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Introduction 

The commercial production of electricity using wind power has been increasing in the 
United States and Europe since the 1970s. The potential environmental impact of wind 
energy development in regard to birds dying because of collisions with wind turbine 
blades has been an issue of concern. This concern was highlighted because of high rates 
of collisions at the Altamont Pass Wind Resource Area (WRA) in California, where an 
estimated 30–40 golden eagles and hundreds of other raptors are being killed annually 
(Orloff and Flannery 1992). Although high rates of fatalities have been found in some 
studies in Europe (AWEA 1995), no other study in North America has documented as 
high a rate of kill as that at Altamont Pass WRA. Nevertheless, concern by various 
individuals, organizations, and government agencies led to the creation of standardized 
and rigorous methods of evaluating bird fatalities in existing and planned wind 
developments (Anderson, Morrison, Sinclair, and Strickland 1999). 

Evaluation of the impact of wind developments on birds (and bats) requires quantification 
of fatality rates because of collisions with rotating turbine blades. Such quantification 
requires sampling for dead animals around turbines. However, it is well known that 
observers vary in their ability to detect objects in the field (Morrison, Block, Strickland, 
and Kendall 2001). Such variation is due, in part, to innate differences in observers (e.g., 
physical ability or eyesight), training, and interest in the study. Searching for animals 
killed by turbines is inherently difficult because it often requires locating small objects in 
poor condition in dense vegetation (e.g., grass or shrubs) on steep terrain. Additionally, 
the ability of even trained observers to locate objects may change because of fatigue and 
extreme weather. Thus, estimates of animal fatalities in wind developments are biased to 
unknown degrees by inefficiencies of observers. 

Estimates of fatalities are also biased by the removal of carcasses by scavenging animals 
or other actions (e.g., wind, plowing) before their detection by observers. All wind 
developments will be inhabited by various species of scavengers, primarily birds (e.g., 
vultures, ravens and other corvids) and mammals (e.g., squirrels, skunks, and coyotes). 
Thus, infrequent or unplanned surveys for carcasses can result in extremely biased and 
likely underestimated quantification of the impacts on animals in the development. 
Scavenging activity will vary seasonally because of the movement and activity patterns 
of the scavengers and the size of the carcass, further complicating evaluation of the 
influence of scavenging on collision data. 

The influence of searcher efficiency and scavenging on bird/wind energy studies has been 
recognized (Anderson, Morrison, Sinclair, and Strickland 1999). The goal of this report is 
to summarize results of searcher efficiency and scavenging, thus providing a guide for 
workers designing or interpreting bird/wind energy studies. 

Methods 

Published papers and unpublished reports and correspondence available through the 
Avian Literature Database of the National Renewable Energy Laboratory 
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(http://www.nrel.gov/wind/avianlit.html) was searched for studies reporting bird or bat 
fatalities in wind developments. The material obtained from this initial search was 
examined to determine whether studies of searcher efficiency or scavenging were 
included. This survey was not meant to be comprehensive; rather, it was designed to 
obtain an estimate of the influence of searcher efficiency and scavenging on reports of 
animal fatalities. There are numerous unpublished reports that have been produced by 
private wind operators that were not available for examination. 

Results 
Searcher efficiency 
Strickland et al. (2000) and Strickland, Johnson, and Erickson (no date) reported that 
searcher efficiency rates averaged between 35.3% and 38.7% at Buffalo Ridge, 
Minnesota. At their Vansycle Ridge, Oregon, study site, Strickland, Johnson, and 
Erickson (no date) found searcher efficiency of 50% for small birds and 87.5% for large 
birds. Efficiency varied by vegetation type, with 56.7% of birds (all sizes) recovered in 
grasslands and 76% recovered in wheat stubble. Higgins, Dieter, and Usgaard (1995) also 
found a vegetation effect, with 81.8% recovery of doves and partridges in cropland, and 
63.3% recovery in Conservation Reserve Program grassland. At Green Mountain, 
Vermont, searcher efficiency averaged 55% (Kerlinger 2000). At San Gorgonio, 
California, Kirtland (1985) calculated observer recovery rates of chicks in grassland from 
67%–100% (six plots), with overall recovery of 86%. In Shirley, Wisconsin, Howe and 
Atwater (1999) reported searcher efficiency at 40%–50%. 

