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A U.S. consensus-based collaborative formed in 1994, the National Wind Coordinating
Committee (NWCC) identifies issues that affect the use of wind power, establishes dialogue
among key stakeholders, and catalyzes activities to support the development of an
environmentally, economically, and politically sustainable commercial market for wind
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and economic development organizations.
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in the NWCC'’s collaborative efforts.
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EXECUTIVE SUMMARY

It has been estimated that from 100 million to well over 1 billion birds are killed annually in the
United States due to collisions with human-made structures, including vehicles, buildings and
windows, powerlines, communication towers, and wind turbines. Although wind energy is
generally considered environmentally friendly (because it generates electricity without emitting
air pollutants or greenhouse gases), the potential for avian fatalities has delayed and even
significantly contributed to blocking the development of some windplants in the U.S. Given the
importance of developing a viable renewable source of energy, the objective of this paper is to
put the issue of avian mortality associated with windpower into perspective with other sources of
avian collision mortality across the U.S.

We have reviewed reports indicating the following estimated annual avian collision mortality in
the United States:

. Vehicles: 60 million - 80 million

. Buildings and Windows: 98 million - 980 million
. Powerlines: tens of thousands - 174 million

. Communication Towers: 4 million - 50 million

. Wind Generation Facilities: 10,000 - 40,000

The large differences in total mortality from these sources are strongly related to the differences
in the number (or miles) of structures in each category. There are approximately 4 million miles
of road, 4.5 million commercial buildings and 93.5 million houses, 500,000 miles of bulk
transmission lines (and an unknown number of miles of distribution lines), 80,000
communication towers and 15,000 commercial wind turbines (by end of 2001) in the U.S.
However, even if windplants were quite numerous (e.g., 1 million turbines), they would likely
cause no more than a few percent of all collision deaths related to human structures.

There are also other sources that contribute significantly to overall avian mortality. For example,
the National Audubon Society estimates avian mortality due to house cats at 100 million birds
per year. Pesticide use, oil spills, electrocution, disease, etc. are other significant sources of
unintended avian mortality. Due to funding constraints, the scope of this paper is limited to
examining only fatalities resulting from collisions with human-made obstacles. Recognize that
the cumulative impacts of all mortality factors on birds continue to increase as the human
population climbs and resource demands grow. Every effort by all industries to reverse avian
mortality trends and minimize the number of bird deaths is important.

Many of the studies of buildings, communication towers, and powerlines were conducted in
response to known or perceived problems with avian collisions, and therefore may not be
representative of all structures in the United States. As a consequence, using averages of these
estimates to project total avian fatalities in the U.S. would be biased high. The estimates
provided for the sources of avian mortality listed above, except wind generation facilities, are
based on subjective models and are very speculative.
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In contrast to other sources of avian collision mortality, avian hazards at most windplants have
been evaluated using more standardized methods, and studies have often been conducted without
regard to a known or perceived risk. Fatality estimates from wind generation facilities,
especially new facilities, have typically considered adjustments for scavenging and observer
detection biases. These biases were generally not considered or calculated in studies estimating
avian mortality due to collisions with communication towers, vehicles, and buildings and
windows. Therefore, the data available to project overall windplant fatalities are generally more
accurate than most available data for other collision sources.

Data collected to date indicate an average of 2.19 avian fatalities per turbine per year in the U.S.
for all species combined and 0.033 raptor fatalities per turbine per year. Based on current
projections of 15,000 operational wind turbines in the U.S. by the end of 2001, the total annual
mortality was estimated at approximately 33,000 bird fatalities per year for all species combined.
This estimate includes 4,500 house sparrows, European starlings and rock doves, and 488 raptor
fatalities per year. We estimate a range of approximately 10,000 to 40,000 bird fatalities. The
majority of these fatalities are projected to occur in California where approximately 11,500
operational turbines exist, and most are older smaller turbines (100- to 250-kW machines). Data
collected outside California indicate an average of 1.83 avian fatalities per turbine per year, and
0.006 raptor fatalities per turbine per year. Based on current projections of 3,500 operational
wind turbines in the U.S. by the end of 2001, excluding California, the total annual mortality was
estimated at approximately 6,400 bird fatalities per year for all species combined. This estimate
includes 400 house sparrows, European starlings, and rock doves, and 20 raptor fatalities per
year. While there have been numerous single mortality events recorded at communication
structures that document several hundred avian fatalities in one night, the largest single event
reported at a wind generation facility was fourteen nocturnal migrating passerines at two turbines
at the Buffalo Ridge, Minnesota, Windplant during spring migration. Based on current estimates,
windplant-related avian collision fatalities probably represent from 0.01% to 0.02% (i.e., 1 out of
every 5,000 to 10,000 avian fatalities) of the annual avian collision fatalities in the United States.
While some may perceive this level of mortality as small, all efforts to reduce avian mortality are
important.

Making projections of the potential magnitude of windpower-related avian fatalities is
problematic because of the relative youth of the wind industry and the resulting lack of long-term
data. For example, of the existing windplants, only the Altamont Pass, Buffalo Ridge and Foote
Creek Rim wind resource areas(WRA) have been studied for more than two years, and most of
the studies at Altamont focused on raptor mortality. The data collected at Altamont and other
older-generation windplants may not be representative of avian mortality of future wind
developments. Newer generation windplants incorporate improvements in site planning and
changes in the design of the wind turbines. For example, turbines at the Foote Creek Rim
Windplant were moved back away from the rim edge because baseline data detected a pattern of
raptor use along the edge of the rim (Johnson et al. 2000a). Also, many of the newer generation
turbines are designed to provide little perching and no nesting structure (tubular towers, enclosed
nacelle). Although it's not clear that perching increases risk of collision, the lack of perching and
nesting opportunities may discourage some bird species from using the WRA. Furthermore,
some efforts have been made in Altamont to remove turbines associated with higher raptor
mortality, and re-powering efforts may result in the replacement of many of the older, smaller
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turbines with fewer larger, newer generation turbines. If these efforts effectively reduce raptor
mortality at Altamont, our raptor mortality projections would also be reduced. Finally, most
wind plant developers are required to carry out site evaluations at proposed wind plant sites to
determine impacts on birds and other wildlife. While newer generation turbines may be
considered more representative of future developments, they have only been in operation in the
recent past (i.e. <10 years), and less information on avian collision hazards is available for these
turbines.
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INTRODUCTION

Wind has been used to commercially produce energy in the United States since the early 1980's
(AWEA 1995) and is considered an important source of renewable energy. Recent advances in
wind turbine technologies have reduced costs associated with windpower production, improving
the economics of wind energy (Hansen ef al. 1992). As a result, commercial wind energy plants
have been constructed in 22 states, and additional projects are planned in another four states as of
September 30, 2000 (AWEA 2000). Until recently, most windpower development in the U.S.
occurred in California; however, more than 90% of the windpower potential in the U.S. exists
within 12 mid-western and western states (Weinberg and Williams 1990).

It has been estimated that from 100 million to well over 1 billion birds are killed annually in the
U.S. due to collisions with human-made obstacles, including vehicles, aircraft, buildings and
windows, powerlines, communication towers, smokestacks, and other structures (Klem 1990,
Manville 2000). Although generally considered environmentally friendly, windpower has been
associated with the death of birds colliding with turbines and other windplant structures,
especially in California (Orloff and Flannery 1992). Early wind energy facilities in the U.S.
were often constructed in areas without an understanding of the level of avian use at those
locations. Consequently some of these facilities are located where birds are abundant and the
risk of turbine collisions is relatively high (AWEA 1995). High raptor mortality documented at
Altamont, California (Howell and Didonato 1991, Orloff and Flannery 1992) has resulted in a
great deal of scrutiny of other windplant developments. Wind projects have been delayed and
sometimes stopped at new wind sites across the country due in part to avian collision concerns.
Significant effort has been devoted to developing standardized methods for siting windplants
(NWCC 1999) and monitoring for avian impacts resulting from the windplants (Anderson et al.
1999, Erickson et al. 2000a). Primarily due to these efforts, many of the new developments have
implemented site evaluation and monitoring programs that provide standardized data useful for
understanding the impacts of windplants on birds (Johnson et al. 2000b, Johnson et al. 2001,
Erickson et al. 2000a, Kerlinger and Curry 2000, Walla Walla County Regional Planning
Department 2000, Howe 2001 pers. comm., URS and WEST 2000).

The purpose of this paper is to provide a detailed summary of the mortality data collected at
windplants and put avian collision mortality associated with windpower development into
perspective with other significant sources of avian collision mortality across the United States.
We provide a summary of data collected at many of the U.S. windplants and provide annual bird
fatality estimates and projections for all wind turbines in the U.S. For comparison, we also
review studies of avian collision mortality from other major human-made structures and report
annual bird fatality estimates for these sources. Other sources also significantly contribute to
overall avian mortality. For example, the National Audubon Society estimates avian mortality
due to house cats at 100 million birds per year. Pesticide use, oil spills, disease, etc., are other
significant sources of unintended avian mortality. Due to funding constraints, the scope of this
paper is limited to examining only avian mortality resulting from collisions with human-made
obstacles.
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METHODS

Literature Review

We conducted an extensive literature review to gather information on bird collisions with
vehicles and stationary artificial structures. A combination of methods were used including
searches on the world wide web, library searches, contacting ornithological societies, contacting
experts in the field (Appendix A), and searches of raptor powerline collision/electrocution
databases. Published and unpublished articles were found using several existing literature
reviews, including Trapp (1998), Kerlinger (2000), Shire et al. (2000), and California Energy
Commission (1995).

Other methods included searching the National Information Services (NISC) Wildlife
Worldwide DISCover (National Information Services Corporation 2000) and the NREL Avian
Literature Database (2000), and gathering citations while reviewing articles. Most published
articles were obtained through the University of Wyoming Science Library and through inter-
library loan. Authors and experts were contacted directly when articles or information could not
be obtained through the University of Wyoming. The data form used for recording information
from reviewed articles is found in Appendix B.

Data Reporting and Analysis Methods

Summary results from many studies of avian collisions with various human-made structures
include species type or group composition, total numbers of bird fatalities observed, and
projections of total fatalities. Obtaining reasonable projections on an annual or a seasonal basis
from a short-term study of a single structure or a small group of structures is difficult in itself. It
is even more difficult to attribute projections to all structures of a particular type. Some factors
affecting projections include the method by which structures are selected for search, the interval
between carcass searches (e.g., daily searches, weekly searches), the proportion of bird fatalities
detected by searchers (searcher efficiency rates), and the rates of carcass removal by scavengers
(scavenging rates). Accounting for searcher efficiency and scavenging rates is particularly
important for an unbiased estimate of mortality. Nearly all of the studies that report estimated
avian collision mortality on a seasonal or annual basis for vehicles, communication towers,
buildings and windows did not account for scavenging and searcher efficiency. In addition, the
structures studied often do not represent the population of structures (i.e. the number of
structures studied is small relative to the whole “population” of structures, or the studies are
conducted at structures with high observed fatalities), and/or the studies are of relatively short
duration. Using these studies as a basis for projections for all structures of a particular type is
problematic and not likely to be highly accurate due to the many sources of bias.
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Projections for Wind Turbine Collision Mortality

We provide independent projections of avian mortality for all bird species and for raptors.
Projections of wind turbine caused raptor mortality are based on data collected at windplants in
Altamont, California (Howell and DiDonato 1991, Howell et al. 1991a, Orloff and Flannery
1992), Montezuma Hills, California (Howell and Noone 1992), San Gorgonio, California
(McCrary et al. 1986a), Vansycle, Oregon (Erickson et al. 2000b), Foote Creek Rim, Wyoming
(Johnson et al. 2001), Buffalo Ridge, Minnesota (Higgins et al. 1996, Osborn et al. 2000,
Johnson et al. 2000b), Algona, Iowa (Demastes and Trainer 2000), Searsburg, Vermont
(Kerlinger 1997), and in Pennsylvania (Kerlinger 2000, pers. comm.). Estimates for the total
number of bird fatalities were obtained for all studies except those that did not estimate
scavenging and searcher efficiency for small birds (e.g., most passerines); this eliminated the
Altamont and Montezuma Hills studies (Howell and DiDonato 1991, Howell et al. 1991a, Orloff
and Flannery 1992, Howell and Noone 1992).

We obtained an average fatality per turbine per year estimate for each applicable Wind Resource
Area (WRA, e.g., Altamont) by averaging the estimates across studies of the corresponding
WRA. The averaged estimates for each applicable WRA were again averaged (among all
applicable WRA’s), weighted by the number of turbines expected in the WRA by the end of
2001. We then extrapolated this estimate to the total number of operational wind turbines
expected in the United States by the end of 2001 from data obtained by the American Wind
Energy Association (AWEA). We make all bird and separate raptor fatality projections for wind
turbines in California, outside California, and throughout the entire United States. We report a
lower and upper range for the all bird estimates using the lower and upper range of fatality
estimates from studies that have documented fatalities and have incorporated scavenging and
searcher efficiency estimates for small birds.

Projections for Other Sources of Collision Mortality

Bird collisions with artificial structures and associated fatalities have been documented in the
U.S. since the late 1880°s (Crawford and Engstrom 2000). A large amount of published and
unpublished literature exists on avian collisions with artificial structures and vehicles. However,
calculating accurate numbers of bird fatalities associated with all human-made obstacles is
difficult due to limitations in the scope of most studies. Most of the studies lack standardized
methods for searching and are limited to documenting avian collisions at a particular season or
location. For example, many of the studies are limited to fall migration periods. The studies
usually report the total number of carcasses and species type, without adjustment for scavenging
and searcher efficiency, and this information is insufficient to accurately estimate the total
number of bird deaths. Difficulties also arise due to the large number of human-made obstacles
that exist. Making accurate estimates of fatalities from any of these sources requires a random or
at least representative sample of experimental units (e.g., buildings, communication towers,
miles of road) with information replicated across time. There are very few studies relative to the
vast number of buildings and communication towers and the extensive miles of powerline and
roads that exist in the U.S. Furthermore, many of the studies were conducted in response to
suspected or actual large mortality events, and focus on areas where the number of fatalities may
be unusually high. For example, many powerline studies involved monitoring fatalities

Avian Collisions with Wind Turbines: A Summary of Existing Studies and Comparisons of Avian Collision 6
Mortality in the United States is a resource document of the NWCC. © August, 2001



associated with powerlines near wetlands with high waterfowl use. Therefore, fatality estimates
derived from data reported in the available studies would most likely be an over-estimate of the
true mortality.

We did not attempt to develop our own estimates of avian mortality from sources other than
wind turbines due to the lack of standardized information. We feel that the available data cannot
be used to make projections based on averages of individual estimates. Instead, we have
updated previous estimates provided in the literature based on increases in the number (e.g.,
buildings) or extent of collision sources.

