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T E C H N I C A L  M E M O R A N D U M    

 

Vegetation Technical Report 
Saddleback Wind Project EIS 
Skamania County, Washington  

 

Criteria and Methodology 

The vegetation study area includes the area of a proposed substation, turbine strings, and 
their associated access roads, and existing secondary roads proposed for improvement. 
Vegetation was surveyed in a 300-ft corridor centered on proposed turbine strings and their 
associated access roads, in 50-foot corridors adjacent to existing roads proposed for 
improvement in conjunctions with this project, and in 25 additional acres in three locations 
proposed for staging areas and location of a substation (Figure 1). 

Numerous vegetation classification systems are available for characterizing the plant 
communities across a landscape. The classification system used for this analysis was USDA 
Forest Service classification system (Brown 1985).  It was selected for: (1) ability to address 
the variety of vegetation conditions in the study area; and (2) ability to interpret their 
function as wildlife habitat.  

The aerial photographs are DNR orthophotos taken in January 2002 and were scaled to 
1:600, and a. maximum 3-foot resolution. 

The available color photo coverage was overlain with the project base map, and vegetation 
types within the study area were digitally mapped using scanned color aerial photographs 
and ER Mapper 6.3 software by Earth Resources. Photographic signatures were calibrated 
using field observations. Final maps of the approximate vegetation type boundaries were 
adjusted using field survey observations, field notes, field maps, and oblique photos. Areas  

The USDI Fish and Wildlife Service (USFWS), and the Washington Natural Heritage 
Information System (WNHIS) were consulted for information on the existence of special 
status plant species and important habitats that would support special status species in the 
project vicinity. 

Special status plant species are native species that have been accorded special legal or 
management protection because of concern for their continued existence. There are several 
categories of protection, depending on the magnitude of threat to continued existence, and 
existing knowledge of population levels. Any plant species that is in danger of extinction 
throughout all or a significant portion of its range is defined as "endangered." A 
"threatened" species is a species that is likely to become endangered in the foreseeable 
future.  Species of concern are candidates for listing as endangered or threatened. 



SADDLEBACK WIND PROJECT 
SKAMANIA COUNTY, WASHINGTON 

PDX/APPENDIX C-1.DOC 2 

Insert Figure 1   Study Area  
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A search of the WNHIS database for records of listed or proposed threatened or endangered 
plant species was conducted. Records of special status species documented within two miles 
of the proposed project area were obtained. Also, species records for a large area 
surrounding the project vicinity were obtained to indicate potentially occurring species that 
may not been recorded because of a lack of detailed surveys for these species. 

Affected Environment 

Vegetation Communities 

The project area is located in the Southern Washington Cascades Province (Franklin and 
Dyrness 1988). This area is characterized by generally accordant ridge crests separated by 
steep, deeply dissected valleys. The project falls within the Abies grandis and Pseudotsuga 
menziesii major vegetation zones (Franklin and Dyrness 1988). Climate is wet and cool, 
receiving a significant portion of its precipitation in the form of snow which accumulates in 
winter snowpacks as deep as 1 to 3 meters.  

The project area is located specifically on Underwood Mountain northwest of White 
Salmon, Washington. Major drainages in the area include the White Salmon and the Little 
White Salmon River basins to the east and west of the site respectively. Both basins drain to 
the Columbia River south of the site, which drains to the Pacific Ocean.  

Historically, the project area was dominated by coniferous species—grand fir (Abies grandis), 
and Douglas-fir (Pseudotsuga menziesii). Historical species dominance was dependent on 
elevation, aspect, underlying soil, and previous disturbance history (Franklin and Dyrness 
1988). Mixed conifer and deciduous forest stands usually followed disturbances, but 
occasionally deciduous-dominated stands developed, depending on the disturbance type 
and physical environment. Typical deciduous species were alder (Alnus rubra, A. sinuata), 
Pacific dogwood (Cornus nutallii), and big-leaf maple (Acer macrophyllum).  

The predominant land use in the surrounding area between Underwood Mountain and the 
Little White Salmon River is commercial forest production. Some land east of the Little 
White Salmon is zoned for 2-, 5-, and 10-acre residential use, but the land is currently in 
commercial timber production and is owned by SDS Lumber Company and Broughton 
Lumber Company, and the Washington Department of Natural Resources. The rural 
communities of Mill A and Willard are both located west of the Little White Salmon River.  
Mill A, the closer of the two communities, is approximately 1.5 miles from the nearest 
turbine site. Willard is approximately 2.25 miles north of the nearest turbine site in the A 
string. 

Current vegetation conditions are heavily influenced by forest management activities over 
the last century. Land in the project area is privately owned, managed industrial forest. 
While forest management has not reduced tree species diversity, it has resulted in a shift in 
species dominance to the commercially valuable Douglas-fir and in changes to stand 
structure and complexity, patch size, and species distribution. Average stand age probably 
declined from relatively short stand rotation ages. Few large, old conifer trees occur in the 
project area and there are no known late-successional or “old-growth” stands within or 
adjacent to the project area, though small groups of big trees occur.   
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Common understory plants include sword fern (Polystichum munitum), vanilla leaf (Achlys 
triphylla), false Solomon’s seal (Smilacena racemosa), western starflower (Trientalis latifolia), 
Columbia windflower (Anemone deltoidea), snowberry (Symphoricarpos albus), vine maple 
(Acer circinatum), Oregongrape (Berberis nervosa), red-flowering currant (Ribes sanguineum), 
and red elderberry (Sambucus racemosa). A list of all plant species observed within the 
project area is found in Table 1. 

The vegetation communities within the project area are common within the region and 
maintained through forest management, and to a lesser extent natural disturbance. Because 
of private ownership, rugged landscape, and the value of high-volume timber producing 
land, these vegetation communities are expected to persist within the region during the 
foreseeable future 

Five vegetation communities and wildlife habitats were identified within the project area: 

• Grass-forb Stand (recent clearcuts) 

• Brushfield/Shrub Stand  

• Conifer-Hardwood Forest  

• Conifer Forest  

• Riparian - Deciduous 

The approximate acreage of each habitat type within the study area by turbine string, road, 
and other proposed impact areas is shown in Table 2.  The locations of the communities are 
shown in the vegetation community maps (Figure 2). These acreage figures and maps are 
based on June 2003 conditions. The locations and areas of plant communities will change 
over time through natural succession, forest development, and forest management. 

GRASS-FORB STAND 

Grass-forb Stands are found in the project vicinity in recently clearcut areas. Grass-forb is 
the stand condition in the USDA Forest Service classification system defined as areas where 
shrubs comprise less than 40 percent crown cover and are less than 5 feet tall (Brown, 1985). 
This stand type occurs when a disturbance such as timber harvest, fires, or wind has killed 
or removed most or all of the larger trees, or when brush fields are cleared for planting. 
These units may range from mainly devoid of vegetation to dominance by herbaceous 
species (grasses and forbs). Tree regeneration in these units is generally less than 5 feet tall 
and 40 percent crown cover.  

In Grass-forb stands within the project vicinity vegetation is minimal and consists 
predominantly of weedy herbaceous species, including bull thistle (Cirsium vulgare), Canada 
thistle (Cirsium arvense), and dandelion (Taraxacum officinale). These areas generally consist 
of ubiquitous coarse woody material (CWM), occasional slash piles, and large areas of bare 
ground. Within the project’s proposed impact area there are approximately 22.3 acres of 
grass-forb vegetation community.  
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Insert Table 1 p1 
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Insert Table 1 p2 
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Insert Table 1 p3 



SADDLEBACK WIND PROJECT 
SKAMANIA COUNTY, WASHINGTON 

PDX/APPENDIX C-1.DOC 8 

Insert Table 1 p4 
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TABLE 2   Vegetation Communities byTurbine String, Staging and Substation Areas, and Roads Proposed for 

Improvement 
Saddleback Wind Project 
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Insert Figure 2 Vegetation Community Map 
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BRUSHFIELD/SHRUB STAND 

Brushfields are defined as the shrub stand condition in the USDA Forest Service 
classification system (Brown 1985). They develop on land following clearcut tree harvesting 
or other disturbances that remove vegetation. In keeping with Washington Forest Practices 
Rules, Chapter 222 WAC, all harvest units are planted within 3 years after harvest or a 
period of from 1 to 10 years as determined by the department in the case of a natural 
regeneration plan and must maintain minimum stocking levels of 150 vigorous, well-
distributed undamaged seedlings per acre of commercial tree species.   
 
Thus the majority of brushfields are actually young plantations (typically Douglas-fir, 
although many landowners are now planting mixed species) that have not yet reached the 
closed canopy stage or shaded out the shrub species. The type may have large amounts of 
bare soil, and often has slash and other logging debris on the ground. Vegetation (other than 
planted conifers) often consists of remnants from the forest understory and early 
successional annuals. There are vine maple, Sitka alder, beaked hazelnut (Corylus cornuta), 
serviceberry (Amelanchier alnifolia), Himalayan blackberry (Rubus discolor), bracken fern 
(Pteridium aquilinum), sword fern, oceanspray (Holodiscus discolor), fireweed (Epilobium 
angustifolium), wooly yarrow (Achillea millefollium), pearly everlasting (Anaphalis 
margaritacea) and grasses as ground cover.  

Vegetation control has occurred in conjunction with forest management and includes 
herbicide application, mechanical control, or both. These areas are visually and functionally 
different from areas where control has not occurred. Despite control efforts, or where they 
have not occurred, dense shrub thickets frequently occur, dominated by the native vine 
maple. Within the thickets are small alders and Douglas-fir that occasionally grow taller 
than the vine maple. These areas also may have patches of alder saplings, salmonberry 
(Rubus spectabilis), vine maple, red elderberry, oceanspray, lupine (Lupinus sp. ), Oregon 
oxalis, and grass. Small diameter coarse woody material (CWM) is common. Within the 
project’s proposed impact area there are approximately 45.8 acres of brushfield/shrub 
vegetation community. 

CONIFER-HARDWOOD FOREST 

Conifer-Hardwood Forest is found in the project vicinity in the closed sapling-pole stand 
condition, under the USDA Forest Service vegetation classification system (Brown 1985).  
The forest canopy in these stands is dominated by a mix of bigleaf maple and Douglas-fir, 
with some red alder. Canopy height typically ranges from 40 to 60 feet. Canopy closure is 
between 60 and 80 percent. Maple forms about 30 percent of the canopy cover with 
Douglas-fir forming most of the rest of the canopy. Stands may have distinct tree canopy 
layers with deciduous overtopping emerging conifer or remnant conifer over the deciduous 
component. Stands with shrub layers that merge with the canopy layers are found in the 
project vicinity. The shrub layer varies from open to dense and contains vine maple, 
salmonberry, thimbleberry (Rubus parviflora), red elderberry, beaked hazelnut, and Pacific 
dogwood (Cornus nutallii). The herbaceous layer contains sword fern, trailing blackberry, 
oxalis, grasses, and moss. Within the project’s proposed impact area there are 
approximately 147.9 acres of conifer-hardwood vegetation community. 



SADDLEBACK WIND PROJECT 
SKAMANIA COUNTY, WASHINGTON 

PDX/APPENDIX C-1.DOC 12 

CWM is dependent on stand age, but is typically low to moderate. Deciduous snags out-
number conifer snags, although depending on stand origin, short well decayed conifer 
snags may be present. 

CONIFER FOREST  

Coniferous Forest is found in the project area in closed sapling-pole-sawtimber stands and 
large sawtimber stands. Within the project area and most of the region, Coniferous Forests 
are dominated by Grand fir and Douglas-fir. The closed sapling-pole-sawtimber is a 
continuum of tree diameter sizes with saplings being relatively small, poles being in the 8-12 
inch range, and sawtimber ranging from 12 to 23 inches. Important to these stand types is 
the closed canopy and relative short live crowns found in the pole and sawtimber stages. 
The closed canopy results in the exclusion of most shrub species and many herbs.  

CWM in this stage is typically low and consists of remnants from previous stands. Snags are 
typically rare, although small diameter snags become more frequent in the pole and 
sawtimber stages as shading and resource competition kills subdominants. 

Large sawtimber is considered to be at least 21 inches in DBH. Within-stand differentiation 
has begun and dominants are beginning to overtop and out-compete other tree species. 
Competition for space results in more light reaching the forest floor and shrub and 
herbaceous communities typically become more diverse. CWM and snags are generally rare, 
although the number of snags and amount of CWM may be variable amount stands, 
dependent on past harvest practices, stand management, and actual stand age. 

These forests are used for commercial forestry, and are generally regenerated after harvest, 
although some may be the result of natural disturbance combined with commercial 
planting. They are subject to timber management activities including harvest, replanting, 
and stand improvement activities. These forests are widespread in the project vicinity. 
Within the project’s proposed impact area there are approximately 85.8 acres of conifer 
vegetation community. 

RIPARIAN DECIDUOUS FOREST 

Natural and anthropogenic disturbances frequently result in domination by deciduous 
species in near-stream areas. Within the project area this type occurs in the area identified 
on the USGS topographic map as “Cedar Swamp.” Historically this area was dominated by 
very large, old cedar, which have been logged. The area is now dominated by willow and 
cottonwood (Populus balsamifera) with scattered occurrences of young cedar.   

The Cedar Swamp area consists of approximately 24 acres is located adjacent to the 
proposed impact area for Turbine String F.  

Special Status Plants 

Field Reconnaissance Surveys 

Reconnaissance and inventory surveys were conducted for sensitive species on two 
occasions. The survey chronology is presented in Table 3. 
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TABLE 3 

Field Survey Chronology for Sensitive Species 
Saddleback Wind Project 

Date Primary Purpose 

May 28-30, 2003 General habitat survey and survey for spring-blooming rare plant species  

July 28-29 Survey for summer blooming rare plant species 

 

The project study area for potential habitats included the following areas: 

• 300-foot corridors centered on all proposed turbine strings and their associated 
access roads,  

• 50-foot corridors on either side of existing all roads proposed for improvement in 
conjunction with the project,  

• an approximately 5-acre plot for proposed substation construction, and 

• one 15-acre and two five-acre areas identified as proposed construction staging 
areas.  

 
Study area boundaries are shown in Figure 1. Field surveys were performed by CH2M HILL 
botanists and ecologists familiar with rare plant species of the region. Surveys were 
conducted on May 28-30 and July 28-29, 2003 during optimum time for identification of 
target species. Total survey area was approximately 302 acres. Potential habitats supporting 
rare species within the project study area were surveyed on foot at an intensity level 
sufficient to confirm the presence or absence of targeted rare plant species identifiable at the 
time of the surveys. The surveyors kept a list of all vascular plants encountered. 
Observations of plant associations, land use patterns, and unusual habitats were recorded.  
  

Investigation Results 

Sensitive Plant Species. 

Pre-field Review. The search of the WNHIS database disclosed four rare plant populations 
documented as currently occurring within 2 miles of the project vicinity (Figure 3): 

• branching montia (Montia diffusa),  

• Suksdorf’s desert parsley (Lomatium suksdorfii),  

• Siskyou false hellebore (Veratrum insolitum), and  

• golden chinquapin (Chrysolepsis chrysophylla).  
 
Three rare plant populations are documented as historically occurring in the project vicinity:  

• bolandra (Bolandra oregana),  

• white-top aster (Aster curtis), and  

• branching montia.  
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Insert Figure 3
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One plant community identified as a Known High-Quality or Rare Plant Community and 
Wetland Ecosystem of Washington (WNHIS 2003) is documented as occurring within 2 miles of 
the project site. It is an Oregon white oak/Idaho fescue (Quercus garryana/Festuca idahoensis) 
vegetation community and is located along the drainage of the White Salmon River, 
approximately ½ mile north of its confluence with the Columbia River.  

In addition to the six plants species discussed above, twenty-three additional plant species 
were added to the survey list, based on the WNHIS list of rare plant species known to occur 
in Skamania County. Twenty-two of these species were documented by WNHP as occurring 
within 2 miles of the project site prior to 1977. Rare plant data collected prior to 1977 were 
vaguely mapped (a five-mile-diameter circle was used to map general location). Rare plant 
records collected since 1977 are more accurately mapped and have been included in this 
report. No rare plant species have been documented on the project site since 1977. 

The list of potential rare plant species for the project area, identified through prefield 
review, is presented in Table 4. 

Field Reconnaissance Surveys. Field reconnaissance surveys failed to locate any rare plant 
species or plant communities within the proposed project area. 

Environmental Consequences 

No Build Alternative  

The types and distribution of vegetation would be similar to the existing conditions because 
land use patterns would be about the same. The age and structure of vegetation in 
commercial timberland would change over time in a shifting mosaic. It is reasonable to 
assume that relatively small percentages of existing vegetation types would be affected by 
roadway maintenance and operations activities, and required modifications to maintain 
functionality of the roadway.     

Build Alternative 

See discussion of environmental consequences for the Build Alternative under the Wildlife 
section of this technical memorandum.  

Mitigation Concepts 

See discussion of mitigation concepts for the Build Alternative in the Wildlife section below. 
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Insert Table 4 p2
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1.0 Introduction 

CH2M HILL biologists conducted surveys for endangered, threatened, and sensitive plant 
species for the purpose of complying with state and federal permit requirements for the 
proposed Saddleback Wind project. BPA and Skamania County are the lead federal and 
state agencies that are responsible for identifying and evaluating the potential adverse 
environmental impacts of the proposed Project. The investigation was conducted in the 
vicinity of Underwood Mountain, approximately 7 miles northwest of the City of White 
Salmon, in an unincorporated area of Skamania County, Washington (Figure 1). The project 
area is situated adjacent to, but entirely outside of, the Columbia Gorge National Scenic 
Area.  

1.1 Proposed Project Activites 

PPM Energy, Inc. (PPM), proposes to build and operate a wind power facility at a site on 
private commercial forest land and a parcel owned by the Washington Department of 
Natural Resources (DNR). The planned facility will generate up to 86 megawatts (MW) of 
electricity and will consist of up to 48, 1.5 to 1.8-MW, wind turbines and associated support 
infrastructure, consisting of newly constructed and improved roads, transformers, 
underground 34.5-kilovolt (kV) collector lines, as well as a substation and operations and 
maintenance (O&M) facility. Collectively, the facility is known as the “proposed Project” or 
“Project.” 

The total project will consist of up to 48 wind turbines. Each turbine will be up to 
approximately 390 feet tall (measured from the ground to the turbine blade tip), and will be 
mounted on a concrete pad. Spaced about 347 to 462 feet apart, the turbines will be grouped 
in strings of 3 to 16 turbines and connected by an underground electrical collector system. 
The applicant has determined the location and the end points of each turbine string; 
however, the number of turbines within each string, and the spacing between each turbine, 
may vary depending on which turbine supplier is selected by PPM Energy. All ultimate 
turbine siting, spacing, and clear areas will be in accordance with industry standards and 
safety measures discussed later in this document. 

The turbines will operate at wind speeds ranging from 9 to 56 miles per hour (mph). The 
electrical output of each string of turbines will be connected to the Project substation by 
underground collector cables. The Project substation will be built directly adjacent to BPA's 
transmission lines, facilitating interconnection with the BPA grid. Access to the Project area 
will likely require use of about 5 miles of private logging roads and constructing about 3 
miles of new gravel roads on private land.  

1.2 Study Area 

The project area is located in the Southern Washington Cascades Province (Franklin and 
Dyrness 1988). This area is characterized by generally accordant ridge crests separated by 
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steep, deeply dissected valleys. The project falls within the Abies grandis and Pseudotsuga 
menziesii major vegetation zones (Franklin and Dyrness 1988). Climate is wet and cool, 
receiving a significant portion of its precipitation in the form of snow which accumulates in 
winter snowpacks as deep as 1 to 3 meters.  

The project area is located on the north and west flanks of Underwood Mountain, northwest 
of White Salmon, Washington. Major drainages in the area include the White Salmon and 
the Little White Salmon River basins to the east and west of the site respectively. Both basins 
drain to the Columbia River south of the site, which drains to the Pacific Ocean.  

Historically, the project area was dominated by coniferous species—grand fir (Abies grandis), 
and Douglas-fir (Pseudotsuga menziesii). Historical species dominance was dependent on 
elevation, aspect, underlying soil, and previous disturbance history (Franklin and Dyrness 
1988). Mixed conifer and deciduous forest stands usually followed disturbances, but 
occasionally deciduous-dominated stands developed, depending on the disturbance type 
and physical environment. Typical deciduous species were alder (Alnus rubra, A. sinuata), 
Pacific dogwood (Cornus nutallii), and big-leaf maple (Acer macrophyllum).  

The predominant land use in the surrounding area between Underwood Mountain and the 
Little White Salmon River is commercial forest production. Land within the proposed 
project area is currently in commercial timber production and is owned by SDS Lumber 
Company, Broughton Lumber Company, and the Washington Department of Natural 
Resources.  

Current vegetation conditions are heavily influenced by forest management activities over 
the last century. Land in the project area is privately owned, managed industrial forest. 
While forest management has not reduced tree species diversity, it has resulted in a shift in 
species dominance to the commercially valuable Douglas-fir and in changes to stand 
structure and complexity, patch size, and species distribution. Average stand age probably 
declined from relatively short stand rotation ages. Few large, old conifer trees occur in the 
project area and there are no known late-successional or “old-growth” stands within or 
adjacent to the project area, though small groups of big trees occur.   

Common understory plants include sword fern (Polystichum munitum), vanilla leaf (Achlys 
triphylla), false Solomon’s seal (Smilacena racemosa), western starflower (Trientalis latifolia), 
Columbia windflower (Anemone deltoidea), snowberry (Symphoricarpos albus), vine maple 
(Acer circinatum), Oregongrape (Berberis nervosa), red-flowering currant (Ribes sanguineum), 
and red elderberry (Sambucus racemosa). A list of all plant species observed within the 
project area is found in Table 1, Appendix A. 

The vegetation communities within the project area are common within the region and 
maintained through forest management, and to a lesser extent natural disturbance. Because 
of private ownership, rugged landscape, and the value of high-volume timber producing 
land, these vegetation communities are expected to persist within the region during the 
foreseeable future. 
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2.0 Methods 

2.1 Pre-field Review  

Prior to the field survey, a list of rare plant species potentially occurring within the project 
area was compiled. In identifying these species a plant was considered a special status 
species if it met one of the following criteria: federally or state listed or proposed as a rare, 
threatened, or endangered species (USFWS 1996 a&b); a federal candidate for listing 
(USFWS 1996 a&b); a Washington Natural Heritage Information System special plant 
(WNHIS 2003); or listed by the Washington Natural Heritage Program (WNHP) as a rare 
plant species known to occur in Skamania County (WNHP, March 2003). A species was 
determined to have some potential for occurring in the study area if it is known to occur in 
the vicinity or its known geographic range includes the study area, and if it is known to 
occur in habitats and elevations likely to occur in the study area. Twenty-nine special status 
species identified from these searches are shown in Table 2, Appendix B. 

Further data was collected regarding the habitat requirements, phenology, associated 
species, and taxonomy of these species. Taxonomic keys, monographs, species guides, and 
plant lists were collected to provide additional information. Several references were used to 
gather habitat descriptions for particular species and are noted in the reference section of 
this report. This information was used to focus the level of survey intensity in areas where 
site conditions indicated species habitat requirements were present. 

2.2 Field Investigation  

The purpose of the rare plant surveys was to locate all populations of special status plants 
within the project area, to precisely record and map their locations using GPS technology, 
and to determine the size and phenology of each rare plant population, and its microhabitat 
characteristics. Surveys were floristic in nature and were conducted according to the rare 
plant survey guidelines provided by the U.S. Bureau of Land Management  Survey Protocols 
for Survey and Manage Strategy 2 Vascular Plants (Whiteaker et al. 1998). 
 
Surveys for potential rare plant species within project area were conducted on May 28, 29, 
30 and July 28 and 29, 2003. This range of survey dates was selected to encompass all or a 
portion of the blooming times of all of the special status plants potentially occurring within 
the project area. The field surveys were performed by CH2M HILL botanists and ecologists 
familiar with rare plant species of the region. Potential habitats supporting rare species 
within the project study area were surveyed on foot at an intensity level sufficient to 
confirm the presence or absence of targeted rare plant species identifiable at the time of the 
surveys. The surveyors kept a list of all vascular plants encountered. Observations of plant 
associations, land use patterns, and unusual habitats were recorded.  
 
 



2.0  METHODS  

APPENDIX C-2.DOC 2-2 

Study area boundaries are shown in Figure 2. The project study area for potential habitats 
included: 

• 300-foot corridors centered on all proposed turbine strings and their associated 
access roads,  

• 50-foot corridors on either side of all existing roads proposed for improvement in 
conjunction with the project,  

• an approximately 15-acre plot for proposed substation construction, and 

• two 5-acre and five 2-acre areas identified as proposed construction staging areas. 
  

Two survey methods were used. An Intuitive Controlled Survey was conducted throughout 
the project site with a Complete Survey conducted in areas of high potential habitat. Protocol 
for these methods is as follows: 

 
Intuitive Controlled Survey 

For the entire project area an intuitive controlled survey was used. This method 

can also include a complete survey in habitats with the highest potential for rare 

plant species of concern.  

 

The surveyor traversed through the project area to see a representative cross 

section of all the major habitats and topographic features, looking for the target 

species while en route between different areas.  When the surveyor arrives at an 

area of high potential (that is defined in the pre-field review or encountered 

during the field visit), a complete survey for the target species is conducted.  

 

Complete Survey 

 

For areas where the most suitable habitat was located a complete survey was 

conducted. These surveys are defined as a 100 percent visual exam of the project 

area. 

 
All plant species encountered in the survey areas were identified to at least genus and to the 
level necessary to ensure that they were not special status plant species. Plant identification 
was aided using current taxonomic guides, including Flora of the Pacific Northwest (Hitchcock 
and Cronquist, 1996) and Wetland Plants of Oregon and Washington (Guard, 1995). A list of all 
plant taxa encountered was recorded in the field by turbine string, road, or 
staging/substation area. Collections were made for later determination of species that were 
not readily identifiable in the field. Final species determinations were made by keying 
specimens using standard references such as Flora of the Pacific Northwest (Hitchcock and 
Cronquist, 1996). A list of plants encountered within the project area during the rare plant 
survey is provided in Table 1, Appendix A. 
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FIGURE 2:  STUDY AREA 
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3.0 Results 

3.1 Plant Communities 

A total of five vegetation types occur within the areas included in project surveys: one 
wetland and four upland vegetation types. A description of these vegetation types follows.  

3.1.1 Wetland Vegetation 

Riparian Deciduous. Natural and anthropogenic disturbances frequently result in 
domination by deciduous species in near-stream areas. Within the project area this type 
occurs in the area identified on the USGS topographic map as “Cedar Swamp.” Historically 
this area was dominated by very large, old cedar, which have been logged. The area is now 
dominated by willow and cottonwood (Populus balsamifera) with scattered occurrences of 
young cedar.   

The Cedar Swamp area consists of approximately 24 acres is located adjacent to the 
proposed impact area for Turbine String F.   

3.1.2 Upland Vegetation. 

Grass-forb Stand. Grass-forb Stands are found in the project vicinity in recently clearcut 
areas. Grass-forb is the stand condition in the USDA Forest Service classification system 
defined as areas where shrubs comprise less than 40 percent crown cover and are less than 5 
feet tall (Brown, 1985). This stand type occurs when a disturbance such as timber harvest, 
fires, or wind has killed or removed most or all of the larger trees, or when brush fields are 
cleared for planting. These units may range from mainly devoid of vegetation to dominance 
by herbaceous species (grasses and forbs). Tree regeneration in these units is generally less 
than 5 feet tall and 40 percent crown cover.  

In Grass-forb stands within the project vicinity vegetation is minimal and consists 
predominantly of weedy herbaceous species, including bull thistle (Cirsium vulgare), Canada 
thistle (Cirsium arvense), and dandelion (Taraxacum officinale). These areas generally consist 
of ubiquitous coarse woody material (CWM), occasional slash piles, and large areas of bare 
ground. Within the project’s proposed impact area there are approximately 22.3 acres of 
grass-forb vegetation community.  
 
Brushfield/Shrub Stand. Brushfields are defined as the shrub stand condition in the USDA 
Forest Service classification system (Brown 1985). They develop on land following clearcut 
tree harvesting or other disturbances that remove vegetation. In keeping with Washington 
Forest Practices Rules, Chapter 222 WAC, all harvest units are planted within 3 years after 
harvest or a period of from 1 to 10 years as determined by the department in the case of a 
natural regeneration plan and must maintain minimum stocking levels of 150 vigorous, 
well-distributed undamaged seedlings per acre of commercial tree species.   
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Thus the majority of brushfields are actually young plantations (typically Douglas-fir, 
although many landowners are now planting mixed species) that have not yet reached the 
closed canopy stage or shaded out the shrub species. The type may have large amounts of 
bare soil, and often has slash and other logging debris on the ground. Vegetation (other than 
planted conifers) often consists of remnants from the forest understory and early 
successional annuals. There are vine maple, Sitka alder, beaked hazelnut (Corylus cornuta), 
serviceberry (Amelanchier alnifolia), Himalayan blackberry (Rubus discolor), bracken fern 
(Pteridium aquilinum), sword fern, oceanspray (Holodiscus discolor), fireweed (Epilobium 
angustifolium), wooly yarrow (Achillea millefollium), pearly everlasting (Anaphalis 
margaritacea) and grasses as ground cover.  

Vegetation control has occurred in conjunction with forest management and includes 
herbicide application, mechanical control, or both. These areas are visually and functionally 
different from areas where control has not occurred. Despite control efforts, or where they 
have not occurred, dense shrub thickets frequently occur, dominated by the native vine 
maple. Within the thickets are small alders and Douglas-fir that occasionally grow taller 
than the vine maple. These areas also may have patches of alder saplings, salmonberry 
(Rubus spectabilis), vine maple, red elderberry, oceanspray, lupine (Lupinus sp. ), Oregon 
oxalis, and grass. Small diameter coarse woody material (CWM) is common. Within the 
project’s proposed impact area there are approximately 45.8 acres of brushfield/shrub 
vegetation community. 

Conifer-Hardwood Forest. Conifer-Hardwood Forest is found in the project vicinity in the 
closed sapling-pole stand condition, under the USDA Forest Service vegetation classification 
system (Brown 1985).  The forest canopy in these stands is dominated by a mix of bigleaf 
maple and Douglas-fir, with some red alder. Canopy height typically ranges from 40 to 60 
feet. Canopy closure is between 60 and 80 percent. Maple forms about 30 percent of the 
canopy cover with Douglas-fir forming most of the rest of the canopy. Stands may have 
distinct tree canopy layers with deciduous overtopping emerging conifer or remnant conifer 
over the deciduous component. Stands with shrub layers that merge with the canopy layers 
are found in the project vicinity. The shrub layer varies from open to dense and contains 
vine maple, salmonberry, thimbleberry (Rubus parviflora),red elderberry, beaked hazelnut, 
and Pacific dogwood. The herbaceous layer contains sword fern, trailing blackberry, oxalis, 
grasses, and moss. Within the project’s proposed impact area there are approximately 147.9 
acres of conifer-hardwood vegetation community. 

CWM is dependent on stand age, but is typically low to moderate. Deciduous snags out-
number conifer snags, although depending on stand origin, short well decayed conifer 
snags may be present. 

Conifer Forest. Coniferous Forest is found in the project area in closed sapling-pole-
sawtimber stands and large sawtimber stands. Within the project area and most of the 
region, Coniferous Forests are dominated by Grand fir and Douglas-fir. The closed sapling-
pole-sawtimber is a continuum of tree diameter sizes with saplings being relatively small, 
poles being in the 8-12 inch range, and sawtimber ranging from 12 to 23 inches. Important to 
these stand types is the closed canopy and relative short live crowns found in the pole and 
sawtimber stages. The closed canopy results in the exclusion of most shrub species and 
many herbs.  
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CWM in this stage is typically low and consists of remnants from previous stands. Snags are 
typically rare, although small diameter snags become more frequent in the pole and 
sawtimber stages as shading and resource competition kills subdominants. 

Large sawtimber is considered to be at least 21 inches in DBH. Within-stand differentiation 
has begun and dominants are beginning to overtop and out-compete other tree species. 
Competition for space results in more light reaching the forest floor and shrub and 
herbaceous communities typically become more diverse. CWM and snags are generally rare, 
although the number of snags and amount of CWM may be variable amount stands, 
dependent on past harvest practices, stand management, and actual stand age. 

These forests are used for commercial forestry, and are generally regenerated after harvest, 
although some may be the result of natural disturbance combined with commercial 
planting. They are subject to timber management activities including harvest, replanting, 
and stand improvement activities. These forests are widespread in the project vicinity. 
Within the project’s proposed impact area there are approximately 85.8 acres of conifer 
vegetation community.  

3.2 Rare Plants 

No special status plant species were observed within the proposed project area in the course 
of the rare plant surveys.  
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Appendix A 
 Plant Species Observed  



TABLE 1  Plant Species Observed May 28-30 and July 28-29, 2003 
                  Saddleback Wind Project 

 Saddleback Wind Project, Skamania County Washington 
 May 28-30 and July 28-29, 2003 
   

1

  

 FAMILY SCIENTIFIC NAME COMMON NAME NATIVE   NON-NATIVE 
 Aceraceae 
 Acer circinatum vine maple X 
 Acer macrophyllum big leaf maple X 
 Apiaceae 
 Daucus carota Queen Anne's lace X 
 Oenanthe sarmentosa Pacific water -parsley X 
 Osmorhiza chilensis mountain sweet-cicely X 
 Sanicula crassicaulis Pacific sanicle X 
 Apocynaceae 
 Apocynum androsaemifolium spreading dogbane X 
 Araliaceae 
 Oplopanax horridus Devil's club X 
 Aristolochiaceae 
 Asarum caudatum wild ginger 
 Asteraceae 
 Achillea millefolium wooly yarrow X 
 Adenocaulon bicolor pathfinder 
 Anaphalis margaritacea pearly-everlasting X 
 Antennaria luzuloides woodrush pussytoes X 
 Centaurea cyanus bachelor's button X 
 Centaurea diffusa diffuse knapweed X 
 Chrysanthemum leucanthemum ox-eye daisy X 
 Cichorium intybus chicory X 
 Cirsium arvense Canada thistle X 
 Cirsium vulgare bull thistle X 
 Gnaphalium palustre marsh cudweed X 
 Hieracium albiflorum white-flowered hawkweed X 
 Hieracium scouleri wooly-weed X 
 Lactuca serriola prickly lettuce X 
 Taraxacum officinale dandelion X 
 Tragopogon dubius yellow salsify X 
 Berberidaceae 
 Achlys triphylla vanilla leaf X 
 Berberis nervosa Cascade Oregongrape X 
 Vancouveria hexandra white insideout flower X 
  Betulaceae 
 Alnus sinuata Sitka alder X 
 Corylus cornuta beaked hazelnut X 
 Boraginaceae 
 Cryptantha flaccida common cryptantha X 
 Brassicaceae 
 Erysimum occidentale pale wallflower X 
 Campanulaceae 
 Campanula scouleri Scouler's bluebell X 
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FAMILY SCIENTIFIC NAME COMMON NAME                  NATIVE   NON-NATIVE 
 Caprifoliaceae 
 Linnaea borealis twin flower X 
 Lonicera hispidula hairy honeysuckle X 
 Lonicera sp. honesuckle X 
 Sambucus racemosa red elderberry X 
 Symphoricarpos albus snowberry X 
 Caryophyllaceae 
 Stellaria jamesiana sticky chickweed 
 Cornaceae 
 Cornus nutallii Pacific dogwood X 
 Cupressaceae 
 Thuja plicata western red cedar X 
 Cyperaceae 
 Eleocharis palustris creeping spikerush X 
 Dryopteridaceae 
 Athyrium filix-femina lady fern X 
 Equisitaceae 
 Equisetum arvense field horsetail X 
 Ericaceae 
 Arctostaphylos patula green-leaf manzanita X 
 Chimaphylla menziesii little pipsissewa X 
 Chimaphylla umbellata common pipsissewa X 
 Pyrola picta white vein pyrola X 
 Vaccinium sp. huckleberry X 
    
  Fabaceae 
 Cytisus scoparius Scotch broom X 
 Lathyrus latifolius everlasting peavine X 
 Lathyrus polyphyllus leafy peavine X 
 Lotus purshiana spanish-clover X 
 Lupinus caudatus Kellog spurred lupine X 
 Lupinus polyphyllus large-leaf lupine X 
 Lupinus sp. lupine X 
 Trifolium dubium least hop clover X 
 Trifolium sp. clover 
 Vicia sp. vetch 
 Grossulariaceae 
 Ribes sanguineum red-flowering currant X 
 Hydrophyllaceae 
 Nemophila parviflora small-flowered nemophila X 
 Phacelia hastata silver-leaf phacelia X 
 Hypericaceae 
 Hypericum perforatum common St. John's-wort X 
 Juncaceae 
 Juncus effusus common rush X 
 Luzula parviflora small-flowered wood rush X 
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FAMILY    SCIENTIFIC NAME         COMMON NAME            NATIVE   NON-NATIVE 
Lamiaceae  

      Stachys cooleyae         Cooley's hedge-nettle      X  

Liliaceae 
 Clintonia uniflora bead lily X 
 Disporum hookeri Hooker's fairy-bell X 
 Lilium columbianum Columbia lily X 
 Smilacina racemosa western false Solomon's seal X 
 Smilacina stellata star-flowered false Solomon's  X 
 Trillium ovatum western trillium X 
 Onagraceae 
 Epilobium angustifolium fireweed X 
 Epilobium sp. epilobium 
 Oenothera strigosa common evening-primrose X  
  Orchidaceae 
 Calypso bulbosa fairy-slipper X 
 Corallorhiza maculata spotted coral-root X 
 Corallorhiza mertensiana Merten's coral-root X 
 Corallorhiza striata striped coral-root X 
 Pinaceae 
 Abies grandis grand fir X 
 Pseudotsuga menziesii Douglas-fir X 
 Tsuga heterophylla western hemlock X 
 Plantaginaceae 
 Plantago lanceolata English plantain X 
 Plantago major common plantain X 
 Poaceae 
 Bromus tectorum cheat grass X 
 Polemoniaceae 
 Microsteris gracilis midget phlox X 
 Polygonaceae 
 Rumex acetosella sheep sorrel X 
 Rumex occidentalis western dock X 
 Polypodiaceae 
 Adiantum pedatum maidenhair fern X 
 Polystichum munitum sword fern X 
 Pteridium aquilinum bracken fern X 
 Portulacaceae 
 Claytonia perfoliata miner's lettuce X 
 Claytonia siberica Siberian spring beauty X 
 Primulaceae 
 Trientalis latifiolia western starflower X 
 Ranunculaceae 
 Actaea rubra baneberry X 
 Anemone deltoidea Columbia wind flower X 

  
 



TABLE 1  Plant Species Observed May 28-30 and July 28-29, 2003 
                  Saddleback Wind Project 

 Saddleback Wind Project, Skamania County Washington 
 May 28-30 and July 28-29, 2003 
   

4

 
FAMILY     SCIENTIFIC NAME         COMMON NAME  NATIVE   NON-NATIVE 
Rhamnaceae 
 Ceanothus integerrimus deerbrush X 
 Ceanothus sanguineus redstem ceanothus X 
 Ceanothus velutinus tobacco-brush X    
  Rosaceae 
 Aruncus sylvester goatsbeard X 
 Fragaria virginiana wild strawberry X 
 Holodiscus discolor oceanspray X 
 Prunus emarginata bitter cherry X 
 Prunus virginiana common chokecherry X 
 Rosa gymnocarpa baldhip rose X 
 Rosa woodsii Wood's rose X 
 Rubus leucodermis blackcap X 
 Rubus parviflora thimbleberry X 
 Rubus ursinus blackberry X 
 Rubiacea 
 Galium aparine cleavers X 
 Salicaceae 
 Populus balsamifera black cottonwood X 
 Salix lasiandra Pacific willow X 
 Salix scouleriana Scouler's willow X 
 Salix sitchensis Sitka willow X 
 Saxifragaceae 
 Mitella diversifolia varied-leaved mitrewort X 
 Tellima grandiflora fringecup X 
 Tiarella trifoliata foamflower X 
 Scrophulariaceae 
 Linaria dalmatica dalmatian toadflax X 
 Penstemon sp. penstemon X 
 Penstemon subserratus fine-toothed penstemon X 
 Verbascum thapsus wooly mullein X 
 Veronica scutellata marsh speedwell X 
 Valerianaceae 
 Plectritis macrocera white plectritis X 
 Violaceae 
 Viola glabella stream violet X 
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Appendix B 
Potential Special Status Plant Species 



TABLE 2  Status, Distribution and Habitat Data for Special Status Plant Species Identified as Occurring or Potentially    
Occurring in the Vicinity of the Saddleback Wind Project. 

FEDERAL STATUS DESIGNATIONS: STATE STATUS DESIGNATIONS:  (E)      Listed Endangered (LE) Listed Endangered  (T)      Listed Threatened (PE) Proposed Endangered  (CH)   Critical Habitat (PT) Proposed Threatened  (PE)    Proposed Endangered (SC or C) Sensitive-critical  (PT)    Proposed Threatened (SV or V) Sensitive-vulnerable  (PCH) Proposed Critical Habitat (SoC)  Species of Concern    (SP or P) Sensitive peripheral or naturally rare                  (SU or U) Sensitive-undetermined 
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Family Scientific  Common  Phenology Habitat Associated Species WA  Federal  Sources 
 Name Name State  Status 

 Asteraceae 

 Balsamorhiza  Puget balsamroot mid March to  Open places, usually avoiding the thinner  Review WNHP (2001);  
 deltoidea mid June soils; in the Puget trough, from south         NPSO (1998) 
  
 Vancouver Island to southern California.  
 Erigeron Howell's daisy May to early  In Washington, Erigeron howellii occurs  Threatened SC WNHP (2002) 
                    howellii July primarily on steep north-facing slopes at  
 elevations ranging from 1600 to 3400 feet.  
 The taxon generally occurs within  
 microsites that have very little soil  
 development and limited development of  
 competing vegetation. The sites are  
 essentially in a stable, herb-dominated  
 condition. 

 Erigeron  Gorge daisy June Moist shady cliffs and ledges; Columbia  Threatened SC WNHP (2002);  
 oreganus River Gorge, mostly frequently collected on  Jolley (1988) 
 the Oregon side. 

 Microseris  northern microseris July - August Marshes at mid to high elevations west of  Sensitive WNHP (2002):  
 borealis Bonneville Dam. Blooms in the morning. Jolley (1988) 

 Boraginaceae 
 Hackelia diffusa  diffuse stickseed May through  Shaded area, cliffs, talus, wooded flats and  Symphoricarpos albus, Philadelphus  Sensitive WNHP (2001) 
 var. diffusa June slopes. lewisii, Osmorhiza occidentalis, Acer  
 glabrum, Fritillaria pudica, Erysimum  
 occidentale 
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FEDERAL STATUS DESIGNATIONS: STATE STATUS DESIGNATIONS:  (E)      Listed Endangered (LE) Listed Endangered  (T)      Listed Threatened (PE) Proposed Endangered  (CH)   Critical Habitat (PT) Proposed Threatened  (PE)    Proposed Endangered (SC or C) Sensitive-critical  (PT)    Proposed Threatened (SV or V) Sensitive-vulnerable  (PCH) Proposed Critical Habitat (SoC)  Species of Concern    (SP or P) Sensitive peripheral or naturally rare                  (SU or U) Sensitive-undetermined 

2 

Family Scientific  Common  Phenology Habitat Associated Species WA  Federal  Sources 
 Name Name State  Status 

 Brassicaceae 
 Rorippa  persistentsepal  April to October Has been observed near all types of bodies  NA Threatened SC WNHP (2001) 
 columbiae yellowcress  (depending on  of water, including the Columbia River,  
 water regime) intermittent snow-fed streams, permanent  
 lakes, snow-fed lakes, internally-drained  
 lakes, which may be dry for extended periods 
  of time, wet meadows, irrigation ditches,  
 and roadside ditches. The species apparently 
  requires wet soil throughout the growing  
 season.  It is known from a wide variety of  
 soil types, including clay, sand, gravel,  
 sandy silt, cobblestones, and rocks.  
 Individuals are usually found in open  
 habitats that have low vegetative cover. A  
 common feature of all of the known sites Is  
 inundation for at least part of the year.  R.  
 columbiae typically occurs in the lowest  
 vegetated riparian zone in a band spanning  
 approximately 1-1.5 meters in elevation. 

 Campanulaceae 
 Githopsis  common blue-cup Mid-April to  Open places at lower elevations; typically  Vary, but often include Pseudotsuga  WNHP (2001);  
 specularioides mid-June open habitats within forested landscapes. menziesii, Pinus ponderosa, Quercus     Jolley (1988) 
 garryana.  Other associated species:   
 Agropyron spicatum, Festuca idahoensis,   
 Bromus mollis, Lomatium sp., Collinsia  
 parviflora. 

 Caryophyllaceae 
 Silene douglasii  Douglas' silene May - June or  Rocky, well-drained soils, wet areas.  Review WNHP (2001);  
 var. monantha later, depending  Sagebrush plains to montane slopes.         John Gammon, 
 on elevation. Washington DNR (2002)  
  Florence Caplow  
  Washington DNR (2002) 

 Cyperaceae                   
 Carex large-awn sedge June - August Moist or wet, open places, often near the  Sensitive WNHP (2002) 
                  macrochaeta beach. Northwest coast of Asia, east through 
  the Aleutian Islands to the Alaska  
 peninsula, and south near the coast to  
 southern B.C.; reputedly also in the  
 Columbia River Forge at Multnomah Falls,  
 Oregon. An old (1836) collection by Garry  
 is supposed to have come from Ft. Vancouver, WA.                                                                   
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Family Scientific  Common  Phenology Habitat Associated Species WA  Federal  Sources 
 Name Name State  Status 
 

 Fagaceae 
 Chrysolepsis  golden chinquapin May through  Dry, open sites to fairly thick woodland,  Sensitive WNHP (2002);  
 chrysophylla July from sea level up to 5500 feet elevation. 
 Florence Caplow, 
  Washington DNR (2003) 

 Fumiariaceae 
 Corydalis  Clackamas  June to  Occurs primarily in the western hemlock  Threatened SC WNHP (2002) 
 aquae-gelidae corydalis September (Tusga heterophylla) and Pacific silver fir  
 (Abies amabilis) zone. (Franklin and  
 Dyrness, 1973), at elevations ranging from  
 2500 to 3800 feet. It is found growing in or  
 near cold flowing water, including seeps  
 and small streams, often occurring within the 
  stream channel itself. Current information  
 suggests that C, aquae-gelidae prefers  
 intermediate levels of overstory canopy  
 closure which provide enough light for  
 flowering and reproduction, yet not so much 
  light that a dense cover of shrubs develops. 

 Iridaceae 
 Sisyrinchium  pale blue-eyed   Occurs in meadows and small openings from  Pinus contorta, Picea engelmannii, Spiraea Threatened SC WNHP (2001) 
 sarmentosum grass mid-June to 1600 to 4200 feet. The meadows, which fill   douglasii 
 early August  with snow and/or water I winter and spring,  
 area variously dominated by grasses and  
 sedges. Conifers such as lodgepole pine  
 (Pinus contorta), and Engelmann spruce  
 (Picea engelmannii), and shrubs such as  
 hardhack (Spiraea douglasii), border the  
 meadows and are occasional invaders. The  
 sites are relatively flat, often being slightly  
 concave. Most sites are within either the  
 Little White Salmon River or the White  
 Salmon River drainages. The underlying  
 bedrock is basalt from various flows. 
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 Name Name State  Status 

 Juncaceae 
 Juncus howellii Howell's rush July - August Moist ground in the mountains; chiefly  Review WNHP (2002) 
 Californian, form Siskiyou to Trinity and  
 Butte cos., but possibly northeast to  
 northeast Oregon and west central Idaho. 

 Lentibulariaceae 
 Utricularia  flat-leaved  July through  Shallow ponds, slow-moving streams, and  Scirpus acutus, Ranunculus flammula,  Sensitive WNHP (2001)  
 intermedia bladderwort August wet sedge or rush meadows. Generally  Juncus supiniformis, Juncus balticus,  
 occurs only in significant wetlands where  Equisetum fluviatile, Carex sitchensis John Gammon,  
                                                                                                                         standing water is present year around,. Washington DNR (2002) 
 bog-like areas.          Florence Caplow 
                   Washington DNR (2002) 

 Lycopodiaceae 
 Lycopodiella  bog clubmoss Mostly in sphagnum bogs, seldom in other  Sensitive WNHP (2002) 
 inundata very wet places. 
 Ophioglossaceae 
 Botrychium  moonwort May through  Moist or wet, more or less open places at  Sensitive WNHP (2002);  
 lunaria July middle to high elevation in the mountains,         Florence Caplow, 
                                                                                                                         e.g., about mountain springs; generally Washington DNR (2003) 
 neither in meadows nor in deep forest, at  
 least in our range.   
  

 Botrychium  Mingan  May through  Exhibits wide ecological amplitude, occuring   Review WNHP (2001);  
 minganense grape-fern July in a wide range of habitats, particularly east of          Florence Caplow, 
                                                                                                                         the Cascades, where it occurs in open shrubland Washington DNR (2003) 
 and barren slopes. However, it typically occurs  
 in older forest stands. The colonies are associated  
 with riparian zones and old growth western redcedar  
 (Thuja plicata) in dense shade, sparse understory, on  
  alluvium substrate and often a duff layer of Thuja   
  branchlets. Generally occur on soils saturated in the  
                                                                                                                         Spring, but tend to dry out later in the growing season. 
                                                                                                                         Plants do not occur in soils wet enough to support  
  skunk cabbage, but grow adjacent to these areas. 

 Botrychium  St. John's  May through  Moist or wet, more or less open places in the Sensitive WNHP (2002);  
 pinnatum moonwort July mountains, but not at highest altitudes.         Florence Caplow, 
 Washington DNR (2003) 
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Family Scientific  Common  Phenology Habitat Associated Species WA  Federal  Sources 
 Name Name State  Status 

 Orchidaceae 
 Cypripedium  clustered lady's  May through  Mid-to late-seral Douglas-fir (Psuedotsuga  Psuedotsuga menziesii, Pinus ponderosa,  Threatened SC WNHP (2001) 
 fasciculatum slipper mid-June menziesii) or Ponderosa pine (Pinus  Pachistima myrsinites, Holodiscus  
 ponderosa) overstory with a closed  discolor, Spiraea betulifolia, Berberis  
 herbaceous layer and variable shrub layer,  nervosa, Calamagrostis rubescens, Arnica  
 mostly on northerly aspects.  It can also be  cordifolia, Carex geyeri, Abies grandis 
 found in grand fir (Abies grandis) forest  
 with Swauk sandstone, thick duff or sandy  
 loam soils. 

 Plantathera  canyon bog-orchid Late  Open, wet areas, seeps and bogs. Plantathere stricta, P. dilatata, Polygonum Sensitive WNHP (2002) 
 sparsifolia May-August  bistirtoides, Drosera rotundifolia,  
 Gentiana rotundifolia. 

 Spiranthes  western  May through  Wet meadows, along stream, in bogs, and on  Pinus ponderosa, Psuedotsuga menziesii,  Sensitive WNHP (2001) 
 porrifolia ladies-tresses August seepage slopes. Quercus garryana, Purshia tridentata,  
 Allium amplectens, Delphinium burkei,  
 Brodiaea coronaria, Oenothera villosa,  
 Lotus corniculatus, Verbascum blattaria,  
 Chicorium intybus,, Melilotus alba,  
 Trifolium arvense, Lathyrus latifolius 

 Polemoniaceae 
 Polemonium  great polemonium mid to late June Thickets, woodland, and forest opening,  Threatened WNHP (2002);  
 carneum from near sea level to moderate elevation in  Jolley (1988) 
 the mountains. 

 Portulacaceae 
 Montia diffusa branching montia late April to mid Mostly in moist woods on the west side of  Sensitive WNHP (2001);  
  June the Cascades.           NPSO (1998) 
  

  Ranunculaceae 
 Cimicifuga elata Tall bugbane late May -Aug Occurs in and along margins of moist forest  Pseudotsuga menziesii, Thuja plicata,  T ONHP (2001);  
 at low to middle elevations. From B.C.,  Acer macrophyllum, Alnus rubra, Acer              Pojar & MacKinnon  
 Olympic Peninsula, along western WA  circinatum, Holodiscus discolor, Corylus  (1994);   
 Cascades and Puget Trough, south to NW  cornuta, Polystichum munitum,   WNHP (2001) 
 Oregon. In Washington, C. elata generally  Symphoricarpos albus. 
 grows in or along the margins of mixed,  
 mature or o old growth stands of mesic  
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                                                                                                                         coniferous forest, or mixed coniferous- 
                                                                                                                         deciduous forest. 

 
Family Scientific  Common  Phenology Habitat Associated Species WA  Federal  Sources 
                    Name Name    State  Status 
 Saxifragaceae 
 Bolandra bolandra early May to  Moist, mossy rocks, usually near waterfalls,  Sensitive WNHP (2001);  
                    oregana early July on both sides of the lower Columbia River.         NPSO (1998) 
   
 Gorge, and along the Snake Rive and its    
 tributaries in southeast Washington,  
 northeast Oregon, and adjacent Idaho. 

 Parnassia  fringed  July - September Bogs, wet meadows, and stream banks, lower Sensitive WNHP (2002);  
 fimbriata var.  grass-of-parnassus montane to arctic-alpine. Jolley (1988) 
 hoodiana 

 Sullivantia  Oregon sullivantia May through  Occurs on moist cliffs, especially near  Dodecatheum dentatum, Tolmiea menziesii, Threatened SC WNHP (2002);  
 oregana August waterfalls. Probably grows in shallow   Oxalis trillifolia.       Jolley (1988) 
                                                                                                                         pockets of basalt-derived soils. Occurs in  
 microsites that remain wet to moist much of 
 the year.  

   Scrophulariaceae 
 Collinsia  few-flowered  mid-March  In Washington, the taxon occurs in thin  There is generally a dense herbaceous  WNHP (2002) 
 sparsiflora var.  collinsia through April soils over basalt on a variety of slopes, from  layer, commonly with Balsamorhiza  
 bruceae almost flat to rather steep, generally  sagittata, Lomatium macrocarpum,  
 south-facing. The microsites are generally  Sisyrinchium douglasii, Lupinus bicolor,  
 quite open, but may be adjacent to or found  Fritillaria pudica, Lithophragma sp..  
 within open stands of ponderosa pine and  Weedy annual species such as Poa  
 Oregon white oak. These habitats are moist  bulbosa, and Erodium cicutarium.  
 in spring, but become dry by summer. 

 Penstemon  Barrett's  late April to  In Washington, P. Barrettiae generally  Psuedotsuga menziesii, Pinus ponderosa Threatened SC WNHP (2001) 
 barrettiae beardtongue early June grows in crevices along basalt cliff faces, on  
 ledges of rock outcrops, on open talus and  
 occasionally along well drained roadsides.  
 It occurs mostly at lower elevations, but its  
 range is up to 3200 feet.  It generally occurs  
 on rocky substrates of basaltic origin, with  
 little soil development.  Soils area composed 
  of wind blown material and organic matter  
 and provide good drainage. 
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TABLE 3  Special Status Plant Descriptions 
  Saddleback Wind Project 
Family Scientific Name Common  Description 
 Asteraceae 
 Balsamorhiza  Puget balsamroot Perennial with a deep-seated, woody taproot and multicipital caudex; basal leaves long-petiolate, the blade mostly  
 triangular-hastate, or with more cordate base, up to 30 cm. Long and 20 mm wide, green, inconspi8cuously hirsute and  
 often glandular, thinner and less veiny than in B. careyana, often crenate; stem 2-10 dm tall, scapiform, but usually with  
 several strongly reduced narrow leaves; central head large, the disk rarely less than 2.5 cm wide; lateral heads, when  
 present, obviously smaller; involucre only slightly or scarcely wooly, the outer bracts tending to be enlarged and  
 foliaceous, surpassing the disk' rays commonly about 13 or about 21 (fewer on the reduced lateral heads), 2-5 cm long,  
 soon deciduous, not becoming papery; achenes glabrous. 

 Erigeron howellii Howell's daisy Perennial from a rhizome, 8 to 20 inches tall, scantily short-villous under the heads. Leaves thin, glabrous, the lowermost  
 ones with elliptical or suborbicular blade 1 to 3 inches long and 1/2 to 2 inches wide, abruptly contracted to the 3/4 to 5  
 inch petiole. Middle cauline leaves ample, ovate to cordate, strongly clasping at the base; upper leaves similar but smaller.  
 Heads solitary, the disk 1/2 to 3/4 inch wide. Involucral bracts loose, equal, glandular, somewhat herbaceous. Rays  
 30-501/2 to 1 inch long, 1/16 to 1/8 inch wide, white. Disk corollas 1/8 to 1/4 inch long, more flaring than in E.  
 peregrinus. Achenes mostly asymmetrically 5-nerved. Pappus of 20-30 capillary bristles. 

 Erigeron oreganus Gorge daisy Perennial with a stout mostly simple caudex and stout root; herbage glandular and loosely viscid-villous; stem lax, 5-15  
 cm long; basal leaves tufted, spatulate to obovate, coarsely toothed or incised, up to 9 cm long and 2.5 cm wide; cauline  
 leaves well developed, broadly lanceolate to elliptic or ovate, up to 4 cm long and 1 cm wide; heads 1-severa in a leafy  
 inflorescence, the disk 9-13 mm wide; involucre 5-7 mm high, glandular and viscid-villous, the bracts loose, equal, thin,  
 green; rays mostly 30-60, bluish to more often pink or white, 5-8 mm long; disk corollas usually 3.4-4.7 mm long; pappus  
 simple, of about 15-20 bristles which are characteristically curled and twisted for at least the upper half. 

 Microseris borealis northern microseris Perennial (with stout taproot). Stems leafless with solitary flower head. Leaves with minute teeth on margins. 

 Boraginaceae 
 Hackelia diffusa var.  diffuse stickseed Perennial 1 2/3 to 2/12 inches tall. Stems few, erect or ascending, internodes long near the base, short near midstem, the  
 plant therefore appearing leafy near the middle. Pubescence strongly spreading, hirsute, becoming antrorsely appressed in  
 the inflorescence. Radial leaves few to many, 5 to 9 inches long, 1/2 to 1 inch wide, elliptic, petiolate for 1/3 their length,  
 hirsute, all but the lowermost cauline leaves sessile, the lower ones 3 2/3 to 6 inches long, 1/2 to 2/3 inch wide, elliptic,  
 becoming lanceolate or linear-lanceolate above, at mid-stem 2 1/2 to 4 inches long and 1/4 to 1/3 inch wide. Pedicel 1/4 to  
 1/3 inch long in fruit. Calyx 1/8 inch long, lanceolate or linear-lanceolate. Corolla limb blue or cream, with a yellowish  
 throat, 1/4 to 1/2 inch wide. Fornices with appendages papillate-puberulent to short pilose, not always evidently  
 emarginate. Anthers 1/16 inch long. Nutlets 1/8 inch long, ovate, dorsal surface rough, verrucose-hispidulous, the  
 intramarginal prickles distinct, 10. Prominent marginal prickles distinct to their bases, 1/16 to 1/8 inch long, these  
 alternating with 1-3 short barbs. 
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 Brassicaceae 
 Rorippa columbiae persistentsepal  Low-growing perennial with stems that usually are 4-12 inches long. The stems generally grow flat on the ground but are  
                                         yellowcress sometimes erect and much-branched. The stems arise from underground stems and rhizomes and can at times form large  
 clusters of stems. The leaves are divided almost to their center into several pairs of opposite leaflets, and sometimes have  
 small teeth on the edge. Flowers are borne both on the ends of the stems and in the axis of leaves. The flowers are  
 approximately 1/3 inch wide and have four bright yellow petals, which are about 1/10 inch long. The sepals are flat and  
 ovate to oblong and tend to persist through fruiting. The fruits are almost oblong and are 1/4 inch long and are usually  

 Campanulace 
 Githopsis  common blue-cup Annual herb with branched or unbranched stems up to 12 inches tall. In Washington it has usually been observed to be  
        speculariodes less than 6 inches tall. The plants are leafy stemmed, and the narrow, toothed, alternate leaves are sessile, up to 2/3 inch  
 long and 1/16 inch wide. Flowers occur single, and are irregularly scattered on the upper stems, or are strictly terminal on  
 small, unbranched plants. Flowers are deep blue, with a whitish throat, 3/8 inch long or less. Flowers have five lobes, and  
 the lobes are about as long the flower tube. The sepals, 1/4 to 1/2 inch long, tend to obscure the flowers from view. 

 Caryophyllac 
 Silene douglasii.  Douglas' silene Caespitose perennial with a stout taproot, branched caudex, and numerous decumbent simple stems 1-4 (7) dm tall, finely  
                var. monantha and densely pubescent throughout with crisped and usually retrorse hairs, very rarely slightly glandular above; leaves  
 mostly matted at the base of the stems and on the new shoots, narrowly to broadly oblanceolate to linear-lanceolate, mostly 
  2-5 (8) cm long, 2-7 (12) mm broad, acute, long-petiolate; cauline leaves 1-8 pairs, becoming smaller and sessile above;  
 flowers usually 1-7, linear-bracteate, cymose, the lower ones sometimes remote from the terminal; calyx tubular, (10) 12-15  
 mm long, becoming inflated, papery, and tubular-campanulate in fruit, 10-nerved, usually thickly puberulent, less  
 commonly nearly glabrous, very rarely somewhat glandular; corolla creamy-white or greenish, pink, or purplish-tinged;  
 claw of the petals 8-12 mm long, sometimes auriculate, the blade oblong, 4-6 (8) mm long, bilobed 1/5 to 1/3 of the length  
 but otherwise usually entire (very rarely with a small lateral tooth on each margin below the sinus); appendages 2, linear  
 or oblong, 1 (3) mm long; carpophore 3-4 mm long, finely puberulent; styles 3 (4or 5); capsule 1-celled; seeds about 1.3  
 mm long, rugose-tesselate, the margins more prominently rounded-papillate. 

 Cyperaceae 
 Carex macrochaeta large-awn sedge Stems loosely clustered on a system of short, branching rhizomes, 1-7 dm tall, aphyllopodic; roots pubescent, covered with 
  a yellowish-brown felt; leaves rather few, flat, mostly 2-5 mm wide, glabrous, evidently to obscurely white-papillate on  
 the lower surface; staminate spike solitary (seldom 2 or 3), terminal, 1-3 cm long, with black or dark brown, awn-tipped  
 scales; pistillate spikes (1) 2-4, not crowded, the lowest one loose or nodding on a slender, flexuous, often elongate  
 peduncle and subtended by a leafy bract which may or may not surpass the inflorescence and which is sheathless or has a  
 short sheath up to about 5 mmm long; upper pistillate spikes shorter-pedunculate or even sub-sessile, with shorter and  
 less-foliaceous subtending bracts; pistillate scales black or sometimes merely dark purple or brown, often with a paler  
 mid-vein, the body shorter or sometimes long than the perigynium, usually narrower distally than the perigynium,  
 distinctly awn-tipped, the awn sometimes as much as 1 cm long, always at least some of the awns in the spike 2 mm long or  
 more; perygynia glabrous, narrow, commonly lance-elliptic, light green or sometimes partly or wholly dark purplish, 10- to 
  15-nerved, 3.3-4.8 mm long, beakless or with a very short beak seldom over 0.2 mm long; stigmas 3; achene trigonous,  
 1.7-2.3 mm long, loosely enclosed in the lower half or three-fifths of the perigynium. 
 
 
 
            Page 2 of 7 



TABLE 3  Special Status Plant Descriptions 
  Saddleback Wind Project 
Family Scientific Name Common  Description 
 Fagaceae 
 Chrysolepsis  golden chinquapin Large shrub or small tree (3) 5-30 m tall, the bark thick and heavily furrowed; leaves with petioles scarcely 1 cm long, the  
         chrysophylla blades lanceolate to oblong-lanceolate or -elliptic, (3) 5-10 cm long, entire, thick and coriaceous, dark green and glabrous  
 or sparsely scurfy-tomentose above, yellow-green to golden and densely scurfy-tomentose beneath, the vase acute,  
 gradually to abruptly acuminate; involucre a 4-valved, spiny bur 1.5-2 cm broad, containing 1 (2) hard-shelled nuts about  

 Fumiariaceae 
 Corydalis  Clackamas corydalis Perennial from deep-seated, fleshy roots, the stems succulent and strongly fistulose, 12 to 44 inches tall, simple to  
           aquae-gelidae branched; leaves several, yellowish-green, glaucous on the lower surface, the lower cauline ones up to 24 inches long  
 often equaling the racemes, from 4 to 6 times pinnate, the ultimate segments very numerous, more or less elliptic, 3/16 to 1/2 
  inch long and 1/16 to 3/16 inches broad; racemes simple to compounded, conspicuously bracteate, rather compactly 30 to  
 60 flowered, ultimately elongate and up to 9 inches long; corolla 1/2 to 3/4 inch long, pale to deep pinkish with a slight  
 trace of purple, the inner petals more deeply colored at the tip; spurred petal conspicuously crested, usually without free  
 margins or the margins very slightly upturned; spur 3/8 inch long; capsule ellipsoid, 3/8 to 1/2 inch long, about 1/3 as  
 thick, the style 1/4 to 1/2 as long; seeds about 1/16 inch long. 

 Iridaceae 
 Sisyrinchium  pale blue-eyed grass Perennial herb up to 12 inches tall, although generally it is only 6 to 8 inches in height. The leaves are narrow and area  
         sarmentosum     generally, but not always, shorter than the stem. Both the stems and leaves are a pale green or blue-green color. Each stem  
 has 2-7 flowers on slender pedicels. The perianth is pale blue with a yellow spot in the center. The tepals are about 1/2  
 inch in length and pale blue in color. The anthers are yellow. A technical description needs to be consulted for positive  

 Juncaceae 
 Juncus howellii Howell's rush Rhizomatous perennial 2-6 dm tall, the stems slightly compressed, exceeding the leaves; sheaths with membranous margins  
 freed above and forming erect auricles 1-3 mm long; blades 2-4 mm broad dorsiventrally flattened, grasslike, nonseptate;  
 heads (2) 3-9, in a terminal inflorescence 2-9 cm long, each head 3- to 8 (15)-flowered, 7-17 mm broad (pressed); involucral  
 bract rarely as much as 15 mm long; perianth segments lanceolate-acuminate, 5-6.5 mm long, subequal, medium- to  
 chestnut-brown with a broad greenish midstripe, usually minutely papillose toward the tip (under 20X magnification);  
 stamens 6, the anthers 1.8-2.6 mm long, much longer than the filaments; capsule ovoid, 0,5-0.7 mm long, covered with a  
 strongly reticulate membrane that forms a conspicuous appendage at each end. 

 Lentibulariac 
 Utricularia intermedia flat-leaved  Submersed plants with very slender stems, commonly creeping along the bottom; leaves numerous, alternate, mostly 1/4 to  
                                                                 bladderwort 3/4 inch long, commonly 3-parted at the base and then 1-3 time dichotomous, the segments often unequal, slender, flat, not  
 much narrower in successive dichotomies, the ultimate ones rather blunt; blades borne on specialized branches distinct  
 from the leaves, 1/16 to 3/16 inch wide; winter buds ovoid or ellipsoid, 3/16 to 18 inch long, flowers mostly 2-4 in lax  
 racemes at the end of an emergent peduncle 2 1/2 to 8 inches long;; corolla yellow, the proper tube very short, the lower lip 
  commonly 1/3 to 1/2 inch long, with a well-developed palate; upper li not much more than half as long as the lower; spur  
 nearly as long as the broad, slightly lobed lower lip; fruiting pedicels suberect. 
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 Lycopodiacea 
 Lycopodiella inundata bog clubmoss Main stem annual, more or less elongate, prostrate or arching, irregularly rooting, leafy, giving rise to scattered, erect, leafy  
 branches, each of which is up to about 1 dm tall and terminates in a cone 1.5-4 cm long; plant perennating by a winter bud;  
 leaves crowded, in 8-10 ranks, think, narrow, mostly entire, 4-8 mm long and less than 1mm wide, broadest near the base,  
 tapering gradually to the softly acicular tip, the ones on the lower side of the main stem twisted into a more or less erect  
 position, those of the erect stems loosely ascending; sporophylls numerous, crowded, expanded at the base, otherwise  
 resembling the vegetative leaves, the long, slender, green tips loosely ascending; sporangia ellipsoid-globose, about 1 mm 
  wide; spores 43 microns or more in diameter,, rounded-triangular or nearly circular in outline, the outer face irregularly   
 ridged-reticulate, the commissural faces papillate, the commissures in furrows; gametophyte cylindrical, erect, with distal  
 filamentous lobes, distally emergent and photosynthetic. 

