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Introduction
Congress passed the Northwest Power Planning and Conservation Act on 5 December 1980. Section 4(h)(10)(A) of the Act directed the Bonneville Power Administration (BPA) "to protect, mitigate, and enhance fish and wildlife to the extent affected by the development and operation of any hydroelectric project of the Columbia River and its tributaries in a manner consistent with the Northwest Power Planning Council's (NPPC) Fish and Wildlife Program. The five members of the Upper Columbia United Tribes (UCUT) have been conducting wildlife mitigation projects both together (i.e., Kalispel, Kootenai, Coeur d’Alene Tribes under the Albeni Falls Work Group) and singly (e.g., Colville Confederated Tribes and Spokane Tribe of Indians). These projects seek to mitigate habitat and wildlife losses resulting from the construction of the Grand Coulee, Chief Joseph, and Albeni Falls dams. Much of this effort has been for land acquisition, but management activities to protect (e.g., fencing, control of grazing) and to restore habitat (e.g., weed control, planting of native vegetation) have also been initiated. Monitoring and evaluation (M&E) of these management and habitat restoration projects are prerequisites for assessment of project objectives. Recognizing the importance of M&E, the five Upper Columbia United Tribes pooled 2008-2009 monitoring resources to create the UCUT Wildlife Monitoring and Evaluation Program (UWMEP). The rationale was that a regional monitoring program across all tribal ownerships would be a more consistent and cost effective approach that would allow better evaluation of the effects of management actions and decisions. By creating a central data depository, data and research products can be more easily shared across tribal jurisdictions.
As a starting point in developing UWMEP, the five UCUT Tribes used the Albeni Falls Monitoring Plan as a model. In 2001 the Kalispel Tribe of Indians in concert with the BPA and Idaho Department of Fish and Game (IDFG) began implementing the Albeni Falls Wildlife Mitigation Project to mitigate for the construction and inundation of the Albeni Falls hydroelectric project (Northwest Power Planning Council 1995 [program measures 11.2D.1, 11.2E.1, 11.3D.4, 11.3D.5], 2000). Construction of the dam resulted in the loss of 6,617 acres of wetland habitat and the inundation of 8,900 acres of deep-water marsh. Estimated wildlife losses were 28,587 habitat units (HUs) for a variety of target species (Martin et al. 1988). The strategic long-term goals of this project were to protect, restore, enhance and maintain the long-term quality of wetland and riparian habitat in northern Idaho and eastern Washington. To measure the effectiveness of the management and restoration activities, the Albeni Falls Interagency Workgroup (2001) developed protocols for monitoring vegetation structure and composition and populations of terrestrial vertebrates (i.e., birds, small mammals, and amphibians). Evaluation was directed at comparing mitigation sites with reference areas that represent a future desired condition for a habitat type. Application of these protocols has been limited to the Kalispel (2002-2006) and Coeur d’Alene Tribes (2006). 
With the expansion of the wildlife monitoring and evaluation to a regional scale, UCUT wildlife managers and wildlife researchers (EWU) have had to assess the Albeni Falls Monitoring Plan in light of greatly increased acreage and additional habitat types. Development of a program for regional monitoring has challenges as a result of the large geographical scale, the varied habitats, logistics of fieldwork, development of both an appropriate sampling strategy and appropriate sampling protocols, and construction of a mechanism both for archiving and maintaining data and for making data and data products accessible to managers. In the following, we 1) first review the general study design; 2) describe the geographical area and habitat types; 3) discuss the selection of and sampling regimes for the reference and mitigation sites, 4) describe the field and data analysis procedures for monitoring vegetation, small mammals, land birds, and amphibians; and 5) describe the process for data archiving and retrieval.
General Study Design
Quantitative monitoring depends on repeated measurements of population or community metrics that can be statistically analyzed to provide estimates of direction and magnitude of change before change is grossly evident. Several goals were considered when designing this monitoring plan. It needed to be cost effective, sample species that are likely to respond to habitat change, provide a dataset that allows for a long-term perspective on meeting management objectives, be adaptive to a regional scale, and be flexible enough to incorporate new properties as they are acquired. 
Our evaluation of habitat change and vertebrate (birds, small mammals, and amphibians) response to management or restoration activities is based on comparisons between reference (desired future condition) and mitigation sites. Reference sites are monitored for 3 years to determine patterns of annual variation, whereas mitigation sites are monitored at 5-year intervals. Similarities between reference and mitigation sites will be compared by analytical tools that account for limited sampling. Once restoration is complete and habitat types show strong similarity to the reference condition, the active portion of mitigation would be considered completed and the actions a success. Monitoring activities will be conducted in eight broad habitat types (shrub-steppe, grassland steppe, conifer woodland, mixed conifer, riparian forest, riparian shrub, wetland meadow, and emergent wetland). 
In 2001, sampling protocols were developed by James Hallett and Margaret O’Connell at Eastern Washington University in concert with the Albeni Falls Interagency Work Group to meet the project’s needs. The UCUT Monitoring and Evaluating Program (UWMEP) will adopt the same protocols in its monitoring program to maintain compatibility between all datasets. This will maximize the usefulness of data to UCUT member tribes, as well as national and state organizations.
All data collected under UWMEP will be maintained in a common database that will be accessible from http://www.uwmepdata.org. This information will be used to adaptively manage restoration projects. In time, this will improve techniques used to restore, enhance, or manage each area and habitat type. This approach will reduce costs, increase continuity of data collection, data interpretation, data presentation, and data collection methods.
Geographical area and habitats
The five Tribes currently have 74,815 acres of mitigation lands (Table 1) in approximately 60 non-contiguous units (Appendix 1). These units are located in seven subbasins of the Pacific Northwest Region (Figs. 1 and 2). In 2008, we acquired geographical information systems (GIS) data layers for the mitigation lands of each Tribe, which include property boundaries, habitat types, and roads. We acquired digital elevation models for the Colville Confederated Tribes to map slope, and digital orthophotos for all mitigation lands. We visited all of the tribal ownerships in 2008 to better appreciate the management issues for their respective mitigation lands and to understand the constraints on sampling due to terrain, the road network, and travel distances. Working with wildlife managers from each tribe, eight priority habitat types were selected for monitoring: shrub-steppe, grassland steppe, conifer woodland, mixed conifer, riparian forest, riparian shrub, wetland meadow, and emergent wetland. We describe these as follows.
Table 1. The number of acres of mitigation lands that are in each of the eight priority habitat types for each Tribe. 
	
