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EXECUTIVE SUMMARY 

Wind energy is the fastest growing energy sector in the world. Although it is generally 
considered to be an “environmental friendly” source of energy, high numbers of bat and bird 
fatalities have been documented at wind facilities in both North America and Europe, with 
especially high fatalities in forested eastern U.S. The objectives of this study are to estimate the 
total number of fatalities of bird and bat species at a wind facility in Vermont and to determine 
effectiveness and cost of raising cut-in speed of turbines (i.e., curtailment) to decrease bat 
fatalities. This project is located at the Sheffield Wind Facility in Caledonia County near 
Sheffield, Vermont (herein referred to as the “project site”).  

We initiated a post-construction and operational mitigation study in spring 2012. We conducted 
daily fatality searches at eight of the 16 available turbines for the post-construction study from 1 
April–2 June and 1–31 October 2012 (herein referred to as “Period 1” and “Period 3”, 
respectively) and conducted surveys at all 16 turbines for the operational mitigation study from 3 
June–30 September 2012 (herein referred to as “Period 2”). We estimated bird and bat fatality 
using the U.S. Geological Survey’s Fatality Estimator software (Data Series 729). 

We found a total of 35 birds of 12 species from 1 April–31 October. Bird carcasses were found 
at 13 of the 16 turbines. A total of 34 birds were used in bias trials. Overall searcher efficiency 
was estimated to be 45%, with 100% (95% confidence interval [CI]: 100, 100), 38% (95% CI: 
21, 56), and 33% (95% CI: 19, 47), for Easy, Moderate, and Difficult/Very Difficult visibility 
classes, respectively. Carcass persistence was estimated to be 12.51 days (95% CI: 5.26, 32.73). 
Total bird fatality estimates for the project site for the entire season was 211 (95% CI: 147, 321), 
with an estimated 13.17 birds killed per turbine (95% CI: 9.20, 20.05) and 5.27 per MW (95% 
CI: 3.68, 8.02). The operational mitigation study was conducted during Period 2, at which time 
half of the turbines at the project site were curtailed. As such, the bird fatality estimates for the 
project site are actual fatalities observed rather than estimates of fatalities had the wind facility 
been fully-operational during the summer and fall season. As a result, it is possible that the 
estimated bird fatalities during Period 2 are lower than would have occurred otherwise. 

We found a total of 87 bats of three species from 1 April–31 October, all of which were 
migratory tree-roosting bats; no cave-roosting species were found during the study. Hoary bat 
(Lasiurus cinereus) consisted of 54% of the bat carcasses found, while eastern red bat (Lasiurus 
borealis) and silver-haired bat (Lasionycteris noctivagans) made up 30% and 16%, respectively. 
Bat carcasses were found at all 16 turbines. A total of 73 bat carcasses from the project site were 
used in searcher efficiency trials. Overall searcher efficiency was estimated to be 48%, with 
100% (95% CI: 100, 100), 43% (95% CI: 25, 61), and 37% (95% CI: 23, 54), for Easy, 
Moderate, and Difficult/Very Difficult visibility classes, respectively. Sixty-one fresh bats were 
used in the carcass persistence trials, which was estimated to be 6.92 days (95% CI: 4.85, 10.53). 
Total bat fatality estimates for the project site for the entire season was 235 (95% CI: 160, 361), 
with an estimated 14.65 bats killed per turbine (95% CI: 10.06, 22.56) and 5.86 per MW (95% 
CI: 4.02, 9.02). The operational mitigation study was conducted during Period 2, at which time 
half of the turbines at the project site were curtailed. As such, the bat fatality estimates for the 
project site are actual fatalities observed rather than estimates of fatalities had the wind facility 
been fully-operational during the summer and fall season. As a result, it is possible that the 
estimated bat fatalities during Period 2 are lower than would have occurred otherwise. 
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The operational mitigation study was conducted for a total of 120 nights from 3 June–30 
September. There were two turbine treatments: 1) fully operational (i.e., cut-in speed at 4.0 m/s) 
and 2) cut-in speed at 6.0 m/s. Each of the 16 turbines was randomly assigned to one of the two 
treatments, with each treatment having eight replicates on each night of the study. Treatments 
were balanced every eight nights to achieve a balanced assignment of treatments over the entire 
study period, for a total of 60 nights of treatment for each turbine. Treatments were implemented 
from half an hour before sunset to sunrise during periods when the ambient air temperature was 
greater than 9.5°C (49°F) and wind speeds were less than 6.0 m/s. 

