FCRPS Wildlife Mitigation Monitoring and Evaluation Framework:  Ecological Integrity Assessment
Ecological Integrity Assessment

At the heart of the proposed framework is a method to assess the status and trends of ecological integrity for all lands where this M&E framework applies.  The proposed framework is based on NatureServe’s approach called the ‘ecological integrity assessment’ (EIA) which is now being implemented for a variety of small- and large-scale projects. EIAs aim to measure the current ecological integrity of sites through standardized and repeatable assessments of current ecological conditions associated with the structure, composition, and ecological processes of particular ecological systems. 

The goal of an ecological integrity assessment is to describe the status and trends in structure, composition, and function of ecological systems as they related to desired ecological conditions identified for each property. Ecological integrity is defined over a range of ecological attributes and spatial and temporal scales.  Reductions in Ecological Integrity are defined by deviations from the natural range of variation as described by the ecological condition of reference or benchmark sites. 
Identification of benchmark conditions based on natural or historic ranges of variation, although challenging, can be used to provide a basis for interpretation of ecological integrity (Tables 2 and 3).  Alternatively, existing conditions of reference sites can also be used to define desired ecological conditions. Management objectives, societal values, and other factors also will play an important part in determining desired ecological conditions of any particular site or ecosystem.
For this approach, desired ecological conditions for each ecological system will be defined (see example in Table 4). Any metric, key ecological attribute or overall ecological integrity rating meeting the specified criteria would be considered to meet desired ecological conditions. Correspondingly, metrics not meeting desired conditions would require management action to reverse condition or trend.  EIAs can be used to address a number of objectives, including: 1) assessment of ecological integrity on a fixed, objective scale; 2) comparison of ecological integrity of various occurrences of the same ecological systems; 3) prioritization of sites for conservation efforts; 4) implementation of appropriate monitoring for individual ecological attributes; and 5) provision of an aggregated index of integrity to evaluate ecological integrity over time.

The framework of an EIA would be tailored by regional and local ecologists to specifically address individual ecosystem types using the following approach: 
1) establish existing Ecological Integrity condition; 
2) define desired ecological condition as defined by the management objectives for each ecological system using a three-level approach to identify a suite of metrics (Table 1); 
3) identify ratings and thresholds for each metric based on deviation from the ‘natural range of variation’ benchmarks for each ecosystem type; 
4) provide a matrix of thresholds and metrics integrated into an overall assessment of ecological integrity; 
5) implement monitoring activities; and 
6) evaluate data and determine status and trends of ecological condition relative to desired ecological condition.  
The flexibility in scale and intensity of effort associated with the three-level approach (Table 1) around which the EIA is developed provides a foundation upon which a multi-scaled approach to monitoring and assessment can be systematically implemented.
Table 1. Summary of ‘three-level’ approach to conducting EIAs.

	Level 1

Remote Assessment
	Level 2

Rapid Assessment
	Level 3

Intensive Assessment

	Evaluates: Condition of individual areas/occurrences using remote sensing indicators
	Evaluates: Condition of individual areas/occurrences using relatively simple indicators
	Evaluates: Condition of individual areas/occurrences using relatively detailed indicators

	Based on: GIS and remote sensing data with typical layers of land cover and use
	Based on: Stressor metrics (power lines, roads, pollutants) and condition metrics (hydrologic regime and species composition)
	Based on: Indicators calibrated to measure responses of the ecological system to disturbances

	Potential uses: Identifies priority sites, status and trends of acreages across the landscape, condition of ecological types across the landscape, and restoration and monitoring targets
	Potential uses: Promotes integrated reporting, monitoring of restoration or management projects, supports landscape, conservation, and watershed planning, calibrates level 1 assessments
	Potential uses: Promotes integrated reporting, identifies status and trends of specific occurrences or indicators, supports monitoring of restoration, mitigation, and management projects, and calibrates level 1 and 2 assessments

	Sample metrics: Landscape development index, land use map, and road density
	Sample metrics: Landscape connectivity, vegetation structure, invasive exotic plant species, and forest floor condition
	Sample metrics: Landscape connectivity, structural stage index, invasive exotic plant species, vegetation index of biotic integrity, and soil calcium:aluminum ratio


