations to oak mast production, bear reproduction success to blueberry production, bear-human interactions, and brook trout distribution vs. rainbow trout distribution are sample types of interspecific interactions.  The relationship may be as simple as browsed vegetation and deer populations with the variables being numbers of selected plants, numbers of deer, and clarity of definition of a browse line. 

Ecological Communities

Community attributes can be a sensitive indicator of change.  Some changes occur without anthropogenic stressors, such as natural succession and responses to natural disturbance regimes such as fire, drought, and severe storms.  They also respond to anthropogenic stressors listed in figures 1 and 3.  A question that has challenged ecologists for decades has been to understand how different ecological communities resist stressors, and why some are more resilient than others at recovering from adverse impacts.

Ecological communities can be difficult to define.  In the Cumberland-Piedmont and Appalachian Highlands region, communities may be better described as frequently encountered associations of species that are often in transition with other associations almost to the point of providing a continuum of species distributions dependent on both biotic and abiotic environments.  These continuums occur both across the landscape and through time.  Communities are frequently defined by dominant tree species (e.g., oak-hickory, oak-pine, cove hardwood, cedar glade).  More detailed community classification systems use extensive species lists, in part because this region is much more diverse than most other regions of the U.S.  Within this long list, particular species are often found that only occur in very specific habitat conditions, thus representing good indicators of the community’s functional integrity.

Community change in response to stressors may be measured by changes in the relative occurrence/abundance of particular species, the presence of indicator species, biodiversity, the structure of vegetation layers, the extent of dominance by normally dominant species, microclimate, and understory plant composition. 

Succession 

Succession refers to the process of continual turnover in natural communities through time.  There are several factors involved in this process.  As vegetation grows, it changes its own environment.  For terrestrial systems, bare soil becomes covered with plants that help cool the soil, build up organic matter above and below ground, and conserve soil moisture.  This creates a changed habitat that favors different plants and animals.  These, in turn, create conditions favorable to still other species.  This process is dependent on the species that can invade an area over time as well as the physical conditions of soil, geology, topography, and precipitation.  On top of all this is a regime of natural disturbances that occur at some given intensity and frequency, and in some combination with each other.  Fires, droughts, severe storms, landslides, and floods are some of these disturbances.  These tend to reset successional processes, or hold them in check at some level.  Similarly, human-caused environmental stressors may alter community composition and structure, and establish a new set of baseline conditions upon which successional processes operate anew.  Similar processes exist for wetlands, water bodies, and streams.

Monitoring succession to detect changes in ecological stressors is possible but somewhat problematic.  It involves an evaluation of the sequence of species that enter, or do not enter, a site over some given time period, usually measured in decades.  These include both expected and unexpected species.  It is also possible to evaluate a landscape mosaic or aquatic habitat mosaic to determine the relative coverage of various community types.  The difficulty lies in separating natural from human-caused stresses as the cause of that change.

Bioaccumulation

Bioaccumulation is the process of dispersed, low-concentration toxic substances being ingested and passed up the food chain to become more and more concentrated in higher trophic levels, until they eventually become lethal.  This can occur in whole organisms or in particular tissues.  Noted examples are DDT, PCBs, dioxins, mercury, and other heavy metals.  Specific stressors of concern in this region are atmospheric deposition of mercury, organic contaminants from fossil fuel extraction, pesticides, and contaminants in storm water runoff from parking lots and roads.  Atmospheric deposition of mercury (and some other isotopes) is occurring everywhere.  The other stressors of concern usually enter the ecosystems through spills or leakage into streams, from which they proceed into terrestrial food chains.

Monitoring of selected tissues in certain species for mercury (Custer, 2000) is a well-documented procedure under US EPA protocols.  Of prime concern for many of the other contaminants is accumulation in freshwater mussels, in species that feed on aquatic insects and plants, and in carnivorous species that feed on the aquatic-feeding species. Tissue concentrations of most of these contaminants have been measured well beyond natural background levels and are easily linked to anthropogenic causes, although specific origins of the contaminants may be difficult to locate.

 Conclusions

These general models illustrate that the drivers and stressors for both systems are essentially the same:  air pollution, water quality and quantity, adjacent land use and disturbance, exotic invasive species, climate change, and inappropriate or unsustainable recreational activities in parks. Many ecological and physical environmental attributes to monitor for ecological health in aquatic systems apply to terrestrial systems and vice versa.  This is because water conditions are an integrator of ecological conditions and the stressors/drivers that act upon them.