 Ophioglossac 
 Botrychium moonwort Plants (3) 6-18 (22) cm tall, glabrous throughout; sterile blade sessile or on a short stalk up to about 5 mm long, about  
                 lunaria equaling or more often somewhat shorter than the common stalk, which is (1.5) 4-10 cm long, the blade itself mostly 1.5 to  
 7 cm long and 0.7 to 3 (3.5) cm wide, distinctly pinnate, with (2) 3-6 (7) pairs of pinnae, these sessile, dichotomously  
 veined, without a midrib, broadly flabellate, broader than long, crowded and often somewhat overlapping, the lowest pair  
 not notable different from the next pair; fertile stalk and fruiting spike each 0.5 to 7 cm long, subequal or either one longer  
 than the other; both the sterile blade and the fertile spike erect or nearly so in bud; bud glabrous, completely hidden by the 
  sheathing base of the common stalk. 

 Botrychium  Mingan  A small, herbaceous perennial fern. The sterile blade (trophophore) is dull green in color, narrowly oblong to linear in overall 
               minganense                                grape-fern outline, about 10 cm long by 2.5 cm wide. The sterile blade is once-pinnate, with up to 10 pairs of pinnae. In general the segments 
 are well-developed, cuneate to flabellate in shape, and spaced separately from each other along the rachis. The margins of the 
 pinnae are entire to shallowly crenate. The lowest pinnae are narrowly fan-shaped. The above-ground or visible parts of this  
 species consist of a single upright stem arising from the ground and terminating in a cluster of tiny ball-like structures that 
 resemble a bunch of grapes. Branching off from the main stem is the sterile, fern like leaf blade (the trophophore).At the base of 
 the common stalk, but just below the ground, are seveal layers of leaf primordia that are the preformed buds of plants that will 
 emerge in future years. 

 Botrychium St. John's Plants mostly 1-2 dm tall, glabrous from the first, commonly yellow-green; sterile blade attached near or more commonly  
                pinnatum                                  moonwort above the middle of the plant (the common stalk mostly 4-13 cm long) sessile or nearly so, mostly ovate or ovate-oblong in  
 outline, mostly 2-5 cm long and 1.5-4 cm wide, somewhat fleshy, evidently veiny, bipinnate or subbipinnate (at least  
 toward the bade), the pinnae mostly 3-6 pairs, the ultimate segments rounded, not much if at all longer than wide, somewhat 
  crowded; fertile stalk mostly 1-4 cm long, the fertile spike 1.5-6 cm long, erect even in bud; sterile blade erect in bud  
 except for the inclined but not clasping tip; bud glabrous, wholly concealed by the base of the common stalk. 
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Family Scientific Name Common  Description 
 Orchidaceae 
 Cypripedium  clustered lady's  Perennial herbaceous plant with a single erect stem 2-8 inches tall and a single pair of broad, parallel-veined, pleated  
               fasciculatum                                  slipper leaves at or above the middle of the stem, which is covered with wooly hairs. Flowers droop in a tight cluster of 2-4 at the  
 tip of the stem and consist of greenish-brown or greenish-purple petals and sepals, usually purple-lined or mottled, and a  
 greenish-yellow pouch with brownish-purple margins, often with a purplish tinge. The stem above the leaves becomes  
 erect and elongates as the capsules develop. 

 Plantathera  canyon bog-orchid Plant glabrous, 12 to 32 inches tall, the stems leafy mostly on the lower half. Leaves narrowly oblong-lanceolate, up to 10  
               sparsifolia                                     inches long and mostly 1/2 to 1 1/4 inches broad. Raceme much elongate and usually very lax flowered, 6 to 16 inches  
 long, the first several flowers rarely overlapping. Bracts usually shorter than the flowers but the lowermost sometimes  
 considerably loner. Flowers greenish. Upper sepal broadly ovate to suborbicular, blunt, concave and converging with the  
 upper petals to form a distinct hood, 1/4 to 1/3 inch long, 3-nerved. Lateral sepals spreading, falcately oblong-lanceolate,  
 1/4 to 1/2 inch long, 3-nerved. Lip pendent, thickish, linear to linear-lanceolate, 1/4 to 1/2 inch long. Spur cylindric to  
 slightly clavate and mostly abruptly narrowed at the tip, from slightly shorter to somewhat longer than the lip, mostly  
 somewhat curved. Column rather large, well over half as long as the upper sepal, the pollen sacs 1/16 inch long,  
 well-separated by the connective. 
 
 Spiranthes porrifolia    western  Terrestrial, glabrous 8-20 inches tall; leaves 3 to 5, elliptic-lanceolate, basal or on lower portion of stem, sometimes absent  
                                                                  ladies-tresses at flowering time; stems with a few bracts above the leaves; inflorescence a dense spiral of up to forty small yellowish  
 flowers in several vertical ranks; floral bracts lanceolate, 1/2 inch long; dorsal sepal lanceolate, lateral sepals similar but  
 oblique; petals linear-lanceolate; lip ovate, not expanded at apex, base with prominent protuberances; column 1/16 inch  
 long with dorsal anther; ovary sessile, stout, 1/16 inch long. 

 Polemoniace 
 Polemonium carneum great polemonium Perennial with loosely clustered (sometime solitary) stems from a woody rhizome or caudex, loosely erect, 3-10 dm tall,  
 viscid-villous in the inflorescence, otherwise glabrous or nearly so except for the villous-ciliate margins of the petioles or  
 the lower portion thereof, or sometimes the stem viscid-villous throughout; leaflets mostly 11-19, lanceolate to ovate or  
 elliptic, generally acute, thin, mostly 1.5-4.5 cm long and 6-23 mm wide, the 3 terminal ones sometimes partly confluent;  
 basal leaves long-petiolate, cauline progressively less so, long-pedicellate, in an open terminal, generally leafy  
 inflorescence; calyx 7.5-14 mm long at anthesis, the lobes shorter or longer than the tube; corolla campanulate, (15) 18-28  
 mm long, the lobes longer than the tube, variable in color, often flesh-colored, salmon, or yellow, sometimes lavender to  

 Portulacacea 
 Montia diffusa branching montia Low, spreading, diffusely (more or less dichotomously) branched annual, up to 3-4 dm broad and as much as 1.5-2 dm tall;  
 basal leaves few, the blade lanceolate or rhombic-lanceolate to suborbicular, mostly 1-2.5 cm long, often nearly as broad,  
 abruptly narrowed to a petiole 2-4 time as long; cauline leaves alternate, not greatly reduced even in the inflorescence,  
 usually more or less lanceolate-rhombic, the lower ones with blades sometimes as much as 5 cm long; racemes often  
 ancillary to ordinarily foliage leaves, clustered and paniculate toward the branch ends, the lower 1 or 2 of the several  
 flowers often from the axil of a leafy bract; sepals 2-3 mm long, unequal; petals white or pale pink, 3-4 mm long; stamens 5;  
 capsule equaling or slightly exceeding the sepals, obovoid-pointed, 3-valved; seeds usually (1) 2-3, black, finely and  
 regularly papillate with low, oval protuberances, 1.2-1.5 mm long, with a short conical strophiole nearly 0.5 mm long. 
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 Ranunculace 
 Cimicifuga elata Tall bugbane Tall woodland perennial with large expansive, bi- and triternate-toothed leaves. The leaves are downy-hairy above, smooth 
  below and usually arranged in clusters of three, with 9-17 leaflets. The leaflets have 5-7 lobes, coarsely toothed margins  
 and are similar in shape to maple leaves. Stem leaves gradually become smaller as the height of their attachment increases.  
 Plants usually have a single, sometimes branched flowering stem, 3-6 feet tall, from a horizontal rhizome that is up to 4  
 inches long and 1 inch in diameter. The long, open racemes consist of many 1/4 inch white flowers whose sepals drop at  
 once, giving the appearance of a "bottle brush" of long white stamens and pistils. As its fruits mature, the terminal raceme  
 often becomes declined at a 45-90 degree angle from the axis of the main stem. The fruit is a dry flat capsule containing  
 approximately 10 red to purple-brown seeds. Each flower usually produces 1 capsule; occasionally 2 or 3 capsules are  
 produced.  
  
 Somewhat similar to false bugbane (Trautvetteria caroliniensis) with tall (1-2 m), branched stems, large compound leaves  
 (somewhat like those of Actea rubra), numerous small, white-stamened flowers in a narrow, terminal, branched  
 inflorescence, and several-seeded follicles. 
 Saxifragacea 
 Bolandra oregana bolandra Weakly glandular-pubescent, herbaceous perennial with numerous bulblets along the very short, horizontal rootstocks,  
 the stems mostly single, (1.5) 2-4 (6) dm tall; basal and lower cauline leaves with slender petioles up to 15 cm long, the  
 blades reniform (2) 3-7 cm broad, shallowly lobed and with 9013 acutely dentate or usually somewhat serrate-dentate  
 segments; petioles much shortened on the upper leaves and the stipules much more conspicuous and leaflike; bracts of the  
 inflorescence somewhat clasping, 1-3 cm long, deeply crenate-dentate' panicle branches (1) 2-7, remote, spreading, 1-7  
 flowered; calyx accrescent and eventually 14-18 mm long, the linear-lanceolate, usually purplish lobes equaling or  
 slightly exceeding the campanulate-tubular portion; petals purplish, linear, about equal to the calyx lobes, the stamens  
 about 1/3 as long, the filament reddish-purple; capsule about 1 cm long, the carpels fused only 1/5 to 1/4 their length. 

 Parnassia fimbriata  fringed  Rootstock short, rather stout, from slightly ascending to nearly erect; flowering stems 1-several, mostly 1.5-3 (5) dm tall.  
                   var. hoodiana                  grass-of-parnassus The bract cordate and more or less clasping, mostly 5-15 (20) mm long, borne from slightly below to considerably above  
 midlength of the scape; petioles (1) 3-10 (15) cm long; leaf blades (1.5) 2-4 (5) cm broad, mostly reniform or somewhat  
 reniform-auriculate and broader than long, but not uncommonly more nearly cordate or truncate at base, and sometimes  
 slightly cuneate and somewhat longer than broad; calyx fused with the ovary for only about 1 mm, the segments  
 oblong-ovate to elliptic-oval, 4-7 mm long, usually 5 (7) -veined, entire or more commonly crenulate-fimbriate, at least  
 toward the rounded tip; petals white, 5- to 7-veined, 8-12 mm long (about twice as long as the calyx lobes, more or less  
 cuneate-obovate in general appearance but claw-like at the base and with numerous long, filiform-linear, plainly  
 cellular-verrucose fimbriae, becoming more or less erose to entire on the upper half; staminoidia thickened and scalelike,  
 flared above the middle and usually with a central, subterminal, larger lobe and 7-9 marginal, short, thick, rounded lobes,  
 but sometimes with 5-many elongate, slender, capitate-tipped segments; filaments stout, about equaling the calyx segments, 
  anthers 2-2.5 mm long; capsule ovoid, about 1 cm long. Variety hoodiana: Staminodia ending in longer, more slender,  
 filamentlike, usually capitate segments. Segments of the staminodia mostly less than 10, slender, strongly capitate, all  
 marginal, equaling (or longer than) the rather narrow basal scale. 
 
 Sullivantia oregana Oregon sullivantia Delicate, yellowish-green perennial spreading by long slender stolons, nearly or quite glabrous except for some glandular  
 pubescence on the upper portion of the flowering stems and on the inflorescence, the hairs mostly purplish-tipped. The  
 basal leaves are long-petiolate, the blade reniform, 1/2 to 4 inches broad, incisely lobed to 1/2 their length into 7 to 9  
 cuneate segments and again once or twice sharply toothed. Flowering stems 2 to 8 inches tall with 1 to 3 leaves that are  
 greatly reduced upward. Flowers erect, but becoming sharply reflexed in fruit. Calyx glabrous, pale green, 1/10 to 1/8 inch  
 long, more or less campanulate. Petals slightly long than the calyx lobes, the blade oval to obovate-oblanceolate, narrowed 
  to a very short, broad claw. Stamens shorter than the sepals, the cordate anthers about equaling the slender filaments.  
 Capsule about 1/8 inch long, seeds brown 1/16 inch long. 
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 Scrophularia 
 Collinsia sparsiflora  few-flowered  Plants annual, 2 to 8 inches tall, simple or often branched, erect, glabrous or minutely spreading-hirtellous. Leaves  
                   var. bruceae                              collinsia opposite throughout, the lower petiolate, with broadly elliptic or ovate to subround, often few-toothed blade about 1/2  
 inch long or less, often deciduous, the others narrow and becoming sessile, commonly linear to linear-oblong or  
 linear-lanceolate, mostly entire, up to about 1 1/4 inches long and 1/4 inch wide. Flowers long-pedicellate, 1-3 at each of  
 the upper nodes, their subtending leaves more or less reduced. Calyx 1/4 to 1/2 inch long, the lanceolate to narrowly  
 lance-triangular, acute to acutish lobes prominent, firm-foliaceous, much longer than the tube, commonly concealing much  
 of the corolla tube. Corolla blue-lavender or often white, 1/3 to 1/2 inch long, the tube abruptly bent near the base, forming  
 and oblique angle with the calyx and strongly enlarged on the upper side at the bend. Keel generally somewhat hairy  
 externally near the tip. Upper pair of filaments shortly spreading-hairy over most of their length. Capsule subglobose, 1/8  
 to 1/4 inch wide. Sees flattened, irregularly wing-margined, evidently ce3llular-reticulate, 1/8 inch long. 
  
 Can be distinguished from other species of Collinsia by the following characters: upper filaments pubescent rather than  
 glabrous; calyx nearly as long or as long as corolla; capsule subglobose rather than ellipsoid; seed flattened with a narrow 
  wing margin, rather than turgid with a thickened margin, or flattened with a wide margin.  
  

 Penstemon barrettiae Barrett's  Medium-sized perennial herb with stems 8-16 inches tall, much branched and somewhat shrubby at the base. The leaves  
                                      beardtongue area evergreen, thick, leathery or succulent, bluish- to grayish-green, and toothed along the margins. The rose-purple  
 flowers are 1 to 1 1/2 inches long, tubular, and strongly two-lipped at the end. The flowers are approximately 1/2 inch wide 
 at the mouth, and hairy on the inside of the lower lip. 
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EXECUTIVE SUMMARY 
 
SDS Lumber has proposed a wind-energy facility in Skamania County, Washington, near the 
town of White Salmon. SDS Lumber contracted Western EcoSystems Technology, Inc. to 
conduct surveys and monitor wildlife resources in the Whistling Ridge Wind Resource Area to 
estimate the impacts of project construction and operations on wildlife. The following document 
contains results for fixed-point bird use surveys and incidental wildlife observations.  
 
The proposed wind-energy facility contains minimal habitat diversity. Approximately 82.0% of 
the 1,151-acre (1.8 square mile; 4.7 square kilometer) area is composed of evergreen forest. The 
next most common habitat is developed open space, which comprises 8.5% of the Whistling 
Ridge Wind Resource Area. Shrub-scrub habitat comprises 7.1% and grassland areas comprise 
1.8% of the study area. All other habitats collectively comprise less than 1% of the Whistling 
Ridge Wind Resource Area.  
 
The principal objectives of the study were to: 1) provide site specific bird resource and use data 
that would be useful in evaluating potential impacts from the proposed wind-energy facility; 2) 
provide information that could be used in project planning and design of the facility to minimize 
impacts to birds; and 3) recommend further studies or potential mitigation measures, if 
warranted.  
 
The objective of the fixed-point bird use surveys was to estimate the seasonal, spatial, and 
temporal use of the study area by birds, particularly raptors. Fixed-point surveys were conducted 
from September 11, 2004 through November 4, 2004, May 21, 2006 through July 14, 2006, and 
again in December 4, 2008 through May 29, 2009. A total of 261 20-minute fixed-point surveys 
were completed and 86 bird species were identified. 
 
Waterfowl use only occurred during spring (0.07 birds/plot/20-min survey), and consisted of a 
single group of Canada geese. Raptor use was highest during the fall (0.63 birds/plot/20-min 
survey) and lowest during the spring (0.16). The most common raptors observed in the study 
area were red-tailed hawk, Cooper’s hawk, and sharp-shinned hawk. Vultures had the highest use 
in summer (0.31 birds/plot/20-min survey) and much lower use during all other seasons. Upland 
gamebirds had much lower use than other bird types recorded, with highest use recorded during 
spring (0.11 birds/plot/20-min survey). Passerines had the highest use among all bird types 
across all seasons, with use ranging from 14.13 birds/plot/20-minute survey in the summer to 
1.65 in winter. 
 
Levels of bird use varied within the study area by point. For all bird species combined, use was 
highest at points D, C, and B (13.7, 12.8, and 11.8 birds/20-minute survey, respectively). Bird 
use at other points ranged from 5.31 to 11.0 birds/20-minute survey. The higher mean use at 
points D, C, and B was due mostly to relatively high use by passerines at these points (11.1, 11.5, 
and 11.0 birds/20-minute survey, respectively). Passerine use at other points ranged from 4.15 to 
8.94 birds/20-minute survey. Waterfowl use only occurred at point J, with 0.62 birds/20-minute 
survey. Raptor use was highest at point A (0.56 birds/20-minute survey), and ranged from zero to 
0.35 birds/20-minute survey at other points. Vultures were observed at approximately half of the 
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points (A, B, C, D, E, and H); use ranged from 0.04 birds/20-minute survey at point A to 0.36 at 
point D.  
 
Survey points were located within evergreen forest habitat in the Whistling Ridge Wind 
Resource Area. No obvious flyways or concentration areas were observed. No strong association 
with topographic features within the study area was noted for raptors or other large birds. 
Although some differences in bird use were detected among survey points, the differences are 
not large enough to suggest that any portions of the Whistling Ridge Wind Resource Area should 
be avoided when siting turbines due to very high bird use.  
 
During the study, 523 single or groups of birds totaling 1,449 individuals were observed flying 
during fixed-point bird use surveys. For all bird species combined, 65.7% of birds were observed 
flying below the likely zone of risk, 31.3% were within the zone of risk, and 3.0% were observed 
flying above the zone of risk for typical turbines that could be used in the Whistling Ridge Wind 
Resource Area. Bird types most often observed flying within the turbine zone of risk were 
doves/pigeons (58.8%), raptors (58.6%) and vultures (53.6%). Waterfowl were always observed 
flying above the zone of risk. Upland gamebirds, passerines, and other birds were typically 
observed flying below the zone of risk. 
 
For all bird species with at least 10 separate groups of flying birds, only six species were 
observed flying within the zone of risk during more than 50% of observations: red crossbill 
(90.2%), common raven (55.1%), western bluebird (62.3%), band-tailed pigeon (59.4%), red-
tailed hawk (70.0%), and turkey vulture (53.6%). Based on the use (measure of abundance) of 
the study area by each species and the flight characteristics observed for those species, the red 
crossbill and common raven had the highest probability of turbine exposure, with exposure 
indices of 0.29 and 0.23, respectively. The raptor species with the highest exposure index was 
the red-tailed hawk, which was ranked eleventh of all species, although its exposure index was 
only 0.05.  
 
The objective of incidental wildlife observations was to provide a record of wildlife seen outside 
of the standardized surveys. Incidental observations included six bird species and five mammal 
species. The most abundant bird species recorded incidentally was pine siskin.  
 
Based on fixed-point bird use data collected for the Whistling Ridge Wind Resource Area, mean 
annual raptor use was 0.28 raptors/plot/20-minute survey. The annual rate was low relative to 
raptor use at 36 other wind-energy facilities that implemented similar protocols to the present 
study and had data for three or four different seasons. Mean raptor use in the study area was low 
compared to these other wind resource areas, ranking twenty-ninth.  
 
A regression analysis of raptor use and raptor collision mortality for 13 new-generation wind-
energy facilities where similar methods were used to obtain raptor use estimates showed a 
significant (R2 = 69.9%) correlation between raptor use and raptor collision mortality. Due to the 
low raptor use in comparison to most wind resource areas, using this regression to predict raptor 
collision mortality the Whistling Ridge Wind Resource Area yielded an estimated fatality rate of 
zero. However, A 90% prediction interval around this estimate is zero to 0.25 fatalities per 
megawatt per year.  
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Based on species composition of the most common raptor fatalities at other western wind-energy 
facilities and species composition of raptors observed at the Whistling Ridge Wind Resource 
Area during the surveys, the majority of the fatalities of diurnal raptors will likely consist of red-
tailed hawk. Based on the seasonal use estimates, it is expected that risk to raptors would be 
unequal across seasons, with the lowest risk in spring and winter, and highest risk during the fall. 
 
The data collected during this study suggests that the Whistling Ridge Wind Resource Area does 
not receive substantial use by waterfowl, and does not appear to be within a major migratory 
pathway for raptors. In addition, the study area does not appear to provide important stopover 
habitat for migrant songbirds based on fixed-point bird use surveys. Construction and operation 
of the wind-energy facility may displace some types of birds.  
 
Some species considered to be sensitive or of conservation concern were observed within the 
Whistling Ridge Wind Resource Area. During all surveys and incidental observations, five 
sensitive bird species were observed including 30 Vaux’s swifts, 15 pileated woodpeckers, five 
northern goshawks, three bald eagles, and two golden eagles. This is a tally that in some cases 
may represent repeated observations of the same individual.  
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INTRODUCTION 
 
SDS Lumber has proposed a wind-energy facility in Skamania County, Washington, near the 
town of White Salmon (Figures 1 and 2). SDS Lumber contracted Western EcoSystems 
Technology, Inc. (WEST) to conduct surveys and monitor wildlife resources in the Whistling 
Ridge Wind Resource Area (WRWRA) to estimate the impacts of wind-energy facility 
construction and operations on wildlife.  
 
The principal objectives of the study were to: 1) provide site specific bird resource and use data 
that would be useful in evaluating potential impacts from the proposed wind-energy facility; 2) 
provide information that could be used in project planning and design of the facility to minimize 
impacts to birds; and 3) recommend further studies or potential mitigation measures, if 
warranted. The protocols for the baseline studies are similar to those used at other wind-energy 
facilities across the nation, and follow the guidance of the National Wind Coordinating 
Collaborative (Anderson et al. 1999). The protocols have been developed based on WEST’s 
experience studying wildlife at proposed wind-energy facilities throughout the US, and were 
designed to help predict potential impacts to birds (particularly raptors).  
 
Baseline surveys were conducted from September 11 through November 4, 2004, May 15 
through July 14, 2006, and December 4, 2008 through May 29, 2009 at the WRWRA. Surveys 
were conducted across all four seasons and included fixed-point bird use surveys and incidental 
wildlife observations. Other baseline data have previously been collected at this site, including 
bat acoustical surveys, habitat mapping, rare plant surveys, and targeted surveys for species of 
concern including spotted owl (Strix occidentalis), northern goshawk (Accipiter gentilis), and 
western gray squirrel (Sciurus griseus). The results of those studies are included in other reports. 
 
In addition to site-specific data, this report presents existing information and results of studies 
conducted at other wind-energy facilities. The ability to estimate potential bird mortality at the 
proposed WRWRA is greatly enhanced by operational monitoring data collected at existing 
wind-energy facilities. For several wind-energy facilities, standardized data on fixed-point 
surveys were collected in association with standardized post-construction (operational) 
monitoring, allowing comparisons of bird use with bird mortality. Where possible, comparisons 
with regional and local studies were made.  
 
 
STUDY AREA 
 
The proposed wind resource area is in southeast Skamania County, approximately four miles 
(6.4 kilometers [km]) northwest of White Salmon, Washington (Figure 1). The specific study 
area is just north of Underwood Mountain and includes Sections 5, 6, 7, & 8, Township 3N, 
Range 10E. The WRWRA consists of hilltops dominated by coniferous forests with some 
clearcuts and linear clearings associated with powerline rights-of-way (Figure 2). Elevation of 
the study area ranges from approximately 1,700 – 2,400 feet (ft; 518 – 732 meters [m]). 
 
Approximately 82.0% of the 1,151-acre (1.8 square mile [mi2]; 4.7 km2) area is composed of 
evergreen forest (Table 1; Figure 3). Forests in the project area are managed by SDS Lumber for 
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commercial timber production.  The next most common habitat is developed, open space, which 
comprises 8.5% of the WRWRA. Shrub-scrub habitat comprises 7.1% and grassland areas 
comprise 1.8% of the WRWRA. All other habitats collectively comprise less than one percent of 
the WRWRA (Table 1).  
 
 
METHODS 
 
Fixed-Point Bird Use Surveys 
 
The objective of the fixed-point bird use surveys was to estimate the seasonal, spatial, and 
temporal use of the study area by birds, particularly raptors, defined here as kites, accipiters, 
buteos, harriers, eagles, falcons, and owls. Fixed-point surveys (variable circular plots) were 
conducted using methods described by Reynolds et al. (1980). The points were selected to survey 
representative habitats and topography of the study area, while also providing relatively even 
coverage. All birds seen during each 20-minute (min) fixed-point survey were recorded.  
 
Bird Use Survey Plots 
Ten points were selected to achieve relatively even coverage of the study area and survey 
representative habitats and topography within the study area. Six of the points were used for the 
2004 and 2006 surveys seasons, with four additional points being added for the 2008/2009 study 
season (Figure 4). Each survey plot was an 800-m (2,625-ft) radius circle centered on the point. 
 
Bird Survey Methods 
All species of birds observed during fixed-point surveys were recorded. Observations of large 
birds beyond the 800 m radius were recorded, but were not included in the statistical analyses; 
for small birds observations beyond the 100 m (328 ft) radius were excluded. A unique 
observation number was assigned to each observation. 
 
The date, start and end time of the survey period, and weather information such as temperature, 
wind speed, wind direction, and cloud cover were recorded for each survey. Species or best 
possible identification, number of individuals, sex and age class (if possible), distance from plot 
center when first observed, closest distance, altitude above ground, activity (behavior), and 
habitat(s) were recorded for each observation. The behavior of each bird observed, and the 
vegetation type in which or over which the bird occurred, were recorded based on the point of 
first observation. Approximate flight height and flight direction at first observation were 
recorded to the nearest 5-m (16-ft) interval.  
  
Locations of raptors, other large birds, and species of concern seen during fixed-point bird use 
surveys were recorded on field maps by observation number. Flight paths and perched locations 
were digitized using ArcGIS 9.3. Any comments were recorded in the comments section of the 
data sheet. Any unusual wildlife observations were recorded on the incidental datasheets. 
 
Observation Schedule 
Sampling intensity was designed to document bird use and behavior by habitat and season within 
the study area. Fixed-point surveys were conducted from September 11 through November 4, 
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2004 (fall migration period), from May 21 through July 14, 2006 (summer breeding season), 
from December 4, 2008 through March 15, 2009 (winter), and from March 16 through May 29, 
2009 (spring migration period). Surveys were conducted approximately weekly during the 
spring, summer and fall, and every other week during the winter. Surveys were conducted during 
daylight hours and survey periods were varied to approximately cover all daylight hours during a 
season. To the extent practical, each point was surveyed about the same number of times. A total 
of 261 20-min fixed-point surveys were conducted at the WRWRA. 
 
Incidental Wildlife Observations 
 
The objective of incidental wildlife observations was to provide a record of wildlife seen outside 
of the standardized surveys. All raptors, unusual or unique birds, sensitive species, mammals, 
reptiles, and amphibians were recorded in a similar fashion to standardized surveys. The 
observation number, date, time, species, number of individuals, sex/age class, distance from 
observer, activity, height above ground (for bird species), habitat, and, in the case of sensitive 
species, the location was recorded by Universal Transverse Mercator (UTM) or Global 
Positioning System (GPS) coordinates. 
 
Statistical Analysis 
 
Quality Assurance and Quality Control 
Quality assurance and quality control (QA/QC) measures were implemented at all stages of the 
study, including in the field, during data entry and analysis, and report writing. Following field 
surveys, observers were responsible for inspecting data forms for completeness, accuracy, and 
legibility. A sample of records from an electronic database was compared to the raw data forms 
and any errors detected were corrected. Irregular codes or data suspected as questionable were 
discussed with the observer and/or project manager. Errors, omissions, or problems identified in 
later stages of analysis were traced back to the raw data forms, and appropriate changes in all 
steps were made. 
 
Data Compilation and Storage  
A Microsoft® ACCESS database was developed to store, organize, and retrieve survey data. Data 
were keyed into the electronic database using a pre-defined format to facilitate subsequent 
QA/QC and data analysis. All data forms, field notebooks, and electronic data files were retained 
for reference. 
 
Fixed-Point Bird Use Surveys 
Bird Diversity and Species Richness 
Bird diversity was illustrated by the total number of unique species observed. Species lists, with 
the number of observations and the number of groups, were generated by season, including all 
observations of birds detected regardless of their distance from the observer. Species richness 
was calculated as the mean number of species observed per plot per survey (i.e., number of 
species/plot/20-min survey). Species diversity and richness were compared between seasons for 
fixed-point bird use surveys. 
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Bird Use, Composition, and Frequency of Occurrence 
For the standardized fixed-point bird use estimates, only observations of large birds detected 
within the 800-m radius plot were used; small birds observations were limited to 100 m. 
Estimates of mean bird use (i.e., number of birds/plot/20-min survey) were used to compare 
differences between bird types, seasons, and other wind-energy facilities.  
 
The frequency of occurrence was calculated as the percent of surveys in which a particular 
species or bird type was observed. Percent composition was calculated as the proportion of the 
overall mean use for a particular species or bird type. Frequency of occurrence and percent 
composition provide relative estimates of species exposure to the proposed wind-energy facility. 
For example, a species may have high use estimates for the area based on just a few observations 
of large groups; however, the frequency of occurrence will indicate that the species occurs 
during very few of the surveys and therefore, the species may be less likely affected by the wind 
resource area. 
 
Bird Flight Height and Behavior 
To calculate potential risk to bird species, the first flight height recorded was used to estimate the 
percentages of birds flying within the likely “zone of risk” (ZOR) for collision with turbine 
blades of 35 to 130 m (114 to 427 ft) above ground level (AGL), which is the blade height of 
typical turbines that could be used at the WRWRA.  
 
Bird Exposure Index 
A relative index of collision exposure (R) was calculated for bird species observed during the 
fixed-point bird use surveys using the following formula: 
 

R = A*Pf*Pt 
 
Where A equals mean relative use for species i (large bird observations within 800 m of the 
observer or 100 m for small birds) averaged across all surveys, Pf equals the proportion of all 
observations of species i where activity was recorded as flying (an index to the approximate 
percentage of time species i spends flying during the daylight period), and Pt equals the 
proportion of all initial flight height observations of species i within the likely ZOR.  
 
Spatial Use 
Data were analyzed by comparing use among plots. Mapped flight paths were qualitatively 
compared to study area features such as topographic features. The objective of mapping observed 
bird locations and flight paths was to look for areas of concentrated use by raptors and other 
large birds and/or consistent flight patterns within the study area. This information can be useful 
in turbine layout design or adjustments of individual turbines for micro-siting.  
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RESULTS 
 
Surveys were completed at the WRWRA from September 11 through November 4, 2004, May 
21 through July 14, 2006 and December 4, 2008 – May 29, 2009. Eighty-eight bird species and 
five mammal species were identified during surveys completed at the WRWRA. Results of the 
fixed-point surveys and incidental wildlife observations, and the specific numbers of unique 
species for each survey type, are discussed in the sections below. 
 
Fixed-Point Bird Use Surveys 
 
Bird Diversity and Species Richness 
Eighty-six unique species were observed over the course of all fixed-point bird use surveys, with 
a mean number 4.51 species/survey (Table 2). More unique species were observed during the 
spring (67 species), followed by summer (55), fall (39), and winter (16; Table 2). The mean 
number of species per survey was higher in the summer (10.84 species/survey), compared to 
spring (4.54), fall (4.02) and winter (1.16; Table 2). A total of 2,663 individual bird observations 
within 1,407 separate groups were recorded during the fixed-point surveys (Table 3). 
Cumulatively, six species (7.0% of all species) composed approximately 43.7% of the 
observations: dark-eyed junco (Junco hyemalis), American robin (Turdus migratorius), white-
crowned sparrow (Zonotrichia leucophrys), yellow-rumped warbler (Dendroica coronata), 
common raven (Corvus corax), and Steller’s jay (Cyanocitta stelleri). All other species 
comprised less than 5% of the observations. A total of 76 individual raptors were recorded within 
the WRWRA, representing 11 species (Table 3).  
 
Bird Use, Composition, and Frequency of Occurrence by Season 
Mean bird use, percent composition, and frequency of occurrence for all species and bird types 
by season were calculated (Table 4). The highest overall bird use occurred in the summer (15.98 
birds/plot/20-min survey), followed by fall (14.34), spring (9.13), and winter (1.99). Passerines 
were the most abundant bird type observed across all seasons. 
 
Waterfowl 
Waterfowl were only observed during spring (0.07 birds/plot/20-minute survey; Table 4). The 
only waterfowl species recorded was Canada goose (Branta canadensis), which consisted of one 
group of eight individuals observed. Waterfowl comprised 0.8% of overall bird use in spring and 
were observed during 0.9% of spring surveys.  
 
Raptors 
Raptor use was much higher during fall (0.63 birds/plot/20-min survey; Table 4), compared to 
summer (0.22), winter (0.17) and spring (0.16; Table 4). High raptor use in fall consisted mostly 
of sharp-shinned hawk (Accipter striatus; 0.13 birds/plot/20-min survey), unidentified buteo 
(0.13), and Cooper’s hawk (Accipiter cooperii; 0.12). Cooper’s hawk had the highest use of any 
one raptor species in spring (0.06 birds/plot/20-min survey), red-tailed hawk (Buteo jamaicensis) 
had the highest use in summer (0.13), and bald eagle (Haliaeetus leucocephalus) had the highest 
use in winter (0.08), although this was due to observations of only two individual bald eagles. 
Raptors comprised 8.4% of the overall bird use in winter and 4.4% in fall, compared to 1.8% 
overall bird use in spring and 1.4% in summer. Raptors were observed during 34.8% of surveys 
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in the fall and 22.2% in the summer, compared to 13.3% of the surveys in the winter and 12.9% 
in the spring.  
 
Vultures 
Vulture use was much higher in summer (0.31 birds/plot/20-minute survey; Table 4), than in 
spring (0.08), fall (0.08), and winter (zero). The only vulture species observed was turkey vulture 
(Cathartes aura). Vultures comprised 1.9% of overall bird use during summer surveys, 0.9% 
during spring surveys, and 0.5% during fall surveys. Vultures were observed during 11.1% of 
summer surveys, compared to 6.7% of spring surveys and 5.9% of fall surveys.  
 
Upland Gamebirds 
Upland gamebirds had relatively low use in spring, summer, and fall (0.11 birds/plot/20-min 
survey, 0.02, and 0.02, respectively; Table 4). Only three upland gamebird species were 
observed within the WRWRA, including wild turkey (Meleagris gallopavo), sooty grouse 
(Dendragapus fuliginosus), and ruffed grouse (Bonasa umbellus). Upland gamebirds comprised 
1.2% of overall bird use during spring surveys and only 0.1% during both summer and fall 
surveys. Upland gamebirds were observed during 10.1% of surveys in the spring compared to 
2.2% of summer surveys and 1.9% of fall surveys. 
 
Passerines 
Passerines had the highest use of any bird type during all four seasons (Table 4). Passerine use 
was highest in summer (14.13 birds/plot/20-min survey) and fall (12.53), and lower during 
spring (7.88) and winter (1.69). Passerine use varied by season.  Passerines with the highest use 
by season were American robin in spring (1.31 birds/plot/20-min survey), white-crowned 
sparrow in summer (2.07), dark-eyed junco in fall (2.19), and common raven in winter (0.69). 
Passerines comprised greater than 80% of overall bird use during all seasons. Passerines were 
observed during 90% or more of the surveys during spring, summer, and fall surveys, and 58.3% 
of surveys in winter.  
 
Bird Flight Height and Behavior 
Flight height characteristics were estimated for both bird types and bird species (Tables 5 and 6). 
During the study, 523 single birds or groups totaling 1,449 individuals were observed flying 
during fixed-point bird use surveys (Table 5). Overall, 31.3% of birds observed flying were 
recorded within the ZOR for collision with turbine blades of 35 to 130 m (114 to 427 ft) AGL, 
65.7% were below the ZOR, and 3.0% were flying above the ZOR (Table 5). More than half 
(58.6%) of flying raptors were observed flying within the ZOR, 15.5% were below the ZOR, and 
only 25.9% were above the ZOR. Raptor subtypes that were observed within the ZOR most often 
were falcons (100%), accipiters (65.2%), and eagles (60.0%). Doves/pigeons had the highest 
percentage of flying birds within the ZOR (58.8%) followed by raptors (58.6%) and vultures 
(53.6%). Upland gamebirds, passerines, and other birds were typically observed flying below the 
ZOR (Table 5). 
 
Six species had at least 10 groups observed flying and were observed flying within the ZOR 
during at least 50% of observations, including red crossbill (Loxia curvirostra; 90.2%), common 
raven (Corvus corax; 55.1%), western bluebird (Sialia mexicana; 62.3%), band-tailed pigeon 
(Columba fasciata; 59.4%), red-tailed hawk (70.0%) and turkey vulture (53.6%; Table 6). Ten 
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species were always seen flying within the likely ZOR; however, these were based on fewer than 
five observations. 
 
Bird Exposure Index 
A relative exposure index was calculated for each species (Table 6). This index is only based on 
initial flight height observations and relative abundance (defined as the use estimate) and does 
not account for other possible collision risk factors such as foraging or courtship behavior. Red 
crossbill (0.29) and common raven (0.23) had exposure indices higher than any other species. 
Red-tailed hawk had the highest exposure index of any raptor species (0.05); all other raptor 
species had an exposure index of 0.02 or less (Table 6).  
 
Spatial Use 
For all bird species combined, use was highest at points D, C, and B (13.7, 12.8 and 11.8 
birds/20-min survey, respectively). Bird use at other points ranged from 5.31 to 11.0 birds/20-
min survey (Figure 5). The higher mean use estimates for points D, C, and B were largely due to 
higher passerine use at these points (11.1, 11.5, and 11.0 birds/20-min survey, respectively). 
Passerine use at the other points ranged from 4.15 to 8.94 birds/20-min survey. Waterfowl use 
only occurred at point J with 0.62 birds/20-min survey. Raptor use was highest at point A (0.56 
birds/20-min survey), and ranged from zero to 0.35 birds/20-min survey at other points. Vultures 
were observed at approximately half of the points (A, B, C, D, E, and H); use ranged from 0.04 
birds/20-min survey at point A to 0.36 at point D. Upland gamebird use was highest at point G 
(0.17 birds/20-min survey), and ranged from zero to 0.09 birds/20-min survey at other points.  
 
Flight paths for waterbirds, waterfowl, shorebirds, raptors, and vultures were digitized and 
mapped (Figures 6a-d). No obvious flyways or concentration areas were observed for any 
species. The available data do not indicate that any portions of the study area warrant being 
excluded from development due to very high bird use. 
 
Incidental Wildlife Observations 
 
There were six bird species observed incidentally, totaling 23 birds within eight separate groups 
during the study (Table 7). Five mammal species were also observed incidentally at the 
WRWRA.  
 
Bird Observations 
The most abundant bird species recorded as an incidental wildlife observation was pine siskin 
(Carduelis pinus; nine individuals). Two species, osprey (Pandion haliaetus) and common 
poorwill (Phalaenoptilus nuttallii), were only seen incidentally at the WRWRA. Canada goose, 
red-tailed hawk, and ruffed grouse (Bonasa umbellus) were also observed incidentally. 
 
Mammal Observations 
A total of five mammal species including 43 mule deer (Odocoileus hemionus), nine black-tailed 
deer (Odocoileus hemionus columbianus), three elk (Cervus elephus), one Douglas squirrel 
(Tamiasciurus douglasii), and one gray squirrel (Sciurus sp.) were observed incidentally during 
the fixed-point surveys at the WRWRA (Table 8).  The gray squirrel was only observed for a 



Whistling Ridge Final Report 

 
Western EcoSystems Technology, Inc. 8 August 7, 2009 

brief period and therefore it could not be positively identified as being either a state threatened 
western gray squirrel or an eastern gray squirrel (Sciurus carolinensis). 
 
 
DISCUSSION AND IMPACT ASSESSMENT 
 
Bird Impacts 
 
Direct Effects 
The most probable direct impact to birds from wind-energy facilities is direct mortality or injury 
due to collisions with turbines or guy wires of meteorological (met) towers. Collisions may occur 
with resident birds foraging and flying within the study area or with migrant birds seasonally 
moving through the study area. Project construction could affect birds through loss of habitat, or 
potential fatalities from construction equipment. Impacts from the decommissioning of the 
facility are anticipated to be similar to construction in terms of noise, disturbance, and 
equipment. Potential mortality from construction equipment is expected to be very low. 
Equipment used in wind-energy facility construction generally moves at slow rates or is 
stationary for long periods (e.g., cranes). The risk of direct mortality to birds from construction is 
most likely potential destruction of a nest during initial site clearing if conducted during the 
nesting season.  
 
Substantial data on bird mortality at wind-energy facilities are available from studies in 
California and throughout the West and Midwest. Of 841 bird fatalities reported from California 
studies (more than 70% from the Altamont Pass facility in California), about 39% were diurnal 
raptors, about 19% were passerines (excluding house sparrows [Passer domesticus] and 
European starlings [Sturnus vulgaris]), and about 12% were owls. Non-protected birds including 
house sparrows, European starlings, and rock pigeons (Columba livia) comprised about 15% of 
the fatalities. Other bird types generally made up less than 10% of the fatalities (Erickson et al. 
2002b). During 12 fatality monitoring studies conducted outside of California, diurnal raptor 
fatalities comprised about 2% of the wind-energy facility-related fatalities and raptor mortality 
averaged 0.03/turbine/year. Passerines (excluding house sparrows and European starlings) were 
the most common collision victims, comprising about 82% of the 225 fatalities documented. For 
all bird species combined, estimates of the number of bird fatalities per turbine per year from 
individual studies ranged from zero at the Searsburg wind-energy facility in Vermont (Kerlinger 
1997) and the Algona facility in Iowa (Demastes and Trainer 2000), to 7.7 at the Buffalo 
Mountain facility in Tennessee (Nicholson 2003). Using mortality data from a 10-year period 
from wind-energy facilities throughout the entire United States, the average number of bird 
collision fatalities is 3.1 per megawatt (MW) per year, or 2.3 per turbine per year (NWCC 2004).  
 
Raptor Use and Exposure Risk 
The annual mean raptor use at the WRWRA (0.28 raptors/plot/20-min survey) was compared 
with other wind-energy facilities that implemented similar protocols and had data for three or 
four seasons. Similar studies were conducted at 36 other wind-energy facilities. The annual mean 
raptor use at these wind-energy facilities ranged from 0.09 to 2.34 raptors/plot/20-min survey 
(Figure 7). Based on the results from these wind-energy facilities, a ranking of seasonal raptor 
mean use was developed as: low (0 – 0.5 raptors/plot/20-min survey); low to moderate (0.5 – 
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1.0); moderate (1.0 – 2.0); high (2.0 – 3.0); and very high (> 3.0). Under this ranking, mean 
raptor use (number of raptors divided by the number of 800 m plots and the total number of 
surveys) at the WRWRA is considered to be low. Compared to the other wind-energy facilities, 
the WRWRA ranked twenty-ninth (Figure 7).  
 
Although high numbers of raptor fatalities have been documented at some wind-energy facilities 
(e.g. Altamont Pass), a review of studies at wind-energy facilities across the United States 
reported that only 3.2% of casualties were raptors (Erickson et al. 2001a). Indeed, although 
raptors occur in most areas with the potential for wind-energy development, individual species 
appear to differ from one another in their susceptibility to collision (NRC 2007). Results from 
Altamont Pass in California suggest that mortality for some species is not necessarily related to 
abundance (Orloff and Flannery 1992). American kestrels (Falco sparverius), red-tailed hawks, 
and golden eagles (Aquila chrysaetos) were killed more often than predicted based on 
abundance. Thus far, only three northern harrier (Circus cyaneus) fatalities at existing wind 
energy facilities have been reported in publicly available documents, despite the fact they are 
commonly observed during point counts at these facilities (Erickson et al. 2001a; Whitfield and 
Madders 2006). Because northern harriers often forage close to the ground, risk of collision with 
turbine blades is considered low for this species. Relative use by American kestrels at the High 
Winds facility was almost six times the use of American kestrels at the Altamont Pass facility 
(Kerlinger 2005). It is likely that many factors, in addition to abundance, are important in 
predicting raptor mortality. 
 
An exposure index analysis may also provide insight into what species has a higher likelihood of 
turbine casualties. The index considers relative probability of exposure based on abundance, 
proportion of daily activity spent flying, and proportion of flight height of each species within 
the ZOR for turbines likely to be used at the wind-energy facility. For the WRWRA, the raptor 
species with the highest exposure index was the red-tailed hawk, which was ranked eleventh of 
all species (Table 6). The exposure index analysis is based on observations of birds during the 
daylight period and does not take into consideration flight behavior (e.g., during foraging or 
courtship) or abundance of nocturnal migrants. It also does not take into consideration habitat 
selection, the ability to detect and avoid turbines, and other factors that may vary among species 
and influence likelihood for turbine collision. For these reasons, the actual risk for some species 
may be lower or higher than indicated by this index 
 
A regression analysis of raptor use and mortality for 13 new-generation wind-energy facilities, 
where similar methods were used to estimate raptor use and mortality, found that there was a 
significant correlation between use and mortality (R2

 = 69.9%; Figure 8). Using this regression to 
predict raptor collision mortality at the WRWRA, based on an adjusted mean raptor use of 0.28 
raptors/20-min survey, yields an estimated fatality rate of zero due to the low raptor use 
observed. A 90% prediction interval around this estimate is zero to 0.25 fatalities/MW/year. 
Based on the relative abundance of red-tailed hawks, Cooper’s hawks, and sharp-shinned hawks, 
there is higher potential for fatalities of these three species compared to other species.  
 
Non-Raptor Use and Exposure Risk 
Mean overall bird use at the WRWRA was 9.3 birds/800-m radius plot/20-minute survey.  Mean 
overall bird use for 24 other WRAs in the Pacific Northwest has ranged from 5-23.6.  The 
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WRWRA ranks 19th compared to these 24 other WRA (Figure 9).  To date, no relationships 
have been observed between overall use by bird types other than raptors, and fatality rates of 
those bird types at wind-energy facilities. However, the overall avian use at the WRWRA is low 
compared to most other WRAs in the Pacific Northwest and therefore high levels of avian 
mortality would not be expected.  
  
Most bird species in the US are protected by the Migratory Bird Treaty Act (MBTA 1918). 
Passerines (primarily perching birds) have been the most abundant bird fatality at wind energy 
facilities outside California (Erickson et al. 2001a, 2002b), often comprising more than 80% of 
the bird fatalities. Both migrant and resident passerine fatalities have been observed. Given that 
passerines made up a large proportion of the birds observed during the baseline study, passerines 
would be expected to make up the largest proportion of fatalities at the WRWRA. Exposure 
indices based on observations within 100 m indicate that red crossbill is the most likely passerine 
to be exposed to collision from wind turbines at the WRWRA. Other passerine species likely 
most at risk based on abundance and flight behavior would include common raven, American 
robin, western bluebird, tree swallow (Tachycineta bicolor), evening grosbeak (Coccothraustes 
vespertinus), Vaux’s swift (Chaetura vauxi), and American goldfinch (Carduelis tristis; Table 
6b). Other non-raptor species with high exposure indices include turkey vulture and band-tailed 
pigeon. Most non-raptors had relatively low exposure indices due to the majority of individuals 
flying below the likely zone of risk. Due to the low exposure risks at WRWRA, it is unlikely that 
non-raptor populations will be adversely affected by direct mortality from the operation of the 
wind-energy facility. 
 
The only waterfowl species observed in the WRWRA was a single group of eight Canada goose 
recorded during spring fixed-point bird use surveys, and another group of six individuals were 
observed incidentally. Wind-energy facilities with year-round use by water dependent species 
have shown the highest mortality, although the levels of waterfowl/waterbird/shorebird mortality 
appear insignificant compared to the use of the facilities by these groups. Of 1,033 bird carcasses 
collected at US wind-energy facilities, waterbirds comprised about 2%, waterfowl comprised 
about 3%, and shorebirds comprised less than 1% (Erickson et al. 2002b). At the Klondike, 
Oregon wind-energy facility, only two Canada goose fatalities were documented (Johnson et al. 
2003) even though 43 groups totaling 4845 individual Canada geese were observed during pre-
construction surveys (Johnson et al. 2002a). The recently constructed Top of Iowa wind-energy 
facility is located in cropland between three Wildlife Management Areas (WMAs) with 
historically high bird use, including migrant and resident waterfowl. During a recent study, 
approximately one million goose-use days and 120,000 duck-use days were recorded in the 
WMAs during the fall and early winter, and no waterfowl fatalities were documented during 
concurrent and standardized wind-energy facility fatality studies (Jain 2005). Similar findings 
were observed at the Buffalo Ridge wind-energy facility in southwestern Minnesota, which is 
located in an area with relatively high waterfowl/waterbird use and some shorebird use. Snow 
geese (Chen caerulescens), Canada geese, and mallards (Anas platyrhynchos) were the most 
common waterfowl observed. Three of the 55 fatalities observed during the fatality monitoring 
studies were waterfowl, including two mallards and one blue-winged teal (Anas discors). Two 
American coots (Fulica americana), one grebe, and one shorebird fatality were also found 
(Johnson et al. 2002b). Based on available evidence, waterfowl do not seem especially 
vulnerable to turbine collisions and significant impacts are not likely. 
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Sensitive Species Use and Exposure Risk 
All sensitive species observed at the WRWRA are summarized in Table 8. No federal-listed 
species were observed during the study (Table 3). One gray squirrel was observed as an 
incidental observation. However, the gray squirrel was only observed for a brief period and 
therefore it could not be positively identified as being either a state threatened western gray 
squirrel or an eastern gray squirrel.  One state sensitive species, bald eagle, was observed during 
fixed-point surveys at the WRWRA (two observations; Table 2). Four state candidate species, 
Vaux’s swift, pileated woodpecker (Dryocopus pileatus), northern goshawk, and golden eagle, 
were observed during fixed point surveys (Table 8). The bald eagle and golden eagle are also 
legally protected under the Bald and Golden Eagle Protection Act (BGEPA 1940), while the 
others are protected under the Migratory Bird Treaty Act (MBTA 1918).  
 
Use of the WRWRA by bald eagle, northern goshawk, and golden eagle was very low, and 
significant impacts are not expected. Vaux’s swifts were fairly common and were commonly 
observed flying at turbine rotor-swept heights; therefore, some turbine mortality may occur for 
these species over the life of the facility. These collisions would likely be rare occurrences and it 
is unlikely the WRWRA would have any negative impacts on population levels in and near the 
study area. Based on seasonality of the observations, the Vaux’s swifts appear to be migrants 
through the WRWRA rather than local breeding residents 
 
Indirect Effects 
The presence of wind turbines may alter the landscape so that wildlife use patterns are affected, 
displacing wildlife away from the project facilities and suitable habitat. Some studies from wind-
energy facilities in Europe consider displacement effects to have a greater impact on birds than 
collision mortality (Gill et al. 1996). The greatest concern with displacement impacts for wind-
energy facilities in the US has been where these facilities have been constructed in grassland or 
other native habitats (Leddy et al. 1999; Mabey and Paul 2007), Although Crockford (1992) 
suggests that disturbance appears to impact feeding, resting, and migrating birds, rather than 
breeding birds, results from studies at the Stateline wind-energy facility in Washington and 
Oregon (Erickson et al. 2004) and the Buffalo Ridge wind-energy facility in Minnesota (Johnson 
et al. 2000a) suggest that breeding birds are also affected by wind-facility operations. 
 
Raptor Displacement 
In addition to possible direct effects on raptors within the study area (discussed above), indirect 
effects caused by disturbance-type impacts, such as construction activity near an active nest or 
primary foraging area, also have a potential impact on raptor species. Birds displaced from wind-
energy facilities might move to areas with fewer disturbances, but with lower quality habitat, 
with an overall effect of reducing breeding success. Most studies on raptor displacement at wind-
energy facilities, however, indicate effects to be negligible (Howell and Noone 1992; Johnson et 
al. 2000a, 2003; Madders and Whitfield 2006). Notable exceptions to this include a study in 
Scotland that described territorial golden eagles avoiding the entire wind-energy facility area, 
except when intercepting non-territorial birds (Walker et al. 2005). A study at the Buffalo Ridge 
wind-energy facility in Minnesota found evidence of northern harriers avoiding turbines on both 
a small scale (< 100 m from turbines) and a larger scale in the year following construction 
(Johnson et al. 2000a). Two years following construction, however, no large-scale displacement 
of northern harriers was detected.  
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The only published report of avoidance of wind turbines by nesting raptors occurred at Buffalo 
Ridge, Minnesota, where raptor nest density on 101 mi2 (262 km2) of land surrounding a wind-
energy facility was 5.94 nests/39 mi2 (5.94 nests/101 km2), yet no nests were present in the 12 
mi2 (31 km2) facility itself, even though habitat was similar (Usgaard et al. 1997). However, this 
analysis assumes that raptor nests are uniformly distributed across the landscape, an unlikely 
event, and even though no nests were found, only two nests would be expected for an area 12 mi2 
in size if the nests were distributed uniformly. At a wind-energy facility in eastern Washington, 
based on extensive monitoring using helicopter flights and ground observations, raptors still 
nested in the study area at approximately the same levels after construction, and several nests 
were located within 0.5 miles (0.8 km) of turbines (Erickson et al. 2004). At the Foote Creek 
Rim Wind-Energy Facility in southern Wyoming, one pair of red-tailed hawks nested within 0.3 
miles (0.5 km) of the turbine strings, and seven red-tailed hawk nests, one great horned owl 
(Bubo virginianus) nest, and one golden eagle nest located within one mile (1.6 km) of the wind-
energy facility successfully fledged young (Johnson et al. 2000b). The golden eagle pair 
successfully nested 0.5 mile from the facility for three different years after it became operational. 
A Swainson’s hawk (Buteo swainsoni) also nested within 0.25 mile (0.4 km) of a turbine string 
at the Klondike I wind-energy facility in Oregon after the facility was operational (Johnson et al. 
2003). These observations suggest that there will be limited nesting displacement of raptors at 
the WRWRA. 
 
Displacement of Non-Raptor Bird Species 
Studies concerning displacement of non-raptor species have concentrated on grassland passerines 
and waterfowl/waterbirds (Winkelman 1990; Larsen and Madsen 2000; Mabey and Paul 2007). 
Wind-energy facility construction appears to cause small-scale local displacement of grassland 
passerines and is likely due to the birds avoiding turbine noise and maintenance activities. 
Construction also reduces habitat effectiveness because of the presence of access roads and large 
gravel pads surrounding turbines (Leddy 1996; Johnson et al. 2000a). Leddy et al. (1999) 
surveyed bird densities in Conservation Reserve Program (CRP) grasslands at the Buffalo Ridge 
wind-energy facility in Minnesota, and found mean densities of 10 grassland bird species were 
four times higher at areas located 180 m (591 ft) from turbines than they were at grasslands 
nearer turbines. Johnson et al. (2000a) found reduced use of habitat by seven of 22 grassland-
breeding birds following construction of the Buffalo Ridge wind energy facility in Minnesota. 
Results from the Stateline wind-energy facility in Oregon and Washington (Erickson et al. 2004), 
and the Combine Hills wind-energy facility in Oregon (Young et al. 2005), suggest a relatively 
small impact of the wind-energy facilities on grassland nesting passerines. Transect surveys 
conducted prior to and after construction of the wind-energy facilities found that grassland 
passerine use was significantly reduced within approximately 50 m (164 ft) of turbine strings, 
but areas further away from turbine strings did not have reduced bird use.  
 
Displacement effects of wind-energy facilities on waterfowl and shorebirds appear to be mixed. 
Studies from the Netherlands and Denmark suggest that densities of these types of species near 
turbines were lower compared to densities in similar habitats away from turbines (Winkelman 
1990; Pedersen and Poulsen 1991). However, a study from a facility in England, found no effect 
of wind turbines on populations of cormorant (Phalacrcorax xarbo), purple sandpipers (Calidris 
maritima), eiders (Somateria mollissima), or gulls, although the cormorants were temporarily 
displaced during construction (Lawrence et al. 2007). At the Buffalo Ridge wind-energy facility 



Whistling Ridge Final Report 

 
Western EcoSystems Technology, Inc. 13 August 7, 2009 

in Minnesota, the abundance of several bird types, including shorebirds and waterfowl, were 
found to be significantly lower at survey plots with turbines than at reference plots without 
turbines (Johnson et al. 2000a). The report concluded that the area of reduced use was limited 
primarily to those areas within 100 m of the turbines. Disturbance tends to be greatest for 
migrating birds while feeding and resting (Crockford 1992; NRC 2007). The only 
waterfowl/waterbirds use at the WRWRA included one group of eight Canada goose observed 
during spring fixed-point bird use surveys and one group of six individuals during incidental 
observations. Based on the minimal presence of waterfowl/waterbird species, impacts should be 
negligible. 
 
A study conducted in England to assess displacement of wintering farmland birds by wind 
turbines located in an agricultural landscape found that only common (ring-necked) pheasants 
(Phasianus colchicus) apparently avoided turbines. The other species/bird groups examined, 
including granivores, red-legged partridge (Alectoris rufa), Eurasian skylark (Alauda arvensis) 
and corvids, showed no displacement from wind turbines. In fact, Eurasian skylarks and corvids 
showed increased use of areas close to turbines, possibly due to increased food resources 
associated with disturbed areas (Devereux et al. 2008). 
 
No studies have been conducted to assess displacement effects of birds in western coniferous 
forest. It is likely that some displacement may occur similar to that observed in other habitat 
types. 
 
 
CONCLUSIONS AND RECOMMENDATIONS 
 
Based on data collected during this study, raptor and all bird use of the WRWRA is generally 
lower than most wind resource areas evaluated throughout the western and Midwestern U.S. 
using similar methods. Based on the results of the studies to date, bird mortality at the WRWRA 
would likely be similar or lower than that documented at other wind-energy facilities located in 
the western and Midwestern United States where bird collision mortality has been relatively low.  
 
Based on research conducted at wind-energy facilities throughout the US, raptor use at the 
WRWRA is generally lower than use levels recorded at other wind-energy facilities. Raptor 
fatality rates are expected to be within the range of fatality rates observed at other facilities 
where raptor use levels are lower. To date, no relationships have been observed between overall 
use by other bird types, and fatality rates of those bird types at wind-energy facilities. However, 
the flight characteristics and foraging habits of some species may result in increased exposure for 
these species at the WRWRA. The surveys conducted for this proposed wind resource area also 
do not address the impacts of the proposed facility to nocturnal migrants, such as passerines. To 
date, overall fatality rates for birds (including nocturnal migrants) at wind-energy facilities have 
been relatively low and consistent in the West. As more research is conducted at facilities in the 
West, more information regarding the potential direct impacts of wind-energy facilities to bird 
species will be obtained.  
 
The proposed wind-energy facility contains minimal habitat diversity; approximately 82% of the 
WRWRA contains forested habitat, while the remaining areas are comprised of developed open 
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space, scrub-shrub, and grasslands (Table 1, Figure 3). Some species considered to be sensitive 
or of conservation concern were observed within the WRWRA. Some potential exists for wind 
turbines to displace birds within forested habitats. Research concerning displacement impacts to 
songbirds, waterfowl and waterbirds and wind-energy facilities is limited, but some studies show 
the potential for small scale (180 m or less) displacement, while impacts to densities of birds at 
larger scales has not been shown.  
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Table 1. The land cover types, coverage, and composition 

within the Whistling Ridge Wind Resource Area.  
Habitat Acres % Composition 
Developed, Open Space 97.55 8.5 
Developed, Low Intensity 4.91 0.4 
Deciduous Forest 2.32 0.2 
Evergreen Forest 944.07 82.0 
Mixed Forest 0.53 <0.1 
Scrub-Shrub 81.32 7.1 
Grassland 20.80 1.8 
Total 1,151.49 100 
Data from the National Landcover Database (USGS NLCD 2001).
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Table 2. Summary of bird use (number of birds/plot/20-min survey), species richness 

(species/20-min survey), and sample size by season and overall during the 
fixed-point bird use surveys at the Whistling Ridge Wind Resource Area, 
September 11, 2004 - May 29, 2009.  

Season 
Number 
of Visits Mean Use 

Species 
Richness # Species 

# Surveys 
Conducted 

Fall 2004 9 14.34 4.02 39 53 
Summer 2006 9 15.98 10.84 55 45 
Winter 2008/2009 6 1.99 1.16 16 47 
Spring 2009 12 9.13 4.54 67 116 
Overall 36 9.32 4.51 86 261 
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Table 3. Total number of individuals and groups for each bird type and species, by season and overall, during the fixed-point bird 
use surveys at the Whistling Ridge Wind Resource Area, September 11, 2004 - May 29, 2009.  

  Fall 2004 Summer 2006 Winter 2008/09 Spring 2009 Total 

Species/Type Scientific Name 
#  

grps 
# 

obs  
#  

grps 
# 

obs  
#  

grps 
# 

obs  
#  

grps 
# 

obs  
#  

grps 
# 

obs  
Waterfowl   0 0 0 0 0 0 1 8 1 8 
Canada goose Branta canadensis 0 0 0 0 0 0 1 8 1 8 
Raptors   29 33 10 10 6 7 25 26 70 76 
Accipiters   16 16 4 4 1 1 10 10 31 31 
Cooper's hawk Accipiter cooperii 6 6 0 0 1 1 8 8 15 15 
northern goshawk Accipiter gentilis 2 2 3 3 0 0 0 0 5 5 
sharp-shinned hawk Accipter striatus 7 7 1 1 0 0 2 2 10 10 
unidentified accipiter  1 1 0 0 0 0 0 0 1 1 
Buteos   9 13 6 6 3 3 11 12 29 34 
red-tailed hawk Buteo jamaicensis 6 6 6 6 3 3 11 12 26 27 
unidentified buteo  3 7 0 0 0 0 0 0 3 7 
Northern Harrier   1 1 0 0 0 0 1 1 2 2 
northern harrier Circus cyaneus 1 1 0 0 0 0 1 1 2 2 
Eagles   2 2 0 0 2 3 0 0 4 5 
bald eagle Haliaeetus leucocephalus 0 0 0 0 2 3 0 0 2 3 
golden eagle Aquila chrysaetos 2 2 0 0 0 0 0 0 2 2 
Falcons   1 1 0 0 0 0 1 1 2 2 
American kestrel Falco sparverius 0 0 0 0 0 0 1 1 1 1 
prairie falcon Falco mexicanus 1 1 0 0 0 0 0 0 1 1 
Owls   0 0 0 0 0 0 2 2 2 2 
northern saw-whet owl Aegolius acadicus 0 0 0 0 0 0 1 1 1 1 
snowy owl Bubo scandiacus 0 0 0 0 0 0 1 1 1 1 
Vultures   4 4 6 14 0 0 10 12 20 30 
turkey vulture Cathartes aura 4 4 6 14 0 0 10 12 20 30 
Upland Gamebirds   1 1 1 1 0 0 12 13 14 15 
ruffed grouse Bonasa umbellus 1 1 1 1 0 0 0 0 2 2 
sooty grouse Dendragapus fuliginosus 0 0 0 0 0 0 2 2 2 2 
wild turkey Meleagris gallopavo 0 0 0 0 0 0 10 11 10 11 
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Table 3. Total number of individuals and groups for each bird type and species, by season and overall, during the fixed-point bird 
use surveys at the Whistling Ridge Wind Resource Area, September 11, 2004 - May 29, 2009.  

  Fall 2004 Summer 2006 Winter 2008/09 Spring 2009 Total 

Species/Type Scientific Name 
#  

grps 
# 

obs  
#  

grps 
# 

obs  
#  

grps 
# 

obs  
#  

grps 
# 

obs  
#  

grps 
# 

obs  
Doves/Pigeons   5 29 9 23 0 0 3 4 17 56 
band-tailed pigeon Columba fasciata 3 27 9 23 0 0 3 4 15 54 
mourning dove Zenaida macroura 2 2 0 0 0 0 0 0 2 2 
Passerines   184 667 482 636 59 85 440 926 1,165 2,314 
American crow Corvus brachyrhynchos 0 0 0 0 0 0 3 9 3 9 
American goldfinch Carduelis tristis 10 89 5 8 1 1 4 17 20 115 
American robin Turdus migratorius 9 44 22 27 9 12 48 149 88 232 
barn swallow Hirundo rustica 0 0 0 0 0 0 1 1 1 1 
Bewick's wren Thryomanes bewickii 0 0 1 1 0 0 0 0 1 1 
black-capped chickadee Poecile atricapillus 6 8 1 1 1 2 2 2 10 13 
black-headed grosbeak Pheucticus melanocephalus 0 0 23 25 0 0 11 15 34 40 
black-throated gray   
warbler Dendroica nigrescens 0 0 21 22 0 0 0 0 21 22 
brown creeper Certhia americana 0 0 0 0 1 1 3 3 4 4 
brown-headed cowbird Molothrus ater 0 0 5 6 0 0 2 3 7 9 
Bullock's oriole Icterus bullockii 0 0 0 0 0 0 1 1 1 1 
Cassin's finch Carpodacus purpureus 0 0 0 0 0 0 1 1 1 1 
Cassin's vireo Vireo cassinii 0 0 2 2 0 0 0 0 2 2 
cedar waxwing Bombycilla cedrorum 0 0 4 10 0 0 0 0 4 10 
chestnut-backed 
chickadee Poecile rufescens 1 1 12 21 2 2 7 16 22 40 
chipping sparrow Spizella passerina 0 0 7 8 0 0 2 2 9 10 
Clark's nutcracker Nucifraga columbiana 1 1 0 0 0 0 0 0 1 1 
common raven Corvus corax 34 59 5 5 31 37 36 43 106 144 
dark-eyed junco Junco hyemalis 23 116 23 30 0 0 45 123 91 269 
evening grosbeak Coccothraustes vespertinus 0 0 2 9 0 0 1 14 3 23 
golden-crowned kinglet Regulus satrapa 10 13 1 1 2 3 4 14 17 31 
golden-crowned sparrow Zonotrichia atricapilla 2 20 0 0 0 0 0 0 2 20 
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Table 3. Total number of individuals and groups for each bird type and species, by season and overall, during the fixed-point bird 
use surveys at the Whistling Ridge Wind Resource Area, September 11, 2004 - May 29, 2009.  

  Fall 2004 Summer 2006 Winter 2008/09 Spring 2009 Total 

Species/Type Scientific Name 
#  

grps 
# 

obs  
#  

grps 
# 

obs  
#  

grps 
# 

obs  
#  

grps 
# 

obs  
#  

grps 
# 

obs  
gray jay Perisoreus canadensis 0 0 0 0 0 0 2 6 2 6 
Hammond's flycatcher Empidonax hammondii 0 0 5 5 0 0 1 1 6 6 
hermit thrush Catharus guttatus 0 0 2 2 0 0 5 6 7 8 
hermit warbler Dendrocia occidentalis 0 0 0 0 0 0 9 12 9 12 
house wren Troglodytes aedon 0 0 3 5 0 0 1 1 4 6 
lazuli bunting Passerina amoena 0 0 7 7 0 0 4 13 11 20 
Lincoln's sparrow Melospiza lincolnii 1 1 0 0 0 0 0 0 1 1 
Macgillivray's warbler Oporornis tolmiei 0 0 27 33 0 0 6 8 33 41 
mountain chickadee Poecile gambeli 1 2 0 0 0 0 1 1 2 3 
Nashville warbler Vermivora ruficapilla 0 0 2 2 0 0 7 10 9 12 
northern rough-winged 
swallow Stelgidopteryx serripennis 0 0 2 2 0 0 0 0 2 2 
olive-sided flycatcher Contopus cooperi 0 0 21 21 0 0 5 6 26 27 
orange-crowned warbler Vermivora celata 0 0 5 6 0 0 7 8 12 14 
pacific-slope flycatcher Empidonac difficilis 0 0 0 0 0 0 2 4 2 4 
pine siskin Carduelis pinus 0 0 3 11 0 0 5 13 8 24 
purple finch Carpodacus purpureus 1 2 14 20 0 0 1 6 16 28 
red crossbill Loxia curvirostra 4 30 9 48 0 0 1 8 14 86 
red-breasted nuthatch Sitta canadensis 11 12 11 12 6 6 18 24 46 54 
red-winged blackbird Agelaius phoeniceus 0 0 0 0 0 0 4 7 4 7 
ruby-crowned kinglet Regulus calendula 3 3 2 2 0 0 2 3 7 8 
Say's phoebe Sayornis saya 0 0 0 0 0 0 1 1 1 1 
song sparrow Melospiza melodia 1 1 0 0 1 1 1 2 3 4 
spotted towhee Pipilo maculatus 5 5 34 35 0 0 16 20 55 60 
Steller's jay Cyanocitta stelleri 31 76 12 16 4 5 27 41 74 138 
Swainson's thrush Catharus ustulatus 0 0 11 12 0 0 0 0 11 12 
Townsend's solitaire Myadestes townsendi 0 0 2 2 0 0 8 9 10 11 
Townsend's warbler Dendroica townsendi 0 0 13 14 0 0 0 0 13 14 
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Table 3. Total number of individuals and groups for each bird type and species, by season and overall, during the fixed-point bird 
use surveys at the Whistling Ridge Wind Resource Area, September 11, 2004 - May 29, 2009.  