	Shrub-steppe
	Grassland steppe
	Conifer Woodland
	Mixed Conifer
	Riparian Forest
	Riparian Shrub
	Wetland Meadow
	Emergent Wetland
	Tribe Totals

	
	
	
	
	
	
	
	
	
	

	Coeur d' Alene
	
	
	
	
	
	
	
	
	

	Acres
	0
	0
	533
	665
	781
	102
	575
	30
	2685

	Percentage 
	0%
	0%
	20%
	25%
	29%
	4%
	21%
	1%
	

	
	
	
	
	
	
	
	
	
	

	Colville
	
	
	
	
	
	
	
	
	

	Acres
	21796
	13609
	2422
	12832
	230
	1051
	0
	0
	51939

	Percentage 
	42%
	26%
	5%
	25%
	<1%
	2%
	0%
	0%
	

	
	
	
	
	
	
	
	
	
	

	Kalispel 
	
	
	
	
	
	
	
	
	

	Acres
	0
	0
	0
	860
	193
	166
	2307
	487
	4012

	Percentage 
	0%
	0%
	0%
	21%
	5%
	4%
	58%
	12%
	

	
	
	
	
	
	
	
	
	
	

	Kootenai
	
	
	
	
	
	
	
	
	

	Acres
	0
	0
	0
	112
	16
	15
	95
	48
	285

	Percentage 
	0%
	0%
	0%
	39%
	6%
	5%
	33%
	17%
	

	
	
	
	
	
	
	
	
	
	

	Spokane
	
	
	
	
	
	
	
	
	

	Acres
	961
	525
	728
	5308
	192
	234
	0
	0
	7947

	Percentage 
	12%
	7%
	9%
	67%
	2%
	3%
	0%
	0%
	

	
	
	
	
	
	
	
	
	
	

	Habitat totals
	23718
	14658
	4410
	25084
	1604
	1800
	2977
	564
	74815

	
	32%
	20%
	6%
	34%
	2%
	2%
	4%
	1%
	



Figure 1. Location of mitigation lands in Washington State for the Colville Confederated Tribes and the Spokane Tribe of Indians.
Shrub-steppe. This habitat is characterized by a low-moisture gradient and a plant community adapted to arid conditions. Trees are absent from the landscape and instead Artemisia tridentata (big sage) or Artemisia tripartita (threetip sage) are the dominant species throughout the region. Less common shrubs include Purshia tridentata (antelope bitterbrush), Chrysothamnus viscidiflorus (rabbit brush), Atriplex spp. (winter fat), and Sarcobatus vermiculatus (greasewood). Another important feature of shrub-steppe is an understory dominated by bunchgrasses. The most prominent species are Pseudoroegneria spicata (bluebunch wheatgrass), Festuca idahoensis (Idaho fescue), Poa secunda (Sandberg’s bluegrass), and Stipa comata (needle-and-thread). With the spring rains, a colorful display of annual and perennial wildflowers blooms throughout the shrub-steppe. Phlox speciosa (showy phlox), Lupinus spp. (lupines), Ranunculus glaberrimus (sagebrush buttercup), Clarkia pulchella (ragged robin), Calochortus macrocarpus (sagebrush mariposa lily), Zigadenus venenosus (death camas), Eriogonum spp. (buckwheats), and Lomatium spp. (desert-parsley) are common. The presence of a cryptogamic crust composed of lichens, mosses, and algae is important to maintaining the integrity of shrub-steppe. This soil layer reduces wind and soil erosion, aids in nitrogen fixation, and protects against the invasion of non-native species such as Bromus tectorum (cheatgrass) (Washington Native Plant Society 2008). 