We found that operational mitigation had a statistically significant effect on bat fatalities. An 
average of 1.0 (95% CI: 0.6, 1.8) fresh bats per turbine were found at turbines following 
operational mitigation compared to 2.7 (95% CI: 1.9, 3.9) fresh bats per turbine found at turbines 
following full operation, resulting in an estimated 60% (95% CI: 29, 79) decrease in bat 
fatalities.  

A second field season will be conducted at the project site from 1 April–31 October 2013. An 
annual report for the 2013 field season will be available 15 January 2014 and a final project 
report will be available 15 December 2014.  
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INTRODUCTION 
Although wind energy has been commercially used in the U.S. since the early 1980’s, the 
installation of wind facilities has increased considerably in recent years (NRC 2007; Kunz et al. 
2007). In the last four years alone, the wind industry has contributed to over 35% of all new 
generating capacity, second only to natural gas (AWEA 2012). Although wind energy is 
generally considered a “green” or “environmentally friendly” source of electricity, the 
development of wind facilities has been associated with a high number of fatalities of both birds 
(Erickson et al. 2001, 2002) and bats (Johnson 2005; Kunz et al. 2007; Arnett et al. 2008).  

The number of bird fatalities at wind facilities studied to date is generally lower compared to bats 
(Barclay et al. 2007), and the development and implementation of mitigation measures to 
decrease the number of birds killed at wind facilities has led to a decrease in fatalities at some 
facilities in North America (Kingsley and Whittam 2005). Although bird fatalities at certain wind 
facilities are a concern (e.g., facilities located in migration corridors or areas with high raptor 
populations), it is not believed that wind related bird fatalities occur at high enough numbers to 
significantly affect populations (Erickson et al. 2005; Kuvlesky et al. 2007). However, relatively 
few studies of bird fatalities have been conducted in forested areas of the northeastern U.S.  

Bat fatalities have been observed at all wind energy facilities in North America where post-
construction surveys have been conducted and high numbers of fatalities have been observed at 
multiple wind energy facilities (Johnson 2005; Kunz et al. 2007; Arnett et al. 2008). Of particular 
concern are bat fatalities at wind facilities on forested ridges in the eastern U.S., where fatalities 
have been quite high, especially for migratory tree-roosting bats (Arnett et al. 2008). 

To adequately assess impacts of current and proposed wind facilities on bat populations across 
North America, further research in different regions and habitats, as well as the development of 
methods to mitigate and reduce the number of bat fatalities, is imperative (Arnett et al. 2008). 
The Sheffield Wind Facility is the first facility in Vermont to operate new generation turbines, 
which are substantially taller and have longer blades in comparison to older designs. As such, the 
effects of newer turbines on bats and birds in this region is yet unknown. Therefore, the 
objectives of this study were to 1) estimate the total number of fatalities of bird and bat species at 
a wind facility in Vermont, and 2) assess the effectiveness and cost of operational mitigation to 
decrease bat fatalities. These findings will help to inform the Vermont Department of Fish and 
Wildlife (VDFW) in determining future methods of mitigation to reduce the impacts of wind 
energy on bats and birds in Vermont. 
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STUDY AREA 

Study Area and Site 

This study is being conducted at the Sheffield Wind Facility (herein referred to as the “project 
site”), located in the Town of Sheffield in the Northeast Kingdom, Caledonia County, Vermont 
(Fig. 1). The project site occurs within the Northern Vermont Piedmont biophysical region, 
which is comprised of gentle, rolling foothills and river valley topography, dominated by 
calcareous rocks in the uplands, with sand and gravel deposits in the valleys (Thompson 2002). 
Rivers and streams are common throughout the region, flowing through dissected hills, which 
have created extensive but narrow floodplains dotted with small wetlands, lakes, and ponds.  