  Fall 2004 Summer 2006 Winter 2008/09 Spring 2009 Total 

Species/Type Scientific Name 
#  

grps 
# 

obs  
#  

grps 
# 

obs  
#  

grps 
# 

obs  
#  

grps 
# 

obs  
#  

grps 
# 

obs  
tree swallow Tachycineta bicolor 3 15 0 0 0 0 4 8 7 23 
unidentified empidonax  0 0 1 1 0 0 0 0 1 1 
unidentified finch  0 0 0 0 1 15 0 0 1 15 
unidentified passerine  5 28 2 2 0 0 0 0 7 30 
unidentified warbler  0 0 1 1 0 0 0 0 1 1 
varied thrush Ixoreus naevius 5 14 0 0 0 0 8 14 13 28 
violet-green swallow Tachycineta thalassina 0 0 3 4 0 0 13 38 16 42 
warbling vireo Vireo gilvus 0 0 10 10 0 0 1 1 11 11 
western bluebird Sialia mexicana 4 27 1 1 0 0 11 26 16 54 
western tanager Piranga ludoviciana 1 1 38 41 0 0 18 24 57 66 
western wood-pewee Contopus virens 0 0 11 12 0 0 3 3 14 15 
white-breasted nuthatch Sitta carolinenis 0 0 0 0 0 0 10 13 10 13 
white-crowned sparrow Zonotrichia leucophrys 3 58 57 93 0 0 38 80 98 231 
willow flycatcher Empidonax traillii 0 0 8 9 0 0 0 0 8 9 
Wilson's warbler Wilsonia pusilla 0 0 16 16 0 0 2 2 18 18 
yellow warbler Dendroica petechia 0 0 1 1 0 0 0 0 1 1 
yellow-rumped warbler Dendroica coronata 9 41 14 14 0 0 27 94 50 149 
Other Birds   15 29 28 35 5 5 70 93 118 162 
downy woodpecker Picoides pubescens 0 0 1 1 1 1 1 1 3 3 
hairy woodpecker Picoides villosus 2 2 6 8 0 0 10 11 18 21 
northern flicker Colaptes auratus 4 6 12 15 2 2 22 25 40 48 
pileated woodpecker Dryocopus pileatus 6 6 0 0 2 2 7 7 15 15 
red-breasted sapsucker Sphyrapicus ruber 0 0 0 0 0 0 22 29 22 29 
rufous hummingbird Selasphorus rufus 0 0 7 7 0 0 5 8 12 15 
unidentified 
hummingbird  0 0 0 0 0 0 1 1 1 1 
Vaux's swift Chaetura vauxi 3 15 2 4 0 0 2 11 7 30 
Unidentified Birds   0 0 0 0 2 2 0 0 2 2 
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Table 3. Total number of individuals and groups for each bird type and species, by season and overall, during the fixed-point bird 
use surveys at the Whistling Ridge Wind Resource Area, September 11, 2004 - May 29, 2009.  

  Fall 2004 Summer 2006 Winter 2008/09 Spring 2009 Total 

Species/Type Scientific Name 
#  

grps 
# 

obs  
#  

grps 
# 

obs  
#  

grps 
# 

obs  
#  

grps 
# 

obs  
#  

grps 
# 

obs  
unidentified bird  0 0 0 0 2 2 0 0 2 2 
Overall  238 763 536 719 72 99 561 1,082 1,407 2,663 
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Table 4. Mean bird use (number of birds/plot/20-min survey), percent of total composition (%), and frequency of occurrence 
(%) for each bird type and species by season during the fixed-point bird use surveys at the Whistling Ridge Wind 
Resource Area, September 11, 2004 - May 29, 2009. 

 Use % Composition % Frequency 

Species/Type Fall 
2004

Summer
2006 

Winter
2008/09

Spring
2009 

Fall 
2004

Summer 
2006 

Winter
2008/09

Spring
2009 

Fall 
2004

Summer
2006 

Winter
2008/09

Spring
2009 

Waterfowl 0 0 0 0.07 0 0 0 0.8 0 0 0 0.9 
Canada goose 0 0 0 0.07 0 0 0 0.8 0 0 0 0.9 
Raptors 0.63 0.22 0.17 0.16 4.4 1.4 8.4 1.8 34.8 22.2 13.3 12.9 
Accipiters 0.31 0.09 0.03 0.08 2.1 0.6 1.7 0.8 25.2 8.9 3.3 7.7 
Cooper's hawk 0.12 0 0.03 0.06 0.8 0 1.7 0.7 11.9 0 3.3 6.0 
northern goshawk 0.04 0.07 0 0 0.3 0.4 0 0 4.1 6.7 0 0 
sharp-shinned hawk 0.13 0.02 0 0.02 0.9 0.1 0 0.2 7.4 2.2 0 1.7 
unidentified accipiter 0.02 0 0 0 0.1 0 0 0 1.9 0 0 0 
Buteos 0.24 0.13 0.05 0.05 1.7 0.8 2.5 0.6 15.2 13.3 5.0 3.4 
red-tailed hawk 0.11 0.13 0.05 0.05 0.8 0.8 2.5 0.6 11.5 13.3 5.0 3.4 
unidentified buteo 0.13 0 0 0 0.9 0 0 0 5.6 0 0 0 
Northern Harrier 0.02 0 0 0.01 0.1 0 0 0.1 1.9 0 0 0.8 
northern harrier 0.02 0 0 0.01 0.1 0 0 0.1 1.9 0 0 0.8 
Eagles 0.04 0 0.08 0 0.3 0 4.2 0 4.1 0 5.0 0 
bald eagle 0 0 0.08 0 0 0 4.2 0 0 0 5.0 0 
golden eagle 0.04 0 0 0 0.3 0 0 0 4.1 0 0 0 
Falcons 0.02 0 0 0.01 0.1 0 0 0.1 1.9 0 0 0.8 
American kestrel 0 0 0 0.01 0 0 0 0.1 0 0 0 0.8 
prairie falcon 0.02 0 0 0 0.1 0 0 0 1.9 0 0 0 
Owls 0 0 0 0.02 0 0 0 0.2 0 0 0 1.8 
northern saw-whet owl 0 0 0 0.01 0 0 0 0.1 0 0 0 0.9 
snowy owl 0 0 0 0.01 0 0 0 0.1 0 0 0 0.8 
Vultures 0.08 0.31 0 0.08 0.5 1.9 0 0.9 5.9 11.1 0 6.7 
turkey vulture 0.08 0.31 0 0.08 0.5 1.9 0 0.9 5.9 11.1 0 6.7 
Upland Gamebirds 0.02 0.02 0 0.11 0.1 0.1 0 1.2 1.9 2.2 0 10.1 
ruffed grouse 0.02 0.02 0 0 0.1 0.1 0 0 1.9 2.2 0 0 
sooty grouse 0 0 0 0.02 0 0 0 0.2 0 0 0 1.7 
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Table 4. Mean bird use (number of birds/plot/20-min survey), percent of total composition (%), and frequency of occurrence 
(%) for each bird type and species by season during the fixed-point bird use surveys at the Whistling Ridge Wind 
Resource Area, September 11, 2004 - May 29, 2009. 

 Use % Composition % Frequency 

Species/Type Fall 
2004

Summer
2006 

Winter
2008/09

Spring
2009 

Fall 
2004

Summer 
2006 

Winter
2008/09

Spring
2009 

Fall 
2004

Summer
2006 

Winter
2008/09

Spring
2009 

wild turkey 0 0 0 0.09 0 0 0 1.0 0 0 0 8.4 
Doves/Pigeons 0.54 0.51 0 0.03 3.7 3.2 0 0.4 9.3 17.8 0 2.6 
band-tailed pigeon 0.50 0.51 0 0.03 3.5 3.2 0 0.4 5.6 17.8 0 2.6 
mourning dove 0.04 0 0 0 0.3 0 0 0 3.7 0 0 0 
Passerines 12.53 14.13 1.69 7.88 87.4 88.5 84.6 86.4 94.4 100.0 58.3 91.9 
American crow 0 0 0 0.08 0 0 0 0.9 0 0 0 2.7 
American goldfinch 1.71 0.18 0.02 0.14 12.0 1.1 0.8 1.6 17.4 11.1 1.7 3.3 
American robin 0.81 0.60 0.23 1.31 5.7 3.8 11.7 14.4 14.8 46.7 16.7 41.4 
barn swallow 0 0 0 0.01 0 0 0 0.1 0 0 0 0.8 
Bewick's wren 0 0.02 0 0 0 0.1 0 0 0 2.2 0 0 
black-capped chickadee 0.15 0.02 0.03 0.02 1.0 0.1 1.7 0.2 11.1 2.2 1.7 1.8 
black-headed grosbeak 0 0.56 0 0.13 0 3.5 0 1.4 0 44.4 0 9.2 
black-throated gray warbler 0 0.49 0 0 0 3.1 0 0 0 46.7 0 0 
brown-headed cowbird 0 0.13 0 0.03 0 0.8 0 0.3 0 11.1 0 1.7 
brown creeper 0 0 0.02 0.03 0 0 0.8 0.3 0 0 1.7 2.5 
Bullock's oriole 0 0 0 0.01 0 0 0 0.1 0 0 0 0.8 
Cassin's finch 0 0 0 0.01 0 0 0 0.1 0 0 0 0.8 
Cassin's vireo 0 0.04 0 0 0 0.3 0 0 0 4.4 0 0 
cedar waxwing 0 0.22 0 0 0 1.4 0 0 0 8.9 0 0 
chestnut-backed chickadee 0.02 0.47 0.05 0.14 0.1 2.9 2.5 1.6 1.9 26.7 5.0 6.0 
chipping sparrow 0 0.18 0 0.02 0 1.1 0 0.2 0 15.6 0 1.7 
Clark's nutcracker 0.02 0 0 0 0.1 0 0 0 1.9 0 0 0 
common raven 1.12 0.11 0.69 0.34 7.8 0.7 34.8 3.7 48.9 11.1 36.0 22.9 
dark-eyed junco 2.19 0.67 0 1.09 15.2 4.2 0 12.0 41.5 48.9 0 36.2 
evening grosbeak 0 0.20 0 0.12 0 1.3 0 1.3 0 4.4 0 0.8 
golden-crowned kinglet 0.25 0.02 0.07 0.12 1.7 0.1 3.6 1.3 19.3 2.2 4.8 3.3 
golden-crowned sparrow 0.37 0 0 0 2.6 0 0 0 3.7 0 0 0 
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Table 4. Mean bird use (number of birds/plot/20-min survey), percent of total composition (%), and frequency of occurrence 
(%) for each bird type and species by season during the fixed-point bird use surveys at the Whistling Ridge Wind 
Resource Area, September 11, 2004 - May 29, 2009. 

 Use % Composition % Frequency 

Species/Type Fall 
2004

Summer
2006 

Winter
2008/09

Spring
2009 

Fall 
2004

Summer 
2006 

Winter
2008/09

Spring
2009 

Fall 
2004

Summer
2006 

Winter
2008/09

Spring
2009 

gray jay 0 0 0 0.05 0 0 0 0.5 0 0 0 1.7 
Hammond's flycatcher 0 0.11 0 0.01 0 0.7 0 0.1 0 11.1 0 0.8 
hermit thrush 0 0.04 0 0.05 0 0.3 0 0.5 0 4.4 0 4.2 
hermit warbler 0 0 0 0.10 0 0 0 1.1 0 0 0 7.5 
house wren 0 0.11 0 0.01 0 0.7 0 0.1 0 6.7 0 0.8 
lazuli bunting 0 0.16 0 0.11 0 1.0 0 1.2 0 15.6 0 3.3 
Lincoln's sparrow 0.02 0 0 0 0.1 0 0 0 1.9 0 0 0 
Macgillivray's warbler 0 0.73 0 0.07 0 4.6 0 0.7 0 48.9 0 5.0 
mountain chickadee 0.04 0 0 0.01 0.3 0 0 0.1 1.9 0 0 0.8 
Nashville warbler 0 0.04 0 0.08 0 0.3 0 0.9 0 4.4 0 5.8 
northern rough-winged swallow 0 0.04 0 0 0 0.3 0 0 0 4.4 0 0 
olive-sided flycatcher 0 0.47 0 0.05 0 2.9 0 0.5 0 40.0 0 4.2 
orange-crowned warbler 0 0.13 0 0.07 0 0.8 0 0.7 0 11.1 0 5.8 
pacific-slope flycatcher 0 0 0 0.03 0 0 0 0.4 0 0 0 1.7 
pine siskin 0 0.24 0 0.11 0 1.5 0 1.2 0 6.7 0 4.2 
purple finch 0.04 0.44 0 0.05 0.3 2.8 0 0.5 1.9 31.1 0 0.8 
red-breasted nuthatch 0.22 0.27 0.10 0.20 1.5 1.7 5.0 2.2 20.4 24.4 10.0 15.4 
red-winged blackbird 0 0 0 0.06 0 0 0 0.6 0 0 0 3.3 
red crossbill 0.56 1.07 0 0.07 3.9 6.7 0 0.7 7.4 20.0 0 0.8 
ruby-crowned kinglet 0.06 0.04 0 0.03 0.4 0.3 0 0.3 5.6 4.4 0 1.7 
Say's phoebe 0 0 0 0.01 0 0 0 0.1 0 0 0 0.8 
song sparrow 0.02 0 0.02 0.02 0.1 0 0.8 0.2 1.9 0 1.7 0.8 
spotted towhee 0.10 0.78 0 0.17 0.7 4.9 0 1.8 10.0 64.4 0 13.3 
Steller's jay 1.42 0.36 0.10 0.35 9.9 2.2 4.9 3.9 47.0 26.7 7.4 22.2 
Swainson's thrush 0 0.27 0 0 0 1.7 0 0 0 24.4 0 0 
Townsend's solitaire 0 0.04 0 0.08 0 0.3 0 0.8 0 4.4 0 6.7 
Townsend's warbler 0 0.31 0 0 0 1.9 0 0 0 24.4 0 0 
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Table 4. Mean bird use (number of birds/plot/20-min survey), percent of total composition (%), and frequency of occurrence 
(%) for each bird type and species by season during the fixed-point bird use surveys at the Whistling Ridge Wind 
Resource Area, September 11, 2004 - May 29, 2009. 

 Use % Composition % Frequency 

Species/Type Fall 
2004

Summer
2006 

Winter
2008/09

Spring
2009 

Fall 
2004

Summer 
2006 

Winter
2008/09

Spring
2009 

Fall 
2004

Summer
2006 

Winter
2008/09

Spring
2009 

tree swallow 0.30 0 0 0.07 2.1 0 0 0.7 4.1 0 0 3.3 
unidentified empidonax 0 0.02 0 0 0 0.1 0 0 0 2.2 0 0 
unidentified finch 0 0 0.36 0 0 0 17.9 0 0 0 2.4 0 
unidentified passerine 0.52 0.04 0 0 3.6 0.3 0 0 9.3 4.4 0 0 
unidentified warbler 0 0.02 0 0 0 0.1 0 0 0 2.2 0 0 
varied thrush 0.26 0 0 0.12 1.8 0 0 1.3 9.3 0 0 6.9 
violet-green swallow 0 0.09 0 0.32 0 0.6 0 3.5 0 6.7 0 11.1 
warbling vireo 0 0.22 0 0.01 0 1.4 0 0.1 0 22.2 0 0.8 
western bluebird 0.50 0.02 0 0.23 3.5 0.1 0 2.5 5.6 2.2 0 9.5 
western tanager 0.02 0.91 0 0.20 0.1 5.7 0 2.2 1.9 75.6 0 15.0 
western wood-pewee 0 0.27 0 0.03 0 1.7 0 0.3 0 24.4 0 2.5 
white-breasted nuthatch 0 0 0 0.11 0 0 0 1.2 0 0 0 8.3 
white-crowned sparrow 1.07 2.07 0 0.67 7.5 12.9 0 7.3 5.6 77.8 0 30.8 
willow flycatcher 0 0.20 0 0 0 1.3 0 0 0 17.8 0 0 
Wilson's warbler 0 0.36 0 0.02 0 2.2 0 0.2 0 35.6 0 1.7 
yellow-rumped warbler 0.76 0.31 0 0.78 5.3 1.9 0 8.6 14.8 31.1 0 22.5 
yellow warbler 0 0.02 0 0 0 0.1 0 0 0 2.2 0 0 
Other Birds 0.54 0.78 0.10 0.78 3.8 4.9 5.0 8.6 26.7 44.4 10.0 47.2 
downy woodpecker 0 0.02 0.02 0.01 0 0.1 0.8 0.1 0 2.2 1.7 0.9 
hairy woodpecker 0.04 0.18 0 0.09 0.3 1.1 0 1.0 3.7 13.3 0 8.6 
northern flicker 0.11 0.33 0.05 0.21 0.8 2.1 2.5 2.3 7.4 26.7 5.0 18.4 
pileated woodpecker 0.11 0 0.03 0.06 0.8 0 1.7 0.6 11.5 0 3.3 5.9 
red-breasted sapsucker 0 0 0 0.24 0 0 0 2.6 0 0 0 18.3 
rufous hummingbird 0 0.16 0 0.07 0 1.0 0 0.7 0 15.6 0 4.2 
unidentified hummingbird 0 0 0 0.01 0 0 0 0.1 0 0 0 0.8 
Vaux's swift 0.28 0.09 0 0.09 2.0 0.6 0 1.0 4.1 4.4 0 1.7 
Unidentified Birds 0 0 0.04 0 0 0 2.0 0 0 0 4.0 0 
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Table 4. Mean bird use (number of birds/plot/20-min survey), percent of total composition (%), and frequency of occurrence 
(%) for each bird type and species by season during the fixed-point bird use surveys at the Whistling Ridge Wind 
Resource Area, September 11, 2004 - May 29, 2009. 

 Use % Composition % Frequency 

Species/Type Fall 
2004

Summer
2006 

Winter
2008/09

Spring
2009 

Fall 
2004

Summer 
2006 

Winter
2008/09

Spring
2009 

Fall 
2004

Summer
2006 

Winter
2008/09

Spring
2009 

unidentified bird 0 0 0.04 0 0 0 2.0 0 0 0 4.0 0 
Overall 14.34 15.98 1.99 9.13 100 100 100 100     
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Table 5. Flight height characteristics by bird type during fixed-point bird use surveys at the Whistling 

Ridge Wind Resource Area, September 11, 2004 - May 29, 2009. 

Bird Type 
# Groups # Obs Mean Flight % Obs % within Flight Height Categories

Flying Flying Height (m) Flying 0-35 m 35-130 m > 130 m 
Waterfowl 1 8 180.00 100 0 0 100 
Raptors 52 58 86.96 84.1 15.5 58.6 25.9 
Accipiters 23 23 68.39 76.7 21.7 65.2 13.0 
Buteos 21 26 115.57 92.9 3.8 53.8 42.3 
Northern Harrier 2 2 23.50 100 100 0 0 
Eagles 4 5 90.00 100 20.0 60.0 20.0 
Falcons 2 2 57.50 100 0 100 0 
Owls 0 0 0 0 0 0 0 
Vultures 18 28 111.72 100 17.9 53.6 28.6 
Upland Gamebirds 1 1 1.00 6.7 100 0 0 
Doves/Pigeons 15 34 63.93 60.7 35.3 58.8 5.9 
Passerines 384 1,235 29.79 53.6 69.7 29.5 0.8 
Other Birds 52 85 18.56 52.5 75.3 24.7 0 
Unidentified Birds 0 0 0 0 0 0 0 
Overall 523 1,449 38.39 54.8 65.7 31.3 3.0 
ZOR: The likely “zone of risk” for potential collision with a turbine blade, 35 – 130m or (114-427 ft) above ground level (AGL).
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Table 6. Relative exposure index and flight characteristics by species during the fixed-point bird use surveys at 

the Whistling Ridge Wind Resource Area, September 11, 2004 - May 29, 2009. 

Species 
# Groups

Flying 
Overall 

Mean Use
% 

Flying

% Flying 
within ZOR based 

on initial obs 
Exposure

Index 

% Within 
ZOR at 
anytime 

red crossbill 12 0.34 95.3 90.2 0.29 90.2 
common raven 67 0.59 72.1 55.1 0.23 68.4 
American robin 31 0.73 59.5 31.9 0.14 41.3 
western bluebird 15 0.18 98.1 62.3 0.11 67.9 
unidentified passerine 6 0.13 96.7 75.9 0.09 75.9 
band-tailed pigeon 13 0.22 59.3 59.4 0.08 68.8 
tree swallow 7 0.09 100 78.3 0.07 91.3 
evening grosbeak 2 0.07 91.3 100 0.06 100 
Vaux's swift 7 0.11 100 56.7 0.06 93.3 
American goldfinch 18 0.47 96.5 12.6 0.06 12.6 
red-tailed hawk 19 0.08 95.2 70.0 0.05 75.0 
turkey vulture 18 0.10 100 53.6 0.05 78.6 
violet-green swallow 16 0.11 100 45.2 0.05 59.5 
pine siskin 8 0.07 100 58.3 0.04 58.3 
purple finch 2 0.10 35.7 100 0.04 100 
cedar waxwing 3 0.04 90.0 100 0.04 100 
Steller's jay 37 0.52 62.3 9.3 0.03 46.5 
sharp-shinned hawk 7 0.04 70.0 85.7 0.02 71.4 
American crow 3 0.02 100 100 0.02 100 
Cooper's hawk 11 0.05 78.6 45.5 0.02 54.5 
bald eagle 2 0.03 100 66.7 0.02 66.7 
northern goshawk 4 0.02 80.0 100 0.02 100 
western tanager 15 0.23 30.3 20.0 0.01 25.0 
northern flicker 12 0.16 25.0 25.0 0.01 25.0 
northern rough-winged swallow 2 0.01 100 100 0.01 100 
chestnut-backed chickadee 5 0.14 35.0 14.3 0.01 14.3 
black-headed grosbeak 6 0.14 20.0 25.0 0.01 25.0 



Whistling Ridge Final Report 

 
Western EcoSystems Technology, Inc. 37 August 7, 2009 

Table 6. Relative exposure index and flight characteristics by species during the fixed-point bird use surveys at 
the Whistling Ridge Wind Resource Area, September 11, 2004 - May 29, 2009. 

Species 
# Groups

Flying 
Overall 

Mean Use
% 

Flying

% Flying 
within ZOR based 

on initial obs 
Exposure

Index 

% Within 
ZOR at 
anytime 

golden eagle 2 0.01 100 50.0 <0.01 100 
mourning dove 2 0.01 100 50 <0.01 50.0 
Clark's nutcracker 1 0.00 100 100 <0.01 100 
prairie falcon 1 0.00 100 100 <0.01 100 
brown-headed cowbird 3 0.03 33.3 33.3 <0.01 33.3 
hairy woodpecker 9 0.07 52.4 9.1 <0.01 9.1 
yellow-rumped warbler 25 0.45 65.1 1.0 <0.01 12.4 
Townsend's solitaire 6 0.03 63.6 14.3 <0.01 14.3 
American kestrel 1 0.00 100 100 <0.01 100 
barn swallow 1 0.00 100 100 <0.01 100 
dark-eyed junco 37 0.92 68.4 0 0 0 
white-crowned sparrow 8 0.81 30.3 0 0 0 
spotted towhee 4 0.21 8.3 0 0 0 
red-breasted nuthatch 3 0.19 5.6 0 0 0 
Macgillivray's warbler 3 0.15 9.8 0 0 0 
golden-crowned kinglet 2 0.12 29.0 0 0 0 
unidentified finch 1 0.11 100 0 0 0 
olive-sided flycatcher 2 0.10 7.4 0 0 50.0 
varied thrush 2 0.09 14.3 0 0 50.0 
black-throated gray warbler 0 0.09 0 0 0 0 
golden-crowned sparrow 0 0.08 0 0 0 0 
Wilson's warbler 0 0.07 0 0 0 0 
red-breasted sapsucker 10 0.07 51.7 0 0 0 
lazuli bunting 4 0.06 55.0 0 0 0 
Townsend's warbler 0 0.06 0 0 0 0 
western wood-pewee 0 0.06 0 0 0 0 
black-capped chickadee 2 0.05 15.4 0 0 0 
pileated woodpecker 1 0.05 6.7 0 0 0 
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Table 6. Relative exposure index and flight characteristics by species during the fixed-point bird use surveys at 
the Whistling Ridge Wind Resource Area, September 11, 2004 - May 29, 2009. 

Species 
# Groups

Flying 
Overall 

Mean Use
% 

Flying

% Flying 
within ZOR based 

on initial obs 
Exposure

Index 

% Within 
ZOR at 
anytime 

Swainson's thrush 0 0.05 0 0 0 0 
rufous hummingbird 12 0.05 100 0 0 0 
warbling vireo 0 0.04 0 0 0 0 
orange-crowned warbler 5 0.04 42.9 0 0 0 
chipping sparrow 0 0.04 0 0 0 0 
willow flycatcher 0 0.04 0 0 0 0 
Nashville warbler 3 0.03 41.7 0 0 0 
white-breasted nuthatch 1 0.03 7.7 0 0 0 
unidentified buteo 2 0.03 85.7 0 0 0 
ruby-crowned kinglet 3 0.03 50 0 0 0 
hermit warbler 3 0.03 33.3 0 0 0 
wild turkey 0 0.03 0 0 0 0 
Hammond's flycatcher 0 0.02 0 0 0 0 
house wren 1 0.02 16.7 0 0 0 
hermit thrush 0 0.02 0 0 0 0 
Canada goose 1 0.02 100 0 0 0 
red-winged blackbird 0 0.02 0 0 0 0 
song sparrow 1 0.01 50.0 0 0 0 
gray jay 2 0.01 100 0 0 0 
unidentified bird 0 0.01 0 0 0 0 
brown creeper 1 0.01 25.0 0 0 0 
downy woodpecker 0 0.01 0 0 0 0 
mountain chickadee 1 0.01 66.7 0 0 0 
pacific-slope flycatcher 1 0.01 75.0 0 0 0 
ruffed grouse 1 0.01 50.0 0 0 0 
Cassin's vireo 0 0.01 0 0 0 0 
northern harrier 2 0.01 100 0 0 50.0 
sooty grouse 0 <0.01 0 0 0 0 
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Table 6. Relative exposure index and flight characteristics by species during the fixed-point bird use surveys at 
the Whistling Ridge Wind Resource Area, September 11, 2004 - May 29, 2009. 

Species 
# Groups

Flying 
Overall 

Mean Use
% 

Flying

% Flying 
within ZOR based 

on initial obs 
Exposure

Index 

% Within 
ZOR at 
anytime 

Lincoln's sparrow 0 <0.01 0 0 0 0 
unidentified accipiter 1 <0.01 100 0 0 0 
Bewick's wren 0 <0.01 0 0 0 0 
unidentified empidonax 0 <0.01 0 0 0 0 
unidentified warbler 1 <0.01 100 0 0 0 
yellow warbler 0 <0.01 0 0 0 0 
northern saw-whet owl 0 <0.01 0 0 0 0 
Bullock's oriole 1 <0.01 100 0 0 0 
Cassin's finch 0 <0.01 0 0 0 0 
Say's phoebe 1 <0.01 100 0 0 0 
snowy owl 0 <0.01 0 0 0 0 
unidentified hummingbird 1 <0.01 100 0 0 0 
ZOR: The likely “zone of risk” for potential collision with a turbine blade, or 114-427 ft (35-130 m) above ground level (AGL).
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Table 7. Incidental wildlife observed while conducting all surveys at the 
Whistling Ridge Wind Resource Area, September 11, 2004 - May 
29, 2009. 

Species Scientific Name # grps # obs 
pine siskin Carduelis pinus 1 9 
Canada goose Branta canadensis 1 6 
red-tailed hawk Buteo jamaicensis 3 4 
osprey Pandion haliaetus 1 2 
common poorwill Phalaenoptilus nuttallii 1 1 
ruffed grouse Bonasa umbellus 1 1 
Bird Subtotal 6 Species 8 23 
mule deer Odocoileus hemionus 7 43 
black-tailed deer Odocoileus hemionus columbianus 4 9 
elk Cervus elephus 2 3 
Douglas squirrel Tamiasciurus douglasii 1 1 
gray squirrel Sciurus sp. 1 1 
Mammal Subtotal 5 Species 15 57 
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Table 8. Summary of sensitive species observed at the Whistling Ridge Wind Resource Area during 

fixed-point bird use surveys (FP) and as incidental wildlife observations (Inc.), September 11, 
2004 – May 29, 2009. 

Species Scientific Name Status 

FP Inc. Total 
#  

grps 
#  

obs 
#  

grps 
#  

obs 
#  

grps
#  

obs
Vaux's swift Chaetura vauxi SCS 7 30 0 0 7 30 
pileated woodpecker Dryocopus pileatus SCS 15 15 0 0 15 15 
northern goshawk Accipiter gentilis SCS 5 5 0 0 5 5 
bald eagle Haliaeetus leucocephalus SSC 2 3 0 0 2 3 
golden eagle Aquila chrysaetos SCS 2 2 0 0 2 2 
gray squirrel Sciurus sp.* ST? 0 0 1 1 1 1 
Total 5 Species  31 55 1 1 32 56 
ST = state threatened; SSC = State species of concern; SCS = State candidate species (Data from WDFW 2009).  * The gray 

squirrel was only observed briefly and was not positively identified as being either a western or eastern gray squirrel. 
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Figure 1. Location of the Whistling Ridge Wind Resource Area. 
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Figure 2. Elevation and topography of the Whistling Ridge Wind Resource Area. 
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Figure 3. The land cover types and coverage within the Whistling Ridge Wind Resource 
Area (USGS NLCD 2001). 
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Figure 4. Fixed-point bird use survey points at the Whistling Ridge Wind Resource Area. 
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Figure 5. Mean use (number of birds/20-min survey) at each fixed-point bird use 
survey point for all birds major bird types at the Whistling Ridge Wind 
Resource Area. 
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Figure 5 (continued). Mean use (number of birds/20-min survey) at each fixed-
point bird use survey point for all birds and major bird types at the 
Whistling Ridge Wind Resource Area. 
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Figure 5 (continued). Mean use (number of birds/20-min survey) at each 
fixed-point bird use survey point for all birds and major bird types at 
the Whistling Ridge Wind Resource Area.
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Figure 5 (continued). Mean use (number of birds/20-min survey) at each fixed-
point bird use survey point for all birds and major bird types at the 
Whistling Ridge Wind Resource Area. 
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Figure 5 (continued). Mean use (number of birds/20-min survey) at each fixed-
point bird use survey point for all birds and major bird types at the 
Whistling Ridge Wind Resource Area. 
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Figure 5 (continued). Mean use (number of birds/20-min survey) at each 

fixed-point bird use survey point for all birds and major bird types at 
the Whistling Ridge Wind Resource Area. 
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Figure 5 (continued). Mean use (number of birds/20-min survey) at each 
fixed-point bird use survey point for all birds and major bird types 
at the Whistling Ridge Wind Resource Area. 
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Figure 6a. Flight paths of waterfowl at the Whistling Ridge Wind Resource Area. 
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Figure 6b. Flight paths of accipiters at the Whistling Ridge Wind Resource Area. 
 



Whistling Ridge Final Report 

 
Western EcoSystems Technology, Inc. 55 August 7, 2009 

 

Figure 6c. Flight paths of buteos at the Whistling Ridge Wind Resource Area. 
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Figure 6d. Flight paths of other raptors at the Whistling Ridge Wind Resource Area. 
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Figure 7. Comparison of annual raptor use between the Whistling Ridge Wind Resource Area and other US wind-energy facilities. 
Data from the following sources:  
Whistling Ridge, WA This study.        

High Winds, CA Kerlinger et al. 2005 Stateline Reference URS et al. 2001 Maiden, WA Erickson et al. 2002b 
Diablo Winds, CA WEST 2006a Buffalo Ridge, MN Erickson et al. 2002b Hatchet Ridge, CA Young et al. 2007b 
Altamont Pass, CA Erickson et al. 2002b White Creek, WA NWC and WEST 2005a Biglow Canyon, OR WEST 2005c 
Elkhorn, OR WEST 2005a Foote Creek Rim, WY Erickson et al. 2002b Wild Horse, WA Erickson et al. 2003a 
Cotterel Mtn., ID Cooper et al. 2004 Roosevelt, WA NWC and WEST 2004 Biglow Reference, OR WEST 2005c 
Swauk Ridge, WA Erickson et al. 2003b Leaning Juniper, OR NWC and WEST 2005b Simpson Ridge, WY Johnson et al. 2000b 
Golden Hills, OR Jeffrey et al. 2008 Klondike, OR Johnson et al. 2002a Invenergy_Vantage, WA WEST 2007 
Windy Flats, WA Johnson et al. 2007 Stateline, WA/OR Erickson et al. 2002b North Valley, MT WEST 2006b 
Combine Hills, OR Young et al. 2003c Condon, OR Erickson et al. 2002b Tehachapi Pass, CA Erickson et al. 2002b 
Desert Claim, WA Young et al. 2003b Zintel Canyon, WA Erickson et al. 2002a Sunshine, AZ WEST and the CPRS 2006 
Hopkin's Ridge, WA Young et al. 2003a Homestead, CA WEST et al. 2007 Dry Lake, AZ Young et al. 2007c 
Reardon, WA WEST 2005b Nine Canyon, WA Erickson et al. 2001b San Gorgonio, CA Erickson et al. 2002b 
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Figure 8. Regression analysis comparing raptor use estimates versus estimated raptor mortality. 
Data from the following sources: 

Study and Location 
Raptor Use 

(birds/plot /20-min survey) Source 
Raptor Mortality 

(fatalities/MW/yr) Source 
Buffalo Ridge, MN 0.64 Erickson et al. 2002b 0.02 Erickson et al. 2002b 
Combine Hills, OR 0.75 Young et al. 2003c 0.00 Young et al. 2005 
Diablo Winds, CA 2.161 WEST 2006a 0.87 WEST 2006a 
Foote Creek Rim, WY 0.55 Erickson et al. 2002b 0.04 Erickson et al. 2002b 
High Winds, CA 2.34 Kerlinger et al. 2005 0.39 Kerlinger et al. 2006 
Hopkins Ridge, WA 0.70 Young et al. 2003a 0.14 Young et al. 2007a 
Klondike II, OR 0.50 Johnson 2004 0.11 NWC and WEST 2007 
Klondike, OR 0.50 Johnson et al. 2002a 0.00 Johnson et al. 2003 
Stateline, WA/OR 0.48 Erickson et al. 2002b 0.09 Erickson et al. 2002b 
Vansycle, OR 0.66 WCIA and WEST 1997 0.00 Erickson et al. 2002b 
Wild Horse, WA 0.29 Erickson et al. 2003a 0.09 Erickson et al. 2008 
Zintel, WA 0.43 Erickson et al. 2002a 0.05 Erickson et al. 2002b 
Bighorn, WA 0.51 Johnson and Erickson 2004 0.15 Kronner et al. 2008 
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Figure 9. Comparison of mean overall bird use between the Whistling Ridge Wind Resource Area and other Pacific Northwest wind resource 

areas. 
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INTRODUCTION 
 

PPM Energy, Inc. (PPM) with guidance from CH2MHILL retained the services of Turnstone Environmental 

Consultants Inc. (TECI) to perform wildlife studies as part of the proposed Saddleback Wind Energy Project. PPM 

performs extensive environmental impact studies evaluating existing land use as well as impacts on birds, bats, 

rare plants and waterways to determine whether a site is suitable for wind power generation. PPM is committed to 

minimize impacts on natural resources by selecting wind development sites that are designed to be as 

environmentally friendly to the land and communities as it is to the air. Wind energy, the least-cost renewable 

technology, is a remarkable, sustainable resource for electricity generation. Wind power is the fastest growing area 

of power generation in the world. PPM Energy Inc. is leading the market to make this green power source as 

dependable and affordable as any other form of energy. 

 

TECI performed surveys for the northern spotted owl (Strix occidentalis caurina), northern goshawk (Accipiter 

gentilis), and western gray squirrel (Sciurus griseus) in consultation with CH2MHILL for the Saddleback Wind 

Energy Project. Throughout Oregon and the Pacific Northwest, TECI specializes in natural resource inventory, 

assessment and analysis.  TECI is committed to providing the highest quality work product for our clients in the 

field of natural resource management  - assisting land owners and managers in the decision making process.  TECI 

is an Oregon based company founded in 1995 with offices in Portland and Corvallis. The TECI staff has extensive 

experience in a wide variety of wildlife and fisheries survey, inventory, rehabilitation and research projects, and 

has worked with federal, state and tribal governments as well as private landowners.   

 

Northern Spotted Owl 
 

The northern spotted owl (Strix occidentalis caurina) was listed in 1990 as a “threatened” species under the 

Endangered Species Act (ESA) of 1973 by both the U.S. Fish and Wildlife Service and the State of Washington.  

Both federal and state agencies determined that the northern spotted owl was likely to become an endangered 

species in the foreseeable future throughout all or a significant portion of its existing range.  The physiographic 

range and habitat requirements of the northern spotted owl are located within the forestlands of the PPM 

Saddleback Wind Energy Project.  As part of the process to avoid a “take” of any northern spotted owls under the 

ESA, PPM with guidance from CH2MHILL had surveys completed for northern spotted owls in and around 

suitable habitat prior to any management activity. 

 
Suitable Habitat 

In Washington, northern spotted owls inhabit the Eastern and Western Cascades, Western Lowlands and Olympic 

Peninsula Provinces. Within these regions, the northern spotted owl requires a multitude of habitat types for 

nesting, roosting, foraging and dispersal.  The species seeks forests composed of a multi-layered, multi-species 

canopy with a high incidence of large trees with appropriate structure for nesting and roosting.  Northern spotted 

owls generally rely on large home ranges and use large tracts of land containing older forest to meet their 

biological needs. Fragmented habitats may be used for dispersal and foraging.   Spotted owls nest primarily in 

stick nests of northern goshawks, on clumps of mistletoe, in large tree cavities, on broken tops of large trees, on 

large branches or cavities in banks and rock faces. 
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Survey Locations 

With the guidance of CH2MHILL, TECI conducted northern spotted owl surveys within and adjacent to properties 

managed by SDS Lumber Co. (SDS) and other willing adjacent landowners.  Surveys were conducted in suitable 

habitat in four core project sections located in Township 3N, Range 10E, Sections 5, 6, 7, and 8.  The provincial 

home range radius surrounding the core area appropriate for this physiographic location is 1.8 miles. Surveys were 

conducted in suitable habitat in the provincial home range radius in Township 3N, Range 10E, Sections 4, 

9,10,17,19,20,21; Township 4N, Range 10E, Sections 28,29,30,31,32,33,34; Township 4N, Range 09E, Sections 

25,35,36; Township 3N, Range 09E, Sections 1,2,11,12,13,24. 

 
Survey Methods 

Potential habitat was surveyed in 2003-2004 in accordance to the 1992 Revised Version of “Protocol for 

Surveying Proposed Management Activities That May Impact Northern Spotted Owls” endorsed by the U.S. Fish 

and Wildlife Service. TECI used the 1-year survey methodology, surveying the project area six times from March 

24, 2003 to July 23, 2003 and used the 2-year survey methodology, surveying three times from March 31, 2004 to 

August 18,
 
2004. TECI surveyed again in 2004 to lengthen the time period in which management activities could 

occur in the area of potential impact before northern spotted owl surveys would again be required.  TECI collected 

information on northern spotted owl historical sites and potential owl activity in proposed areas of future 

management projects. CH2MHILL and the Washington Department of Fish and Wildlife (WDFW) will use this 

survey information to assess occupancy and reproductive status of the northern spotted owl within areas of 

proposed management activities. 

 

TECI biologists analyzed the project area using topographic maps and aerial photography to determine suitable 

habitat and potential spot calling station placement. Spot calling stations were place along ridges and away from 

streams to maximize coverage by enhancing sound transmission. Spot calling stations and survey routes were 

situated to achieve complete coverage of the area, preferably with coverage from more than one calling point. 

Stations were spaced approximately 1/4 to 1/2 mile apart where access was permitted and suitable habitat 

warranted. Most spot calling stations were surveyed at night when owls are more active and are thought to be 

more responsive to standard survey techniques (USDI 1992b). Some stations were called during daylight in 

remote/difficult to access areas. TECI biologist used ten-minute calling periods for each station. Voice hooting and 

“hoot flutes” were used to broadcast both male and female spotted owl vocalizations that included four note 

contact calls and agitated calls. TECI conducted surveys between March 15 and August 31 as stipulated by the 

protocol.   

 

During the 2003/2004 survey season, TECI recorded all owl species responses in the field from each calling 

station during each site visit on the field data forms.  Barred owls have been thought to displace spotted owls; 

therefore, special attention was given to any responses recorded in the survey area.  Barred owl responses were 

recorded on the field data and mapped (locations are approximate) to provide additional information to help direct 

any future management decisions (map 6).  
 
 
 
Survey Results  
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TECI conducted northern spotted owl surveys in and adjacent to SDS properties (maps 1-6). During the 2003 

northern spotted owl survey season, TECI completed six site visits to protocol (survey dates are found in Table 2). 

During the 2004 northern spotted owl survey season, three site visits were completed to protocol.  Calling stations 

were strategically set throughout the proposed area of impact with the inclusion of a 1.8-mile radius around the 

potential area of future management activities.   

 

- In 2003, during the first two site visits, 64 calling stations were originally set and called. During the 

remaining four site visits, 63 calling stations were surveyed after consultation with the SDS foresters. (One 

calling station, B-17, was dropped due to a logging operation.)  No northern spotted owl responses were 

recorded during any of the six site visits for 2003. Nine barred owl responses were recorded during the six 

site visits (map 6).   

 

- In 2004, 64 calling stations were surveyed during the first site visits. During the remaining two site        

visits, 62 calling stations were surveyed. (Two calling stations were dropped, B-17 and B-19, due to       

logging operations.)  No northern spotted owl responses were recorded during any of the three site         

visits for 2004.  Three barred owl responses were recorded during the three site visits (map 6). 

 

Two historical owl sites were surveyed to obtain information on the presence of northern spotted owls.  TECI 

combined efforts with National Council for Air and Stream Improvement (NCASI) to investigate the status of 

northern spotted owls at the Moss Creek and Mill Creek sites.   

 

- In 2003, three-day site visits were performed at the historical nest sites of both Moss Creek and Mill Creek 

with no northern spotted owl observations or responses.  TECI continued to call the two historical nest 

sites in the evening six more times with no northern spotted owl responses. On May 5, 2003, a NCASI 

surveyor observed an unidentified Strix owl at dusk (barred or northern spotted owl observation). Five 

surveys were conducted after the Strix observation with no visual conformation or audible responses to 

confirm the Strix presence. Eight of the nine barred owl responses for 2003 occurred within 1.5 miles of 

the Mill Creek historical nest site.  No barred owls were observed while conducting the Moss Creek nest 

status day surveys.  

 

- In 2004, three site visits were performed at the historical nest sites of both Moss Creek and Mill Creek with 

no northern spotted owl observations or responses. Two of the three barred owl responses for 2004 

occurred within 1.5 miles of the Mill Creek historical nest site.  One of the three barred owl responses for 

2004 occurred within 1.5 miles of the Moss Creek historical nest site.   

 

With the consistent barred owl responses during the evening surveys so close to the historical nest sites, it appears 

that barred owls are using areas once inhabited by northern spotted owls.    

 

The following tables summarize all survey site results for the project area including the 1.8 mile radius around the 

proposed project area of future management activities. Table 1 depicts the Survey Summary Results for 2003 -

2004 and Table 2 depicts the historical site information for Moss Creek and Mill Creek. 



         Turnstone Environmental Consultants Inc. 

         PPM Saddleback Wind Energy Project Biological Surveys 
 

 4 

 

NORTHERN SPOTTED OWL 
Survey Summary Results 2003-2004 

 

 

Table 1: Northern spotted owl survey and results summary 2003-2004 

 Visit # Dates 

# of 

Stations 

Northern 

Spotted 

Owl 

Response 

Barred 

Owl 

Response Comments 

1 

3/18/03 

-3/24/03 64 None 2 

Barred owl detected from station: 

A11/B17 

2 

4/21/03-

4/24/03 64 None 2 

Barred owl detected from station: 

A6/B6 

3 

5/23/03-

5/26/03 63 None 1 

Barred owl detected from station: 

A10. B-17 not surveyed (logging) 

4 

6/18/03-

6/21/03 63 None 2 

Barred owl detected from station: 

A9/A11. B-17 not surveyed 

(logging) 

5 

6/29/03-

7/2/03 63 None 1 

Barred owl detected from station: 

A6. B-17 not surveyed (logging) 

2
0
0
3
 

6 

7/20/03-

7/23/03 63 None 1 

Barred owl detected from station: 

A10. B-17 not surveyed (logging) 

1 

3/31/04-

4/3/04 64 None 0   

2 

6/14/04-

6/17/04 62 None 1 

Barred owl detected from station: 

A12. B-17 & B-19 not surveyed 

(logging) 

2
0
0
4
 

3 

8/16/04-

8/18/04 62 None 2 

Barred owl detected from station: 

A6 (incidental while 

camping)/A26. B-17 & B-19 not 

surveyed (logging) 
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NORTHERN SPOTTED OWL 
Historical Site Observations Summary 2003 - 2004 

 
 
  Table 2: Northern spotted owl historical site observations 2003-2004 

 Visit # Date 

Name of 

Station 

Northern 

Spotted Owl 

Response 

*Barred Owl 

Response 

1 3/24/03 Day Mill Creek None None 

  3/20/03 Day Moss Creek None None 

2 4/22/03 Night Mill Creek None None 

  4/21/03 Night Moss Creek None None 

3 5/24/03 Day Mill Creek None None 

  5/26/03 Day Moss Creek  None None 

4 6/20/03 Night Mill Creek None None 

  6/21/03 Night Moss Creek None None 

5 7/1/03 Night Mill Creek None None 

  7/2/03 Night Moss Creek None None 

6 7/22/03 Night Mill Creek None None 

2
0
0
3
 

  7/23/03 Night Moss Creek None None 

1 4/2/2004Night Mill Creek None None 

  4/3/04 Night Moss Creek None None 

2 6/17/04 Day Mill Creek None None 

  6/16/04 Night Moss Creek  None None 

3 8/16/04 Day Mill Creek None None 

2
0
0
4
 

  8/18/04 Night Moss Creek None None 

 

*TECI recorded no barred owl responses at the historical nest sites 
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                                     NORTHERN SPOTTED OWL 
Historic Site Summary 1994 - 2004 

 

 
           Table 3: Northern spotted owl historic site summary 1994- 2004 

Year Mill Creek Results Moss Creek Results 

2004 Barred Owl Pair Observed (NCASI) 

Barred Owl Pair with 1+ Juvenile 

Observed (NCASI) 

2003 No Responses Unknown Strix Observed (NCASI) 

2002 Male Barred Owl Observed Barred Owl Pair with 1 Juvenile Observed 

2001 No Responses Barred Owl Pair Observed 

2000 Non-nesting Spotted Owl Pair Observed 

Spotted Owl Pair with 1 Juvenile 

Observed 

1999 Female Spotted Owl Observed 

Spotted Owl Pair with 1 Juvenile 

Observed 

1998 
Non-nesting Spotted Owl Pair Observed with 

Female Barred Owl 

Spotted Owl Pair with 2 Juveniles 

Observed 

1997 Non-nesting Spotted Owl Pair Observed No Responses Observed 

1996 Spotted Owl Pair with 2 Juveniles Observed 

Spotted Owl Pair with 3 Juveniles 

Observed 

1995 No Responses Male Spotted Owl Observed 

1994 Spotted Owl Pair with 2 Juveniles Observed N/A 

 

Any inquiries on site-specific information should be directed to Tracy Flemming of NCASI 

(360.896.8013) 

 

Northern Goshawk 
 

The northern goshawk (Accipiter gentilis) is categorized as a “species of concern” by the U.S. Fish and Wildlife 

Service and as a “listing candidate” for sensitive, threatened or endangered species by the State of Washington 

Department of Fish and Wildlife. The physiographic range and habitat requirements of the northern goshawk are 

located within the forestlands of the PPM Saddleback Wind Energy Project.   

 

Suitable Habitat 

Goshawks inhabit a wide variety of forest habitats, including true fir (red fir, white fir, and subalpine fir), mixed 

conifer, lodgepole pine, ponderosa pine, Jeffrey pine, montane riparian deciduous forest and Douglas fir.  They are 

occasionally found nesting in coast redwood and mixed hardwood forest.  Goshawk nest sites tend to be associated 

with patches of relatively larger, denser forest than the surrounding landscape; however, home ranges often consist 

of a wide range of forest age classes and conditions.  Numerous habitat studies and modeling efforts have found 

nest sites to be associated with similar factors including proximity to water or meadow habitat, forest openings, 

level terrain or “benches” of gentle slope, northerly aspects and patches of larger, denser trees, but these factors 
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vary widely. (USDI 2002).  

 

Survey Locations 

With the guidance of CH2MHILL, TECI conducted northern goshawk surveys within and adjacent to properties 

managed by SDS and other willing adjacent landowners.  Surveys were conducted in suitable habitat in four core 

project sections located in Township 4N, Range 10E, Sections 5, 6, 7, and 8.  The provincial home range radius 

surrounding the core area appropriate for this physiographic location is 0.5 miles. Surveys were conducted in 

suitable habitat in the provincial home range radius in Township 3N, Range 09E, Sections 13, 24; Township 3N, 

Range 10E, Section 18. 

 

Survey Methods 

Potential habitat was surveyed in accordance to the 2002 “Survey Methodology for Northern Goshawks in the 

Pacific Southwest Region” developed by the United States Forest Service (USFS 2002). TECI biologists analyzed 

the project area using topographic maps and aerial photography to determine suitable habitat and potential station 

placement. TECI biologists established stations in the field at approximately 350 yards (0.2 miles) apart on roads 

and trails in suitable habitat within 0.5 miles of the proposed wind turbine location. Call stations were established 

to achieve complete coverage in all portions of the project area.  At each station, calls were broadcast for 10 

seconds; TECI biologists would then stop and listen for 30 seconds.  This sequence was repeated four times at 

each station, broadcasting in four cardinal directions.  Surveys started ½ hour before sunrise continued through the 

day and concluded ½ hour before sunset as specified by the protocol. During the 2004 survey season, TECI 

recorded all raptor species responses from every calling station during each site visit on the field data forms.   

 

Survey Results 

Turnstone Environmental Consultants Inc. conducted northern goshawk surveys in and adjacent to SDS properties 

(map 7), all calling stations were strategically set throughout the proposed area of impact with the inclusion of a 

0.5-mile radius around the potential area of future management activities.  TECI completed two site visits to 

protocol during the 2004 northern goshawk survey season (survey dates are found in Table 6). One hundred eighty 

five calling stations were surveyed for both protocol visits. No northern goshawk responses were recorded during 

any of the two site visits. 
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NORTHERN GOSHAWK 
Survey and Results Summary 2004 

 
        Table 4: Northern goshawk survey and results summary results 2004 

Visit # 

# of 

Stations Date 

Northern Goshawk 

Response 

Other Raptors 

Observed Comments 

1 47 6/15/04 None COHA (1) near 

station 102. 

RTHA (1) near 

station 172 

Western gray squirrel visuals 

at station 88 and near station 

99 

 36 6/16/04 None RTHA(1) near 

station 9 

 

 17 6/17/04 None     

 85 6/18/04 None RTHA(2) near 

station 199 

 RTHA pair was observed no 

nest ever located 

2 103 8/29/04 None RTHA(1) near 

station 222 

 

 82 8/30/04 None    
          COHA = Cooper’s hawk;   RTHA = Red-tailed hawk 

 

 Western Gray Squirrel 
 
The western gray squirrel (Sciurus griseus) is listed as a “threatened” species by the Washington State Department 
of Fish and Wildlife (WDFW). The physiographic range and habitat requirements of the western gray squirrel are 
located within the forestlands of the PPM Saddleback Wind Energy Project.  
 
Suitable Habitat 

Western gray squirrels are arboreal (adapted for living in trees) and, although they forage on the ground, they 

rarely stray far from trees. They use tree canopies for escape, cover and nesting. Western gray squirrels can move 

rapidly and cover long distances among tree canopies when canopy conditions permit. A contiguous tree canopy 

that allows arboreal travel for at least 198 feet (60 meters) around the nest is an important feature of western gray 

squirrel habitat (Ryan and Carey 1995a). Western gray squirrels are active throughout the day but are most active 

in the morning. Western gray squirrels are most active in August and September, when they are collecting and 

storing food for winter, and they are less visible in June and July (Ryan and Carey 1995a). 

 

Currently in Washington, the western gray squirrel distribution has been reduced to three geographically isolated 

western gray squirrel populations in Washington: the ``Puget Trough'' population, now centered in Thurston and 

Pierce counties in the Puget Sound region; the ``South Cascades'' population in extreme eastern Skamania County 

and Klickitat and Yakima counties; and the ``North Cascades'' population in Chelan and Okanogan counties.  
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In Washington, and elsewhere within the subspecies' range, the principal food is acorns, although the seeds of 

Douglas-fir and other conifers are also eaten (Dalquest 1948). While pine nuts and acorns are considered essential 

foods for storing body fat and conditioning western gray squirrels for winter, green vegetation, seeds and nuts of 

trees and shrubs, fleshy fruits, mushrooms and other foods are also consumed. Hypogeous fungi (underground 

fungi such as truffles) comprise a large portion of the western gray squirrel diet (WDW 1993; Carraway and Verts 

1994; Ryan and Carey 1995a). 

 

Survey Locations 
With the guidance of CH2MHILL, TECI conducted general western gray squirrel surveys while conducting 
northern goshawk surveys within and adjacent to properties managed by SDS and other willing adjacent land 
owners.  General surveys were conducted during station placement and surveys for the northern goshawk (see 
northern goshawk section for location description). Intensive surveys were performed in oak stands in Township 
4N, Range 10E, Sections 28, 33, 28; Township 3N, Range 10E, Section 4. 
     

Survey Methods 

TECI conducted western gray squirrel surveys in and adjacent to SDS properties (maps 8-10). Surveys were 

modeled according to the WDFW report “Surveys for western gray squirrel nests on sites harvested under 

approved forest practice guidelines: analysis of nest use and operator compliance” (Haegen, Van Leuven, and 

Anderson 2004). TECI biologists performed a general search for western gray squirrels and nests while 

conducting northern goshawk station placement and surveys. During the general search, TECI’s biologists 

identified two adult western gray squirrels. Intensive walk-through surveys using serpentine transects were 

conducted in oak and oak/conifer stands but no squirrels or nests were located.  

 
Survey Results 

Turnstone Environmental Consultants, Inc. conducted western gray squirrel surveys in and adjacent to SDS 

properties (map 7). TECI completed two general site visits and one intensive site visit to protocol during the 2004 

western gray squirrel survey season. Two adult western gray squirrels were sighted on June 15
th
 foraging during a 

goshawk general survey.  An intensive search occurred for nest sites in the area where the western gray squirrels 

were observed.  No nests were ever located in the area of the western gray squirrel observations or any other area 

where intensive surveys were conducted. 
 
 

WESTERN GRAY SQUIRREL 
Survey and Results Summary 2004 

 
        Table 5: Western gray squirrel survey and results summary 2004 

Visit # Date Type Of Visit Results 

1 6/15/2004 General Western gray squirrel visuals at station 88 and 

near station 99 

1 6/16/2004 General No squirrel or squirrel nest located 

1 6/17/2004 General No squirrel or squirrel nest located 

1 6/18/2004 General No squirrel or squirrel nest located 

2 8/29/2004 General No squirrel or squirrel nest located 
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2 8/30/2004 General No squirrel or squirrel nest located 

3 8/16/2004 Intensive No squirrel or squirrel nest located 

3 8/17/2004 Intensive No squirrel or squirrel nest located 
 

 

 

 

 

Conclusions 

 
Northern Spotted Owl 

During the 2003-2004 northern spotted owl breeding season, TECI conducted 9 site visits in the Saddleback Wind 

Energy Project area.  TECI recorded no northern spotted owl observations or responses on any of the 9 site visits 

during the 2003-2004 field seasons.  Based on the surveying parameters of the 1992 Revised Version of “Protocol 

for Surveying Proposed Management Activities That May Impact Northern Spotted Owls” endorsed by the U.S. 

Fish and Wildlife and the survey results documented by TECI in the 2 breeding seasons.  PPM will not be required 

to conduct northern spotted owl surveys again until the March 15, 2007.  NCASI will continue to monitor the 

Moss Creek and Mill Creek northern spotted owl historical sites.  

 

Northern Goshawk 

No northern goshawk responses or observations were recorded during the 2 site visits during the 2004 breeding 

season.  The 2002 “Survey Methodology for Northern Goshawks in the Pacific Southwest Region” developed by 

the United States Forest Service (USFS 2002) recommends a two year survey effort. CH2MHILL has negotiated a 

1-year survey effort with WDFW.  Therefore, no surveys will be conducted in the 2005 northern goshawk 

breeding season. 

 

Western Gray Squirrel 

TECI proposed a 1-year search effort for western gray squirrel nests while conducting northern goshawk surveys. 

Intensive surveys in oak dominated forests were also conducted in areas of potential impact.   No western gray 

squirrel nests were ever found while conducting these searches.  However, while conducting the northern goshawk 

surveys 2 western gray squirrels were observed.  The 2 western gray squirrels were documented in different 

locations; both were on the ground possibly foraging at the edge of clear-cuts (Map 9).  Based on harvest maps 

provided by CH2MHILL, the first western gray squirrel observation is approximately 3,520 ft from the most 

easterly wind turbine stringer well outside of the home range of a western gray squirrel (.2 -.47 hectares WDFW 

"Status of the Western Gray Squirrel (Sciurus griseus) in Washington" July 1993). The second western gray 

squirrel observation was documented approximately 440ft north of the most easterly stringer.  This stringer maybe 

in the observed western gray squirrel home range based on the .47 hectare home range suggested by WDFW.  An 

intensive survey effort was conducted in and around the western gray squirrel visual with no nests observed.  
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APPENDIX C: 

2004 NORTHERN SPOTTED OWL CALLING STATION LOCATIONS 

NAD 1927 UTM 
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STATION NUMBER X COORDINATE Y COORDINATE 

A01 612809.74626 5070718.96470 

A02 613169.26479 5068897.20043 

A03 607286.17970 5070634.17310 

A04 612906.65094 5071118.69649 

A05 613766.67994 5071621.38950 

A06 612706.78504 5071524.48482 

A07 611858.86912 5071251.94042 

A08 612010.28268 5071984.78203 

A09 611144.19713 5072148.30867 

A10 612185.92240 5072778.18907 

A11 611780.13407 5073214.26012 

A12 610895.87890 5073504.97415 

A13 611386.45882 5072590.43626 

A14 610344.73355 5073311.16479 

A15 609363.57370 5073226.37320 

A16 611890.57048 5068802.04178 

A17 611593.19971 5067951.56138 

A18 612622.10258 5068498.72360 

A19 611997.62396 5067856.40273 

A20 610956.82626 5068760.40987 

A21 611186.59293 5071548.71099 

A22 608509.60124 5073062.84656 

A23 608085.64328 5072220.98718 

A23B 608539.88395 5071827.31193 

A24 607425.48017 5072717.62365 

A25 606953.06987 5072554.09701 

A26 607237.72736 5071409.41052 

A27 611368.28920 5066879.11689 

A28 610338.67701 5065080.32383 

A30 612252.54437 5065449.77291 

B01 612252.54437 5070452.47684 

B02 611707.45556 5070246.55440 

B03 611731.68173 5069410.75156 

B04 610829.25693 5069568.22166 

B05 609957.11484 5069743.86139 

B06 610435.58168 5070355.57216 

B07 610187.26345 5071167.14883 

B08 610066.13261 5071694.06800 
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STATION NUMBER X COORDINATE Y COORDINATE 

B09 609321.17790 5071482.08902 

B10 609405.96950 5072178.59139 

B10A 610368.95972 5072384.51382 

B11 609557.38305 5070579.66422 

B12 609369.63024 5069858.93569 

B13 608630.73208 5070107.25393 

B14 608789.81169 5069375.00731 

B15 609896.54942 5068920.17164 

B16 609829.92746 5068199.44311 

B18 609024.40733 5067817.88094 

B20 609030.46387 5067115.32204 

B21 607492.10214 5070143.59318 

B22 608140.15216 5068889.88893 

B23 605923.45768 5069483.43007 

B24 607794.92925 5066594.45940 

B25 608206.77412 5066370.36734 

B26 607595.06335 5065910.07012 

B27 607831.26850 5065104.55000 

B28 608594.39283 5064601.85699 

B29 610356.84663 5066618.68557 

B30 610653.61721 5065904.01358 

B31 605802.32684 5071142.92266 

B32 605971.91002 5070155.70626 

B32B 606274.73714 5072002.95166 
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1. PROJECT OVERVIEW 

SDS Lumber Company (SDS) retained the services of Turnstone Environmental 

Consultants, Inc. (Turnstone) to perform Northern spotted owl (spotted owl), Western 

gray squirrel (gray squirrel) and Northern goshawk (goshawk) surveys in potential 

habitat for the Saddleback Wind Energy Project, located in Skamania County, 

Washington.   Survey information will be used to assess the presence, occupancy and 

reproductive status of spotted owl, gray squirrel and goshawk individuals and 

populations within areas of proposed management activities.  

The physiographic range of spotted owl, gray squirrel and goshawk populations are 

potentially located within the forestlands of the Saddleback Wind Energy Project.  As 

part of the process to avoid “take” of any state or federally listed species, landowners 

must conduct surveys to determine the presence of any potentially listed species, prior 

to conducting any management activities. 

 

Wildlife surveys were conducted using the best information available at the time, 

following strict adherence to protocol guidelines and habitat requirements to obtain full 

compliance with agency requirements.  All potential habitat and buffers were determined 

based on the proposed location of the proposed wind turbine locations.  In late October 

of 2008, the final proposed turbine alignment was released and the locations of the 

turbines were slightly altered from their original location.  Following the analysis of the 

new alignment, Turnstone biologists determined that a few areas that were surveyed for 

spotted owls, goshawks and gray squirrels in 2008, now did not require surveys, while 

other areas now required additional survey effort.  The survey implications caused by the 

adjustments to the turbine locations, will be discussed in further detail in the results 

sections of this document. 

 

2. NORTHERN SPOTTED OWL 

Under the federal Endangered Species Act of 1973, the Northern spotted owl (Strix 

occidentalis caurina) was listed in 1990 as "threatened" by the United States Fish and 

Wildlife Service.  The Washington Fish and Wildlife commission listed the Northern 
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spotted owl as a state endangered species in 1988 (Buchanan and Swedeen, 2004).   

Both federal and state agencies determined that the spotted owl is likely to become an 

endangered species in the foreseeable future throughout all or a significant portion of its 

existing range.  The northern spotted owl’s range extends from Washington State to 

Northern California. A recently revised species recovery plan is in effect for the northern 

spotted owl (USFWS 2008). 

 

2.1. Suitable Habitat 

In Washington, spotted owls inhabit the Eastern and Western Cascades, Western 

Lowlands, and Olympic Peninsula Provinces. Within these regions, the spotted owl has 

specific habitat requirements for nesting, roosting, foraging and dispersal.  The species 

utilizes forests with multi-layered canopies and a high incidence of large trees for nesting 

and roosting. Fragmented habitats may be used for dispersal and foraging. Spotted owls 

nest primarily in large tree cavities and on broken tops of large trees.  Spotted owls have 

also been reported as nesting on clumps of mistletoe, on large branches, in abandoned 

stick nests of Northern goshawks and in cavities of embankments and rock faces 

(LaHaye 1999). 

 

For the purposes of this project, potentially suitable spotted owl habitat was determined 

to be coniferous stands with average tree DBH greater than 12 inches and canopy 

closure of at least 60% or greater.  Cut areas or young coniferous plantations that did 

not meet the minimum DBH or canopy closure parameters were excluded from the 

survey effort. The resulting designated survey areas would contain nesting roosting, 

foraging and, dispersal habitat.   

 

2.2. Survey Locations 

Turnstone conducted spotted owl surveys within and adjacent to properties managed by 

SDS and cooperating adjacent landowners. Surveys were conducted in all potentially 

suitable habitat within the 1.8 mile provincial home range radius of the proposed project 

area.  To determine the potential spotted owl survey areas, the proposed turbine 

alignments were buffered out to a 1.8 mile radius.  This created a large polygon of 
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potential survey area that included 14,901 acres of land area.  This polygon did not 

contain a contiguous area of potentially suitable spotted owl habitat. Suitable habitat 

within the overall polygon resembled a patchwork of stands that would require survey. 

 

The delineated potential survey area polygon intersected 2 owl activity centers where 

historic spotted owl individuals once resided. A designated spotted owl activity center in 

this area of Washington is equal to a circle with a 1.8 mile radius. The spotted owl 

activity centers are located on public land north of the project area. The nest cores of 

these activity centers reside on public land managed by the Washington Department of 

Natural Resources (WDNR) and the U.S. Forest Service (USFS). Typically spotted owl 

activity centers will have their status changed to historic after three consecutive years of 

not being occupied by spotted owls.  Currently the state of Washington has a 

moratorium on changing the status of a known spotted owl activity center to a historic 

status.  The activity center areas intersect (1.8 mile radius provincial range), the northern 

reach of the delineated potential survey area polygon.   The Mill Creek activity center 

(MSNO# 0991) was located and designated in 1992 and was last considered to have 

spotted owls present in 2000.  The Moss Creek activity center (MSNO#1003) was 

located and established in 1994 and was last considered to have spotted owls present in 

2002.  Table 4, in the results section of this document, represents the survey summaries 

for these activity centers for 1994 thru 2008.  These two activity centers are adjacent to 

one another and overlap by approximately 15%. Due to the adjacency of these spotted 

owl activity centers, it was decided to survey potential suitable habitat within the activity 

centers in addition to the survey area determined by 1.8 mile buffer of the proposed 

turbine alignments.  This added an additional 7,222 acres of area that was included in 

the overall potential survey area. Within this 7,222 acres of area there was a patchwork 

mix of potentially suitable spotted owl habitat and non-habitat 

 
Table 1. Township and Range information for northern spotted owl survey areas. 

Legal Descriptions for Spotted Owl Survey Areas 

Township Range Section 

3N 9E 1,2,11,12,12,14,23,24,25 

3N 10E 4-6,7-9,16-18,19,20,30 
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4N 9E 23,24,25,26,27,34,35,36 

4N 10E 19-22, 27-30,31-34 

 

2.3. Survey Methods 

Potential northern spotted owl habitat was surveyed in 2008 in accordance with the 

1992, revised version of “Protocol for Surveying Proposed Management Activities That 

May Impact Northern Spotted Owls”. This survey protocol is endorsed by the U.S. Fish 

and Wildlife Service. Under this protocol, Turnstone initiated the 2-year survey effort in 

early May of 2008. Under the two year survey methodology, a minimum of 3 visits must 

be performed for 2 consecutive years in order to determine presence/absence of the 

spotted owl. 

 

Prior to initiating field surveys, Turnstone biologists analyzed the project area using 

topographic maps, aerial photography and stand classification data to determine suitable 

habitat for potential broadcast calling station placement. When possible, broadcast 

calling stations were placed along ridges and away from streams to maximize coverage 

by enhancing sound transmission. Broadcast calling stations and survey routes were 

situated to achieve complete coverage of the potential survey area, preferably with 

coverage from more than one calling point. Stations were spaced approximately ¼ to ½ 

mile apart where access was possible and permitted and suitable habitat was present. 

All broadcast calling stations were surveyed at night when owls are more active and are 

thought to be more responsive to standard survey techniques (USDI 1992). Per protocol 

guidelines, Turnstone biologists used ten-minute calling periods at each designated 

broadcast calling station. Voice hooting, amplified PA systems and “hoot flutes” were 

used to broadcast both male and female spotted owl vocalizations that included four-

note contact calls and various agitated calls. Turnstone conducted surveys between 

March 15th and August 31st, 2008, as stipulated by the protocol. 

 

During the first round of spot calling, an additional day visit was made to each of the two 

spotted owl activity centers adjacent to the main project (Mill Crk, and Moss Crk.).  The 

day visits conducted by Turnstone staff were made in addition to the 3 required survey 
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visits per the protocol guidelines. The intent of these day visits was to further verify if 

spotted owls were occupying the historic spotted owl nest cores. Turnstone biologists 

hiked into the historic nest cores and hiked intuitive meandering survey transects, 

broadcasting spotted owl vocalizations with an amplified PA system while listening for 

responses.    