Figure 2. Location of mitigation lands in Washington and Idaho for the Kalispel, Kootenai, and Couer d’Alene Tribes.
Grassland Steppe. Grassland steppe is similar to shrub-steppe except in that Artemisia spp. (sagebrush) are either absent or sparsely represented, and bunchgrasses are the dominant vegetation type. This habitat type is found predominately to the east and southeast of shrub-steppe as it transitions into lowland forest in the Columbia Basin region (Crawford and Kagen). Fragmented remnants of grassland steppe are found in the Palouse region of southeastern Washington and adjacent Idaho that has largely been converted to agriculture. Two dominant bunchgrasses are Pseudoroegneria spicata (bluebunch wheatgrass) in drier areas and Festuca idahoensis (Idaho fescue) in moister ones. Other native perennial grasses can include Festuca campestris (rough fescue), Aristata longiseta (three-awn), and Poa secunda (Sandberg’s bluegrass). In places with higher precipitation or where soils have higher moisture holding capacity, perennial and annual broadleaf forbs comprise a significant portion of the landscape (Daubenmire and Daubenmire 1970). Common wildflowers include Balsamorrhiza sagittata (arrowhead balsamroot), Lupinus spp. (lupines), Lomatium spp. (desert-parsley), and Eriogonum spp. (buckwheats). 
Conifer Woodland. Lowland forests throughout the region are dominated by drought-tolerant Pinus ponderosa (ponderosa pine). Historically these forests were adapted to a relatively frequent fire cycle that formed naturally occurring open-canopy woodlands. In modern times, fire suppression and other management techniques have led to denser stands (O'Connell 2008). Within conifer woodlands, soil type, aspect, and moisture availability will influence vegetation patterns. Pseudotsuga menziessi (Douglas fir) can form associations with ponderosa pine in more mesic sites. At drainage sites or riparian areas, Populus tremuloides (quaking aspen) will form clonal stands within the broader habitat-type. Under the right conditions, shrubs might be present as part of the understory along with the more typical grasses and forbs. Symphoricarpos albus (snowberry) is the most common shrub species, with accounts of Rosa woodsii (Wood’s rose), Amelanchier alnifolia (serviceberry), and Prunus virginiana (chokecherry) (Daubenmire 1968). Common grasses include Calamagrostis rubescens (pinegrass), Festuca idahoensis (Idaho fescue) and Pseudoroengeria spicatum (bluebunch wheatgrass), along with Koeleria cristata (junegrass) and Poa spp. (bluegrasses). At the margins of ponderosa pine, trees are scattered and eventually give way to large expanses of savannah meadow. Here shrubs are scarce and grasses dominate the landscape. A diverse number of perennial and annual forbs also inhabit conifer woodlands and savannah meadow including Balsamorhiza sagittata (arrowhead balsamroot), Dephinium nuttallianum (Nuttall’s larkspur), Lupinus spp. (lupines), Achillea millefolium (yarrow), Lithophragma bulbifera (bulberous fringecap), Eriogonum heracleoides (parsnipflower buckwheat), and Sisyrinchium inflatum (purple-eyed grass). Outcrops of basalt rock are also a common geologic feature of this habitat type.
Mixed Conifer. At slightly higher elevation, dry ponderosa pine woodlands begin the transition into more mixed conifer forest. Mixed conifer habitats are predominately coniferous forests with some deciduous trees present. Factors such as elevation and moisture availability play an important role in determining community composition (Cooper et al. 1991). Pseudotsuga menziesii (Douglas fir) is widely distributed throughout this habitat type and is the dominant tree species at lower elevations. Successional areas within Douglas fir sites may be populated with Larix laricina (western larch) and Pinus contorta (lodgepole pine). Isolated individuals of ponderosa pine might exist in drier micro-sites, with occurrences of Abies grandis (grand fir) and Acer glabrum (Rocky mountain maple) in wetter areas. As elevation and moisture availability increase, Abies grandis (grand fir) becomes dominant or co-dominant to Douglas fir and forms new associations with Abies lasiocarpa (subalpine fir), Picea engelmanii (Engelmann’s spruce), Thuja plicata (western red cedar), and Pinus monticola (western white pine). Within the mixed conifer habitat type there is great shrub diversity. The understory may exist in dense thickets with multiple strata to clearings with fewer occurrences. Phasocarpus malvaceus (ninebark), Holodiscus discolor (oceanspray), Symphoricarpos albus (snowberry), Berberis repens (creeping oregongrape), Spiraea betulifolia (birch-leaf spiraea), Rosa gynmnocarpa (baldhip rose), and Pachistima myrsinites (mountain boxwood) are all good representatives. Less common is Ceanothus velutinus (shiny-leaf ceanothus). A variety of forbs that may act as indicators for this habitat-type include Thalictrum occidentale (meadowrue), Arnica cordifolia (heart-leaf arnica), Linnaea borealis (twinflower), Smilacina spp. (false Solomon’s seal), Osmorhiza chilensis (sweet cicely), Chimaphila umbellatum (pipsissiwa), and Galium spp. (bedstraw).
Riparian Forest. Riparian forests include treed areas adjacent to streams, rivers, and lakes. Depending on elevation and topography, these forests can be dominated by deciduous or coniferous trees. For the UWMEP project, this habitat is defined as being predominantly deciduous. Dominant tree species might include Populus trichocarpa (black cottonwood), Populus tremuloides (quaking aspen), or Alnus rubra (red alder). Other trees that might be present are Betula spp. (birch), Salix spp. (willows), and Rhamnus purshiana (cascara). Riparian forests are often seasonally flooded to varying degrees. As such, water tolerant shrubs such as Cornus sericea (red-osier dogwood) and Spiraea douglasii (Douglas’s spiraea) are often associated with this habitat type. However, it is also possible that vegetation within the forested area will be composed entirely of upland species (Guard 1995). Plants identified with  flooded areas include Dryopteris austriaca (wood fern), Lycopus americanus (skunk cabbage), Myosotis laxa (forget-me-not), Impatiens aurella (orange impatiens), and Equisetum spp. (horsetail). 