RESULTS

Avian Mortality due to Collisions with Vehicles

Although several studies have been conducted in Europe (e.g., Dunthorn and Errington 1964,
Hodson 1962, Finnis 1960, Hodson and Snow 1965, Hugues 1996), we found relatively few
documents that reported vehicle-related avian mortality in the United States (Appendix C). In
Ilinois, Decker (1987) traversed a 4.4-mile (7 km) stretch of road daily and documented a mean
mortality estimate of 33 birds per mile per year (21 birds/km/year). The most common fatalities
were passerines or other small birds, including yellow-billed cuckoo, blue jay, red-winged
blackbird, and indigo bunting. In Ontario, Canada, Ashley and Robinson (1996) searched a 2.2
mile (3.6 km) stretch of road located near wetlands three days a week and calculated that 223
birds were killed per mile per year (139 birds/km/year), most of which were passerines. No
adjustments were made for searcher efficiency or scavenger removal in either of these studies.

From 1969 to 1975, Case (1978) searched the entire length of Interstate 80 in Nebraska (458
miles, 732 km) and documented a total of 7,195 ring-necked pheasant vehicle collision fatalities.
Based on finding 562 dead ducks over a 10-year period, Sargeant (1981) estimated that vehicles
killed 13,500 ducks each year in the prairie pothole regions of North and South Dakota. Mean
annual mortality of ducks was estimated to be 0.250 ducks per mile (0.156 ducks/km) of
interstate, 0.008 ducks per mile (0.005 ducks/km) of unsurfaced roads, and 0.042 ducks per mile
(0.026 ducks/km) for all road types combined. Although the number of fatalities appears high, it
was estimated to represent less than 0.2% of the breeding population in the study area. Much
lower mortality was documented during other studies. McClure (1951) documented only four
road-killed ducks while driving 76,250 miles (122,000 km) of road in Nebraska. In Minnesota,
Sargeant and Forbes (1973) found only three road-killed ducks along 17 miles (27 km) of roads
driven almost daily for an 18-month period. Raptors also appear susceptible to vehicle collisions
in some areas. Based on driving surveys over a 10-year period in New Jersey, Loos and
Kerlinger (1993) estimated that 25 raptors were killed per year within a 90-mile (145 km) survey
route. Most of the fatalities were owls; however, six species of hawks were also found among
road fatalities.

Banks (1979) summarized several studies and reported estimates of avian fatality rates ranging
from 2.7 to 6.1 deaths per mile of road per year to 60 to 144 bird fatalities per mile per year.
From U.S. studies reported in Banks (1979), use of the minimum (2.7) and maximum (96.25)
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reported values for bird deaths per mile yields estimates of 10.7 million to 380 million annual
bird deaths on U.S. roads. Banks (1979) estimated a total annual avian road mortality rate of
57.2 million. This figure was acquired using the estimate of 15.1 bird fatalities per mile reported
by Hodson and Snow (1965), who conducted a fairly extensive study in England, although no
scavenging or searcher efficiency bias was considered which would contribute to an
underestimate of true fatality rates. According to the U.S. Census Bureau (Statistical Abstract of
the United States 1999), in 1997 there was an estimated 3,944,597 miles of road in the U.S.
Using this number to update Banks’ estimate yields a current (1997) estimate of approximately
60 million avian fatalities on U.S. roadways annually. The number of registered vehicles has
increased 35% from 1980 to 1998 alone, so an alternative estimate would be 1.35 times 60
million, or approximately 80 million avian fatalities. Klem (1991) reports that vehicles make up
19.7% of the total human-caused bird fatalities (includes collision, pesticide, cats and other
sources), which he estimated at approximately 300 million birds per year.

Although most avian fatalities caused by vehicles occur on roadways, avian collisions also occur
with trains (Spencer 1965) and airplanes. Avian collisions with airplanes present a significant
hazard to both military and commercial aircraft. The Federal Aviation Administration (FAA)
keeps records of avian collision strikes involving aircraft in the U.S. In 1998, the U.S. Air Force
reported over 3,500 bird strikes by planes, and it is estimated that civil aircraft strike over 25,000
birds per year. Data collected from 1990 to 1999 indicate that gulls (31%), waterfowl (31%) and
raptors (15%) comprise 77% of the reported bird strikes causing damage (Bird Strike Committee
USA 2000). No estimates for train caused avian mortality were found in the literature. It is
likely that train collisions also result in several thousand bird deaths annually in the United
States.

Avian Mortality due to Collisions with Buildings and Windows

Numerous studies have documented extensive avian collision mortality associated with buildings
and similar structures such as smokestacks (Appendix D). Fatalities associated with buildings
are usually the result of collisions with tall buildings and collisions with windows at residential
houses. Studies may be divided into 2 categories, studies of short-term or episodic mortality
events, and longer-term studies. Some mortality events at tall buildings have involved extensive
numbers of birds (Appendix D1). At one oil flare stack in Alberta, 1,393 dead birds comprised
of 24 species of passerines were found over a 2-day period in May 1980 (Bjorge 1987). Over a
3-day period in October 1964, Case et al. (1965) searched several buildings in Florida and
recovered 4,707 dead birds, most of which were passerines. Also in Florida, Maehr et al. (1983)
searched the base of four smokestacks over a 2-day period in September and recovered 1,265
dead passerines. The authors estimated that 5,000 birds might have collided with the structures
during this period. In the fall of 1970, 707 dead birds were documented below the Empire State
Building in New York (Bagg 1971). Extensive numbers of nocturnal migrant fatalities have also
been documented at the Washington Monument in Washington, D.C. (Overing 1936). From
October 5-8, 1954, 9,495 dead birds (mostly passerines) were documented at 25 tall buildings in
the eastern and southern U.S. following a cold front during fall migration, and it was estimated
that 106,804 birds were actually killed (Johnston and Haines 1957).
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Several long-term studies have documented the chronic nature of collision mortality associated
with some buildings (Appendix D2). Over a 3-year period in Toronto, Ontario, Ogden (1996)
counted 5,454 dead birds at 54 tall glass buildings and estimated that 733 birds (mostly
passerines) were killed per building per year. Following nights with inclement weather
conditions, Taylor and Kershner (1986) searched one building in Florida from 1970 to 1981 and
documented 5,046 avian fatalities comprised of 62 species, the majority of which were
passerines. Two smokestacks in Citrus County, Florida, were searched 5 times per week from
1982 to 1986, and 2,301 dead birds were found (Maehr and Smith 1988). From this, the authors
estimated that 541.4 birds were killed per year. Fatalities included 50 species, most of which
were neotropical migrant passerines. Daily searches of two smokestacks in Ontario, Canada,
over a 4-year period yielded 8,531 dead birds. Again, most of these were passerines (Weir 1976).

Klem (1990) searched single houses in Illinois and New York daily from 1974 to 1986. A total
of 100 dead birds were found at the two houses, and the author estimated that 55% of window
collisions result in death. Over the 1989-1990 winter, 5,500 residential houses in the U.S. were
searched for dead birds using a standardized procedure, and a total of 995 dead birds were found
(Dunn 1993). The author estimated that an average of 0.85 birds are killed per house each winter
based on actual mortality ranging from 0.65 to 7.7 birds per house per year. The fatalities were
comprised of 66 species, most of which were passerines commonly found at feeders during the
winter.

In 1995 there were an estimated 4,579,000 commercial buildings (warehouse, religious/worship,
public assembly, offices, mercantile/services, lodging, health care, food sales, education) in the
United States (Statistical Abstract of the United States 1999). Klem (1990) reported there were
93.5 million houses in 1986. Due to the large number of structures in this class, and only a few
good studies, it is difficult to obtain very accurate fatality estimates for the U.S. There are no
requirements to conduct regular searches of homes or other buildings for dead birds. As a result,
most of the building and window collision data comes from studies of known or suspected
problem structures. Accurately predicting the number of building-related avian fatalities would
require random selection of numerous buildings of all types and sizes, followed by long-term
standardized and systematic searches for dead birds. In the absence of such data, obtaining
accurate, defensible estimates of building-related avian collision mortality is difficult.

Banks (1979) acknowledged a lack of information on building and window collision mortality,
and estimated 3.5 million avian fatalities per year based on an arbitrary estimate of 1 bird fatality
per square mile in the U.S. Klem (1990) reported estimates of 97.6 to 976 million bird deaths
per year due to collisions with windows based on an estimated 1 to 10 bird deaths per structure
per year in the U.S. These estimates were based primarily on best professional judgement (Klem
1990).
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Avian Mortality due to Collisions with High Tension Lines

Concern over avian collisions with high-tension lines has existed at least since 1876, when
Coues (1876) counted approximately 100 avian carcasses (primarily horned larks) beneath a 3-
mile long (4.8 km) section of telegraph wire between Denver, Colorado, and Cheyenne,
Wyoming. Since then, there have been numerous studies of powerline collisions involving birds
(Appendix E). Faanes (1987) searched 6 miles (9.6 km) of powerlines in North Dakota in the
spring and fall of 1977 and 1978. Based on a total of 633 dead birds found, he estimated that
200 avian fatalities per mile per year (125 birds/km/yr) were occurring at those sites. The
powerlines included in the study were located near wetlands or lakes and most of the fatalities
consisted of waterbirds (46%) and waterfowl (26%), followed by shorebirds (8%) and passerines
(5%).

For some types of birds, powerline collisions appear to be a significant source of mortality.
Waterfowl band recovery data collected prior to 1967 indicated that powerline strikes were
responsible for 65% of the collision fatalities involving 3,015 banded birds (Stout 1967). Of 75
trumpeter swan deaths recorded from 1958 to 1973, 19% of the fatalities were due to powerline
collisions (Weaver and St. Ores 1974). During a 2-year study of mute swans in Rhode Island,
Willey (1968) found that 26.7% of adult fatalities were due to collisions, mostly with powerlines.

The U.S. electrical energy system includes more than 500,000 miles (800,000 km) of bulk
transmission lines (Kappenman et al. 1997, Edison Electric Institute 2000). A total of 157,810
miles (252,496 km) are comprised of the larger 230 kV transmission lines (North American
Electric Reliability Council 2000). Estimates for the length of distribution line could not be
found in the literature, but are likely to be much greater than for bulk transmission lines.
Estimates of avian fatalities due to collisions with high-tension lines are lacking due to minimal
monitoring efforts on a large-scale basis. As with most other sources of collision mortality, most
monitoring and/or studies are conducted in response to a known or perceived problem, and little
data collected at randomly chosen sites are available. The U.S. Fish and Wildlife Service reports
tens of thousands of avian fatalities per year (Manville 2000) due to collisions with power
transmission and distribution lines, but there are very few quantitative studies relative to the
length of powerlines in the U.S. Based on the limited studies, waterfowl including ducks, geese,
swans, and cranes appear to be most susceptible to powerline collisions when powerlines are
located near wetlands. In upland habitats away from wetlands, raptors and passerines appear
most susceptible to collision.

In the Netherlands, where approximately 2,875 miles (4,600 km) of high-tension lines are
present, Koops (1987) estimated that 750,000 to 1 million birds are killed annually by collisions.
Extrapolating this estimate to the 500,000 miles (800,000 km) of bulk transmission lines in the
United States would lead to a fatality estimate of 130 million to 174 million birds per year. A
range using the estimate by Manville (2000) and this extrapolation based on Koops (1987) would
yield an annual fatality estimate of >10,000 to 174 million. Given the large number of miles of
transmission lines, and the unknown but very large number of miles of distribution lines, we
believe the low end of this range is very conservative (too low).
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Avian Mortality due to Collisions with Communication Towers

Substantial concern over the recent proliferation of communication towers in the U.S. has arisen
in response to large fatality events, such as an estimated kill of 5,000 to 10,000 birds, mostly
Lapland Longspurs, at 3 associated communication towers and a natural gas pumping facility in
western Kansas on the night of January 22, 1998 (Evans 1998). Large, single-night fatality
events are not new. Kemper (1996) counted and identified species for over 12,000 birds killed
one night in 1963 at a television tower in Wisconsin. As a result of this concern, avian collision
mortality associated with communication towers has received more study and review than other
sources of collision mortality, with the possible exception of wind turbines. During our review
we located numerous studies covering avian collision mortality with communication towers in 25
states (Appendix F). The vast majority of the studies were one-day searches at single towers
following nights of substantial avian mortality (Appendix F1). Most avian fatalities at
communication towers involve nocturnal migrant passerines, especially warblers, vireos, and
thrushes.

We found 17 studies where collision mortality was measured for periods of time ranging from
one to 38 years (Appendix F2). For studies conducted over a period of at least two years and
employing searches on a daily or almost daily basis, the estimated mean number of annual
collisions per tower ranged from approximately 82 birds per year at an 825-ft (250-m) tall
television tower in Alabama (Bierly 1968, 1969, 1972; Remy 1974, 1975; Cooley 1977) to 3,199
birds per year at a 1,000-ft (305-m) tower in Eau Claire, Wisconsin (Kemper 1996). Very few of
the studies measured scavenging removal and searcher efficiency. The research at Eau Claire,
Wisconsin, was the longest study conducted at any one tower and covered the period from 1957
to 1994 (38 years). Two other continuous studies at individual communication towers include a
study that took place from 1960 to 1997 (37 years) at a 1,368-ft (417-m) tower in Nashville,
Tennessee (Nehring 2000), and another study that took place at a 1,010-ft (308-m) tower from
1955 to 1983 (28 years) at Tall Timbers Research Station in Tallahassee, Florida (Crawford and
Engstrom 2000).

Currently, the Federal Communications Commission has registered over 80,000 towers, of which
at least 52,000 are lighted and generally greater than 199 feet (60 m) in height. Since an
undetermined number of towers are not registered with the FCC, the total number of
communication towers likely exceeds 100,000. Numerous types of towers are being built,
including radio, television, cellular, microwave, paging, messaging, open video, public safety,
wireless data, government dispatch, and emergency broadcast towers (Manville 2000). Due to
the recent proliferation of cellular phones and the advent of digital television, approximately
5,000 to 10,000 new towers are being added each year (6-8% increase annually). Some have
estimated there will be a total of 600,000 towers in the United States within the next 10 years,
creating a potentially catastrophic impact on avian migrants (Manville 2001, pers. comm.).
Avian mortality appears to increase with tower height. Taller towers also tend to have more guy
wires and more lights, often more solid or pulsating red lights, which may increase the potential
for collision mortality. Most lighted towers are lit due to FAA pilot warning regulations. On
foggy or low cloud-ceiling nights, these lighted towers appear to attract neotropical nocturnal
migrants (Manville 2000), increasing the risk of collision. Lighting appears to be the single most
critical attractant, and preliminary research indicates that solid and pulsating red lights seem to
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be more attractive to birds at night during inclement weather conditions than are white strobe
lights. During low cloud conditions, migrating birds fly at lower altitudes, below the cloud
ceiling. It is speculated that the birds are attracted to the lighted towers, become disoriented and
fly around them in a spiral, colliding with the tower, the guy wires, other birds, or falling to the
ground in exhaustion (Manville 2001, pers. comm.).