The models imply that general biodiversity and ecological processes/structures are essential components that indicate ecological health.  The models also imply that monitoring the condition of individual species in such a biologically diverse ecosystem may not be appropriate for monitoring ecosystem health, although monitoring of guilds or groups of species may be.  Direct monitoring of some stressors is important but linking them more accurately to ecological impacts by monitoring ecological attributes is also needed.  Figure 4  illustrates how indicators in both models might be arranged according to their applicability in different spatial and temporal scales.  

Joint Implications of the Terrestrial and Aquatic Conceptual Models

Although attributes are frequently affected differently in the two models, there are some indicators of ecological health that are good measures of change for both systems.  Acid deposition causes changes in soil chemistry and soil leachates that, in turn, affect water quality in streams as well as nutrient availability to plants and habitat for soil biota. 

Terrestrial and aquatic biotas are consequently stressed.  Many indicators related to this soil and water acidification process exist.  A few of the simpler and higher priority indicators are: acidity of stream water or soil leachate (recognizing seasonal and precipitation event variations), soil cation exchange capacity, aluminum concentration (or Al:Ca ratios) in streams, or conductivity. 

Similarly, ozone and ultraviolet radiation stresses may occur for aquatic, amphibian, and terrestrial biota.  Although direct measurements of ozone and UV-B are needed, simple monitoring of vulnerable species for health effects, or population changes is important.  Air emissions also relate to heavy metal accumulations in soils and streams.  Tissue analysis to determine bioconcentration of toxic compounds in selected higher trophic level biota may be warranted.

An additional link between the two models is at the physical interface between aquatic and terrestrial systems.  Many kinds of changes in these habitats can have far reaching ecological ramifications.  Changes in land use patterns around and within parks affect storm water runoff (water quality and quantity), habitat connectivity (re-establishment of locally extirpated native species), vulnerability to invasive species, and damage risks from fire, chemicals, and air quality.  Direct diagnostic measurements of parameters associated with patterns of land use change are needed.  Non-diagnostic indicators to 

 monitor include loss in park native species diversity (terrestrial or aquatic guilds of species), change in stream flow in response to storm and drought events, invasive species presence/dominance in riparian areas, and human population growth.

Prioritizing Potential Indicators for Vital Signs Designation

It is suggested that a small interdisciplinary group review the full list of potential indicators.  In the review, each potential indicator should be compared to every other indicator using problem-solving/decision-making tools.  From this process, the top 10% to 20% of the indicators should be selected for further scrutiny as potential ecological vital signs.  The conceptual ecological models should aid in identifying those indicators most worthy of vital sign designation.  Figure 4 is an example of time and spatial scale considerations that need to enter into the vital signs selection process.  

CHARACTERISTICS OF GOOD VITAL SIGNS

· Easily and non-destructively measured

· Sensitive to stresses

· Anticipatory

· Respond to stress in a predictable manner

· Clearly connected to the functions they reflect

· Have a known response to disturbances/changes over time

· Have low natural variability

· Indicative of significant ecosystem changes

· Integrative (broadly applicable to many stressors)

CATEGORIES OF VITAL SIGNS

Stressor indicators
Measures of the stressor itself; eg. amount of pollution emitted at the source; drawback=no indication of the ecosystem consequences

Exposure indicators
Amount of stressor to which the ecosystem is exposed

Response indicators
Changes that occur in the ecosystem; eg. deformities in amphibians

DIAGNOSTIC INDICATORS are specific to a given stressor and tend to be retrospective

NON-DIAGNOSTIC INDICATORS may be elicited by many types of stressors and may provide early warning of ecosystem distress 

SOURCES:

· Dale, Virginia, Suzanne Beyeler.  2001.  Challenges in the develolpment and use of ecological indicators.  Ecological Indicators 1: 3-10.

· Jope, Katherine.  2001.  An approach to identifying “vital signs” of ecosystem health.  Crossing Boundaries in Park Management:  Proceedings of the 11th Conference on Research and Resource Management in Parks and on Public Lands.  George Wright Society, Inc.