 

The Mill Creek and Moss Creek nest cores are currently being surveyed as part of a long 

term demography study conducted by the Washington Department of Natural Resources 

on lands within the Klickitat Habitat Conservation Plan Planning Unit. The study was 

initiated in 2001 and was slated to run for 5 years.  In 2007, a new 3 year contract was 

initiated to extend the survey effort for another 3 years.  The fieldwork for the project is 

carried out by staff from the National Council for Air and Stream Improvement (NCASI), 

and follows a different standardized survey protocol.  Each year NCASI performs a 

minimum of 6 day/night survey visits to the monitored owl cores. Survey summary 

details of the survey results for each of these spotted owl cores can be reviewed in 

Table 4 of this document. 

 

During the 2008 survey season, Turnstone recorded all owl species responses from 

each calling station during each site visit.  Turnstone biologists also recorded all 

sightings of or responses by potential spotted owl predators to include: barred owls, 

great horned owls, northern goshawks and other raptor species. The presence of any of 

these species may affect northern spotted owl responses.  

 

3. Western Gray Squirrel 

The western gray squirrel (Sciurus griseus) was listed as a “threatened” species by the 

Washington Fish and Wildlife Commission in 1993.  In November of 2007, the State of 

Washington adopted a species recovery plan for the Western Gray Squirrel which is 

currently in effect. 

 

In January of 2001, a petition was filed with the United States Fish and Wildlife Service 

to list the Washington State population of the western gray squirrel as a distinct 
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population segment (DPS) in an effort to secure protection for the species under the 

Endangered Species Act of 1973 (ESA). The petition underwent a 12 month period of 

review and a ruling was announced May 30, 2003. This ruling stated the petition action 

was not warranted because the Washington population of the Western Gray Squirrel is 

not a DPS therefore, no protection under the ESA would be granted (Federal Register, 

2003). There is currently no federal protection for the western gray squirrel. 

  

The physiographic range and habitat requirements of the western gray squirrel are 

located within the forestlands of the Saddleback Wind Energy Project. 

 

3.1. Suitable Habitat 

Western gray squirrels are arboreal (adapted for living in trees) and, although they 

forage on the ground, they rarely stray far from trees. They use tree canopies for 

escape, cover and nesting. Western gray squirrels can move rapidly and cover long 

distances among tree canopies when canopy conditions permit. A contiguous tree 

canopy that allows arboreal travel for at least 198 feet (60 meters) around the nest is an 

important feature of western gray squirrel habitat (Ryan and Carey 1995a). Western gray 

squirrels are active throughout the day but are most active in the morning. Western gray 

squirrels are most active in August and September, when they are collecting and storing 

food for winter, and they are less visible in June and July (Ryan and Carey 1995a). 

 

Currently in Washington, the western gray squirrel distribution has been reduced to three 

geographically isolated western gray squirrel populations in Washington: the “Puget 

Trough” population, now centered in Thurston and Pierce counties in the Puget Sound 

region; the “South Cascades” population in extreme eastern Skamania County and 

Klickitat and Yakima counties; and the “North Cascades” population in Chelan and 

Okanogan counties. 

 

In Washington, and elsewhere within the subspecies’ range, the principal food is acorns, 

although the seeds of Douglas-fir and other conifers are also eaten (Dalquest 1948). 

While pine nuts and acorns are considered essential foods for storing body fat and 

conditioning western gray squirrels for winter, green vegetation, seeds and nuts of trees 
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and shrubs, fleshy fruits, mushrooms and other foods are also consumed. Hypogeous 

fungi (underground fungi such as truffles) comprise a large portion of the western gray 

squirrel diet (WDW 1993; Carraway and Verts 1994; Ryan and Carey 1995a). 

 

For the purposes of this project, potentially suitable western gray squirrel potential 

habitat was defined as any coniferous, deciduous or mixed stands of trees that 

contained trees with an average diameter at breast height (DBH) of at least 10 inches or 

greater 

3.2. Survey Locations 

Turnstone conducted western gray squirrel nest surveys on approximately 738 acres of 

potentially suitable habitat within the project area.  The survey methodology was 

determined with consultation with a WDFW staff biologist.  Within the project area, 

potential gray squirrel survey areas were determined by using GIS analysis and ground-

truthing.  The GIS analysis was used to determine areas of potentially suitable squirrel 

habitat prior to conducting field visits and the ground-truthing was used to validate and 

finalize the initial GIS analysis. 

  

Western gray squirrel nest surveys were required in any areas where project activities 

would remove potential western gray squirrel habitat or possibly impact habitat due to 

structural modification, including stand thinning.  Surveys would be required on all 

habitat that would be altered and continue 400 feet into unaltered habitat.  To determine 

the areas to be surveyed, the proposed energy project infrastructure (primarily proposed 

wind turbines), was buffered out 150 feet (150 foot radius) to establish a work zone.  

Then an additional 500 feet of buffer was added, to encompass any areas that may need 

to be altered due to obstructions (tall trees) within wind corridors of the proposed 

turbines.  Finally an additional 400 feet was buffered onto this distance to satisfy the 

guideline to survey 400 feet into unaltered habitat.  Adding all buffers together, totaled 

1,050 foot radius of area to be surveyed.  The overall area delineated out by using this 

buffering process was equal to 1,420 acres.  Within this area 738 acres was determined 

to be potentially suitable western gray squirrel habitat.    The remaining 682 acres was 

determined to be non-habitat for the western gray squirrel. 
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The survey area was broken up into smaller discrete units to facilitate an efficient survey 

effort by Turnstone biologists.  The discrete units were referred to as polygons and each 

got a unique identifier.   A map of the western gray squirrel survey area polygons is 

located in Appendix A. 

3.3. Survey Methods 

Surveys were conducted according to the guidelines in the WDFW report, “Surveys for 

western gray squirrel nests on sites harvested under approved forest practice guidelines: 

analysis of nest use and operator compliance” (Haegen, Van Leuven, and Anderson 

2004). Turnstone biologists performed a general search for western gray squirrels nests 

and western gray squirrel individuals in the fall of 2008.  

 

 Walk-through surveys using meandering transects were conducted in all conifer, 

deciduous, and mixed composition stands within the designated survey area that met 

the minimum DBH threshold of 10 inches. Surveyors were looking for squirrel nests and 

squirrel individuals of any species but focusing their attention on evidence of the western 

gray squirrel. Transects were oriented to parallel the topographic features of the survey 

polygons when possible.  All transect were laid out systematically to ensure that they 

were evenly spaced and located close enough together so that no habitat areas were 

excluded from the survey.   

 

4. NORTHERN GOSHAWK 

The northern goshawk (Accipiter gentiles) is classified as a “species of concern” by the 

U.S. Fish and Wildlife Service and as a “listed candidate” for sensitive, threatened or 

endangered species by the Washington Fish and Wildlife Commission. Physiographic 

range and habitat requirements of the northern goshawk can be found within the forest 

lands of the Saddleback Wind Energy Project. 

4.1. Suitable Habitat 

Northern goshawks inhabit a wide variety of forest habitats, including true fir (red fir, 

white fir, and subalpine fir), mixed conifer, lodgepole pine, ponderosa pine, Jeffrey pine, 

montane riparian deciduous forest and Douglas fir. Occasionally, goshawks nest in 
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coastal redwood and mixed hardwood forests.   Goshawk nest sites are associated with 

patches of forest that are larger and denser than the surrounding landscape. However, 

home ranges often consist of a wide range of forest age classes and conditions. 

Numerous habitat studies and modeling efforts have found nest sites to be associated 

with similar factors, including proximity to water or meadow habitat, forest openings, 

level terrain or “benches” of gentle slope, northerly aspects and patches of larger, 

denser trees, but these factors vary widely (Woodbridge 2006). 

4.2. Survey Locations 

During the 2008 northern goshawk survey window, Turnstone conducted northern 

goshawk surveys within properties managed by SDS Lumber Co. These surveys 

covered approximately 1,100 acres of potential goshawk habitat.  The potential survey 

area for the northern goshawk was determined by protocol parameters, consultation with 

biologists from the Washington Department of Fish and Wildlife and GIS analysis. 

Survey protocol methodology was outlined in the United States Forest Service 

document, “Northern Goshawk Inventory and Monitoring Technical Guide, July 2006.”  

Table 2 depicts the legal descriptions of the where the goshawk survey areas occurred. 

 
Table 2. Township and Range information for northern goshawk survey areas. 

Legal Descriptions for Goshawk Survey Areas 

Township Range Section 

4N 9E 1, 36 

4N 10E 31,32 

3N 9E 12,13,24 

3N 10E 5,6,7,8,18 

 

 

It was determined that the ‘Broadcast Acoustical Survey” methodology outlined in this 

protocol would best suit the needs of the project.  This approach requires a one or a two 

year survey effort determined by the characteristics of the site and the project.  Due to 

the size of the goshawk survey area and the potential level of initial disturbance, a 2 year 
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survey effort will be used for the original 1,100 acres of potential goshawk habitat.  The 

survey effort for goshawks will be complete after the 2009 surveys are complete. 

 

To determine the area that would require goshawk surveys, a GIS analysis was 

executed using protocol parameters and available data. The proposed wind energy 

project infrastructure was buffered out 150 feet to establish a work area that would likely 

be permanently disturbed.  Then an additional 2,624 feet, per protocol 

recommendations, was added to this initial buffer to establish an area that was 

considered the potential northern goshawk survey area.  Within this area, GIS data was 

analyzed to identify stands of conifers that may contain suitable habitat structure based 

on an age class of greater than 25 years and average tree DBH of at least 12 inches.  

The resulting suitable habitat areas, or polygons, were then overlaid on current aerial 

photography (2006), to verify that the stands were still intact. This exercise created an 

initial potential survey area of 3,013 acres of land area.  Of this area 1,093 acres was 

determined to be forested and contain the habitat characteristics needed to support 

goshawks.  Initial calling points and survey transects were then established in GIS to 

adequately cover the 1,093 acres of potential goshawk habitat that would require survey.   

During the first goshawk survey field visit additional refinements were made to the 

goshawk survey areas based on ground-truthing of the potential habitat that was 

delineated out in GIS.  

 

 

4.3. Survey Methods 

The “broadcast acoustical” survey methodology requires 2 visits to the survey area in a 

season.  The first site visit occurs in the ‘nestling period’, alarm and wail calls are 

broadcast at the designated calling points.   During the second site visit in the ‘fledgling 

period’, wail and begging calls are broadcast. At each station, goshawk calls were 

broadcast with a portable amplified PA system for ten seconds. Turnstone biologists 

pause for thirty seconds to listen for goshawk responses, immediately following the 

broadcast calls. The sequence of broadcasting and listening for responses was repeated 

four times at each station, directed toward each of the four cardinal directions.  During 

foot travel between broadcast points, the surveyor is staying alert and listening for 
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potential goshawk calls and looking for potential goshawk nests.  The surveyor is also 

documenting observations of other raptors species.  

 

Survey periods begin ½ hour before sunrise and conclude ½ hour before sunset, as 

specified by protocol. If there was a goshawk detected in the project area, then a search 

for an active nest would ensue, following the ‘intensive search’ protocol.  Locating an 

active nest is recommended immediately following any goshawk detections; however, 

reviewing results from several surveys and stations can be advantageous for locating 

active nests. Turnstone also recorded all other incidental raptor species observed during 

site visit on the field data forms, which are included in Appendix C. 

 

5. Survey Results 

5.1. Northern Spotted Owl 

Turnstone conducted the first year of spotted owl surveys with a minimum of three visits 

per calling station on SDS property and some adjacent property (Appendix A).  Two 

spotted owl nest cores located public lands (WDNR, USFS) to the north of the project 

area were also surveyed.   The Mill Creek (MSNO#: 0991) and Moss Creek (MSNO#: 

1003) cores are located  in Township 4N and Range 10E section 28 and Township 4N 

and Range 9E section 35, respectively.  A total of 80 calling stations were established 

and surveyed with no northern spotted owl responses or observations.  Responses from 

single barred owls and barred owl pairs were recorded during the three site visits from 

several different calling stations.  The following table summarizes all of the Turnstone 

survey site results for the project area for the 2008 survey season. A map depicting the 

locations of the calling stations and locations of other owl observations is available for 

review in Appendix A of this document.  
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Table 3. Survey Summary Results for 2008. 

Visit # Dates 
# of 

Stations 
Northern Spotted 

Owl Response Comments 

1 21-May 12 None No owl responses 
1 22-May 20 None No owl responses 

1 24-May 18 None Barred owls (2) one adult male, one 
adult female; near Stations #45 & #82 

1 25-May 22 None Barred owls (2) likely pair; near 
Stations #74 & #86 

1 26-May 8 None No owl responses 

2 10-Jun 22 None 

Barred owls (2) Male and unk. sex 
Barred owl; likely a pair, near Stations 

#74 & #86 
2 11-Jun 20 None No owl responses 
2 15-Jun 17 None No owl responses 

2 16-Jun 21 None Barred owl (1) Unk. Adult Barred owl 
from Stations #44 & #45 

3 27-Jul 15 None No owl responses 

3 28-Jul 20 None Barred owl (1) Male adult Barred owl 
detected from Station #82 

3 29-Jul 24 None No owl responses 
3 30-Jul 22 None No owl responses 
 

 

Table 3 outlines the results of the northern spotted owl surveys at each of the two 

historic nest cores that intersect the project area.  Results in the table were derived from 

combining data collected by the WDFW, NCASI demography study and Turnstone. The 

data shows no spotted owls were detected in the Mill Creek core since the 2000 

breeding season.  The Moss Creek core has not had a spotted owl detected since the 

2002 breeding season.  Both cores show an increased presence of barred owls detected 

while conducting the surveys for spotted owls in these areas. 
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Table 4. NSO Activity Center Survey Details and Results 

Mill Creek NSO Core Survey 
Results 

Moss Creek NSO Core Survey 
Results 

Year 

STOC STVA STOC STVA 

2008 No response Present No response Present 

2007 No response Present No response Male observed 

2006 No response Present No response Male observed 

2005 No response Present No response Pair observed 

2004 No response Pair observed No response Pair with juvenile 

observed 

2003 No response None observed No response Pair observed 

2002 No response Male observed Male Pair with juvenile 

observed 

2001 No response None observed No response Pair observed 

2000 Non-nesting pair 

observed 

None observed Reproducing pair 

with 1 juvenile 

None observed 

1999 Female observed None observed Reproducing pair 

with 1 juvenile 

None observed 

1998 Non-nesting pair 

observed 

Female 

observed 

Reproducing pair 

with 2 juveniles 

None observed 

1997 Non-nesting pair 

observed 

None observed No response None observed 

1996 Reproducing pair 

with 2 juveniles 

N/A Reproducing pair 

with 3 juveniles 

N/A 

1995 No response N/A Reproducing pair N/A 

1994 Reproducing pair 

with 2 juveniles 

N/A Reproducing pair N/A 

5.2. Alterations to the Northern Spotted Owl Survey Area 

The final turbine alignment was released in late October of 2008 did not effect the survey 

coverage for the areas that were surveyed for spotted owls during the 2008 survey 

season.  Micro-sighting adjustments were made to the north of the project area. Stations 
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were already set and surveyed due to the two activity centers at the northern reach of 

the project area.     

5.3. Western Gray Squirrel 

Three field visits were made the western gray squirrel survey areas by a total of three 

different biologists over a 12 day period. These visits together constituted a complete 

round of surveys to cover all potential habitat within the survey polygons.  During the 

round of surveys, efforts were made to determine if western gray squirrels were currently 

using or had historically used any potential habitat within the potential survey area by 

conducting systematic nest search surveys. The potential survey area was determined 

using guidelines provided by WDFW staff biologists and GIS analysis.  Western gray 

squirrel surveys were required on any potential western gray squirrel habitat that would 

be altered by the proposed energy project and include surveys a minimum of 400 feet 

into adjacent undisturbed potentially suitable squirrel habitat (per WDFW protocol 

guidelines).  

 

All 26 survey polygons (appendix A) were examined and a formal nest search for 

western gray squirrel nest structures was performed using guidelines outlined by the 

protocol, Surveys for western gray squirrel nests on sites harvested under approved 

forest practice guidelines, WDFW 2004.  During these visits, no western gray squirrels 

or western gray squirrel nest structures were observed.  
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Table 5. Western Gray Squirrel Survey Areas and Results 

Survey Polygon  
Visited Date Surveyor Notes 

A1, A3, A7 10/14/2008 D. Sahl No nests or WGS 
observed 

A4, A5, A10 10/14/2008 J.Kolozar No nests or WGS 
observed 

A2, A6, A9 10/14/2008 J.Kolozar No nests or WGS 
observed 

A12, A13 10/15/2008 D.Sahl No nests or WGS 
observed 

A14 10/15/2008 D. Bolen No nests or WGS 
observed 

A15 10/15/2008 J. Kolozar No nests or WGS 
observed 

A11, A17, A18 10/15/2008 D. Sahl, D. Bolen, J. 
Kolozar 

No nests or WGS 
observed 

B1-B8 

11/18/2008 

D.Sahl, D. Bolen No nests or WGS 
observed 

C1 

10/9/2008 

D. Sahl No nests or WGS 
observed 

 

 

5.4. Alterations to the Western Gray Squirrel Survey Area 

The final turbine alignment that was released in late October of 2008 did not affect the 

survey coverage for the areas that were surveyed for western gray squirrels during the 

2008 survey season.  The changes made in the final turbine alignment did create 

additional western gray squirrel survey areas. The survey window to conduct western 

gray squirrels was still open when the new areas were determined and an additional field 

visit was conducted and the new areas were surveyed. 

5.5. Northern Goshawk  

Turnstone conducted protocol northern goshawk surveys on SDS properties during the 

2008 goshawk survey window.  The survey protocol methodology used was the 

“broadcast acoustical” methodology, outlined in the protocol; “Northern Goshawk 
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Inventory and Monitoring Technical Guide, USFS, July 2006.”   Calling stations were 

strategically placed throughout the potential survey area, which was all suitable habitat 

within 2,624 feet of the designated work areas.  Turnstone completed two protocol site 

visits to 136 calling stations during the 2008 goshawk survey season. One site visit was 

conducted during the nestling period and the second during the fledgling period as 

suggested in the protocol. No northern goshawk responses were documented during 

either of the two site visits.  Survey dates and other incidental raptor observations are 

summarized in Table 6. Maps of the areas surveyed for northern goshawks are available 

for review in Appendix A. Copies of the field data sheets are available for review in 

Appendix C.   
Table 6. Northern goshawk survey results summary 2008. 

Visit # # of 
Stations Date N. Goshawk 

Response Other Raptors Observed 

1 14 6/23 None OSPR (1) near station 46 
RTHA (1) near station 46 

1 21 6/24 None RTHA (1) near station 36 
1 22 6/25 None  
1 25 6/26 None  
1 25 6/27 None  
1 11 7/15 None TUVU (1) near station 62 
1 15 7/16 None COHA (1) near station 26 
1 3 7/28 None  
2 7 7/28 None  
2 14 7/30 None RTHA (1) near station 67 
2 22 7/31 None TUVU (1) near station 95 

TUVU (1) near station 78 
2 16 8/01 None  
2 23 8/04 None RTHA (1) near station 22 
2 25 8/05 None SSHA (1) near station 9 

TUVU (8) near station 12 
2 19 8/06 None  
2 10 8/07 None  
COHA = Cooper’s hawk (Accipiter cooperii) 
OSPR = Osprey (Pandion haliaetus) 
RTHA = Red-tailed hawk (Buteo jamaicensis) 
SSHA = Sharp-shinned hawk (Accipter striatus) 
TUVU = Turkey vulture (Cathartes aura) 
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5.6. Alterations to the Northern Goshawk Survey Area 

The final turbine alignment that was released in late October of 2008, did affect the 

survey coverage for the areas that were surveyed for northern goshawks during the 

2008 survey season.  The changes made in the final turbine alignment created an 

additional 367 acres of potential survey area. The survey window to conduct northern 

goshawks was closed when the new survey areas were determined.  These new survey 

areas will be included in the overall survey effort.  The new survey area acreage may be 

reduced, if ground-truthing efforts in 2009 determine that some areas are composed of 

non-habitat.  Due to the additional survey areas being determined after the close of the 

2008 goshawk survey window, and the small size of the areas, a one year survey effort 

will be initiated in 2009, to the newly designated survey area.  The survey methodology 

used will be the “Intensive Search Survey” protocol as outlined in the United States 

Forest Service document, “Northern Goshawk Inventory and Monitoring Technical 

Guide, July 2006.”   Under this protocol methodology, the new survey areas will only 

need to receive a single year of goshawk surveys in order to determine goshawk 

presence.   

 

Maps of the original and adjusted northern goshawk survey areas can be reviewed in 

appendix A of this document. 

6. CONCLUSION 

6.1. Northern Spotted Owl  

During the 2008 Northern spotted owl survey season, Turnstone conducted three site 

visits in each of the designated spotted owl calling points and an additional day visit to 

two separate nest cores where spotted owls once resided.  This survey effort covered 

potentially suitable northern spotted owl habitat within the approximately 22,123 acre 

survey area. A total of 80 calling stations were established and surveyed. Turnstone 

recorded no Northern spotted owl observations or responses during any of these visits.  

Under the direction of SDS, Turnstone will utilize the calling stations established in 2008 

and continue to survey potential habitat within the project area in 2009 in order to ensure 

proper adherence to the US Fish and Wildlife northern spotted owl survey protocol. 
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6.2. Western Gray Squirrel 

During the 2008 western gray squirrel survey season, Turnstone biologists conducted 

nest searches to 26 different polygons of potential western gray squirrel habitat.  These 

polygons totaled 738 acres of potentially suitable western gray squirrel habitat. All visits 

were conducted within the guidelines outlined the appropriate survey protocol. Turnstone 

biologists did not observe any Western gray squirrels or their nest structures during any 

of these visits.   

 

Acorn crops from oak trees are an important food source for western gray squirrels. It 

should be noted that very few oak trees were observed in the project area. The few that 

were observed within the western gray squirrel survey area boundaries were small (less 

than 20 feet tall), stunted, and growing in openings on exposed rocky slopes in shallow 

soils. 

 

6.3. Northern Goshawk  

During the 2008 northern goshawk survey season, turnstone conducted surveys at 138 

calling points covering 1,100 acres of potentially suitable goshawk habitat. No northern 

goshawk responses or observations were recorded during the two site visits during the 

2008 breeding season.  The 2006 “Northern Goshawk Inventory and Monitoring 

Technical Guide” developed for the United States Forest Service (USFS) recommends a 

two year survey effort for assessing the occupancy and reproductive status northern 

goshawks when surveying large tracts of land with the “broadcast acoustical” survey 

methodology.  Under the direction of SDS, Turnstone will conduct surveys in two visits at 

the same calling stations that were established in 2008 in 2009.   Additional survey 

areas that were added after the close of the 2008 goshawk survey season, will be 

surveyed in 2009, with a one or two year effort depending on project parameters and 

consultation with WDFW.  
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WESTERN GRAY SQUIRREL SURVEY  - COVER SHEET

Use one cover sheet per stand surveyed.  Attach the map(s) on which you mark squirrel nests    
and show the transect(s) or area(s) surveyed.  For each map, attach one Map Label and one or 
more Western Gray Squirrel Survey Data Sheets. If you see or hear a western gray squirrel please fill 
out a wildlife observation form and attach.

Mark Water Sources and Survey Transect or Survey Polygon on Attached Map.

Name of Area Surveyed: Polygons:A1, A3, A7 (See Map)
(Use a generic geographic name like "Yahne Canyon".  Add the timber sale name/number if available.)

Location (TRS): T 3N R 10E S 5,6,7,8 County: Skamania
T 4N R 10E S 31 County: Skamania

Date(s) Surveyed: 10/14/2008
Start/Stop time(s): 0847-Start/1635-Stop

Surveyor Names and Affiliations: Devin Sahl (TECI)

Contact Name, Address, & Phone:
TECI
Turnstone Environmental Consultants Inc.
18000 NW lucy Reeder Rd Portland, OR  97231
503-621-9613

Directions to Site: Be specific enough to allow someone unfamiliar with the site to find it.
From the Jct. of Cook Underwood Rd. and Knapp Rd. Go NW on Knapp Rd. for ~0.1miles to Scoggins Rd., Turn right onto Scoggins Rd. and ~100 yards 
to Jct. with private drive on left (Signed as CG 2930). Proceed up CG 2930 to access SDS and WDNR lands.  

Description of Habitat at Site: Include approximate age/size (dbh) of stand, dominant overstory species, 
percent oak in stand, slope position and aspect, and distance to nearest water.

All polygons surveyed were composed of mixed conifer/hardwoods, primarily PSME  with some scattered THPL/TSHE . The majority of the overstory 
PSME appears to be >25 years of age, with some scattered remnant PSME  >70 years.  A few small patches of Quercus SPP (likely Quercus Garryana), 
were observed within the boundaries of the A3 polygon. The trees were not > than 15ft. in height and growing in a few steep, rocky, open areas with a 
westerly aspect.   In Polygons A3 and A7 there were numerous ACMA present, especially towards the toe of the slope.    Slopes within the polygon 
boundaries vary between ~0% to 85%. The aspect of each polygon also varies. The A1 polygon has a southern aspect, A3 has a predominantley 
western aspect and several insised drainages.  The A7 polygon has a variety of aspects, primarily eastern and northern.  Water was present in 
seasonally intermittent streams in polygon A3 on the north end and in A7 in a broader drainage that runs through the center of the polygon.  Both 
contained some water at time of survey, streambanks indicte that the water level increases signifiganlty during the wet season. No areas of standing 
water were observed in any of the polygons.

No Western Gray squirrels, or thier nest structures were observed during the survey. Several bird nests were observed and numerous douglas squirrels 
were heard and a few were observed.



WESTERN GRAY SQUIRREL SURVEY  - COVER SHEET

Use one cover sheet per stand surveyed.  Attach the map(s) on which you mark squirrel nests    
and show the transect(s) or area(s) surveyed.  For each map, attach one Map Label and one or 
more Western Gray Squirrel Survey Data Sheets. If you see or hear a western gray squirrel please fill 
out a wildlife observation form and attach.

Mark Water Sources and Survey Transect or Survey Polygon on Attached Map.

Name of Area Surveyed: Polygons:A4, A5, A10 (See Map)
(Use a generic geographic name like "Yahne Canyon".  Add the timber sale name/number if available.)

Location (TRS): T 3N R 10E S 5,6,7,8 County: Skamania

Date(s) Surveyed: 10/14/2008
Start/Stop time(s): 0845-Start/1635-Stop

Surveyor Names and Affiliations: John Kolozar (TECI)

Contact Name, Address, & Phone:
TECI
Turnstone Environmental Consultants Inc.
18000 NW lucy Reeder Rd Portland, OR  97231
503-621-9613

Directions to Site: Be specific enough to allow someone unfamiliar with the site to find it.
From the Jct. of Cook Underwood Rd. and Knapp Rd. Go NW on Knapp Rd. for ~0.1miles to Scoggins Rd., Turn right onto Scoggins Rd. and ~100 yards 
to Jct. with private drive on left (Signed as CG 2930). Proceed up CG 2930 to access SDS and WDNR lands.  

Description of Habitat at Site: Include approximate age/size (dbh) of stand, dominant overstory species, 
percent oak in stand, slope position and aspect, and distance to nearest water.

All polygons surveyed were composed of mixed conifer/hardwoods, primarily PSME  with some scattered THPL/TSHE . The majority of the overstory 
PSME appears to be >25 years of age, with some scattered remnant PSME  >70 years.  No patches of Quercus SPP. were observed within the 
boundaries of the A4,A5 or A10 polygons.   In all the Polygons there were ACMA and ACCI present within the polygons.    Slopes within the polygon 
boundaries vary between ~0% to 45%. The aspect of each polygon also varies. The A4 polygon has a southwest aspect, A5 has a predominantly eastern 
aspect.  The A10 polygon was fairly flat and had a subtle northern aspect.  No standing water or active drainages were observed in the polygons.

No Western Gray squirrels, or thier nest structures were observed during the survey. Several bird nests were observed and numerous douglas squirrels 
were heard and a few were observed.



WESTERN GRAY SQUIRREL SURVEY  - COVER SHEET

Use one cover sheet per stand surveyed.  Attach the map(s) on which you mark squirrel nests    
and show the transect(s) or area(s) surveyed.  For each map, attach one Map Label and one or 
more Western Gray Squirrel Survey Data Sheets. If you see or hear a western gray squirrel please fill 
out a wildlife observation form and attach.

Mark Water Sources and Survey Transect or Survey Polygon on Attached Map.

Name of Area Surveyed: Polygons:A2, A6, A9 (See Map)
(Use a generic geographic name like "Yahne Canyon".  Add the timber sale name/number if available.)

Location (TRS): T 3N R 10E S 5,6,8 County: Skamania
T 4N R 10E S 31 County: Skamania

Date(s) Surveyed: 10/14/2008
Start/Stop time(s): 0832-Start/1635-Stop

Surveyor Names and Affiliations: John Kolozar (TECI)

Contact Name, Address, & Phone:
TECI
Turnstone Environmental Consultants Inc.
18000 NW lucy Reeder Rd Portland, OR  97231
503-621-9613

Directions to Site: Be specific enough to allow someone unfamiliar with the site to find it.
From the Jct. of Cook Underwood Rd. and Knapp Rd. Go NW on Knapp Rd. for ~0.1miles to Scoggins Rd., Turn right onto Scoggins Rd. and ~100 yards 
to Jct. with private drive on left (Signed as CG 2930). Proceed up CG 2930 to access SDS and WDNR lands.  

Description of Habitat at Site: Include approximate age/size (dbh) of stand, dominant overstory species, 
percent oak in stand, slope position and aspect, and distance to nearest water.

All polygons surveyed were composed of mixed conifer/hardwoods, primarily PSME  with some scattered THPL/TSHE . The majority of the overstory 
PSME appears to be >25 years of age, with some scattered remnant PSME  >70 years.  No patches of Quercus SPP. were observed within the 
boundaries of the A2,A6 or A9 polygons.   In all the Polygons there were ACMA present.    Slopes within the polygon boundaries vary between ~0% to 
45%. The aspect of each polygon also varies. The A2 polygon has a southern aspect, A6 has a predominantley southwestern aspect and an active 
drainage.  The A9 polygon was fairly flat and had a slight northeastern aspect.  Water was present in seasonally intermittent stream and a small roundish 
pond (~30 feet across at time of survey) in polygon A6. Water in the pond appeared to be present year round. Both contained some water at time of 
survey, streambanks indicte that the water level increases signifiganlty during the wet season. 

No Western Gray squirrels, or thier nest structures were observed during the survey. Several bird nests were observed and numerous douglas squirrels 
were heard and a few were observed.



WESTERN GRAY SQUIRREL SURVEY  - COVER SHEET

Use one cover sheet per stand surveyed.  Attach the map(s) on which you mark squirrel nests    
and show the transect(s) or area(s) surveyed.  For each map, attach one Map Label and one or 
more Western Gray Squirrel Survey Data Sheets. If you see or hear a western gray squirrel please fill 
out a wildlife observation form and attach.

Mark Water Sources and Survey Transect or Survey Polygon on Attached Map.

Name of Area Surveyed: Polygons:A12,A13 (See Map)
(Use a generic geographic name like "Yahne Canyon".  Add the timber sale name/number if available.)

Location (TRS): T 3N R 10E S 7 County: Skamania

Date(s) Surveyed: 10/15/2008
Start/Stop time(s): 1206-Start/1500-Stop

Surveyor Names and Affiliations: Devin Sahl (TECI)

Contact Name, Address, & Phone:
TECI
Turnstone Environmental Consultants Inc.
18000 NW lucy Reeder Rd Portland, OR  97231
503-621-9613

Directions to Site: Be specific enough to allow someone unfamiliar with the site to find it.
From the Jct. of Cook Underwood Rd. and Knapp Rd. Go NW on Knapp Rd. for ~0.1miles to Scoggins Rd., Turn right onto Scoggins Rd. and ~100 yards 
to Jct. with private drive on left (Signed as CG 2930). Proceed up CG 2930 to access SDS and WDNR lands.  

Description of Habitat at Site: Include approximate age/size (dbh) of stand, dominant overstory species, 
percent oak in stand, slope position and aspect, and distance to nearest water.

 The A12 and A13 polygons were composed of mixed conifer/hardwoods, primarily PSME with some scattered THPL/TSHE. The majority of the overstory 
in the stands in these polygons was PSME and appears to be mixed age,  most was >20 years of age with a few older remnant trees present.  No 
patches of Quercus SPP. were observed within the boundaries of the  polygons.   There was some ACMA and ACCI present within the polygons.    Both 
polygons are very flat with  slopes within the polygon boundaries vary between ~0% to 5%.  Both polygons had very marginal potential WGS habitat.  
There were no drainages or areas of standing water present within the polygons. 

No Western Gray squirrels, or thier nest structures were observed during the survey. Several bird nests were observed and numerous douglas squirrels 
were heard and a few were observed.



WESTERN GRAY SQUIRREL SURVEY  - COVER SHEET

Use one cover sheet per stand surveyed.  Attach the map(s) on which you mark squirrel nests    
and show the transect(s) or area(s) surveyed.  For each map, attach one Map Label and one or 
more Western Gray Squirrel Survey Data Sheets. If you see or hear a western gray squirrel please fill 
out a wildlife observation form and attach.

Mark Water Sources and Survey Transect or Survey Polygon on Attached Map.

Name of Area Surveyed: Polygons:A14 (See Map)
(Use a generic geographic name like "Yahne Canyon".  Add the timber sale name/number if available.)

Location (TRS): T 3N R 10E S 7 County: Skamania

Date(s) Surveyed: 10/15/2008
Start/Stop time(s): 0827-Start/1445-Stop

Surveyor Names and Affiliations: Darren Bolen (TECI)

Contact Name, Address, & Phone:
TECI
Turnstone Environmental Consultants Inc.
18000 NW lucy Reeder Rd Portland, OR  97231
503-621-9613

Directions to Site: Be specific enough to allow someone unfamiliar with the site to find it.
From the Jct. of Cook Underwood Rd. and Knapp Rd. Go NW on Knapp Rd. for ~0.1miles to Scoggins Rd., Turn right onto Scoggins Rd. and ~100 yards 
to Jct. with private drive on left (Signed as CG 2930). Proceed up CG 2930 to access SDS and WDNR lands.  

Description of Habitat at Site: Include approximate age/size (dbh) of stand, dominant overstory species, 
percent oak in stand, slope position and aspect, and distance to nearest water.

The A14 polygon was composed of mixed conifer/hardwoods, primarily PSME with some scattered THPL/TSHE. The majority of the overstory PSME 
appears to be >25 years of age, stand appeared to be even aged.  No patches of Quercus SPP. were observed within the boundaries of the  polygon.   
There was some ACMA and ACCI present within the polygon.    Slopes within the polygon boundaries vary between ~0% to 60%.  The A14 polygon has 
a westerly aspect and one seasonal drainage.  The drainage was dry at the time of the survey. No standing water or active drainages were observed at 
the time of survey.

No Western Gray squirrels, or thier nest structures were observed during the survey. Several bird nests were observed and numerous douglas squirrels 
were heard and a few were observed.



WESTERN GRAY SQUIRREL SURVEY  - COVER SHEET

Use one cover sheet per stand surveyed.  Attach the map(s) on which you mark squirrel nests    
and show the transect(s) or area(s) surveyed.  For each map, attach one Map Label and one or 
more Western Gray Squirrel Survey Data Sheets. If you see or hear a western gray squirrel please fill 
out a wildlife observation form and attach.

Mark Water Sources and Survey Transect or Survey Polygon on Attached Map.

Name of Area Surveyed: Polygons:A15 (See Map)
(Use a generic geographic name like "Yahne Canyon".  Add the timber sale name/number if available.)

Location (TRS): T 3N R 10E S 18 County: Skamania

Date(s) Surveyed: 10/15/2008
Start/Stop time(s): 1220-Start/1410-Stop

Surveyor Names and Affiliations: John Kolozar (TECI)

Contact Name, Address, & Phone:
TECI
Turnstone Environmental Consultants Inc.
18000 NW lucy Reeder Rd Portland, OR  97231
503-621-9613

Directions to Site: Be specific enough to allow someone unfamiliar with the site to find it.
From the Jct. of Cook Underwood Rd. and Knapp Rd. Go NW on Knapp Rd. for ~0.1miles to Scoggins Rd., Turn right onto Scoggins Rd. and ~100 yards 
to Jct. with private drive on left (Signed as CG 2930). Proceed up CG 2930 to access SDS and WDNR lands.  

Description of Habitat at Site: Include approximate age/size (dbh) of stand, dominant overstory species, 
percent oak in stand, slope position and aspect, and distance to nearest water.

The A15 polygon was composed of mixed conifer/hardwoods, primarily PSME with some scattered THPL/TSHE. The majority of the overstory PSME 
appears to be >25 years of age, stand appeared to be even aged.  No patches of Quercus SPP. were observed within the boundaries of the  polygon.   
There was some ACMA and ACCI present within the polygon.    Slopes within the polygon boundaries vary between ~20% to 80%.  The A15 polygon has 
a westerly aspect and two seasonal drainages.  Both of the drainages wer dry at the time of the survey. No standing water or active drainages were 
observed at the time of survey.

No Western Gray squirrels, or thier nest structures were observed during the survey. Several bird nests were observed and numerous douglas squirrels 
were heard and a few were observed.
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WESTERN GRAY SQUIRREL SURVEY  - COVER SHEET

Use one cover sheet per stand surveyed.  Attach the map(s) on which you mark squirrel nests    
and show the transect(s) or area(s) surveyed.  For each map, attach one Map Label and one or 
more Western Gray Squirrel Survey Data Sheets. If you see or hear a western gray squirrel please fill 
out a wildlife observation form and attach.

Mark Water Sources and Survey Transect or Survey Polygon on Attached Map.

Name of Area Surveyed: Polygons:A11,A17,A18 (See Map)
(Use a generic geographic name like "Yahne Canyon".  Add the timber sale name/number if available.)

Location (TRS): T 3N R 10E S 7 County: Skamania
T 3N R 9E S 13 County: Skamania

Date(s) Surveyed: 10/15/2008
Start/Stop time(s): 0827-Start/1445-Stop

Surveyor Names and Affiliations: Devin Sahl (TECI), Darren Bolen (TECI), John Kolozar (TECI)

Contact Name, Address, & Phone:
TECI
Turnstone Environmental Consultants Inc.
18000 NW lucy Reeder Rd Portland, OR  97231
503-621-9613

Directions to Site: Be specific enough to allow someone unfamiliar with the site to find it.
From the Jct. of Cook Underwood Rd. and Knapp Rd. Go NW on Knapp Rd. for ~0.1miles to Scoggins Rd., Turn right onto Scoggins Rd. and ~100 yards 
to Jct. with private drive on left (Signed as CG 2930). Proceed up CG 2930 to access SDS and WDNR lands.  

Description of Habitat at Site: Include approximate age/size (dbh) of stand, dominant overstory species, 
percent oak in stand, slope position and aspect, and distance to nearest water.

These polygons were lumped together because they were visited by three surveyors simultaneously on the same day. The A11, A17 and A18 polygons 
were composed of mixed conifer/hardwoods, primarily PSME with some scattered THPL/TSHE. The majority of the overstory in the stands in these 
polygons was PSME and appears to be mixed age,  most was >20 years of age.  No patches of Quercus SPP. were observed within the boundaries of 
the  polygons.   There was some ACMA and ACCI present within the polygons.    Slopes within the polygon boundaries vary between ~0% to 60%.  The 
A11 polygon has multiple pieces all of which contained very marginal potential WGS habitat.  There are two seasonal drainages within the area of the 
polygons and both were dry at the time of the survey. The A17 and A18 polygons were on the extreme southern end of the project area. A18 has a 
northwestern aspect on a fairly steep slope and a seasonal drainage that was dry at the time of the survey.  The A17 polygon had a south and southeast 
exposure and no significant drainages.  It had trees older than the other 2 polygons in the overstory and a few remnant PSME present that were greater 
than 70yrs of age.  The A17 polygon is adjacent to the C1 polygon that had a seasonal stream present in it that had several pools of water present but no 

No Western Gray squirrels, or thier nest structures were observed during the survey. Several bird nests were observed and numerous douglas squirrels 
were heard and a few were observed.



WESTERN GRAY SQUIRREL SURVEY  - COVER SHEET

Use one cover sheet per stand surveyed.  Attach the map(s) on which you mark squirrel nests    
and show the transect(s) or area(s) surveyed.  For each map, attach one Map Label and one or 
more Western Gray Squirrel Survey Data Sheets. If you see or hear a western gray squirrel please fill 
out a wildlife observation form and attach.

Mark Water Sources and Survey Transect or Survey Polygon on Attached Map.

Name of Area Surveyed: Polygons: B1,B2,B3,B4,B5,B6,B7,B8 (See Map)
(Use a generic geographic name like "Yahne Canyon".  Add the timber sale name/number if available.)

T 3N R 9E S 13 County: Skamania
Location (TRS): T 3N R 10E S 5,6,8 County: Skamania

T 4N R 10E S 31,32 County: Skamania
Date(s) Surveyed: 11/18/2008
Start/Stop time(s): 0920-Start/1545-Stop

Surveyor Names and Affiliations: Devin Sahl (TECI), Darren Bolen (TECI)

Contact Name, Address, & Phone:
TECI
Turnstone Environmental Consultants Inc.
18000 NW lucy Reeder Rd Portland, OR  97231
503-621-9613

Directions to Site: Be specific enough to allow someone unfamiliar with the site to find it.
From the Jct. of Cook Underwood Rd. and Knapp Rd. Go NW on Knapp Rd. for ~0.1miles to Scoggins Rd., Turn right onto Scoggins Rd. and ~100 
yards to Jct. with private drive on left (Signed as CG 2930). Proceed up CG 2930 to access SDS and WDNR lands.  

This set of "B" polygons was surveyed after the "A" polygons due to alterations in the alingment of the proposed turbine strings.

Description of Habitat at Site: Include approximate age/size (dbh) of stand, dominant overstory species, 
percent oak in stand, slope position and aspect, and distance to nearest water.

All polygons surveyed were composed of mixed conifer/hardwoods, primarily PSME  with some scattered THPL/TSHE . The majority of the overstory 
PSME appears to be >25 years of age, with some scattered remnant PSME  >70 years.  No Quercus SPP. Were observed within the boundaries of the 
polygons surveyed.  In Polygons B3, B4 and B5 there were numerous ACMA present.    Slopes within the polygon boundaries vary between ~0% to 
70%. The aspect of each polygon also varies.  Water is present in seasonally intermittent streams in polygons B4 and B5.  The intermittent stream in B5 
was active at time of survey, the intermittent stream in B4 was not.                                                                                                                                         
T                                                 

No Western Gray squirrels, or thier nest structures were observed during the survey. One potential nest structure was examined from the ground and 
determined to have potential to be a douglas squirrel nest.  The structure was quite small and constructed ~25 feet up in a small ACMA.  The structure 
appeared to be a small ball (less than 14" in diameter) constructed primarily of lichen, twigs and a few ACMA leaves.  Several douglas squirrel cone 
middens were located in the immediate vicinity.  while exploreing the immediate area of the nest looking for other possible nest structures, the surveyor 
observed 3 distintct douglas squirrel individuals.



 

WESTERN GRAY SQUIRREL SURVEY  - COVER SHEET

Use one cover sheet per stand surveyed.  Attach the map(s) on which you mark squirrel nests    
and show the transect(s) or area(s) surveyed.  For each map, attach one Map Label and one or 
more Western Gray Squirrel Survey Data Sheets. If you see or hear a western gray squirrel please fill 
out a wildlife observtion form and attach.

Mark Water Sources and Survey Transect or Survey Polygon on Attached Map.

Name of Area Surveyed: Polygon: C1
(Use a generic geographic name like "Yahne Canyon".  Add the timber sale name/number if available.)

Location (TRS): T 3N R 10E S 18 County: Skamania

Date(s) Surveyed: 10/9/2008
Start/Stop time(s): 0930-Start/1645-Stop

Surveyor Names and Affiliations: Devin Sahl

Contact Name, Address, & Phone:
Devin Sahl
Turnstone Environmental Consultants Inc.
18000 NW lucy Reeder Rd Portland, OR  97231
503-621-9613

Directions to Site: Be specific enough to allow someone unfamiliar with the site to find it.
From the Jct. of Cook Underwood Rd. and Knapp Rd. Go NW on Knapp Rd. for ~0.1miles to Scoggins Rd., Turn right onto Scoggins Rd. and ~100 yards 
to Jct. with private drive on left (Signed as CG 2930). Proceed up CG 2930 for ~2.8 miles to powerline ROW. Turn Left onto the powerline ROW road and 
proceed ~100 yards to unmarked spur on Left. Continue down Spur road ~0.25 to just before it’s end and park.  You are parked just outside the NE 
corner of the polygon.  

Description of Habitat at Site: Include approximate age/size (dbh) of stand, dominant overstory species, 
percent oak in stand, slope position and aspect, and distance to nearest water.

Polygon is a stand of mixed conifer/hardwood, primarily PSME  with some scattered THPL/TSHE . The polygon encompasses both sides of a small 
intermittent stream.  The majority of the overstory PSME appears to be >50 years of age, with some scattered remnant PSME  >70 years.  No Quercus 
SPP. Were observed within the boundaries of the polygon but may be present just outside the boundary at the transition to agricultural land (fruit 
orchard). Slopes within the polygon boundary vary between ~0% to 60% depending on location. The aspect is predominantly SE facing on the western 
portion of the tract and SSW facing on the eastern portion of the tract, with the intermittent stream being the divider between.  Water is present in a 
seasonally intermittent stream that runs through the middle of the polygon.  The stream was predominantly dry at the time of the survey expect for a few 
small puddles and some water in a maintained penstock that supplies water to landowners downslope. A small, shallow pond was present backed-up 
behind a non-maintained irrigation structure just outside the SE corner of the polygon.The irrigation structure is designed to impound water form the 
seasonaly intermittenent stream.It is possible that the irrigation structure would hold some amount of  water year round that would be available for wildlife. 

No Western Gray squirrels were observed during the survey of this polygon. One potential nest structure was examined from the ground and determined 
to have potential to be a western gray squirrel nest structure.  A subsequent visit to the site 7 days after this visit determined that the structure was a 
broom type growth emanating form the bole of the PSME.  The structure was examined by climbing an adjacent tree and determined to not be a squirrel 
nest. Several douglas squirrels were heard and obseved within the boundaries of the polygon during the time of the survey and on subsequent visits.
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1. PROJECT  OVERVIEW 

SDS Lumber Company (SDS) retained the services of Turnstone Environmental 

Consultants, Inc. (Turnstone) to perform Northern spotted owl (spotted owl), Western 

gray squirrel (gray squirrel) and Northern goshawk (goshawk) surveys in potential 

habitat for the Whistling Ridge Wind Energy Project formally known as the Saddleback 

Wind Energy Project, located in Skamania County, Washington.   Survey information will 

be used to assess the presence, occupancy and reproductive status of spotted owl, gray 

squirrel and goshawk individuals and populations within areas of proposed wind energy 

development.  

 

The physiographic range of spotted owl, gray squirrel and goshawk populations are 

potentially located within the forestlands of the Whistling Ridge Wind Energy Project.  As 

part of the process to avoid “take” of any state or federally listed species, landowners 

must conduct surveys to determine the presence of listed species, prior to conducting 

any management activities. 

 

This report summarizes the Wildlife surveys that were conducted in both 2008 and 2009 

at the Whistling Ridge Wind Energy Project. All Wildlife surveys were conducted using 

the best information available during this time period. Turnstone staff followed strict 

adherence to protocol guidelines and habitat requirements to obtain full compliance with 

agency requirements and recommendations.  All potential habitat and buffers were 

determined based on the sighting of the proposed wind turbine locations.  In late 

October of 2008, the final proposed turbine alignment was released and the locations of 

the turbines were slightly altered from their original location.  Turnstone re-analyzed the 

new alignment, confirming all additional buffers were covered and that the adherence to 

protocols for all species surveyed were sufficient. The survey implications of the 

adjustments to the proposed turbine locations will be discussed in further detail in the 

survey locations sections for each of the respective species surveyed. 
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2. NORTHERN SPOTTED OWL 

Under the federal Endangered Species Act of 1973, the Northern spotted owl (Strix 

occidentalis caurina) was listed in 1990 as "threatened" by the United States Fish and 

Wildlife Service.  The Washington Fish and Wildlife commission listed the Northern 

spotted owl as a state endangered species in 1988 (Buchanan and Swedeen, 2004).   

Both federal and state agencies determined that the spotted owl is likely to become an 

endangered species in the foreseeable future throughout all or a significant portion of its 

existing range.  The northern spotted owl’s range extends from Washington State to 

Northern California. A recently revised USFWS species recovery plan is in effect for the 

northern spotted owl (USFWS 2008). 

 

2.1. Suitable Habitat 

In Washington, spotted owls inhabit the Eastern and Western Cascades, Western 

Lowlands, and Olympic Peninsula Provinces. Within these regions, the spotted owl has 

specific habitat requirements for nesting, roosting, foraging and dispersal.  The species 

utilizes forests with multi-layered canopies and a high incidence of large trees for nesting 

and roosting. Fragmented habitats may be used for dispersal and foraging. Spotted owls 

nest primarily in large tree cavities and on broken tops of large trees.  Spotted owls have 

also been reported as nesting on clumps of mistletoe, on large branches, in abandoned 

stick nests of Northern goshawks, and in cavities on embankments and rock faces 

(LaHaye 1999). 

 

For the purposes of this project, potentially suitable spotted owl habitat was determined 

to be coniferous stands with average tree DBH (diameter at breast height) greater than 

12 inches and canopy closure of 60% or greater.  These standards for suitable spotted 

owl habitat were based on the availability of forest stand classification GIS data from 

SDS.  By using GIS data that was readily available, initial spotted owl survey areas could 

be efficiently determined in the office and verified in the field when setting up the survey 

stations.   

 

The 12” average DBH and 60% canopy closure standards could be considered 

conservative as compared to the nesting and roosting habitat characteristics that are 
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discussed in the 2008 USFWS recovery plan.  This plan states, “Features that support 

nesting and roosting typically include a moderate to high canopy closure (60 to 90 

percent); a multilayered, multi-species canopy with large overstory trees (with diameter 

at breast height [dbh] of greater than 30 inches); a high incidence of large trees with 

various deformities (large cavities, broken tops, mistletoe infections, and other evidence 

of decadence); large snags; large accumulations of fallen trees and other woody debris 

on the ground; and sufficient open space below the canopy for spotted owls to fly 

(Thomas et al. 1990).”  These types of habitats are typically not present over large areas 

on managed commercial forest lands.  Recently cut areas or young conifer plantations 

that did not meet the minimum average DBH or canopy closure parameters were 

excluded from the survey effort. The resulting designated survey areas did contain 

varying types of habitat that could potentially be used by spotted owls.  

 

2.2. Survey Locations 

Turnstone conducted spotted owl surveys within and adjacent to properties managed by 

SDS and cooperating adjacent landowners. Surveys were conducted in all potentially 

suitable habitat within the 1.8 mile spotted owl provincial home range radius of the 

proposed project area.  To determine the potential spotted owl survey areas, the 

proposed turbine alignments were buffered out to a 1.8 mile radius.  This created a large 

polygon of potential survey area that included 14,901 acres.  This initial query of 

potential habitat that fell within the provincial range was not contiguous, it resembled a 

patchwork of stands that met the survey threshold and would require spotted owl 

surveys. 

 

The delineated potential survey area polygon intersected two owl activity centers where 

spotted owls historically lived. A designated spotted owl activity center in this 

geographical region of Washington is equal to a circle with a 1.8 mile radius. The two 

spotted owl activity centers are located primarily on public lands north of the project 

area. The nest cores of these activity centers reside on public land managed by the 

Washington Department of Natural Resources (WDNR) and the U.S. Forest Service 

(USFS).  
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The activity centers intersect (1.8 mile radius provincial range) the northern reach of the 

proposed wind turbine survey area polygon. The Mill Creek activity center (MSNO# 

0991) was located and designated in 1992 and was last considered to have spotted owls 

present in 2000.  The Moss Creek activity center (MSNO#1003) was located and 

established in 1994 and was last considered to have spotted owls present in 2002.  

Table 4, in the results section of this document, represents the survey summaries for 

these activity centers for 1994 thru 2009.  These two activity centers are adjacent to one 

another and overlap by approximately 15%. Because of the close proximity of the 

spotted owl activity centers all suitable habitat within a 1.8 mile buffer of the nest site 

was surveyed.  This increased the potential survey area to 7,222 acres.  Much of this 

habitat was a patchwork of timber stands that contained potentially suitable and non-

suitable habitat. 

 

The final proposed turbine alignment released in late October of 2008 did not affect the 

survey coverage area for spotted owls during the 2008 survey season.  The additional 

turbines were located to the north end of the project area where surveys were already 

being conducted in the Mill and Moss Creek activity centers.  

 
Table 1.Township and Range information for northern spotted owl survey areas. 

Legal Descriptions for Spotted Owl Survey Areas 

Township Range Section* 

3N 9E 1,2,11,12,12,14,23,24,25 

3N 10E 4-6,7-9,16-18,19,20,30 

4N 9E 23,24,25,26,27,34,35,36 

4N 10E 19-22, 27-30,31-34 
*some sections only had portions of their respective area covered for NSO survey in 2008-2009 

2.3. Survey Methods 

Potential northern spotted owl habitat was surveyed in 2008 and 2009 in accordance 

with the 1992, revised version of “Protocol for Surveying Proposed Management 

Activities That May Impact Northern Spotted Owls”. This survey protocol is endorsed by 

the U.S. Fish and Wildlife Service. Under this protocol, Turnstone initiated the 2-year 
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survey effort in early May of 2008 and completed the second year of spotted owl surveys 

in August of 2009. Under the two year survey methodology, a minimum of 3 protocol 

visits must be performed for 2 consecutive years in order to determine probable 

presence/absence of the spotted owl. 

 

Prior to initiating field surveys, Turnstone biologists analyzed the project area using 

topographic maps, aerial photography and stand classification data to determine suitable 

habitat for potential broadcast calling station placement. Calling stations were placed in 

differing topographies across the survey area of potential habitat. When possible, 

broadcast calling stations were placed along ridges and prominent points to maximize 

coverage and increase the probability of hearing distant owl responses. Broadcast 

calling stations and survey routes were situated to achieve complete coverage of the 

potential survey area, preferably with coverage from more than one calling point. 

Stations were spaced approximately ¼ to ½ mile apart where access was possible and 

permitted. Broadcast calling stations were surveyed at night when owls are more active 

and are thought to be more responsive to standard survey techniques (USDI 1992). Per 

protocol guidelines, Turnstone biologists used a minimum of ten-minute calling periods 

at each designated broadcast calling station. Amplified PA systems were the primary 

means used to broadcast both male and female spotted owl vocalizations that included 

four-note contact calls and various agitated calls. Voice hooting and “hoot flutes” were 

occasionally used to supplement the Amplified PA systems and were also used when 

conducting daytime visits to historic nest cores. Turnstone conducted surveys between 

March 15th and August 31st during each survey year, as stipulated by the protocol. 

 

During the first round of broadcast calling in the 2008 survey season, an additional day 

visit was made to each of the two spotted owl nest core activity centers north of the 

project area, (Mill Crk, and Moss Crk.). During the 2009 survey season, three additional 

day visits were made to each of the two spotted owl nest core activity centers.   

After consulting with WDFW staff, additional day visits were added in 2009.  The intent 

of these day visits was to further verify if spotted owls were “quietly” occupying the 

historic spotted owl nest cores but not responding during night surveys.  The three day 

visits conducted by Turnstone staff were made in addition to the three required night 

surveys outlined in the survey protocol guidelines. These visits involved hiking into the 
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historic nest core areas and conducting an intensive survey of the area using 

meandering survey transects in areas of suitable habitat.  Turnstone staff attempted to 

elicit responses from spotted owls using various means while conducting these surveys.  

Surveys near the nest cores would typically start out with subtle voice or hoot flute 

calling and then proceed into more aggressive and louder calling using amplified PA 

systems when no responses or observations occurred.  The visits varied in length but 

typically lasted from two to six hours.  

 

Both the Mill and Moss Creek nest cores are also being surveyed as part of a long term 

demography study conducted by the Washington Department of Natural Resources on 

lands within the Klickitat Habitat Conservation Plan Planning Unit. The study was 

initiated in 2001 and was slated to run for five years.  In 2007, a new three year contract 

was signed to extend the survey effort for another three years.  The fieldwork for the 

project is carried out by staff from the National Council for Air and Stream Improvement 

(NCASI).  Each year NCASI performs a minimum of three visits and as many as 10 

survey visits a year to the spotted owl nest cores. These visits involve both day calling 

the historic nest cores and night calling in the same areas. Survey summary details of 

the survey results for each of these spotted owl cores can be reviewed in Table 4 of this 

document. 

 

During the 2008 and 2009 survey seasons, Turnstone biologists recorded all owl species 

encountered and the sightings of or responses by, potential spotted owl predators. This 

included barred owls, great horned owls, northern goshawks and other raptor species. 

There is some evidence that the presence of these species may affect northern spotted 

owl responses.  

 

3. Western Gray Squirrel 

The western gray squirrel (Sciurus griseus) was listed as a “threatened” species by the 

Washington Fish and Wildlife Commission in 1993.  In November of 2007, the State of 

Washington adopted a species recovery plan for the Western Gray Squirrel which is 

currently in effect. 

 



 

                    

2009 Final Report – Results of Northern Spotted Owl, Northern Goshawk and Western 

Gray Squirrel Surveys for the Whistling Ridge Wind Energy Project 

               

7

In January of 2001, a petition was filed with the United States Fish and Wildlife Service 

to list the Washington State population of the western gray squirrel as a distinct 

population segment (DPS) in an effort to secure protection for the species under the 

Endangered Species Act of 1973 (ESA). The petition underwent a 12 month review with 

a ruling announced on May 30, 2003. This ruling stated the petition action was not 

warranted because the Washington population of the Western Gray Squirrel is not a 

DPS therefore, no protection under the ESA would be granted (Federal Register, 2003). 

There is currently no federal protection for the western gray squirrel. 

  

The physiographic range and habitat requirements of the western gray squirrel are 

located within the forestlands of the Whistling Ridge Wind Energy Project. 

 

3.1. Suitable Habitat 

Western gray squirrels are arboreal (adapted for living in trees) and, although they 

forage on the ground, they rarely stray far from trees. They use tree canopies for 

escape, cover and nesting. Western gray squirrels can move rapidly and cover long 

distances among tree canopies when canopy conditions permit. A contiguous tree 

canopy that allows arboreal travel for at least 198 feet (60 meters) around the nest is an 

important feature of western gray squirrel habitat (Ryan and Carey 1995a). Western gray 

squirrels are active throughout the day but are most active in the morning. Western gray 

squirrels are most active in August and September, they are less visible in June and July 

(Ryan and Carey 1995a) while collecting and storing food for winter. 

 

In Washington the western gray squirrel distribution has been reduced to three 

geographically isolated western gray squirrel populations: the “Puget Trough” population 

now centered in Thurston and Pierce counties in the Puget Sound region; the “South 

Cascades” population in extreme eastern Skamania County and Klickitat and Yakima 

counties; and the “North Cascades” population in Chelan and Okanogan counties. 

 

In Washington, and elsewhere within the gray squirrels range, the principal food is 

acorns, although the seeds of Douglas-fir and other conifers are also eaten (Dalquest 

1948). While pine nuts and acorns are considered essential foods for storing body fat 
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and conditioning western gray squirrels for winter, green vegetation, seeds and nuts of 

trees and shrubs, fleshy fruits, mushrooms and other foods are also consumed. 

Hypogeous fungi (underground fungi such as truffles) comprise a large portion of the 

western gray squirrel diet (WDW 1993; Carraway and Verts 1994; Ryan and Carey 

1995a). 

 

For the purposes of this project, potentially suitable western gray squirrel habitat was 

defined as any coniferous, deciduous or mixed stands of trees that have an average 

diameter at breast height (DBH) of at least 10 inches or greater. This criterion was used 

to ensure a conservative approach in determining survey areas. 

 

3.2. Survey Locations 

Turnstone conducted 2 rounds of western gray squirrel nest surveys within the project 

area.   Approximately 738 acres of potentially suitable habitat within the project area 

were surveyed in the fall of 2008. The survey area was adjusted slightly in 2009 

removing 46 acres from the overall survey effort. This area turned out to be outside the 

established buffers. In the Spring of 2009, a total 692 acres were surveyed for western 

gray squirrels.  

 

Within the project area, potential gray squirrel survey areas were selected by identifying 

appropriate stand inventories using GIS analysis and ground-truthing.  The initial GIS 

analysis was used to efficiently determine areas of potentially suitable squirrel habitat 

prior to conducting the field visits.  Ground-truthing was used to validate and finalize the 

initial GIS analysis while setting up the squirrel survey area blocks. 

 

Western gray squirrel nest surveys were completed in any areas where project activities 

would remove or structurally modify forest stands.  To determine survey areas the 

proposed wind turbine string was buffered out 150 feet (150 foot radius) to establish a 

work zone.  Then an additional 500 feet of buffer was added, to encompass any areas 

that may be altered due to obstructions (tall trees) within wind corridors of the proposed 

turbines.  Finally, an additional 400 feet was added as an unaltered habitat buffer. 

Adding all buffers created a 1,050 foot radius around the turbine string to be surveyed.  
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Including all buffers the entire survey area of possible habitat was nearly 1,361 acres.  

Within this area 738 acres were determined to be potentially suitable western gray 

squirrel habitat in 2008 and 692 acres in 2009.  The remaining area within the overall 

buffer was not surveyed and determined to be non-habitat. 

 

The survey area was broken up into smaller discrete units to facilitate an efficient and 

systematic survey effort by Turnstone biologists.  The discrete units were referred to as 

polygons and each polygon was given a unique identifier.   A map of the western gray 

squirrel survey area polygons is located in Appendix A. 

 

The final proposed turbine alignment released in late October of 2008 did change the 

survey coverage for western gray squirrels.  The changes made in the final turbine 

alignment did add additional habitat.  These stands were a patchwork of small isolated 

forests that needed an additional survey. The survey window to conduct western gray 

squirrel surveys was still open when the new areas were identified. An additional field 

visit was conducted in early November using the same survey methodology as the first 

round of squirrel surveys in 2008. 

3.3. Survey Methods 

Surveys were conducted according to the guidelines in the WDFW report, “Surveys for 

western gray squirrel nests on sites harvested under approved forest practice guidelines: 

analysis of nest use and operator compliance” (Haegen, Van Leuven, and Anderson 

2004). Turnstone biologist also worked with WDFW staff biologists to configure the best 

survey methodology for the area.  

 

 Turnstone biologists performed a general search for western gray squirrels and their 

nests in the fall of 2008 and the spring of 2009.  Walk-through surveys using meandering 

transects were conducted in all conifer, deciduous, and mixed composition stands within 

the designated survey area that met the minimum DBH threshold of 10 inches. 

Surveyors identified all species of squirrels, evidence of squirrel activity and squirrel 

nests while walking transects. Transects were oriented to parallel the topographic 

features of the survey polygons when possible to facilitate safe and efficient travel on 

foot.  All transects were laid out systematically in GIS to ensure that they were evenly 
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spaced and located close enough together so that no habitat areas were excluded from 

the survey effort.  Surveyors would use the plotted transects as general guidelines for a 

route of travel. The survey was conducted using an intuitive meander of the survey area. 

Surveyors would deviate from the designated transect to investigate areas of potential 

habitat or the evidence of squirrel sign. 

 

4. NORTHERN GOSHAWK 

The northern goshawk (Accipiter gentiles) is classified as a “species of concern” by the 

U.S. Fish and Wildlife Service and as a “listed candidate” for a state sensitive, 

threatened, or endangered species by the Washington Fish and Wildlife Commission. 

The physiographic range and habitat requirements of the northern goshawk can be 

found within the forest lands of the Whistling Ridge Wind Energy Project. 

4.1. Suitable Habitat 

Northern goshawks inhabit a wide variety of forest habitats, including true fir (red fir, 

white fir, and subalpine fir), mixed conifer, lodgepole pine, ponderosa pine, Jeffrey pine, 

montane riparian deciduous forest and Douglas fir. Occasionally, goshawks nest in 

coastal redwood and mixed hardwood forests.   Goshawk nest sites are associated with 

patches of forest that are larger and denser than the surrounding landscape. However, 

home ranges often consist of a wide range of forest age classes and conditions. 

Numerous habitat studies and modeling efforts have found nest sites to be associated 

with similar factors, including proximity to water or meadow habitat, forest openings, 

level terrain or “benches” of gentle slope, northerly aspects and patches of larger, 

denser trees, but these factors vary widely (Woodbridge 2006). 

4.2. Survey Locations 

During the 2008 and 2009 northern goshawk survey windows, Turnstone staff conducted 

northern goshawk surveys within properties managed by SDS Lumber Co. and on lands 

managed by WDNR. These surveys covered approximately 1,493 acres of potential 

goshawk habitat.  The objective of our survey effort was to determine the presence of 

northern goshawks. 
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 The potential survey area for the northern goshawk was determined by protocol 

parameters, consultation with biologists from the WDFW, and GIS analysis. Survey 

protocol methodology was outlined in the United States Forest Service document, 

“Northern Goshawk Inventory and Monitoring Technical Guide, July 2006.”  Table 2 

depicts the legal descriptions of the where the goshawk survey areas occurred. 

 
Table 2. Township and Range information for northern goshawk survey areas. 

Legal Descriptions for Goshawk Survey Areas 

Township Range Section 

4N 9E 1, 36 

4N 10E 31,32 

3N 9E 12,13,24 

3N 10E 5,6,7,8,18,19 

 

 

 

To determine the area that would require goshawk surveys, a GIS analysis was 

conducted following the protocol parameters and best available data. The proposed wind 

turbine right of way was buffered out 150 feet to establish a work area that would likely 

be permanently disturbed.  Then an additional 2,624 feet (800 meters), per protocol 

recommendations, was added to 50ft buffer to establish an area that was considered the 

potential northern goshawk survey area.  Within this area, GIS data was analyzed to 

identify conifer stands that may contain suitable habitat structure based on an age class 

of greater than 25 years and average tree DBH of at least 12 inches.   

 

The resulting suitable habitat areas, or polygons, were then overlaid on current aerial 

photography (2006), to eliminate any recently harvested stands. This exercise created 

an initial survey area of 3,013 acres of potential habitat.  Of this area approximately 

1,100 acres were determined to be forested and contain the habitat characteristics 

needed to support goshawks.  Initial calling points and survey transects were then 

established in GIS to adequately cover the 1,100 acres of potential goshawk habitat that 

would require survey.   
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In order to adequately survey the approximately 1,100 acres of potential goshawk 

habitat,  Turnstone biologists conducted field reconnaissance in areas of all potential 

habitat that was delineated out in GIS.  After ground-truthing the area 136 calling points 

were set. The areas to be surveyed had irregular shapes and establishing standardized 

transect strings was not feasible. Survey areas were covered with individual calling 

points that were placed within the potential goshawk habitat.  The objective was to place 

stations within 150 meters of all potential habitat and to not place stations more than 200 

meters apart.  

 

The final proposed turbine alignment was released in late October of 2008. This re-

alignment affected the survey coverage to the north of the project site. The changes 

made in the alignment created an additional 367 acres in the buffered area of potential 

habitat. The survey window to conduct northern goshawk surveys during the 2008 

breeding season had closed making it impossible to survey the additional habitat 

intersected by the re-alignment.  Because the new area was small, Turnstone biologists 

chose a different survey methodology in the 2009 northern goshawk survey window. The 

“Intensive Search Survey” methodology was chosen and initiated in summer of 2009.  

The details of this survey methodology are outlined in the USFS document, “Northern 

Goshawk Inventory and Monitoring Technical Guide, July 2006.”  This methodology was 

selected because it could be initiated and completed in a single survey season. Under 

this rigorous approach, the new survey areas would receive two successive survey visits 

using a more intense survey methodology in order to determine potential goshawk 

presence.  

 

During the 2009 survey effort, approximately 34 acres of non-habitat was eliminated 

from the original 367 acres.  An additional 56 acres was added adjacent to the area 

because of its potential habitat qualities making the total approximately 389 acres of 

potential habitat.  These areas were surveyed using the intensive search methodology 

while approximately 1,100 acres were surveyed for the second year using the broadcast 

acoustic methodology. 
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4.3. Survey Methods 

Two different survey methodologies were used during the 2008 and 2009 goshawk 

survey windows. In 2008 and 2009, two rounds of the “Broadcast Acoustic” surveys 

were conducted.  In 2009 two rounds of the “Intensive Search” survey methodology was 

conducted where the turbine alignment was extended to the north.  