There are very few long-term studies of avian mortality at communication towers, although there
are concerted efforts by both the industry and other interested parties to begin collecting
standardized data and using standardized metrics following the methods and metrics
recommended and used at many windplants (Anderson et al. 1999). Currently, much of the
published and unpublished information regarding avian fatalities at communication towers is
based on single observations of carcasses found at the base of the towers. Because of the lack of
standardized information, it is difficult to make accurate predictions of avian mortality
attributable to collisions with communication towers and associated support wires. Based on
estimates of Banks (1979) and models developed by Tall Timber Research and Bill Evans
(Manville 2000, pers. comm.), conservative estimates range from 4 million to 5 million avian
fatalities per year due to collision with communication towers (Manville 2000). Some experts
believe these estimates could be off by an order of magnitude, especially as the number of towers
increases exponentially each year, and that annual mortality may be closer to 40 million to 50
million birds (Manville 2001, pers. comm.). Further studies are needed to ascertain the true
impact.

Avian Mortality due to Collisions with Wind Turbines

Many of the early avian/windpower interaction studies involved examining impacts associated
with single, large experimental turbines. The first study of avian/windpower interactions took
place in Sandusky, Ohio, where a single large turbine was monitored for avian mortality during
four migratory seasons. Two dead birds were found during this period (Gauthreaux 1994). Two
large experimental turbines and a meteorological tower in Wyoming were monitored for avian
mortality in the early 1980's. Twenty-five fatalities were found over a one-year period, most of
them involving passerines that had collided with guy wires on the meteorological tower (U.S.
Bureau of Reclamation 1984). At a single, 60-m tower wind turbine in Solano County,
California, seven fatalities were documented from September 1982 to January 1983, and the total
fatality estimate with adjustments for scavenger removal and searcher efficiency was estimated
at 54 birds (Byrne 1983, 1985).

The first large-scale wind energy development took place in California. In response to several
reported incidents of avian collisions, the California Energy Commission (CEC) obtained data on
bird strikes at the Altamont and Tehachapi windplants through interviews and review of
unpublished data collected over a 4-year period from 1984 to 1988 (CEC 1989). This study
documented 108 raptor fatalities of seven species. Collisions with windplant structures
accounted for most of the avian fatalities (67%), including 26 golden eagles and 20 red-tailed
hawks. Several subsequent studies were initiated to further examine windplant-related fatalities
at California windplants. Many of these studies have been conducted at Altamont Pass, where
more than 5,000 turbines exist within the WRA. In general, these studies focused on obtaining
raptor fatality estimates with other bird fatalities recorded coincidentally. An early 2-year study
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documented 182 bird deaths on study plots, 68% of which were raptors and 26% of which were
passerines. The most common raptor fatalities were red-tailed hawk (36%), American kestrel
(13%), and golden eagle (11%). Causes of raptor mortality included collisions with turbines
(55%), electrocutions (8%), and wire collisions (11%) (Orloff and Flannery 1992). Based on the
number of dead birds found, the authors estimated that as many as 567 raptors may have died
over the 2-year period due to collision with wind turbines.

Further investigations at Altamont continued to document levels of raptor mortality sufficient to
cause concern among wildlife agencies and others. During a study at Altamont, Howell (1997)
found 72 fatalities over an 18-month period, of which 44 were raptors. Most of the remaining
fatalities were passerines. Other avian groups with some mortality at Altamont included
waterfowl, waterbirds, and doves, especially rock doves. During a one-time search of turbines
included in the original 1992 Altamont study, Orloff and Flannery (1996) found 20 carcasses,
including 15 raptors, two ducks, two rock doves, and one common raven. From 1998 to 2000,
Thelander (2000, pers. comm.) documented 256 fresh bird carcasses at Altamont. Most (54.3%)
of the fatalities were raptors, 25.0% were passerines, 18.0% were doves, and the remaining 2.8%
were waterfowl and waterbirds. Many of the fatalities at Altamont have been golden eagles, and
annual golden eagle mortality at this facility has been estimated to range from 25 (Howell and
Didonato 1991) to 39 (Orloff and Flannery 1992). Population modeling suggests that the local
golden eagle population may be declining in the Altamont region, at least in part due to
windplant mortality (Hunt et al. 1999), with other sources (e.g., expanded housing developments
and landfills, road and industrial park development and a new reservoir) also considered possible
contributors. Not all studies have documented high relative proportions of raptor fatalities
compared to other avian groups (e.g., passerines) at Altamont. During an experiment to assess
effects of painting turbine blades in an effort to reduce collisions, Howell ef al. (1991b) found 10
dead birds, of which only one was a raptor; however, this study was of short duration and was
based on small sample sizes.

Avian mortality has also been documented at other California windplants. Researchers estimated
6,800 birds were killed annually at the San Gorgonio wind facility based on 38 dead birds found
while monitoring nocturnal migrants. McCrary et al. (1983,1984) estimated that 69 million birds
pass through the Coachella Valley annually during migration; 32 million in the spring and 37
million in the fall. The 38 avian fatalities were comprised of 25 species, including 15 passerines,
seven waterfowl, two shorebirds, and one raptor. Considering the high number of passerines
migrating through the area relative to the number of passerine fatalities, the authors concluded
that this level of mortality was biologically insignificant (McCrary et al. 1986a). During a more
recent 15-month study at San Gorgonio, Anderson (2000a, pers. comm.) documented 42
fatalities including nine waterfowl, five owls, six passerines, six rock doves, two waterbirds, two
diurnal raptors and one shorebird, during quarterly searches of approximately 360 turbines. The
waterfowl and shorebird mortality generally occurred when water was present in the vicinity of
the wind resource area, attracting large numbers of waterfowl and shorebirds. At Montezuma
Hills, field surveyors identified 13 confirmed collision fatalities, 9 of which were raptors during
the 10-month period from November 1994 to September 1995 in a study that included 76
turbines (Howell 1997). Howell and Didonato (1991) searched 359 turbines in Alameda and
Contra Costa Counties over a 1-year period and found 42 avian fatalities, of which 25 were
assumed turbine strikes. Seventeen of the 25 fatalities were raptors, with the other fatalities
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consisting primarily of passerines and rock doves. In Solano County, Howell and Noone (1992)
studied 237 turbines (178 from April 1990 to December 1990) from the spring of 1990 to the
spring of 1992, and found a total of 22 fatalities, 14 of which were raptors. At Tehachapi Pass,
Anderson (2000b, pers. comm.) documented 147 avian fatalities including 50 passerines, 28
diurnal raptors, and 18 owls during quarterly searches of approximately 700 of the 3,000 turbines
at the windplant.

Some studies at California windplants have documented apparently very low avian mortality.
No avian fatalities were found during a one-time survey of 156 turbines at Tehachapi Pass in
1991 (Orloff 1992), and nine raptor fatalities were reported over a 6-year period (1984-
1989)(CEC 1989). No raptor fatalities were found during a two-year study at SeaWest’s Mojave
Park windplant, Tehachapi Pass (Colson and Associates 1995). The high levels of raptor
mortality associated with some California windplants have not been documented at windplants
constructed in other states. No avian fatalities were documented during a 9-month study of three
wind turbines near Algona, lowa (Demastes and Trainer 2000). Similarly, no avian fatalities
were found during a 4-month study of 11 turbines at Searsburg, Vermont (Kerlinger 1997). No
fatalities were found during a 6-month study of 8 turbines in Somerset County, Pennsylvania.
During a 2-year study of 29 turbines in northern Colorado, nine avian fatalities, comprised of
eight passerines and one duck, were documented (Kerlinger and Curry 1999, Kerlinger et al.
2000b). At the 73-turbine Phase I windplant on Buffalo Ridge, Minnesota, eight collision
fatalities were documented during the initial two-year period of operation (Higgins et al. 1996).
The fatalities consisted of one ruddy duck, one Franklin’s gull, one American coot, one yellow-
bellied sapsucker, and four passerines. The estimated total number of annual fatalities for the
entire windplant was 36 (Osborn et al. 2000), equivalent to an annual mean of 0.49 collisions per
turbine per year. A more extensive study of this windplant plus two additional windplants on
Buffalo Ridge totaling over 350 turbines was conducted from 1996 through 1999. Total annual
mortality was estimated to average 2.8 birds per turbine based on the 55 fatalities found during
the study. Only one raptor, a red-tailed hawk, was found during the 4-year monitoring period.
Most of the fatalities were passerines (76.4%), followed by waterfowl (9.1%), and waterbirds
and upland gamebirds (5.5% each) (see Appendix G for species composition). Many of the
fatalities documented were nocturnal migrants (Johnson ef al. 2000b). Radar studies at Buffalo
Ridge (Hawrot and Hanowski 1997) indicate that as many as 3.5 million birds per year may
migrate over the wind development area (Johnson et al. 2000b). The largest single mortality
event reported at a U.S. windplant was fourteen nocturnal migrating passerines at two turbines at
the Buffalo Ridge, Minnesota Windplant during spring migration. We are not aware of any other
mortality events greater than a few birds at single or adjacent turbines found during a single
search.

At a windplant recently completed in Carbon County, Wyoming, total mortality associated with
the 69 turbines and 5 meteorological towers was estimated to be approximately 159 birds per
year based on the 95 turbine collision fatalities actually found during the first two years of
operation (Johnson et al. 2001). Mean annual mortality was estimated to be 1.75 birds per
turbine and 0.036 raptors per turbine per year. Of the 95 fatalities found during the first year of
operation, raptors comprised only 5.2%, whereas passerines comprised 91%. Furthermore, while
many of the fatalities at this location were nocturnal migrant passerines (Johnson et al. 2001), the
largest number of carcasses detected at a turbine during one search was two. At a 38-turbine

Avian Collisions with Wind Turbines: A Summary of Existing Studies and Comparisons of Avian Collision 14
Mortality in the United States is a resource document of the NWCC. © August, 2001



windplant recently completed on Vansycle Ridge, Oregon, 12 avian fatalities were located
during the first year of operation. The 12 avian casualties were comprised of at least six species,
and most of the fatalities (58%) were passerines. Total estimated mortality was 24 birds per
year, or 0.63 birds per turbine per year. No raptors were among the fatalities (Erickson et al.
2000a).

We summarize the species composition of avian fatalities from most windpower studies reported
above (Appendix G). Composition of fatalities is most likely biased towards larger birds, since
small birds are more difficult to detect and scavenging of small birds can be expected to be
higher (e.g. Johnson et al. 2000b). Table 1 contains a description of the studies included in the
species composition analysis as well as those used in the fatality projections. Of 841 avian
fatalities reported in Appendix G from California studies, 41.5% were diurnal raptors, 20.1%
were passerines (excluding house sparrows and European starlings), and 11.1% were owls. Non-
protected birds including house sparrows, European starlings, and rock doves comprised 16.6%
of the fatalities. Other avian groups generally made up <10% of the fatalities. Outside of
California, diurnal raptor fatalities comprised only 2.7% of the windplant-related fatalities.
Passerines (excluding house sparrows and European starlings) were the most common collision
victims, comprising 78.0% of the 192 fatalities documented (Table 2). Other groups each
comprised <10% of the fatalities. Low and high range percentages of nocturnal migrant fatalities
are reported in Table 2. Ranges are reported due to difficulty in determining whether a fatality
found during migration is a resident breeder or a nocturnal migrant passing through the area, and
whether the fatality occurred during the night. The low range includes known migrants; the high
range includes fatalities that could possibly be migrants (e.g., unidentified passerines, resident
breeders found during early/late breeding period during migration). Unlike California, where
less than 11% (range 3% to 10%) of the number of fatalities were classified as nocturnal migrant
passerines, as many as 59.9% (range 34.4% to 59.9%) of the avian collision victims elsewhere
are likely nocturnal migrants (Table 2). The percentage of the total number of fatalities
comprised of likely nocturnal migrants has ranged from a low of 19.0% at the Wisconsin
windplant to a high of 48.0% at the Foote Creek Rim, Wyoming, windplant.

These data suggest that while turbines are generally below the flight altitude of most nocturnally
migrating birds, weather and other factors that reduce migrating bird flight altitudes may result in
collisions with wind turbines as well as other artificial structures. This appears to be more likely
outside of California, although as stated previously, we are aware of only one mortality event of
more than a few fatalities found below wind turbines during a single search. There are not many
reports of single mortality events (greater than a few birds) at communication structures less than
500 feet (150 m) in height (Kerlinger 2000; Manville 2000, pers. comm.). Most new wind
turbines are less than 350 feet to the tip of the blades and do not have guy wires. Guy wires
associated with communication towers have been considered a major source of the mortality
problem. The largest single event reported at a wind generation facility was fourteen nocturnal
migrating passerines at two turbines at the Buffalo Ridge, Minnesota Windplant during spring
migration. Therefore, although some nocturnal migrants have been killed by wind turbines, we
believe large mortality events at windplants are unlikely.  Fatality data collected at many of
these newer windplants with large turbines will continue to provide information regarding this
issue.
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Summary of Windpower Fatality Estimates

For all avian species combined, estimates of the number of bird fatalities per turbine per year
from individual studies have ranged from 0 at the Searsburg, Vermont (Kerlinger 1997) and
Algona, lowa sites (Demastes and Trainer 2000) to 4.45 on the Buffalo Ridge, Minnesota Phase
III site (Johnson et al. 2000b) (Table 3). The Phase III Buffalo Ridge site estimate was based on
one field season (1999) and was greatly influenced by a fatality event involving 14 warblers,
vireos and flycatchers observed during a May 17 carcass search of two turbines (Johnson et al.
2000b). Avian fatality rates were much lower at the Buffalo Ridge Phase I and II sites, where
several years of data were collected (Osborn et al. 2000, Johnson et al. 2000b).

Table 4 contains the average fatality estimates for each wind resource area, the overall estimate
of bird collisions per turbine per year for all sites, and total fatality projections based on the
approximate estimate of 15,000 operational wind turbines in the U.S. by the end of 2001. The
average number of avian collision fatalities per turbine is 2.19 per year. Therefore, on average,
we estimate approximately 33,000 birds (range 10,000 to 40,000) die annually from collision
with wind turbines in the United States (assuming 15,000 turbines). Species composition data
indicate that approximately 14.0% of the projected fatalities are non-protected birds (house
sparrows, European starlings and rock doves), and excluding these non-protected species yields
an estimate of approximately 28,500 (protected) birds. We estimate approximately 6,400 birds
will die annually outside California at the 3,500 turbines estimated to be in operation by the end
of year 2001 (Table 4). Species composition data outside California indicate 3.3% of the
projected fatalities are non-protected birds; excluding these non-protected species yields an
estimate of approximately 6,200 avian fatalities per year.

Because much attention has been given to the issue of raptor/windpower interaction, we also
developed separate fatality estimates for raptors. Estimates of raptor fatalities per turbine per
year from individual studies ranged from 0 at the Vansycle, Oregon; Searsburg, Vermont;
Ponnequin, Colorado; Somerset County, Pennsylvania; and Buffalo Ridge, Minnesota, Phase II
and Phase III sites, to 0.10 per turbine per year at the Altamont, California site (Thelander 2000,
pers. comm.) (Table 3). Based on these statistics and the estimated total number of operational
turbines by the end of 2001, we estimate that approximately 488 raptors are killed annually by
turbines in the United States, nearly all in California. We project raptor mortality at windplants
outside California to be 20 per year based on 1 raptor found at Buffalo Ridge, Minnesota over a
6-year period and 5 raptors found at the Phase I Foote Creek Rim, Wyoming facility during a
two-year study of 69 turbines (Table 4).