Riparian Shrub. Riparian shrub habitat is found adjacent to seasonal or permanent water areas. These places are dominated by dense thickets of shrubs with either no trees present or only sparse “open-canopy” cover. Although species composition can vary due to flooding dynamics and soil type, some species are typically associated with this habitat. Taller shrubs might be Salix spp. (willows), Alnus spp. (alders), and Crataegus douglassi (black hawthorn). Smaller shrubs include Spiraea douglassi (Douglas’s spiraea), Cornus sericea (red-osier dogwood), and Rosa spp. (rose). If trees are present they are fewer and of less significance, including Populus trichocarpa (black cottonwood) and Populus tremuloides (quaking aspen). The understory is variable and might include grasses, sedges, and forbs common to either Mixed Conifer or Riparian Forest habitat types depending on local conditions. This habitat type is also inclusive of areas formerly classified as “shrub scrub” in previous ISRP publications. 
Wetland Meadow. Wetland Meadow habitat encompasses seasonal floodplain meadows that are wet in springtime but that typically dry by mid-summer. This habitat is dominated by a variety of Carex spp. (sedges) and Juncus spp. (rushes). Eleocharis palustris (creeping spikerush), Luzula campestris (sweep’s brush), and Juncus ensifolius (swordleaf rush) might also be present. Grasses native to this habitat include Calamagrostis canadensis (blue-joint) and Agrostis spp. (bent-grass). On disturbed sites that have been grazed by cattle or drained for farmland, non-native pasture grasses such as Phleum pretense (timothy), Alopecurus pratensis (meadow foxtail), and Poa pratensis (Kentucky bluegrass) can become established (O'Connell 2008). Perennial and annual forbs are also well represented and include Potentilla gracilis (graceful cinquefoil), Ranunuclus spp. (buttercup), Lupinus polyphyllus (bigleaf lupine), Senecio spp. (groundsel), Triteleia hyacinthina (hyacinth brodiaea), Castilleja spp. (paintbrush), and Camassia quamash (blue camas). 
Emergent Wetland. Emergent wetland marshes retain sufficient standing or soil water to support the dominant species Typha latifolia (cattail), as well as other obligate and facultative wetland species. The dominant cattails might occur in pure stands or in mosaics with Scirpus tabernaemontani (soft-stem bulrush). Also common are Sparaganium eurycarpum (giant bur-reed), Eleocharis spp. (spikerush), Polygonum spp. (smartweeds), and several types of Carex spp. (sedge). Aquatic open water areas in the center of the cattail marsh support a number of floating plants such as Lemna minor (common duckweed), Spirodela polyrhiza (greater duckweed), and Nuphar lutea (yellow pond lily). The introduced grass Phalaris arundinacea (reed canary grass) is also widespread. At the margins of emergent wetlands, perennial and annual facultative wetland species can be found among the sedges and rushes. These include Scutellaria galericulata (marsh skullcap), Mentha arvensis (field mint), Lysichiton americanus (water whorehound), and Stachys rigida (rigid hedge-nettle).
Reference and Mitigation Sites 
Reference Sites. To evaluate change for mitigation sites, areas that represent a desired future condition need to be selected as reference sites. A minimum of two reference sites per habitat type will be selected as recommended by (White and Walker 1997). These sites are chosen pragmatically as the best available representative habitats. When available and applicable the scientific literature will provide an additional source of reference benchmarks for project evaluation. Each reference is sampled for 3 consecutive years to incorporate inter-annual variation.
Through the Albeni Falls Monitoring Plan, monitoring has already been conducted on four of the habitat types: riparian forest, riparian shrub, wetland meadow, and emergent wetland. The addition of four new habitat types required that reference sites be located for shrub-steppe, grassland steppe, conifer woodland, and mixed conifer. Suitable sites for conifer woodland and mixed conifer have been selected at the Turnbull National Wildlife Refuge and Spokane Tribe of Indians. Permission has been granted for sampling to take place over the next three years. Suitable shrub-steppe and grassland steppe that exist on federal and state lands have been identified, and final selection and permissioning should be completed in spring 2009.
Mitigation Sites. Once the baseline is constructed, mitigation sites targeted for management are selected on each of the managed parcels. An initial outcome of UWMEP has been coordination between researchers and UCUT wildlife managers to identify criteria for the selection of potential restoration lands for future monitoring.
The Albeni Falls Work Group (2001) used a stratified-random sampling design to determine the location of mitigation sample sites. The protocol required that a permanent grid with spacing of 200 m be established on each mitigation property using Universal Transverse Mercator (UTM) coordinates. Grid points were sequentially numbered and represented potential mitigation sample points that could be randomly selected by use of a random numbers generator. The 200-m spacing is equal to the preferred sample point separation for breeding bird point-count stations (Huff et al. 2000), and yields one potential sample point for every 4 ha of habitat. Closer grid-point spacing decreases the probability that data from adjacent sample points are independent and increases the risk of double counting birds when using variable-radius point-count sampling techniques in particular. The Kalispel Tribe of Indians sampled approximately 10% of the points on their mitigation properties. We have applied a 200-m grid to the mitigation properties for all five Tribes. Because of the large increase in mitigation properties to be monitored, we determined quite quickly that it would not be possible to sample at a level of 10% of all mitigation properties. Working with tribal wildlife biologists, we began devising some simple rules to reduce the number of points and to make sampling logistically feasible: sampling points had to be >300 m apart, slopes <20%, and points within 1 mile of an access road. This exercise begs the question, however, of the number of points necessary for assessing change for a particular management or restoration strategy. 
This random sampling design makes no a priori distinction between sample points that fall on intact habitat where management is custodial and restoration sites where the management is active and community changes may be dramatic even in a short amount of time. At a programmatic and project scale this is appropriate to document the success or failure of conservation strategies from a long-term monitoring perspective. However, it may not provide managers with adequate feedback on the success of site-specific management prescriptions. 