The project site occurs along a forested ridge, with elevations ranging from approximately 594–
728 m (1,950–2,390 ft) above mean sea level (Fig. 2). Approximately two-thirds of the site is 
located on land under a conservation easement. The land is owned by Meadowsend Timberlands 
Ltd. and encompasses more than 2,500 acres. It has previously been logged and consists of vast 
areas of new growth forest (First Wind 2012). Surrounding land use includes open space, rural 
residential, dairy farming, and logging. 

The Sheffield Wind Facility is owned and operated by Vermont Wind, LLC (Vermont Wind) as 
a subsidiary of First Wind, and consists of 16 Clipper 2.5 megawatt (MW) wind turbines for a 
total of 40 MW for the project. All 16 of the turbines have 80 m tall masts; four of the turbines 
have a 96 m rotor diameter with a rotor-swept area of 7,238 m2 and 12 of the turbines have 93 m 
rotor diameter with a rotor-swept area of 6,793 m2. The wind facility consists of two “strings”, 
referred to as the “A String” and “B String”, which are located on two mountain ridges (Fig. 2). 
Operation of the Sheffield Wind Facility began in October 2011. 

Rectangular plots were centered around each turbine, with a maximum plot size of 126 m east-
west and 120 m north-south, depending on existing vegetation (see Methods Section for detailed 
description of study plot design). 
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Figure 1. Location of the Sheffield Wind Facility, Caledonia County, Vermont. 
 

Sheffield Wind Farm 
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Figure 2. Aerial view of the Sheffield Wind Facility, Caledonia County, Vermont. 
 
  

8 
 



 2012 Annual Report  Sheffield Wind Facility 

METHODS 

Post-Construction Fatality Estimates 

To determine project impacts on birds and bats at the project site, we initiated a two year post-
construction study in spring 2012. We conducted daily fatality searches at eight randomly 
selected turbines from the total 16 turbines available from 1 April–2 June (herein referred to as 
“Period 1”) and 1–31 October (herein referred to as “Period 3”); all 16 turbines were searched 
during the operational mitigation study from 3 June–30 September (herein referred to as “Period 
2”). Survey methods were similar to those described in Arnett et al. 2009. To fully assess the 
activity of migratory bat species, as well as resident bats, the study was designed to take place 
for the full length of the active bat season (early spring through late fall) (Horn et al. 2008). 

Study Plots 

Study plots were established around the center of each turbine, running 126 m east-west and 120 
m north-south, with a total maximum area of 15,120 m2 and 60 m from the turbine mast in any 
direction. Only exposed areas where a bat would have 100% chance of landing on the ground 
were included in the study plots; as such the size of the plots were dependent on the vegetation 
present at each turbine. Areas that were wooded or had dense vegetation were not included in the 
study plots. Transects were established every 6 m, running north to south. Global positioning 
system (GPS) was used to map the actual area of each study plot. The percent of ground cover, 
habitat type, and slope was measured at each study plot to determine visibility classes and their 
combined influence on carcass detectability (Table 1; Arnett et al. 2009). Environmental 
permitting conditions for wind facility construction required that all exposed soil areas be 
hydroseeded with an erosion control plant mixture following construction to prevent soil erosion. 
Some of the species that were planted, such as clover, are low growing but very dense in nature, 
resulting in almost 100% ground cover and little to no visibility of potential carcasses. As such, 
vegetation height was not factored into the designation of visibility class. Representative photos 
of each visibility class are provided in Appendix A. Figure 3 shows a representative map of a 
study plot, including total study area, actual searched area, transect layout, and vegetation 
mapping. 

Table 1. Visibility class designations used to determine influence on carcasses detectability at 
Sheffield Wind Facility, Caledonia County, Vermont. 