· Environment Canada.  2000.  Selecting Core Variables for Tracking Ecosystem Change at EMAN (Ecological Monitoring and Assessment Network) Sites –Final Report prepared by Geomatics International Inc., Gue

Figure 4.  Organized by geographic and time scales are ecological health indicators (potential vital signs) of most concern or most repeated for diverse ecological purposes.  Darker boxes indicate greater significance.  Lightest boxes are monitored by others.



















Shorter-Term

        Time Frame


Longer-Term
Potential Indicators for Ecosystem Health Changes

Air Quality


Atmospheric ozone concentration/dynamics


Sulfur and nitrogen wet and dry atmospheric deposition in selected 

ecosystems/locations


Indicator terrestrial and aquatic biota damage from various pollutants (ozone, 

volatile organic compounds, acid deposition, mercury)


Stream acidification


Stream Al:Ca ratios; cations:anions


Soil acidification along with acid neutralizing capacity


Tissue analysis (e.g., mercury)


Nitrogen concentration in streams


Mercury deposition (soils, sediments)

Weather - storm severity, frequency, timing

Biogeochemical Cycling


Nitrogen


Calcium


Aluminum


Potassium, Magnesium, Phosphorus


Selected micronutrients

Water Quality, Quantity, and Surface Runoff


Stream Ph/acidity and acid neutralizing capacity


Turbidity and siltation


Flow and discharge rates during weather events


Dynamics of water quality characteristics during weather events and over years 

and decades (especially low flow and high flow periods)


Organic and inorganic contaminants


Primary productivity


Dissolved oxygen


Water temperature


Water conductivity and salinity


Nitrogen


Aluminum


Coliform count

Stream Habitat Qualities

Transport and deposition rates of sediments as well as effects of these on the non-

sediment substrate structure.

Stream substrate and physical habitat changes; channel and drainage morphology

Stream sediment as it relates to structure, distribution, and chemical composition 

(metals, organics, and toxics which, in various forms, would originate with 

pesticides, herbicides, solvents, etc.)

Stream Biota

Algae and Plants: diversity, abundance, distribution, and community structure.  Community structure monitoring would involve the tracking of selected species populations and population trends.

Bacteria: diversity, abundance, harvest levels, distribution, and selected species of interest.

Zooplankton: diversity, abundance, distribution, and community structure.  Community structure monitoring would involve tracking particular species for their number, change, distribution, reproduction, development, and relationship to other species and species groups.

Macroinvertebrates: diversity, abundance, distribution, and species performance with respect to reproduction, development, and relationship to other species.  Particular groupings of species are mollusks, insects and arthropods, annelids, and others.

Fish: Diversity, abundance, distribution, and community structure for selected species.  Population performance with respect to reproduction, development, and population structure is relevant.  The same applies to:

Amphibians/Reptiles: see “Macroinvertebrates”

Birds: see “Macroinvertebrates”

Mammals: see “Macroinvertebrates”

Other Potential Indicators: links between taxa, mass balance of nutrients, energy flow, and parasite loads in various species.

Tissue-Level Accumulation of Metals and Toxics

Detritus and decomposition including litter build-up and decomposition rates

introduced, exotic, and sport species population structure, performance, dynamics; threatened and endangered species and the resources that support them.

Soil Changes

Nitrogen status, leaching

Carbon content

Acidity and cations

Terrestrial Sight and Noise Environment Changes

Change in noise levels and types

Night light levels

Terrestrial Biota

Change in vegetation maps

Change in development elements on maps


Forested:cleared habitat ratios


Impermeable surface area

Biotic interactions for selected species

Soil macrofauna composition, diversity, biomass

Soil microbiota composition, diversity, biomass

Species population changes and changes in dynamics

Species population distributions

Species richness and biodiversity


Disappearance of species from plots


Changes in biodiversity indices

Productivity


Primary productivity


Net primary productivity


Nitrogen concentration/turnover

Habitat condition (in response to restoration)

Invasive exotic species


Number of new species detected


Change in distribution of existing species



Feral animals (presence and numbers)

Threatened and endangered species


Change in groups of T&E species

Genetics diversity and interaction of populations


Small population genetic diversity (viability)