Remote assessments (level 1) rely almost entirely on Geographic Information Systems (GIS) and remote sensing data to obtain information about landscape integrity and the distribution and abundance of ecological types in the landscape or watershed.  Rapid assessments (level 2) use field-based metrics that combine qualitative/narrative-based ratings with quantitative ratings.  Intensive assessments (level 3) require more rigorous, intensive field-based methods and metrics that provide higher-resolution information on the ecological integrity within a site.  The three levels can be integrated, but each level is developed as a stand-alone method for assessing ecological integrity.  When conducting an EIA, only one level may be needed, desirable, or cost effective.  However, it is vital that each level of assessment use a compatible approach to evaluate ecological integrity, or metric ratings and ranks will not be comparable.  
The M&E framework relies heavily on a standard ecological classification, the International Vegetation Classification (IVC) system.  The IVC includes vegetation classes worldwide.  In the United States, the national application of the IVC is the U.S. National Vegetation Classification (NVC), supported by the Federal Geographic Data Committee, NatureServe, and the Ecological Society of America, with other partners.  The IVC and NVC were developed to identify and classify and all ecosystem types based on vegetative composition and structure and ecological factors.  The NVC meets several important needs for conservation and resource management by: 1) following a multi-level, ecologically based framework that allows users to address conservation and management concerns at scales relevant to their work; 2) characterizing ecosystem patterns across the landscape; 3) assessing the conservation status and/or extinction risk of each ecosystem; 4) relating ecosystems to other classification systems; and 5) facilitating the sharing of information.
EIAs use a common approach, but they also offer flexibility in the application of specific techniques and tools.  Although ecologists are not required to use identical methodologies and techniques to estimate parameters in the EIAs, it is essential that the employed methodologies are scientifically robust and defendable.  
Table 2. Basic ecological integrity ranks.
	Ecological Integrity Rank
	Description

	A
	Excellent estimated ecological integrity

	B
	Good estimated ecological integrity

	C
	Fair estimated ecological integrity

	D
	Poor estimated ecological integrity


Table 3. Ecological Integrity Rank Definitions (Faber-Langendoen et al. 2009a)
	Rank Value
	Description

	A
	Occurrence is believed to be, on a global or range-wide scale, among the highest quality examples with respect to major ecological attributes functioning within the bounds of natural disturbance regimes. Characteristics include: the landscape context contains natural habitats that are essentially unfragmented (reflective of intact ecological processes) and with little to no stressors; the size is very large or much larger than the minimum dynamic area ; vegetation structure and composition, soil status, and hydrological function are well within natural ranges of variation, exotics (non-natives) are essentially absent or have negligible negative impact; and, a comprehensive set of key plant and animal indicators are present.

	B
	Occurrence is not among the highest quality examples, but nevertheless exhibits favorable characteristics with respect to major ecological attributes functioning within the bounds of natural disturbance regimes.  Characteristics include: the landscape context contains largely natural habitats that are minimally fragmented with few stressors; the size is large or above the minimum dynamic area, the vegetation structure and composition, soils, and hydrology are functioning within natural ranges of variation; invasives and exotics (non-natives) are present in only minor amounts, or have or minor negative impact; and many key plant and animal indicators are present.

	C
	Occurrence has a number of unfavorable characteristics with respect to the major ecological attributes, natural disturbance regimes.  Characteristics include: the landscape context contains natural habitat that is moderately fragmented, with several stressors; the size is small or below, but near the minimum dynamic area; the vegetation structure and composition, soils, and hydrology are altered somewhat outside their natural range of variation; invasives and exotics (non-natives) may be a sizeable minority of the species abundance, or have moderately negative impacts; and many key plant and animal indicators are absent.  Some management is needed to maintain or restore these major ecological attributes.  Ecological restoration is: “the process of assisting the recovery of an ecosystem that has been degraded, damaged, or destroyed. Restoration attempts to return an ecosystem to its historic trajectory” (SER 2004).