 

The “broadcast acoustical” survey methodology requires 2 visits to the survey area 

within a breeding season.  The first site visit occurs in the ‘nestling period’, where adult 

alarm calls are broadcast at the designated calling points.  During the second site visit, 

in the ‘fledgling period’, wail and fledgling begging calls are broadcast at the same 

survey points.  

 

At each station, goshawk calls are broadcast with a portable amplified PA system for ten 

second periods. Turnstone biologists pause for thirty seconds to listen for goshawk 

responses, immediately following the broadcast calls. The sequence of broadcasting and 

listening for responses was repeated two more times, rotating 120 degrees from the last 

broadcast. The three-call sequence was repeated again, so that each direction received 

two sets of broadcast calls. During foot travel between broadcast points, the surveyors 

stayed alert observing and listening for potential goshawks. Surveyors also documented 

observations of other raptor species when encountered.  

 

Survey periods begin ½ hour before sunrise and conclude ½ hour before sunset, as 

specified by protocol. If there was a goshawk detected in the project area, then a search 

for an active nest would ensue, following the ‘intensive search’ protocol.  Locating an 

active nest is recommended immediately following any goshawk detections. Turnstone 

also recorded all other incidental raptor species observed during site visits on the field 

data forms, which are included in Appendix C. 

 

The second methodology used in 2009 was the “Intensive Search Survey” methodology. 

This approach requires one or more visits to the survey area in a breeding season to 

determine goshawk occupancy. Turnstone biologists chose two site visits in 2009 to 

reach a high level of assurance that they were not missing goshawks. This survey 

method combines an intensive visual search with the methods of the “broadcast 
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acoustic” protocol.  The visual search involves multiple surveyors looking for any 

possible goshawk sign, which could include: nests (active or abandoned), whitewash, 

prey remains, plucking posts, or molted feathers. Goshawk calls are broadcast while 

conducting the visual search as recommended in the guidelines in the “broadcast 

acoustic” protocol. 

 

To be most effective the survey requires the use of multiple observers simultaneously 

walking the stands.  All intensive search surveys conducted used a minimum of three 

simultaneous observers and sometimes four when necessary to adequately cover the 

area. Survey transects were established to cover the entire 389 acre site.  These 

transects were overlaid on topographic base maps and aerial photographs in GIS.  Start 

points and end points of the survey transects were then derived and loaded into GPS 

units to be used as reference tools in the field while conducting the surveys. GPS units 

also served as a reliable method to mark and map any goshawk observations. 

 

Turnstone biologists began their survey effort later in the nesting period in an attempt to 

cause fewer disturbances to potential nesting goshawks.  Surveys were conducted 

walking parallel transects in unison with multiple observers looking for goshawk sign and 

broadcasting goshawk calls. Survey transects were established approximately 20-30 

meters apart depending on the terrain and the amount of understory vegetation present. 

The observer walking the middle transect would broadcast goshawk calls approximately 

every 250 meters apart along the transect.  Observers traveled at a slow pace to 

increase the level of safety and to give ample time to scan the area for any potential 

goshawk or goshawk sign.  On every third set of transects, all three observers would 

broadcast goshawk calls, using the same broadcasting procedure recommended in the 

“broadcast acoustic” survey protocol.   

 

All goshawk sign encountered was analyzed and scrutinized in the field by a team of 

biologists.  Any potential goshawk sign encountered would elicit an intensive search of 

the area by all biologists.  The intensive search would cover an area of at least a 300 

meter radius from the goshawk sign observed.  All raptor feathers encountered were 

reviewed in the field and collected in case they needed further review in the lab. The 

“intensive search survey” methodology is time-consuming and physically demanding of 
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the biologists.  The results however, give us a very high likelihood of detecting the 

presence of goshawks. 

 

5. Survey Results 

5.1. Northern Spotted Owl 

Turnstone conducted two consecutive years of spotted owl surveys in 2008 and 2009 

with a minimum of three site visits per calling station on and adjacent to SDS  properties, 

(Appendix A).  Two spotted owl activity centers located on public lands (WDNR, USFS) 

to the north of the project area were also surveyed.   The Mill Creek (MSNO#: 0991) and 

Moss Creek (MSNO#: 1003) cores are located  in Township 4N and Range 10E section 

28 and Township 4N and Range 9E section 35, respectively.  A total of 80 calling 

stations were established and surveyed in 2008 and 2009 with no northern spotted owl 

responses or observations. Seven supplemental stations were added in 2009 adjacent 

to areas that were determined to have  potential habitat. There were no observations or 

detections of spotted owls at any of the 87 established calling stations in 2008 or 2009. 

 

In 2008, Turnstone conducted an additional day visit to the two Moss and Mill Creek nest 

cores where spotted owls historically lived.  No spotted owl observations or responses 

were recorded. In 2009, Turnstone added three additional day visits in addition to the 

required night visits to each nest core with no spotted owl observations or responses. 

 

Tables 3A and 3B summarize all of the Turnstone survey response/observation results 

for the survey efforts in the 2008 and 2009 survey seasons. A map depicting the 

locations of the calling stations and locations of all barred owl responses/observations is 

available for review in Appendix A of this document.  
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Table 3A. Survey Summary Results for 2008. 

Visit # Dates 
# of 

Stations 
Northern Spotted 

Owl Response Comments 

1 21-May 12 None No owl responses 
1 22-May 20 None No owl responses 

1 24-May 18 None Barred owls & M/F pair near stations 
#45 & #82 

1 25-May 22 None Barred owls, likely pair; near stations 
#74 & #86 

1 26-May 8 None No owl responses 

2 10-Jun 22 None Barred owls (2) from station #74, 
Barred owls, likely pair from station #86 

2 11-Jun 20 None No owl responses 
2 15-Jun 17 None No owl responses 

2 16-Jun 21 None 
Barred owl from stations #44 & #45, 
Unknown begging Juvenile from station 
#47 (confirmed as barred owl on day 
visit) 

3 27-Jul 15 None No owl responses 
3 28-Jul 20 None Barred owl from Station #82 
3 29-Jul 24 None No owl responses 
3 30-Jul 22 None No owl responses 
 
Table 3B. Survey Summary Results for 2009. 

Visit # Dates # of 
Stations 

Northern Spotted 
Owl Response Comments 

1 5/11/09 22 None N. Pygmy owl from station #46 

1 5/12/09 20 None N. Pygmy owl from station #63, N. Saw-
Whet from station #75 

1 5/13/09 23 None Barred owl from station #37 & #72, N. 
Pygmy owl from station #38 

1 5/14/09 22 None Barred owl from station #43, N. Saw-
Whet from station #82 

*2 06/17/09 45 None Barred owl from station #7 & M/F pair 
station #28 
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Visit # Dates # of 
Stations 

Northern Spotted 
Owl Response Comments 

*2 06/18/09 42 None 

Barred owl from station 
#5,#37,#48,#85,#86,32A & M/F pair 
station #74,  N. Pygmy owl from station 
#77 

3 07/21/09 21 None Barred owl from station #72 
3 07/22/09 24 None N. Pygmy owl from station #11 

3 07/23/09 22 None 
Barred owl from station #48A, N. Pygmy 
owl from station #39 

3 07/24/09 20 None No owl responses 
* =two observers conducted surveys concurrently on these nights. 

 

Table 4A outlines the results of the northern spotted owl surveys at each of the two nest 

cores that intersect the project area.  Results were derived from data collected by the 

WDNR southeast Washington NSO demography study and NACASI. The data shows no 

spotted owl detections in the Mill Creek core since the 2000 breeding season.  The Moss 

Creek core has not had a spotted owl detected since the 2002 breeding season.  Table 

4B shows the results of the Turnstone survey effort at the two activity centers for the 

2003, 2004, 2008 and 2009 survey seasons. Both cores show an increased presence of 

barred owls detected while conducting surveys for spotted owls. 
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Table 4A. Spotted Owl Nest Core Survey Details and Results from WDNR and NACASI Data 
Sources 

Mill Creek Spotted Owl Nest Core 
Survey Results 

Moss Creek Spotted Owl Nest Core 
Survey Results Year 

STOC STVA STOC STVA 

2009 No response Pair No response 
Male and Unk. 

STVA observed 

2008 No response Pair No response Male observed 

2007 No response None observed No response Male observed 

2006 No response Pair No response Male observed 

2005 No response Male No response Pair observed 

2004 No response Pair observed No response 
Pair with juvenile 

observed 

2003 No response None observed No response1 No response1 

2002 No response Male observed Male observed 
Pair with juvenile 

observed 

2001 No response None observed No response Pair observed 

2000 
Non-nesting pair 

observed 
None observed 

Reproducing pair 

with 1 juvenile 
None observed 

1999 Female observed None observed 
Reproducing pair 

with 1 juvenile 
None observed 

1998 
Non-nesting pair 

observed 

Female 

observed 

Reproducing pair 

with 2 juveniles 
None observed 

1997 
Non-nesting pair 

observed 
None observed No response None observed 

1996 
Reproducing pair 

with 2 juveniles 
Unknown 

Reproducing pair 

with 3 juveniles 
Unknown 

1995 No response Unknown 
Reproducing pair 

with 2 juveniles 
Unknown 

1994 
Reproducing pair 

with 2 juveniles 
Unknown 

Reproducing pair 

with 2 juveniles 
Unknown 

1 =an unknown Strix was detected at Moss Creek in 2003 
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Table 4B. Spotted Owl Activity Center Survey Details and Results From Turnstone 
Environmental Consultants 

Mill Creek Spotted Owl Activity 
Center Results* 

Moss Creek Spotted Owl Activity 
Center Results* Year 

Spotted Owl Barred Owl Spotted Owl Barred Owl 

2009 No response Male observed No response Pair observed 

2008 No response Male & Female 

observed 

No response Pair observed 

2004 No response Present1 No response Present1 

2003 No response Present1 No response No response 

* =Activity Center constitutes the entire 1.8 mile provincial range 
1 =Surveyor unable to determine sex of barred owl detected 

 

5.2. Western Gray Squirrel 

Western gray squirrel nest surveys were conducted in the fall of 2008 and again in the 

spring of 2009. These surveys constituted two complete rounds of survey covering all 

potential habitat within the survey polygons.  The objective of this survey effort was to 

determine western gray squirrel use and/or sign of historical use on any potential habitat 

within the project buffers. A systematic nest search occurred on 26 polygons at the 

proposed energy project and 400 ft buffers into adjacent undisturbed suitable squirrel 

habitat (per WDFW protocol guidelines).  No western gray squirrels or western gray 

squirrel nest structures were observed during the three site visits that occurred over two 

years.  
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 Table 5A. 2008 Western Gray Squirrel Survey Areas and Results 

Survey Polygon  
Visited Date Surveyor Notes 

A1, A3, A7 10/14/2008 D. Sahl No nests or WGS 
observed 

A4, A5, A10 10/14/2008 J.Kolozar No nests or WGS 
observed 

A2, A6, A9 10/14/2008 J.Kolozar No nests or WGS 
observed 

A12, A13 10/15/2008 D.Sahl No nests or WGS 
observed 

A14 10/15/2008 D. Bolen No nests or WGS 
observed 

A15 10/15/2008 J. Kolozar No nests or WGS 
observed 

A11, A17, A18 10/15/2008 D. Sahl, D. Bolen, J. 
Kolozar 

No nests or WGS 
observed 

B1-B8 11/18/2008 D.Sahl, D. Bolen No nests or WGS 
observed 

C1 10/9/2008 D. Sahl No nests or WGS 
observed 

 

 
Table 5B. 2009 Western Gray Squirrel Survey Areas and Results 

Survey Polygon  
Visited Date Surveyor Notes 

A5, B5 3/12/09 D. Bolen No nests or WGS 
observed 

A6, B4 3/12/09 W. Perkins No nests or WGS 
observed 

A9, A10 3/10/09 D. Sahl, D. Bolen, W. 
Perkins 

No nests or WGS 
observed 

A12, A13, A14 3/10/09 D.Sahl, W. Perkins No nests or WGS 
observed 

A15 3/10/09 D.Bolen No nests or WGS 
observed 

A1, A2, B1, B2 3/11/09 D.Sahl  No nests or WGS 
observed 

A3 3/11/09 D. Bolen No nests or WGS 
observed 
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Survey Polygon  
Visited Date Surveyor Notes 

A4, A11 3/11/09 W. Perkins No nests or WGS 
observed 

A7 3/12/09 D. Sahl  No nests or WGS 
observed 

A17, A18, B6, B7, C1 3/10/09 D. Sahl, D. Bolen, W. 
Perkins 

No nests or WGS 
observed 

B3 3/12/09 D. Sahl, D. Bolen, W. 
Perkins 

No nests or WGS 
observed 

 

5.3. Northern Goshawk  

Turnstone conducted protocol northern goshawk surveys on SDS properties during the 

2008 and 2009 goshawk survey windows.  The survey protocol methodology used was 

the “broadcast acoustical survey” and “Intensive search survey” methodology, outlined in 

the protocol; “Northern Goshawk Inventory and Monitoring Technical Guide, USFS, July 

2006.”   Calling stations were strategically placed throughout the survey area in all 

suitable habitat within 2,624 feet (800 meters) of the turbine right of way.  Turnstone 

completed two protocol site visits at 136 calling stations, using the “broadcast acoustic 

survey”, during the 2008 and 2009 goshawk survey seasons.  One site visit was 

conducted during the nestling period and the second during the fledgling period as 

recommended in the protocol. No northern goshawk responses were documented during 

either of the two site visits in either the 2008 or 2009 survey seasons. Survey dates for 

the “broadcast acoustic” surveys and incidental raptor observations are summarized in 

Table 6A and 6B.  

 
Table 6A. Northern Goshawk Broadcast Acoustic Survey Results Summary 2008. 

Visit # # of 
Stations Date N. Goshawk 

Response Other Raptors Observed 

1 14 6/23 None OSPR (1) near station 46 
RTHA (1) near station 46 

1 21 6/24 None RTHA (1) near station 36 
1 22 6/25 None None observed 
1 25 6/26 None None observed 
1 25 6/27 None None observed 
1 11 7/15 None TUVU (1) near station 62 
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Visit # # of 
Stations Date N. Goshawk 

Response Other Raptors Observed 

1 15 7/16 None COHA (1) near station 26 
1 3 7/28 None None observed 
2 7 7/28 None None observed 
2 14 7/30 None RTHA (1) near station 67 
2 22 7/31 None TUVU (1) near station 95 

TUVU (1) near station 78 
2 16 8/01 None None observed 
2 23 8/04 None RTHA (1) near station 22 
2 25 8/05 None SSHA (1) near station 9 

TUVU (8) near station 12 
2 19 8/06 None None observed 
2 10 8/07 None None observed 
COHA = Cooper’s hawk (Accipiter cooperii) 
OSPR = Osprey (Pandion haliaetus) 
RTHA = Red-tailed hawk (Buteo jamaicensis) 
SSHA = Sharp-shinned hawk (Accipter striatus) 
TUVU = Turkey vulture (Cathartes aura) 
 
 
Table 6B. Northern Goshawk Broadcast Acoustic Survey Results Summary 2009 

Visit # # of 
Stations Date 

N. 
Goshawk 
Response 

Other Raptors Observed 

1 11 06/24/09 None BAEA (1) near station 57 

1 34 06/25/09 None RTHA (2) near station 124 & 127 

1 40 06/26/09 None 
TUVU (2) near station 28 & 36, Unk. 
Owl  (likely pygmy or saw-whet) at 
station G13 

1 40 06/29/09 None TUVU (3) near station 68 & 90 & 91 

1 11 06/30/09 None RTHA (1) near station 60.5 

2 33 07/09/09 None None observed 

2 46 07/10/09 None TUVU (1) near station 73 

2 27 07/15/09 None TUVU (2) near station 48 & 46 

2 30 07/16/09 None None observed 
BAEA = Bald Eagle (Haliaeetus leucocephalus) 
COHA = Cooper’s hawk (Accipiter cooperii) 
OSPR = Osprey (Pandion haliaetus) 
RTHA = Red-tailed hawk (Buteo jamaicensis) 
SSHA = Sharp-shinned hawk (Accipter striatus) 
TUVU = Turkey vulture (Cathartes aura) 
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Changes in the proposed alignment of the project area intersected additional goshawk 

habitat in October of 2008.  These changes occurred after the goshawk survey window 

in 2008.  In 2009, additional goshawk habitat was surveyed using a different survey 

methodology.  The “Intensive search survey” methodology was used to survey 

approximately 389 acres in 2009.  This survey effort involved two rounds of survey effort 

using a minimum of three biologists simultaneously. No northern goshawk responses or 

goshawk sign was documented during either of the two site visits. 

 

Survey dates for the “intensive search survey” and incidental raptor observations are 

summarized in Table 6C. Maps of the survey areas for northern goshawks in 2008 and 

2009 are available for review in Appendix A. Copies of the field data sheets for the 2009 

survey effort are available for review in Appendix C.   

 
Table 6C. Northern Goshawk Intensive Search Survey Results Summary 2009 

Visit # # of 
Stations Date 

N. 
Goshawk 
Response 

Other Raptors Observed 

1 C24-1 07/13/09 None STVA (1) seen only, no audio response 
1 A48 07/15/09 None SSHA (1) heard only 
2 B33 07/28/09 None RTHA (1) seen only 

2 C49 07/29/09 None SSHA (1) seen and heard, plucking post 
observed near bird location 

 
RTHA = Red-tailed hawk (Buteo jamaicensis) 
SSHA = Sharp-shinned hawk (Accipter striatus) 
STVA= Barred Owl (Strix varia) 

 

6. CONCLUSION 

6.1. Northern Spotted Owl  

During the 2008 and 2009 Northern spotted owl survey seasons, Turnstone conducted 

six site visits to each of the established spotted owl calling points. A total of 80 calling 

stations were established and surveyed in 2008 and 2009.  Seven supplemental stations 

were added in 2009 adjacent to areas that were determined to have  potential habitat. 

There were no observations or detections of spotted owls at any of the calling stations in 
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2008 or 2009.  Turnstone also conducted an additional day visit to both nest cores (Mill 

Creek, Moss Creek) in 2008. In 2009 three additional day visits up and beyond the 

required three night visits were conducted. These visits were spread strategically 

throughout the nesting season in an attempt to see or hear spotted owls.  The survey 

effort covered potentially suitable northern spotted owl habitat within the approximately 

22,123 acres of survey area. Turnstone recorded no northern spotted owl observations 

or responses during any of the 10 site visits.  

 

6.2. Western Gray Squirrel 

During the 2008 and 2009 western gray squirrel survey windows, Turnstone biologists 

conducted nest searches on 26 different polygons of potential western gray squirrel 

habitat.  The first round of surveys occurred in the fall of 2008 with the second round 

soon to follow the spring of 2009. Approximately 738 acres of potential western gray 

squirrel habitat was surveyed in 2008 and 692 acres were surveyed in 2009. Turnstone 

biologists did not observe any Western gray squirrels or their nest structures during two 

site visits.   

 

It should be noted that very few oak trees, a prime source of food for gray squirrels, were 

observed in the project area. . The few that were observed within the western gray 

squirrel survey area boundaries were small (less than 20 feet tall), stunted, and growing 

in openings on exposed rocky slopes in shallow soils. Sources of year round water are 

also important to populations of western gray squirrels.  There were few observed year 

round water sources  with the exception of a few drainages and one wetland area. 

 

6.3. Northern Goshawk  

Turnstone conducted protocol northern goshawk surveys on SDS properties during the 

2008 and 2009 goshawk survey windows.  The survey protocol methodology used was 

the “broadcast acoustical survey” and “Intensive search survey” methodology, outlined in 

the protocol; “Northern Goshawk Inventory and Monitoring Technical Guide, USFS, July 

2006.”  Turnstone completed two protocol site visits at 136 calling stations, using the 

“broadcast acoustic survey”, during the 2008 and 2009 goshawk survey seasons.  One 
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site visit was conducted during the nestling period and the second during the fledgling 

period as recommended in the protocol. No northern goshawk responses were 

documented during either of the two site visits. 

 

The “Intensive search survey” methodology was used to survey approximately 389 acres 

on SDS and WDNR property.  This survey effort involved two rounds of survey using 

three to four biologists simultaneously. No northern goshawk observations, responses or 

goshawk sign was documented during either of these two site visits. 
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Appendix B – Northern Spotted Owl Survey Forms 



Turnstone Environmental Consultants
NSO Survey Form

Page .l:« Z. (including maps)

Survey Area: _SuDIoLS _
Project Area: W~~Tb;v4:? ~\Dm ~
Tape Voic~ther: _

Owl Site(s): Visit # ---IIL....-_

Crew: W~ ~ cb " '5 Month: t; Day: iL,2009

Block/Area 10: _

CWind Codes: 0= Calm «1 mph), 1 = Light air (1-3 mph) 2 = Liaht breeze (4-7 mph) 3 = Gen~e breeze (8-12 m 4+ =Unsuitable (13+ mph)
Weather Codes: CL = Clear FG = Fog PC = Partly Cloudy COC - Overcas!,J DR = Drizzle LR =ight Rain HR = Heavy Rain (unsuitable) SN = Snow, H = Hail

, Contact
Time Wind Weather Time Bearing Dist Location UTMX UTMY

:I: Resp. C/l }> Call NAD83-GPS
ST# : ~ Begin End Code Code code CD co Species Type(s) Initial Final (Azimuth) (feet) Town Range Sect '4 data only)( CD

2. Z03S 7..d{c, 2- Dc.. ~
L# : 2bSO '2.\ <Xl

"Z-
0"- "3 : 'Z"loG 'Z\\~ 2- oG t--.

117 : -z..l-z. \ "2.1-;' '2. 0<" t-J
2.1 , 2.l~to; '2. \ ~( Z. Oc. N,
~q , '2.V; ~ 2..W 1- OG tJ,

46 , 12'2.:2..1 'Z2.sl 2.. oc.. A LA A. GLGN S'+r;..'r\ ZZ21 22.< I =v:" I~~ 3N loc 2J tJe,
2.2- : 1-'2..~12.1.d'1 1 0(; •••••

"
'2..1\1- 2.32 ••• '3 oc, ••••

~X i~'2.0 it?lJ 3 0(. ••••
t; X iSi'5ft: l'l{)~3 0(; ,....

'2..3 o<>oq 60(<( 3 OG t..)

\9 CJC~(} 004l 3 PG N
7' OO'-tb oos ~ Pc.. N
\~ 010/'( ot II. 3 Pc.. N<;,: C111..<t ol~~ 3 pc., N
~Tr: ol"f 7 01;- 3 pc.. N
<0 : Duil. I()'Z.l~ :3 PL N
~q: 02-l7 o'2Z ' J Pc.. tJ
tI'I : b1:!>t; O'ZH' 3 Pc.. N

Time: Military format (midnight is 0000). Resp. Codes: N = no owl response, A = audio response only, V = visual response only, B (or A, V) = both audio and visual response. Sex: M =
male, F = female, U = unknown. Age: A = adult. S = subadult. J = juvenile Species. Codes: STOC = Northern Spotted Owl, STVA = Barred Owl, STRIX = Strix-species unknown, STNE =
Great Gray Owl, BUVI = Great Horned Owl, AEAC = Northern Saw-whet Owl, OTKE = Western Screech Owl, GLGN = Northern Pygmy, TYAL = Barn Owl. OTFL = Flammulated Owl. Call
Type(s): 4 = 4 Note Call (STOC Only), A = Agitated, B = Bark, CO = Contact Call, JB = Juvenile Begging, W = Whistle/Nest Call, 8 = 8 Note call (STVA only), Stan = (standard) other non'
Strixowls

Comments:



Turnstone Environmental Consultants
NSO Survey Form

Page '2-of 2.. (including maps)

Survey Area: SOS Owl Site(s): _

Project Area: LJth'':>lL~ (2tO~G Crew: W~:Jg.J1:r1"".s Month: '5
Tape Voice@other: Block/Area ID: _

Wind Codes: 0 = Calm «1 mph), 1 = Light air (1-3 mph) 2 = Liqh! br~ (4-7 mph) Aenfie breeze lA-12 mptij>4+ =Unsuitable (13+ mph)
Weather Codes: CL = Clear FG = Fog PC = Partly Cloudy ceLC = Overca~ DR = Drizzle LR = Light Rain HR = Heavy Rain (unsuitable) SN = Snow, H = Hail

Visit#~

Day: _'_I_, 2009

Contact
Time Wind Weather Time Bearing Dist Location UTMX UTMY

:I: Resp. (/) > Call NA083-GPS
ST# ~ Begin End Code Code code CD co Species Type(s) Initial Final (Azimuth) (feet) Town Range Sect % data onlyCD )( CD

~C , 02.~OO";d '3 pc, tJ,,

~
, (,7. 'Z.~(");~~ 3 Pc.. t-J,
,,,
,,

:
,,,
:

:

,,
,,
,
,
,,
,,,
,,

Time: Military format (midnight is 0000). Resp. Codes: N = no owl response, A = audio response only, V = visual response only, B (or A, V) = both audio and visual response. Sex: M =
male, F = female, U = unknown. Age: A = adult. S = subadult, J = juvenile Species. Codes: STOC = Northern Spotted Owl, STVA = Barred Owl, STRIX = Strix-species unknown, STNE =
Great Gray Owl, BUVI = Great Horned Owl, AEAC = Northern Saw-whet Owl, OTKE = Western Screech Owl, GLGN = Northern Pygmy, TYAL = Barn Owl. OTFL = Flammulated Owl. Call
Type(s): 4 = 4 Note Call (STOC Only), A = Agitated, B = Bark, CO = Contact Call, JB = Juvenile Begging, W = Whistle/Nest Call, 8 = 8 Note call (STVA only), Stan = (standard) other non-
Strix owls

Comments:



Turnstone Environmental Consultants
NSO Survey Form

Page Lof _l_ (including maps)

Survey Area: ~S",1).•••.....S",,","-- _

Project Area: I.;.}r-\~\~ \L\?en 15
Tape Voice SOther: _

Owl Site(s): Visit # ~

Crew: _Wp.,dL 9.eA:'~5 Month: S Day: 1.2.....-,2009

Block/Area 10: _

Wind Codes: 0= Calm «1 mph), 1 = Light air (1-3 mph) 2 = Light breeze (4-7 mohLl3 - l:ienue reeze (8-12 mph) 4+ =Unsuitable (13+ mph)
Weather Codes: CL = Clear FG = Fog PC = Partly Cloudy OC = Overcast, COR - DrizzleJlR = Light Rain HR = Heavy Rain (unsuitable) SN = Snow, H = Hail

Contact
Time Wind Weather Time Bearing Dist Location UTMX UTMY

:I: Resp. CJ) > Call NA083-GPS
ST# ' ~ Begin End Code Code code (\) cc Species Type(s) Initial Final (Azimuth) (feet! Town Range Sect V. data only)( (\)

"l: ~O'Z.S 'loy; 2- DQ. f\J
'70 : '2.0t.{4 'LO~I.( ~ DR. ~
i"2. : 20~~2\oQ 2.- DR.. ~

" :
'2..\ \ ?> "2.\'t.3 '2.. PC tV

~q : '2.\ '2-~ 'Z.\321 3 Pc. U
~~ : 214'L 'tl$'Z -: PC- fJ

I~': l1...l~<t( 1.:l.o~ , Pc. t-J
"'7 : "2.2.\4 zw ": DR. ~
b6 : rz.2..~ \ -Z:Z:11 "< I"\~ to
(, ..• , L.7..~S'Z'Z.5( 3 DR A U U GLbN I~+~V"\ 'Z,t.t1 'US'.; 7..70Q 'SDO IsN tot=" q IN\IJ,-, ~~O( 2~1\ 3 I"\R t.J
'\i.I 1.:~>l~ rz;sz,< , PL N
i~ , 7.:~t;o000(.)~ PC- N,

0
, co I' 00'2.\ '< Pc. N

1 0011 ~'{\ 3 Pc.. "-1
C;f..: 012'\ ot~q Z. Nt f.J
(s: 014 L{ olS'Lf I nR f\J

t;4 : 0'2..0\ Oi..l\ "Z... ()R t-J
lna_") , 0"2..\6 ()2."U "2. PL rJ
15: ()'2.10 6't."'\(i)z. pc. A u u AeAC. StA.Vl ()'2~o 0'2.36 \iOC ISo 4N \ oE" '3Y tJE'

Time: Military format (midnight is 0000). Resp. Codes: N = no owl response, A = audio response only, V = visual response only, B (or A. V) = both audio and visual response. Sex: M =
male, F = female, U = unknown. Age: A = adult. S = subadult. J = juvenile Species. Codes: STOC = Northern Spotted Owl, STY A = Barred Owl, STRIX = Strix-species unknown, STNE =
Great Gray Owl, BUVI = Great Horned Owl, AEAC = Northern Saw-whet Owl, OTKE = Western Screech Owl, GLGN = Northern Pygmy, TYAL = Barn Owl. OTFL = Flammulated Owl. Call
Type(s): 4 = 4 Note Call (STOC Only), A = Agitated, B = Bark, CO = Contact Call, JB = Juvenile Begging, W = Whistle/Nest Call, 8 = 8 Note call (STVA only), Stan = (standard) other non-
Strix owls

Comments:



Turnstone Environmental Consultants
NSO Survey Form

Page _'_of L (including maps)

Survey Area: So 5 Owl Site(s): -MoGS Gru.k.... _
Project Area: W\\~J] ....;M..p \L S><n6 Crew: JNo4l P~=-...I.k;::..:.'_"s=-- _
Tape VOic@Other: Block/Area ID: _

Wind Codes: 0 = Calm «1 mph), 1 = Light ajJ;.l1-4 moh)ct:=..light breeze (4-7 m@ 3 = GenUe breeze (8-12 mph) 4+ =Unsuitable (13+ mph)
Weather Codes' CL - Clear FG - Fog (PC =: Partlv CI!i1.udV)OC - Overcast DR Drizzle LR - Light Rain HR - Heavy Rain (unsuitable) SN - Snow H - Hail

Month:

Visit # ----'1:.......-_
5 Day: jL. 2009

- - - - - - - - -
Contact

Time Wind Weather Time Bearing Dist Location UTMX UTMY
::z: Resp. C/l > Call NA083-GPS

ST# : ~ Begin End Code Code code ~ (Q Species Type(s) Initial Final (Azimuth) (feet) Town Range Sect V. data on IvCI>

,f:: 2036 'lb,H \ p(. t-J
+t. WSl '2..\0\ 2.. Pc. t.J
Oq ....~ 2\ll '2.\'Z.1 2..- pc, IJ
<W-~ x: ,'to') \l\ lC; 'Z- Pc. ;.J
'Ie.. , '2..\) 'S 'Z,\(.\:a '2- Pc. IV,,
<)(c;: 1.\41 2lS'" 2. PC t-J
~ 1_Wl::t 'Z.'2.V~ "2- ~ N
C:;2: ?L~4 "'l-!'s~ ?.. I)~ tJ
37: "1...2,~ 'Z-'2..I.t~ -z.. f)R p.., U. A. SIVA ~ ~2.'1l. 'ZZYi" "3YO° 1500 4N lOt; b tV V.

./ ~~: IL.'V;. G.:~D- L Pc ~. iA lA GL&l\J ~V"\ Z'Jc,.o 17_<£)'"7 200 ~"o Ytv IDE 6 tJf
~: 11:2.\"; -z.,~z.~"1.. Pc. ,.,;

1r,0--1 rz.~1..<?'2-~S:~ 'Z.. pc. tV
?-~: ~!,y.'Z. 7..:S<;· '2... Pc. fJ

./ 7? : rz.~t;7 600-: S Pc. A. lA A S-rvA. A. ~35<:r 0066 "'Z.IO° ~ ..• LltJ loE 12< SV.J15~
I~ : bC7\"2... ~"L7.. ~ PC tJ
1-7 : r](~1..~ bo?,1 3 or tJ
I~ : bol.{'Z.. ooc:;z '3 pC t.J
oq ....~ (J( 0'2... 0\\'2 "3 Pc. ~
...,"i( : CJ12'l ()\Yl 1 pc. t-J
·1 q : OL..04 O'U~ S pc.. r-J
Time: Military format (midnight is 0000). Resp. Codes: N = no owl response, A = audio response only, V = visual response only, B (or A, V) = both audio and visual response. Sex: M =
male, F = female, U = unknown. Age: A = adult. S = subadult, J = juvenile Species. Codes: STOC = Northern Spotted Owl, STVA = Barred Owl, STRIX = Strix-species unknown, STNE =
Great Gray Owl, BUVI = Great Horned Owl, AEAC = Northern Saw-whet Owl, OTKE = Western Screech Owl, GLGN = Northern Pygmy, TYAL = Barn Owl. OTFL = Flammulated Owl. Call
Type(s): 4 = 4 Note Call (STOC Only), A = Agitated, B = Bark, CO = Contact Call, JB = Juvenile Begging, W = Whistle/Nest Call, 8 = 8 Note call (STVA only), Stan = (standard) other non-
Strix owls

Comments:



Turnstone Environmental Consultants
NSO Survey Form

OwISite(s): MosS' Cr-u.k-.....-________ Visit # ~

Project Area: Crew: jIJ~dt, P.u- k-=-\....:.~_=_________ Month: ---=~::.....-Day: ~, 2009

Tape Voice@Other: Block/Area ID:

Wind Codes: 0 = Calm «1 mph), 1 = Light air (1-3 mph) 2 = Light breeze (4-7 mph) 3 = Gentle breeze (8-12 mph) 4+ =Unsuitable (13+ mph)
Weather Codes: CL = Clear FG = Fog PC = Partly Cloudy OC = Overcast, DR = Drizzle LR = Light Rain HR = Heavy Rain (unsuitable) SN = Snow, H = Hail

Page 2 of L...(including maps)

, Contact,
Time Wind Weather Time Bearing Dist Location UTMX UTMY,,,

Call NA083-GPS, ::I: Resp. >C/I
ST# : ~ Beqin End Code Code code CI) (Q Species Type(s) Initial Final (Azimuth) (feet) Town Range Sect '14 data onlyCI) )( CI)

0Ci-~: 0'-\ q o11Jf ~ p(. tv
'z5 , 02.3'1 o?}~<: "3 p(. tJ,

11'0: oz..~6o~6 ~ PL tJ
,,

:

:

,,
,

,

,,
,

:
,,,
:

Time: Military format (midnight is 0000). Resp. Codes: N = no owl response, A = audio response only, V = visual response only, B (or A, V) = both audio and visual response. Sex: M =
male, F = female, U = unknown. Age: A = adult. S = subadult, J = juvenile Species. Codes: STOC = Northern Spotted Owl, STV A = Barred Owl, STRIX = Strix-species unknown, STNE =
Great Gray Owl, BUVI = Great Horned Owl, AEAC = Northern Saw-whet Owl, OTKE = Western Screech Owl, GLGN = Northern Pygmy, TYAL = Barn Owl. OTFL = Flammulated Owl. Call
Type(s): 4 = 4 Note Call (STOC Only), A = Agitated, B = Bark, CO = Contact Call, JB = Juvenile Begging, W = Whistle/Nest Call, 8 = 8 Note call (STVA only), Stan = (standard) other non-
Strix owls

Comments:



Turnstone Environmental Consultants
NSO Survey Form

Page ~of 2. (including maps)

Survey Area: ----'S=<...\).•••...•.•SL-- -=-- _
Project Area: t.v't\?o TL-:t;.v'U:, f2t OC?>6
Tape VOice@ther: _

Owl Site(s): M'I U'-Ga..l--....=->CJI •...•.<_________ Visit # ~
Crew: -.JA)o.t1.L P.uk' ('\s Month: :; Day:R, 2009

Block/Area 10: _

Wind Codes: 0= Calm «1 mph), 1 = Lloht air (1-3 mJlh) 2 = Light breeze (4-7 mph 3 = Gentle breeze (8-12 mph) 4+ =Unsuitable (13+ mph)
Weather Codes: CL = Clear FG.= Fog U»C -' Partlv CloucW) OC = Overcast, DR - rizzle LR = Light Rain HR = Heavy Rain (unsuitable) SN = Snow, H = Hail

, Contact,,
Time Wind Weather Time Bearing Dist Location UTMX UTMY,

:::I: Resp, en » Call NA083-GPS
ST# : ~ Begin End Code Code code CD co Species Type(s) Initial Final (Azimuth) (feet) Town Range Sect % data only)( CD

~~: ZP52 1...\02 L pc. tJ
41 : 2J.Of 'Z..llr 2 pc.. tJ
'~q : 'U23 "Z.{"S~ 1- Pc. "-.l
LtO : 2.1 ~tt 'V'1Cl 1- PC: tJ
·~5: ~It;~ I~ 'Z... Pc.. tJ
34 : 't"2..(Ll Zz,2J.. 2. Pc.. tJ
147: ~~~ zzs: 'Z.. pc. N
U3X -z.s\S ZJl.. 2- GL ~ U fl... $1\JA. ~ Z?/i ~~2.0 IDel yOQ t1t0 10£ 5~ SW

1~<i-6: 12"S'SO {JO<X. I ()- rJ
4.5: boO, OO\~ I PG tJ
~~:X \f?D t; l~l~ I GL tJ
~2.::::>< ~~6 1<6'({~ I C-L N
~? :x 1'1z.t i \q?1 I CL N
51 , OO~~ ~~ "2. Pc.. I\l,,

~o : oos« Oloq 'Z.. Pc. N
Oq-S bIll 012- z, (Jt N
2.4 : Olse{ OIL{t; 7... Pc.. N
Iyl , b206 CJU

"1-
p(. rJ

.J y2: 1l'J"Z:Z. ~ 0("3 '- pc. A. IA LA ~€~G <\+~V\ 02:Z-1-.. 6'2.~1 i<S06 Soo '-IN 106' 2." tJlJ.
13: C1V5~ 630~ S PC.. tJ

Time: Military format (midnight is 0000). Resp, Codes: N = no owt response, A = audio response only, V = visual response only, B (or A, V) = both audio and visual response. Sex: M =
male, F = female, U = unknown. Age: A = adult. S = subadult, J = juvenile Species, Codes: STOC = Northern Spotted Owt, STVA = Barred Owt, STRIX = Strix-species unknown, STNE =
Great Gray Owt, BUVI = Great Horned Owt, AEAC = Northern Saw-whet Owt, OTKE = Western Screech Owt, GLGN = Northern Pygmy, TYAL = Barn Owt. OTFL = Flammulated Owt. Call
Type(s): 4 = 4 Note Call (STOC Only), A = Agitated, B = Bark, CO = Contact Call, JB = Juvenile Begging, W = Whistle/Nest Call, 8 = 8 Note call (STVA only), Stan = (standard) other non-
Strix owts

Comments:



Survey Area: ---=~....::!:.... _

ProjectArea:_~~~~~~~~~~~L- _

Tape Voice~ther: _

Turnstone Environmental Consultants
NSO Survey Form

OwISite(s): Mill (.•...uk~ _
Crew: W~ e~b"s
Block/Area 10:

Page L of 2.... (including maps)

Month:

Visit # _-=----_
S Oay:~,2009

Wind Codes: 0= Calm «1 mph), 1 = Light air (1-3 mph) ~ = Light breeze (4-7 mlll:l? 3 = Gentle breeze (8-12 mph) 4+ =Unsuitable (13+ mph)
Weather Codes: CL = Clear FG = Fog \E..C =Partlv Cloudy) OC = Overcast, DR - Drizzle LR = Light Rain HR = Heavy Rain (unsuitable) SN = Snow, H = Hail

, Contact
, Time Wind Weather Time Bearing Dist Location UTMX UTMY,

Call NA083-GPS, :I: Resp. >tn
ST# : ~ Begin End Code Code code ~ to Species Type(s) Initial Final (Azimuthl (feetl Town Range Sect '4 data on Iv)( ~

~t: (JSO<6" b3\~ '2. PC N-x-'l: Osz6 6336 2.- Pc... tJ

:
,,,
:

:
,,
,,
,

,

:
,
,
,,
,

Time: Military format (midnight is 0000). Resp. Codes: N = no owt response, A = audio response only, V = visual response only, B (or A, V) = both audio and visual response. Sex: M =
male, F = female, U = unknown. Age: A = adult. S = subadult, J = juvenile Species. Codes: STOC = Northem Spotted Owt, STVA = Barred Owt, STRIX = Strix-species unknown, STNE =
Great Gray Owt, BUVI = Great Homed Owt, AEAC = Northem Saw-whet Owt, OTKE = Westem Screech Owt, GLGN = Northem Pygmy, TYAL = Bam Owt. OTFL = Flammulated Owt. Call
Type(s): 4 = 4 Note Call (STOC Only), A = Agitated, B = Bark, CO = Contact Call, JB = Juvenile Begging, W = Whistle/Nest Call, 8 = 8 Note call (STVA only), Stan = (standard) other non-
Strix owts

Comments:



Turnstone Environmental Consultants
NSO Survey Form

Survey Area: S'I( OWl Slte(I): _

ProJectArea: L,J:\\\"';?!\-'l:J.R.o ~\~c:»e Crew: D~ gQl-tv Month: 0"
(!!if Voice Flute Other: BlocklArea 10: _

Wind Codes: o. Calm «1 mph), 1· Light air (1-3 mph) 2· Light breeze (••.•7 mph) 3· Gentle breeze (8-12 mph) 4+ -Unsuitable (13+ mph)
W•••••••. Codes: CL" Clear FG" Fog PC'" Partly Cloudy oe = Overcast, DR· Drizzle LR = Light Rain HR" Heavy Rain (unsuitable) SN •• Snow, H •• Hail

Page .l:«-2: (including maps)

Vilit. Z
Day: .J:J-, ~

Contact '0:' '
Time Wind We.ther Tim. aearlng Dlat location .U1ltX U1'MY

% R•• p. , Call '~PS
ST. i Begin End Code Code code r SpectH Type(a) Initial Final ~muthl (fMtI Town Rlnae Sect % . '~'..-..

L
,

195'0 2000 3 IC I\J;", -:
4 , I Ol"J 3 201~- '< fc foJA.

..
, - - - -

3
,

201"1 2021 ~ Ie.. Nt? I>',, .. -, o Zo2~ ,.. ,A, 11'1 "".0. ~'H" ~ n. Ii/~,...••. ~.rf'J.••~t ku~ 2:" 71//S-d ffC' ,.1M! rli~ .A I. ,; ;",. d.,. lit' ), I~' 0A.t' J.

~7
,

2071 12oY~ Pc NP.. J / -, '2. ./ -, -

21
,

17t'J%, 12fJ{'~ Z. Pc. fJR.,

ZZ
,

I?/OI 2/11 ~ f'c.. NR,,
\I

,
2117 12/11 3 Pc /'JR.,

/9
,

21'10 2./Sc :3 Fe-- Nf<.,,

I
,

ll.t;q In0'1 3 PC .a IJ A <.-rvA 9. 22()l., z.zoq nn (,,()t) t;3N (jq e /3 .')c,

I~
,

Z23~ 221fS' 3 «: N~,
23 , zzS""O 2300 Z Pc.. N"-,

70 , 23 «s 21/S 2 Cf- rvR., ~"
' ,,

12 z3/9 z:?z<l 2- CL IvR ' '.,,
Iln , 233"2. 7.SI{Z 1- CL tJl<,
)I , nt./~ 23$"8 2- NR ••,'< -, CL,

'- -

10 ,
'iM2. oorz L- cr, N{<,

erA: 1'In3£" ODVS r CL NR - ,

! -.G>a , Icntl1t o~ I CL NR,
, "(,7 ,

Otol 0112. I CL tv~ .- '. ",
;, ,-.

-

nme: Military format (midnight is .(00סס R•• p. Codes: N = no owl response, A = audio response only, V = visual response only, a (or A, V) ,. both audio and visual response. Sex: M =
male, F" female, U = unknown. Age: A = adult. S" subadult, J:: juvenile Spec.... Codes: Sloe •• Northem Spotted Owl, STVA· Barred Owl, STRIX •• Stlix-specles unknown, STNE.
Great Gray Owf, aUYI = Great Homed Owl, AEAC • Northem Saw-whet Owl, OTKe •• Westem Screech Owl, GLGN • Northern Pygmy, TYAL" Bam Owl. OTFL'" Flammulated Owl. Call
Type(s): 4 = 4 Note Call (SlOC Only), A •• Agitated, a = Bark, CO = Contact Call, Ja •• Juvenile Begging, W •• WhlstfeJNest Call, 8 = 8 Note call (STVA only), Stan •• (standard) other non-
Stlix owls



Turnstone Environmental Consultants
N80 Survey Fonn

8urv.y AIM: ,5D5 0wI8ItI(a): _

ProjectAru: b)\-\)-Q-tk-QJ?n ~\Q(;,~ Crew: lJlt&1trw go~EIV Month:126
~Volce Flute Other: Block/ArM10: _

Wind CodIe: o.c.Im «1 '"Ph). 1· UghIIir (1-3mph) 2· Ught bIMze (4-7mph) s· GtntII bM.r.e (1-12mph) •• aUnauIIbIt (13+mph)
•••••• CodIe: CL. Clear FO. Fog pc. PIItIy Cloudy oc· o-c.t. DR· Drizzle LR. UghI RaIn HR· HNvy RaIn (unIUitJbIe) IN • Snow. H • Hail

Page~of.£ (incfuding rnape)

"'.

. ContKt,, TIme WInd Weather TIme leering,,, "-P. can:1 r ,81W : BeGIn End Code Code code •••••• Type(8) initiai FIMI

13 : I () flfl t1'Z~ , CL Ni.
II: b 13S" ~JlIS" I r. L vA.

11..\ lol''''f l?r s CJ I cL A.tR..

q 10,,01 0211 I a: IVI<.

: "-:... ..,.t:-
.' .. -

·.o.~;;.0',.::- -,
-:- .•-....:>.-.~

~~--+---~--~---+-----+--~--+-~-----r----~--~---+----~--~----~----~--~~IiIiI~A~';~f;~~;
time: MIIibIryronn.t (midnight Is .(00סס ••••• CodIe: N • no owl reIpOI'IM. A • audio reIpOI'IM only. V • vilual reIpOI'IM only. B (or A. V) • both audio and visual fWIPCIIIH. ...: • •
male. F • r.m.II. U • unknown. Ag.: A. adull. I· lubeduIt, J • jIMniIIlpec'" CodIe: 11OC. NorttIem SpoIM Owl, 11VA· 8aINd OM. ITRIX• StIer•••••• unknown, STNE.
Glut Gray OWI.IUVI. Gr..t HomIct Owl, MAC • NoIthem s.w •••• OM. OTKE· WeItem 8crMch OM. GLOM • NorttIem Pygmy. TYAL· lam OWl. 0TfL. FIImrnuIaeId OWl.Call
"IftIe(e): •• • ••Hole call (STOC Only). A • Agbt8d. B • Bark, CO • COIUd CIII. JB • Juvenile Begging. W • WhIItIIt'NIIt C8II•• • a Note cd (SlVA only)••••• • (1Iandard) ollernon-
Stmrowll



Tum.toneEnviron I Conaultanta
N80 Survey Fonn

...."., ~: '5P2 owe e): VIeI. 2
Project~: k)r\\yTL:;x:u(Si? 1'2.~lf c••• : :12~ IIonth:Lo.r:JL af51

~oIce Fluta Other. BIocIc1ArM 10: _

•••••• CeM: • - c.n «1 mpII). 1 - LlghlfII (1-3mpIl). 2 - UgN (4-7mph). s- 0enIII •••• (1-12 "Ph). •• ~ (1)+ ftIIIh)
w••••• , CodIe: CL - CIIIr. FG • Foe. PC - ,. Cloudy. oc•o.a.t. DR • DrirzII. •• - RIIII. IN-Snow

allrlng DIet

5"0

TIllIe: -.y fonMI (mldnlghllt .(00סס Rlep. CeM: N • no owl •••••• A· eudIo •••• -~. y- ¥ItuII •••••• ~. 8 (orA..V) • belCheudIo end •••• ~_. a.: ••
m•••• F ••••••• u - \IIIIncMft. Age: A -1duI. •••••••••• J • tuwer* III.cl.. CeM: lToe· Nofthem SpottId Owl•• 1VA· ••••• Owl•• TIIX - ••.•••••• "'*'-t. STNE •
G...e ~ Owl. IItM • G...e Homed Owl. MN: • Nofthem Sa •••••• Owl. OncE • WeIeIm ScRec:tI Owl. GLOM• NoftIIm ....,. TYN..• a.m Owl. OTFL·,.... 'ftl , Owl. CII,..): 4.4'" c.I (STOC ~). A· ••••• 8· BertI. CO • CorDc:t CII, J8 • .hMnIIa legging. W • WttI,I,'" CII •• • • Nate C8I(STVA_) •••••• oIw •••••...•••.aMI

eo••••••• : ~'M~ M~ BAN'· Nt¥- ct". ~ '*1<. :n·7 ~ It"fllt(i~

tff-'5~'W\<'~ bv'-J6 cF 3-'1"
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Turnstone Environmental Consultants
NSO Survey Form

Survey Area: 0 \;> S
Project Area: w\-\ \j, 1'~1.Nl.n \l-\~

~olc~ther: _

Page .l:« ~ (including maps)

Owl Slte(s): :::--______________ Visit # -Z
Crew: 12~L... Month: 0<.0 Day: l..JL, 2009

Block/Area 10: _

Wind Codes: 0 = Calm «1 mph), 1 = Light air (1-3 mph) 2 = Light breeze (4-7 mph) 3 = Gentle breeze (8-12 mph) 4+ =Unsuitable (13+ mph)
Weather Codes: CL = Clear FG = Fog PC = Partly Cloudy OC = Overcast, DR = Drizzle LR = Light Rain HR = Heavy Rain (unsuitable) SN = Snow, H = Hail

Time
:%

ST# :: Begin End Code

Wind
Call

Species Type(s) Initial Final (AzImuth) (fNt)

Weather
Contact

Time

4D

Location UTMX UTMY
NAD83-GPS

data only
Resp.
codeCode

Bearing Diat

Town Range Sect Y.

&.fy :' 21 12 ~172. J

3': I~ 1.~/5 ~

Pc- A M 4

• t:>'- AI

c«. N
5D : oot--r:i Oosq \

oC- tJ

Time: Military fonnat (midnight is 0000). Resp. Codes: N = no owl response, A = audio response only, V = visual response only, B (or A, V) = both audio and visual response. Sex: M =
male, F = female, U = unknown. Age: A = adult. S = subadult, J = juvenile Species. Codes: STOC = Northem Spotted Owl, STVA = Barred Owl, STRIX = Strix-species unknown, STNE =
Great Gray Owl, BUVI = Great Homed Owl, AEAC = Northem Saw-whet Owl, OTKE = Westem Screech Owl, GLGN = Northem Pygmy, TYAL = Bam Owl. OTFL = Flammulated Owl. Call
Type(s): 4 = 4 Note Call (STOC Only), A = Agitated, B = Bark, CO = Contact Call, JB = Juvenile Begging, W = Whistle/Nest Call, 8 = 8 Note call (STVA only), Stan = (standard) other non-

Strixowls ~2A' :!"vtdcl..2LA-k\ ?b~I/\ l!Allt9~W;~ 0tA l1i~'~~ ?b. ~ZJ3~ @. ~,~~ J.·U~ lcaz."
Comments: Wi: ~ 4.~ ~ L fo }.PJ ~ UArt- + ~~r.~ (~~~~ \-~~\-~ ~ L.<J...k-).•

4~; 0i~D YIA 1m ~7t ~-r ~,
~'*'/A_ ~?:> 1".-. M.M) J- ~ '?40.. '32.A ~ ~~



Turnstone Environmental Consultants
NSO Survey Form

Page .2:...of 3- (including maps)

Survey Area: __ 0~P~S _
~ AnI.: JM,-,-~:.....:Ti-=z.r.";;""~_.....L..-----,,-[Z~\~...;;::;.<....>If,,--_

oic~ther: _

Owl SlteJ.Jl:
Crew:~~\V~ _

Block/Area 10: _

Vlslt# 'Z--
Month: cu:Day: JL, 2009

Wind Codes:
Weather Codes:

0= Calm «1 mph). 1 = light air (1-3 mph) 2 = light breeze (4-7 mph) 3 = Gentle breeze (8-12 mph) 4+ =Unsuitable (13+ mph)
CL = Clear FG = Fog PC = Partly Cloudy OC = Overcast. DR = Drizzle LR = light Rain HR = Heavy Rain (unsuitable) SN = Snow. H = Hail

· Contact·· Time Wind Weather Time Bearing Dist Location UTMX UTMY·
:z Resp. ~ Call NAD83-GPSen

ST#: f Begin End Code Code code e Ii Species Type(s) Initial Final IAzimuth) If"t) Town Range Sect Y. dataonlv
(g2-: oza» l>'lEl- l ce- tJ

:
···:
:
········:

······
:
······
·····

Time: Military format (midnight is 0000). Reap. Codes: N = no owl response. A = audio response only. V = visual response only. B (or A. V) = both audio and visual response. Sex: M =
male. F = female. U = unknown. Age: A = adult. S = subadult. J = juvenile Species. Codes: STOC = Northern Spotted Owl. STVA = Barred Owl. STRIX = Strix-species unknown. STNE =
Great Gray Owl. BUVI = Great Homed Owl. AEAC = Northern Saw-whet Owl. OTKE = Western Screech Owl. GLGN = Northern Pygmy. TYAl = Barn Owl. OTFl = Flammulated Owl. Can
Type{s): 4 = 4 Note Call (STOC Only). A = Agitated. B = Bark. CO = Contact Call. JB = Juvenile Begging. W = WhistlelNest Call. 8 = 8 Note call (STVA only). Stan = (standard) other non-
Strix owls

Comments:



Turnstone Environmental Consultants
NSO Survey Form

SurveyArea: SOS OwISlte(s):_______________ Visit# 2-
ProjectArea: \J?r\~ 1L:rAk ~\))<" it' Crew: ~fo(W fihf6.-J Month:..:,O..K"_ Day:~ 2009

~ VoiceFluteOther: Block/Area10: _

Wind Cod •• : 0 = Calm «1 mph), 1 = Light air (1-3 mph) 2 = Light breeze (4-7 mph) 3 = Gentle breeze (8-12 mph) 4+ =Unsuitable (13+ mph)
Weather Cod •• : CL = Clear FG = Fog PC = Partly Cloudy OC = Overcast, DR = Drizzle LR = Light Rain HR = Heavy Rain (unsuitable) SN = Snow, H = Hail

Page _I_Of ~ (including maps)

, Contact,,
Time Wind Weather Time Bearing Dist Location UTMX UTMY,,

:::1: Rasp.

~
Call NAD83-GPSen

ST#: ! Begin End Code Code code

=
Species Type(s) Initial Final (AzImuth) (fHt) Town Range Sect % data only

\.., 5":X H6Lfn /grO ~ It B u .4- .~""(/A 9 A f/lY.l 18~() fDo SO 03 III oerf Zl{ ISE
tn :X IQn'3 \~I '? -:; PC NfC

It;", : 1~3!' I~"'(" ~ pc, AIR
.1~: 1010 2020 Z. tr'" Ni
3, ,

2030 20lfO Z pc,. /I u A YuA i lO'~ laJ'i 12- 1000 0'-1 W Of1E 310, ~kJ

S"z. : 2()IN ZO~L, l Pc: 'VR..
51

,
Z ID~ 2, It..{ 2. tr rvR, .J

~y , Z(Zl z.sz I Pc. Nf<",

~q-2.: 2(3!" 211./~ { Pc NR
T( : 2141 ZIS1 f Pc- N~
110 : ~{)CJ ZU>'t I flC NR.

(/ 17 , 221'3 Zll.3 1 rc. Ii U A 6L~N {'1"4-1oJ 231(0 23Z2. Z30 1'00 Ol{ N Or:r~ 27 oSw,,
t\q - I : ZZ~I 221.{( I Pc- ",R.

L 'P,S- 7300 llio I Pc- Pt u A .(?VA B 21.n2 Z~(O qD 20 o'lrv 4'1 e 2.11 Nw,
~74 , '2 "lILt 2J2Lf , fr t3 IV) A Jrr/h ~ Z2? \ Z'12~ 2tJ Zn PI{ tV ov« Z.3 I (LJ, ,
v hL{ , 2,1'1 ~z~ I />0- (3 r:- 1\ .(-(vA f] A nZ.1 77Zt/ '2,0 ZC? (l1{1J t}Qr~ t1 Sw,,

19( lD , ZJ31.{ 1'3lfY I Pc.. VR.,

St" , Z1($ O~IJ.r I fC. AIR..

.~/,. : 66/b bf)2b ( It N~

89 : OC2~ 0() '35 I tc Nt<
Time: Military format (midnight is 0000). Resp. Codes: N = no owl response, A = audio response only, V = visual response only, B (or A, V) = both audio and visual response. Sex: M =
male, F = female, U = unknown. Age: A = adult. S = subadult, J = juvenile Species. Codes: STOC = Northem Spotted Owl, STVA = Barred Owl, STRIX = Strix-species unknown, STNE =
Great Gray Owl, BUVI = Great Horned Owl, AEAC = Northem Saw-whet Owl, OTKE = Westem Screech Owl, GLGN = Northern Pygmy, TYAL = Barn Owl. OTFL = Flammulated Owl. Call
Type(s):' 4 = 4 Note Call (STOC Only), A = Agitated, B = Bark, CO = Contact Call, JB = Juvenile Begging, W = Whistle/Nest Call, 8 = 8 Note call (STVA only), Stan = (standard) other non-
Strix owls

Comments: -HfrW jrK"1/olJ.J

- oq-I IOJCQ5f"".Ll v~AI"t.E

- C~(,"'Eb S-, -rWIC.€" /)vE 1"b <..ql'/y .s'r~tvr



Turnstone Environmental Consultants
NIO Survey Fonn

Surv.,AIM: 5W Owl_a): _
project •• : W\.\'\:wi-l4Ma "g.\}X;a,G c••• : /)4#1/''' &k~ lIonth:Ob
TapeVoiceFlute0tMr: Block/Area10: _
Wind CodIe: o·CIIm «1 mph), 1· LIght.1r (1-3 mph) 2· Ught brMu (4-7 mph) s· GtnIII brMu (8-12 mph) ••• aUntu •••• (13+ mph)
....,., CodIe: CL • CINr Fa· Fog pc. P.rtIy Cloudy oc· 0vIrcIIt. DR·DfIzzII LA. Llght RaIn ••• Heavy RaIn (unauitabII) IN. Snow, H • Hall

Page ..2,;.01 ~ (incIudtng maps)

•...

,,, time WInd Weather,,,
'zaD: r BeaIn End Code Code

.5"'8 : t)t)$I ".08 I Pc
,S"l: () 12 D 0130 f pc
lf~ : 011./1 OI~1 I tc:
~: OJSq oto<t \ PC

••••• Town

TIme: MiIbIy rann.t (midnight •• .(00סס ....,. CodIe: N - no owt..sponse, A - audio ••••• only, V - ••• 11,.... only. 8 (01 A, V) - bolt audio WId vfIU8I..sponse. ...: ••
male. F - fImaIe. U • unknown. Aa-: A· adult. I -1UbaduIt, J - juIMnIIe...... CodIe: llOC - NoItMm 8poIId Owl, 11VA- a.n.d 0wI,11IIX - Strtc••••••• unknown, STNE-
Glut Gray Owl, BWI· Greet Homed Owl, MAC - NocthIm Saw whit Owl, OTKE· w.tIm SaMCh Owl, GLOM - NoItIIem PwlmY. TYAL. Bern Owl. 01'fL. FIImmuIMId Owl. cau-...ca): .•- .•Nola Call (STOC Only), A - AQltIIed. 8 • a.rtc. CO - Contact c.I. J8 - .kMnIIe BeggIng, W - WhIItIIt'NIIt Cell, • • 8 Note eel (STVA only)••••• - (1tandIrd) oller non-
Strixowla



Turnstone Environmental Consultants
NSO Survey Form

Page ~of 2. (including maps)

Survey Area: ---=c:>:::....O.::.,.S...L- _

Project Area: uB.~TLl:tJ0 \2.... \)(n ~

~Voice Flute Other: _

Owl Site(s): _

Crew: JN~de PUkV\5 Month: 7
Block/Area 10: Moss (,-uk MSNC \oo-?,

Visit # -...::3,--_
Oay:.-bL,2009

Wind Codes: 0= Calm «1 mph), 1 = Light air (1-3 mph) 2 = Light breeze (4-7 mph) 3 = Gentle breeze (8-12 mph) 4+ =Unsuitable (13+ mph)
Weather Codes: ~L = Cleaj) FG = Fog PC = Partly Cloudy - Ove cast, OR Chzzle LR = Light Rain HR = Heavy Rain (unsuitable) SN = Snow, H = Hail

, Contact,,
Time Wind Weather Time Bearing Dist Location UTMX UTMY,,,

Resp. Call NAD83-GPS:::t: (fj >ST# : ~ Begin End Code Code code ~ ~ Species Type(s) Initial Final (Azimuth) (feet) Town Range Sect v. data onlv

10Ci-\: 2D'3~ ZDYg" 'Z- C\ N
7,: Z.(}~3 2103 7.. G t.J
.,~: 210, '2ll'"7 "Z. c "-is: "2.1'2.\ 1.nl Z- G .,.;

OGt-i 21sl.\ 'v L(~ z, c tV
S!.f: 'U4tt ZIt;Gl 2- (- IV
~C; : ZUJ6 l'2.lt "Z- Pc.. tV
~~: 1...1..2; '2.Z.3'" 2- PC •••••
(t.f : 'z.;z.L.f 7 27.~- 1- Pf_ tJ
...,~: 231« Z32G 3 DC U
Oq-~ 7.33b 2s~ 3 PC- tJ1--' : Iz.~~~ "OO~ 3 fc tJ
'i~ : OoO~ 001R' "3 PC tJ
,1-: oo'Z.t; 60'3>( "3 PL. A lA A S""NA A oc>zq CO?<;' 'Z,Yoe. 111~ ~tJ GtE" "2..S AV
2.<6: k>o3Q 6O'i( ~ PL ,...1

0'f-1. 0055 OiD' 3 C. tJ
3~ : bll2- 012.2 'Z- Gl fJ
~~: OI~2. Olt.t~ Z. G tV
37: £) IS" I OZOI "Z.. G tJ
~2.: ~'ZO~ Cl2,I£; z, L\ N

Time: Military format (midnight is 0000). Resp. Codes: N = no owl response, A = audio response only, V = visual response only, B (or A, V) = both audio and visual response. Sex: M =
male, F = female, U = unknown. Age: A = adult. S = subadult, J = juvenile Species. Codes: STOC = Northern Spotted Owl, STVA = Barred Owl, STRIX = Strix-species unknown, STNE =
Great Gray Owl, BUVI = Great Horned Owl, AEAC = Northern Saw-whet OwI,.OTKE = Western Screech Owl, GLGN = Northern Pygmy, TYAL = Barn Owl. OTFL = Flammulated Owl. Call
Type(s): 4 = 4 Note Call (STOC Only), A = Agitated, B = Bark, CO = Contact Call, JB = Juvenile Begging, W = Whistle/Nest Call, 8 = 8 Note call (STVA only), Stan = (standard) other non-
Strix owls

Comments:



Turnstone Environmental Consultants
NSO Survey Form

Page .2,..of '2- (including maps)

Survey Area: ---=S"::....:D~S _

Project Area: --"""--'---'--':::....:....::....:::~-'---'-'''--''ot= •.•...• _
Tape Voice Flute Other: _

Owl Slte(s): __ ~ _

Crew: ~ Peck:! as Month: 7
Block/Area 10: Moss Gru.k MSNO i003

Visit # 3
Oay:..2.l..,2oo9

Wind Codes:
Weather Codes'

o = ca~1 mph), 1 = Light air {1-3 mph 2 = Light breeze (4-7 mph) 3 = Gentle breeze (8-12 mph) 4+ =Unsuitable (13+ mph)
<C""L= Cle FG = Fog PC = Partly Cloudy = v rca - nzzle LR = Light Rain HR = Heavy Rain (unsuitable) SN = Snow H = Hail,

, Contact,
Time Wind Weather Time Bearing Dist Location UTMX UTMY,,,

Resp. Call NAD83-GPS
ST# :

:r C/l )0-;: Begin End Code Code code ~ co Species Type(s) Initial Final (Azimuth) (feet) Town Range Sect Y. data onlyCD )C ~
t;\ 0Z.\Gf Oz.t-q Z. eJ N

:
,,

:
,,,
:
,

:
,,,
:

:
,

:
,
,
,,

Time: Military format (midnight is 0000). Resp, Codes: N = no owl response, A = audio response only, V = visual response only, B (or A, V) = both audio and visual response. Sex: M =
male, F = female, U = unknown. Age: A = adult. 5 = subadult, J = juvenile Species. Codes: STOC = Northem Spotted Owl, STVA = Barred Owl, STRIX = Strix-species unknown, STNE =
Great Gray Owl, BUVI = Great Horned Owl, AEAC = Northern Saw-whet Owl, OTKE = Western Screech Owl, GLGN = Northern Pygmy, TYAL = Barn Owl. OTFL = Flammulated Owl. Call
Type(s): 4 = 4 Note Call (STOC Only), A = Agitated, B = Bark, CO = Contact Call, JB = Juvenile Begging, W = Whistle/Nest Call, 8 = 8 Note call (STVA only), Stan = (standard) other non-
Strix owls

Comments:



Turnstone Environmental Consultants
NSO Survey Form

IJJ

Page of 2. (including maps)

Survey Area: _....:.S-.:D::.....::..S _

Project Area: VJl; \70 'IL.:r:.vt" J1 O&.. r£
~oice Flute Other: _

Owl Site(s): Visit # ---:;3__
Crew: IAJ~ &k'AS Month: 7 Day: 2.2.. ,2009
Block/Area 10: _

Wind Codes: 0= Calm «1 mph), 1 = Liaht air (1-3 moh) 2 = Light breeze (4-7 mph) Q..::.Gentle breeze (8-12 mph) + =Unsuitable (13+ mph)
Weather Codes: CL = Clear FG = Fog CPC = Partlv Cloudv:JOC = Overcast, DR = Drizzle L" = Llgnl xam "1'\ - neavy Rain (unsuitable) SN = Snow, H = Hail

, Contact,
Time Wind Weather Time Bearing Dist Location UTMX UTMY

::1: Resp. Call NAD83-GPSCIl »
ST#: ~ Begin End Code Code code ~ «g Species Type(s) Initial Final (Azimuth) (feet) Town Range Sect Y. data onlv

~q : 'Z032. ZOl1Z "3 PC t.J
c,o: w4., 'Z..o~'" 3 PC ...;
'0: z.ro \ "2..\ I\ 3 PC ~
t;q: ""Z..l\6 '2..l1.6 "1 Pc. lJ,~: '"Z.l32 ULtl. 2- pc., N
(,'/: 'l..I4t.. 'Z..l C;;~ .., Pc.. tJ~
6Cl : ~Z03·Z:U~ z, PC tJ
It; : "2-"2..\, "2-1.:2.7 'Z.. Pc... r--J
if: 21.31 "Z.2.~1 3 :)(. A. !). (A (?LbN <-\- (;. y"\ -z.Z.3l.{ 'Z.2.'1t ICfO" r.-a ;,tJ \O~ \-:;- 1M,)
10 : '2:Z.4 '3 1'Z..~ 3 DC 11

\ <i< : 'Z:~o4 "Z.1\\.{ ~ Dc... IJ
\'1 : 7.."3'2.-0 'l.s~c 3 :)(.. kJ-,: Z;;S? Z3'1t; "? '>c. iJ
·z:; : 2.:~C;Olo(JOC ~ ~c:.. t )
\"1- : 0.::»"9 ooltt 3 '>c:. ~
10: {)o'ZJ.I 603«' 3 Pc. tv
q : COil ~i 3 Pc. tV

l2. : 0\06 Ol\h z, ";)c tJ
,1 : ()\ 2,0 ot3C 2. Pf r-J
fl-\ : 0l~5 tJl~l: z, pc. N

Time: Military format (midnight is 0000). Resp. Codes: N = no owl response, A = audio response only, V = visual response only, B (or A, V) = both audio and visual response. Sex: M =
male, F = female, U = unknown. Age: A = adult. S = subadult, J = juvenile Species. Codes: STOC = Northern Spotted Owl, STVA = Barred Owl, STRIX = Strix-species unknown, STNE =
Great Gray Owl, BUVI = Great Horned Owl, AEAC = Northern Saw-whet Owl, OTKE = Western Screech Owl, GLGN = Northern Pygmy, TYAL = Barn Owl. OTFL = Flammulated Owl. Call
Type(s): 4 = 4 Note Call (STOC Only), A = Agitated, B = Bark. CO = Contact Call, JB = Juvenile Begging, W = Whistle/Nest Call, 8 = 8 Note call (STVA only), Stan = (standard) other non-
Strix owls

Comments:



Turnstone Environmental Consultants
NSO Survey Form

SurveyArea: SD S Owl Slte(s): Visit # _3,,--_
Project Area: W\:\6~ 12.. ~G Crew:J.tJ?de~~\A~ Month:----=._Oay: 22...,2009

~oice Flute Other: Block/Area10:

Wind Codes: 0 = Calm «1 mph), 1 = LiQ/:!tair (1-3 meh) 2 = Light breeze (4-7 mph) C3~-=~G~e"'nt~le~b-re-e-ze--:-::(8:--1~2-m-p-hD4+=Unsuitable (13+ mph)
Weather Codes' CL - Clear FG - Fog CP.ii eiliiv Clo~ OC - Overcast DR - Drizzle LR - Light Rain HR - Heavy Rain (unsuitable) SN - Snow H - Hail

Page z.. of 2...(including maps)

- - - - - - - - , -
, Contact,

Time Wind Weather Time Bearing Dist Location UTMX UTMY,

::J: Resp. » Call NAD83-GPS
ST# : CIl;: Begin End Code Code code CD co Species Type(s) Initial Final (Azimuth) (feet) Town Range Sect v. data onlvCD )C CD

6~ : "'SO O'LtXJ 'Z.. ~C tV66 : o'Z.o3 O'Z..\3 3 Pc.- tJ
~2: O"Z.\~ OlZ.~i.I' 3 ?L- tJ
41: o -z,~C; £)'l..'1; 3 Pc...- IJ

,

:
,,
:
,,

:

,
,

,
:

I
:
,,
,,
,,,

Time: Military format (midnight is 0000). Resp. Codes: N = no owl response, A = audio response only, V = visual response only, B (or A, V) = both audio and visual response. Sex: M =
male, F = female, U = unknown. Age: A = adult. S = subadult, J = juvenile Species. Codes: STOC = Northern Spotted Owl, STVA = Barred Owl, STRIX = Strix-species unknown,STNE =
Great Gray Owl, BUVI = Great Horned Owl, AEAC = Northern Saw-whet Owl, OTKE = Western Screech Owl, GLGN = Northern Pygmy, TYAL = Barn Owl. OTFL = Flammulated Owl. Call
Type(s): 4 = 4 Note Call (STOC Only), A = Agitated, B = Bark, CO = Contact Call, JB = Juvenile Begging,W = Whistle/Nest Call, 8 = 8 Note call (STVA only), Stan = (standard)other non-
Strix owls

Comments:



Turnstone Environmental Consultants
NSO Survey Form

Page -LOf t,. (including maps)

Survey Area: ~ oS Owl Site(s): _

Project Area: \J \7;SlL~ \L 96, r5 Crew: ---:;W...¥...:o.rh.'-"'=-.-:...Pc=c.r=-k:::....,...:....~'-"~ _

Ta oice Flute Other: Block/Area 10: _

Wind Codes: 0 = Calm «1 mph), 1 = Ljght air (1-3 mphG;U9B\ breeze (4-7 mpijD3 = Gentle breeze (8-12 mph) 4+ =Unsuitable (13+ mph)
Weather Codes' CL = Clear FG = Fog f£:- Partly CloudoOC = Overcast DR - Drizzle LR = Light Rain HR = Heavy Rain (unsuitable) SN = Snow H = Hail

Visit #_3__
Month: _ ....•..7_ Day: ~, 2009

, ,
, Contact,

Time Wind Weather Time Bearing Dist Location UTMX UTMY
::1: Resp. ~ Call NAD83-GPSUI

ST# : f Begin End Code Code code e 'i Species Type(s) Initial Final (Azlmuthl (feetl Town Range Sect Y. data only

SS: tz.O~ IZd-l6 3 PC t-J
56: 2.ot;1 l..lol 3 Pc J.J
~q: '2.IOb 21\6 '{ PC. N
S7: '2..1l.' z..n'" "1 PC tJ
S~: "2.1,", Y Z-IS4 3 PC IJ
"'2.1 : ?_2ll..{ '2.u.~ 'l... PC t-J
'2...2.: ·Z:Z..'Z.q 2'-~ 2- Pc tJ
i7 : '2.2.43 'Z"Z..S-:i z.. PC tJ
6 : z.z.5~2.36<6 2- Pc N
5: z.313 232.3 'Z- pC tJ

~7: Z.31f 2.3Y~ 2 ~C rJ
t.( 'Z."SS"Z.. f.tP'Z. 2.- Pc tJ
3 (;0\2- (1622 2- PC tJ
2...: CX:>YO COSO L.. G N

i..,[b: O\O~ O\\g "'l. G tV~...: iDl7..6 O\~-b 'Z... c tJ
~ g: 0\5~ oZOg '2. c tJ
L I : o-z.,\~ 01..22 'Z. C t-J
'3t:f: I f)'Z.2.(, 02..36 Z- G A LA lA ~L(;,N ~+OIV\ 02.;2.~C236 '2U)() loco \.h) \()€: ~\ ~t..tO: O"z'l{L O~ '2 C l\}

Time: Military format (midnight is 0000). Resp. Codes: N = no owl response, A = audio response only, V = visual response only, B (or A, V) = both audio and visual response. Sex: M =
male, F = female, U = unknown. Age: A = adult. S = subadult, J = juvenile Species. Codes: STOC = Northern Spotted Owl, STVA = Barred Owl, STRIX = Strix-species unknown, STNE =
Great Gray Owl, BUVI = Great Horned Owl, AEAC = Northern Saw-whet Owl, OTKE = Western Screech Owl, GLGN = Northern Pygmy, TYAL = Barn Owl. OTFL = Flammulated Owl. Call
Type(s): 4 = 4 Note Call (STOC Only), A = Agitated, B = Bark, CO = Contact Call, JB = Juvenile Begging, W = WhistlefNest Call, 8 = 8 Note call (STVA only), Stan = (standard) other non-
Strix owls

Comments: s-rvA ViS'u.q\ Ol5''5 '(1\.f·I~ off ,-004 ~-forc: S'T~ '41S'
IA'~ KY\OWV"\ ${.. - U0, tr\Oi.--}V'\ ~



Turnstone Environmental Consultants
NSO Survey Form

Page 2...of L(including maps)

Survey Area: _~5L..iD~$,,- _
Project Area: vJ>,.-\~'+-L...?f?2 e..\Q~';
Tap Voice Flute Other: _

Owl Slte(s): _---:=-- _
Crew: (j.}(!f1..R ~;.;.,;.I:-....:...;r=--- _

Block/Area 10: _

Visit # f
Month: '7 Day: ~, 2009

Wind Codes: 0= Calm «1 mph), 1 = Uaht air (1.3 ..QlI?Nt2 = Light breeze (4-7 me.fiD 3 = Gentle breeze (8-12 mph) 4+ =Unsuitable (13+ mph)
Weather Codes: CL = Clear FG = Fog~C = Partly CloudDOC = Overcast, uK-LJrizzle LR = Light Rain HR = Heavy Rain (unsuitable) SN = Snow, H = Hail

, Contact
, Time Wind Weather Time Bearing Dist Location UTMX UTMY,
:x Resp. ~ Call NAD83-GPS(fI

ST# : ~ Begin End Code Code code

= ~ Species Type(s) Initial Final (Azimuth) (feet) Town Range Sect Y. data onlv

"35 : 02.5, 0'30; '2. LA tv
1<.( , Pllt{ o3z~ 'Z.- C( N,

,

:
,

:
,

:
,,

,,

,
,,,
,,,
:

:
,

:
,,,

Time: Military format (midnight is 0000). Resp. Codes: N = no owl response, A = audio response only, V = visual response only, B (or A, V) = both audio and visual response. Sex: M =
male, F = female, U = unknown. Age: A = adult. S = subadult, J = juvenile Species. Codes: STOC = Northern Spotted Owl, STVA = Barred Owl, STRIX = Strix-species unknown, STNE =
Great Gray Owl, BUVI = Great Horned Owl, AEAC = Northern Saw-whet Owl,. OTKE = Western Screech Owl, GLGN = Northern Pygmy, TYAL = Barn Owl. OTFL = Flammulated Owl. Call
Type(5): 4 = 4 Note Call (STOC Only), A = Agitated, B = Bark, CO = Contact Call, JB = Juvenile Begging, W = Whistle/Nest Call, 8 = 8 Note call (STVA only), Stan = (standard) other non-
Strix owls

Comments:



Turnstone Environmental Consultants
NSO Survey Form

Page _f_of_r (including maps)

Survey Area: C_v__~ _ Owl Site(s): Visit # .3:-
Crew: ~ -S ~ \-\L Month: nDay: Z!i., 2009
Block/Area 10: _

Wind Codes:
Weather Codes:

0= Calm «1 mph), 1 = Light air (1-3 mph) 2 = Light breeze (4-7 mph) 3 = Gentle breeze (8-12 mph) 4+ =Unsuitable (13+ mph)
CL = Clear FG = Fog PC = Partly Cloudy OC = Overcast, DR = Drizzle LR = Light Rain HR = Heavy Rain (unsuitable) SN = Snow, H = Hail

, Contact,
, Time Wind Weather Time Bearing Dist Location UTMX UTMY,,

Resp. Call:z (J) > NAD83-GPS
ST# : ~ Begin End Code Code code CD ~ Species Type(s) Initial Final (Azimuth) (feet) Town Range Sect Y. data on Iv)(

33: ~Z\ ~ Z L'- tJ
!:>2: "2)bO 12\\0 a I L- tV
\.11./ : 'Z- 12'2. 2.1~2.. f-i t: IV
LIS: ~/Z,~ 11.14b ~L N
B5: Z2D5 12.2\~ (/> [~L N
BR: '7 llc 1z..?Za :]) Ll- t-..l
~4 : Z-z.?:JJ l2l/C Q) Gl- tJ
51 : ZZ'S5 2~oC' e GI- N

~7.-: Z t- Il'$",f (/) GI.- /'/
~I c '" 3~ L~~ I LL ~~ ,

~l : 2355" (}[)O;; (J GL t-:
30: ,('t)\4 ooZJ..I ~ ) LA- )...

zL./ : ooZco OO~ ( G£., ~
4D: bOS'1 (")101 G c",- ~)

zs: 10\\3 \\23 as C-L- JJ
1-q: V\I Z,c, 'J}~q ~ C-,L- N

O'1~L{: hlL(~ olsi I c..-i- IV
"'Z.Co: I("}zoq OZ.\'! I c",- N
1(f.I-': hzt;s- OM l (~L- A)

4~:Y ItisZlD O?~, z (A- M
Time: Military format (midnight is 0000). Resp. Codes: N = no owl response, A = audio response only, V = visual response only, B (or A, V) = both audio and visual response. Sex: M =
male, F = female, U = unknown. Age: A = adult. S = subadult, J = juvenile Species. Codes: STOC = Northern Spotted Owl, STVA = Barred Owl, STRIX = Strix-species unknown, STNE =
Great Gray Owl, BUVI = Great Horned Owl, AEAC = Northern Saw-whet Owl, OTKE = Western Screech Owl, GLGN = Northern Pygmy, TYAL = Barn Owl. OTFL = Flammulated Owl. Call
Type(s): 4 = 4 Note Call (STOC Only), A = Agitated, B = Bark, CO = Contact Call, JB = Juvenile Begging, W = Whistle/Nest Call, 8 = 8 Note call (STVA only), Stan = (standard) other non-
Strix owls

Comments:
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Appendix C - Northern Goshawk Survey Forms 



Survey Time: StartlY' '30 End~
Intensive Nest Search Time: Start-=- End-=-
Temperature (*F): Begin~ End~
Survey Area/Project Area: 5f) S Crew: tvLf6 Month: /., Day: ~ 2009 Visit # --,-I__
Period: ~! Fledgling Call(s) Used: ~ Wail! Begging Survey '(ear: 1st ~est Search: y ~it yes attach Search Form) Nest Found: YQDit yes attach Nest Loc. Form)

Survey Metho~t ACOUStica~tensiveSearch,orDawnAcoustical,Other: Cloud Cover: 1= <5%;2 = 5-20%;3= 21-40%;4= 41~0%;5= 61~%; 6= 81-100%

Wind Codes: 1 = light air (>1mph), 2 = light breeze (1-3 mph), 3 = Gentle breeze (4-7 mph), 4 =light Wind (8-12mph), 5 =Wind (12-15mph), 6 =Gusty (>15mph)
Weather Codes (WC): CL = Clear, FG = Fog, PC = Partly Cloudy,OC = Overcast, DR = Drizzle,RN = Rain, SN = Snow Weather Intensity (WI): 1=light, 2=moderate,3=heavy

Turnstone Environmental Consultants
Goshawk Survey Form

PageLot...L (includingmaps)

Su.Time WInd WIIIh. Cloud DtIIdIon DtIIdIon

= f Contact Time BearIng DItt Location UTMX UTMY•••
Del 10 ST# Beain End Code we WI CoY. Code l.OCIIIon Species Initial Final !Azlnwthl (metenl Town Range Sect v. NAD83-GPS data only

IS7 /L/:{r, lC;o ;) 3 It. :J L/ tJt....
C1Jff0'1 ,11 3 PL ;) Lj V g-r I 11 II nA..,A JC6/a I~R. ()ve.r~.J () 3N JOE /7 IJ/V I~I E:ot. 7fs,5/