Large population diversity and distribution of sub-populations


Changes in genetics of guilds of species

Trophic structure/function changes


Biomass of species guilds

Predator dynamics

Herbivore population dynamics

Toxics accumulation


Selected species tissue analysis

Succession


Species composition


Understory regeneration species composition

Exotic invasive plants, pests, diseases, pathogens

Change in community structure


Relative and absolute numbers of selected species

Change in species/habitat arrangements/landscape patterns


Changes in amount of edge


Edge to area ratios


Size of habitat islands and distance between


Patterns of species extirpation

Permeable and impermeable land surfaces

Off-park Data


Permitting applications


Fishing and boating use rates, number of swimmers


Measures of herbicide, pesticide, fertilizer use/application (agriculture)


Measures of farm and domestic fuel use


Measures of cattle, pigs, fowl, and cumulative populations in area


Building and septic tank permits


Visitor-use surveys on park


Real estate and market estimations

References

Bardgett, R.D., Anderson, J.M., Behan-Pelletier, V., Brussaard, L., Coleman, D.C., Ettema, C., Moldenke, A., Schimel, J.P. and Wall, D.H.  2001.  The influence of soil biodiversity on hydrological pathways and the transfer of materials between terrestrial and aquatic ecosystems. Ecosystems, 4: 421-429.

Biggins, R.G., R.J. Neves, and C.K. Dohner. 1997 (in print). National strategy for the conservation of native freshwater mussels. U. S. Fish and Wildlife Service, Asheville, North Carolina. 26 pp.

Blaustein, A. and D. Wake.  1995.  The Puzzle of Declining Amphibian Populations.  Scientific American.  April.  Pp. 52-57.

Bouche, M.B.  1977.   Strategies lombriciennes. In: Lohm, U. and T. Persson (eds.). Soil Organisms as Components of Ecosystems. Biol. Bull. (Stockholm) 25:122-132.

Burkett, V., R. Ritschard, S. McNulty, J. O’Brien, R. Abt, J. Jones, U. Hatch, B. Murray, S. Jagtap and J. 

Cruise.  2001.  IN Climate Change Impacts on the United States: the potential consequences of climate 

variability and change.   Report for the US Global Change Research Program, Cambridge University Press, 

Cambridge, UK, 620pp.

Cardinale, B.J., Palmer, M.A. and Collins, S.L.  2002.  Species diversity enhances ecosystem functioning through interspecific facilitation. NATURE, 415: 429.

Chang, C.-S., B. Bongarten and J. Hamrick.  1998.  Genetic structure of natural populations of black locust (Robinia pseudoacacia L.) at Coweeta, North Carolina. J. Plant Res. 111:17-24.Costanza, R. and T. Maxwell, 1994.  Resolution and predictability: an approach to the scaling problem. Landscape Ecol. 9, 47-57. 

Chappelka, A. , L. Samuelson, J. Skelly, and A. Lefohn.  1996.  Effects of ozone on forest trees in the Southern Appalachians; an assessment of the current state of knowledge.  Report to the Southern Appalachian Mountains Initiative.  114pp.

Chappelka, A., G. Somers, and J. Renfro.  1999.  Visible ozone injury on forest trees in Great Smoky Mountains National Park, USA.  Water, Air, and Soil Pollution 116:255-260.
Climate change impacts on the United States.  2000.  The potential consequences of climate variability and change; a report of the National Assessment Synthesis Team.  US Global Change Research Program, Washington, DC.

Corn, M.L., E.H. Buck, J. Rawson, and E. Fischer.  1999.  Harmful Non-Native Species: Issues for Congress.  A CRS Report to Congress (Order Code RL30123), Library of Congress, Washington, D.C. 

Custer, T.W.  2000.  Tree Swallows as Indicators of Mercury Bioaccumulation in the North Fork of the Holston River, VA.  USGS Study, Upper Midwest Environmental Sciences Center, 2630 Fanta Reed Road, La Crosse, WI  54603.

Eager, C., H. Van Miegroet, S. McLaughlin, and N. Nicholas.  1996.  Evaluation of effects of acidic deposition to terrestrial ecosystems in Class I areas of the Southern Appalachians.  Report to the Southern Appalchian Mountains Initiative.  59pp.

Ferguson, C. and P. Bowman (Editors).  1994.  Threats to Forest Health in the Southern Appalachians.  Workshop Proceedings, Chattanooga, TN (February 1, 1994), Asheville, NC (February 8, 1994), and Roanoke, VA (February 23, 1994).  Printed By the Southern Appalachian Man and Biosphere Cooperative, Suite 314, UT Conference Center Building, Knoxville, TN  37996.