DISCUSSION

Using the annual avian collision mortality estimate of 200-500 million, we estimate that at the
current level of development, wind turbines constitute 0.01 percent to 0.02 percent (1 out of
every 10,000 to 2 out of every 10,000) of the avian collision fatalities. Communication tower
fatality estimates make up 1-2 percent (1 out of every 100 or 2 out of every 100) using the
conservative estimates of 4 million annual avian fatalities due to collisions with these structures.
The low range estimate from buildings/windows of 98 million (Klem 1991) would comprise
approximately 25 to 50 percent of the collision fatalities. The low range estimate of 60 million
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vehicle collision fatalities comprises 15-30% of the total estimated collision fatalities. Our very
wide range for estimates of powerline collision fatalities (>10,000 — 174 million) makes it
extremely difficult to quantify the percentage of total fatalities due to this source. Nevertheless,
we expect the total collisions with powerlines to be much higher than the total collisions with
wind turbines given the number of miles of high-tension lines that exist across a wide range of
habitats in the U.S. Given the uncertainty in the estimates, the true avian mortality, especially
for communication towers, buildings and windows, powerlines and roads, could easily be
different by several orders of magnitude.

Many of the collision mortality studies for other sources were conducted in response to a known
or perceived risk and therefore are probably not appropriate for extrapolation in the same manner
we extrapolated for wind turbines. However, it has been argued by several researchers making
mortality projections that their estimates are probably conservative (underestimates), given that
scavenging and searcher efficiency biases have generally not been incorporated into the
estimates. For example, Banks’ (1979) estimate of vehicle mortality was based on the Hodson
and Snow (1965) estimate of 15.1 birds per mile (9.4 bird/km), which was based on weekly
surveys that did not adjust for scavenging and searcher efficiency.

Several potential biases may also exist with windpower-related fatality estimates. We have
assumed the fatality estimates provided for individual studies are representative of the true
fatality estimates of other windplants that were not sampled. We currently do not have any data
from Texas, where a relatively large number of turbines are present. If bird mortality is large (or
small) relative to mortality at the windplants we used in our estimates (~2 birds per turbine per
year which includes European starling and rock doves), we may be underestimating (or
overestimating) the total number of avian fatalities due to wind turbines in the United States.
Furthermore, bird fatality estimates are primarily based on studies conducted outside of
California, since the focus of most studies in California has been on raptors. The estimate of
approximately 2 birds per turbine per year was applied to all 15,000 turbines expected to be in
operation throughout the United States at the end of 2001. A relatively high level of uncertainty
exists in these estimates due to the lack of detailed fatality monitoring of small birds at Altamont
and Tehachapi Pass. Distance between search transects for most studies at Altamont (e.g.,
Howell and Noone 1992, Howell et al. 1991) was greater than the 10 to 20 feet distances used in
many of the more recent studies at Altamont and at other windplants outside California (Johnson
et al. 2000b, Johnson et al. 2001, Erickson et al. 2000b, Thelander 2000, pers. comm). All
studies at Altamont including Thelander (2000, pers. comm.) documented fewer small
bird/passerine fatalities relative to raptor fatalities when compared to results from most studies at
other windplants The lack of scavenging and searcher efficiency data and other experimental
design factors (e.g., number of weeks between searches, width between transects) currently make
it difficult to make all bird fatality projections for California windplants. If actual fatality rates at
Altamont and Tehachapi Pass are significantly less than 2 birds per turbine per year, we may be
overestimating the true total number of fatalities per year. Likewise, if actual fatality rates at
Altamont and Tehachapi Pass are greater than 2 birds per turbine per year, we may be under
estimating the true total number of fatalities per year. Based on species composition from past
studies at Altamont and recent work by Thelander (2000, pers. comm.), we believe it is more
likely our estimates are accurate or a slight overestimate of the true fatality rates.
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Furthermore, turbines at the new windplants are larger than the majority of turbines at the older
windplants, such as Altamont. Newer turbines are typically 600-kW — 1.5-MW machines, with
tower heights ranging from 200-350 feet (60-100 m) and rotor diameters of 30 m to 70 m.
Layouts of turbines at newer generation facilities are very different than the large windplants in
California. Turbines at the newer windplants are typically spaced farther apart than turbines at
older windplants. There is currently limited data available to understand potential differences in
fatality rates for small, older generation turbines compared to the large, newer generation
turbines. Based on information to date, siting of windplants appears to be the most significant
factor related to bird mortality, with the effects of other factors such as turbine designs (e.g.,
lattice towers versus tubular towers, small versus large turbines) less understood. The range for
bird mortality estimates was based on a study at the 38-turbine windplant in Vansycle (0.63 birds
per turbine per year), and the bird mortality estimate at the Buffalo Ridge Windplant (highest
estimate, 2.83 bird fatalities per turbine per year). Acknowledging the potential biases, we still
believe using this range as a basis for the range of annual avian mortality is reasonably and likely
accurate.

Scavenging and searcher efficiency estimates need to be incorporated to accurately estimate true
fatality rates, especially for small birds. We feel this is especially important when fatality rates
are compared between Wind Resource Areas and studies, since the habitats (and subsequent
estimates of searcher efficiency), search interval, and scavenging all can influence the actual
number of birds recorded by searchers. In many of the studies that report fatality estimates for
all bird species and have measured scavenging and searcher efficiency rates, large adjustments
are made to the observed number of carcasses for scavenging and searcher efficiency bias
(Johnson et al. 2000b, Johnson et al. 2001). These adjustments, although necessary to accurately
estimate true fatality rates, add uncertainty into the estimates. Nevertheless, we have reported a
range of estimates for wind turbines that we believe is a reasonable range to represent true
current annual avian mortality (10,000 — 40,000 fatalities).

Even with the potential biases, most of the avian collision data from windplants (especially the
newer generation windplants) have been collected using standardized methods and regardless of
perceived avian risk. In addition, the proportion of windplants studied is quite high relative to
any other source of avian collision mortality. Therefore we believe our avian mortality estimates
due to collisions with wind turbines are more accurate than the collision fatality estimates
attributable to other sources. The low mortality rates of wind turbines compared with
communication towers can probably be attributed to the fact that the majority of wind turbines
range from 200-350 feet (60-100 m) in height, whereas television and radio communication
towers are generally much taller. However, wireless cellular towers are also generally shorter
and the massive current tower growth is occurring primarily within the cellular communication
arena. Many of the communication towers are guyed structures, whereas nearly all of the newer-
generation wind turbines are unguyed structures. There are relatively few reports of single
mortality events (greater than a few birds) at communication structures less than 500 feet (150
m) in height (Kerlinger 2000; Manville 2000, pers. comm.) or at windplants.

We are unaware of any studies that directly compare communication tower mortality to wind
turbine mortality; although, we do have limited information on guyed meteorological (met)
tower mortality compared with wind turbine mortality at the Foote Creek Rim, Wyoming
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windplant. At this site we searched both wind turbines (600-kW, approximately 200-ft (60-m)
towers) and guyed met towers (200 ft (60 m) in height) once a month during the study. During
this period of study, the met towers had estimates of 7.5 bird fatalities per tower per year,
whereas the turbines had estimates of 1.8 bird fatalities per turbine per year (Johnson et al.
2001).

Most of the studies at communication towers were the result of an episodic event at a single
tower, although a few long-term studies have been conducted. It appears that the collision
mechanisms at wind turbines and communication towers may be different. Most bird collisions
at communication towers occur during migration and during nights of inclement weather. In
addition, communication tower fatalities have mainly been reported east of the Rocky
Mountains. It is unclear whether lower reported mortality in the West is the result of a lack of
studies, or fewer collisions. Many of the communication towers in the western United States
occur in isolated locations, where dead birds are less likely to be “discovered”; such discoveries
are most frequently the stimulus for communication tower studies in the East. In May 1972, 57
birds of five species were killed at the Cape Scott Lighthouse, Vancouver Island, British
Columbia. Because inclement weather including low cloud ceiling and fog do occur along the
Pacific Coast and other areas of the West, the potential for bird mortality due to collisions with
communication towers during periods of inclement weather may exist, in spite of the lack of
studies or reported occurrences in this area.

While the majority of bird fatalities reported at communication towers are comprised of
nocturnal migrating passerines, bird fatalities associated with wind turbines are composed of a
variety of different groups including waterfowl, seabirds, shorebirds, passerines, and raptors.
Vulnerability to collisions is species- and habitat- specific; therefore, siting issues must be
assessed accordingly. For example, raptor collisions with wind turbines may be more likely to
occur while the raptor is concentrating on foraging, or stooping towards a prey item. A dense or
abundant prey base within a wind resource area may attract a greater number of raptors within
the vicinity of wind turbines, and subsequently increase the potential for collision fatalities
among raptor species. Water within the vicinity of wind turbines may attract waterfowl, seabirds
and shorebirds, increasing the collision potential for water bird species, although other factors
such as adjacent habitats and movement patterns would also greatly influence mortality near
these water sources.
SUMMARY

Our review indicates that avian collision mortality associated with windplants is much lower
than other sources of collision mortality in the United States. We believe there are reasons for
the relatively low mortality rates at most windplants. The primary reason is that there are far
fewer windplants and that many of the windplants are located in areas with relatively low bird
and raptor use. However, even if windplants were quite numerous (e.g., 1 million turbines), they
would likely cause no more than a few percent of all collision deaths related to human structures.
It appears from the available data that siting windplants in areas with low bird and raptor use is
currently the best way to minimize collision mortality. The apparently high raptor mortality
levels at Altamont can mostly be attributed to high prey base for raptors, large populations of
raptors, topography and the large size of the windplant. Other factors such as older turbine
designs may also contribute to the raptor mortality levels, but such factors are less understood.
Windplants sited in areas of high bird use can expect to have higher fatality rates than many of
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those reported in this document although other factors such as topography, prey abundance, and
species composition also likely influence mortality. For example, in the Netherlands, where
turbines are often sited near coastal areas, estimates of collision rates have been as high as 37
birds per turbine per year (Winkelman 1994).

The results of our review and updated estimates indicate that avian collision mortality
attributable to windpower at the current level of production in the U.S. is minor in comparison to
other sources of collision mortality. The current levels of mortality caused by windplants do not
appear to be causing any significant population impacts (except possibly for golden eagles at
Altamont (Hunt et al. 1999), although several possible contributors to this decline have been
proposed). Due to recent declines in many species of birds, especially some raptors and many
neotropical migrants, however, any additional mortality may be a cause for concern. Monitoring
programs in place at many of the newer generation windplants will continue to provide
information to better understand avian mortality levels and to continue to determine factors
important for siting windplants. Because the cumulative impacts of all mortality factors on birds
continue to increase as the human population climbs and resource demands grow, efforts by
every industry are important to reverse avian mortality trends and to minimize bird deaths.
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Table 4. Estimates of avian collision mortality by Wind Resource Area.

Turbines in Turbines in
WRA WRA # birds/ # raptors

Wind Resource Area Expected 2001  during study turbine/year /turbine/year
Outside California
Buffalo Ridge, MN ~450 ~400 2.834 0.002
Foote Creek Rim, WY 133 69 1.750 0.036
Green Mountain, Searsburg, VT 11 11 0.000 0.000
IDWGP, Algona, IA 3 3 0.000 0.000
Ponnequin, CO 44 29 na’ 0.000
Somerset County, PA 8 8 0.000 0.000
Vansycle,OR/Stateline OR,WA ~338 38 0.630 0.000
MG&E and WPSC, WI 31 31 na’ 0.000
Subtotal 1,018 589 1.825 0.006
California
Altamont, CA ~5,400 ~7,340 na’ 0.048
Montezuma Hills,CA 600 600 na’ 0.048
San Gorgonio, CA ~2,900 ~2,947 2.307 0.010
Grand Total 9,148 11,106 2.19 0.033
Total Fatality Projections” Overall QOutside California
Projected annual bird fatalities 33,000 6,400
Projected annual bird fatalities (excluding house 28,400 6,200
sparrows, rock doves, and European starlings)
Raptor fatalities 488 20

* assumes 15,000 turbines in 2001.

® not applicable since scavenging and searcher efficiency data not available and some fatalities

were observed.

Avian Collisions with Wind Turbines: A Summary of Existing Studies and Comparisons of Avian Collision
Mortality in the United States is a resource document of the NWCC. © August, 2001
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APPENDIX A - LIST OF PEOPLE CONTACTED FOR INFORMATION

Dick Anderson, California Energy Commission

Kathy Belyeu, American Wind Energy Assocation

Todd Engstrom, Tall Timbers Research Station

Bill Evans, Old Bird, Inc.

Monte Garrett, Pacific Corp.

Tom Gray, American Wind Energy Assocation

Rick Harness, EDM International Inc.

Robert Howe, University of Wisconsin/Green Bay

Judd Howell, U.S. Geological Survey, Biological Research Division
Paul Kerlinger, Curry & Kerlinger, L.L.C.

Albert Manville, U.S. Fish and Wildlife Service

Sue Orloff, IBIS

Shawn Spuzen, Wisconsin Public Service Corporation
Karin Sinclair, National Renewable Energy Laboratory
Joanie Stewart, FPL Energy

Carl Thelander, BioResearch Consultants Inc.

Rick Thompson, Xcel Energy

Steve Ugoretz, Wisconsin Department of Natural Resources
Eugene Young, Cowley College, KA

Avian Collisions with Wind Turbines: A Summary of Existing Studies and Comparisons of Avian Collision
Mortality in the United States is a resource document of the NWCC. © August, 2001
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APPENDIX B - INFORMATION RECORDED FOR EACH STUDY IF ESTIMATES ARE
MADE OF AVIAN MORTALITY

Reviewer initial:
Date:

1. Full Citation:

N

. Do we have the document (Y N)?
. Location of Study:

[98)

Type of Structures:
roads

. turbines

. meteorological towers
communication towers
powerlines

buildings

fences

. other

TOTMmUA®m P

9]

. For 4, describe the structures (height ranges, guyed versus unguyed, etc.)

6. How many structures/miles of road/miles of powerline etc.?

7. When did the study take place (years, seasons)?

8. How often was the area searched? (daily, weekly)

9. Was scavenging and/or searcher efficiency evaluated?

10. How many dead birds found?

11. Were extrapolated estimates made? If so, what were the estimates (total number, total number/season, total
number/year) Please standardize to #/mile of road/year or /fall season, #/mile of powerline/year or season, #/building/year

or season, #/tower/year or season).