Habitats that are structurally simple and have fewer species may need relatively few points, whereas those that are more complex and species rich may need more. In 2009, we plan to address this question by doing preliminary sampling for habitats that have not been examined previously (e.g., shrub-steppe).
About 20% of the selected sample points will be visited each year on a 5-year rotating basis. The use of rotating panels of sample points will allow us to effectively increase the sample size while still meeting the objectives of long-term monitoring within time and cost constraints (McDonald et al. 1998). Mitigation sites that are visited every 5 years are revisited at a sufficient frequency to capture long-term trends in population and community change. 
Monitoring Procedures
The methods for monitoring small mammal, breeding bird, and amphibian abundance, and structure and composition of vegetation on reference and mitigation sites largely follow those developed by wildlife biologists at Eastern Washington University for the Kalispel Tribe and adopted by the Albeni Falls Project Interagency Work Group (2001). As the regional approach to M&E is expanding into more habitat types and greater acreage than found on Kalispel lands, the adequacy of these methods is being evaluated. Prior to each year of vertebrate sampling, necessary permits will be obtained and the project will be reviewed by Eastern Washington University’s Institutional Animal Care and Use Committee. Our methods are summarized as follows.
Small mammals. The small mammal community is an important component of biological diversity in most ecosystems. Small mammals act as seed dispersal agents, their burrowing disturbs soil and creates microsites for seedling development, and they provide a prey base for higher trophic level consumers (Hallett et al. 2003). Monitoring species abundance, community diversity, and trends provides information that can be used to determine the effectiveness of management actions in moving towards conservation goals. 
Small-mammal populations will be sampled by removal trapping on a 9 by 5 grid centered at each sample point with 12-m spacing. Trapping will be conducted for 3 consecutive nights yielding a total of 270 trap nights per sample point. Grid point location, date of capture, and species will be recorded for each small mammal captured. In addition, each animal will be weighed (to the nearest 0.1 gram) and measurements will be taken for total body length, tail, hind foot, and ear (in mm). Specimens will be frozen for later autopsy to examine reproductive condition. For females, length and width of ovaries, number of placental scars (indicative of past pregnancies), number and length of any embryos will be measured. Testes length and width and length of the seminal vesicles will be measured for males. Skulls will be labeled and cleaned for positive species identification and some specimens will be prepared as study skins. If possible, a tissue sample will also be collected and stored in solution for genetic analysis at a future date.
Breeding birds. Monitoring the health and long-term stability of bird communities can provide an important measure of overall environmental health (Morrison 1986). Birds are good environmental monitors for several reasons: many species can be monitored simultaneously with a single method, methods for monitoring are well understood and standardized, birds occupy all habitat types, and as a community represent several trophic levels and habitat use guilds. Monitoring species abundance, community diversity, and trends provides information that can be used to determine the effectiveness of management actions in moving towards conservation goals. Point counts will be used to monitor breeding birds. Point counts are the most widely used quantitative method used for monitoring land birds and involve an observer recording birds from a single point for a standardized time period (Ralph et al. 1995). The methodology follows the recommendations of Ralph et al. (1995) and is consistent with the methodology employed by the U.S.D.A Forest Service Northern Region Land Bird Monitoring Project (Hutto et al. 2001) and recommendations for the Idaho Partners in Flight Bird Monitoring Plan (Leukering et al. 2000). 
Each mitigation or reference point is the center of a point-count station. The focal survey area consists of a 50-m radius circle around each birding station. At each site an 8-minute point count will be conducted. Data are recorded in three time periods (0-3 minutes, 3-5 minutes, and 5-8 minutes). All birds observed during this time will be recorded for presence/absence data. Point counts should be started at 15 minutes after official sunrise and completed by 10:00 a.m. Weather conditions can have a great influence on the effectiveness of a survey. Because most birds are observed by sound, wind or rain can mask songs or call notes enough that they are not discernible to the observer. High wind and heavy rain can also force high canopy foragers to take shelter or generally decrease the morning activity of most birds. Surveys are not conducted, or are discontinued, if these weather conditions exist.
All points will be visited a minimum of five times during the breeding season (mid-May to early July) with a minimum of 7 days between counts. To the extent possible, the order of visits to the point-count stations will be reversed for each entry. This increases the probability of observing both early and late morning singers across the point count stations. To maximize the probability of recording all bird species present on a site regardless of variable arrival and breeding times, surveys are scheduled so that each site is visited at regular intervals throughout the breeding season.