Fenn, M., M. Poth, J. Aber, J. Baron, B. Bormann, D. Johnson, D. Lemly, S. McNulty, D. Ryan, and R. Stottlemyer.  1998.  Nitrogen excess in North American ecosystems: predisposing factors, ecosystem responses, and management strategies.  Ecological Applications 8(3):706-733.

Forman, R.T.T. and M. Godron.  1986.  Landscape Ecology.  John Wiley & Sons, NY.  620 pages.

GAO (General Accounting Office).  2001.  Invasive Species – Obstacles Hinder Federal Rapid Response to Growing Threat.  A report to Congressional Requesters.  GAO-01-724  Box 37050, Washington, D.C. 20013.

Greenland, D., L. Swift, Jr.  1990.  Climate variability and ecosystem response.  Gen. Tech. Rep. SE-65.  Asheville, NC:  USDA Forest Service, Southeastern Forest Experiment Station.  90pp.

Grossman, G. and R. Ratajczak, Jr.  1998.  Long-term patterns of microhabitat use by fish in a Southern Appalachian stream from 1983 to 1992: effects of hydrologic period, season and fish length.  Ecology of Freshwater Fish 7:108-131.

Harding, H., J. Benfield, E. Bolstad, P. Helfman, and E.B. D. Jones, III.  1998.  Stream biodiversity: the ghost of land use past.  Proc. Natl. Acad. Sci., USA, Vol. 95:14843-14847.

Hendrix, P.F., A.C. Peterson, M.H. Beare, and D.C. Coleman. 1998. Long-term effects of earthworms on microbial biomass nitrogen in coarse and fine textured soils. Appl. Soil Ecol. (In Press) .

Herlihy, A., P. Kaufmann, J. Stoddard, K. Eshleman, and A. Bulger.  1996.  Effects of acid deposition on aquatic resources in the Southern Appalachians with a special focus on Class I Wilderness areas.  Report to the Southern Appalachian Mountains Initiative.  92pp.

Hooper, D.U., Bignell, D.E., Brown, V.K., Brussaard, L., Dangerfield, M., Wall, D.H., Wardle, D.A., Coleman, D.C., Giller, K.E., Lavelle, P., van der Putten, W.H., de Ruiter, P.C., Rusek, J., Silver, W.L., Tiedje, J.M. and Wolters, V.  2000.  Interactions between aboveground and belowground biodiversity in terrestrial ecosystems: patterns, mechanisms, and feedbacks. BIOSCIENCE, 50(12): 1049-1061.

Huston, M.A., Aarssen, L.W., Austin, M.P., Cade, B.S., Fridley, J.D., Garnier, E., Grime, J.P., Hodgson, J., Lauenroth, W.K., Thompson, K., Vandermeer, J.H., and Wardle, D.A.  2000.  No consistent effect of plant diversity on productivity. SCIENCE, 289: 1255-1257.

Johnson, D., P. Hanson, D. Todd, Jr., R. Susfalk, and C. Trettin.  1998.  Precipitation change and soil leaching:  field results and simulations from Walker Branch Watershed, Tennessee.  Water, Air, and Soil Pollution 105:251-262.

Leibhold, A.M., W.L. MacDonald, D. Bergdahl, and V.C. Mastro.  1995.  Invasion by Exotic Forest Pests: A Threat to Forest Ecosystems.  Forest Science Monograph 30, Supplement to Forest Science 41(2).

McGarigal, K., S. A. Cushman, and C. Reagan. (In prep). Quantifying habitat loss and fragmentation: A protocol. USDA For. Serv. Gen. Tech. Rep. RM.

McGarigal, K., and B. J. Marks.  1995.  FRAGSTATS: spatial pattern analysis program for quantifying landscape structure. USDA For. Serv. Gen. Tech. Rep. PNW-351.

Melillo, J., J. Anthony, D. Schimel, and T. Kittel.  2001.  Vegetation and biogeochemical scenarios.  IN Climate Change Impacts on the United States: the potential consequences of climate variability and change.   Report for the US Global Change Research Program, Cambridge University Press, Cambridge, UK, 620pp. 