12. Composition of fatalities (mainly raptors, migrating passerines (group, warblers, sparrows, etc., local passerines?
waterbirds)

13. General remarks?

Avian Collisions with Wind Turbines: A Summary of Existing Studies and Comparisons of Avian Collision Mortality in 41
the United States is a resource document of the NWCC. © August, 2001



[4%

100T NS0y © "DIMN U JO JUSWNOOp

00INOSAI © SI S2VJS Pajiuy) ay) Ul AvLiOp UO1IS1]]0)) UDIAY JO SUosLIpduio)) pup saipni§ Supsixg fo Lpuwung y :Saulqing puigy yim suoisijjo) uviay

‘110do1 ur papraoid jou uonEWIOU] 4

*(Pojunooun oIoM pue
JIp 2y} 0JUI UMOIT]}
U20q 9ARY AeUl 317

'L861 1990 [BIOUSD)  SPIIq JO %0S) IA/u/g¢ A[ieq poydreas SouLIessed ol a4 I'L ! [enuuy L861-9861 BAO] ‘stoul][
(10ensqy) €861 90N [BIOUID * * * €1 * 6 AIN0Y 48§ ! [enuuy 7861-1861 93SSAUUI |,
€L6T
$3q10 pue Jueadies * % « [MOLI0JB M\ € L1 1T Sl « % BJOSQUUIIA
S1uI0)
1961 uojSuLg ‘sKournof pue[3ug
pue uwiopung  [elousH 1A/1W/6°09 HIA/€ 9T Aem-om1 6 sauLRsseqd 6LT1 L €11 ST¢ fenuuy 0961-LS61 QIYSHIM
(Kemiojowr (Aemiojowr
Kep/sowry Jo saprs Jo sapis ouRI]
9661 SONSNH  [EIOUAL) % € payoIeog (%S'18) stoydey]  86S°1 TX8091)9'1TE TX685T) §°LIS 4 [enuuy  G661-1661 JO JsEaY1ION
“Kep/uny/16°0
9661 JAY/ZLTOT Yeom/soung €661-C661
UOSUIOY pue AJ[YSY  [EIOUDL) A/SpaIq §ST¢ PoYoIEdg soumossed  Z0€[ T 9¢ 4 1o0-1dy  “0861-6L61 OLIEJUQ
SINSAY
juesedyd
Apmig (yueseayd payyoou
‘8L61 9SeD  [eIOURD * Ajreq poyoredg  -Sury) ouuesseduoN S61°L 594 [4%3 L [enuuy SL6T-6961 EYSBIGON
‘Speol
padejnsun jJo wr/syonp
$00°0 -08 1Jo uny/s3onp
9G1°0 o[/ onp (s¥onp urjqqeq ejoye( ynog
‘1861 Jueadieg sy T70°0-14/005 €T Te[ngauy %S L) [MOJIEA 9§ 00S°C8 LILTET 0l [enuuy 6L61-6961 ‘e10e( YHON
€661 180K 10d oM /souT} Kas1af
123uII93 pue SO0 J0)dey  s[qy 10)der gz oFeiony G payoIeas s10)dey 0S¢T 06 Stl 01 [enuuy 0661-0861 MIN uIyINog
NUAIRY AdAg, SJUIWWO)) Adudanbaayg PO 2dA L, sapIeIe | (SATIIN) (ADD) pPeoy SIBIA#  UOSBIS ApmS uoned0|
Apm§ /S9)eWSH LRI GEIN pag Arewinig [810], PBOY JO YISUd T JO YI3ud| JO saedX

SAVOY NO SH'IOIHAA HLIM SNOISI'TTIOO NVIAYV 40 SHIANLS - D XIANAddV




100T 1sn8nY @ "DOMN U} JO JuaWNI0p
cp 00INOSAI © SI S2VJS Pajiuy) ay) Ul AvLiOp UO1IS1]]0)) UDIAY JO SUosLIpduio)) pup saipni§ Supsixg fo Lpuwung y :Saulqing puigy yim suoisijjo) uviay

‘110da1 ur popraoid jou uorBWIOU] 4

*A[UO SUOTSIT[09

MOpUIM 29 OINE *SOLIOA0IY
"S661 10U0pO)  [eIoudn  ‘suswdads ()59 JO 7€ pug SouLIRssed [453 * * * jenuuy £661-2961 INJ1OUUOTH
‘Apnys
L661 SSouIeH 10)dey ourpomod Fuump punoyq « s10)dey L€ % « % « S661-9861 BUBJUOIA]
uemg "SUOISI[[0D OJNB 0} "SOLIDA0IIY
8961 A2IIM AL dnp A)[EHOW JO % €] pueg SPIIGIae A\ * * * * * 8961-9961 PUB[S] 9pOUy
1S61 2IM[DIN * * * [MOJIo1B A\ 14 0ST'9L 000°CZ1 * * * BISBIGQON
*SUOISI[[00 ‘suowroads
WOIJ PIIP %8} UOISI[[0I paSulr
‘6L61 UoImaN  Iojdey 921yaA £q 3IP %7 PII2A0IY s10jdey 43 * * * [enuuy 0861-7961 urejg
"SIOpIIq
-1oded ur sojewnss  £q sInoj oyIq
‘0961 Stuul  [eloUah 11 9IIW/€96-¢"1 pue Sunjiyg SoULIRSSed 009y 000001 0£6°091 * [enuuy 9561-5€61 pue[ug
7661 (sordgew
PIoJyo0n pue 103ing  sard3ep % [eUOISEI() FunoK) souriessed €S 0zI°1 €081 S0 Jouung 0661 puUB[BIZ MON
Apnys
40 uIeq oom
‘s)nsax 10d sown puej3ug
9661 v Jo UOXIJ  [elduaD * € Payaleag si01dey ¥Sl 1€ 0S S0 1ed S661 wayInog
‘So[u 82°9 '86/¢/€ opeIojo)
‘8661 SIOATY MO uieg  AIoA9 1od [enplAlpur | :9)ep AdAInS | s1oydey] 6 19 786 S0 Sundg 8661 QPRI
'smolreds asnoy sprek
001/543ep 6'8C-€'1
‘so10ads [1e 103 Juosard
sad4£) 3oa jo aSuer pue[Sug
Q) 10} peol JO SpIeA()(| (smoureds asnoy ‘SJUBYION
961 UOSPOH  [elouaD 1od stpeap 7°65-0'01 * %0¢) sauLIesseq ¥¥9 [4 [43 1 * 7961-1961 ‘Aq100)
‘urejLig ut spiq
'S961 oI ¢°g Jo Ajeriour
MOUg pue UOSPOH  [eIdUaD) [BNUUE JS3 W/ G| pateA SouLIessed 69C°S 67¢ 79§ 1 [enuuy 1961-0961 utejLg
NUARIY dAL, SjudWUO)) Kduanbaayg P 2dAL sapIeIe | (SATIIN) (JADI) PeOY SIBIX#  UOSBIS ApmS uoned0|
Apms /SdjewnSH o.aeds§ pag Arewirig [ejo], peoy Jo YISud T  Jo Y3Sud| Jo saed x

SAVOY NO SATOIHAA HLIA SNOISITIOD NVIAV A0 SHIANLS - (panuyuod) 3 XIANAddV




144

100T 1sn8nY @ "DOMN U} JO JuaWNI0p
00INOSAI © SI S2VJS Pajiuy) ay) Ul AvLiOp UO1IS1]]0)) UDIAY JO SUosLIpduio)) pup saipni§ Supsixg fo Lpuwung y :Saulqing puigy yim suoisijjo) uviay

‘310da1 ur popraoid J0u UOHBWIOIU] 4

‘sanierej

7561 1a81010g 3dnp 00§ ISH [MOJI21E M\ * $9[0B)ISqQO/SSUIpIINg  [S61 ‘ST 1990300 eloyeq ymnog
‘pojewIISo

"LG6] SUIRH pUB UOISUYO[  SINI[BIB] 108901 SOULIassEd S6v°6 Suoned0[ 67 ¥S61 ‘8-S 190 VS 1seq % ymog
Jy31u SUIMO[[0]
pue jy31u swes
SIOMO} “WIWO0D J&
'S™() WIe)sed Ul ST

‘1L61 33eg pI1q snoJownN SOULIasSE] LOL (4 vS+'1) Supiing syeyg andwy  0L6]1 ‘8¢-LT oS JI0X MON
"SON}I[eIRY 9GAID)
paIeq puesnoyL

6761 Weno) [e10A9S “1SH [MOJITR A\ % sosnoyssuipiing 8761 ‘€1 10quIeodq BPRAIN
"JJO pouun} sem
WSI 2y senuIw

€961 Ud9ID) 02-01 1YV souLIassed 76 I0)WolR) YN €961 ‘61 Ioqurdes BJOSUUIA
"SPIQ 000°T

€961 OIOA 18 "3S9 [ [810L SOULIaSSE 0vt IopuwoNR) N 19671 ‘T Ioquides BJOSOUUTIA

'SpIIq 00 JOAO UOT}I9S UMOIUMOP 01

€961 1A e 1S9 I [10 L sourIassed +002 UTBJA SYO0][q § ‘SMOpUIM 210)S  [96] ‘7] Joquodog BJOSAUUTIA
spIq

€961 O1PA 000°7-00S ST sourIassed % yodire jo s1oop 108uey 561 ‘6 Joqudog JurejN
‘P10991 U0 3S93Ie]
— SPIIq 000°0S

€961 9IPA Je 1389 1Y [e30L SoulIossed (434 et HO) 7561 ‘8 1990100 131000

'SpaIq 00T 1oA0 SMOpUIM

€961 QIPA 1B 189 [[IY [BI0L sauLessed 961 J3re] yyim s1oyuoo Surddoys 4 0961 ‘v1-6 AN BpLIO[ ]
"SPIQ 000°S

€861 v 12 I\ 18 1S9 I [e10 L SouLIassed S9T°l s&ouuryp 4 7861°7-£C 1doS EPLIO[]
I 8103
Jo uonoely [fews
Aquo juasaidox

'S961 1P 12 9se) P3O9[[09 SpIIg SouLIessed LOLY ssurp[ing Auejy ¥961°8-9 190 BpLIO[
"SP1IQ 009°T

€961 91PA 38 1S9 I [e10 L SouLIassed €8¢°1 e O ¥S61 ‘8 1990100 euleqe|y

AJUAIRJY sajewInsy panny 2dA g, P3333[10D adA 1, 3ampdNNS Aeq uoned0|

Aypeyey paig Arewilid  spaig [e)o],

SAMOUNIM/SONIATING HLIAM SNOISI'TIOOD NVIAYV 40 SINHAH/SINHAIONI - Id XIANAddV




197

100T 1sn8nY @ "DOMN U} JO JuaWNI0p
00INOSAI © SI S2VJS Pajiuy) ay) Ul AvLiOp UO1IS1]]0)) UDIAY JO SUosLIpduio)) pup saipni§ Supsixg fo Lpuwung y :Saulqing puigy yim suoisijjo) uviay

‘110dax ur papraoid Jou UOIIRWLIONU] 4

SI9[qIe (A
‘0L6]1 HMRqISH uerwmgyoerqg SauLssed 8¢ .Howgwm H.HOQ\:< 1961 doﬁ_aoumom epeue)
"SPI1q 000°€
'L86198I0(g 1B SO [BJO,  SOULOsSE] 31€C BPRIS AR 10 0861°8C-9T KB eaqIy
(1 00 12A0) Surpying
"€961 AIPA sor0ads +0f * % uonsodxy oNEM[IA PIO L88T ‘9Z-1T 1oquudydeg UISUOSIA
"LL6T STAM * SQuULIdssed €L oMo} 311y | SL61 ‘0T 1990100 BIUISIIA JSOM
€961 PIPA 's9100ds {7 * 9LS () §56) JUSWNUOIA UOISUIYSEA  LE6T ‘T Joquuidydog "D’ “UO)SUIYSEM
“SPIIq 00+ 1
€961 QIPA Je "189 [[IY [B10], SouLIdssed * IPWOMR) 6561 ‘ST Ioquoydog 23ssaUU
sgupymq
'SpIiq 000°1 pue sjy3ipeans ‘sourpromod
$661 TequnQ 1B 1S9 I [BI0L sauLdssed GLS s 9o Sunyred a1oe 7] 561 ‘L 1990300 Q9SsoUUR |,
AUAIRJY s9jeWSH panIny 2dA [, P3333[10D adA 1, 3ampdNnNS Aeq
Aypeyeq paig Alewrlid spaig [e)o],

SAMOANIA/SONIATING HLIAM SNOISITIOD NVIAV 40 SINHAT/SINAAIDONI - (ponuyuod) 1d XIANAIAV




9

100T 1sn8nY @ "DOMN U} JO JuaWNI0p
00INOSAI © SI S2VJS Pajiuy) ay) Ul AvLiOp UO1IS1]]0)) UDIAY JO SUosLIpduio)) pup saipni§ Supsixg fo Lpuwung y :Saulqing puigy yim suoisijjo) uviay

"YJeap Ul J[NsaI sse[3 YILM SUOISI[[0 JO %G
‘yodor ur papiaoid jou uoneULIONU]

“IedA/dSNOY/SpaIq
L'L-§9" “Iopuim

SyoaM 7 A19Ad

€661 uung ut 9snoyY/spIiq $8°() 566 sowy) - SOSNOY [eNUopISAY 00S'S S0 IUIM  0661-6861 LOLIOWY YLON
"SUOISI[[0D MOpUIM
29 one Surredwod

'S661 12U0pO) ‘SPIIq 059 JO 8€€ 8¢¢ SOLIA00Y SOYLNS MOPUIAN 4 [enuuy  €661-2961 1NONOAUU0Y

(Irey 1 5¢)

€961 2IPA % 8911 % JUSWNUON UO)SUIYsepy '] led  Lg€61-9€61 "0'd ‘uo)Burysepy

'9€61 SULIDAQ % 9T Areq JUSWNUOJ UOJSUIYSEAN  §'() e SE61 "D’ ‘uojSurysep\

"9€61 SULIPAQ * §S9 * JUSWINUOJA UO)SUIYSEA, T [enuuy  €¢61-7€61 "0’ ‘uojsulyse
o9M/SPIIQ 8L 4G

'qQ9861 [V 12 ATRIDOIN D[22M/ZU/SPIIq 9100000 0L ym/sown ¢-g SOl gWey | enuuy  €861-7861 eIUIOJI[e)

9661 UPSO ‘1e0K/gEL vS¥'S sAep JSO]N ssulping yS§ ¢ [eNUUY  $661-€661 0JUoIO],

"9L61 TOM % 1€5°8 Areq sfouwiyo g ¢ [enuuy  9/61-7L61 OLIRJUQ

'8861 YIWS pue Iyory TBOA /Y 1S 10€°C ym/seu ¢ skouwmyo ¢ [enuuy  9861-7861 epLIO[]

"9L61 UOSPNH pue uosuyof “1A/zuy/spaq £900°0 997 % SSE[S TW 99 9 [enuuy  $/61-8961 UO)SUIYSEAN
“1edA/9q1j01d

'9861 Jouysioy] pue Jo[Ae], Surp[ing guy/spiq 5000 9%0°S JEUOISEII() Supimq [ 6 [enuuy  [861-0L61 epLIO[]
e

0661 ‘6861 WA Ul IK/UOI[[IW 9°G/6-9°L6 001 Ajreq sosnoy g 7l [enuuy  9861-pL61  SHOX MON 2% Sloul[[[