Scavenging rates 

Strickland et al. (2000) and Strickland, Johnson, and Erickson (no date) reported the 
mean length of stay for carcasses was between six and seven days for birds and about 10 
days for bats at Buffalo Ridge, Minnesota. Also at Buffalo Ridge, Higgins, Dieter, and 
Usgaard (1995) reported scavenging at 12 of 15 carcasses (80%) present after one week 
(two trials). At Vansycle Ridge, Oregon, Strickland, Johnson, and Erickson (no date) 
showed that large bird carcasses remained for 26.7 days, while small birds remained for 
23.4 days. Results varied by season, with all-size bird carcasses remaining for relatively 
shorter periods in spring (18.1 days), moderate lengths in fall (23.3 days) and winter 
(26.5 days), and relatively longer periods in summer (39.8 days). At Green Mountain, 
Vermont, Kerlinger (2000) also showed a seasonal effect for carcass removal. In June 
trials, he found 15% loss in two days and 80% loss in two months. In September trials, he 
found a similar loss (20%) in one week, a 35% loss in two weeks, and no loss thereafter. 
At Tehachapi Pass, Orloff and Flannery (1992) found no scavenging of 14 raptor 
carcasses in a single seven-day trial. Also at Tehachapi Pass, Mitchell et al. (1991) [in 
Orloff (1992)] found scavenging rates of 29% in five days and 39% loss in seven days. 

For San Gorgonio, using chicks, Kirtland (1985) found a 57% loss after five days. Howe 
and Atwater (1999) found a 25% loss due to scavenging within 10 days at Shirley, 
Wisconsin. At Altamont Pass, Howell and DiDonate (1991) found that scavenging 
resulted in about 50% loss of fresh game hen carcasses in three days. At Altamont Pass 
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and Montezuma Hills (Solano County, California), Howell and Noone (1992, Figure 15) 
conducted trials of 12 to 14 days duration using raptor and game hen carcasses. Removal 
rates ranged between about 5% and 45% for all except one trial, in which nearly 100% of 
the game hens were removed. Smaller raptors were removed at much higher rates than 
larger raptors. 

Discussion 

Results of this survey indicate that searcher efficiency is highly variable, with several 
studies reporting relatively low rates (i.e., 35%–50%) and several studies reporting 
relatively high rates (i.e., 75%–85%) of recovery. Few studies considered the influence of 
vegetation type on searcher efficiency. Studies testing vegetation type indicated that 
efficiency can, in fact, be influenced by the height and type of vegetation present. 
Additionally, the size of the bird used in the trials substantially influenced results. For 
example, Strickland, Johnson, and Erickson (no date) showed that only about 50% of 
small birds, compared to about 87% of larger birds (raptors), were recovered. 

The causes for variations in searcher efficiency during and between studies appears to be 
a function of (1) observer training, (2) vegetation type (and seasonal effects on plant 
development), and (3) size of bird. It is evident that relatively small birds are being 
missed at high rates, with most studies likely underestimating the fatality of small birds 
by 50%–75%. Results also indicate that corrections for observer efficiency need to be 
based on vegetation type, plant phenology (season), and bird (or bat) size. 

Studies of scavenging rates were also highly variable and were influenced by bird size 
and season. Results did show a trend toward a substantial (50%–75%) loss of carcasses of 
small to midsize birds within one to four weeks. Few studies followed carcasses for more 
than a few weeks, which renders estimates of the eventual fate of larger carcasses 
difficult. It appears, however, that in certain locations even large raptors will disappear 
after a month or so. 

Conclusions and Recommendations 

This survey indicates that estimates of animal fatalities in wind developments should 
incorporate correction factors based on observer efficiency and scavenging rates. Because 
observer efficiency and scavenging are influenced by season and vegetation, these 
correction factors should be calculated based on season- and vegetation-specific data for 
every study and should not rely on literature values because of substantial variability 
between studies. Scavenging trials should be conducted for a period of time sufficient to 
detect when an asymptote in loss occurs (if indeed an asymptote occurs). These data will 
thus help determine the optimal period of time between carcasses searches. Estimates of 
total bird or bat fatalities should be determined after correcting for searcher bias and 
carcass removal bias; Strickland et al. (2000) present methods and calculations. 
Additionally, before beginning any study, field methods typically used to locate carcasses 
and conduct experimental trials of observer and carcass removal biases should be 
reviewed (e.g., Strickland et al. 2000). 
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