Miller, J.  1997.  Exotic invasive plants in Southeastern forests.  IN Britton, K., ed., Proceedings, exotic pests of Eastern forests; April 8-10, 1997; Nashville, TN.  Tennessee Exotic Pest Plant Council: 97-106.

Mooney, H.A. and R.J. Hobbs.  2000.  Invasive Species in a Changing World.  Island Press, Washington, D.C.  457 pages.

Naeem, S., Chair, F.S., Chapin, F.S. III, Costanza, R., Ehrlich, P.R., Golley, F.B., Hooper, D.U., Lawton, J.H., O'Neill, R., Mooney, H.A., Sala, O.E., Symstad, A.J., and Tilman, D.   1999.   Biodiversity and ecosystem functioning: maintaining natural life support processes. Ecological Society of America, Issues in Ecology Series No. 4. 14pp.

Pearson, Scott, M. Turner, and J. Drake.  1999.  Landscape change and habitat availability in the Southern Appalachians Highlands and the Olympic Peninsula.  Ecological Applications 9(4): 1288-1304.

Owensby, C.E., Ham, J.M., Knapp, A.K. and Auen, L.M.  1999.  Biomass production and species composition change in a tallgrass prairie ecosystem after long-term exposure to elevated atmospheric CO2.  Global Change Biology 5: 497-506.

Peine, J.D. (editor).  1999.  Ecosystem Management for Sustainability: Principles and Practices Illustrated by a Regional Biosphere Reserve Cooperative.  Lewis Publishers, NY.  500 pages.

Reidel, M. and J. Vose.  2002.  The dynamic nature of sediment and organic constituents in total suspended sediment.  Proceedings of the National Water Quality Monitoring Council Conference 2002; Building a Framework for the Future; May 20-23, 2002, Madison, WI.

Rillig, M.C., Field, C.B. and Allen, M.F.  1999.  Soil biota responses to long-term atmospheric CO2 enrichment in two California annual grasslands.  Oecologia 119: 572-577.

Rosenberg, D.M. and V.H. Resh. 1993. Introduction to Freshwater Biomonitoring and Benthic Macroinvertebrates in Freshwater Biomonitoring and Benthic Macroinvertebrates. David M. Rosenberg and Vincent H. Resh (eds.). Chapman Hall, New York.  488pp. 

SAMAB.  1996.  The Southern Appalachian Assessment Summary Report.  Southern Appalachian Man and Biosphere Cooperative, Suite 314, UT Conference Center Building, Knoxville, TN. 37996.

Southern Appalachian Mountain Initiative.  2002.  SAMI Final Report, August.

Skovlin, J. G. Strickler, J. Peterson, and A. Sampson.  2001. Interpreting landscape change in high mountains of northeastern Oregon from long-term repeat photography.  Gen. Tech. Rep. PNW-GTR-505.  Portland, OR.  USDA Forest Service, Pacific Northwest Research Station.  78pp.

Soil Biota and Global Change.  1998.  Special Feature in Global Change Biology, Vol. 4, No. 7, October

Stein, B., L. Kutner, and J. Adams.  2000.  Precious heritage; the status of biodiversity in the United States.  A joint project of The Nature Conservancy and the Association for Biodiversity Information.  Oxford University Press, New York.  399 pp.

Swank, W. and J. Meyer and D. Crossley, Jr.  2001. Long-term ecological research: Coweeta history and perspectives.  IN Barrett, G., and T. Barrett:  Holistic Science: the evolution of the Georgia Institute of Ecology (1940-2000).  Ann Arbor, MI: Sheridan Books.  Pp. 143-163.

Turner, M.G. and R. H. Gardner (Editors).  1990.  Quantitative Methods in Landscape Ecology.  Ecological Studies Series, Springer, NY.  536 pages.

USDA Forest Service.  1994.  Pest and Pesticide Management on Southern Forests.  Management Bulletin R8-MB 60. USFS Southern Region, 1720 Peachtree Road, NW, Atlanta, GA 30309-2417.

Wear, D. and J. Greis.  2001.  The southern forest resource assessment summary report (November 19, 2001 draft).  98pp.  Southern Forest Research Station, USDA Forest Service.  

Williamson, M.  1996.  Biological Invasions.  Population and Community Biology Series by Chapman and Hall Publishers,  NY.  244 pages.