UAIBJY  SAeWSH AjfeIe P3133[10D)  Adudanbaag adA 1, 2amdnng SIBIX UOSBIS ECEA uoned0]

SpAIg [J0],  YdIed§ #

SAMOUNIA/SONIATING HLIM SNOISI'TIOO NVIAYV 40 SHIANLS - 7d XIANAddV




Ly

100T 1sn8nY @ "DOMN U} JO JuaWNI0p
00INOSAI © SI S2VJS Pajiuy) ay) Ul AvLiOp UO1IS1]]0)) UDIAY JO SUosLIpduio)) pup saipni§ Supsixg fo Lpuwung y :Saulqing puigy yim suoisijjo) uviay

‘310da1 ur popraoid J0u UOHBWIOIU] 4

[MOJIB A SUIOA A
'9/81 Sano) saqrw ¢ 1od sp11q 00| souLIassed SpIIq 001 € 8% anm yderSapa, 1290300 981 -0peI0[0)
‘saurpzomod TN Suofe
PAIMO01303[0 210Mm s10)dex yein
‘6661 0ZENG pue IOYD[SJ /[ ISEI[ J& Jey) punoj 1Ino) si0jdey sioyder /| % % % % 8661-9661 pue ope1ojo)
"SIRdp
UOISI[[09 duT[Iomod PaULIFuod
QI9M SanI[eIRf AU} JO
87 ‘SIOIEW JO[OO /M PIYTeu [MOJIoTe A\ (¢) Sundg
'S661 UdImal( pue umolg SeM ()SUD YOBD JO JleH  SPIIQIOjEA LY 8 cel uonnquisip AN ¢'L () 1ed 0661-8861 OpeIojo)
"se1q AoudIdIjjo SoULIaSSEJ SIOMO} [99)S  JOQUIDAON
"L661 SnIND [o1eas 1o SUISUOABOS ON  SPIIGIdJBAN SpIIq G¢ 0S I8 pue sajod poom 778 -Anp S661 epeue)
1T ABN
€061 soqiu pue, AON
"pO61 uosIOWy ‘[ ABJN pue ‘g6 Ul SOJEP ¢ Spligaloys §11 "xoxddy p xoxddy 9 aury ouoydapog, ‘68149 €061 ‘8681 BIUIOJITRD
%9%0°-€10° PU® %860™-L10"
"8861  :91€y UOISI[[0)) "SSOId® SSI[F Joquioydog
Aydm pue uosiopuy 269L-0T01 1od uorsijod | SPIQIE M 153 8L St AN 8€El -Ke]N  £861-9861 eyse[y
ANUIAIY  SIPrWNSH /SIUIWWO0)) Py S9dAL, sopneyeqeiol,  (SOIIIA) (unyy) AUILIIMOJ [ORETS Jed X
paig dog, QUILIdMOJ  SUILIdIMOJ Jo 3z
Jop3udy  Jo PSud|

SANI'T NOISNAL HOIH HLIM SNOISTTTIOO NVIAV 40 SHIANLS - 3 XIANAddV




8y

100T NS0y © "DIMN U JO JUSWNOOp

00INOSAI © SI S2VJS Pajiuy) ay) Ul AvLiOp UO1IS1]]0)) UDIAY JO SUosLIpduio)) pup saipni§ Supsixg fo Lpuwung y :Saulqing puigy yim suoisijjo) uviay

‘110da1 ur popraoid jou uorBWIONU] 4

110dax K]\
ur papraoid sajer uorsIjjod SpIIqaIoYS AJISTIT -qopuer uoj3uIyse s
‘8L61 1OAQN  pue SuoneAIasqo WSy paig [MOJIaTB I\ SPIIq 1€ L'E 6'S Pu® AMOET ‘AM00S PO 8L6I-LL6I pue uo3a1Q
110dax
ul pap1aoid sojer UoIsIjjod [MOJIJB A\ (soury [oy1eIRd Sundg
'8L61 AIOAY U] 997 puB SUONBAISSGO S paig Spllqeas 09 L8°0 Du | A10EC® ST - IJUI LL61 uo3210
BIENT Spllqaioys
98 1od [ oye1 UOISI[[0D) ‘EEE’] ‘sauel) (@ 1red
'L861 VD ‘soueeg ‘SONI[eIe] [210) PAJRWNSH ‘S[IND) ‘[MOJINEA €€9 9 96 AX00F Pue ‘0z ‘1 “(7) Suuds  7861-0861 e10ed YHON
aul aul
[MO0JI1B A\ MU W §°C Mmau ury L8 KeN-[udy
‘6L61 Ip 12 [9sse) oftuwyspaiq ¢ “xoiddy SoULIsseq SPIIq GO 1 QUI] po I g°¢ aul] pjo Wy 7°¢ AJNOET R 100-1ddS  8L6I-LL6I ejoded yHON
"saurpromod suems SRl
VL6 SAI0 IS PUB IABIA 0} anp AjjepowW %6 | SPIIGIare A\ Jopdwnn ¢/ * * * * €L61-8S61 [BOUSD) YHON
*SUOISI[[0J dIIM UOISUD)}
yS1y 03 onp Ajjenuue pay[ry
'L861 sdooyy P19 000°000°T ) 000°0SL * 1K/5pa1q 000°00% * * * * £961-7161 SPUBLIAIIN
SouI| payIeWUN
"SIONIRW 10[0D /M PIYIeul SpIIqaIoYS /M SUOISI[[0D 2I9M
1661 uosiopuy pue [[II0N SeM ()SU] Yoed Jo JJeH  SOURID [[IYPUBS  YOIYM JO ¢T ‘9¢ 9'8 8¢l AN SPE - AN 69 (¢) Suuds  0661-8861 BYSeIqQON
"saul
‘L8611 sdooy]  uorsud} Y3y ypm m:omw:_o‘o_
‘6561 Surualg pue ussueyor 0} anp sani[ele) 94G¢  SY103S AYM * * * * * ¥S61-C561 Srewuaqg
AQUAIYY  SIPBWNSH /SIUIWUIO)) poID] SAdAL, sannereq e1ol  (SIMIIN) (uny) AUILIdIMOJ uoseds Ied X uonedo |
pag dog, QUILIdMOJ  dUILIdIMOJ Jo azi§
Jo@sudy  yo yp3udry

SHANIT NOISNAL HOIH HLIA SNOISI'TIOD NVIAY 40 SAIANLS - (ponuyuod) g XIANAIIV




(1%

100T NS0y © "DIMN U JO JUSWNOOp

00INOSAI © SI S2VJS Pajiuy) ay) Ul AvLiOp UO1IS1]]0)) UDIAY JO SUosLIpduio)) pup saipni§ Supsixg fo Lpuwung y :Saulqing puigy yim suoisijjo) uviay

310da1 ur popraoid J0u UOHBWIOIU] 4

‘s10)de1-uou § pue
‘SpPI0931 JOUOO[BJ UOIINO0IIII[D

7T SNId TS T :uonnoonaay SpIIqeas

{9 JuowRIueIUd SpIIqaIoYS s101der AjIsopN sanImn §G Woij NI
‘L661 SsauleH QILM ‘€ ‘UOISHJOO I\ sio1dey 'SP1q 856°1 * * ‘Oju] - SNOLIBA [Bnuuy  9661-9861 Pajup) UISIA
"7L61 Aydimpy pue s "uonnoO0NIAg s10ydey s9[3e2 96 % % % « nmhwww z yein

"ApmS [moFIdleAy  (%S59)

L8P :SOYLIS SITA\ "SILIDA0IAI
‘L961 01§ pueq ‘erep qndup % [qnd [MOJISTB A\ [MopI1EM GT0%E * * * fenuuy — 961-91d SJE)S paun

“YHm papIfjod 39[qo ‘baxy

1sow oy} 21am saurjromod

- SUOISI[[09 0} anp A)I[ejIow
8961 AdlIim JNpe UBMS )N JO 9%/°9C  SPIIGIaIBM * * * * [enuuy  8961-9961 PUE[S] SpOU

oIm
punoi3d ou yym djex :omm_:.oo [MOJI01B A\ (1861) Sundg uoj3urysep
‘1861 foumnemeag 1591 01 2A103[q0 Apryg SouLessed L 90 uny [ xoiddy  oull AY00S - 062 (0861) I1ed 1861 % 0861 pue uo3aiQ

“AN[IQISIA pOO3 JuI| JO UOTIIS Uy
Surmp s3Iy €77 A19A2 SQULIOSSBJ 9°( © IBaU 219M uoi3uIysep\
"8L61 A1oAY U 93] 1od uoIsi[0d | pajewnsy [MOJI91B A\ U2IyMm Jo 01 *61 e S A 00S ® ‘0€T ‘SI1 PIUIM - BL6I-LL6] pue uo3a1Q
‘y31u 98 ‘Aep sauriossed .S1ods uo)uIySe A\
'6L61 YeEH pue SOWe[ (9 :SUOISI[[0O [E)0) PJELINSS [MOFIE YRy, €1 0€ LT vy AN00SPUBGIT  IOIIM ‘TIBd  6L61-8L61 pue uo3a1Q
AQUAIYY  SIPBWNSH /SIUIWUIO)) poID] SAdAL, sannereq e1ol  (SIMIIN) (uny) AUILIdIMOJ uoseds Ied X uonedo |
pag dog, QUILIdMOJ  dUILIdIMOJ Jo azi§
Jo@sudy  yo yp3udry

SHANIT NOISNAL HOIH HLIA SNOISI'TIOD NVIAY 40 SAIANLS - (ponuyuod) g XIANAIIV




0S

100T 1sn8nY @ "DOMN U} JO JuaWNI0p
00INOSAI © SI S2VJS Pajiuy) ay) Ul AvLiOp UO1IS1]]0)) UDIAY JO SUosLIpduio)) pup saipni§ Supsixg fo Lpuwung y :Saulqing puigy yim suoisijjo) uviay

"110do1 ur popraoid jou uoreWIOU] 4

"€961 uosduwoy ], pue sofewired 153 61C 1ed £961 dog-¢1 666 SOIM stoul][]
‘6561 99[ellIEd pue o[BI 'SPIIq 00S°T 159 (14 LT8 1ed 8661 dog-91 666 SOIM stoul][]
6561 U9sIolRd [43 88 11ed 6561 PO-L £86 JdHM Stoul[(]
'L861 ‘[P 2 d1owsul(] 144 61¢ 11ed L61 dog-6¢ 866 ATAIIDNIELS Stoul[(]
'L861 ‘[P 2 d1owsul(] 144 16¢€ 11ed CL61 dog-1¢ 866 ATAIIDNIELS Stoul[(]
'L861 ‘[ J2 diowsul(q 05 766 red CL61 dog-/¢ * OTTIDILNOW Stoul[[]
'L861 ‘[P 2 d10wisul(] LT 90T 11ed CL61 dog-17 * ALID NOSHID Stoul[[]
‘0861 IoqelD) pue Jogeln) 61 £8¢C 11ed 6L61 PO-¥T * NVIHLIA Stoul[(]
'L861 '[P jo d1owisulq [44 y€9 I1ed L61 dog-LT * NVIHLIA SIout[[]
'L861 '[P jo d1owisul(q 0S L08 1ed CL61 dog-LT * VINIDOUV SIout[[]
‘9L61 piojmely €l [X4 1ed 7961 P0-81 000°1 dTVM vI5100D)
‘9L61 PIojmer) 0T 8¢ 1ed 7961 dog-g 0001 gIVM 8151000
‘9L61 PIojmer) 01 P11 1ed 6561 dog-¢l 0001 gIVM 8151000
1861 I0]Ae], 1¢ 658 11ed 0L61 dag-6¢ 00S°1 ALIMOFAM BpLIO[]
"1861 J0JABL LE 7651 1ed 0L61 dog-8¢7 0051 ALIMOFAM BpLIO[{
"1861 I0[Ae ], 1 96¢ 11ed 6961 dog-11 0051 ALIMOFAM BpLIO[{
‘€661 ISIOqUIE], PUE S}I9qOY 6 L19 1ed 1661 00-8 LT9 NVIOT BpLIO[{
IOMO],
6961 [V 12 9[eY] 14! LE 1eq 9961 00O-TC 00T AL PUE[S] " "D BpLIO[{
1m0, Funyoel],
6961 [P 12 9[eY] 81 66 1eq 9961 00O-TC 00% PUe[S] 'd "D BpLIO[{
"8961 Ap1org "sKep wopuer ¢ S Cl Sundg L961 * T'S6L ST8 ddMN/IdVM Buieqe[y
AUAIRJY sojewInSy SIAAS#  SINI[BIL] [B)0], UOSBIS  JABIX eq (3994) JIMO /K1) Jels
/SIUdWWOo)) JYSIOY JI9MO],

SYAMOL NOLLVOINNININOD HLIAM SNOISI'TIOO NVIAYV 4O SINHAH/SINHAIONI - T4 XIANAddV




59

100T 1sn8nY @ "DOMN U} JO JuaWNI0p
00INOSAI © SI S2VJS Pajiuy) ay) Ul AvLiOp UO1IS1]]0)) UDIAY JO SUosLIpduio)) pup saipni§ Supsixg fo Lpuwung y :Saulqing puigy yim suoisijjo) uviay

‘110da1 ur popraoid jou uorBWIOU] 4

"PA1dR[0d
"€961 UdID jou spiiq Auejy €1 6C Tred €961  dog-61 008 INSAM BJOSOUUIIA
'spaiq
€961 UBYR]  000T-00S T ISH 8T 8T 1ed €961  dog-61 vIgl 209N BJOSOUUIIA
"€961 SIPA 9T 111 I1ed 1961 1006 vIEl 20U BJOSQUUIA
"€961 AIPA 34 106 Ired 1961  dOS-y1-11 vIEl DO BJOSIUUIIA
"€961 PIOA 'SpaIq 00S‘1 IS 13 97§ 11ed 1961 dog-f PIEl 20U BIOSIUUIIA
"€961 udssuef Ly ¥26 11ed €961  dos-61 91T DAT RIOSOUUIIA
“[L61 Jopn) pue ods 161 83eq 134 $96°1 Ired 0L61  dos-gT 0St TVEM pug[AreN
‘1961 Mmoqreg 1T 8 Sundg 1961 AeN-L 0.9 NOLONIXHT Apomuayy
0661 yney pue [[eg-1owled 0T 871 Ted 0661  dos-1¢ 000°1 NOSYHANTH Aponjuoy
"000¢ 7V 12 SuIqqOYy S¢ 8Lt I1ed 6661 ©0-6 * VIHdOL sesuey|
"€961 SI[PA % 8¢ Ted ¥$61 ©O-1 0S6 VIHdOL sesuey|
'sindsSuoT
8661 SUBAY puerde AsoN " 000°01-000°S T 8661 ue[-7g (1144 HSNOVYIAS sesuey|
S661 v 12 |led S (1144 Ied Y661 006 2! VLY sesuey|
S661 v 12 |[ed 9 €8 Ired 9861 WOl zdl! VLY sesuey|
S661 v 12 |ed 6 $€9 Ied 9861 0O-1 2! VLY sesuey|
S661 v 12 [led S 616 Ired 6861  dog-9z zdl! VLY sesuey|
"S961 0s0g € c8 Ired 1961  deg-67 00Tl VO sesuey|
"LL61 IV 12 Adpjed 0¢ 06€ 11ed GL6l  des-9] 00L HOTI sesuey
"LL61 v 12 Adpjeg 1 vI1 Ired vL61  3ny-0¢ 00L JOTI sesuey
6961 77 12 SOIN ! 1T IO 6961 UEB[-67 " NNV sesuey|
"L86] 7P 12 o10WSUI]  "SPIIQ (00T IS 8¢ 691 I1ed 6861  des-1z " NOLNIH BMO[
"L861 IV 12 drowsul(] 6¢ SIS Ired 6861  dos-IT 000°C NVNATTV BMO[
"L861 €861 v 32 drowsul(] €€ ¥8¢ Ired 7861  dos-pl 000°C NVNATTV BMO[
"8961 219V « 8L I1ed L961 ©O-L €L6 SVHM rURIpU]
'9961 91V "AAINS WOpUEY 91 T Ired 9961  SoEp S €L6 SVHM BURIpU]
"L96] USSIORJ % €zl Ired 9961  dos-¢T €L6 SVHM BURIpU]
AUR.IRJY S9jewnsH w@ﬂ@&@% sanieje [ejo 1. uosed§ Jded X\ Jjeq QQ@rﬂv hvgcﬁ\%amo el
/SIUdUWWO0)) JYSIOH JI9MO],