tsSX' J~!~ /1:)-;).1 S Pc ~ '-I tJ-l':-
~~~ J r; 1,,'1 /5'-10 '5 It :3 L/ ~~
l~c?5 155"~ /co 3 ~ 11'e. ~ L! tJ-~
'G;)lj J~J( J(, ;).7- ::J I Pc. I if ~v

-

,

-.
-

Age: (A)dult, (F)ledgling, (N)estling, (U)nknown Sex: (M)ale, (F)emale, (U)nknown Del Code: (A)udio, (V)isual, (B)oth Del Location: (AT) station, (BT) betweenstations
tI= number of goshawks or other raptor observed/detectedDel_ID: uniquedetection identifier, date and sequential det. # for the day, (061208-1,061208-2, ect) Time: Military format.
Comments:



Survey Time: Start ISoo End \~O

Intensive Nest Search Time: Start __ End __
Temperature (*F): Begin..:it End 1{g·
Survey Area/Project Area: Ss>S Crew: -rbb Month: 01.0 Day: 2tL., 2009 Visit # _L-I _

periO~ Fledgling Call(s) us~ Wail I Begging Survey Year: 1st ® Nest Search: Y I(ffiW yes attach Search Form) Nest Found: Y ®if yes attach Nest Loc. Form)

Survey MethO~dcastAcouS~, IntensiveSearch,or DawnAcoustical,Other: Cloud Cover: 1 = <5%; 2 = 5-20%;3 = 21-40%; 4 = 41~0%; 5 = 61-80%; 6 = 81-100%

Wind Codes: 1 = Light air (>1mph), 2 = Light breeze (1-3 mph), 3 = Gentle breeze (4-7 mph), 4 =Light Wind (8-12 mph), 5 =Wind (12-15 mph), 6 =Gusty (>15 mph)
Weather Codes (WC): CL = Clear, FG = Fog, PC = Partly Cloudy, OC = Overcast, DR = Drizzle, RN = Rain, SN = Snow Weather Intensity (WI): 1=light. 2=moderate. 3=heavy

Turnstone Environmental Consultants
Goshawk Survey Form

Page Lof _\ (including maps)

Sta. Time WInd WNlher Cloud DIIIction DIIIction f ~ Contact Time Bearlna Dill Location UTMX UTMY
•••• a::a

DeliO ST# Begin End
CD

Initial Final Iblmuthl (metll'll RanaeCode we WI Caver Code location Species Town Sect Y. NAD83-GPS data only

(':,"\3 lS'oS \~IL.\ S ~'" 2 l.\ Nv
('1.{4 \ 5z,\ 1\ S;lc> S vc.., '"'2- I-{

6Ltb ,53b \Sl.\~ 5 ~(/ 2- l1.
{;.11!.l- \$'53 H•.o 'Z- 5 ('V l..- l-\
b~ 1(,.0" \L\'l- 5 ~v '3 4
(;60 Il.~':} 11.3('" :7 ~(..- ~ y ,'"

Age: (A)dult, (F)ledgling, (N)estling, (U)nknown Sex: (M)ale, (F)emale, (U)nknown Det. Code: (A)udio, (V)isual. (B)oth Det. Location: (AT) station, (8T) between stations
tI= number of goshawks or other raptor observed/detected Del._ID: unique detection identifier; date and sequential det. # for the day, (061208-1,061208-2, ect) Time: Military format.

Comments: W,'"b,J~ b~""t.--- ~~ -:h, l~u f>" I A'h;l~ + k~ r LAo /'or. ~c.d ~vrVvl;~5 @. )105'6

tlJc - ,.J 1> C.O ~C/~



Survey Time: Start~ End~

Intensive Nest Search Time: Start-==- End-=-

Temperature (*F): Begin SS''' End~
Survey Area/Project Area: 50S Crew: W Ll~ Month: c::, Day:~ 2009 Visit # --1-/__
peri08 Fledgling Call(s) Us~Waill Begging Survey Year: 1st ~est Search: Y I~it yes attach Search Form) Nest Found: Y t!!1it yes attach Nest~oc. Form)

Survey Method~stAcoust§)lntensive Search,or DawnAcoustical,Other: Cloud Cover: 1 = <5%; 2 = 5-20%;3 = 2140%; 4 = 41.00%; 5 = 61-80%; 6 = 81-100%

Wind Codes: 1 = Light air (>lmph), 2 = Light breeze (1-3 mph), 3 = Gentle breeze (4-7 mph), 4 =Light Wind (8-12 mph), 5 =Wind (12-15 mph), 6 =Gusty (>15 mph)
Weather Codes (WC): CL = Clear, FG = Fog, PC = Partly Cloudy, OC = Overcast, DR = Drizzle, RN = Rain, SN = Snow Weather Intensity (WI): 1=light, 2=moderate, 3=heavy

Turnstone Environmental Consultants
Goshawk Survey Form

Page Lot.L (including maps)

Sta. Time Wind WNtiler Cloud DetIdIoft DetIdIoft •
=

:. Contact Time Buring Dill Location UTMX UTMY
IC

DeliO Bealn End
II>

Initial Final RangeST. Code wc WI Cover Code location Species 'tAz.lmuth) (meters) Town Sect Y. NAD83-GPS data only
!r;Jt.// 09<,;) }959 :J OC / .: rJv
1("1'10 !Or1 f? /or s: :J /'Ie. j ~
GO;) /IJ'/I-I If) t::)f'l 3 rx: / 1" Jt
C,()1 101- //':1.,-;) ~ ()c.. / r< N~ -

~~-l~ V I 11 IIr Mull 1f7l!.. In!:... ~/I.J t.o 3N Jo£ I-. JII •. /"T c:,D~O<:;09(/

G/J/" /lsY:, I J/)q J Oc. / r. A'{,
~/~q IJAO o»: ~ oc..... / c.
G/3<6 J)37 JJLJ'?:J '":2, I"')C. / (~

GrH J;;C:::O Us'in '3 I"'Y I r:
<eo /~()f, r3l4 J (k. / t-,
c{;;o, 1-33 '-' /334 :J !"X- I

I..

'I" /I~ /3<{o 'j~ ~ jJ~ I .:
IrJIi /t.//(J '/ll/to ~7 iJL ) fr, "co« /(j]'d, /,1,:;11 '-:t, Pc. I ~ NlJ

i1Jl5a\, ll: V I lA u ):t~ /fII;1/1 It(.1S :JJCf 30c:::l -?,tJ //)£ In In} l~8'o.? iv,. ~Gl=' y_

~/D"I / c,,<l5 .r: r:::; / '3 Pc f c: tJL, \ '

.' --
<,

\ -,
~- ,,---

Age: (A)dult, (F)ledgling, (N)estling, (U)nknown Sex: (M)ale, (F)emale, (U)nknown Del Code: (A)udio, (V)isual, (B)oth Del Location: (AT) station, (BT) between stations
t#= number of goshawks or other raptor observed/detected Det._ID: unique detection identifier; date and sequential det. # for the day, (061208-1, 061208-2, ect) Time: Military forniat.
Comments:



Survey Time: Start 61'6 End ) 50.?
Intensive Nest Search Time: Start__ End__
Temperature (*F): Begin :; Z;> End (po0

Survey Area/Project Area: 5\)5 Crew: --r1:>6. Month: ~Vf\t. Day: 1:,L, 2009 Visit #--1-
Period: Nestling I Fledgling Call(s) USed~1 Wail I Begging Survey Year: 1st cB> Nest Search: Y I€'!J yes attach Search Form) Nest Found: Y @tyes attach Nest Loc. Form)

Survey Method~dcastAcous~lntensive Search,or DawnAcoustical,Other: Cloud Cover: 1 = <5%; 2 = 5-20%; 3 = 21-40%; 4 = 41.00%; 5 = 61-80%; 6 = 81-100%

Wind Codes: 1 = Light air (>lmph), 2 = Light breeze (1-3 mph), 3 = Gentle breeze (4-7 mph), 4 =Light Wind (8-12 mph), 5 =Wind (12-15 mph), 6 =Gusty (>15 mph)
Weather Codes (WC): CL = Clear, FG = Fog, PC = Partly Cloudy, OC = Overcast, DR = Drizzle, RN = Rain, SN = Snow Weather IntenSity (WI): 1=light, 2=moderate, 3=heavy

Turnstone Environmental Consultants
Goshawk Survey Form

Page ..1..ot _1_ (including maps)

Sta. Time Wind Weather Cloud DIIec:tion DtIection

=
s Contact Time Burlna Dill Location UTMX UTMY••

DeliO Sealn End
CD

Species Initial Final IAzJmuthlST# Code we WI Cover Code lOCIIIon (metersl Town Range Sect 'I. NAD83-GPS dataonlv
~ios.sfI~(., O~I'1 ~ oc.. 1 fa Ale...

&/10 O~Z-b 682.~ 3 oc.. \ 10
G.II~ 6131.( ()<jL{Z-- '3 0(., I L
b131. b,?c/i oYSS' 3 0(., \ I.

o rO\<i'<~' (:, 131 O'U>'1 o 'il ':} It 6c... \ t:
.j) 'o~~c J Gr /It,. O~z;:r D,lS Lf. O~ I t:

(, /11 Oql{& CfJt.f'l '1 D~ I L
It; /11. 0'l5'f..{ JDO~ 4 oc, I b
('.,.11'5 leu \b\'i. '1. OL- \ ~
G,31.\ \DLt;. l()~~ ~ DC.. I i:
(~ \35 I c:>'O 1.- \\b~ ~ D<'- I t:
b\Jl(' II IY \\2-~ ~ ~c.. \ 1'1
<.,. f3l. \l'1~ \ \ Lt\ ~ oc.. \ L
bl'S) \ \5 '.} ,z.ol.\ ~ 6L I ,
&.114 (t.-I'l- Ins ~ oC-- I 10
Gl\~ 1236 \2.t.tti '1 oc I f-jJ

(;'\'\ 11M l~o1 '-1 ex: \ ~
6Cf15 \'32.0 \1.l.'=?-' 'i rc... l C;
P 1c>1- n'l~ I~LtL. 5 PL I '5
6\6(. (~SS" \liO~ 5 PL , 5
(:jlaS \Lt Ii, 14l-3 < PL-. I 5'

~ 1x'.i1-<J [;>lIt>2- \'i'S(' il.(l..{l{ 5 Pc. I S
~103 \'( $'(') II.{~ 5 pc I 5 \l!
~161.5 15·Z.~ \St/" u ?L- I I[) 1Jt.,

Age: (A)dult, (Flledgling, (N)estling, (Ulnknown Sex: (M)ale, (F)emale, (Ulnknown Det. Code: (A)udio, (Vlisual, (B)oth Det. Location: (AT) station, (8T) between stations
fI: number of goshawks or other raptor observed/detected oet._Io: unique detection identifier; date and sequential det. # for the day, (061208-1, 061208-2, ect) Time: Military format.
Comments: •

~ C\QJ)[W \,; ~y"f(,A



Survey Time: SlartO~l.joEnd I !:h5
Intensive Nest Search Time: SiaL- End__
Temperature (*F): Begin SS End 1-3
SurveyArea/ProjectArea: .51;)$ Crew: I --:1"'5(2. Month: O~ Day: z.Jo ,2009 Visit" ---,-,__

peri~su:§) Fledgling Call(s) us~waill Begging Survey Year: 1st@ Nest Search: Y @)fyes attach Search Form) Nest Found: Y@yes attach Nest toe. Form)

Survey Meth0ct:!::roadcastAcous~ IntensiveSearch,or DawnAcous1ical,Other. Clou Cover: 1 = <5%; 2 = 5·20%;3 = 21-40%; 4 = 41~%; 5 = 61-80%; 6 = 81·100%

Wind Codes: 1 = light air (>1mph), 2 = light breeze (1·3 mph), 3 = Gentle breeze (4-7 J'lph), 4 =light Wind (8-12 mph), 5 =Wind (12-15 mph), 6 =Gusty (>15 mph)
Weather Codes (WC): CL = Clear, FG = Fog, PC = Partly Cloudy, OC = Overcast, DR = Drizzle, RN = Rain, SN = Snow Weather Intensity (WI): i-light, 2=moderate. 3=heavy

1

Turnstone Environmental Consultants
Goshawk ~urv8y Form

Page .,', of -L (including maps)

Sta. Time WInd WNllter Cloud Dttdon Dttdon i' > Contact TIme 8elrina DItt location UTMX UTMY•• ID

Del ID ST. Begin End •• at ,Species Initial Final CAzImutIII {metersl Town Range Sect 'I. NAD83-GPS data onlvCode we WI Cover Code lOCIIIon

1'.,1- 01'''\3 ~1-S\ 7.- 6(....... -i. .1- NL. I
~2.- b"1SL1 O~1-- z, a: a, 3-'
('-:\'Z 0%,0" o ~\'1- 7,- u .l-- 1-

h5 bx2...-~ D~3~ Z, ~...L,1- ;1.-
Gq 6<6l{(" 6~5J 7- a.a, 1.-
t-:,.L. Oqb<\ O~I"l-- 2- CJ- ~ :1_
I~q- I~~~ Oq~\ z- (.L.. a, l-
{., c., 100\ /60t'1. t.,., C-I- 1- .1.

- - (~1& foU.- .Jt,J ~ 1- CL.- z: .l-
b~~ IOLf'J... J~)",\ 2- ~ a, .1-
'".,-g 1101- illS '3 •'J- "Z.--
(?l-l\ JlLS Iln '3 r('" ::J- -z...
co. 1I1Jt.1 /( s;'S' ~ ec...- J- z,
~I':}- I1.JS (2)\1 ~ pc,. 1- "2- "I;-

~ (~\'{ l2Si \30(. ~ ~l- J-
"2--

V A-'\ \ U V tl~ \103 \l~ ~o· ~o ~tJ LO If, I'D ~ ~y~~ %C.~5
b(L{ ,,?u.,. lnt.{ '1 p(.., 1- »: ,I\lL-

b''f'.~\3L.\'~ \35"2- "!> fL- 1- L
(:,06 ('to(.. 141'1 5 f<- a, 2
6tUS \~3v '4't~ '5 PL ~ '2-
b2-1- \"II1'g \\..\$'5 7 ~<- j... L- V \

~,I 1~\_g «z» S fc.. .1.- 2- tJL-- I

I
J

Age: (A)dult, (F)ledgling, (N)estling, (U)nknown Sex: (M)ale, (F)emale, (U)nknown Del Code: (A udio, (V)isual, (B)oth Del Location: (AT) station, (ST) between stations
tIz number of goshawks or other raptor observed/detected Del_ID: unique detection identifier; dat I! and sequential del. , for the day, (061208-1, 061208-2, ect) Time: Military format

./



Survey Time: Start~/.sEnd I S3D
Intensive Nest Search Time: Start~ End=-

Temperature (*F): Begin~ End~
Survey Area/Project Area: SDS Crew: 1M! 6 Month: £ Day: ~,2009 Visit # .I
Period: ~l Fledgling Call(s) use~1 Wail I Begging Survey Year: 1st @ Nest Search: Y l@l(ifyes attach Search Form) Nest Found: Y/~if yes attach Nest Loc. Form)

Survey MethOd:(~castAcou~lntensive Search,or DawnAcoustical,Other: Cloud Cover: 1 = <5%: 2 = 5-20%:3 = 2140%: 4 = 41-60%: 5 = 61-80%: 6 = 81-100%

Wind Codes: 1 = Light air (>1mph), 2 = Light breeze (1-3 mph), 3 = Gentle breeze (4-7 mph), •• =Light Wind (8-12 mph), 5 =Wind (12-15 mph), 6 =Gusty (>15 mph)
Weather Codes (WC): CL = Clear, FG = Fog, PC = Partly Cloudy, OC = Overcast, DR = Drizzle, RN = Rain, SN = Snow Weather Intensity (WI): 1=light, 2=moderate, 3=heavy

Turnstone Environmental Consultants
Goshawk Survey Form

Page Lof L (including maps)

Sta. Time Wind Weather Cloud DtI.aion DtI.aion r s Contact Time Bearing Dlat Location UTMX UTMY
••••

DeliO Begin End •• CD Species Initial Final Town Range Sect NAD83-GPSdata onlyST# Code wc WI Cover Code loc.tlon IAzlmuth) (meters) 'I.
G;;-- 075:;)~ M::Y1 ~ IrL I A'7 /'J(

<;1 I~t;v ()~50;) CI I I
or;.c Iff I I (YUt

,- v:. I J /rY

r.r&' " ~ A ')q 3L/ d CI r I'r-r<:>

Gig r-. «u t (~S3
.-

Irl I JrY
F?11>t ItYl1 It> / < S C.-( J I ,II
r;d.~ 1000LI IOSD 3 CI I I Nv

{)(i2Jd:A- ~ \I ~I I LA LA liul/U /Il 1-/1 /0'(1- t..j~ Lioo ?;I.I CfF Ie;? AI!. jor
'17 $~1337'-

G,1(. II \ d L\\'n ;; C( I I Me
IG-;)1 Q7,;on \\~{o ;:) If_I i \
(,.:J1 IH7- liS? ;; CI { (

/',1.. L 1;: j I I/:J/'Z d CI i i

1.;;0 /J ~~ I) '2y9 d C( ( I(., \ l)..s~ I~O( ~ C( I I
G3'J \~I (n IJ7:>;);) '?J Cf ! I
b3~ I -"'JL/ r: gyre, :3 '"'I I I
(",'14 J~'S fL/oO ~ Sl I I 'l!
I/', ; ") I~b /' 15r~ 4 ,... \ I I ~

v ~~-'Z. ~ V ~'\ I h A 17U~U /flit.. /1./ J c: I (on l50 3tJ 1£ +- SuJ I~M:"'''' 1~~5?Y&

10>~ ILl;)':; ftI:J~ L( C,.,I ( I ,Jr,
Eh3 1\t:j~T 1C7i7'J., If ('J ( ( Nv - <,

-

-
Age: (A)dult, (F)ledgling, (N)estling, (U)nknown Sex: (M)ale, (F)emale, (U)nknown Oet. Code: (A)udio, (V)isual, (S)oth Oet. Location: (AT) station, (ST) between stations
II: number of goshawks or other raptor observed/detected Oet._IO: unique detection identifier: date and sequential det. # for the day, (061208-1; 061208-2, ect) Time: Military format.
Comments:

v



Survey Time: Start 011c) End __

Intensive Nest Search Time: Start - End-=--

Temperature (*F): Begin~ En~
Survey Area/Project Area: $/J S Crew: (j/ c.. t.:5 Month: (n Day: i:2..:1.... 2009 Visit # I
Period: estling Fledgling Call(s) Used. a I Wail I Begging Survey Year: 1st 8Nest Search: Y I@(ifyes attach Search Form) Nest Found: Y @ifyes attach Nest Loc. Form)

Survey Methodr:€:oadca;t'Aco,:s§j)lntensive Search,or DawnAcoustical,Other. Cloud Cover: 1 = <5%; 2 = 5-20%;3 = 2140%; 4 = 41~0%; 5 = 61.a0%; 6 = 81-100%

Turnstone Environmental Consultants
Goshawk Survey Form

Page Lof -'-- (including maps)

Wind Codes: 1 = Light air (>1mph), 2 = Light breeze (1-3 mph), 3 = Gentle breeze (4-7 mph), 4 =Light Wind (8-12 mph), 5 =Wind (12-15 mph), 6 =Gusty (>15 mph)
Weather Codes (WC): CL = Clear, FG = Fog, PC = Partly Cloudy, OC = Overcast, DR = Drizzle, RN = Rain, SN = Snow Weather Intensity (WI): 1=light, 2=moderate, 3=heavy

v

Sta. Time Wind Wuther Cloud DIIM:Iion DIIM:Iion (II ~ Contact Time Bearlna Dill Location UTMX UTMY- CD

DeliO ST# Begin End •• CD
Species Initial Final Town Range SectCode we WI Caver Code LOCItion IAzlmuthI (1IIIterI) 'I. NAD83-GPS data only

/..7t 0,/,,);1 ':y? ;) ;;>' 3 CL. I / NL
('7L 1()'1Y'.s o 9L/9 / C/ I /
---.,7c( a1S€ Jj)tJ'I :3 CI ( I

"'1') 101'1 j/);;JO d 1..' I I I
G?-c;' loLl / /0 t.f7- 3 /"J / I
f::£, (/ //;)'1 I/IS ,;J CI I I
G~_"\ //-:2., 1 113 =t- ;) ~I I I
v-?-n //1/<:; / /e" I :2 C/ I I

f

v-L~ IIC;){ 1000ij rJ CI I / i
I

C/...(, n.« I:J;)(') ::J r'.J / (
V'd, 7- UJ4 1,)3 C; 3 C/ / 1 .JI
f2.8 /)..;'=) J:) S ( t/ CJ :J ( Me

)~2q{}ft-1i v g-r It( 1-1 u TUl/u J:J~C-/ ,(,J5Y 31;) 1~t7o 3AJ IDE i-- 'AJ~
(07

·t;d.90~/..1/1/../),0,,- I

r:;.90 r:SI,; 12, If"; L/ l:/ I,) / Nl
Dz~~tA-li V g-r I lu Ii 7f»I) 1:Sf;;;' /-:"#H ~;;; .-J •...• 3AJ IOF 1- Af£ 1~Y1I'1S< c;.ry;., q :717

(;,9,],/ I~~~ / -)l./~3 CI I 1 Nt"
~ql jw I/L/I,J Lj CI 2 / Nl,

<%2.q8.j-~i V ~-J f /J LA. /:IVU IVIf J~/I 0 n ?:.rJ /0£ ~ SE. ~/''''''''~':;0(,,)-'- ,

/,~ /'fd9 1)'115 L/ /1 .:J / tJi.-
~l?f. 1'/117 1'152, -::z, rl I I
r'71 J'l..C;x /~cj 3 C.I I /
-:: 'J~ 151</ /5:dO 3 C.I I
r(J!) t(P) ~ I{"'-J I '1, ir _( J \
C./~~ 111<,(6 1 hLJ G, ,.

if I I iI"'l I
f--,I'J5 I/o Sib 11-01 ~ CI r :( MV

v

v

Age: (A)dult, (F)ledgling, (N)estling, (U)nknown Sex: (M)ale, (F)emale, (U)nknown Det. Code: (A)udio, (V)isual, (B)oth Det. Location: (AT) station, (8T) between stations
#= number of goshawks or otlrer raptor observed/detected Det._ID: unique dete«!ion identifier; date and sequential det. # for the day, (061208-1, 061208-2;ect) Time: Military format.

Comments: NG~ fJt to",,~(..~
v



Survey Tim.: StartO'110Endl1iQ Turnstone Environmental Consultants Page.lot _ (includingmaps)
Int.nllv. NHt Starch Tim.: Sta~ End__ Goshawk Survey Form
T.mperatur. (*F): Begin (0'1' End~
Survey ArealProject Area: 511> Crew: -r-bG- Month: O~ Day: "2..., ,2009 Vl.lt • ....;r__

perlod:~ Fledgling CaU(I) u.td~ WailI Begging Survey Vear: 111C§ NHt Search:Y~f yesattachSearchForm) NHt Found: Y I~f yes attachNestlocoForm)

Survey Method BroadcastAcouslica IntensiveSearch.or DawnAcoustical.Other. Cloud Cover: 1 = <5%;2 = 5·20%;3 = 21-40%;4 = 41~%; 5 = 61-80%;6 = 81-100%

Wind Cod •• : 1 = light air (>lmph). 2 = light breeze (1-3 mph). 3 = Gentle breeze (4-7 mph). 4 =light Wind (8-12 mph). 5 =Wind (12-15 mph), 6 =Gusty (>15 mph)
Weather Codes (WC): CL = Clear. FG = Fog. PC = Partly Cloudy. OC = Overcast. DR = Drizzle. RN = Rain. SN = Snow Weather Intensity (WI): i-light, 2-moderate, 3-heavy

SUi. Tim. WInd WNllltr Cloud ~ 0eIIdI0II I' f Contact Time Barlna DItt Location UTMX UTMV•
Del ID STI Begin End Code we WI c- Code I.ocItIan Spec," Initial Final IADmuIIII (""""I Town Range Sect Y. NAD83-GPS dataonly

~-g3 ()~I '& D'17J~ "3 IrA...- \ \ /'JL-

Gi<z, c:F?7. O<;""S '3 W I \

bi>l o~S'J.- \06'" ') L-L-- I \
G%'\ \01<6 r <') I.'" '3 G/" I \
(.,c., 1> IOU.S 1053 S l.4A....-

I I
/~~ 111'2..-- II( '} '3 It.A. I \
t::.~" I 1'3 () IL31 ') c,l/ l \

t.,;l,<;; 11.!.f':f lIS" "> cv I \

6Pl~ 1"2.0'\ I'" ll"
;, 11'(...-

\ l
600 l2Al \ 2.LI(I1 S 0....-

I I
(~ 130<.. \)1'-\ 11 /k I I

00\ \~ro I~.5 ':f- Li (A_ I ,
r:>!l\~ G..,5 ILto1 1.1 ci: I 1

~~'"II{~~ lL{25 l..t 0...- I \
Gt'1~. t<-l,c6 IL{S.3 11 c.v I (

l&t~~ ISo'1 IISIZ-- vj L.)...- 1 I
bl~ 1l-35 1~'1~ y c.L-- 2- L J/
612. 1 J~'1T I~ '1 c,/.;- z, I Idr,

Age: (A)dult. (F)ledgting, (N)estting. (U)nknown Sex: (M)ale, (F)emale. (U)nknown Del Code: (A)udio, (V)isual, (B)oth Del Location: (AT) station, (BT) between stations
fa number of goshawks or other raptor observed/detected Del_ID: unique detection identifier; date and sequential del. #I for the day, (061208-1, 061208-2, ect) Time: Military formal.
Comments:



SurveyTime: StartL2lL.2End~o
Intensive NestSearchTime: Start - End--=-
Temperature(*F):Begi~ End..&-
Survey Area/Project Area: 'S.. 0.5 Crew: 0 U3 Month: G Day: 3.cL. 2009 Visit # -.;.1__
PeriO~ I Fledgling Call(s)Used~ WailI Begging SurveyYear: 151 €:Nest Search:Y~it yesattachSearchForm) NestFound:Y~it yesattachNestLoc.Form)

Survey Method~ IntensiveSearch,or DawnAcoustical,Other. Cloud Cover: 1 = <5%; 2 = 5-20%;3 = 2140%; 4 = 41.00%;5= 61.a0%;6 = 81-100%

Wind Codes: 1 = Light air (>lmph), 2 = Light breeze (1-3 mph), 3 = Gentle breeze (4-7 mph), 4 =Light Wind (8-12 mph), 5 =Wind (12-15 mph), 6 =Gusty (>15 mph)
Weather Codes (WC): CL = Clear, FG = Fog, PC = Partly Cloudy, OC = Overcast, DR = Drizzle, RN = Rain, SN = Snow Weather Intensity (WI): 1=light. 2=moderate. 3=heavy

Turnstone Environmental Consultants
Goshawk Survey Form

PageLot.L (includingmaps)

Sta. Time Wind Weather Cloud Dttection Dttection

=
,. Contact Time Bearing Dill location UTMX UTMY••• ca

Bealn End
CD

Species Initial Final TownDeliO ST# Code we WI Cover Code lOCltion (AzImuth) (meterI) Range Sect '!. NAD83-GPS data onlv

v" &1 o73S ~iY"/ 3 c/.. ;) / Nt..-
~.? ()7'1~ iD'7C;"s :3 rL ;;;; / )J~
1/'/0 ...•..•. ~/d ..J rL / i tJG
lQ:q ID9,D/ O~;;)1-d CL 1/ / tvL--
~ ogre:; o5?~/ '3 "".L I;) I IV\.;

Age: (A)dult, (F)ledgling, (N)estling, (U)nknown Sex: (M)ale, (F)emale, (U)nknown Del. Code: (A)udio, (V)isual, (B)oth Del. Location: (AT) station, (an between stations
tI= number of goshawks or other raptor observed/detected Det._ID: unique detection identifier; date and sequential del. # for the day, (061208-1, 061208-2, ect) Time: Military format.
Comments:

tJf, 'l fJO to"," ~c.~
v



Survey Time: Start07/() End~

Intensive Nest Search Time: Start __ End __

Temperature (*F): BeginS'S"" End __

Survey ArealProjectArea: SDS Crew: ~ Month: Q~ Day:~. 2009 Visil#---I _

perio~ Fledgling Call (I) USedB Wail I Begging Survey Year: 1518 Nest Search: Y ®if yes attach Search Form) Nest Found: Y ~if yes attach Nest Loc, Form)

Survey MethodG::roadca~ Acous~ntensive Search,or DawnAcoustical,Other. Cloud Cover: 1 = <5%; 2 = 5-20%;3 = 21-40%; 4 = 41-60%; 5 = 6HIO%; 6 = 81-100%

Wind Codes: 1 = Light air (>1mph), 2 = Light breeze (1-3 mph), 3 = Gentle breeze (4-7 mph), 4 =Light Wind (8-12 mph), 5 =Wind (12-15 mph), 6 =Gusty (>15 mph)
Weather Codes (WC): CL = Clear, FG = Fog, PC = Partly Cloudy, OC = Overcast, DR = Drizzle, RN = Rain, SN = Snow Weather Intensity (WI): 1=light. z=rnoderate, 3=heavy

Turnstone Environmental Consultants
Goshawk Survey Form

Page ...Lof 1... (including maps)

Sta, Time Wind WNiher Cloud o.t.c:Iion o.t.dion f :. Contact Time Bearing Dill location UTMX UTMY•• CQ

DeliO ST. Begin End •• CD Species Initial Final (Azlmuthl (met",1 Town Range SectCode we WI Cover Code LOCIIIon 'I. NAD83-GPS data only
652.. 0"t2:\ o'1$i 2 u...- \ I ,..Jc...
&,SI., o'1Ji? 161'''t5' 2- C)...- \ I
~sSIb-:rSo o~~ ?-- Ll;- t \
('l~t.t ol~ 6'b1> 2- K-L- t I ,~

()Jl')t)tf\-\ i<;bo.5 6&/4 l)~t{ '3 ~L.. 1- t V 'f!.'( I U A. 2.1'~~o iJ«> 0'830 2.-=10" 100 3iJ lOB' 1;, ?W (., 107 Z 4 5-"'·I7J ..Jr:iil": "
r,,~O o~3S t:>gl{ 3 '5 c,,(•.•• L l Nt..-

~'5\ o~S'1 0405 z. k:-L-- \ I tJL-
I

Age: (A)dult, (F)ledgling, (N)estling, (U)nknown Sex: (M)ale, (F)emale, (U)nknown Det. Code: (A)udio, (V)isual, (B)oth Det. Location: (AT) station, (BT) between stations
••• number of goshawks or other raptor observed/detected Oet._ID: unique detection identifier; date and sequential del. # for the day, (061208-1, 061208-2, ect) Time: Military formal.
Comments:



Turnstone Environmental Consultants
Goshawk Survey Form

Page -Lot -L (includingmaps)SurveyTime: Start.llf.S: End.itA.L5
Intenslv. NIIt SurchT~j Start.....::.- End-=-
Temperlture (tf): Begin End-2Q
Survey Area1Project Are.: 5 D S Crew: we.. L3 Month: l DIY: ~ ~ Vlalt" d
Period: NesUing ~ CIU(.) Used:Alarm ~Survey Year: 111 (fJ) NtIt Surch:Y ~ yes attach Search Form) Nest Found:Y ®if yes attach Nest Loc. Form)

SurveyMlthod~t ~ntansNe Seardl, orDawnAooustical,Other: CloudCover: t ::<5%; 2:: 5-20%; 3 :: 21-40%; 4:: 41-60%; 5:: 61-80%; I:: 81-100%

WInd Codes: 1 = Light air (>tmph), 2 E Light breeze (1-3 mph), 3 = Gentle breeze (4-7 mph), <II =Light Wind (8-12 mph), 5 =Wind (12-15 mph), 6 -GUlty (>15 mph)
Waather Codes (WC): CL = Clear, FG = Fog, PC •• Partly Cloudy, OC •• Overcast, OR = Drizzle, RN = Rain, 8N II: Snow Weather Intensity (WI): 1-light, 2-moderate, 3-heavy

Sta. Time WInd WIIIIIIr Cloud DIIIctIoII DIIIctIoII r f ContIct TIme a.tna DIll l.ocItion UTMX UTMY•
Del 10 ST. Bealn End Code we WI eov. Code l.OCIIioft SPICiII Initial Final IAIimuIIII lmetlnl Town Ranat Sect % NAD83-GPS data onlv

IG?.c; /1<::;/- 1":/1:>_1 ~ te_ l...:> '3 Nc
G7? /.Jt')9 /J I < .3 fie 1;1 ~
~7R'/1::1:1.,. J:J~9 3 ,Pc :J ~
p~ 1/;:;t./~1:;;.':;1 :J tc. 1 3
~~q i/:J5'3 /7LJf/ d f'c I ~
~3 J31C; J?:2/ .3 Ie I 3~.:;)11;~ /31// ;) Pc I ~
~f?l1/-:Sl/9 f?')c:., -?, fJc ":J 3
';811 /11/7; /l//9

,.. Ie.. I 3
(;,91< /U(#'"\ /ca»: :J Ie I 3
6tr~ ~~ IS I;? :J Pc I 3
~ i5-'S /5 :J,J 3 Ie / .3
::;:-S?<; 1)5111/ J5SQ J fie. / 3 II
~t:, /L./Y) /LO~ :J Pe_ I .3 A If.

Age: (A)duH, (F)ledgling, (N)estling, (U)nknown Sax: (M)ale, (F)emale, (U)nknown Del Coda: (A)udio, (V)isual, (B)oth oat LOCIItlon: (AT) station, (BT) between Itations
fa number of goshawkl or other raptor observed/detected Del_ID: unique detection identifier; date and sequential del. , for the day, (061208-1, 061208-2, act) Time: Military format.
Commants:



Survey Time: ~ End.J]Qi
1nttnIIv. HIlt 8tMch Time: ~ Enct-_
Ttmptt'IItIn rF): Begin...b.E.... End~
SurveyAreaIProjectArea: &Ps Crew:J.~C'>~o$ Month: J Day:~ __ VI.,t" 2-

Ptt1od: Nading ~C.II(.) UHd: Alarm ~ SUrvey Yilt': 1- ®NtIt Starch: Y A'Hlifyes attach Search Form) NtIt Found:Y Ultif yes attach Nest lac. Form)

Survey Mtthod~A~lntenslveSeerc:h,orDIWI\AcousIIcII,OIIer. Cloud Cover: 1=<5%; 20:'5-20%;3=21~; 4a41c60%; S"81.wt.; 1=81·100%

Wind Codes: 1 •• light air (>1mph), 2 - light breeze (1-3 mph), 3· Gentle breeze (4-7 mph), 4 -light Wind (8-12 mph) •• -Wind (12-15 mph). IS-GUlty (>15 mph)
W•••••••. Codes (We): CL "" Clear. FG •• Fog. PC - Partly Cloudy. OC •• Oven:Ilt. DR •• Driule, RN •• RaIn. 'SN - Snow W•••••••. ,ntensIty (WI): 1-tlght. z-moderate. 3aheavy

Turnstone Envlronm ntal Con ultants
Goshawk Survey Form

Page..Lof .L, (includingmaps)

8tl.TImt WIIId •••• CIIIIId •••• ••• • r f ContIct TIIIIt •••••• DIll LocItIon UTMX UTMY
DIlJD ST. Beatn End Code we WI Ceww Code leaIIoII ••••• Inltlll FIMI CAIIIIIIIIIIII •••••• 1 Town. Renae Stet % NAD83-<WS da(a only

(;.\1.'- 1151.1 17.(» Lj PL , 2. lJ('
r~\'\O 1':l..'tO \'t't.l I.j ~r \ 2-

Ir_\~\ I'Z.~O " :t.., "1 'Pc. \ '2..

G\1..\ ~\c:.. \~'2.? 4 ,;>" \ 2-

&\'L'; .~3C> \!.~1 \4 ~<.. , '2..

(, \!9 ,~'\9 \!.s& '-i ?(, 2.. 2
r,;.\1.I.. ,400 1'"\0\ Y V(. 2.. 1.

••\'t" i \41lt H'2..\ 4 ~c.. 'l.. 'L

1•• \7.R \441 1"'<;'"1 4 ~ 'l. Il.

c..\'!o I~\ \t;()' lj K 2- Il.

Cr\1.11 IICi'-\. IS2\ 4 ~ ~ '2

(~(!,~ 1,C,29 '~3t. '-I vc '1.. 'l.

("",..1 .<;45 ISSZ. Lf ec 1- '2..

(;.\?,f" 1C,5<.. 1'-02. I.j f<. IJ,. 'Z..

G-\'!IO I~' Ih!l; ."1 Pc:. 12. ~
& \\?-. It;2\..\ 1t,3\ 4 ~c. I) 2..

&\\<} ,t39 Ib'i' 4 Pc. IJ. 'l.

&\'1..'\ J{,&.t& 11.5"\ 4 fc. '1. 1 ,-;'
<,.,1..-:r,. I{,50' 1'10'" 'i ~c.. '2. z; !Vr-

Age: CA)dult. CFIIedgUng. (N)eltling. (U)nknown Sex: (Mlale. (F)emlle. (U)nknown Det. Code: (AJudIo. (V)ilual. (8)oth Det. Location: (AT) atatIon.. (ST) between ltations
•• number of goshawks or other raptor observed/detected Det._ID: unique detection identifier; date and sequential det" for the day. (081208-1. 081208-2. ect) TIme: Military format,
Commenta:

fJ~"/ tJO CoV\~<Kv



Turnstone Environmental Consultants
Goshawk Survey Form

PageLot L (indudingmaps)Survey Tim.: Start2lZ5 EndM5
Intenslv. Hilt Stardt Tim.: S~ End-=-
Ttmptrlturt (*F): Beginli End_
SurveyArea/ProjectArea: Crew: PLA Month:;Z DIY: fa-.~ V'.'t" :J
Period: Nestling~ CIII(s) UIId: Alarm alii Begging Survey Year. 1- (iiJ Hilt Seardt: YkflJt yesattach SearchForm) Nnt Found: YcOt yes attachNestLoc.Form)

Survey Mtth .8IOadcast . Intensive Search,orDawnAcoustical, Other. Cloud Cover: t = <5%; 2 = 5-20%;3 = 21~%; 4 =41~%; 5=61~; '=81·100%

Wind Codes: 1 •• Light air (>1mph), 2 z:: Light breeze (1-3 mph), 3 = Gentle breeze (4-7 mph), 4 =Light Wind (8-12 mph). 5 =Wind (12-15 mph), 6 -Gusty (>15 mph)
WNther Codes (WC): CL = Clear, FG = Fog, PC •• Partly Cloudy, OC = Overcast, DR = Drizzle, RN z:: Rain, 8N •• Snow Weather Intensity (WI): 1-light. 2-moderate. 3-heavy

StI. Time WInd w.... Cloud DeIIdIoII.,....,. if f
Del ID rS-y-.+---'Bea=lln~=En-d-+=CocIe=-t""':::WC=r=-Wl-t-=Cowtr==-+=CocIe='-+-l.ocIaon=~ • SJItCiH

ContIct TIme BIIItna DIll loc:ItIon UTU UTMY

Initial Final (AzimuIII1 IJMtInI Town Ringe Sect % NA083-GPSdata onlv

Gil.3I//2:J/ JJ;}'? d .tr_ I;; ...v
v bll6Aer-I,' .:JA:. I;J V

~~/ IJ/C?5::., LJt1/ :JPc. \ t ur,

C;/./ J.J$) J:JS? d 11'c. I 2.

Age: (A)dult, (F)ledgling, (N)estling, (U)nknown Sex: (M)ale, (F)emale, (U)nknown Del Code: (A)udio, (Y)lsual, (B)oth Del Location: (AT) station, (BT) between stations
•• number of goshawks or other raptor observed/detected Det._ID: unique detection identifier; date and sequential del .• for the day, (061208-1, 061208-2, ect) nme: Military format.
Comments:



Survey 11 : Start.c:ul. End.l3..ZJ.
IntIntIv. NtIt Starch Time: StarL...:.-- End_-_
TtmpII'Iture (*1=):BegIn..!iL End.1.L
Survey AreaIProject ANa: St§ ).,)"'~~utJ4 't&&r Crew: 1't0'1$? Month: 1 DIY: ~ __ V,.,t "_2. _
Ptriod: Nestling ~ CaU(I) Used: Alarm Wail ~ Survey Yur: 1- ~ NtIt 8tIrch: Y~(if yes attach Search Form) MIlt Found:Y ®if yes attach Nest Loc. Form)

Survey Mllhod:~ A~1ntansive Seardl. or DawnAoouIticeI.Oller. Cloud Cover: t = <5%; 2" ·5-20%;3 = 21-40%; 4" UM%; 5" 61~%; ••• 81-100%

Wind Codes: 1 •• Light elf (>1mph). 2· light breeze (1-3 mph). 3· Gentle breeze (4-7 mph) ••• -light Wind (8-12 mph).a-Wind (12-15 mph). 8 -Gulty (>15 mph)
WHiher Codes (Wet: CL = Cleer. FG •• Fog. PC • Pertly Cloudy. OC c: Overc:elt. DR • Drizzle. RN •• ReIn. 8N - Snow WNther Im.nslty (WI): 1a1lght. z-moderete. 3-heeVV

Turnstone Environmental Con ultants
Goahawk Survey Form

Page..Lot _\ (indudingmaps)

StI_ TImt WIld •••• CIOIICI •••• u.cIIII • r f ContId TIllIe IIIIIIM DIll LocItIon UTMX UTMY
DelID ST. Bealn End Code we WI c.. Code I..oc*II SDICIM initial FInII 1AIIIIIa'· fIMfIn' Town. Rlnae Sect % NAQ83.GPS data only

~...~ 011.{~ o~ \ ~<.. I 3 rJC
,11'1"> !cf!03 ¢~IO \ '?<.. \ 3

-I1'A ibA'2..~ !~50 \ ?c.. \ 3
(;.\\""1 o83S b8yl. t fOe... \ 11
-\\0 1~'t5 b~G2. \ 1'c.. \ 4
cr~.~o~5' 1,.,lk>"I , ?t. , 4

1"..uo'2.. oq,~ oQ"Z6 \ Vc.. l '4

!fIt> \ lo<}'l,\( 0'130 \ il>c... I 5

","\0(, I<'A!.~ oq"!o \ 't'c... \ S

1.11\ oqt{G IcA5'2.. l R: , l:,

11:1\'2. I,,~ ~ \ 'Pc \ b

~\D' 11'>2~ Lc>35 \ Yc... \. l:.

1/~'oo 1041 Ib~' \. ?(... \ &

K.<¥\.s l/)~q It> e.,{., I 1'<.... I 'i
~¥. 110'2.. LI"q \ 'Pc.. \ 4

(,\\!I I\[~ 1\26 \ fIoL \ ~
II'~\\I/ ","1 II '41 \ '?c... \ If
1(..\33 \1~4 \20\ t fc.. , "\
c..\~1. ,1.\\ \2..\i l Pc l !oJ

c,. \'S'4 r'2.1~ ,"1 'I,l \ ~c. \ S
Gd!O 1'1.'1.0 , 11.\1 \ 6(" I t;
I>-~ l'Z.?L • 7.I,Q I 0<'" \ to
Go-13). \ ,~~ ,,,,,0 I 11''''' \ <;
6-\\5 \~C, \~'l.. \ 19l. \. s ,11

G,Itlf': I-;~(P 13YY I PC I S NC
Age: (A)dult. (F)ledgling. (N)eltling. (U)nknown Sex: (M)ele. (F)emele. (U)nknown Det. Code: (A)udlo. (V)ilual. (B)oth Det. LocetIon: (AT) Itetlo.qBT) between ltetiona
•• number of goahewka or other raptor observed/detected Det._ID: unique detection identifier; dete end aequentiel det.' for the dey. (081208-1. 081208-2. ect) nme: Military formet.
Comments:

v



Survey Time: ~ End~
IntInIIv. HIlt SeIrch Time: ~ En<r_
Ttmptrltu,. (*F):Begin.J.::L:. End~
Survey AreaIProject Are.: .S:\:>~ w .••.,~""u~C:o- ~I'O~ Crew: 9.'o~"s Month:., Day: ~ Ui!...VI,It" 2.....

PerIod: NesHlng ~CII~') Ustd: Alarm ~ Survey Vllr: 1" ~ NIIt SeIrch: Y6i]f yes attach Seardl Form) HIlt Found: YQ!lif yes attach Nest loco Form)

Survey Mtth<08Ioedcast A~ IntInsMtSeerdl.Of DawnAoousbI.~ Cloud COVIl': t z <5%; 2 E '5-20%;3:: 21-40%; 4 a 41~%; 5,. 81-M%; .:: 81·100%

Wind Codes: 1 3 light lir (>1mph). Z -light breeze (1-3 mph). S - Gentle breeze (4-7 mph). 4 -light WInd (8-12 mph) •• -Wind (12-15 mph). 8 -GUlty (>15 mph)
W•••••• r Codes (We): CL = Clelr. FG 3 Fog. PC - Pirtly Cloudy. OC •• Overcalt. DR - Drizzle. RN • Rain. 8N - Snow Weather I••••• tty (WI): 1"ight. z-modera~. 3aheIVY

Tumsto e Environmental Con ultants
G08hawk Survey Form

Page _\ of _, (induding maps)

StI. TIme WIld ••• Claud •••• •••• • If f ContIct 1111II ••••• DIll LocItIon UTMX UTUY
Dlt.JD ST. Bealn End eo. we WI eo.. Code LOCIIoII SIIICIM initial FInII 1AziIdI' ....., Town. RInat Sect % NA08J.GPS data only

1c;21- ICe:. 1- 1~C\ , CL,.. \ \ Nt"
"1:2.6 \(.,o~ Ib\() \ c..~ \ \

<,.13 \b'2.~ Ib35 \ Gt.. I I

c,l..\ }/,!.t L\ ,t, !II \ CoL I \

(..~ 1",5!1. 110'\ I CL \ \

("'16 \ 1\'-\ \,-t,\ , c.1... I \

l'~~ \,!.~ " ...•.• I CL I \

~9 n4S "'"", \ Co\. \ \

G-S1 •\Q.l)'1- \~a.. I Co\" ~ I

c,sf. \~\~ .1l.'l.S , Co'- 2. \

t;-5S' \~~ \~!>, \ Co\.. -'3 ,

c,.9-I I~S~ i \'\.00 \ l'~L ~ \
...V

r-3& \~I>'2. \,,~ \. 0. ~ \
IJl:.,..

Age: (A)dun. (f)ledgling. (N)eltling. (U)nknown S•• : (M)e". (F)em •••• (U)nknown Del Code: (A)udlo. (V)iIUIII. (B)oth Del Location: (AT) atatIon..(8T) between stations
•• number of goshawks or other raptor obtefYedldetec:ted Del_IO: unique detection identifier; date Ind sequential det. 'for the dlY. (081208-1. 081208-2. ect) TIme: Military fonnlt.
Comments:



Survey Time: S~ EndL230
Intenslv, Hilt Starch Time: S~ End-=-
Temperlture (*F): Begin~ End~
Survey Area/Project Area: ~ 0_'S Crew: itJW Month: 1: Day: ~ ~ VI'll , :J
Period: Nestting~ CaU(s)Used: AI~ ~ii I ~ Survey VII': 1" ~tIt Starch: y ~if yes attachSearch Form) Hilt Found: y dDif yes attachNestLoc.Form)

Survey Mttho(:"sioadcast 3,Intensive Search, or DawnAcoustical, Other. Cloud Cove, : 1 = <5%; 2 = 5-20%;3 = 21~%; 4 = 41-60%; 5 = 61-30%; ,= 81·100%

Wind Codes: 1 = Light air (>1mph), 2 = Light breeze (1-3 mph), 3 = Gentle breeze (4-7 mph), •• =Light Wind (8-12 mph), 5 =Wlnd (12-15 mph), 6 "Gusty (>15 mph)
Weather Codes (WC): CL = Clear, FG = Fog, PC • Partly Cloudy, OC = Overcast, DR = Drizzle, RN = Rain, 8N •• Snow Weather Intensity (WI): 1-lIght, 2-moderate, 3aheavy

Turnstone Environmental Consultants
Goshawk Survey Form

PageLot L (includingmaps)

SU. Time WInd WIIIIMr Cloud DIIIcIioII DIIIcIioII r f ContIc:tTIme IIeIrtna DItt locItIon UTMX UTMY•DIt. ID ST. Bealn End Code we WI Cover Code lOCIIIoft Spec_ initial FInal CAzInIuIIII llIIItnl Town Range Sect Y. NA()83.{;PS data only
~q /C;c;?- 1~,,3 :J Ct... / I N('
I~~c;Jt./I/ 1~2LJ -:? /'-L. J /
(;1'..0 /I..;)c. Ilk 5..7 :J k:c:... / I
~.3 J/"t// I//.J/~ :J CL ;) I
~~ igttll' I~ :J C.L d {
~S(1/7-/D J7d / C.L I I
::;56 V-r.).5 IJ~~ I .J CL { I ,I;
t;q'fI" 1/9-~9 IP;S .3 CL I ( NL.

f)-H')IJY- I; 3 u J ( V ;) a a l-mllu /7~o I/~/ j:rq /6<::) 311I l{j£. '3 l5t.U /-[ ~;Z9C;~~PV''5'"
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EXECUTIVE SUMMARY 
 
In August 2007 Western EcoSystems Technology, Inc. initiated surveys designed to assess bat 
use within the proposed Saddleback Wind Energy Project, Skamania County, Washington. 
Passive AnaBat® II echolocation detectors were used to perform acoustic surveys for bats from 
August 20 through October 21, 2007. Three survey stations were established in the study area 
and each Anabat surveyed continuously during the night time hours over the study period.  
 
The objective of the acoustic bat surveys was to estimate the seasonal and spatial use of the study 
area by bats. Two Anabat echolocation detectors were used to periodically monitor bat use at the 
study during the period August 20 - October 21, 2007. A total of 348 bat passes were recorded 
during 45 detector nights. Just over half (55%) of the calls were < 35 kHz in frequency (e.g., big 
brown bat, hoary bat), and the remaining calls were > 35 kHz (e.g., Myotis bat species). Species 
identification was only possible for the hoary bat, which made up 5% of all passes. Activity 
levels for bat passes peaked in late August/early September. Activity levels for hoary bats were 
highest in mid-September, suggesting this species migrates through the study area at this time of 
year. However, equipment failures prevented data collection between September 17 and October 
14, so bat activity during this period is unknown.  
 
The mean number of bat passes per detector per night was compared to existing data at five 
wind-energy facilities where both bat activity and mortality levels have been measured. The level 
of bat activity documented at the Saddleback Wind Resource Area was higher than that at wind-
energy facilities in Minnesota and Wyoming, where reported bat mortalities are low, but was 
much lower than at facilities in the eastern US, where reported bat mortality is highest. Based on 
the available data it is likely that some bat mortality will occur in the study area, but the 
mortality is not expected to be as high as other facilities, and most casualties may occur late-
August to mid-September, during likely migration periods. Assuming that a relationship between 
bat activity and bat mortality exists, and that it extends to the western US, the rate of bat 
mortality at the Saddleback Wind Resource Area would likely be greater than the 2.2 bat 
fatalities/turbine/year reported at the wind-energy facility at Buffalo Ridge, Minnesota, and 
would likely be much lower than the 20.8 fatalities/turbine/year reported at the facility at Buffalo 
Mountain, Tennessee.  
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INTRODUCTION  
 
SDS Lumber Company is proposing to develop a wind-energy facility, the Saddleback Wind 
Energy Project (SWRA), in Skamania County, Washington (Figure 1). SDS Lumber requested 
Western EcoSystems Technology, Inc. (WEST) to develop and implement a standardized 
protocol for baseline studies of bat use in the project area for the purpose of estimating the 
impacts of the wind-energy facility on bats, and to assist with siting turbines to minimize impacts 
to bats. The protocol for the baseline study is similar to protocols used at other wind-energy 
facilities in the US. The protocol has been developed based on WEST’s experience studying 
wildlife and wind turbines at projects throughout the US and included passive AnaBat® II  
(Anabat) ultrasonic detectors sampling from fixed stations to quantify bat use in the study area.  
 
The purpose of this report is to summarize and describe the results of Anabat surveys during the 
fall of 2007, and to bring any items of biological interest, such as changes in seasonal bat use, to 
the attention of SDS Lumber. The scope of the surveys for bats included only acoustic bat 
surveys at fixed stations.  
 
 
STUDY AREA 
 
The proposed project area is in southeast Skamania County, approximately four miles northwest 
of White Salmon, Washington (Figure 1). The specific project area is just north of Underwood 
Mountain and includes Sections 5, 6, 7, and 8, Township 3N, Range 10E. The project area 
consists of hilltops, dominated by coniferous forests with some clearcuts, and linear clearings 
associated with powerline rights-of-way. Elevation of the project area ranges from approximately 
1,700 – 2,400 feet (ft; 518 – 732 meters (m)) above sea level.. 
 
 
METHODS 
 
The objective of the acoustic bat surveys was to estimate the seasonal and spatial use of the 
SWRA by bats. Bats were surveyed using AnaBat® II ultrasonic detectors coupled with Zero 
Crossing Analysis Interface Modules (ZCAIM; Titley Electronics Pty Ltd., NSW, Australia). Bat 
detectors are widely used to index and compare habitat use by bats. The use of bat detectors for 
calculating an index to bat impacts has been used at several wind-energy facilities (Kunz et al. 
2007a), and is a primary and economically feasible bat risk assessment tool (Arnett 2007). Bat 
activity was surveyed using two detectors from August 20 to October 21, 2007, a period 
corresponding to likely fall bat migration at this site.  
 
Detectors were placed at two locations (Figure 1). The detector at the north location was placed 
on the ground at the base of a meteorological tower on August 20, but on September 7 was 
elevated on the tower at a height of approximately 130 ft (40 m). The detector at the south 
location was placed on the ground on September 7, and remained there for the duration of the 
study. It was placed just outside the project area, but in an area representative of the project area 
in terms of habitat and topography. 
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Anabat detectors record bat echolocation calls with a broadband microphone. The echolocation 
sounds are then translated into frequencies audible to humans by dividing the frequencies by a 
predetermined ratio. A division ratio of eight was used for the study. Bat echolocation detectors 
also detect other ultrasonic sounds made by insects, raindrops hitting vegetation, and other 
sources. A sensitivity level of six was used to reduce interference from these other sources of 
ultrasonic noise. The calls were recorded via the ZCAIM, which uses a CompactFlash memory 
card with large storage capacity. The Anabat detectors were placed inside weather-tight 
containers (plastic tubs for ground units, a polypropylene dry bag for the elevated unit) with a 
hole cut in the side of the container for the microphone to extend through. Microphones were 
encased in PVC tubing with drain holes that curved vertically outside the container to minimize 
the potential for water damage due to weather. Anabat units situated on the ground were raised 
approximately 3 ft (1 m) to minimize echo interference and to elevate the unit above vegetation. 
The elevated Anabat unit was raised approximately 130 ft (40 m) up the meteorological tower 
using a pulley system. All units were programmed to turn on approximately ½ hour before sunset 
and turn off approximately ½ hour after sunrise each night. 
 
Incoming echolocation calls were digitally processed by the detector and passed to the ZCAIM 
for further processing and data storage. Each series of echolocation calls was saved to a file on a 
high-capacity CompacFlash card, and these files were then transferred to a computer for 
analysis. Computer software was used to view digital “sonograms” of the echolocation calls 
showing change in frequency over time. During analysis, these frequency versus time displays 
were used to separate bat calls from other types of ultrasonic noise (e.g. wind, rain, insects, etc.) 
and to assign calls to a high- or low-frequency group.  
 
The units of activity were number of bat passes (Hayes 1997). The absolute abundance of bats 
within a study area cannot be determined through acoustic sampling, and bat pass data represent 
levels of bat activity rather than numbers of individuals. A pass was defined as a continuous 
series of two or more call notes produced by an individual bat, with no pauses between call notes 
of more than one second (White and Gehrt 2001; Gannon et al. 2003). In this report, the terms 
bat pass and bat call are used interchangeably. The number of bat passes was determined by 
downloading the data files to a computer and tallying the number of echolocation passes 
recorded. Total number of passes was corrected for effort by dividing by the number of detector 
nights. Bat passes were classified as either high-frequency calls (≥ 35 kHz), which are generally 
given by small bats (e.g. Myotis spp. and western red bat (Lasiurus blossevillii)), or low-
frequency (< 35 kHz), which are generally given by larger bats (e.g. Townsend’s big-eared bat 
(Corynorhinus townsendii), and hoary bat (Lasiurus cinereus)). Data determined to be noise 
(produced by a source other than a bat) or call notes that did not meet the pre-specified criteria to 
be termed a pass were removed from the analysis. To establish which species may have produced 
the high- and low-frequency calls recorded, a list of species expected to occur in the study area 
was compiled from range maps (Harvey et al. 1999; BCI website). 
 
The total number of bat passes per detector night was used as an index for bat use at the SWRA. 
Bat pass data represent levels of bat activity, rather than the numbers of individuals present, 
because individuals cannot be differentiated by their calls. Bat activity was summarized by 
location and by weekly and nightly intervals from August 20 to October 21, 2007. To predict 
potential for bat mortality (i.e. low, moderate, high), the mean number of bat passes per detector 
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night across locations (i.e., the mean of ratios) was compared to existing data from wind-energy 
facilities where both bat activity and mortality levels have been measured. 
 
 
RESULTS 
 
Bat activity was monitored at three sampling locations on a total of 63 nights during the period 
August 20 – October 21, 2007. Equipment failures compromised data collection for the northern 
unit between September 17 and October 14, and for the southern unit between September 17 and 
October 21. Anabat units were operable for 24% of the sampling period, recording 348 bat 
passes on 45 detector-nights (Table 1). Averaging bat passes per detector-night across locations 
gave a mean of 7.91 bat passes per detector-night.  
 
Spatial Variation  
 
Bat activity was similar between the ground Anabat units in the north (mean = 11.67 ± 2.0 bat 
passes per detector-night) and south (mean = 9.60 ± 4.1; Figure 2a) locations. At both locations, 
the number of high-frequency (HF) bat passes per detector-night was approximately one and a 
half times greater than the number of low-frequency (LF) passes. Bat activity was much lower at 
the north elevated location (mean = 2.47 ± 1.1), and LF bat passes greatly outnumbered HF bat 
passes. Patterns of nightly activity were similar among detector locations (Figure 2b), although 
data from the north ground detector were not collected concurrently with data from the other two 
detectors, making direct comparisons difficult. 
 
Seasonal Variation 
 
From the start of the acoustic bat surveys on August 20, bat activity increased to a peak on 
September 1, and then decreased through September 13, 2007 (Figure 3). Bat detectors were 
largely inoperable past September 17, preventing detection of bats for the entire duration of the 
study, except for a one-week period at the end of the study for the north elevated station, during 
which no bats were detected. Patterns of activity for HF and LF bats were congruent with the 
overall trend (Figure 4a), with the number of HF bat passes per detector-night peaking between 
August 30 and September 1 (26% of all HF passes), and LF bat activity at its highest on 
September 6 and 9 (29% of all LF passes; Figure 4b).  
 
Species Composition 
 
Species identification for specific bat passes was possible for the hoary bat; therefore, passes by 
this species could be separated from passes by all other low-frequency bats. Hoary bats 
comprised 5.7% of the total passes detected within the SWRA (20 of 348 bat passes; Table 1). 
Most passes by hoary bats occurred at the south location (mean = 1.2 ± 0.7 passes per detector-
night), with several being detected at the north elevated location (mean = 0.2 ± 0.1) as well. No 
hoary bat passes were detected at the north ground location. Activity for hoary bats was highest 
on September 9 (44% of total hoary passes; Figure 5). 
 
 



 Saddleback Anabat Survey Report 
 

 
Western EcoSystems Technology, Inc. 4 February 14, 2008 

DISCUSSION 
 
Potential Impacts 
 
Assessing the potential impacts of wind energy development to bats at the SWRA is complicated 
by our current lack of understanding of why bats collide with wind turbines (Kunz et al. 2007b), 
combined with the inherent difficulties of monitoring elusive, night-flying animals (O’Shea et al. 
2003). To date, monitoring studies of wind-energy facilities suggest that a) migratory tree-
roosting species (eastern red bat (Lasiurus borealis), hoary bat, and silver-haired bat 
(Lasionycteris noctivagans)) comprise almost 75% of reported bats killed (Kunz et al. 2007b); b) 
the majority of collisions occur during the post-breeding or fall migration season (roughly 
August and September; Gruver 2002; Johnson et al. 2003); and c) the highest reported fatalities 
occur at wind facilities located along forested ridge tops in the eastern US (Kunz et al. 2007b), 
although recent studies report relatively high fatalities as well in agricultural regions of Iowa 
(Jain 2005) and Alberta, Canada (Baerwald 2006).  
 
Some studies at wind-energy facilities have recorded both pre-construction Anabat detections per 
night and bat mortality once the facility is operational (Table 2). The number of bat calls per 
night as determined from bat detectors shows a rough correlation with bat mortality, but may be 
misleading because effort, timing of sampling, species recorded, and detector settings 
(equipment and locations) varies among studies (Kunz et al. 2007b). The best available estimate 
of mortality levels at a proposed wind-energy facility involves the evaluation of on-site acoustic 
bat data, in terms of activity levels, seasonal variation, and species composition, and the 
topographic features of the project area. 
 
Activity 
 
Bat activity at the SWRA (mean = 7.91 bat passes per detector-night; Table 1) was relatively 
high compared to that observed at wind-energy facilities in Minnesota and Wyoming, where bat 
collision mortality was low, but it was much lower than activity recorded at facilities in West 
Virginia and Tennessee, where bat mortality rates were high (Table 2). Based on the presumed 
relationship between pre-construction bat activity and post-construction fatalities, we expect bat 
mortality rates at the SWRA to be greater than the 2.2 bat fatalities/turbine/year reported at 
Buffalo Ridge, Minnesota, but much lower than the 20.8 fatalities/turbine/year reported at 
Buffalo Mountain, Tennessee.  
 
Seasonal Variation 
 

The number of bat calls detected per night at the SWRA peaked in late-August/early-September. 
Activity by hoary bats appeared to peak in mid-September, suggesting that migration of this 
species through the area occurs at this time of year. However, given the lack of Anabat coverage 
between September 17 and October 14, it is unknown whether bat activity would continue to 
abate, or whether subsequent pulses of activity were missed. The absence of bat calls from the 
detector at the north elevated station between October 15 and 21 suggests that bat activity is low 
at this time of year. Fatality studies of bats at wind-energy facilities in the US have shown a peak 
in mortality in August and September, and generally lower mortality earlier in the summer 
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(Johnson 2005). While survey efforts vary among different studies, the studies that combine 
Anabat surveys and fatality surveys show a general association between the timing of increased 
bat call rates and timing of mortality, with both call rates and mortality peaking during the fall 
(Kunz et al. 2007b). Based on the available data, it is expected that bat mortality at the SWRA 
will be highest in late August/early September, with an undetermined potential for mortality in 
late September/early October. 
  
Species Composition 
 
Of the fourteen species of bat likely to occur in the study area, five are known fatalities at wind-
energy facilities (Table 3). Acoustic bat surveys were unable to determine bat species present in 
the study area (except for hoary bat), but they were able to distinguish high-frequency from low-
frequency species. Bat passes at the SWRA were fairly evenly distributed between high- and 
low-frequency species. Fifty-five percent of passes were by high-frequency bats, suggesting 
higher relative abundance of species such as western red bat and Myotis species. High-frequency 
species were detected more often than low-frequency species at the ground stations, whereas the 
reverse was true at the north elevated station. This pattern may reflect different foraging 
strategies among species. Many of the low-frequency species likely to be present at the SWRA 
(e.g., hoary bat, silver-haired bat, and big brown bat (Eptesicus fuscus)) tend to forage at higher 
altitudes than most high-frequency species, due to their wing morphology and echolocation call 
structure (Norberg and Rayner 1987). Hoary bats made up 10% of all low-frequency passes at 
the SWRA, and were most active in mid-September, suggesting fall migration through the area.  
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Table 1. Results of bat acoustic surveys conducted at SWRA, August 20 – October 21, 

2007. 

Anabat 
Location 

# of 
HF Bat 
Passes 

# of 
LF Bat 
Passes* 

# of Hoary 
Bat Passes 

Total Bat 
Passes 

Detector- 
Nights 

Bat 
Passes/ 
Night 

North ground 126 84 0 210 18 11.67 
North elevated 4 38 4 42 17 2.47 
South ground 60 36 16 96 10 9.60 
Total 126 239 66 348 45 7.91 
*Passes by hoary bats are included in low-frequency numbers 
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Table 2. Wind-energy facilities in the US with both pre-construction Anabat sampling data 

and post-construction mortality data for bat species (adapted from Kunz et al. 
2007b). 

Wind-Energy Facility 
Activity 

(#/Detector Night) 
Mortality 

(Bats/Turbine/Year) Reference 

Saddleback, WA 7.91  This study 

Foote Creek Rim, WY  2.2 1.3 Gruver 2002 

Buffalo Ridge, MN 2.1 2.2 Johnson et al 2004 

Buffalo Mountain, TN 23.7 20.8 Fiedler 2004 

Top of Iowa, IA  34.9 10.2 Koford et al. 2005  

Mountaineer, WV  38.3 38.0 Arnett et al. 2005  
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Table 3. Bat species determined from range-maps (Harvey et al. 1999; BCI website) as 

likely to occur within the SWRA, sorted by call frequency. 
High-Frequency (≥ 35 kHz) Low Frequency (< 35 kHz) 
western red bat† Lasiurus blossevillii pallid bat Antrozous pallidus 

California bat Myotis californicus Townsend’s big-
eared bat Corynorhinus townsendii 

western small-footed 
bat Myotis ciliolabrum big brown bat† Eptesicus fuscus 

western long-eared bat Myotis evotis hoary bat*† Lasiurus cinereus 

Keen’s bat Myotis keenii silver-haired 
bat*† 

Lasionycteris 
noctivagans 

little brown bat† Myotis lucifugus   
fringed bat Myotis thysanodes   
long-legged bat Myotis volans   
Yuma bat Myotis yumanensis   
*long-distance migrant; †species known to have been killed at wind-energy facilities 
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Figure 1. Study area map showing project area and Anabat sampling stations at the 

SWRA.  
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Figure 2a. Number of bat passes per detector-night by location at the SWRA. 
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Figure 2b. Number of nightly bat passes, grouped by Anabat location, at the SWRA.  
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Figure 3. Number of bat passes and noise files detected per detector–night, presented 
nightly, at the SWRA. 
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Figure 4a. Weekly activity by high- and low-frequency bats at the SWRA. (Equipment 
failures prevented data collection between September 17 and October 14, 2007.) 
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Figure 4b. Nightly activity by high- and low-frequency bats at the SWRA. (Equipment 
failures prevented data collection between September 17 and October 14, 2007.) 
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Figure 5. Number of passes per detector–night by hoary bats, presented nightly, at the 
SWRA. (Equipment failures prevented data collection between September 17 and 
October 14, 2007.) 
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EXECUTIVE SUMMARY 
 
Western EcoSystems Technology, Inc. initiated surveys in July 2008 designed to assess bat use 
within the proposed Saddleback Wind Resource Area, Skamania County, Washington. Acoustic 
surveys for bats using Anabat® SD-1 ultrasonic detectors at four fixed stations were conducted 
from July 3 to October 7, 2008. The objective of the acoustic bat surveys was to estimate the 
seasonal and spatial use of the study area by bats. A total of 56,595 bat passes were recorded 
during 97 detector nights. Averaging bat passes per detector-night across locations, we detected a 
mean of 148.34 bat passes per detector-night across all stations. 
 
Three stations were placed in upland areas typical of those likely to contain wind turbines.  Data 
from these three detectors were used to assess risk of bat collision mortality.  A fourth detector 
was placed adjacent to a pond in the local area to assess levels bat activity and composition of 
primarily breeding bats in the project area.   
 
At the three upland stations, over 65% of the calls were <35 kHz in frequency (e.g., big brown 
bat, silver-haired bat, hoary bat), and the remaining calls were >35 kHz (e.g., Myotis bat species). 
Species identification was only possible for the hoary bat, which made up 6.0% of all passes at 
the upland stations. At the wetland station (SB2), 69.7% of all passes were >35 kHz and hoary 
bats composed 2.0% of all recorded bat passes. Activity levels for bat passes both the upland 
stations and wetland station peaked in July and early August. Activity levels for hoary bats were 
highest in July, suggesting the project area is used more for breeding by this species than as a 
migration corridor.  
   
The mean number of bat passes per detector per night was compared to existing data at five 
wind-energy facilities where both bat activity and mortality levels have been measured. The level 
of bat activity documented at the Saddleback Wind Resource Area was considerably higher than 
that at wind facilities in Minnesota and Wyoming, where reported bat mortalities are low, and 
was also higher than at facilities in the eastern US, where reported bat mortality is highest.   
 
Although high bat activity levels were recorded at the Saddleback Wind Resource Area, the 
available evidence indicates that these data do not necessarily imply that bat fatality levels will 
be high.  Numerous factors, including the timing of the activity, differences in call rates among 
the various habitats, and composition of the bat calls suggest that bat mortality may be lower 
than indicated by the high bat activity recorded.  No data on bat mortality levels associated with 
wind energy developments in western coniferous forests are available to help predict risk to bats 
at the Saddleback Wind Resource Area.  Bat fatality patterns may differ from those in open 
habitats as well as in eastern deciduous forests. 
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INTRODUCTION  
 
SDS Lumber Company is proposing to develop a wind-energy facility in Skamania County, 
Washington. SDS Lumber requested Western EcoSystems Technology, Inc. (WEST) to develop 
and implement a standardized protocol for baseline studies of bat use in the project area for the 
purpose of estimating the impacts of the wind-energy facility on bats, and to assist with siting 
turbines to minimize impacts to bats. The protocol for the baseline study is similar to protocols 
used at other wind-energy facilities in the United States. The protocol has been developed based 
on WEST’s experience studying wildlife and wind turbines at projects throughout the US and 
included passive acoustic sampling using Anabat bat detectors at fixed stations to quantify bat 
use in the study area.  
 
STUDY AREA 
 
The proposed project area is in southeast Skamania County approximately four miles northwest 
of White Salmon, Washington (Figure 1). The specific project area is just north of Underwood 
Mountain and includes Sections 5, 6, 7, & 8, Township 3N, Range 10E. The project area consists 
of hilltops dominated by coniferous forests with some clearcuts and linear clearings associated 
with powerline rights-of-way. Elevation of the project area ranges from approximately 1700′ – 
2400′. 
 
 
METHODS 
 
Bat Acoustic Surveys 
 
The objective of the bat use surveys was to estimate the seasonal and spatial use of the SWRA by 
bats. Bats were surveyed using Anabat® SD-1 bat detectors (Titley Electronics Pty Ltd., NSW, 
Australia). Bat detectors are a recommended method to index and compare habitat use by bats. 
The use of bat detectors for calculating an index to bat impacts has been used at several wind-
energy facilities (Kunz et al. 2007a), and is a primary and economically feasible bat risk 
assessment tool (Arnett 2007). Bat activity was surveyed using four detectors from July 3 to 
October 7, 2008, a period corresponding to summer breeding and fall bat migration at this site. 
Detectors were placed at four locations (Figure 1).   
 
One detector (SB2) was placed at a wetland in the project area to assess activity levels and 
composition of local, breeding bats in the project area.  This is a standard practice for evaluating 
local bat use of a project area when bat concentration areas such as wetlands or ponds are 
present.  These data were not, however, used to assess risk to bats of collision mortality.  The 
other three detectors were placed in upland areas typical of proposed turbine locations in the 
project area.  One of these detectors (SB3) was placed at a linear clearing created for a road 
through coniferous forest, and the other two (SB1 and SB4 ) were placed within clear cuts in the 
project area.   
 
Anabat detectors record bat echolocation calls with a broadband microphone. The echolocation 
sounds are then translated into frequencies audible to humans by dividing the frequencies by a 
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predetermined ratio. A division ratio of 16 was used for the study. Bat echolocation detectors 
also detect other ultrasonic sounds made by insects, raindrops hitting vegetation, and other 
sources. A sensitivity level of six was used to reduce interference from these other sources of 
ultrasonic noise. Calls were recorded to a compact flash memory card with large storage 
capacity. The Anabat detectors were placed inside plastic weather-tight containers with a hole 
cut in the side of the container for the microphone to extend through. Microphones were encased 
in PVC tubing with drain holes that curved skyward at 45 degrees outside the container to 
minimize the potential for water damage due to rain. Containers were raised approximately 1 m 
off the ground to minimize echo interference and lift the unit above vegetation. All units were 
programmed to turn on each night approximately one half-hour before sunset and to turn off 
approximately one half-hour after sunrise. 
 
Statistical Analysis 
 
Bat Acoustic Surveys 
The units of activity were number of bat passes (Hayes, 1997). A pass was defined as a 
continuous series of less than or equal to two call notes produced by an individual bat with no 
pauses between call notes of less than one second (White and Gehrt 2001, Gannon et al. 2003). 
In this report, the terms bat pass and bat call are used interchangeably. The number of bat passes 
was determined by downloading the data files to a computer and tallying the number of 
echolocation passes recorded. Total number of passes was corrected for effort by dividing by the 
number of detector nights. Bat calls were classified as either high-frequency calls (≥ 35 kHz) that 
are generally given by small bats (e.g. Myotis spp.) or low-frequency calls (< 35 kHz) that are 
generally given by larger bats (e.g. silver-haired bat [Lasionycteris noctivagans], big brown bat 
[Eptesicus fuscus], hoary bat [Lasiurus cinereus]). Data determined to be noise (produced by a 
source other than a bat) or call notes that did not meet the pre-specified criteria to be termed a 
pass were removed from the analysis. To establish which species may have produced the high- 
and low-frequency calls recorded, a list of species expected to occur in the study area was 
compiled from range maps (Table 1; Harvey et al. 1999, BCI website). 
 
The total number of bat passes per detector night was used as an index of bat use in the SWRA. 
Bat pass data represented levels of bat activity rather than the numbers of individuals present 
because individuals could not be differentiated by their calls. To predict potential for bat 
mortality (i.e. low, moderate, high), the mean number of bat passes per detector night (averaged 
across those monitoring stations placed in upland habitats) was compared to existing data from 
wind-energy facilities where both bat activity and mortality levels have been measured. 
 
 
RESULTS 
 
Bat Acoustic Surveys 
 
For the combined upland locations, bat activity was monitored at three sampling locations over a 
total of 97 nights during the period July 3 to October 7, 2008. Anabat units were operable for 
95.5% of the sampling period (Figure 2), recording 39,326 bat passes on 278 detector-nights 
(Table 2). Bat activity at the wetland location (SB2) was also monitored for a total of 97 nights 
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during the period of July 3 to October7, 2008. This unit was operable for 100% of the sample 
period (Figure 3), recording 17,269 bat passes on 97 detector nights (Table 3). Averaging bat 
passes per detector-night across the upland locations (SB1, SB3, and SB4), we detected a mean 
of 138.44 bat passes per detector-night.  The wetland station (SB2) recorded an average of 
178.03 bat passes per detector-night.  
 
Spatial Variation  
 
Bat activity varied among upland Anabat units SB1, SB3 and SB4 in the SWRA (mean = 138.44 
bat passes per detector-night; Figures 1, 4). A total of 80.7% of all bat passes (mean = 327.25 bat 
passes per detector-night) was recorded at station SB3, located along a linear clearing in a 
forested situation, while activity recorded at stations SB1 and SB4, located in clear cuts, 
comprised only 19.1% of all bat passes (mean = 14.30 and 73.76, respectively). AnaBat wetland 
station SB2 recorded a mean of 178.03 bat passes per detector-night (Figures 1, 5).  
 
Temporal Variation 
Bat activity was highest at the three upland stations throughout the months of July and August, 
with peak activity occurring between July 10 and July 16 (Figure 6). The greatest activity on a 
single night occurred on August 4 (1,445 passes). After the third week of August, activity 
dropped off to much lower levels and remained low for the duration of the study period. 
Temporal patterns were largely consistent among stations SB3 (road clearing) and SB4 (clear-
cut), although SB3 recorded much greater levels of bat activity (Figure 6). The level of bat 
activity at station SB1 (clear-cut) was relatively consistent across the entire study period. Bat 
activity at wetland station SB2 was highest during the month of July (Figure 7), with an activity 
peak on July 5.  Bat activity from July 3 through mid-August (mean = 218.6/detector night) was 
over four times higher than activity from mid-August through October 7 (mean = 52.3; Figures 
10 and 11). 
 
 
Species Composition 
At the combined upland stations, passes by low-frequency bats (LF; 67.0%) outnumbered passes 
by high-frequency bats (HF; 33.0%). The proportion of HF and LF bat passes was similar among 
Anabat stations (Figure 8). At wetland station SB2, passes by HF bats (69.7%) outnumbered 
passes by LF bats (30.3%; Figure 9).   
 
Species identification for specific passes was possible only for the hoary bat; therefore, passes by 
this species could be separated from passes by other low-frequency bats. Hoary bats comprised 
6.0% of total passes detected at the combined upland points, and use among the three stations 
was similar (Figure 12).  Hoary bats comprised 2.0% of total bat passes at the wetland station 
SB2 (Figure 13).  Patterns of hoary bat activity were similar to other bats, with most bat passes 
occurring in July and early August (Figures 14 and 15).  
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DISCUSSION 
 
Potential Impacts 
 
Assessing the potential impacts of wind energy development to bats at the SWRA is complicated 
by our current lack of understanding of why bats die at wind turbines (Kunz et al. 2007b; 
Baerwald et al. 2008), combined with the inherent difficulties of monitoring elusive, night-flying 
animals (O’Shea et al. 2003). To date, monitoring studies of wind projects suggest that a) 
migratory tree-roosting species (eastern red, hoary, and silver-haired bats) comprise almost 75% 
of reported bats killed, b) the majority of fatalities occur during the post-breeding or fall 
migration season (roughly August and September), and c) the highest reported fatalities occur at 
wind facilities located along forested ridge tops in the eastern US (Arnett et al. 2008, Gruver 
2002, Johnson et al. 2003, Kunz et al. 2007b), although recent studies in agricultural regions of 
Iowa and Alberta, Canada, report relatively high fatalities as well (Jain 2005, Baerwald 2006).  
 
Some studies of wind projects have recorded both Anabat detections per night and bat mortality 
(Tables 4 and 5). The number of bat calls per night as determined from bat detectors shows a 
rough correlation with bat mortality, but may be misleading because effort, timing of sampling, 
species recorded, and detector settings (equipment and locations) varies among studies (Kunz et 
al. 2007b). Thus, our best available estimate of mortality levels at a proposed wind project 
involves evaluation of our on-site bat acoustic data in terms of activity levels, seasonal variation, 
species composition, and topographic features of the project area. 
 
Activity 
Bat activity within the SWRA (mean = 138.4 bat passes per detector-night at combined upland 
points, 178.0 at the wetland site) was very high compared to that observed at facilities in 
Minnesota and Wyoming, where bat mortality was low, and it was higher than activity recorded 
at sites in West Virginia and Tennessee, where bat mortality rates were high (Tables 4 and 5). 
Thus, based solely on the presumed relationship between pre-construction bat activity and post-
construction fatalities, bat mortality rates at SWRA may be higher than many other wind 
resource areas in the U.S.   
 
Spatial Variation 
The proposed wind-energy facility is not located near any large, known bat colonies or other 
features that are likely to attract large numbers of bats. The nearest known bat hibernaculum is 
near Trout Lake, located nearly 20 miles north of the SWRA (B. Weiler, WDFW, pers. 
commun.). The SWRA also does not contain unique topographic features that may funnel 
migrating bats.  The highest bat mortality rates documented at wind energy facilities have been 
on forested ridgetops in the eastern US. However, the relatively large numbers of bat fatalities 
recently reported in northern Iowa (Jain 2005) and southwestern Alberta (Baerwald 2006) 
indicate that an open landscape is also no guarantee of low mortality.   
 
Activity was relatively high at stations SD2 and SD3 compared to other stations, accounting for 
the majority of the calls recorded during this study. Station SD2 was located adjacent to a 
wetland, which likely attracts bats for drinking and foraging opportunities.  Station SD3 was 
located in a road clearing through coniferous forest.  The linear clearing is likely used as a travel 
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corridor by local bats in the project area.  Bat activity was much lower at the two stations placed 
within clear cuts.    
 
Temporal Variation 
The number of bat calls detected per night at the SWRA was highest during July and early 
August, with activity peaks between July 10 and July 16. Activity in July and early August likely 
reflects use of the SWRA by local bats during the reproductive season, when pups are being 
weaned and foraging rates are high. Activity beyond mid-August likely represents movement of 
migrating bats through the area. Activity by hoary bats was also substantially higher in July, and 
dropped off significantly beginning in early August.  After August 31, activity for all bats was 
very low relative to earlier dates, indicating that most bats had left the area for winter 
hibernacula or warmer climates.  This suggests higher use of the project area by resident 
populations of hoary bats as well as other bats, rather than bats migrating through the area.  
Based on these data, it does not appear that migratory bats are concentrating in the project area.   
 
Fatality studies of bats at wind projects in the US have shown a peak in mortality in August and 
September and generally lower mortality earlier in the summer (Johnson 2005; Arnett et al. 
2008). While the survey effort varies among the different studies, the studies that combine 
Anabat surveys and fatality surveys show a general association between the timing of increased 
bat call rates and timing of mortality, with both call rates and mortality peaking during the fall 
(Kunz et al. 2007b). The highest use of the SWRA occurred in July and early August, prior to the 
time that most bat mortality occurs at wind resource areas in the Pacific Northwest as well as 
throughout the US.   
 
Species Composition 
Of the fourteen species of bat likely to occur in the study area, three are known fatalities at wind-
energy facilities (Table 1). Acoustic bat surveys were unable to determine bat species present in 
the study area (except for hoary bats), but they were able to distinguish high frequency from low-
frequency species. Roughly 65% percent of passes at the combined upland stations were by low-
frequency bats, suggesting higher relative abundance of species such as hoary bat, silver-haired 
bat, or big brown bat, while nearly 70% of bat passes at the wetland station were by high-
frequency bats, suggesting a higher relative abundance of species such as Myotis spp.  
 
 
CONCLUSIONS 
 
Although the data collected during this study indicate relatively high use of the project area by 
bats, bat activity at the SWRA is not uniquely high among wind resource areas.  During a recent 
Anabat echolocation study conducted at the proposed Grayland Wind Resource Area in Pacific 
County, Washington during the period August 26 – September 12, 2008, a mean of 219.8 bat 
passes were recorded per detector night (McGraw et al. 2008).  At a proposed wind energy 
facility at Maple Ridge, New York, Reynolds (2004) recorded an average of approximately 165 
bat passes per detector night from late June through early July.  The Grayland wind energy 
project has not been constructed, so post-construction fatality estimates are not available.  Bat 
mortality at the Maple Ridge, New York project was estimated at 11.23/MW/year (Jain et al. 
2008), much lower than the pre-construction bat activity levels would suggest.  The highest bat 
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mortality recorded at a wind energy facility in North America was at Mountaineer, West 
Virginia, where it averaged 38 bats/turbine/year.  Pre-construction bat activity levels at 
Mountaineer as determined by Anabat sampling averaged 38.3 bat passes per detector night.  
These data suggest that high bat activity levels as determined by Anabat sampling may not 
necessarily equate to high bat mortality levels. 
 
There are several other factors to suggest that even though bat activity is relatively high at the 
SWRA, this does not necessarily equate to high risk of bat mortality at the site.  No turbines will 
be constructed near wetlands or ponds, and the cleared corridors along turbine strings will not 
resemble the narrow road path through the timber that also had high bat activity levels. Bat 
activity levels recorded at clear cuts in the project area were the lowest, averaging 14.3 and 73.8 
bat passes/detector-night at these two locations.  These areas most closely resemble what the 
habitat adjacent to turbines will resemble, because vegetation removal would occur in forested 
areas where the proposed roadway and turbine alignment is planned.  The cleared area would 
extend 50 feet in all directions from each turbine.  From a distance of 50 feet to 150 feet from the 
base of the turbines, tree heights will be limited to 15 feet above the elevation of the base of the 
turbine.  Areas where trees are permanently removed would be replanted with native grasses and 
low-growing shrubs, and would therefore resemble habitat at existing clear cuts in the project 
area.   
 
A substantial proportion of the bat calls recorded at the SWRA were made by high frequency 
species, including 33% of passes at the upland stations and 69.7% of passes at the wetland 
station.  Although some of these calls may have been made by western red bat (Lasiurus 
blossevillii), most of these calls were likely made by Myotis species.  Myotis species are rarely 
killed at wind energy facilities.  At numerous wind resource areas throughout the US, these 
species have comprised from 0-13.5% of the fatalities, except at one site each in Iowa and 
Canada, where little brown bats (Myotis lucifugus) made up nearly 25% of the fatalities (Arnett 
et al. 2008).  Myotis species are rarely found at other projects in the Pacific Northwest.  Of 337 
bat fatalities collected at existing wind-energy facilities in eastern Oregon and Washington, 320 
(95.8%) were low frequency species, including 152 hoary bats, 163 silver-haired bats, and five 
big brown bats.  Only one species that emits high frequency calls, the little brown bat, has been 
found as a turbine fatality in the Pacific Northwest, and the eight little brown bats found 
comprised only 2.4% of the fatalities (Johnson and Erickson 2008).  These data indicate that 
Myotis bats are much less susceptible to turbine collisions than species that emit low frequency 
calls, which are primarily the foliage roosting long-distance migrants (i.e., hoary bat and silver-
haired bat).   
 
Another important factor to take into consideration is the timing of bat activity recorded at the 
SWRA.  Bat activity from early July through mid-August 2008 was over four times higher than 
activity from mid-August through early October.  Bat activity was also monitored at three 
sampling locations in the SWRA during the period August 20 – October 21, 2007 (Solick et al. 
2008). Anabat units recorded 348 bat passes on 45 detector-nights, resulting in a mean of 7.91 
bat passes per detector-night.  Both of these stations were located in upland habitats 
characteristic of proposed turbine locations.  These data support the conclusion that bat activity 
in the SWRA is low from mid August through October.  Therefore, much lower activity levels 
were documented during the time frame that most bat mortality occurs at wind energy facilities 
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in the Pacific Northwest, where the peak mortality levels occur from mid-August through 
September.  This time period corresponds with fall migration of the tree bats and dispersal from 
summer breeding areas to hibernacula for the other species.  Bat mortality at wind energy 
projects throughout the US during the breeding season has been low, as only 4.1% of the 
fatalities have occurred between May 15 and July 15 (Johnson 2005).  At several wind farms 
studied, low mortality has been documented during the breeding season even though relatively 
large bat populations were present in the area (Fiedler 2004, Gruver 2002, Howe et al. 2002, 
Johnson et al. 2004, Schmidt et al. 2003).   These data suggest that high bat activity levels during 
the breeding season do not equate to high bat fatality rates. 
 
Although high bat activity levels were recorded at the SWRA, the available evidence indicates 
that these data do not necessarily imply that bat fatality levels will be high.  Numerous factors, 
including the timing of the activity, differences in call rates among the various habitats, and 
species composition of the bat calls suggest that bat mortality may be lower than indicated by the 
high bat activity recorded.  No data on bat mortality levels associated with wind energy 
developments in western coniferous forests are available to help predict risk to bats at the 
SWRA.  Bat fatality patterns may differ from those in open habitats as well as in eastern 
deciduous forests.     
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Table 1. Bat species determined from range-maps (Harvey et al. 1999; BCI website) as 

likely to occur within the SWRA, sorted by call frequency. 
High-frequency (≥ 35 kHz) Low-frequency (< 35 kHz) 

western red bat Lasiurus blossevillii big brown bat† Eptesicus fuscus 
western long-eared 
bat Myotis evotis silver-haired bat*† Lasionycteris noctivagans 

long-legged bat Myotis volans hoary bat*† Lasiurus cinereus 
little brown bat† Myotis lucifugus pallid bat  Antrozous pallidus 

western pipistrelle 
Parastrellus 

hesperus 
Townsend's big-
eared bat Corynorhinus townsendii 

Yuma myotis Myotis yumanensis fringed myotis** Myotis thysanodes 
western small-footed 
bat** Myotis ciliolabrum   

California bat Myotis californicus   
*long-distance migrant 
†species known to have been killed at wind-energy facilities 
**species distribution on the edge or just outside project area 
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Table 2. Results of bat acoustic surveys conducted at SWRA, July 3, 2008 - October 7, 2008. 

AnaBat 
Location 

# of HF Bat 
Passes 

# of LF 
Bat Passes

# of 
Hoary Bat 

Passes* 
Total Bat 

Passes 
Detector- 

Nights 
Bat Passes/ 

Night 

SB1 677 710 31 1,387 97 14.30 
SB3 12,273 19,470 1,856 31,743 97 327.25 
SB4 23 6,173 489 6,196 84 73.76 

Total 12,973 26,353 2,376 39,326 278 138.44 

*Data for hoary bat passes is included in LF bat passes 
 
 

Table 3. Results of bat acoustic surveys conducted at SWRA, July 3, 2008 - October 7, 2008. 

AnaBat 
Location 

# of HF Bat 
Passes 

# of LF 
Bat Passes

# of 
Hoary Bat 

Passes* 
Total Bat 

Passes 
Detector- 

Nights 
Bat Passes/ 

Night 

SB2 12,030 5,239 338 17,269 97 178.03 

Total 12,030 5,239 338 17,269 97 178.03 

*Data for hoary bat passes is included in LF bat passes 
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Table 4. Wind-energy facilities in the U.S. with both pre-construction AnaBat 
sampling data and post-construction mortality data for bat species (adapted 
from Kunz et al. 2007b). 

Activity Mortality 
Wind-Energy 
Facility 

(#/detector 
night) (bats/turbine/year) Reference 

Saddleback, WA 
(upland stations) 138.4  

 
This study 

Foote Creek Rim, WY  2.2 1.3 Gruver 2002 
Buffalo Ridge, MN 2.1 2.2 Johnson et al 2004 
Buffalo Mountain, TN 23.7 20.8 Fiedler 2004 
Top of Iowa, IA  34.9 10.2 Jain 2005  
Mountaineer, WV  38.3 38 Arnett et al. 2005  
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Figure 1. Anabat sampling locations at the Saddleback Wind Resource Area. 
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Figure 2. Number of Anabat detectors (n = 3) at the Saddleback Wind Resource Area 
operating during each night of the study period July 3 – October 7, 2008. 
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Figure 3. Number of Anabat detectors at wetland station SB2, operating during each night 
of the study period July 3 – October 7, 2008. 
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Figure 4. Number of bat passes per detector-night at upland Anabat locations at the 
Saddleback  Wind Resource Area for the study period July 3 – October 7, 2008. 

 



Saddleback Anabat Survey Report 
 

 
Western EcoSystems Technology, Inc. 21 January 29, 2009 

 

178.03

0

50

100

150

200

n=97

N
um

be
r o

f b
at

 p
as

se
s p

er
 d

et
ec

to
r-n

ig
ht

Anabat Unit

HF LF All Bats

Figure 5. Number of bat passes per detector-night at Anabat wetland location SB2 for the 
study period July 3 – October 7, 2008. 
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Figure 6. Number of nightly bat passes by station for the study period July 3 – October 7, 
2008.  
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Figure 7. Number of nightly bat passes at wetland station SB2 for the study period July 3 – 
October 7, 2008.  
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Figure 8. Nightly activity by high-frequency (HF) and low-frequency (LF) bats at upland 
stations at the Saddleback Wind Resource Area for the study period July 3 – 
October 7, 2008.  
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Figure 9. Nightly activity by high-frequency (HF) and low-frequency (LF) bats at wetland 
station SB2 for the study period July 3 – October 7, 2008.  
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Figure 10. Weekly activity by high-frequency (HF) and low-frequency (LF) bats at upland 
stations for the study period July 3 – October 7, 2008.  
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Figure 11. Weekly activity by high-frequency (HF) and low-frequency (LF) bats at wetland 
station SB2 for the study period July 3 – October 7, 2008.  
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Figure 12. Number of passes per detector–night by hoary bats at upland Anabat stations at 
the Saddleback Wind Resource Area, for the study period July 3 – October 7, 2008.  
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Figure 13. Number of passes per detector–night by hoary bats at Anabat wetland station 
SB2 for the study period July 3 – October 7, 2008.  
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Figure 14. Number of passes per detector–night by hoary bats at upland stations at the 
Saddleback Wind Resource Area, presented nightly for the study period July 3 – 
October 7, 2008. 
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Figure 15. Number of passes per detector–night by hoary bats at wetland station SB2, 
presented nightly for the study period July 3 – October 7, 2008. 
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EXECUTIVE SUMMARY 
 
Western EcoSystems Technology, Inc. initiated surveys in June 2009 designed to assess bat use 
within the proposed Whistling Ridge Wind Resource Area, Skamania County, Washington. 
Acoustic surveys for bats using Anabat™ SD1 ultrasonic detectors at three fixed paired (ground 
and elevated) stations were conducted from June 4 to October 25, 2009. The objective of the 
acoustic bat surveys was to estimate the seasonal and spatial use of the Whistling Ridge Wind 
Resource Area by bats. Anabat units recorded 6,805 bat passes during 770 detector nights. 
Averaging bat passes per detector-night across locations, a mean of 8.09 bat passes per detector-
night was recorded. 
 
The majority (71.6%) of the calls were less than 35 kilohertz in frequency (e.g., big brown bat, 
silver-haired bat, hoary bat), and the remaining calls were greater than 35 kilohertz (e.g., Myotis 
bat species). Species identification was only possible for the hoary bat, which made up 5.9% of 
all passes. Activity levels for bat passes peaked in early July, and again in mid-August. Activity 
levels for hoary bats were highest in mid-August, suggesting this species migrates through the 
Whistling Ridge Wind Resource Area at this time of year.  
 
The mean number of bat passes per detector per night was compared to existing data from six 
wind-energy facilities where both bat activity and mortality levels have been measured. The level 
of bat activity documented at the Whistling Ridge Wind Resource Area was higher than that at 
wind-energy facilities in Minnesota and Wyoming, where reported bat mortalities are low, but 
was much lower than at facilities in the eastern US, where reported bat mortality is highest. 
Assuming that a relationship between bat activity and bat mortality exists, and that it extends to 
the northwestern US, relatively low levels of bat mortality would be expected to occur in the 
Whistling Ridge Wind Resource Area; most likely during early July to mid-August.  
 
Based on fatality rates at wind-energy facilities in the western US, the bat call rates observed at 
this project and habitat of the project area, we expect that the potential risk to bats from turbine 
operations to be somewhat higher than the rates observed at other western facilities placed in 
non-forested environments, but not nearly as high as the rates observed at eastern ridgeline 
facilities. The post-construction monitoring program should be designed to accurately estimate 
the level of bat mortality. 
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INTRODUCTION  
 
SDS Lumber Company is proposing to develop a wind-energy facility in Skamania County, 
Washington. SDS Lumber requested that Western EcoSystems Technology, Inc. (WEST) 
develop and implement a standardized protocol for baseline studies of bat use in the Whistling 
Ridge Wind Resource Area (WRWRA) for the purpose of estimating the impacts of the wind-
energy facility on bats, and to assist with siting turbines to minimize impacts to bats. The 
protocol for the baseline study is similar to protocols used at other wind-energy facilities in the 
United States. The protocol has been developed based on WEST’s experience studying wildlife 
and wind turbines at projects throughout the US and included passive acoustic sampling using 
Anabat™ bat detectors to quantify bat use in the WRWRA.  
 
The following is a final report describing the results of Anabat surveys during the 2009 study 
season within the proposed WRWRA. This represents the third consecutive year that bat 
acoustical studies have been conducted at the WRWRA.  We are not aware of any other 
proposed wind energy facilities with this extensive level of pre-construction bat activity 
monitoring.  In addition to site-specific data, this report presents existing information and results 
of bat monitoring studies conducted at other wind-energy facilities. Where possible, comparisons 
with regional and local studies were made.  
 
 
STUDY AREA 
 
The proposed WRWRA is in southeast Skamania County approximately four miles (6.44 
kilometers [km]) northwest of White Salmon, Washington (Figure 1). The specific project area is 
just north of Underwood Mountain and includes Sections 5, 6, 7, & 8, Township 3N, Range 10E. 
The project is located in a forested environment managed for commercial timber production. 
Topography of the WRWRA consists of hilltops dominated by coniferous forests with some 
clear cuts and linear clearings associated with power line rights-of-way. Elevation ranges from 
approximately 1700 – 2400 feet (ft; 518 – 732 meters [m]). 
 
 
METHODS 
 
Bat Acoustic Surveys 
 
The objective of the bat use surveys was to estimate the seasonal and spatial use of the WRWRA 
by bats. Bats were surveyed using AnabatTM SD1 bat detectors (Titley ScientificTM, Australia). 
Bat detectors are a recommended method to index and compare use by bats. The use of bat 
detectors for calculating an index to bat impacts is a primary bat risk assessment tool for baseline 
wind development surveys (Arnett 2007, Kunz et al. 2007a). Bat activity was surveyed using six 
detectors from June 4 to October 25, 2009, a period corresponding to summer breeding and fall 
bat migration at this site. Detectors were placed near the ground at three fixed stations (Figure 1). 
At each of these stations, ground detectors (WR1, WR3, and WR5) were paired with detectors 
raised (WR2, WR4, and WR6) on meteorological (met) towers to compare bat activity at 
different heights (ground versus raised) and monitor bat activity in the rotor-swept zone. Pair 
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WR1 and WR2 were placed next to an area where timber was being harvested, WR3 and WR4 
were placed in an area of regeneration, and WR5 and WR6 were in a clear cut on a ridge with 
open water at the base of the ridge. 
 
Anabat detectors record bat echolocation calls with a broadband microphone. The echolocation 
sounds are then translated into frequencies audible to humans by dividing the frequencies by a 
predetermined ratio. A division ratio of 16 was used for the study (Messina 2004). Bat 
echolocation detectors also detect other ultrasonic sounds made by insects, raindrops hitting 
vegetation, and other sources. A sensitivity level of six was used to reduce interference from 
these other sources of ultrasonic noise. Calls were recorded to a compact flash memory card with 
large storage capacity. The detection range of Anabat detectors depends on a number of factors 
(e.g., echolocation call characteristics, microphone sensitivity, habitat, the orientation of the bat, 
atmospheric conditions; Limpens and McCracken 2004), but is generally less than 30 m (98 ft) 
due to atmospheric absorption on echolocation pulses (Fenton 1991). To ensure similar detection 
ranges among detectors, microphone sensitivities were calibrated using a BatChirp (Tony 
Messina, Las Vegas, Nevada) ultrasonic emitter as described in Larson and Hayes (2000). All 
units were programmed to turn on each night approximately one half-hour before sunset and to 
turn off approximately one half-hour after sunrise.  
 
Anabat detectors were placed inside plastic weather-tight containers with a hole cut in the side of 
the container through which the microphone extended. Microphones were encased in PVC 
tubing with drain holes that curved skyward at 45 degrees outside the container to minimize the 
potential for water damage due to rain. Ground units were raised approximately 3.3 ft (one m) 
off the ground to minimize echo interference and lift the unit above vegetation. Raised Anabat 
microphones were elevated 147.6 ft (45 m) on meteorological towers using a pulley system. 
Microphones were encased in a Bat-Hat weatherproof housing (EME Systems, Berkeley, 
California), and attached to a coaxial cable that transmitted ultrasonic sounds to an Anabat unit at 
the base of the tower. The Bat-Hat weatherproof housing was modified by replacing the 
Plexiglas reflector plate with a 45-degree angle PVC elbow, for better comparability with data 
collected by detectors on the ground.  
 
Statistical Analysis 
 
The units of activity were number of bat passes (Hayes 1997). A pass was defined as a 
continuous series of two or more call notes produced by an individual bat with no pauses 
between call notes of more than one second (White and Gehrt 2001, Gannon et al. 2003). In this 
report, the terms bat pass and bat call are used interchangeably. The number of bat passes was 
determined by downloading the data files to a computer and tallying the number of echolocation 
passes recorded. Total number of passes was corrected for effort by dividing by the number of 
detector nights.  
 
For each station, bat calls were sorted into two groups, based on their minimum frequency, that 
correspond roughly to species groups of interest. For example, species such as western red bat 
(Lasiurus blossevillii) and those in the genus Myotis generally echolocate at frequencies above 
40 kilohertz (kHz), whereas species such as big brown bat (Eptesicus fuscus), silver-haired bat 
(Lasionycteris noctivagans) and hoary bat (Lasiurus cinereus) have echolocation frequencies that 
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fall below 35 kHz. Therefore, we classified calls as high-frequency (HF; > 35 kHz) and low-
frequency (LF; <35 kHz) calls. To establish which species may have produced calls in each 
category, a list of species expected to occur in the study area was compiled from range maps 
(Table 1; Harvey et al. 1999, BCI website). Data determined to be noise (produced by a source 
other than a bat) or call notes that did not meet the pre-specified criteria to be termed a pass were 
removed from the analysis. 
 
Within these categories, an attempt was made to identify calls made by hoary bats. Calls that had 
a distinct U-shape and that exhibited variability in the minimum frequency across the call 
sequence were identified as belonging to the Lasiurus genus (C. Corben, pers comm.). Hoary 
bats were distinguished based on minimum frequency; hoary bats typically produce calls with 
minimum frequencies between 18 and 24 kHz (J. Szewczak, pers comm.). Only sequences 
containing three or more calls were used for species identification. Given the high intraspecific 
variability of Lasiurus calls, and the number of call files that were too fragmented for proper 
identification, it is likely that more hoary bat calls were recorded than were positively identified. 
 
The total number of bat passes per detector night was used as an index of bat use in the 
WRWRA. Bat pass data represented levels of bat activity rather than the numbers of individuals 
present because individuals could not be differentiated by their calls. To assess potential for bat 
mortality, the mean number of bat passes per detector night (averaged across ground-based 
monitoring stations) was compared to existing data from wind-energy facilities where both bat 
activity and mortality levels have been measured. 
 
 
RESULTS 
 
Bat Acoustic Surveys 
 
Bat activity was monitored at three fixed, paired sampling locations over a total of 144 nights 
during the period June 4 to October 25, 2009. Anabat units operated correctly for the entire night 
for 89.1% of the sampling period (Figure 2). Levels of wind and insect noise were relatively low 
throughout the study period (Figure 3). Anabat units recorded 6,805 bat passes on 770 detector-
nights (Table 2). Averaging bat passes per detector-night across the locations, a mean of 8.09 ± 
0.55 bat passes per detector-night was recorded. The average pass rate was 11.58 ± 0.70 bat 
passes per detector-night for ground stations and 4.59 ± 0.43 bat passes per detector-night for 
stations raised on met towers to a height of 45 m. 
 
Spatial Variation 
Bat activity varied among the Anabat unit pairs in the WRWRA (mean of 8.09 bat passes per 
detector-night; Figures 1 and 4; Table 2). Most (59.0%) bat calls were recorded at stations WR1 
and WR2 (mean of 17.28 and 10.59 bat passes per detector-night, respectively), which were 
located at the southern-most met tower. Detections were lowest at paired stations WR5 and WR6 
(mean of 6.43 and 1.64, respectively), located at the eastern-most met tower. Detections at 
stations WR3 and WR4, located at the northern-most met tower, were moderate (mean 11.40 and 
1.59, respectively; Figure 1 and 4; Table 2).  
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Comparing paired stations on just the nights that both ground and raised detectors were 
operating, bat activity was consistently higher at ground stations (Figure 5). The difference in bat 
activity levels between ground and raised units was much less between WR5 and WR6 than at 
other detector pairs. 
 
Temporal Variation 
Bat activity increased from early June through early July, and then peaked during early- to mid-
July and again in mid-August (Table 3, Figure 6). Activity decreased through September and 
October, with small spikes in activity occurred in some weeks. Bat passes were recorded during 