Field observers should be highly qualified to detect birds by sight and sound. Fixed-radius plots (where the radius is arbitrarily small) reduce the interspecific difference in detectability by assuming that: a) all the birds within the fixed-radius are detectable; b) observers do not actively attract or repel birds; and c) birds do not move into or out of the fixed-radius plot during the counting period. This allows for comparisons of abundance among species. Unlimited radius plots maximize the amount of data collected because they include all detections and are appropriate when the objective is to monitor population changes within a single population (Ralph et al. 1995). Birds should be tallied in two distance bands, one 0-50 meters from the point center and one >50 meters from the point center. This will maximize data collection while permitting interspecific analysis. Additional information on establishing point count stations, data collection, and sample data forms can be found by referencing (Ralph et al. 1993, Ralph et al. 1995) and (Huff et al. 2000).
Amphibians. Amphibians are important components of ecosystem biodiversity that are frequently overlooked by fish and wildlife habitat managers. There is growing worldwide concern about declines in populations of amphibians (Blaustein and Wake 1990). Permeable skin and a life cycle that involves both aquatic and terrestrial habitats make amphibians especially susceptible to altered conditions they may encounter in their habitat. They can serve as indicators of environmental health. Local management activities may disproportionately affect amphibians (and reptiles) because of their relatively sedentary lives in contrast to species with greater mobility such as larger mammals and birds. Many wildlife mitigation properties, especially those not yet acquired, have never been intensively surveyed for herptofauna. We have designed this monitoring program to provide managers with information about what species presently occur on individual projects (the inventory phase) and to provide them with information about the effectiveness of their habitat management practices (monitoring phase) toward benefiting the species assemblages that occur there.
Where appropriate (i.e., water < 500 m of sampling point), amphibian populations will be monitored by larval trapping using collapsible minnow traps. Larval trapping is a sampling method well-suited for amphibians (Heyer et al. 1994). Larval traps to be used are collapsible minnow traps modified to make the openings smaller. Transects of traps will be established in open water areas near the permanent or reference points. Five traps will be placed at each location, with each trap attached to a single rebar pole. Traps will be set out for 5 days at each site during each of two trapping periods, one in early summer (mid-June through mid-July) and again in late summer (August through mid-September). Salamander or frog larvae are identified using keys in (Nussbaum et al. 1983), measured for snout-vent length, and examined for larval stage. Water depth will be measured for each capture. Fish should also be identified and counted.
Vegetation. Vegetation provides habitat for wildlife species. The primary issues regarding the conservation and restoration of vegetation and wildlife habitats are plant community composition, structure, and ecosystem function. The goal of vegetation sampling is to collect comparative information on herbaceous vegetation, shrubs, and trees on both reference and mitigation points. 
The frequency and percent cover of ground vegetation and substrate features will be measured. Unless precluded by plant condition (e.g., seedling), all plants will be identified to species. For the Kalispel Tribe 2002-2006 dataset, ground vegetation and substrate were measured using a 20 x 50-cm plot placed at the center of each site point and on alternating sides of a 16-m transect radiating in each of the cardinal directions from the site point for a total of 17 plots. Species of herbaceous vegetation and substrate features (e.g., rock, litter) were recorded and assigned to 1 of 6 cover categories (Daubenmire 1959). The height (to nearest cm) of the tallest vegetation rooted in the plot was measured at three points along the midline of the plot frame. In tall marsh vegetation, the plot frame used is 3-sided (open on 1 of the 50-cm sides) to be able to slide the plot into the vegetation rather than placing over the vegetation. Instead of cover class, the number of stems of cattails and bulrushes are recorded. 
The primary habitats monitored for the Kalispel Tribe were riparian forest, riparian shrub, wetland meadow, and emergent wetland. These habitats have relatively simple vegetation structure and consistent species distribution in comparison with the four additional habitats (i.e., shrub-steppe, grassland steppe, conifer woodland, mixed conifer) to be sampled because of the broader geographical area. Because some habitats (e.g., shrub-steppe, conifer woodland) are likely to have a patchier distribution of plant species, we will extend our initial evaluation of the adequacy of the vegetation sampling protocols. In 2008, we experimented with longer transects to increase both sample size and area sampled and with a nested-plot design (Smith et al. 1986). 
To compare these protocols for measuring ground cover vegetation in the conifer woodland, we sampled the ground cover at 1 site at Turnbull National Wildlife Refuge by the following: 1) 17 50x20 cm “Daubenmire” plots along 16-m transects; 2) 33 50x20 cm “Daubenmire” plots along 32-m transects; 3) 17 nested plots along 16-m transects (3 nested plots per plot); 33 nested plots along 32-m transects (3 nested plots per plot). The nested-frequency technique divides a 1-m2 quadrat into three areas: 1% (10 x 10 cm), 10% (31.6 cm x 31.6 cm), and 100% 100 x 100 cm). Using this methodology, the observer first records the presence of all species occurring in the 1% plot, next records all new species encountered in the 10% plot, and then records any new species encountered in the 100% plot. The number of species recorded increased when the transect length was extended from 16 to 32 m (Table 2). The number of species recorded was lowest for the smallest nested plot (1% of plot; 10 x 10 cm) and greatest for the largest nested plot (100% of plot; 100 x 100 cm) for each transect length (Table 2). Given that the 32-m nested plots captured the greatest number of species, we examined similarity indices between the different methods (Chao et al. 2005). The similarity index between the 32-m nested plots and the16-m Daubenmire plots and was low (0.69), whereas those between the 32- m Daubenmire plots and the 32-m nested plots (0.97) and the 16-m nested plots (0.89) were higher. These studies were conducted only for conifer woodland. Similar studies will be conducted for the additional new habitat types commencing in 2009 (e.g., shrub-steppe, grassland steppe). 