SYAMOL NOLLVIINNININOD HLIA SNOISI'TIOD NVIAY 40 SINAAA/SINAAIDNI - (ponuyuod) 14 XIANAIAV




[43

100T 1sn8nY @ "DOMN U} JO JuaWNI0p
00INOSAI © SI S2VJS Pajiuy) ay) Ul AvLiOp UO1IS1]]0)) UDIAY JO SUosLIpduio)) pup saipni§ Supsixg fo Lpuwung y :Saulqing puigy yim suoisijjo) uviay

‘310da1 ur popraoid J0u UOHBWIOU] 4

"0961 SPOOMION L1 (4 11ed 0961 68 100 000°1 J0SM BUI[OIED) YION
710
"0961 SPOOMION {196 UIE[IoqUILY) ve 843 Ted 0961 -6 3dds 000°T DOSM BUI[O1E)) [LION
"8L61 [[oUIed pue JoMe) 1T +90€ Ted SL6T  1P0-8T 881°T 461°1 AVMMIOAM ruI[OIR) YHON
"8L61 [[oUIed pue Joue) PUQAY [+]§ 0bT'e Tred vL61 dog-¢ 881°1 461°1 AVAMMIOIM BUI[01E)) YLON
Y161 SSUNI, 6€ +099 I1ed €L61 ©O-1 881°1 461°1 AVAMMLOHM BuI[01E)) YLON
"9L61 [[oUled pue Jope)  "SpIq 000°T ISH % * Ted 0L61  PO-0€ 881°1 461°1 AVAMMIOIM BUI[01E)) YLON
8T
"TL61 180d puE dumolg I 4 Ired 6961 2 07 1dos SLII HOIATVY BUI[OIE)) YLION
"LS61 NOLL, "SPIIq 00S T I1SH o szl Ied 9561 ©O-1 88. TTIH TddVHO BUI[OIE)) YLION
"8L61 SOIPM LT 081 Ied LL61  des-pT €8 HASM J10 X MON
"8L61 SOPM ST 43 Ied LL61  des-¢T €8 HASM J10 X MON
"8L6T SO[PM 9T SLE I1ed LL61  doS-TT €8 HASM SO A MON
"8L61 SRPM 8T 85¢°T 11ed LL61  doS-1T €8 HASM SO A MON
"8L61 SRPM (114 L18°1 11ed LL61  d9S-0T €8 HASM SO A MON
"9L61 2991y (U4 008 11ed GL61  des-61 €8 HASM SO A MON
"€861 JJOUION 42 0z€ Tred 7861  dog-91 « VON BYSLIQON
7861 19p[d Ll 143 I1ed 7861  des-¢| " NNO LINOSSTIA
"L861 [V 12 SIOWSUI(] :L96] ULSIONJ 43 819 Ted 9961  dos-0r % NNO LINOSSTIA
"€£961 981000 9% 146 11ed €961  dos-0z * NNO LINOSSIJA]
"1961 snowkuouy I 859 11ed 0961  dos-yT * NNO LINOSSIJA]
"Pa309[[00
"1961 SnowAuouy  JOU SpIIq dIOW G/ 91 Sy 1ed 0961  dos-/¢ * SAI LINOSSTIA
'L861 siae( 'SpIIq 00T 189 % 9T Sundg v861  1dv-IC Y0E° T AVINM 1ddississiy
AUAIRJY sojewinsy SIAdSH  sonIeIe] [BJ0], UOSBIS  JdBIX deq (3934) JIMO T /K1) Jje)g
/suuumao) aa—wmum JIMO0 ],

SYAMOL NOLLVIINNININOD HLIA SNOISI'TIOD NVIAY 40 SINAAA/SINAAIDNI - (ponuyuod) 14 XIANAIAV




€S

100T 1sn8nY @ "DOMN U} JO JuaWNI0p
00INOSAI © SI S2VJS Pajiuy) ay) Ul AvLiOp UO1IS1]]0)) UDIAY JO SUosLIpduio)) pup saipni§ Supsixg fo Lpuwung y :Saulqing puigy yim suoisijjo) uviay

“110daI ur papraoxd J0U UOTJBULIOJU] 4

"€961 OIOA  'SPIIQ 00T’ 1sH Is 128 11ed 6561 PO-1 000°T HIAIVIO NVA UISUOISI A\
"€961 AIPA 6¢ vE8 Ted 6561  Sny-67 000°T HIAIVIO NVA UISUOISI A\
L661 SIIH  "AeAIns wopuey] S S Ted S661  des-91 666 SHOM BIUISIIA 1SOM\
"L661 SHIH 9T vLT 11ed L961 ©O-L 666 SHOM BIUISIIA 1SOM\
‘1961 ya1INd LE 005 Tred 0961  PO9I 0TSl ATDIVVAM SeX9,
‘1961 yo1INd * 901 1ed 0961 1091 0SL dvdam SEX9,
"000T SuLIyoN * L8¥'€ Ted 0L61  dos-8T 89¢€°1 ANSM 90SSOUUR,
6961 uojBuung * 80%°S 1ed 8961  dos-9z 89¢€°1 ANSM 955U,

LT-91

190 ‘0€

‘1961 UBWIMIN  "SAJEp 9 10 SYNSAY 65 0€1°C Tred 0961  -Lz1deg 89¢°1 INSM 955U,
0961 Udp30 0¢ 143 1ed 0961  dos-8¢ 89¢°1 INSM 205SOUUR,

AON
‘1961 UWMON  AdaIns wopuey * €55°1 Tred 0961  pru-ideg 0r6 XISM 205SQUUR,
‘7961 £2J0D 1T 66 Sundg v961  KeN-11 * ONM 998SoUUI,
7961 2§00 11 61 Surdg 1961 AeN-L * ONM 998SoUUA,
"$861 UOS[OYIIN 43 €6€ 11ed ¥861  dos-0¢ % AraM 20SSOUUA,
"$861 UOS[OYIIN 43 89¢ 11ed ¥861  dos-0¢ €ST°T HLVM 20SSOUUA,
6961 201014 'SPIIq 00T 181 43 201 11ed S961  des-p1 LIT'T 00S3 eloe( [Inos
6961 201014 “SYIET POUIOH I 8LS Sundg S961  IBN-8T LIT'T 00S3 BIONE( (INOS
‘9L61 T1EH % v9¢ 11ed SL6T * * HOYNGSLLId erueAjAsuuog

610

‘L1 1deg
"LL6T TIeH % 00T Ted 9L61  ‘prny * NMOLSONNOA oo
"L96] UdsI0R] 6 S0¢ Ted 9961 % % OTHM oo
AUAIRJY sojewinsy SIAASH  sanIele] [€)0], UOSBIS  JdBIX deq (3934) JaMo /K1) XTI
/suuumao) :—wmvm JIMO0 ],

SYAMOL NOLLVIINNININOD HLIA SNOISI'TIOD NVIAY 40 SINAAA/SINAAIDNI - (ponuyuod) 14 XIANAIAV




125

100T NS0y © "DIMN U JO JUSWNOOp

00INOSAI © SI S2VJS Pajiuy) ay) Ul AvLiOp UO1IS1]]0)) UDIAY JO SUosLIpduio)) pup saipni§ Supsixg fo Lpuwung y :Saulqing puigy yim suoisijjo) uviay

*MO[dq PI)OU SSO[UN “TOMO}/APNIS SIBIA#/PIJOI[[0D SPIIq# SUISN S[BAISIUT [OILIS IB[NTDI YHIM SIIPNIS Punor Ieak 10y A[UO PI)e[no[ed dI9M SUBSJA
"PAIPNYS sem UOTJRISIW ATUO JT [EUOSEIS A[UO I8 SOJBWIIISO SWOS PUE PIJOUI00J SSI[UN SJBWNISS AJI[EJB] UT POPN[OUT JOU Sem Serq AOUIIIJ I9Y0Ieas J0 [eAOWwaI SuISuoAeds ,
"110da1 U1 papiaoid jou UOnEULIOJU] ,

"LLET ‘[ 12 AIOAY Afreq 8¢ €9 0T €L61-TL6I 00T°1 TINONV'T ej03e(] YHON
orydojsere) LS61 AINNOD N
"8561 SI[IH pue JomaIg /|UOISEI0Q) 98% 0T Sundg-¢s61 11ed 786 DIVAAVHD stoul|[
orydoysere)
"9961 99€[[EA PUE [[OMP[ED /[BUOISEI) 661 0°¢ ¥961-6S61 11ed €86 GSINM UESIYOIA
orydoisere) aoom
"9961 AIB[[EA PUE [[OMP[E) /[EUOTSEI0Q) 09L 0°¢ ¥961-6S61 T1ed 026 ‘000°T ‘0Z3IM UESTYIIA
oydorsere) NITA
'9961 29E[[EA PUE [[OMP[E) /[EUOISEI0Q) Ss¢ 0°¢ ¥961-6S61 I1ed £20°T €86 AVIM ueSIYoIA
owydoysere) SL6T TBA-€L6T AVMAM
"8L61 ‘9L61 []ouIed pue Joye) /|BUOISEI00) 8LT'L S'¢ 11ed “TL61-1L61 881°1 “¥61°1 -LOAMm BUIJOIE)) YHON
"€L61 orydoisere) €L61 ALIM
UosIopuY pue I0[AB[ {186 J0]Ae], /IBUOISEI0Q) 1€€°6 0t Sundg-6961 [1ed 00S°T -0dam epLIo[]
9L61
e “SL6T “bL6T
"LLET K3100D) SGL6T VL6T 11ed ‘6961 Sutdg odam
Aoy 7L61 ‘6961 ‘8961 Ap1org Areq 43 9z€ 0f ‘8961 ‘L961 118 T'S6L ‘T8 TdVM eureqe[y
Y961
oydoysere) -7961 Suudsg
"9961 29E[[EA PUE [[OMP[E) /IEUOISEI0Q) SL6'E Sy P961-6S61 T1ed 18C°1 ALMM UESTYIIA
¥961
oydoysere) -7961 Suudsg
'9961 d9E[[EA PUE [[OMP[E) /IBUOISEI0Q) L1 Sy P961-6S61 T1ed STI‘T NadM UESTYIIA
YL6T-TLOT
"SL61 peuns * L0S°E 0¢ T961-1961 PIEl 20U BJOSQUUIA
(Arewung orydojsere)
[IDHRMOT, VS "000T Snowkuouy /[BUOISEI0() 18 0L 9861-8L61 6CS NOLSIM RIUISIIA JSOM
(Arewwung uoneidiu
[IDHOMOL, VS(1) "000¢ ShowAuouy 1ed ut Ajreq 005°L 001 €861-€961 I1ed €78 VIINTA SO MON
€861
"000C Wons3uy pue projmer) Areq TLST L00't 0'8¢C 29(0-6$61 190 010°T ALDM epLIO[]
uoneIgnu
"000¢ SULIYON Sunnp £req 088°61 0°LE L661-0961 89¢°[ HTIIAHSYN 998SAUUI |,
9661 Jodway] (6561 1oye) A[re@ 661°¢ 095121 08¢ Y661-L561 000°1 TAIVIO NVA UISUOIST A\
NUIRIY  Adudanbaag yoaesg SonIele P339[10D SIBI A # ApmS () WSPH  A1D/IaMo], EITATS
[enuuy UBdIAl SpIIg# Jo saed x JIMO],

SHIMOL NOLLVIOINNININOD HLIAM SNOISI'TIOO NVIAYV 40 SAIANLS - 74 XIANAddV




100T 1sn8nY @ "DOMN U} JO JuaWNI0p
SS 00INOSAI © SI S2VJS Pajiuy) ay) Ul AvLiOp UO1IS1]]0)) UDIAY JO SUosLIpduio)) pup saipni§ Supsixg fo Lpuwung y :Saulqing puigy yim suoisijjo) uviay

‘ow/ 98 ‘sant[eIe) G118,
"ow/ 06 ‘seni[eIe) 97g 159 5
‘ow/ 7¢ ‘santeie) 08 189
‘ow/ 9 ‘sonI[eIR) yy I8 ,
‘ow/ ¢ ‘saulferey 98 1Sy
"o/ 9/ ‘santeiey 11 ISd ,
‘ow/ 9 ‘soneley [11 189
*MO[9q PIJOU SSI[UN “IOMO0)/APNIS SIBIA#/PIJOS[[0D SPIIQ# SUISN S[RAIIUI OILdS JB[NTAI YIIM SIIPNIS PUNol Jeak 10J A[UO Paje[nI[ed 919M SUBIA
"PAIpNIS Sem UONRISIW AJUO JI [BUOSEIS A[UO Q1B SIJBWIIISI SWOS PULB PIJOUI00] SSI[UN SABWNIS AJI[BJR] UI POPN[OUI JOU Sem Selq AOUDIIJS IAYDIRas 10 [BAOWI FuISuaALdS ,
310dax ur papraoid J0u UOT)BWIOJU] 4