Ziska, L.H., Teasdale, J.R. and Bunce, J.A.  1999.  Future atmospheric carbon dioxide may increase tolerance to glyphosate.  Weed Science 47: 608-615. 

Appendix

Workshop Attendance List

 Conceptual Ecological Models Development

Cumberland-Piedmont and Appalachian Highlands Networks

July 17-18, 2002, Purchase Site, GSMNP

Near Waynesville and Maggie Valley, NC

1. Larry Wilson – jlwilson@utk.edu


UT freshwater ecology

2. Becky Nichols – becky_Nichols@nps.gov

NPS Aquatics

3. Bobby Carson –  Bob_Carson@nps.gov

NPS Air quality

4. Chuck Parker- chuck_parker@usgs.gov

USGS-BRD Aquatic

5. Pat Flebbe – patfle@vt.edu



VT cold water streams

6. Allen Ratzlaff – Allen_Ratzlaff@fws.gov

FWS, Asheville

7. Joe Meiman – Joe_Meiman@nps.gov

Hydrology

8. Tom Blount – Tom_Blount@nps.gov

BISO Science

9. Jim Vose - Jvose@sparc.ecology.uga.edu

Watershed research

10. Tom Burns - THOMAS.P.BURNS@saic.com
Aquatic ecology

11. Teresa Leibfreid – Teresa_Leibfreid@nps.gov
NPS I&M Vital Signs

12. Keith Watson - Keith_Watson@fws.gov

FWS

13. Robert Emmott – Robert_Emmott@nps.gov

NPS I&M Vital Signs

14. Ray_Albright – Ray_Albright@nps.gov

NPS CESU, Forestry

15. Frank Van Manen - vanmanen@utk.edu

Large mammal monitoring

16. Bob Woodman – rwoodman@usgs.gov

Community ecologist

17. Steve Bakaletz – Steve_Bakaletz@nps.gov

Stream ecology

18. Robb Turner – rsturner@utk.edu


SAMAB regional systems

19. Jack Ranney – jwranney@utk.edu


Terrestrial ecology, UT

20. Jim Hamrick- hamrick@dogwood.botany.uga.edu
UGA population genetics

21. Keith Langdon – Keith_Langdon@nps.gov

GRSM Vital Signs and ATBI

22. Joe Clark – jclark1@utk.edu



USGS longterm monitoring

23. Scott Pearson – spearson@mhc.edu


MHC terrestrial modeling

24. Scott Southworth- ssouthwo@usgs.gov 

GRSM f. soils

25. Maurice W Treece - mwtreece@usgs.gov

USGS-WRD hydrology

26. Steve Thomas – Steve_Thomas@nps.gov

MACA small mammals

27. Mike Jenkins – mike_Jenkins@nps.gov



28. Kris Johnson – Kris_Johnson@nps.gov

Vegetation mgt, invasives

29. Nora Murdock – Nora_Murdock@nps.gov

NPS I&M Vital Signs

30. Jenny Atkins - Jenny.Adkins@tn.usda.gov

NRCS stream restoration

31. Jim Renfro – Jim_Renfro@nps.gov


NPS Air quality

32. Mary Giorgino – mary_giorgino@usgs.gov

USGS Hydrology, Raleigh

33. Janet Rock – Janet_Rock@nps.gov


NPS Botanist

34. Kurt Helf - kurt_helf@nps.gov


NPS-Entomologist

35. Bob Cherry – Bob_Cherry@nps.gov


NPS-Parkway resources

36. Paul Super – Paul_Super@nps.gov


NPS – Science Educ. Coord.

37. – 39. Additional staff at Purchase Site

NPS – GSMNP

Italicized names were participants not attending workshop
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Definitions of Conceptual Model Components





Drivers = major forces of change to ecosystems, both natural and anthropogenic


Stressors = results of major drivers that act on attributes of ecosystems to cause potentially adverse changes


Attributes = a selected subset of all potential biological elements of natural systems, which are representative of their overall ecological conditions.  Attributes are selected to represent the overall health of the system, known or hypothesized effects of stressors, or elements that have important human values.


Impacts = changes that occur within ecosystems when stressors act on specific attributes


Indicators = measurable characteristics used to efficiently monitor ecosystem health and changes in stressors, attributes, or impacts
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