	D
	Occurrence has severely altered characteristics (but still meets minimum criteria for the type), with respect to the major ecological attributes.  Characteristics include: the landscape context contains little natural habitat and is very fragmented; size is very small or well below the minimum dynamic area; the vegetation structure and composition, soils, and hydrology are severely altered well beyond their natural range of variation; invasives or exotics (non-natives) exert a strong negative impact, and most, if not all, key plant and animal indicators are absent. There may be little long‑term conservation value without restoration, and such restoration may be difficult or uncertain.  D-ranked types present a number of challenges.  First, with respect to classification, a degraded type may bear little resemblance to examples in better condition.  Whether a degraded type has ‘crossed the line’ (‘transformed’ in the words of SER 2004) into a semi-natural or cultural type is a matter of classification criteria.  These criteria specify whether sufficient diagnostic criteria of a type remain, bases on composition, structure, and habitat. 


Table 4. Example of an EIA for the ‘Intermountain Basins Big Sagebrush Steppe’ Ecological System.

	Rank Factor
	Key Ecological Attribute
	Metric
	Justification
	Rank

	
	
	
	
	A (5 pts.)
	B (4 pts.)
	C (3 pts.)
	D (1 pts.)

	LANDSCAPE CONTEXT
	Landscape Structure
	Connectivity
	Intact areas have a continuous corridor of natural or semi-natural vegetation between shrub steppe areas
	Intact: Embedded in 90-100% natural habitat; connectivity is expected to be high.
	Variegated: Embedded in 60-90% natural or semi-habitat; habitat connectivity is generally high, but lower for species sensitive to habitat modification;
	Fragmented: Embedded in 20-60% natural or semi-natural habitat; connectivity is generally low, but varies with mobility of species and arrangement on landscape.
	Relictual: Embedded in < 20% natural or semi-natural habitat; connectivity is essentially absent

	
	
	Landscape Condition Model Index
	The intensity and types of land uses in the surrounding landscape can affect ecological integrity.
	Landscape Condition Model Index 1.0 – 0.9
	Landscape Condition Model Index 089-0.75
	Landscape Condition Model Index 0.75 – 0.5
	Landscape Condition Model Index < 0.5

	
	Edge Effects
	Edge Length
	Edge can be important to biotic and abiotic aspects.                                                                                   Edge Width Slope Multiplier
    5-14% -->1.3; 15-40%-->1.4; >40%-->1.5
	Edge with natural and semi-natural communities is > 75 – 100% of perimeter.
	Edge with natural and semi-natural communities is > 50 – 74% of perimeter.
	Edge with natural and semi-natural communities is 25 – 49% of perimeter
	Edge with natural and semi-natural communities is < 25% of perimeter.

	
	
	Edge Width
	
	Average Edge width of occurrence is > 200 m, adjusted for slope.
	Average Edge width is 100 – 199 m, after adjusting for slope.
	Average Edge width is 50 – 99 m, after adjusting for slope.
	Average Edge width is < 49 m, after adjusting for slope.

	
	
	Edge Condition
	
	Abundant (>95%) cover native vegetation, little or no (<5%) cover of non-native plants, intact soils.
	Substantial (75–95%) cover of native vegetation, low (5–25%) cover of non-native plants, intact or moderately disrupted soils; minor intensity of human visitation or recreation.
	Moderate (25–50%) cover of non-native plants, moderate or extensive soil disruption; moderate intensity of human visitation or recreation.
	Dominant (>50%) cover of non-native plants, barren ground, highly compacted or otherwise disrupted soils,  moderate or greater intensity of human visitation or recreation, no Edge at all.

	CONDITION
	Vegetation
	Cover Native Plant Species
	Native species dominate this system; non-natives increase with human impacts.
	Cover of native plants = relative 95-100%.
	Cover of native plants relative 80-95%.
	Cover of native plants relative 50 to <85%.
	Cover of native plants < relative 50%.