Table 2. Number of ground cover species recorded in fixed 50 x 20-cm plots and nested plots along 16-m and 32-m transects in conifer woodland habitat at Turnbull National Wildlife Refuge. 

	
	Transect Length

	
	16 m
	32 m

	
	Daubenmire
	1% Nested Plot
	10% Nested Plot
	100% Nested Plot
	Daubenmire
	1% Nested Plot
	10% Nested Plot
	100% Nested Plot

	Number of Species
	22
	15
	26
	31
	37
	29
	39
	53




Shrubs will be measured along two 2-m wide by 32-m long belt transects centered on the sample point. The species and the size (length x width x height) of each shrub will be recorded. The height of the shrub is assigned to 1 of 4 categories (1 – below knee; 2- knee to waist; 3 – waist to shoulder; 4 – above shoulder). 
Number of trees by species and diameter at breast height (dbh) size class will be recorded within four 16 × 16-m plots centered on each reference or mitigation point in 6 size classes. Size classes are: 1) 4-10 cm; 2) 11-25 cm; 3) 26-50 cm; 4) 51-75 cm; 5) 76-100 cm; 6) > 100 cm. In order for something to be considered a tree it must have a minimum dbh of at least 4 cm and a single stem. If it has multiple stems it is considered a shrub. The number of standing dead trees (i.e., snags) will be recorded by species, size class, and stage of decay. The three classes are (1) recently dead, little decay, retention of bark, branches, and top, (2) evidence of decay, loss of some bark and branches and possibly part of the top, and (3) extensive decay, missing bark and most branches, and broken top. This classification scheme is easier to apply consistently in the field than other schemes that include as many as nine classes (e.g., Thomas 1979). Fallen dead trees are considered ‘logs’ and are not measured in this protocol.
Data analysis. The data obtained through the above procedures allow description of both the relative abundance and species diversity of vertebrates, and the structure and composition of the vegetation. For example, relative abundance will be quantified 1) for birds as number of detections per point; 2) for mammals as the number of captures per 100 trap nights; and 3) for amphibians as the number per trap night. Specific additions or losses of species that might be indicative of changes in restored lands can also be determined. Another approach considers overall similarity in the composition of species assemblages between reference and mitigation areas. Temporal comparisons of reference sites can also indicate annual variation in occurrence of species. Recent probabilistic models for estimating compositional similarity incorporate relative abundance and consideration of shared species that might not be detected during sampling (Chao et al. 2005). These models are particularly appropriate for assessment monitoring which cannot be exhaustive. For example, over the course of four field seasons of the Kalispel project, a total of 125 bird species were recorded after >15,000 individual observations. Of these species, 26 were observed <10 times, whereas the most common species was observed 1,244 times. Application of Chao’s modified Jaccard similarity index to these data for reference sites showed consistent between year similarities averaging 84% (± 8% SD). Comparisons of permanent sites to their matched reference sites produced mean similarities of 63% (± 14% SD, range = 33-93%). These data suggest that significant changes at mitigation points may be detected over time by comparing compositional similarity with reference points, but also by temporal comparisons at multi-year intervals. 
When data become available for reference sites for all eight habitat types, we may find that the similarity of reference sites to themselves (i.e., annual comparisons) may vary across habitats. This level of similarity may then indicate an upper limit for changes that might come about from management or restoration activities. Managers may then determine a threshold for success that may be, for example, 10% less than this upper limit. 
Data acquisition, storage, and retrieval 
A key component of the UWMEP approach is a coordinated and accessible data management system. Sampling data and related products will be stored in a common database and be made available to managers via a web interface at www.uwmepdata.org. Data collected during monitoring on Kalispel Tribal lands during 2002-2006 have been converted from Microsoft Access files to Microsoft SQL Server 2008 and are available in the prototype website. This database system has several advantages: (1) the database can reside on a web server to allow access from any location, (2) backup of the entire database is straightforward, (3) there are many options for querying and manipulating data, (4) data tables can be easily accessed with statistical software (e.g., SAS), and (5) new geographical data types are now available for use with geographical information systems (ArcGIS). 
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Appendix 1. The number of acres of mitigation lands that are in each of the eight priority habitat types listed by mitigation unit for the five Tribes.
	
	Shrub-steppe
	Grassland steppe
	Conifer Woodland
	Mixed Conifer
	Riparian Forest
	Riparian Shrub
	Wetland Meadow
	Emergent Wetland
	Tribe Totals

	Coeur d' Alene
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Benewah
	
	
	
	183
	
	86
	105
	
	374

	Goose Haven
	
	
	87
	25
	
	
	348
	14
	474

	Windy
	
	
	
	119
	
	4
	6
	2
	131

	Cougar
	
	
	
	120
	17
	10
	8
	3
	158

	Hangman
	
	
	445.7
	
	750.1
	
	
	
	1196

	Trout
	
	
	
	214
	
	1.5
	3
	0.5
	219

	Sullivan
	 
	
	
	2
	8
	
	28
	9
	47

	Hepton
	
	
	
	2
	6
	
	77
	1
	86

	Total Cd'A
	0
	0
	532.7
	665
	781.1
	101.5
	575
	29.5
	2685

	
	0%
	0%
	20%
	25%
	29%
	4%
	21%
	1%
	100%

	Colville
	
	
	
	
	
	
	
	
	 

	W. Kuehne
	2010
	
	594
	1052
	8
	147
	
	
	3811

	H. Kuehne
	1404
	
	591
	1604
	200
	116
	
	
	3915

	Berg Bros.
	1774
	3108
	150
	
	
	73
	
	
	5105

	Berg 20%
	727
	673
	380
	
	
	20
	
	
	1800

	Nespelem Bend
	257
	
	
	