every week of the survey period, but over half (54.1%) of all bat passes were recorded between 
July 2 and August 19 (Table 3).  
 
Bat activity levels over time were similar at ground and raised stations (Figure 7).  Raised and 
ground stations recorded similar levels of activity through late June, but ground stations recorded 
much more activity through the remainder of the study period.  
 
Species Composition 
Overall, passes by low-frequency bats (LF; 71.6% of all bat passes) outnumbered passes by high-
frequency bats (HF; 28.4%; Table 2). Ground units had a similar pattern, with 62.0% of all 
passes being LF (Table 2; Figures 4 and 5). Among raised stations, LF bats comprised about 
98% of all bat passes (Table 2; Figures 4 and 5). Patterns of activity varied slightly between 
species groups, with the majority (70.0%) of passes by LF species occurring between June 25 
and August 26, whereas most (70.7%) passes by HF species occurred between July 23 and 
September 23 (Table 3; Figures 6 and 7).  
 
Hoary bats comprised 5.9% of total passes detected within the WRWRA, and 8.2% of all low 
frequency passes (Table 2). Eighty-seven percent of hoary bat passes were detected at raised 
stations (Table 2; Figure 8). Station WR2 recorded most of the hoary bat activity (77.9% of 399 
hoary bat passes). Most of the hoary bat activity was recorded between August 6 and August 26 
(Figure 9).  
 
 
DISCUSSION 
 
Potential Impacts 
 
Assessing the potential impacts of wind-energy development to bats at the WRWRA is 
complicated by the current lack of understanding of why bats die at wind turbines (Kunz et al. 
2007b, Baerwald et al. 2008), combined with the inherent difficulties of monitoring elusive, 
night-flying animals (O’Shea et al. 2003). In addition, while installed capacity for wind energy 
has increased rapidly in recent years, the availability of well-designed studies from existing 
projects lags development of proposed projects (Kunz et al. 2007b). To date, monitoring studies 
of wind projects suggest that:  
 

a) bat mortality shows a rough correlation with bat activity as measured by Anabat units 
(Table 4);  
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b) the majority of fatalities occur during the post-breeding or fall migration season 

(roughly August and September);  
 

c) migratory tree-roosting species (eastern red, hoary, and silver-haired bats) comprise 
almost 75% of reported bat fatalities, and;  

 
d) the highest reported numbers of fatalities occur at wind-energy facilities located along 

forested ridge tops in the eastern and northeastern US; however, recent studies in 
agricultural regions of Iowa and Alberta, Canada, report relatively high fatalities as 
well (Table 4).  

 
Based on these patterns, current guidance to estimate potential mortality levels at a proposed 
wind project involves evaluation of the on-site bat acoustic data in terms of activity levels, 
seasonal variation, and species composition (Kunz et al. 2007b), as well as comparison to 
regional patterns.  
 
Overall Activity 
To date, six studies of wind energy projects have concurrently recorded both Anabat detections 
per night and bat mortality (Table 4). Because these concurrent studies show correlation between 
bat activity and fatality rates, it is assumed that a similar relationship holds for pre-construction 
activity and post-construction fatalities. The addition of data sets like this one will contribute to 
our understanding of the relationship between bat activity near wind turbines and bat fatalities. 
To our knowledge, data for those studies in Table 4 were collected using Anabat detectors placed 
near the ground (i.e., none raised on metrological towers) and none of the detectors were located 
near features attractive to bats. Thus, this report relies on the mean activity rate for ground-based 
detectors placed near metrological towers and/or potential turbine locations to assess potential 
risk of bat fatality at the WRWRA relative to the six studies with similar data. 
  
Bat activity recorded by ground detectors within the WRWRA (11.58 bat passes per detector-
night) was somewhat higher than that observed at facilities in Minnesota and Wyoming, where 
bat mortality was relatively low, but was much lower than activity levels recorded at sites in 
West Virginia, Iowa, and Tennessee, where bat mortality rates were higher (Table 3). Thus, 
based solely on the expected relationship between pre-construction bat activity and post-
construction fatalities, bat mortality rates at the WRWRA would be expected to be greater than 
the 2.4 bat fatalities/MW/year reported at Buffalo Ridge Minnesota, but much lower than the 
31.5 fatalities/MW/year reported at Buffalo Mountain, Tennessee.  
 
Spatial Variation 
The proposed WRWRA is not located near any large, known bat colonies. However, the 
proposed project is located on forested ridges. In the eastern US, the highest bat fatality rates 
have been recorded at wind-energy facilities located on forested ridges (Table 4). However, the 
relatively large numbers of bat fatalities recently reported in northern Iowa (Jain 2005) and 
southwestern Alberta (Baerwald 2006) indicate that an open landscape does not guarantee low 
mortality.  
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Activity at the southern-most met tower (stations WR1 and WR2) was relatively higher 
compared to other stations, accounting for the majority (59.0%) of the calls recorded during this 
study. These stations were located next to an area currently being cut, which may have offered 
bats more foraging opportunities, relative to Anabats stationed in an area undergoing 
regeneration or in a previously clear cut area. Bat activity was lowest at the paired stations (WR5 
and WR6) placed in a clear cut. 
 
Temporal Variation 
The number of bat calls detected per night at the WRWRA was highest from early June through 
mid-August. Activity in July likely corresponds with the reproductive season, when pups are 
being weaned and foraging rates are high. August activity may represent movement of migrating 
bats through the area. By October, activity dropped to lower rates though a small spike in late 
October suggests a late migratory wave during that time period.  
 
Fatality studies of bats at wind-energy facilities in the US have shown a peak in mortality in 
August and September, with generally lower mortality levels earlier in the summer (Johnson 
2005, Arnett et al. 2008). Bat mortality at wind energy projects throughout the US during the 
breeding season has been low, as only 4.1% of the fatalities have occurred between May 15 and 
July 15 (Johnson 2005).  At several wind farms studied, low mortality has been documented 
during the breeding season even though relatively large bat populations were present in the area 
(Fiedler 2004, Gruver 2002, Howe et al. 2002, Johnson et al. 2004, Schmidt et al. 2003).   These 
data suggest that high bat activity levels during the breeding season do not equate to high bat 
fatality rates. 
 
While the survey effort varies among the different studies, the studies that combine Anabat 
surveys and fatality surveys show a general association between the timing of increased bat call 
rates and timing of mortality, with both call rates and mortality peaking during the late summer 
and early fall.  
 
Species Composition 
Of the 14 species of bat likely to occur in the study area, four are known fatalities at wind-energy 
facilities (Table 1). Acoustic bat surveys were able to classify bat calls to frequency groups that 
roughly correspond to groups of relative risk. Approximately 72% of passes were by low-
frequency bats, suggesting higher relative abundance of species such as big brown and silver-
haired bats, and hoary bats made up 8.2% of all low-frequency passes. These species are known 
to occur as fatalities at wind turbine operations in the Pacific Northwest and elsewhere (Table 1). 
Based on data from 10 wind energy facilities in the Pacific Northwest, hoary bats and silver-
haired bats have comprised the majority (93.5%) of fatalities, while big brown bats are relatively 
uncommon wind turbine fatalities, comprising only 1.5% of the fatalities (Johnson and Erickson 
2008). 
 
Passes by LF species were more common than those by HF species every week of the study 
except for a two-week period in mid-September. The relative increase in HF passes at this time 
may reflect movement of HF species through the area. The high-frequency group at WRWRA 
would be comprised of the Myotis bats, western red bats (Lasiurus blossevillii), and the canyon 
bat (Parastrellus hesperus). Bats in the HF group are not typically found during fatality studies, 
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although little brown bat (Myotis lucifugus) fatalities were as common as red bat fatalities in 
Iowa, 1.7 times as common as silver-haired bats in Alberta, and comprised 10% of fatalities 
discovered at the Vansycle facility in Oregon (Arnett et al. 2008).  
 
At raised stations, low-frequency passes greatly outnumbered high-frequency passes, which most 
likely reflects different migration flight heights or foraging patterns among species. Generally, 
low-frequency species tend to forage in less cluttered conditions (e.g., at greater heights) than 
high-frequency species due to their wing morphology and echolocation call structure (Norberg 
and Rayner 1987). To date, hoary and silver-haired bats have been found as fatalities in higher 
relative proportions than have big brown bats, and are therefore considered to be at greater risk 
for collision with wind turbines (e.g., Arnett et al. 2008). 
 
Regional Fatality Studies 
 
Bat mortality studies at wind-energy facilities across North America show a wide range of bat 
mortality rates, ranging from none to 39.70 bat fatalities/MW/year (Table 4). In general, fatality 
rates have been highest in the Northeast and lowest in the Northwest, although a high degree of 
variation in fatality rates is present for most regions. To date, bat fatality estimates in the 
Northwest region have ranged from 0.39 to 2.46 bat fatalities/MW/year, and averaged 1.18 
(Johnson and Erickson 2008). However, all of these projects are located in the more arid eastern 
portions of the region, and it is not clear if similar results can be expected in the more forested 
western parts of the region.  
 
 
CONCLUSIONS 
 
The data collected in 2009 represent the third year of bat acoustical studies conducted at the 
WRWRA.  In 2007, bat activity was monitored at two ground stations and one elevated station 
on a met tower during the period August 20 – October 21 (Solick et al. 2008).  Both of these 
stations were located in upland habitats characteristic of proposed turbine locations.  Bat activity 
levels were similar to those measured in 2009, as the mean number of bat passes per detector 
night was 7.91.  In 2008, Anabat surveys were conducted at four ground stations from July 3 to 
October 7 (Johnson et al. 2009). Two stations were placed in clear cuts, one was placed along a 
logging road through a forest, and the fourth was placed adjacent to a pond in the study area to 
assess levels of bat activity and composition of primarily breeding bats in the project area.  For 
all four units combined, a mean of 148.34 bat passes per detector-night was recorded.  However, 
80.7% of all calls were recorded at the detector set on the logging road, which was likely used as 
a travel corridor by bats and was not representative of cleared areas where turbines would be 
placed.  The detector placed near the pond also recorded relatively high activity levels (178.03 
bat passes/detector night).  Bat activity at the two stations placed in clear cuts comprised only 
19.1% of all bat passes recorded during the study (14.30 and 73.76 bat passes/detector night, 
respectively).   
 
The data collected in 2009 were collected entirely at met tower locations, which were most 
representative of proposed turbine locations.  In addition, the three units elevated on the met 
towers to a height of 45 m, within the rotor swept zone, likely provide the best data for assessing 
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risk to bats in the project area (Baerwald 2008).    Based on results of the 2009 study, it does not 
appear that construction of a wind energy facility at the WRWRA would result in high bat 
mortality levels.  However, no data on bat mortality levels associated with wind energy 
developments in western coniferous forests are available to help predict risk to bats at the 
WRWRA.  Bat fatality patterns may differ from those in open habitats as well as in eastern 
deciduous forests.   Post-construction monitoring of the Whistling Ridge wind energy facility 
would provide valuable data on bat collision mortality in this environment that would be useful 
for assessing risk to bats of future proposed wind energy developments in western coniferous 
forests. 
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Table 1. Bat species determined from range-maps (Harvey et al. 1999, 

BCI website) as likely to occur within the Whistling Ridge Wind 
Resource Area, sorted by call frequency. 

Common Name Scientific Name 
High Frequency (HF; ≥ 35 kHz)   

western red bat Lasiurus blossevillii 
California bat Myotis californicus 
western small-footed bat3 Myotis ciliolabrum 
western long-eared bat Myotis evotis 
little brown bat2 Myotis lucifugus 
long-legged bat Myotis volans 
Yuma myotis Myotis yumanensis 
canyon bat Parastrellus hesperus 

Low Frequency (LF; < 35 kHz)   
pallid bat Antrozous pallidus 
Townsend's big-eared bat Corynorhinus townsendii 
big brown bat2 Eptesicus fuscus 
silver-haired bat1,2 Lasionycteris noctivagans 
hoary bat1,2 Lasiurus cinereus 
fringed myotis3 Myotis thysanodes 

1long-distance migrant 
2species known to have been killed at wind-energy facilities 
3species occurrence based upon a single source 
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Table 2. Results of bat acoustic surveys conducted at the Whistling Ridge Wind Resource 

Area, June 4, 2009 - October 25, 2009. 

AnaBat 
Station 

 
 
Location 

# of HF 
Bat 

Passes 

# of LF 
Bat 

Passes 

# of Hoary 
Bat 

Passes* 

Total 
Bat 

Passes 
Detector- 

Nights 

Bat 
Passes/ 
Night 

WR1 ground 762 1,726 38 2,488 144 17.28±1.65 
WR2 raised 20 1,505 311 1,525 144 10.59±1.15 
WR3 ground 763 827 7 1,590 144 11.04±0.75 
WR4 raised 13 186 23 199 130 1.53±0.17 
WR5 ground 364 524 9 888 138 6.43±0.61 
WR6 raised 10 105 11 115 70 1.64±0.22 
Total Ground 1,889 3,077 54 4,966 426 11.58±0.7 
Total Raised 43 1,796 345 1,839 344 4.59±0.43 
Grand Total 1,932 4,873 399 6,805 770 8.09±0.55 

*Passes by hoary bat passes is included in low frequency (LF) numbers 
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Table 3. Weekly bat activity and the contribution of each week (%) to total recorded activity for high-frequency (HF), low-

frequency (LF), and all bats within the Whistling Ridge Wind Resource Area. 

Week 
HF Pass 

Rate 
HF % 

Composition 
LF Pass 

Rate 
LF % 

Composition 
All Bats 

Pass Rate 
All Bats % 

Composition 
Cumulative % 
Composition 

06/04/09 to 06/10/09 0.52 1.0 2.95 2.2 3.48 1.9 1.9 
06/11/09 to 06/17/09 1.07 2.0 5.90 4.4 6.98 3.8 5.6 
06/18/09 to 06/24/09 1.81 3.4 4.47 3.4 6.28 3.4 9.0 
06/25/09 to 07/01/09 2.89 5.5 7.31 5.5 10.20 5.5 14.5 
07/02/09 to 07/08/09 2.46 4.6 15.97 12.0 18.43 9.9 24.4 
07/09/09 to 07/15/09 2.20 4.2 12.00 9.0 14.20 7.6 32.0 
07/16/09 to 07/22/09 2.66 5.0 15.83 11.9 18.49 9.9 41.9 
07/23/09 to 07/29/09 3.86 7.3 7.51 5.6 11.37 6.1 48.0 
07/30/09 to 08/05/09 3.36 6.3 7.17 5.4 10.52 5.7 53.7 
08/06/09 to 08/12/09 2.38 4.5 9.79 7.4 12.17 6.5 60.2 
08/13/09 to 08/19/09 5.69 10.8 9.74 7.3 15.43 8.3 68.5 
08/20/09 to 08/26/09 5.10 9.6 7.87 5.9 12.97 7.0 75.5 
08/27/09 to 09/02/09 3.53 6.7 4.90 3.7 8.43 4.5 80.0 
09/03/09 to 09/09/09 3.86 7.3 4.17 3.1 8.02 4.3 84.3 
09/10/09 to 09/16/09 5.83 11.0 4.17 3.1 10.00 5.4 89.7 
09/17/09 to 09/23/09 3.83 7.2 2.69 2.0 6.51 3.5 93.2 
09/24/09 to 09/30/09 0.76 1.4 2.00 1.5 2.76 1.5 94.7 
10/01/09 to 10/07/09 0.45 0.9 2.50 1.9 2.95 1.6 96.3 
10/08/09 to 10/14/09 0.14 0.3 0.77 0.6 0.91 0.5 96.8 
10/15/09 to 10/21/09 0.49 0.9 4.20 3.2 4.69 2.5 99.3 
10/22/09 to 10/25/09 0.05 0.1 1.25 0.9 1.30 0.7 100.0 
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Table 4. Wind-energy facilities in North America, with both Anabat sampling and bat mortality data, grouped by geographic 

region. To date, no results from southwestern or southeastern wind-energy facilities have been made public. 

Geographic  
Region Wind-Energy Facility 

Activity 
(#/detector 

night) 
Mortality 

(bats/MW/year) 

Number 
of  

Turbines

Total 
Site 
MW Reference 

Whistling Ridge, WA 8.09    This study 
Nine Canyon, WA   2.47 37 48 Erickson et al. 2003 
High Winds, CA   2.02 90 162 Kerlinger et al. 2006 
Big Horn, WA  1.90 133 199.5 Kronner et al. 2008 
Combine Hills, OR  1.88 41 41 Young et al. 2006 
Stateline, WA/OR  1.70 454 300 Erickson et al. 2004 
Vansycle, OR  1.12 38 24.9 Erickson et al. 2000 
Klondike, OR  0.77 16 24 Johnson et al. 2003 
Hopkins Ridge, WA  0.63 83 150 Young et al. 2007 
Klondike II, WA  0.41 50 75 NWC and WEST 2007 
Wild Horse, WA  0.39 127 229 Erickson et al. 2008 

Northwestern 

SMUD, CA   0.07   15 URS et al. 2005 
Summerview, Alberta (2007/2008)   11.42 39 70.2 Baerwald 2008 
Summerview, Alberta (2005/2006)  10.27 39 70.2 Brown and Hamilton 2006 
Judith Gap, MT  8.93 90 135 TRC 2008 
Blue Canyon II, OK (2006/2007)  3.71 84 151.2 Burba et al. 2008 
Crescent Ridge, OK  3.27 33 49.5 Kerlinger et al. 2007 
Foote Creek Rim, WY (Phase I) 2.2 2.23 69 41.4 Young et al. 2003 
NPPD Ainsworth, NE  1.16 36 59.4 Derby et al. 2007 
Oklahoma Wind Energy Center, OK  0.53 68 102 Piorkowski 2006 

Midwest & 
Rocky 

Mountains 

Buffalo Gap, TX   0.10 67 134 Tierney 2007 
Top of Iowa, IA (2004) 34.9 10.27 89 80 Jain 2005 
Top of Iowa, IA (2003)  7.16 89 80 Jain 2005 
Buffalo Ridge, MN (Phase III)  2.72 138 103.5 Johnson et al. 2000 
Buffalo Ridge, MN (Phase II) 2.1 2.37 143 107.25 Johnson et al. 2000 

Upper 
Midwest 

Buffalo Ridge, MN (Phase I)  0.76 73 25 Johnson et al. 2000 
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Buffalo Mountain, TN (Phase II)   39.70 18 29 Fiedler et al. 2007 
Mountaineer, WV 38.3 31.69 44 66 Kerns and Kerlinger 2004 
Buffalo Mountain TN (Phase I) 23.7 31.54 3 2 Nicholson et al. 2005 
Casselman, PA  15.66 23 34.5 Arnett et al. 2009 
Maple Ridge, NY 2006  15.00 195 321.75 Jain et al. 2007 
Mount Storm, WV 35.2 12.21 82 164 Young et al. 2009 
Meyersdale, PA  10.93 20 30 Arnett et al. 2005 
Maple Ridge, NY 2007  9.42 195 321.75 Jain et al. 2008 
Noble Ellensburg, NY  5.45 54 80 Jain et al. 2009a 
Noble Bliss, NY  5.05 67 100 Jain et al. 2009c 
Noble Clinton, NY  3.63 67 100.5 Jain et al. 2009b 
Mars Hill, ME 2007  2.91 28 42 Stantec 2008 
Erie Shores, Ont.  1.51 66 99 James 2008 
Mars Hill, NY 2008  0.45 28 42 Stantec 2009 

Eastern 

Searsburg, NY  0.00 11 7 Kerlinger 2002 
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Figure 1. Study area map and Anabat sampling stations at the Whistling Ridge Wind 
Resource Area. 
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Figure 2. Number of Anabat detectors (n = 6) at the Whistling Ridge Wind Resource Area 

operating during each night of the study period, June 4 – October 25, 2009. 
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Figure 3. Number of bat passes and noise files detected per detector-night at the Whistling 
Ridge Wind Resource Area for the study period June 4 – October 25, 2009, presented 
nightly. Noise files are indicated on the second axis. 
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Figure 4. Number of bat passes per detector-night by Anabat location at the Whistling 

Ridge Wind Resource Area for the study period June 4 – October 25, 2009.  
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Figure 5. Number of high-frequency (HF) and low-frequency (LF) bat passes per detector-

night recorded at paired ground and high Anabat unit stations at the Whistling 
Ridge Wind Resource Area for the study period June 4 – October 25, 2009. 
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Figure 6. Weekly activity by high-frequency (HF) and low-frequency (LF) bats at the 

Whistling Ridge Wind Resource Area for the study period June 4 – October 25, 
2009. 
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Figure 7. Empirical cumulative distribution of bat passes at ground and raised stations 

within the Whistling Ridge Wind Resource Area, June 4 – October 25, 2009. Dashed 
vertical lines indicate the point at which 50% of the calls occurred, an indication of 
the median date of bat activity.  
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Figure 8. Number of passes per detector–night by hoary bats at the Whistling Ridge Wind 

Resource Area for the study period June 4 – October 25, 2009. 
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Figure 9. Weekly number of passes per detector–night by hoary bats at the Whistling Ridge 

Wind Resource Area for the study period June 4 – October 25, 2009. 
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INTRODUCTION AND BACKGROUND 
 
Over the last decade, there has been a surge of interest in wind energy development in Oregon 
and Washington within the Columbia Plateau physiographic region (ecoregion). A central issue 
for wind power development is the potential for direct impacts to birds and bats through collision 
mortality and for indirect effects through habitat fragmentation or displacement of birds and 
other wildlife. Proposals for wind energy developments are commonly reviewed by natural 
resource agencies, private conservation groups, permitting authorities and other stakeholders. 
Frequently, baseline studies are conducted to estimate bird and bat abundance at proposed 
development sites for use in impact assessments and siting project features, followed by post-
construction monitoring studies to measure actual impacts from the wind-energy facility. As 
more wind energy developments are constructed within the Columbia Plateau Ecoregion, 
cumulative impacts from multiple wind-energy facilities have become a concern. 
 
With the possible exception of golden eagles (Aquila chrysaetos) at the Altamont Pass wind-
energy facility, California, where an estimated 40–70 golden eagles are killed each year (Hunt 
2002, Smallwood and Thelander 2004), no wind-energy facilities have been documented to 
cause population declines of any species. The purpose of this report is to estimate cumulative 
impacts associated with all existing, permitted, and currently proposed wind-energy facilities 
within the Columbia Plateau Ecoregion (CPE) of eastern Washington and Oregon. For the 
purpose of this analysis, we assumed that for cumulative impacts to occur, there must be a 
potential for a long-term reduction in the size of a population of birds or bats. When assessing 
the potential for cumulative impacts, it is necessary to first define the population potentially 
affected by wind energy development. Because birds and other animals do not recognize 
geopolitical boundaries, we have defined the affected population as those birds and bats of each 
species that breed, winter, or migrate through the CPE.  
  
 

ANALYSIS AREA AND WIND ENERGY PROJECTS 
 

As of mid–2008, 17 wind-energy facilities totaling 2464 MW were in operation in the CPE 
(Table 1), and an additional 30 wind-energy facilities are currently planned or being constructed 
within the CPE (Table 1). There are currently approximately 6665 MW of existing or proposed 
wind-energy facilities in the CPE. For the purpose of this analysis, we assumed that 6700 MW of 
wind power would be present in the CPE.  However, past experience indicates that not all 
permitted projects are built, so these figures likely overestimate what will actually be 
constructed. 
 
Most wind energy development in northern Oregon and southern Washington has been within 
the Columbia Plateau Level III Ecoregion (Thorson et al. 2003; Figure 1). The Columbia Plateau 
was historically characterized by open, arid shrub-steppe and grassland-steppe habitats. The 
current predominant land use of the Ecoregion is dryland agriculture, land enrolled in the 
Conservation Reserve Program (CRP), and rangeland (Figure 2). Precipitation through the region 
is 6 to 12 inches (about 15-30 centimeters) per year (Thorson et al. 2003). Surrounding 



 
 
CUMULATIVE IMPACTS ANALYSIS  
COLUMBIA BASIN PLATEAU  October 2008 
 

WEST, Inc. 4

ecoregions are more mountainous, receive more precipitation, and are more forested than the 
Columbia Plateau.  
 
 

METHODS 
 
This report provides a broad, qualitative analysis using existing public information about existing 
and proposed wind-energy facilities in the region, estimated population sizes of birds in the CPE, 
results of fatality monitoring studies, and published literature to compile a cumulative impact 
analysis for bird and bat resources. The analysis relies heavily on existing information from 
studies in the CPE. Information about wind project proposals was gathered from a variety of 
sources such as federal and state agencies (e.g., Bonneville Power Administration (BPA), 
Oregon Energy Facility Siting Council (EFSC)), permitting agencies (e.g., Klickitat County, 
WA), non-profit renewable energy advocates (e.g. Renewable Northwest Project), wind energy 
developers, and other public sources such as internet resources. Basic information such as the 
proposed capacity and location of each wind-energy facility identified was gathered and 
summarized to the extent possible.  
 
The general approach to the cumulative effects analysis was to summarize results of fatality 
monitoring studies at operational wind-energy facilities within the CPE, and then use those 
results to estimate impacts for all constructed and proposed wind-energy facilities within the 
same ecoregion. Habitat and land use throughout the entire CPE are similar.  
 
This cumulative effects analysis relies heavily on data from 11 wind-energy facilities in the CPE 
where monitoring for fatalities has occurred. Most of the operating facilities have had or will 
have some sort of bird or casualty monitoring associated with them, and post-construction 
fatality monitoring data are available from 11 operational wind energy facilities in the CPE 
(Table 2). For each of the individual study areas from which fatality results are available, the 
predominant land use was a mosaic of agriculture, mainly dryland wheat farming, and grassland 
or shrub- steppe rangeland used for livestock grazing. In general, the region where future wind-
energy facilities are being planned is similar in vegetation types (Quigley and Arbelbeide 1997), 
although, for any given facility, the amount of each type varies. It is assumed for the analysis that 
results from the existing studies would be applicable to new proposed facilities. 
 
With the exception of the Condon, Oregon, wind-energy facility, where no scavenging or 
searcher efficiency trials were conducted to estimate total mortality, the data sets used in this 
report were collected using similar methods, where observed fatality rates, calculated from 
standardized carcass searches, were adjusted for searcher efficiency and carcass removal biases. 
The analysis operates under the assumption that the bird and bat communities are similar across 
all wind-energy facilities because of habitat and land use similarities throughout the ecoregion, 
and thus are applicable to proposed facilities in this same ecoregion. Details about results, 
methods, and estimates of potential bird and bat impacts from each individual wind-energy 
facility are available in the referenced facility reports.  
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To define population sizes of those species most likely to be affected by wind energy 
development in the CPE, we used data from a recent publication that estimates breeding size of 
bird species by Bird Conservation Region, and then by that portion of each state within the Bird 
Conservation Region (see Blancher et al. 2007). Those portions of Washington and Oregon 
within the Great Basin Bird Conservation Region (see US NABCI Committee (2000) for a 
description) essentially comprise the same area that we have defined as the CPE.  
  
Raptors 
Pre–construction raptor use estimates and post-construction raptor fatality estimates are available 
for 11 facilities in eastern Washington and Oregon. Based on available data, it is likely that 
raptor mortality throughout the CPE would be on the same order of magnitude as other wind-
energy facilities in the western US outside California. Raptor use (raptors/survey) at wind 
resource areas (WRAs) in the CPE ranges from 0.26 to 1.64, and averages 0.68 observations per 
20-min survey (Table 3). This use is substantially lower than that at Altamont Pass and High 
Winds, two facilities in California that have had relatively high levels of raptor mortality. Similar 
levels of raptor mortality in the CPE would not be expected. To predict raptor mortality for all 
existing and proposed wind-energy facilities in the CPE, we assumed it would be similar to the 
other existing wind-energy facilities in the CPE. Mean annual raptor mortality 
(fatalities/MW/year) at the 11 existing wind-energy facilities in eastern Washington and Oregon 
ranges from 0 to 0.15/MW/year, with a mean of 0.07/MW/year. Because the 1.5–3.0 MW 
turbines constructed or proposed for most new-generation wind-energy facilities are larger than 
turbines used at most of the existing wind-energy facilities, it is likely not appropriate to predict 
raptor mortality in the CPE using per turbine estimates from the other wind-energy facilities, as 
several of the existing facilities used smaller turbines, ranging from 0.66 – 1.5 MW in size. 
Therefore, we used per megawatt estimates of raptor mortality for extrapolating the estimated 
numbers of raptor fatalities in the CPE. We used a range of 0.07 (mean) to 0.15 (maximum) 
raptor fatalities/MW/year for estimating raptor mortality at each of the CPE wind energy 
facilities. To estimate cumulative mortality of individual species, we assumed that species 
composition of bird and bat fatalities associated with 6700 MW of wind energy would be similar 
to species composition of fatalities found at the 11 existing facilities in the CPE. For example, 
American kestrels (Falco sparverius) composed 38.6% of the raptor fatalities found at existing 
wind-energy facilities. To estimate the total number of American kestrel fatalities associated 
with 6700 MW of wind energy development, we assumed that they would also compose 38.6% 
of the total cumulative number of raptor fatalities per year. 
 
All Birds 
Compared with raptors, there is little correlation between total numbers of birds (all species) 
observed during pre-construction surveys (most of which are song birds) and post-construction 
mortality, presumably because many of the collision fatalities are nocturnal migrants, which are 
not accounted for during diurnal surveys. In addition, the survey methods for quantifying use are 
more relevant for large birds than for small birds. Total bird use at 24 wind-energy facilities in 
the CPE has ranged from 5–23.6 birds/survey and averaged 13.4 birds/survey (Table 3). Total 
bird use at the 11 wind-energy facilities in eastern Washington and Oregon with post-
construction fatality data ranged from 5.0 birds/survey at Wild Horse to 23.6 birds/survey at 
Leaning Juniper, and averaged 12.4 birds/survey (Table 2). Because total bird use at proposed 
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wind-energy facilities with pre-construction bird use data is within the range of similar bird use 
values for existing wind-energy facilities in the CPE, it is reasonable to assume that mortality of 
all birds combined at CPE wind-energy facilities would be similar to that observed at the 11 
existing wind-energy facilities in the CPE. Therefore, we multiplied the total number of MW by 
2.1 fatalities/MW/year (the mean among the 11 CPE wind-energy facilities) to estimate total bird 
mortality. Based on the range of fatality rates at existing wind energy projects in Washington and 
Oregon (0.9–3.2 fatalities/MW/year), we multiplied the total number of MW by 0.9 
fatalities/MW/year to get a more conservative estimate, and by 3.2 fatalities/MW/year to get a 
more liberal estimate of total bird mortality. To estimate total cumulative mortality by bird type 
and/or species, we assumed the fatalities associated with 6700 MW of wind energy would have 
the same group and species composition as fatalities found at existing wind-energy facilities in 
the CPE. 
 
Bats 
To estimate cumulative bat mortality for all projects in the CPE, we assumed that bat mortality 
would be similar to the existing wind-energy facilities located in the CPE. Therefore, we 
multiplied the total number of MW by the mean number of bat fatalities/MW/year at the other 
CPE Projects (1.18/MW/year). Based on the range of fatality rates at existing wind energy 
projects in Washington and Oregon (0.39–2.46 fatalities/MW/year), we multiplied the number of 
MW by 0.39 fatalities/MW/year to get a more conservative estimate, and by 2.46 
fatalities/MW/year to get a more liberal estimate of cumulative bat mortality. We estimated the 
total number of fatalities by species assuming species composition would be similar to the 
species composition of bat fatalities found at existing wind-energy facilities in the CPE. 
 
 

RESULTS 
 
Existing Data for CPE Projects 
 
Raptors 
Pre–construction raptor use estimates and post-construction raptor fatality estimates are available 
for 11 wind-energy facilities in eastern Washington and Oregon. Pre-construction raptor use 
estimates at these wind-energy facilities have ranged from 0.26 raptors/survey at Nine Canyon, 
to 0.90 raptors/survey at Bighorn I, and averaged 0.50/survey (Table 2). Raptor mortality was not 
documented at three of these wind-energy facilities (Klondike I, Vansycle and Combine Hills) 
during one-year post-construction mortality surveys, and was relatively low at the other eight, 
ranging from 0.05/MW/year at Nine Canyon, Washington to 0.15/MW/year at Bighorn I, 
Washington. Quantitative mortality estimates were not made for Condon, but only one raptor 
fatality was documented at that facility.  
 
The 57 raptor fatalities found at CPE wind-energy facilities have composed 8.6% of the total bird 
mortality. Most of the raptor fatalities have been American kestrels (22 fatalities; 38.6%), red-
tailed hawks (Buteo jamaicensis; 14 fatalities; 24.6%) and short-eared owls (Asio flammeus; 7 
fatalities; 12.3%).  Other raptors found as fatalities at CPE wind-energy facilities include four 
ferruginous hawks (Buteo regalis), three Swainson’s hawks (Buteo swainsonii) and one each of 
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the following: rough-legged hawk (Buteo lagopus), Cooper’s hawk (Accipiter cooperii), northern 
harrier (Circus cyaneus), great horned owl (Bubo virginianus), long-eared owl (Asio otus), barn 
owl (Tyto alba) and unidentified accipiter (Table 4).  
 
All Birds 
Seventy-seven species have occurred as fatalities at existing wind energy facilities in the CPE. 
Passerines (songbirds) have been the most abundant bird fatality at wind-energy facilities outside 
California, often comprising more than 80% of total bird fatalities (Erickson et al. 2001a). 
Passerines are also the most commonly observed birds during pre-construction fixed-point bird 
use surveys at all of these sites. Both migrant and resident passerine fatalities have been 
observed. Songbird mortality at wind-energy facilities in eastern Oregon and Washington has 
been reasonably consistent among sites. Songbirds have composed 69.5% of the bird mortality at 
CPE wind-energy facilities. Horned larks (Eremophila alpestris) have been the most commonly 
observed songbird fatality in the CPE, composing 31.1% of all bird fatalities (Table 4), and have 
been the most abundant songbird observed during pre-construction fixed point bird use surveys 
at these sites. Based on long term Breeding Bird Survey (BBS) data, horned larks are likely one 
of the most common birds in the Columbia Plateau. No other resident songbird species 
comprised a large proportion of the fatalities observed at the wind-energy facilities in the CPE 
(Table 4). The one apparent migrant with the highest number of fatalities is the golden-crowned 
kinglet (Regulus satrapa; 43 fatalities; 6.5% of all fatalities). 

Mourning doves (Zenaida macroura) and rock pigeons (Columba livia) have composed 3.2% of the 
mortality at CPE wind-energy facilities. Waterfowl, waterbirds and shorebirds have composed only 
1.7% of the fatalities, and include four Canada geese (Branta canadensis), two mallards (Anas 
platyrhynchos), and one each of the following species: great blue heron (Ardea herodias), American 
coot (Fulica americana), bufflehead (Bucephala albeola), killdeer (Charadrius vociferous), and 
western grebe (Aechmophorus occidentalis). Mortality compared to use by these groups is very low. 
For example, only two Canada goose fatalities were documented at the Klondike, Oregon wind-
energy facility (Johnson et al. 2003a), even though 43 flocks totaling 4845 individual Canada geese 
were observed during pre-construction fixed-point bird use surveys (Johnson et al. 2002a).  
Shorebird use of wind-energy facilities in the CPE has been low, with the most common species 
being killdeer. Shorebirds as a group are rarely killed at wind-energy facilities; of 1036 avian 
fatalities collected at US wind-energy facilities and summarized in Erickson et al. (2001), only one 
was a shorebird (a killdeer found at Buffalo Ridge wind-energy facility, Minnesota). Low shorebird 
mortality has occurred even though shorebirds have been recorded at virtually every wind-energy 
facility evaluated. Some waterfowl, shorebird and other waterbird mortality will occur at CPE wind-
energy facilities, but based on all available data from other facilities, the numbers are expected to be 
low relative to the use of each area. Upland gamebirds documented during surveys of CPE wind-
energy facilities include ring-necked pheasant (Phasianus colchicus), gray partridge (Perdix 
perdix), chukar (Alectoris chukar), and California quail (Callipepla californica). Some upland 
gamebird mortality has been documented at many wind-energy facilities (Erickson et al. 2001a; 
Erickson et al. 2002). In the CPE, upland gamebirds are one of the most common fatalities, 
composing 14.5% of all identified fatalities (Table 5). Based on habitat present, results from other 
regional wind-energy facilities, and the presence of upland gamebirds during baseline surveys, some 
mortality of upland gamebirds is expected to occur at nearly all wind-energy facilities in the CPE. 



 
 
CUMULATIVE IMPACTS ANALYSIS  
COLUMBIA BASIN PLATEAU  October 2008 
 

WEST, Inc. 8

Bats 
Bat mortality estimates have been made for 10 existing wind-energy facilities in the CPE, where 
they ranged from 0.39–2.46 fatalities/MW/year, and averaged 1.18 fatalities/MW/year (Table 6). 
Bat mortality patterns at wind-energy facilities in Washington and Oregon have followed 
patterns similar to the rest of the country. Of 337 bat fatalities collected at existing wind-energy 
facilities in eastern Oregon and Washington, 315 (93.5%) have been the two migratory species 
that occur in the CPE, including 152 hoary bats (Lasiurus cinereus) and 163 silver-haired bats 
(Lasionycteris noctivagans). The other mortalities have consisted of small numbers of big brown 
bats (Eptesicus fuscus), little brown bats (Myotis lucifugus), and unidentified bats (Table 7). 
Virtually all of the mortality has occurred in late summer and early fall, during the fall migration 
period for hoary and silver-haired bats.  
 
Mortality Estimates and Population Consequences 
 
Birds (Excluding Raptors) 
For all birds combined, we estimate that total annual mortality in the CPE would be 14,070 
birds/year, with a reasonable range of 6,030 to 21,440 birds/year. Despite several thousand bird 
fatalities from 6700 MW of wind power, these impacts are spread across numerous species and 
bird groups, as well as across seasons.  Therefore, the overall impact to any given species or 
population of a species is substantially less. Based on species composition of fatalities at existing 
CPE wind-energy facilities (Table 4), passerines would compose approximately 69.5% of the 
fatalities, upland gamebirds would compose 14.5%, doves/pigeons would compose 3.2%, 
waterfowl/waterbirds/shorebirds would compose 1.7% and other bird types, such as 
woodpeckers, nighthawks and swifts, would compose 2.6%. Approximately 3.3% of the 
mortality would be composed of non-protected European starlings (Sturnus vulgaris) and rock 
pigeons. 
 
Raptors 
Using raptor mortality estimates from existing wind energy facilities in the CPE, we estimate 
total raptor mortality in the CPE would be 469 fatalities per year, with an upper bound of 1005 
per year. The upper bound assumes that all projects would have raptor fatality rates similar to 
those experienced at the wind farm with the highest raptor mortality rate (0.15/MW/year), which 
is unlikely.  Therefore, we feel the projected number of fatalities using the mean raptor fatality 
rate at existing CPE wind projects is the most appropriate metric for cumulative impacts 
analysis. American kestrels account for 38.6%, red-tailed hawks account for 24.6% and short-
eared owls account for 12.3% of the raptor fatalities recorded at the regional wind projects 
studied (see Table 4). Assuming this trend holds true for all proposed wind-energy facilities in 
the CPE, and assuming there would be 469 raptor fatalities per year, it would be expected that on 
average 181 American kestrels, 115 red-tailed hawks and 58 short-eared owls would be killed 
each year.  
 
The other species of raptors occurring in the CPE have had no or few fatalities at existing wind-
energy facilities, and would likely represent a much smaller number of fatalities.  For example, 
no golden eagle, peregrine falcon (Falcon peregrinus) or prairie falcon (Falcon mexicanus) 
fatalities have been found to date; therefore, our mortality estimate for these species is 
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necessarily zero.  Two species of concern in the region, ferruginous hawk and Swainson’s hawk, 
have both been found as turbine collision victims in the CPE. Ferruginous hawks have composed 
7.0% of the raptor fatalities (four of 57), while Swainson’s hawks have composed 5.3% (three of 
57). Assuming a total of 469 raptor fatalities could occur each year in the CPE, this would result 
in 33 ferruginous hawk and 25 Swainson’s hawk fatalities per year.  
 
The three species of raptors with the largest expected numbers of fatalities due to wind energy 
development in the CPE are American kestrel, red-tailed hawk and short-eared owl. Raptor fatalities 
in the CPE have occurred throughout the year, with 22.8% in the spring, 45.6% in the summer, 
17.5% in the fall, and 12.3% in the winter (Table 8).  Approximately 52.6% of the raptor fatalities 
have occurred during the spring and fall migration, and during winter periods, when the affected 
population could contain birds from numerous local breeding populations in the Pacific Northwest 
as well as further north in Canada. Assuming approximately 45.6% of the mortality would occur 
during the breeding season, it would be expected that approximately 83 American kestrel, 52 red-
tailed hawk and 26 short-eared owl fatalities would occur during the breeding season. An estimate 
of the breeding population in the Columbia Plateau, based on the BBS long-term average data, is 
approximately 170,000 breeding American kestrels, 77,000 breeding red-tailed hawks and 21,000 
breeding short-eared owls (Blancher et al. 2007). Annual collision mortality in the CPE would 
represent approximately 0.05% of the breeding population of American kestrels, 0.07% of the 
breeding population of red-tailed hawks and 0.12% of the breeding population of short-eared owls. 
Even if we assumed all mortality (instead of 45.6%) would occur to adult breeding birds, this would 
still represent only 0.11%, 0.15% and 0.28% of the breeding American kestrels, red-tailed hawks 
and short-eared owls, respectively, in the CPE.  Background mortality for these species is much 
higher than this estimate and the additional wind energy related mortality is likely insignificant from 
a population standpoint. Typical annual mortality rates for red-tailed hawks are 54% of juveniles, 
20% of subadults, and 20% of adults. American kestrels suffer even higher mortality, as the annual 
mortality rate is 69% of juveniles and 45% of adults (Millsap and Allen 2006). Annual survival data 
are not available for short-eared owls (Wiggins et al. 2006).  Given these numbers, plus the fact that 
most raptor populations can withstand additional harvest of nestlings and migrating birds by 
falconers of 10-20% or even higher (Millsap and Allen 2006), it is unlikely that the additional 
mortality of <0.30% associated with projected wind power development in the CPE would lead to 
measurable population effects for American kestrels, red-tailed hawks and short-eared owls. Based 
on an analysis of population sizes and survival rates, the US Fish & Wildlife Service conservatively 
estimates that falconers could harvest 13,216 juvenile red-tailed hawks and 19,575 juvenile 
American kestrels each year in the US without any consequences to populations (Millsap and Allen 
2006). Actual harvest by falconers in 2004 was only 1,062 raptors comprising 15 species (Milsap 
and Allen 2006). Given these estimates of a sustainable harvest and the actual number of birds 
harvested, the number of birds killed in 2004 by wind turbines in North America should have fallen 
into a range of sustainable mortality.  
 
Even though only four ferruginous and three Swainson’s hawk fatalities have been found at existing 
wind energy facilities in the CPE, these raptors are species of concern and warrant additional 
analysis.  The ferruginous hawk is listed as threatened by the Washington Department of Fish and 
Wildlife (WDFW) and as “critical” by the Oregon Department of Fish and Wildlife (ODFW), while 
the Swainson’s hawk is listed as “vulnerable” by the ODFW. The estimated breeding population in 
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the CPE is 1,000 ferruginous hawks (Blancher et al. 2007).  Ferruginous hawks may occur in the 
CPE throughout the year and their populations include breeders, migrants and winter residents, as 
well as juveniles and adults.  Given our estimate of 33 ferruginous hawk fatalities on an annual 
basis, even if all turbine mortality occurred to resident breeding adult birds, this would represent 
3.3% of the breeding ferruginous hawks in the CPE.  Because mortality would likely be spread out 
among migrants, winter residents, resident breeders, and juveniles as well as adults, mortality of 
adult ferruginous hawks actually breeding in the CPE would be less than 3.3%, likely on the order 
of 1–2%.  According to Millsap and Allen (2006), ferruginous hawk populations can sustain 1% 
harvest rates (limited to juveniles) without affecting populations.  This harvest rate was considered 
conservative because it was modeled using data obtained from red-tailed hawk banding or marking 
studies, which typically greatly underestimate survival in raptors compared to telemetry studies.  
Therefore, the sustainable harvest rate is likely greater than 1%.  To put a 1-2% mortality rate into 
perspective, we examined existing mortality rates of ferruginous hawks.  A study of ferruginous 
hawks in Washington State found that annual adult mortality was 24%, and mortality of juvenile 
ferruginous hawks was 57% between the first and second year (Watson 2003).  A ferruginous hawk 
banding study in Alberta, Canada found that first year mortality was 60% (Schmutz and Fyfe 1987), 
and a study of ferruginous hawks in Utah found that annual mortality was 25% for adults and 66% 
for juveniles the first year (Woffinden and Murphy 1989).  Another study in Canada (Alberta and 
Saskatchewan) found that annual adult mortality was 29.2%, and first year mortality of nestlings 
was 45.5%.  Despite annual adult mortality of 29.2%, the authors concluded that adult survival was 
not limiting the population; abundance of ground squirrels, which affected nesting success, 
appeared to be the primary factor regulating population size (Schmutz et al. 2008).  Given published 
annual mortality rates for adult ferruginous hawks of 24–30%, additional losses of 1–2% of resident 
breeders associated with 6700 MW of wind energy development in the CPE would not likely have 
measurable population consequences.   
 
The above analysis is for the entire population of 1000 ferruginous hawks in the CPE.  It 
assumes that wind energy development and ferruginous hawk populations are spread uniformly 
across the entire CPE, which is not the case.  Given the actual locations of existing and proposed 
wind energy facilities and ferruginous hawk population centers, actual impacts are likely lower.  
For example, the existing and proposed wind energy development in Klickitat County, 
Washington is approximately 1751 MW, or 26% of all wind energy development in the CPE.  
However, only three breeding pairs of ferruginous hawk are known to occur in the county (Jim 
Watson, Wildlife Research Scientist, Washington Department of Fish and Wildlife, pers. 
commun).  Therefore, the county with the largest amount of wind energy development has a low 
breeding population of ferruginous hawks, which reduces the potential for significant impacts to 
this species across its entire range in the CPE.   According to Watson (2003), the core breeding 
area for ferruginous hawks in Washington is in Benton and Franklin Counties. To date, no wind 
energy facilities have been proposed in Franklin County and only three of the existing/proposed 
facilities are in Benton County (Figure 1).  Therefore, there is little overlap between areas of 
intensive wind energy development and core breeding areas for ferruginous hawk, which further 
reduces the potential for cumulative impacts to this species.  Although local populations of 
ferruginous hawk may be reduced in areas of intensive wind energy development, the evidence 
suggests that this impact is not likely to affect the ferruginous hawk population in the entire CPE.   
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Breeding Bird Survey data collected over the last 27 years (1980–2007) show a negative trend in 
population growth for ferruginous hawks in the CPE (Sauer et al. 2008), but the negative trend is 
not statistically significantly due to low sample sizes and uncertainty (Sauer et al. 2008).  If 
ferruginous hawk populations are declining in the region, and wind energy development 
continues at its current rate of growth in the CPE, ferruginous hawk collision mortality could 
eventually reach a point that populations may begin to decline without some form of mitigation.  
Mitigation could include establishing appropriate buffers around ferruginous hawk breeding 
territories at future wind energy facilities, erecting artificial nest structures, or otherwise 
improving habitat for ferruginous hawks in the CPE (Johnson et al. 2007).    

The estimated Swainson’s hawk breeding population in the CPE is 10,000 (Blancher et al. 2007). 
Unlike ferruginous hawks, Swainson’s hawks occur in the CPE only during summer and most are 
resident breeders. Given our mortality estimate of 25 Swainson’s hawks per year, this would 
represent only 0.25% of the Swainson’s hawks in the CPE.  Compared to many other raptor species, 
there is little data on annual survival of Swainson’s hawks (England et al.  1997).  The annual 
mortality rate of Swainson’s hawks was reported in one study from western Canada, where it was 
estimated to be 15.7%, and nestling mortality rates ranged from 56–81% over the multi-year study 
(Schmutz et al. 2006).  Given these mortality rates, additional losses of <0.3% would be considered 
sustainable and would not have measurable population consequences. 
   
Upland Gamebirds 
Upland gamebirds represent a higher percentage (14.5%) of the bird fatalities in the Columbia 
Plateau than in other regions in the US. No native upland gamebirds have been found as fatalities 
at wind-energy facilities in the CPE. All of the fatalities have been ring-necked pheasant, gray 
partridge, and chukar, which are all introduced species. Given our total bird mortality estimate of 
14,070, approximately 2,040 upland gamebird fatalities would be expected to occur on an annual 
basis.  
 
The species most impacted, ring-necked pheasant, gray partridge, and chukar, are all common in 
mixed agricultural native grass/steppe habitats. Habitats throughout the Columbia Plateau are highly 
suitable for these species and the large populations likely influence the higher mortality rate for the 
regional wind-energy facilities. The total estimated population size of these three species combined 
in the CPE of Oregon and Washington is 370,900 (Blancher et al. 2007); therefore, wind energy 
fatalities would compose approximately 0.55% of the population. As with non-native (non-
protected) passerine species, there is generally lower concern over impacts to exotic upland 
gamebirds. Given the vast amount of suitable habitat and the ability of these species to withstand 
harvest rates substantially higher than 0.55%, it is unlikely that additional fatalities from wind 
energy development would be significant from a population standpoint.  
 
Waterfowl, Waterbirds and Shorebirds 
Waterfowl, waterbirds and shorebirds represent a very small percentage (1.7%) of all fatalities at 
existing wind energy projects in the CPE. Based on our total bird mortality estimate of 14,070, 
approximately 239 fatalities could result on an annual basis, including 152 waterfowl, 65 
waterbirds, and 22 shorebirds. 
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Populations of waterfowl, waterbirds and shorebirds in the CPE are considerable. In addition, 
members of these groups are present year-round in the form of resident breeders, migrants, and 
winter residents. Given that we estimate only a few hundred individuals will be killed by turbine 
collisions on an annual basis, no cumulative impacts on these species are likely. In addition to 
killdeer, another shorebird commonly associated with upland habitats where wind-energy 
facilities are placed, is long-billed curlew. To date, however, no fatalities of this sensitive species 
have been documented at any wind-energy facility in the CPE, and no cumulative impacts are 
likely from collision mortality.  
 
Passerines 
For projects in the CPE, approximately 69.5% of the bird fatalities have been passerines (Table 
5). Assuming that 69.5% of all bird mortality would be composed of passerines, approximately 
9,779 passerine fatalities would occur annually in the CPE. Of all passerine fatalities recorded 
during the regional monitoring studies, horned lark made up nearly half (44.7%) of the fatalities. 
Assuming this pattern holds for all CPE wind-energy facilities, it could be expected that on 
average there would be 4,371 horned lark fatalities per year. Another common grassland breeder 
in the CPE, western meadowlark (Sturnella neglecta), composed approximately 4.6% of the 
passerine fatalities at wind-energy facilities, and therefore total annual mortality of this species 
related to wind turbine collisions would be approximately 450 individuals. At wind-energy 
facilities in the CPE, migrant passerines of several species generally composed approximately 
32.9% of the bird fatalities. Assuming these estimates are representative of all CPE wind-energy 
facilities, approximately 3,217 nocturnal migrant fatalities would be expected per year if 6700 
MW of wind power were constructed. The most common migrant fatality at existing wind-
energy facilities in the CPE was golden-crowned kinglet (Table 4). Approximately 9.3% of the 
passerine fatalities were of this species; therefore, estimated annual mortality for this species 
would be approximately 909 individuals. 
 
According to Blancher et al. (2007), the estimated size of the breeding population of horned larks in 
that portion of the CPE in Washington and Oregon is 2.2 million. Given our estimate of 4,371 
horned lark fatalities, and if it is assumed that the horned lark fatalities are spread equally over the 
year, then roughly 25% (~1,093) of these fatalities would be during the breeding season. This 
represents approximately 0.05% of the breeding horned lark population. Given that most of the 
mortality will be composed of common species with widespread distribution and large populations, 
that annual mortality rates of song birds typically range from 30–70% (Lack 1966; Welty 1982), 
losses amounting to less than one percent are impacts to individuals, and therefore not significant 
from a population standpoint.  
 
While this example represents a plausible means of addressing potential population impacts under a 
number of assumptions, it illustrates the low level of effect on the common grassland/agricultural 
species that comprise the largest portion of the fatalities. Similar examples could be used for the 
other species that illustrate lower effects. For example, the BBS data indicate the breeding 
population of western meadowlarks in the CPE of Oregon and Washington is one million (Blancher 
et al. 2007). Given our estimate of 450 western meadowlark fatalities, the impact on the western 
meadowlark breeding population in the Columbia Plateau would be minor and insignificant. The 
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number of fatalities from other species are even fewer (see Table 4) and unlikely to have any 
population effects.  
 
In general, while modern turbines are getting taller, new wind-energy facilities do not appear to 
have a large impact on migrant birds. Results of marine radar surveys for proposed wind-energy 
facilities have indicated that the vast majority of nocturnal migrants fly at altitudes that do not put 
them at risk of collision with turbines (Young and Erickson 2006). Also, there have been only two 
multiple individual mortality events during a migration season reported at newer wind-energy 
facilities in the US. At Buffalo Ridge, Minnesota, fourteen migrating passerine fatalities (vireos, 
warblers, flycatchers) were observed at two turbines during a single night in May 2002 (Johnson et 
al. 2002b), and 33 migrating passerine fatalities (mostly warblers) were observed near one turbine 
and a well-lit substation at the Mountaineer, West Virginia, wind-energy facility in May 2004 
(Kerns and Kerlinger 2004). At wind-energy facilities in the CPE, migrant passerines of several 
species generally composed approximately 30% of the bird fatalities. Some impacts are expected for 
nocturnal migrating species; however, impacts are not expected to be great for the CPE. The 
apparent migrant with the greatest number of collision fatalities is golden-crowned kinglet. Our 
annual mortality estimate for golden-crowned kinglet was 909, which would represent 0.13% of the 
estimated breeding population size of this species in the CPE of Oregon and Washington, which is 
720,000 (Blancher et al. 2007). Golden-crowned kinglets are typically associated with forested 
habitats during the breeding season, so it is assumed that many of the impacted individuals were 
from surrounding mountainous ecoregions or populations further north (e.g., Canada), rather than 
from the CPE. As with horned lark, estimating the potential population size from which these birds 
came requires a number of assumptions. However, while the potential population size is unknown, 
it is possible that the individual fatalities came from several populations in surrounding or more 
northern ecoregions, thus further diluting the impacts on any one population. Other potential 
migrant species were found in lower numbers. Cumulatively the impacts to migrants would be 
spread over a much larger population base and are not considered significant. 
 
Sensitive Bird Species 
In addition to ferruginous and Swainson’s hawks discussed above, other species classified as 
sensitive species by the WDFW and/or ODFW have been found as fatalities at CPE wind energy 
projects.  These include Lewis’s woodpecker (Melanerpes lewis), grasshopper sparrow 
(Ammodramus savannarum), sage thrasher (Oreoscoptes montanus), sage sparrow (Amphispiza 
belli) and Vaux’s swift (Chaetura vauxi).   Only one fatality of each of the above species has 
been found at CPE wind energy projects.  Given that 663 bird fatalities have been found at these 
projects and estimated total bird mortality is 14,070, the estimated mortality for each of these 
species would be approximately 21 fatalities per year.  The estimated population sizes of each of 
these species in the CPE based on Blancher et al. (2007) is 25,000 Lewis’s woodpeckers, 
149,000 grasshopper sparrows, 1,060,000 sage thrashers, 314,000 sage sparrows, and 110,000 
Vaux’s swifts.  Given these estimated populations sizes, the loss of 21 individuals per year 
would not have measurable populations consequences. 
 
Bats 
Based on bat mortality estimates at the other regional wind-energy facilities, total bat mortality 
in the CPE was estimated at 7,906 per year, with an expected range of 2,613–16,482 fatalities per 
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year. Based on species composition of bat fatalities found at CPE wind-energy facilities, 
approximately 3,827 silver-haired and 3,566 hoary bat fatalities would occur in the CPE on an 
annual basis.  
 
Unlike birds, there is little information available about population sizes of most bat species, 
especially the non-hibernating, solitary tree-roosting species that compose most of the wind-
energy facility related mortality in North America. Results of monitoring studies across the US 
and Canada have found similar trends in impacts.  Risk to bats from wind turbines is unequal 
across species and across seasons. The majority of bat fatalities at wind projects in the US and 
Canada have been tree roosting bats that are long-distance migrants. Silver-haired bats 
throughout the US and species in the Lasiurus genus, the hoary bat in the west and the eastern 
red bat (L. borealis) in the east, are the most abundant fatalities found at wind-energy facilities. 
Less common fatalities include big brown bats and Myotis species (Johnson 2005). The highest 
mortality occurs during the fall migration period for bats, from roughly late-July through 
September (Arnett et al. 2007, Johnson 2005). Much lower mortality rates occur in the spring 
and summer, particularly in the CPE. 
 
More recently, studies at different locations in the US and Canada appear to indicate that bat 
mortality is not related to site features or habitat, and dissimilar results for ecologically similar 
facilities have been found. While it is hypothesized that eastern deciduous forests in mountainous 
areas may be the highest risk areas, relatively high bat mortality has also occurred at wind-
energy facilities in prairie/agricultural settings (Alberta, Canada) and mixed deciduous woods 
and agricultural settings (Maple Ridge, New York). For example, a wind project in dryland 
agricultural prairie type habitats in southern Alberta has reported fairly high observed bat 
mortality (not corrected for searcher and carcass removal biases) of 12-15 bats per turbine per 
year or seven to eight bats per MW per year (Baerwald 2007). In contrast, other nearby (within 
15.5 miles or 25 km) wind-energy facilities to that site have reported similar bat mortality (one to 
two bats per MW per year) to the wind-energy facilities studied in the CPE (Baerwald, pers. 
comm.).  Bat mortality in the CPE would involve primarily silver-haired and hoary bats. Most 
mortality is observed during the fall migration period. The regional monitoring studies suggest 
resident bats do not appear to be significantly affected because very low numbers of resident bat 
species have been observed as fatalities.  One species of potential concern is the Townsend’s big-
eared bat (Corynorhinus townsendii), a state candidate species in Washington.  Very little is 
known about the current distribution of Townsend’s big-eared bat in Washington. According to 
Marshall et al. (1996) the subspecies Corynorhinus townsendii pallescens occurs east of the 
Cascade Range, within the CPE.   A Biological Assessment prepared to address the potential for 
a wind-energy facility in West Virginia to impact the federally endangered Virginia big-eared bat 
(Corynorhinus townsendii virginianus), a subspecies of Townsend’s big-eared bat, concluded 
that the collision risk to this species is very low because it is non-migratory and forages well 
below the space occupied by turbine blades (Johnson and Strickland 2003). These conclusions 
are also likely applicable to Townsend’s big-eared bat, and to date no fatalities of this species 
have been found at any wind energy facility in the CPE.  

Hoary bats and silver-haired bats occupy forested habitats during the breeding season – habitat 
distinctly lacking and localized throughout the CPE. The significance of wind energy impacts on 



 
 
CUMULATIVE IMPACTS ANALYSIS  
COLUMBIA BASIN PLATEAU  October 2008 
 

WEST, Inc. 15

hoary and silver-haired bat populations is difficult to predict, as there is very little information 
available regarding the overall population sizes of these bats. However, hoary and silver-haired 
bats are widely distributed throughout North America. Most concern over impacts to bats is with 
wind-energy facilities built on ridgetops in the Appalachian Mountains, where mortality levels 
have been as high as 47.5 bat fatalities/turbine/ year (Kerns et al. 2005), substantially higher than 
the average of 1.18 bat fatalities/MW/year observed in the Pacific Northwest.  

In general, mortality levels on the order of one to two bats per turbine or per MW are likely not 
significant to populations, although cumulative effects may have greater consequences for long-
lived, low-fecundity species such as bats. Unlike many bird species that may have multiple 
clutches of multiple young per year, hoary bats and silver-haired bats typically raise only one or 
two young per year and only breed once per year (Shump and Shump 1982; Kunz 1982). Bats 
tend to live longer than birds, however, and may have a longer breeding lifespan. The impact of 
the loss of breeding individuals to populations such as these may have greater consequences.  
 
Since it is most likely breeding populations from surrounding mountainous/forested ecoregions 
or from more northern areas (e.g., Canada) are affected at the Columbia Plateau wind-energy 
facilities during the fall migration, the dynamics of these populations would need to be known to 
predict population effects. For large and stable populations the level of impact is not expected to 
be significant, although impacts could be more pronounced for less stable populations. Bat 
Conservation International (BCI), the American Wind Energy Association (AWEA), the US Fish 
& Wildlife Service (USFWS), and the US Department of Energy National Renewable Energy 
Laboratory (NREL) have initiated a research effort termed the Bat Wind Energy Cooperative to 
conduct research and further understand bat and wind turbine interactions and how to prevent or 
minimize bat fatalities at wind energy facilities. 
 
Indirect Effects 
 
Grassland and shrub-steppe communities are the most abundant native communities in the CPE, 
but they are also highly subjected to development and conversion to agriculture (Johnson and 
O’Neil 2001). In addition to potentially thousands of new vertical structures, added wind energy 
generation in the region will result in more roads (mostly dirt and gravel) and increased human 
activity due to turbine construction and maintenance. A substantial portion of these impacts will 
be to already heavily disturbed agricultural fields and moderately disturbed rangeland used for 
livestock grazing. The percent of direct impacts actually occurring in native grassland or shrub-
steppe habitat are difficult to predict and would be based on individual facility design and layout. 
However, based on the community types that existing wind-energy facilities are located in, we 
assume that approximately 25% of the existing and proposed facilities would be in cultivated 
cropland.  Based on terrestrial vegetative communities in the CPE (Figure 2), only seven of the 
47 existing or proposed wind energy facilities are in communities classified as shrub steppe, with 
two additional facilities in areas classified as grasslands.  The remainder is all within vegetative 
communities classified by Quigley and Arbelbeide (1997) as agricultural lands.  These lands 
include croplands as well as rangelands used for cattle grazing, but are apparently degraded such 
that they are no longer classified as shrublands or grasslands.  Therefore, most of the wind 
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energy facilities in the CPE are in areas already degraded to some extent from conversion to 
pastures and cultivated cropland. 
 
Assuming that on average the permanent impacts associated with a turbine and the associated 
access roads are 1.5 acres per turbine, and that 1.5-3.0 MW turbines are used for all new projects 
in the foreseeable future, then approximately 5,000 acres (7.8 mi2) of non-agricultural vegetation 
types, primarily grassland shrub-steppe vegetation, would be lost in the CPE with 6,700 MW of 
wind energy. These impacts would be spread over a large area geographically (see Figure 1).  
Given that the CPE is 32,096 mi2 in size, permanent impacts associated with 6700 MW of wind 
energy development would represent only 0.02% of the area. 
 
While the CPE covers a large area, and characteristic grassland shrub-steppe habitat is 
widespread, it is also heavily fragmented by agricultural activities. Species that depend on native 
habitat face physical and ecological barriers within the region and at the region’s edges. The 
Columbia River, and other smaller rivers in the area, cut deep canyons and present linear 
alteration to the general physiography and potential barriers to some animal species movement. 
Large swaths of agricultural land are less obvious, but may pose significant obstacles to small or 
less mobile animals. While many birds are not impeded by such physical barriers, some smaller, 
habitat-specific birds that depend on brushy habitats for cover could be affected by such habitat 
fragmentation. Habitat specialists and obligates such as greater sage-grouse (Centrocercus 
urophasianus) and sage sparrow (Amphispiza belli) require large tracts of continuous sage 
habitat (Johnson and O’Neil 2001), which is largely missing from the Columbia Plateau, and the 
range for these species in the Columbia Plateau is already severely restricted. Assuming that 
agricultural vegetation types are not important wildlife habitat, habitat loss impacts are not 
expected to be a significant loss to any given species within the entire CPE. However, because 
existing and proposed wind-energy facilities tend to be concentrated within certain regions 
within the CPE (see Figure 1), habitat loss may lead to localized population declines of some 
species. 

The presence of wind turbines may alter the landscape so that wildlife habitat use patterns are 
altered, thereby displacing wildlife away from the wind-energy facilities. Development of wind 
turbines near raptor nests may result in indirect impacts to the nesting birds; however, the only 
published report of avoidance of wind turbines by raptors occurred at Buffalo Ridge, Minnesota, 
where raptor nest density on 101 mi2 (261.59 km2) of land surrounding a wind project was 5.94/39 
mi2 (5.94/ 101.01 km2), yet no nests were present in the 12 mi2 (31.08 km2) wind-energy facility 
itself, even though habitat was similar (Usgaard et al. 1997). However, this analysis assumes that 
raptor nests are uniformly distributed across the landscape, an unlikely event, and even though no 
nests were found, only two would be expected for an area 12 mi2 in size if the nests were distributed 
uniformly. No red-tailed hawks or golden eagles are known to nest within the Altamont Pass WRA 
(APWRA), suggesting that the large numbers of turbines present within that area may discourage 
nesting by raptors, or that collision mortality prevents nesting in the APWRA. At the Foote Creek 
Rim wind-energy facility in southern Wyoming, one pair of red-tailed hawks nested within 0.3 
miles (0.48 km) of the turbine strings, and seven red-tailed hawk, one great horned owl, and one 
golden eagle nests located within one mile (1.61 km) of the wind-energy facility successfully 
fledged young (Johnson et al. 2000a). The golden eagle pair successfully nested a half-mile (0.80 
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km) from the wind-energy facility for three different years after it became operational. Additionally, 
a Swainson’s hawk nested within a half-mile mile of the Klondike, Oregon Wind Project (Johnson 
et al. 2003a). Studies at the Stateline Wind Project in Oregon and Washington have shown no 
measurable short-term effects to nesting raptors (Erickson et al. 2004).  Maintaining permanent nest 
buffers would reduce the potential for indirect impacts. 

At the Foote Creek Rim wind-energy facility in Carbon County, Wyoming, results of a long-term 
mountain plover monitoring study found that mountain plover use of the of the area declined during 
and immediately after construction of the facility. Mountain plover use slowly increased following 
operation of the facility, although not to the same level as it was prior to construction. It is possible 
that construction of the wind-energy facility resulted in some displacement of plovers, although a 
regional decline in mountain plover populations may also have contributed to the decline. Mountain 
plover use also declined during this same period at a nearby reference area and a more regional 
decline was documented by Fritz Knopf (Personal communication) and the USFWS (1999). Some 
mountain plovers have apparently become habituated to the turbines, as several mountain plover 
nests have been located within 246 ft (75 m) of turbines, many of which were successful (Young et 
al. 2005).  

At a large wind-energy facility at Buffalo Ridge in Minnesota, the abundance of shorebirds, 
waterfowl, upland game birds, woodpeckers, and several groups of passerines was found to be 
statistically significantly lower at survey plots with turbines than at plots without turbines. There 
were fewer differences in avian use as a function of distance from turbines; however, suggesting 
that the area of reduced use was limited primarily to those areas within 328 ft (100 m) of the 
turbines (Johnson et al. 2000b). These results are similar to those of Osborn et al. (1998), who 
reported that birds at Buffalo Ridge avoided flying in areas with turbines. Also at Buffalo Ridge, 
Leddy et al. (1999) found that densities of male songbirds were significantly lower in Conservation 
Reserve Program grasslands containing turbines than in CRP grasslands without turbines. 
Grasslands without turbines and portions of grasslands located at least 590 ft (180 m) from turbines 
had bird densities four times greater than grasslands located near turbines. Reduced bird use near 
turbines was attributed to avoidance of turbine noise and maintenance activities and reduced habitat 
effectiveness because of the presence of access roads and large gravel pads surrounding turbines 
(Leddy 1996; Johnson et al. 2000b). Some birds apparently do become accustomed to turbines, as 
Osborn et al. (1998) reported a mallard nest within 102 ft (31 m) of a turbine in Minnesota.  

Preliminary results from the Stateline Wind Project in Oregon and Washington (Erickson et al. 
2004) suggest a relatively small-scale impact of the wind-energy facility on grassland nesting 
passerines. Transect surveys conducted prior to and after construction of the wind-energy facility 
indicated that grassland songbird use was significantly reduced only within 164 ft (50 m) of turbine 
strings; areas further away from turbine strings did not have reduced avian use. The reduced use was 
attributed to temporary and permanent habitat disturbance near the turbines. Horned larks appeared 
least impacted, likely because this species prefers areas of bare ground such as those created by 
turbine pads and access roads (Beason 1995).  A long-term grassland bird displacement study at a 
wind energy facility in South Dakota found that chestnut-collared longspur (Calcarius ornatus) and 
western meadowlarks did not appear to avoid turbines, whereas grasshopper sparrows appeared to 
avoid turbines out to a distance of 200 m (D. H. Johnson and J.A. Shaffer, US Geological Survey, 
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personal communication). 

The CPE wind energy facilities will be sited in vegetation communities common to the region, and 
other similar vegetation types are abundant. Furthermore, the actual area occupied by turbines and 
other infrastructure in a typical modern wind energy facility is only 5-10% of the total project area. 
However, it is not known if displaced individuals simply move somewhere else and breed 
successfully, have reduced breeding success, do not breed at all, or some combination of the above. 
In addition, habitat fragmentation and disturbance from turbines and maintenance activities may 
make the entire wind-energy facility unsuitable for some species. If this occurs, a reduction in the 
number of breeding birds within the wind-energy facility and adjacent areas may occur, and the 
effect may be more pronounced in areas with concentrated facilities in circumstances where habitat 
is a limiting factor.  However, the total area occupied by wind-energy facilities is only a small 
fraction of the CPE (see Figure 1), and measurable population impacts are not likely for the entire 
region.  

 
DISCUSSION 

Mortality estimates for this analysis were based on species composition of fatalities found at 11 
existing wind energy facilities in the CPE.  Sample sizes for this analysis were relatively small 
for some groups.  For example, we estimated ferruginous hawk mortality assuming that they 
would compose 7.0% of all raptor fatalities based on four ferruginous hawk fatalities out of 57 
raptor fatalities found at the existing wind energy facilities.   This ratio could easily change as 
additional fatality data are collected at new wind energy facilities in the CPE. 
Our cumulative mortality estimates should be considered tentative, as no comparable fatality 
data exist for the large 2.0-3.0 MW turbines proposed for many of the future wind-energy 
facilities in the CPE. These estimates assume bird and bat fatality rates for a 2.0-MW turbine 
would be twice as high than for a 1.0-MW turbine, which may not be accurate. Although the 2.0-
3.0 MW turbines have a larger rotor diameter, which may increase collision risk to raptors, the 
rotor-swept area is higher off the ground and the turbine rotates at slower speeds, which may 
actually reduce risk to some raptors.  Based on an analysis of avian fatality data at wind farms 
with turbines ranging in size from 0.04–1.8 MW, tower heights ranging from 24–94 m and rotor 
diameters ranging from 15–80 m, Barclay et al. (2007) concluded that avian fatality rates were 
not affected by any of these parameters.  Therefore, inflating our estimates to account for larger 
turbines may lead to over-estimates of avian mortality. 
 
This cumulative effects analysis was based largely on results of existing studies of wind-energy 
facilities in the region, and in particular monitoring studies that estimated the direct impacts of a 
particular wind-energy project. The overall design for these studies incorporates several 
assumptions or factors that affect the results of the fatality estimates. First, all bird casualties 
found within the standardized search plots during the study periods were included in the 
analyses. It is assumed that carcass found incidentally within a search plot during other activities 
would have been found during a standardized carcass search. Second, it was assumed that all 
carcasses found during the studies were due to collision with wind turbines. True cause of death 
is unknown for most of the fatalities. It is highly likely that some of the casualties included in the 
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data pool for the various projects were due to natural causes or background mortality such as 
predation, disease, other natural causes, or manmade causes such as farming activity or vehicles 
on county/project roads. The overall effect of these assumptions is that the analyses provide a 
conservative estimate (an overestimate) of mortality.  
 
A few studies of wind-energy facilities in other regions of the country have provided information 
on background mortality. During a four-year study at Buffalo Ridge, Minnesota, 2,482 fatality 
searches were conducted on study plots without turbines to estimate reference mortality in the 
study area. Thirty-one bird fatalities comprising 15 species were found (Johnson et al. 2000a). 
Reference mortality adjusted for searcher efficiency and carcass removal for the study was 
estimated to average 1.1 fatalities per plot per year. At a second study, pre-project carcass 
searches were conducted at a proposed wind-energy facility in Montana (Harmata et al. 1998). 
Three bird fatalities were found during eight searches of five transects, totaling 10.94 miles 
(17.61 km) per search. On average, approximately 1.12 miles (1.8 km) of transect are searched 
within each turbine plot in the referenced studies for the CPE (Table 2). The amount of transect 
searched at the Montana site per search was equivalent to searching approximately seven to nine 
turbines for the regional studies. The background estimate for observed mortality would be 
approximately 0.33 per turbine plot per year, unadjusted for scavenging and searcher efficiency. 
The background mortality information from the Minnesota and Montana studies suggests that the 
estimates of bird mortality include some fatalities not related to turbine collision, and this factor 
alone would lead to an over-estimate of actual bird collision mortality for wind-energy facilities. 
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Table 1. Wind power projects constructed or planned in the Columbia Plateau Ecoregion 
of Washington and Oregon. 

Project 

Max. 
Capacity 

(MW) Project Information Source 
Existing    
Combine Hills I 
(Umatilla Co., OR) 

41 http://www.rnp.org/News/pr_EurusCombineJun03.html 

Vansycle Ridge 
(Umatilla Co., OR) 

25 http://www.rnp.org/Projects/vansycle.html 

Stateline 
(Umatilla Co., OR) 

300 http://www.ppmenergy.com/cs_stateline.html 

Klondike I 
(Sherman Co., OR) 

24 http://www.rnp.org/Resources/Klondike%201%20pager.pdf 

Klondike II 
(Sherman Co., OR) 

75 http://www.portlandgeneral.com/about_pge/ 
current_issues/klondikeII/Default.asp?bhcp=1 

Condon 
(Gilliam Co., OR) 

50 http://www.efw.bpa.gov/environmental_services/ 
Document_Library/Condon_Wind/RODwMAP.pdf 

Leaning Juniper I 
(Gilliam Co., OR) 

104 http://www.efw.bpa.gov/environmental_services/ 
Document_Library/Arlington_PPM/ROD031105.pdf 

Nine Canyon I 
(Benton Co., WA) 

64 http://www.energy-northwest.com/downloads/ninecan.pdf 

Nine Canyon II  
(Benton Co., WA) 

16 http://www.energy-northwest.com/downloads/9Canyon.pdf 

Hopkins Ridge  
(Columbia Co., WA) 

157 http://www.rnp.org/News/pr_PSEHopkinsDec05.htm 
Adding 4 more towers according to Columbia Co. Planning 1/15/08 

White Creek/Last Mile 
(Klickitat Co., WA) 

206 Klickitat Co. Planning Dept. 

Big Horn  
(Klickitat Co., WA) 

250 http://www.efw.bpa.gov/environmental_services/ 
Document_Library/Big_Horn/BigHornROD03242005.pdf 

Hoctor Ridge 
(Klickitat Co., WA) 

60 Klickitat Co. Planning Dept. 

Marengo 
(Columbia Co., WA) 

140 http://www.pacificpower.net/Homepage/Homepage35750.html 

Wild Horse 
(Kittitas Co., WA) 

230 http://www.res-ltd.com/wind-farms/wf-wildhorse/htm 

Biglow Canyon  
(Sherman Co., OR) 

450 http://www.bpa.gov/corporate/pubs/ 
RODS/2006/RODKlondikeIIIBiglowCanyon.pdf 

Klondike III 
(Sherman Co., OR) 

272 http://egov.oregon.gov/ENERGY/SITING/docs/ 
KWPPublicFilingNotice.pdf 

   

Permitted/Proposed   
Marengo II 
(Columbia Co., WA) 

90 http://www.pacificpower.net/Homepage/Homepage35750.html 
Under construction Jan 2008 

Seven Mile Hill 
(Wasco Co., OR) 

50 http://www.oregon.gov/ENERGY/SITING/ 
review.shtml#Seven_Mile_Hill_Wind_Project 

Leaning Juniper II 
(Gilliam Co., OR) 

279 http://www.oregon.gov/ENERGY/SITING/ 
review.shtml#Leaning_Juniper_Wind_Power 

Arlington 
CEP/Rattlesnake Rd. 
(Gilliam Co., OR) 

104 http://www.bpa.gov/corporate/pubs/rods/2005/EFW/ 
Arlington-Wind-Interconnection-ROD-1-14-05.pdf 

Shepherds Flat 
(Gilliam & Morrow 
Co., OR) 

909 Data provided by BPA, Morrow County Planning Dept. 

Willow Creek  
(Morrow Co./Gilliam 
Co., OR) 

50 http://www.transmission.bpa.gov/PlanProj/Wind/willow.cfm 
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Project 

Max. 
Capacity 

(MW) Project Information Source 
Combine Hills II 
(Umatilla Co., OR) 

63 http://www.efw.bpa.gov/environmental_services/ 
Document_Library/Combine_Hills/Combine_Hills_Cx.pdf 

Windy Point 
(Klickitat Co., WA) 

242.5 Klickitat Co. Planning Dept. 

Windy Point II 
(Klickitat Co., WA) 

152.5 Klickitat Co. Planning Dept. 

Windy Flats 
(Klickitat Co., WA) 

190 Klickitat Co. Planning Dept. 

Goodnoe II 
(Klickitat Co., WA) 

34 Klickitat Co. Planning Dept. 

Juniper Canyon 
(Klickitat Co., WA) 

250 Klickitat Co. Planning Dept. 

Harvest 
(Klickitat Co., WA) 

100 Klickitat Co. Planning Dept. 

Linden Ranch 
(Klickitat Co., WA) 

58 Klickitat Co. Planning Dept. 

Miller Ranch 
(Klickitat Co., WA) 

98 Klickitat Co. Planning Dept. 

Imrie 
(Klickitat Co., WA) 

100 Klickitat Co. Planning Dept. 

Mariah 
(Klickitat Co., WA) 

16 Klickitat Co. Planning Dept. 

Nine Canyon III 
(Benton Co., WA) 

32 http://www.energy-northwest.com/news/2006/06_07.php 

Desert Claim 
(Kittitas Co., WA) 

180  

Kittitas Valley 
(Kittitas Co., WA) 

130  

Scenic Vista 
(Umatilla Co., OR) 

60-80 Umatilla County Planning Dept. 

Helix 
(Umatilla Co., OR) 

102 Iberdrola Renewables, Inc. 

Oregon Trail 
(Sherman Co., OR) 

10 Sherman County Planning Dept. 

Star Point 
(Sherman Co., OR) 

102.9 Iberdrola Renewables, Inc. 

Hay Canyon 
(Sherman Co., OR) 

<105 MW Sherman County Planning Dept. 

Golden Hills 
(Sherman Co., OR) 

400 Sherman County Planning Dept. 

Three Mile 
(Morrow Co., OR) 

15 Morrow County Planning Dept. 

Oregon Wind Farms, 
LLC 
(Morrow Co., OR) 

60 Morrow County Planning Dept. 

Pebble Springs (PPM) 
(Gilliam Co, OR) 

104 Gilliam Co. Planning 

Wheat Field Wind 
(AWP) 
(Gilliam Co, OR) 

104 Gilliam Co. Planning 

Totals ~6665  

 
 



 
 
CUMULATIVE IMPACTS ANALYSIS  
COLUMBIA BASIN PLATEAU  October 2008 
 

WEST, Inc. 26

Table 2. Avian use estimates and avian fatality estimates for existing wind energy projects 
in the Columbia Plateau Ecoregion. 

Mean annual avian 
use (#/20-min 

survey) 
Mean annual mortality 

(#/MW/year)  

 
 

Project 

Raptors All birds Raptors All birds 
Nocturnal 
Migrants Source 

Combine Hills, OR 0.60 6.0 0 2.6 0.27 Young et al. 2005 

Klondike, I OR 0.47 17.5 0 0.9 0.35 Johnson et al. 2003a 

Klondike II, OR 0.47 17.5 0.11 3.1 2.11 
NWC and WEST, 
2007 

Vansycle, OR 0.41 13.1 0 1.0 0.32 Erickson et al. 2000 

Stateline, WA/OR 0.41 13.1 0.10 2.4 0.78 
Erickson et al. 2004, 
2007 

Hopkins Ridge, WA 0.64 8.7 0.14 1.2 0.46 Young et al. 2007 

Nine Canyon, WA 0.26 9.4 0.05 2.8 0.45 Erickson et al. 2003 

Wild Horse, WA 0.40 5.0 0.09 1.6 0.88 Erickson et al. 2008 

Bighorn I, WA 0.90 16.6 0.15 2.6 0.57 Kronner et al. 2008 

Leaning Juniper, OR 0.52 23.6 0.06 3.2 na Kronner et al. 2007 

Condon, OR 0.37 5.8 0.02a 0.05a NR 
Fishman Ecological 
Services 2003 

Mean 0.50 12.4 0.07 2.1 0.69  
a not adjusted for searcher efficiency or scavenger removal; study methods differed from other projects and were not 
as rigorous; therefore this estimate should be regarded as a minimum mortality estimate and it was not used in 
calculation of the mean values. 
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Table 3. Avian use estimates (# observed per 20 minutes per plot with 800-m radius 

viewshed) for Wind Resource Areas in the Columbia Plateau Ecoregion. 
Mean avian use  

Wind Resource Area 
 
Location Raptors All birds 

Hopkins Ridge Columbia Co., WA 0.64 8.7 
Nine Canyon Benton Co., WA 0.26 9.4 
Desert Claim Kittitas Co., WA 0.77 15.3 
Kittitas Valley Kittitas Co., WA 0.90 12 
Wild Horse Kittitas Co., WA 0.40 5 
Big Horn I Klickitat Co., WA 0.90 16.6 
White Creek Klickitat Co., WA 0.66 11.9 
Linden Ranch Klickitat Co., WA 1.64 11.1 
Hoctor Ridge Klickitat Co., WA 1.38 15.3 
Imrie  Klickitat Co., WA 0.70 19.2 
Windy Point Klickitat Co., WA 0.77 16.0 
Windy Flats Klickitat Co., WA 0.83 19.9 
Reardan Lincoln Co., WA 0.90 13 
Zintel Canyon Benton Co., WA 0.44 19 
Maiden Benton/Yakima Co., WA 0.38 11.6 
Combine Hills Umatilla Co., OR 0.60 6 
Klondike I & II Sherman Co., OR 0.47 17.5 
Biglow Sherman Co., OR 0.30 9.1 
Vansycle Umatilla Co., OR 0.41 13.1 
Elkhorn Union Co., OR 1.05 21.7 
Shepherd’s Ridge Morrow Co., OR 0.61 6.5 
Leaning Juniper Gilliam Co., OR 0.52 23.6 
Condon Gilliam Co., OR 0.37 5.8 
Stateline Walla Walla Co., WA/Umatilla Co., OR 0.41 13.1 
Mean 0.68 13.4 
Range 0.26 – 1.64 5 – 23.6 
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Table 4. Number and species composition of bird fatalities found at the existing Columbia 

Plateau Ecoregion wind energy projects. 

Species Number of
Fatalities 

Percent 
Composition 

horned lark 206 31.1 
golden-crowned kinglet 43 6.5 
ring-necked pheasant  37 5.6 
gray partridge 36 5.4 
American kestrel 22 3.3 
chukar 22 3.3 
western meadowlark 21 3.2 
unidentified passerine 19 2.9 
dark-eyed junco 18 2.7 
European starling 17 2.6 
white-crowned sparrow 17 2.6 
mourning dove 16 2.4 
red-tailed hawk 14 2.1 
ruby-crowned kinglet 9 1.4 
unidentified bird 9 1.4 
yellow-rumped warbler 9 1.4 
short-eared owl 7 1.1 
winter wren 7 1.1 
house wren 6 0.9 
unidentified kinglet 6 0.9 
black-billed magpie 5 0.8 
Brewer’s sparrow 5 0.8 
golden-crowned sparrow 5 0.8 
rock dove 5 0.8 
Townsend’s warbler 5 0.8 
unidentified sparrow 5 0.8 
American robin 4 0.6 
Canada goose 4 0.6 
common nighthawk 4 0.6 
ferruginous hawk 4 0.6 
northern flicker 4 0.6 
rock pigeon 4 0.6 
red-breasted nuthatch 3 0.5 
song sparrow 3 0.5 
Swainson's hawk 3 0.5 
white-throated swift 3 0.5 
Cassin’s vireo 2 0.3 
house finch 2 0.3 
Macgillivray's warbler 2 0.3 
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Species Number of
Fatalities 

Percent 
Composition 

mallard 2 0.3 
sage thrasher 2 0.3 
savannah sparrow 2 0.3 
vesper sparrow 2 0.3 
American coot 1 0.2 
American goldfinch 1 0.2 
American pipit 1 0.2 
barn owl 1 0.2 
black-throated sparrow 1 0.2 
brown-headed cowbird 1 0.2 
bufflehead 1 0.2 
chipping sparrow 1 0.2 
common raven 1 0.2 
Cooper’s hawk 1 0.2 
downy woodpecker 1 0.2 
grasshopper sparrow 1 0.2 
gray catbird 1 0.2 
great blue heron 1 0.2 
great horned owl 1 0.2 
hairy woodpecker 1 0.2 
house sparrow 1 0.2 
killdeer 1 0.2 
Lewis's woodpecker 1 0.2 
long-eared owl 1 0.2 
mountain bluebird 1 0.2 
northern harrier 1 0.2 
orange-crowned warbler 1 0.2 
red-shafted flicker 1 0.2 
red-winged blackbird 1 0.2 
rough-legged hawk 1 0.2 
sage sparrow 1 0.2 
spotted towhee 1 0.2 
Swainson's thrush 1 0.2 
Townsend’s solitaire 1 0.2 
unidentified accipiter 1 0.2 
unidentified empidonax 1 0.2 
unidentified partridge 1 0.2 
unidentified thrush 1 0.2 
varied thrush 1 0.2 
Vaux’s swift 1 0.2 
warbling vireo 1 0.2 
western grebe 1 0.2 
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Species Number of
Fatalities 

Percent 
Composition 

western kingbird 1 0.2 
western tanager 1 0.2 
Williamson’s sapsucker 1 0.2 
yellow warbler 1 0.2 
Totals (77 species) 663 100.0 
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Table 5. Percent composition of avian fatalities by species group for existing Columbia 
Plateau Ecoregion wind energy projects. 

Species Number of
Fatalities 

Percent 
Composition 

Passerines 461 69.5 
Upland gamebirds 96 14.5 
Raptors 57 8.6 
Doves/pigeons 21 3.2 
Waterbirds/waterfowl/shorebirds 11 1.7 
Other birdsa 17 2.6 
Totals  663 100 

a woodpeckers, nighthawks, swifts 
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Table 6. Summary of bat mortality at existing wind energy projects in the Columbia 
Plateau Ecoregion. 

Project Name [state] 
No. Bats 

/turbine/year 
Bats per 

MW1 
 

Reference 
Stateline [OR/WA] 0.95 1.44 Erickson et al. 2004, 2007 
Vansycle [OR] 0.74 1.12 Erickson et al. 2000 
Klondike [OR] 1.16 0.77 Johnson et al. 2003b 
Klondike II [OR] 0.63 0.41 NWC and WEST, Inc. 2007 
Hopkins Ridge [WA] 1.13 0.63 Young et al 2007 
Wild Horse [WA] 0.70 0.39 Erickson et al. 2008 
Nine Canyon [WA] 3.21 2.46 Erickson et al. 2001b 
Leaning Juniper [OR] 1.28 0.86 Kronner et al. 2007 
Big Horn I [WA] 2.85 1.90 Kronner et al. 2008 
Combine Hills [OR] 1.88 1.88 Young et al. 2005 

Average 1.46 1.18  
1 Most reports do not provide number per MW of energy produced so this number was calculated based on the 
mortality per turbine and capacity of turbines studied. 
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Table 7. Number and species composition of bat fatalities found at eight existing Columbia 
Plateau wind energy projects. 

Species Number of
Fatalities 

Percent 
Composition 

silver-haired bat 163 48.4 
hoary bat 152 45.1 
unidentified bat 9 2.7 
little brown bat 8 2.4 
big brown bat 5 1.5 
Totals (4 species) 337 100 
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Table 8. Seasonal timing of raptor fatalities at existing wind energy facilities in the 
Columbia Plateau. 

 
Season  

Wind Energy Project Spring Summer Fall Winter Overall 
Combine Hills, OR 0 0 0 0 0 
Klondike I, OR 0 0 0 0 0 
Klondike II, OR 0 1 1 0 2 
Vancycle, OR 0 0 0 0 0 
Stateline, WA/OR 3 8 6 1 18 
Hopkins Ridge, WA 1 3 1 1 6 
Nine Canyon, WA 1 0 0 0 1 
Wild Horse, WA 1 5 0 0 6 
Bighorn I, WA 4 5 2 5 16 
Leaning Juniper, OR 2 1 0 0 3 
Condon, OR 1 0 0 0 1 
Totals 13 26 10 7 57 
Percent 22.8 45.6 17.5 12.3 100 
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Figure 1. Location of existing and proposed wind energy facilities in the Columbia Plateau Ecoregion of southeastern 

Washington and northeastern Oregon. 
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Figure 2. Terrestrial vegetative communities within the Columbia Plateau Ecoregion. 
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