	
	
	Native Bunchgrass
	Native bunchgrass dominate; high cover is related to  community resistance to invasion
	Perennial bunchgrass 80% or cover or near site potential.
	Perennial bunchgrasses 50-80% cover or reduced from site potential.
	Perennial bunchgrasses 30-50% cover or reduced from site potential.
	Perennial bunchgrass <30% cover and much reduced from site potential.

	
	
	Cover of Invasive Species
	Invasive species can inflict a wide range of ecological impacts. Early detection is critical. Bromus tectorum abundance is critical.
	None present.
	Invasive species present, but sporadic (<3% cover).
	Invasive species prevalent (3–10% absolute cover).
	Invasive species abundant (>10% absolute cover).

	
	
	Cover of Native Increasers
	Some stressors such as grazing can shift or homogenize native composition toward species tolerant of stressors.
	Absent or incidental
	<10% cover
	10-20% cover
	>20% cover

	
	
	Species Composition                      Note: Once developed, the Floristic Quality Assessment index could used here instead.
	The overall composition of native species can shift when exposed to stressors.
	Species diversity/abundance at or near reference standard conditions. Native species sensitive to anthropogenic degradation are present, functional groups indicative of anthropogenic disturbance (ruderal or ‘weedy’ species) are absent to minor, and full range of diagnostic / indicator species are present.
	Species diversity/abundance close to reference standard condition. Some native species reflective of past anthropogenic degradation present.  Some indicator/ diagnostic species may be absent.
	Species diversity/abundance is different from reference standard condition in, but still largely composed of native species characteristic of the type. This may include ruderal (‘weedy’) species. Many indicator/diagnostic species may be absent.
	Vegetation severely altered from reference standard. Expected strata are absent or dominated by ruderal (‘weedy’) species, or comprised of planted stands of non-characteristic species, or unnaturally dominated by a single species. Most or all indicator/diagnostic species are absent.

	
	
	Fire-sensitive Shrubs
	Natural fire regime  promotes patchy low cover big sagebrush or bitterbrush cover
	Fire-sensitive shrubs mature and recovered from past fires; shrubs generally 3-10% cover
	Fire-sensitive shrubs not recovered from past fires; represented mostly as seedlings less than height of bunchgrasses. shrubs generally <20% cover
	Shrub >20% cover  beginning to affect bunchgrass layer
	Shrubs well >20% cover reducing bunchgrass layer or sagebrush or biiterbrush only scattered individuals or seedlings

	
	Physicochemical
	Biological Crust


	Crust cover and diversity is greatest where not impacted by trampling, soil surface disturbance, high plant cover, and fragmentation 


	intact, covers >80% of vascular plant interspaces where natural site characteristics are not limiting, i.e. steep unstable, south aspect or heavy vascular plant cover.
	well-developed, >60% cover of vascular plant interspaces; biological crust little disturbed or  may have recovered well from long-past grazing;
	moderately degraded or recovering, >30% cover of vascular plant interspaces
	degraded or absent, <30% cover of vascular plant interspaces;

	
	
	Soil Surface Condition
	Soil disturbance can result in erosion thereby negatively affecting many ecological processes; the amount of bareground varies naturally with site type.
	Bare soil areas are limited to naturally caused disturbances such as burrowing or game trails
	Some bare soil due to human/livestock causes but the extent and impact is minimal.
	Bare soil areas due to human/livestock causes are common. ORVs or other machinery may have left some shallow ruts.
	Bare soil areas substantially & contribute to erosion or other long-lasting impacts. Deep ruts from ORVs or machinery may be present, or livestock and/or trails are widespread.

	SIZE
	Size
	Relative Size
	Indicates the proportion lost due to stressors.
	Site is at or minimally reduced from natural extent (>95% remains)
	Occurrence is only modestly reduced from its original natural extent (80-95% remains)
	Occurrence is substantially reduced from its original natural extent (50-80% remains)
	Occurrence is severely reduced from its original natural extent (<50% remains)

	
	
	Absolute Size
	Absolute size based on shrub steppe obligate sage sparrow continuous use 
	Very Large (>1000 ac; 405 ha)
	Large (500-1000 ac; 202-405 ha)
	(300-500 ac; 120-202 ha).
	Small (< 300 ac; 120 ha)
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