	
	75
	
	
	332

	Redford Canyon
	185
	
	30
	
	
	
	
	
	215

	Friedlander
	
	
	
	35
	
	25
	
	
	60

	Sand Hills
	564
	
	
	836
	
	
	
	
	1400

	Graves
	1863
	700
	
	
	
	167
	
	
	2730

	Tumwater
	3600
	3059
	
	
	
	150
	
	
	6809

	White Lakes
	1488
	2972
	
	
	
	11
	
	
	4471

	Boot Mtn
	5114
	
	545
	
	
	27
	
	
	5686

	Rattlesnake
	486.7
	
	
	8830
	21.9
	107.2
	
	
	9446




Appendix 1. Continued
	
	Shrub-steppe
	Grassland steppe
	Conifer Woodland
	Mixed Conifer
	Riparian Forest
	Riparian Shrub
	Wetland Meadow
	Emergent Wetland
	Tribe Totals

	Colville
	
	
	
	
	
	
	
	
	 

	Hinman
	170
	600
	
	
	
	
	
	
	770

	Agency Butte
	
	2368
	
	
	
	20
	
	
	2388

	CCT Land Near Graves
	75
	
	
	
	
	5
	
	
	80

	Covington
	
	129
	
	
	
	
	
	
	129

	Redthunder
	1164
	
	
	133
	
	38.5
	
	
	1335

	Jacobson
	914
	
	132
	342
	
	69
	
	
	1457

	Total CCT
	21796
	13609
	2422
	12832
	229.9
	1050.7
	0
	0
	51939

	
	42%
	26%
	5%
	25%
	<1%
	2%
	0%
	0%
	100%

	Kalispel 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Flying Goose Ranch
	
	
	
	89
	78
	13
	245
	134
	559

	Trimble Creek
	
	
	
	54.1
	16.7
	44.8
	714.1
	70.2
	900

	Tacoma Creek
	
	
	
	130.5
	45.5
	38.4
	181.5
	98
	494

	Priest River
	
	
	
	22
	4
	29
	114
	9
	178

	Sandpoint
	
	
	
	417
	21
	4
	61
	88
	591

	Big Meadows
	
	
	
	75
	25
	20
	440
	50
	610

	Sand Creek
	
	
	
	72
	3
	
	
	5
	80

	Carney
	
	
	
	
	
	15
	390
	27
	432

	Twigg
	
	
	
	
	
	1.6
	161
	5.9
	169

	Total KTOI
	0
	0
	0
	859.6
	193.2
	165.8
	2306.6
	487.1
	4012

	Cover Type as % of Total 
	0%
	0%
	0%
	21%
	5%
	4%
	58%
	12%
	100%

	Kootenai
	
	
	
	
	
	
	
	
	 

	Trout Creek
	
	
	
	75
	16.3
	
	95.2
	
	186.5

	Perkins Lake
	
	
	
	36.7
	
	14.5
	
	47.6
	98.8

	Total KTI
	0
	0
	0
	111.7
	16.3
	14.5
	95.2
	47.6
	285.3

	Cover Type as % of Total 
	0%
	0%
	0%
	39%
	6%
	5%
	33%
	17%
	100%




Appendix 1. Continued
	
	Shrub-steppe
	Grassland steppe
	Conifer Woodland
	Mixed Conifer
	Riparian Forest
	Riparian Shrub
	Wetland Meadow
	Emergent Wetland
	Tribe Totals

	Spokane
	
	
	
	
	
	
	
	
	 

	Castle 1-4 
	98.4
	11.2
	60.5
	1032.8
	59.8
	11.9
	
	
	1274.6

	McCoy 1-3 
	23.3
	3.1
	
	653.1
	13.2
	 
	
	
	692.7

	East McCoy
	131.5
	89.9
	
	360.9
	1
	42.2
	
	
	625.5

	West McCoy
	145
	410
	
	654.8
	
	162.6
	
	
	1372.4

	Turtle 1-8 
	
	
	
	857.7
	49.4
	
	
	
	907.1

	Wellpinit 1-13
	
	9
	
	937.8
	11.5
	
	
	
	958.3

	A184C
	
	
	
	10
	
	
	
	
	10

	A13B
	
	
	
	51.8
	
	5.2
	
	
	57

	T67B
	
	
	
	75.5
	5.1
	
	
	
	80.6

	T65C
	15.7
	
	
	17
	6.5
	
	
	
	39.2

	A1052
	72.9
	 
	
	
	
	
	
	
	72.9

	Peaks
	250.3
	
	
	97.6
	
	
	
	
	347.9

	A75
	42.4
	
	
	16.2
	
	
	
	
	58.6

	T283
	
	
	
	84
	
	7.1
	
	
	91.1

	A599
	
	
	
	80
	
	
	
	
	80

	A314
	
	
	
	67.5
	7.5
	
	
	
	75

	A1073_74
	
	
	
	182.4
	16.6
	
	
	
	199

	A1074M
	1.7
	
	
	78.5
	13.7
	
	
	
	93.9

	T401A
	10.7
	
	
	19.4
	
	4.5
	
	
	34.6

	T1354
	
	1.3
	
	31
	7.4
	
	
	
	39.7

	Blue Creek
	169.4
	
	667
	
	
	
	
	
	836.4

	Total STOI
	961.3
	524.5
	727.5
	5308
	191.7
	233.5
	0
	0
	7946.5

	
	12%
	7%
	9%
	67%
	2%
	3%
	0%
	0%
	100%
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