L661 ATAIASNVIA
8661 1V 72 JOWWRY ske yoreag 1g 0 S0 ‘01 20~ Sny * INNOW JUOWID A
€661 Sunox Sa/soulr) ¢ 6L S0 2661 11ed * NOWAVIALD Bwioyep[0
NM
‘9L61 [1eH * 1€0°1 S0 SL61 ITed * OLSONNOA oo
"L961 uoreq * 001 S0 2961 I1ed 000°T NAQT0D 0L MON
0L61 AON
"1L61 94050y sown 0g 001°C S0 pru-g 1dog * SYAMOL € JI0X MON
€961 94H % sTe S0 2961 [1ed * SAII LINOSSTA
"9S61 [9BUIIA puE JJOpIOo, * 060°1 S0 7561 118d 056 MM sesuey]
Y661 1P 72 BUNOX * WCEO°T * S0 €661 Jowwng 00L NVIOT sesuey|
Y661 1P 72 SUnox * 3080°T * S0 2661 I1ed 00L NVIOT sesuey|
Y661 Iv 12 Sunox NOOM/T-1 V8¢ vl S0 661 Sulidg €59 ALTDL sesuey]
Y661 17 72 SUNO& 3OIM/Z-| SLLTT 0€ S0 €661 I1ed €59 AL-IDL sesuey|
Y661 v 12 SUnox JOOM/T-1 »80% ¥4 S0 661 Sutidg €5T°1 00AM sesuey]
Y661 1P 72 SUNOX M/~ 216 LT S0 661 Sutdg 6L0°T MNSY sesues|
Y661 1P 72 SUNO & Jom/Z-1 4 CL9 €1 S0 661 sutdg yS1°T 1 sesuey]
orydojsere)
"LL61 USYOg PUE S1098 /[BUOISEIDO S9¥°S S0 TLOT 1B % SYAMOL L stour[[[
orydoisere) 0L61
1L61 ‘0L61 9Y9s0y /[BUOISEIOQ 0zs 01 11ed “6961 11ed £v8 VIINTA SO MON
(Areurung oydolsere)
1[P19M0 L ¥SN) "000T Snowkuouy /[BUOISBOOQ L9T 01 0961-6561 * aTdiygdad anysduwey mMoN
"6L61 JFOUION * 08 01 8L61 * VONDI eYSEIGON
1,61
‘1L61 “0L61 pireg sKe( yoa1eag 07 80 01 11ed “0L61 11ed 6¥€1 NOLSTAOH SPOSNYOESSEI
7961
5961 0sog * szl 0l Suuds ‘€961 I1ed * NVOX sesuey|
vLOT SYAMOL
"SLGT UBWISON * 125°¢ S'1 T1ed-€L61 I1ed 000°C NYWATIV BMO[
7961 YrLOT 17961
€961 [emnuEy * 343 S'1 11ed-1961 I1ed YO0S9 11961 LESM/ATSM euBIpU|
DUIRJY Adudanbaag yoaesg Senieiey P33I[I0D SIBI A # ApmS D WSPH  L1)/1emo, EITATS
[enuuy UBdIAl SpIIg# Jo saed x JIMO],

SYAMOL NOLLVIINAININOD HLIA SNOISI'TIOD NVIAY 40 SAIANLS - (panuyuod) g4 XIANAIAV




APPENDIX G -SPECIES COMPOSITION OF FATALITIES
ALTAMONT
(Howell and Didonato (1991), Orloff and Flannery (1992), Orloff and Flannery (1996), Howell (1997), Howell
et al. (1991), Thelander (2000) pers. comm.)

# % # %
Species/Group Status® Fat.” Comp.® |Species/Group Status” Fat. Fat.
Waterbirds Passerines
black crowned night heron 1 0.2 Brewer's blackbird 8 1.3
brown pelican 1 0.2 cliff swallow M 3 0.5
California gull 2 0.3 common raven 9 1.5
unidentified gull 4 0.7 horned lark 14 2.3
unidentified waterbird® 2 0.3 house finch 3 0.5
Subtotal 10 1.6 loggerhead shrike 1 0.2
Waterfowl mountain bluebird M 2 0.3
mallard 5 0.8 red-winged blackbird M 2 0.3
unidentified duck 2 0.3 unidentified passerine? R-M 29 4.7
subtotal 7 1.1 violet-green swallow R-M 1 0.2
Diurnal Raptors Western bluebird R-M 2 0.3
American kestrel 49 8.0 Western meadowlark 40 6.5
ferruginous hawk 2 0.3 Subtotal 114 18.6
golden eagle 30 4.9 Others
northern harrier 2 0.3 mourning dove 1 0.2
prairie falcon 2 0.3 unidentified bird R-M 11 1.8
red-tailed hawk 181 29.5 | Subtotal 12 2.0
Swainson's hawk 1 0.2 Non-protected Birds
turkey vulture 4 0.7 European starling 17 2.8
unidentified buteo 9 1.5 rock dove* 92 15.0
unidentified raptor 12 2.0 Subtotal 109 17.8
Subtotal 292 47.6
Owls
barn owl 25 4.1
burrowing owl 27 4.4
unidentified owl 10 1.6
great horned owl 7 1.1
Subtotal 69 11.3

? status of species (M=nocturnal migrant, R-M=possible resident or nocturnal migrant)

b # fatalities

¢ species composition (%)

4 a total of 48 birds were grouped as unidentified waterbirds, passerines, and rock doves in Orloff and
Flannery (1996). Based on discussions with S. Orloff, we assigned 2 to unidentified waterbirds, 23 to
unidentified passerines and 23 to rock doves.
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APPENDIX G (continued)

SPECIES COMPOSITION OF FATALITIES
MONTEZUMA HILLS
(Howell and Noone (1992), Howell (1997))

# %
Species/Group Status Fat.” Comp.°
Waterfowl
mallard 2 4.8
Subtotal 2 4.8
Diurnal Raptors
American kestrel 11 26.2
golden eagle 1 2.4
prairie falcon 1 2.4
red-tailed hawk 13 31.0
Subtotal 26 61.9
Owls
barn owl 1 2.4
great horned owl 2 4.8
Subtotal 3 7.1
Passerines®
American pipit 1 24
common raven 1 24
red-winged blackbird M 2 4.8
Western meadowlark 1 2.4
Subtotal 5 11.9
Others
mourning dove 1 2.4
northern flicker 1 2.4
unidentified bird R-M 1 2.4
Subtotal 3 7.1
Non-protected Birds
rock dove 3 7.1
Subtotal 3 7.1

? status of species (M=nocturnal migrant, R-M=possible resident or nocturnal migrant)
® # fatalities

¢ species composition (%)

4 all passerines excluding house sparrows and starlings
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APPENDIX G (continued)

SPECIES COMPOSITION OF FATALITIES
SAN GORGONIO
(Anderson 2000a, pers. comm.)

# %
Species/Group Status* Fat.” Comp.*
Waterbirds
unidentified egret 1 2.4
unidentified grebe 1 24
Subtotal 2 4.8
Waterfowl
American coot 6 14.3
mallard 2 4.8
unidentified duck 1 2.4
Subtotal 9 21.4
Shorebirds/Rails
sora 1 2.4
Subtotal 1 2.4
Diurnal Raptors
golden eagle 1 2.4
red-tailed hawk 1 24
Subtotal 2 4.8
Owls
barn owl 3 7.1
burrowing owl 1 2.4
great horned owl 1 24
Subtotal 5 11.9
Passerines®
common raven 2 4.8
Western meadowlark 1 2.4
white-throated swift 1 2.4
Subtotal 4 9.5
Others
greater roadrunner 1 2.4
mourning dove 2 4.8
unidentified bird R-M 4 9.5
Subtotal 7 16.7
Non-protected Birds
European starling 2 4.8
rock dove 10 23.8
Subtotal 12 28.6

? status of species (M=nocturnal migrant, R-M=possible resident or nocturnal migrant)
® # fatalities
¢ species composition (%)
4 all passerines excluding house sparrows and starlings
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APPENDIX G (continued)

SPECIES COMPOSITION OF FATALITIES
TEHACHAPI PASS
(Anderson 2000b, pers. comm.)

# % # %
Species/Group Status® Fat." Comp.°| Species/Group Status® Fat."” Comp.
Diurnal Raptors Passerines’
American kestrel 11 7.5 Brewer's blackbird 1 0.7
ferruginous hawk 1 0.7 chipping sparrow M 1 0.7
prairie falcon 1 0.7 common raven 8 54
red-tailed hawk 15 10.2 | dark-eyed junco M 1 0.7
Subtotal 28 19.0 | hermit thrush M 1 0.7
Owls horned lark 4 2.7
barn owl 4 2.7 loggerhead shrike 1 0.7
flamulated owl 1 0.7 rock wren 1 0.7
long-eared owl 1 0.7 Scott's Oriole M 1 0.7
great horned owl 12 8.2 scrub jay 2 1.4
Subtotal 18 12.2 | Swainson's thrush M 4 2.7
Fowl-like Birds unidentified passerine R-M 6 4.1
California quail 4 2.7 | unidentified sparrow R-M 1 0.7
chukar 3 2.0 Western meadowlark 10 6.8
Subtotal 7 4.8 Western tanager M 3 2.0
yellow-rumped warbler M 1 0.7
Subtotal 46 31.3
Others
greater roadrunner 3 2.0
mourning dove 6 4.1
northern flicker 3 2.0
unidentified bird R-M 20 13.6
Subtotal 32 21.8
Non-protected Birds
European starling 4 2.7
rock dove 12 8.2
Subtotal 16 10.9

? status of species (M=nocturnal migrant, R-M=possible resident or nocturnal migrant)

® # fatalities

¢ species composition (%)
4 all passerines excluding house sparrows and starlings
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APPENDIX G (continued)

SPECIES COMPOSITION OF FATALITIES

BUFFALO RIDGE
(Osborn et al. 2000, Johnson et al. 2000b)

# % # %
Species/Group Fat.” Comp.‘| Species/Group Status® Fat. Comp.
Waterbirds Passerines’
herring gull 1 1.8 barn swallow 4 7.3
pied-billed grebe 2 3.6 black and white warbler M 3 5.5
Subtotal 3 5.5 blackpoll warbler M 1 1.8
Waterfowl chipping sparrow 1 1.8
American coot 2 3.6 common grackle 1 1.8
blue-winged teal 1 1.8 common yellowthroat R-M 5 9.1
mallard 2 3.6 common yellowthroat 2 3.6
Subtotal 5 9.1 dickcissel 1 1.8
Shorebirds empidomax flycatcher R-M 2 3.6
killdeer 1 1.8 gray catbird 1 1.8
Subtotal 1 1.8 least flycatcher R-M 1 1.8
Diurnal Raptors Lincoln sparrow R-M 1 1.8
red-tailed hawk 1 1.8 magnolia warbler M 1 1.8
Subtotal 1 1.8 orange-crowned warbler M 4 7.3
Fowl-like Birds purple martin 1 1.8
gray partridge 1 1.8 ruby-crowned kinglet R-M 1 1.8
ring-necked pheasant 2 3.6 sedge wren R-M 1 1.8
Subtotal 3 5.5 sedge wren 1 1.8
unidentified passerine 1 1.8
vesper sparrow R-M 1 1.8
vesper sparrow 1 1.8
warbling vireo M 1 1.8
Western meadowlark 1 1.8
yellow warbler R-M 2 3.6
yellow-rumped warbler R-M 1 1.8
Subtotal 40 72.7
Non-protected Birds
European starling 1 1.8
house sparrow 1 1.8
Subtotal 2 3.6

? status of species (M=nocturnal migrant, R-M=possible resident or nocturnal migrant)

® # fatalities
¢ species composition (%)

4 all passerines excluding house sparrows and starlings
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APPENDIX G (continued)

SPECIES COMPOSITION OF FATALITIES
FOOTE CREEK RIM (Johnson et al. 2001)

# %
Species/Group Fat.” Comp.
Waterbirds
western grebe 1 1.0
Subtotal 1 1.0
Diurnal Raptors
American kestrel 3 3.1
northern harrier 1 1.0
Subtotal 4 4.2
Owls
short-eared owl 1 1.0
Subtotal | 1.0
Passerines’
American pipit M 1 1.0
American robin 1 1.0
Brewer's sparrow R-M 3 2.1
Brewer's sparrow 2 3.1
brown creeper M 2 2.1
chipping sparrow R-M 5 5.2
cliff swallow 1 1.0
dark-eyed junco R-M 1 1.0
green-tailed towhee R-M 2 2.1
hermit thrush R-M 1 1.0
horned lark 28 29.2
house wren R-M 2 2.1
lark bunting R-M 1 1.0
Macgillivray's warbler R-M 1 1.0
mountain bluebird 2 2.1
rock wren R-M 4 4.2
ruby-crowned kinglet R-M 1 1.0
sage thrasher R-M 1 1.0
Townsend's warbler R-M 3 3.1
tree swallow 1 1.0
unidentified blackbird 2 2.1
unidentified passerine R-M 5 5.2
unidentified swallow 1 1.0
vesper sparrow R-M 7 7.3
warbling vireo 1 1.0
Western meadowlark 1 1.0
Western tanager 1 1.0
white-crowned sparrow R-M 2 2.1
Wilson's warbler R-M 3 31
yellow-rumped warbler R-M 1 1.0
Subtotal 87 90.6
Others
common nighthawk 1 1.0
common poorwill M 1 1.0
mourning dove 1 1.0
Subtotal 3 3.1

? status of species (M=nocturnal migrant, R-M=possible resident or nocturnal migrant)
® # fatalities

¢ species composition (%)

4 all passerines excluding house sparrows and starlings
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APPENDIX G (continued)

SPECIES COMPOSITION OF FATALITIES
VANSYCLE, OR, PONNEQUIN, CO, AND WISCONSIN
(Erickson et al. 2000a, Kerlinger and Curry 2000, Kerlinger 2000b, Howe 2001, pers. comm.)

VANSYCLE., OR
# % # %
Species/Group Status* Fat.” Comp.°| Species/Group Status® Fat.” Comp.‘
Fowl-like Birds Waterbirds
chukar 1 9.1 herring gull 1 4.8
gray partridge 2 18.2 Subtotal 1 4.8
Subtotal 3 273 Waterfowl
Passerines’ mallard 1 4.8
unidentified passerine R-M 1 9.1 mallard 1 4.8
unidentified sparrow R-M 1 9.1 Subtotal 2 9.5
white-crowned sparrow M 4 36.4 Passerines’
white-throated swift 1 9.1 American goldfinch 1 4.8
Subtotal 7 63.6 barn swallow 1 4.8
Others chimney swift 1 4.8
Lewis woodpecker M 1 9.1 Eastern kingbird 1 4.8
Subtotal 1 9.1 golden-crowned kinglet M 2 9.5
grasshopper sparrow 1 4.8
horned lark 1 4.8
PONNEQUIN, CO red-winged blackbird 1 4.8
# % savannah sparrow 2 9.5
Species/Group Status® Fat.” Comp.°| snow bunting M | 4.8
Waterfowl tree swallow M 2 9.5
unidentified teal 1 11.1 Subtotal 14 66.7
Subtotal 1 11
Passerines’ Others
white-throated swift M 2 22.2 yellow-bellied sapsucker M 1 4.8
McCown’s longspur R-M 1 11.1 Subtotal 1 4.8
horned lark 5 55.6
Subtotal 8 89.0 Non-protected Birds
European starling 3 14.3
Subtotal 3 14.3

* status of species (M=nocturnal migrant, R-M=possible resident or nocturnal migrant)
® # fatalities

¢ species composition (%)

4 all passerines excluding house sparrows and starlings
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