Visibility Class Vegetation Cover 

Easy >90% bare ground 

Moderate >25% bare ground 

Difficult <25% bare ground 

Very difficult Little or no bare ground 
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Figure 3. Example study plot, including total study area (126 m x 120 m), actual searched area, 
transect layout, and mapped visibility classes, for the post-construction and operational 
mitigation study at the Sheffield Wind Facility, Caledonia County, Vermont.  
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Fatality Searches 

Eight of the 16 available turbines were randomly selected for daily post-construction fatality 
searches during Periods 1 and 3 and included Turbine (T) 1, T3, T4, T6, T8, T10, T12, and T16; 
all 16 turbines were searched during Period 2 (Fig. 4). Surveys began at sunrise and searchers 
ceased surveying only if severe or otherwise unsafe weather conditions (e.g. heavy rain, 
lightning) were present. All personnel were trained on the proper search techniques and 
identification of locally occurring bat and bird species. 

 
Figure 4. Turbines surveyed for the post-construction study (shown in red) and operational 
mitigation study (all turbines) at Sheffield Wind Facility, Caledonia County, Vermont; 1 April–
31 October. 

 
The order in which the study plots (e.g., T1, T2, etc.) and transects within a study plot (e.g., 
north to south starting on the west end) were surveyed were varied daily to account for changes 
in daylight and carcass detectability in different conditions.  

Searchers recorded the date, start and end time, weather condition, and observer for each study 
plot surveyed. Searchers walked along each transect at approximately 10–20 m/min looking for 
carcasses, with a search image of approximately 3 m on each side of the transect (Fig. 5). When 
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a carcass was located, the searcher contacted the field crew leader to confirm that it was a new 
carcass rather than a trial carcass being used in the bias trails (discussed below). If it was a new 
carcass, a flag was placed next to it to aid in easy relocation and the remainder of the plot was 
then searched.  When the survey was complete, data were recorded for each new carcass that was 
found on a fatality data sheet, including date, time found, turbine number, observer name, 
species, age, sex, carcass condition (i.e., entire, partial, scavenged), estimated time of death, 
visible signs of cause of death, and immediate surrounding habitat (Fig. 6). The location of the 
carcass within the study plot was measured and recorded, including transect line number, 
perpendicular distance from transect, azimuth from turbine, and distance from turbine (Fig. 7). 
Three photographs of the carcass were taken; from the transect line, a m2 overview of the 
carcass, and a close-up of the carcass. Carcasses were labeled with an identification code 
(date_species code_turbine_number found that day, i.e., 4/1/12_LACI_T5_1) and placed in a 
resealable plastic bag, which was taken back to the field station to either be redistributed as a 
trial carcass or frozen for submission to VDFW. The field crew leader was responsible for 
confirming species identification at the end of each day. Incidental observations of carcasses 
found within the project site, either by searchers or Vermont Wind employees, were recorded 
and collected using the same methods. 

Searchers wore rubber gloves whenever handling carcasses. The appropriate wildlife salvage 
permits were obtained from the necessary agencies, including VDFW and U.S. Fish and Wildlife 
Service (USFWS), prior to handling any carcasses. 

 

 

Figure 5. Conducting a fatality search at the Sheffield Wind Facility, Caledonia County, 
Vermont. 
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Figure 6. Aging a hoary bat carcass at the Sheffield Wind Facility, Caledonia County, Vermont. 
 

 

 
 

Figure 7. Measuring the azimuth for location data on a bat carcass at the Sheffield Wind 
Facility, Caledonia County, Vermont. 
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Searcher Efficiency and Carcass Persistence Trials  

To reduce bias and obtain corrected estimates of total bat fatalities, searcher efficiency and 
carcasses persistence trials were conducted. To account for changes in weather patterns, 
scavenger presence and density, and grounds maintenance, field bias trials were implemented 
throughout the entire field season (Johnson 2005). In order to avoid detection bias, searchers did 
not know which study plots had trial carcasses or the number of trial carcasses being used at any 
given time. 

Both bat and bird carcasses were used in the bias trials. The majority of the trial carcasses were 
obtained from carcasses found during daily searches. However, because no carcasses were 
available during the beginning of the season, as no bats had yet been found and the USWFS 
migratory bird collection permit had not yet been received, old bat carcasses were donated by 
VDFW, USFWS, and the New York State Department of Environmental Conservation 
(NYSDEC) and fresh, previously frozen birds from window kills were donated by USFWS for 
use in the trials. Because the time of death was not known for the donated bat carcasses, they 
were only used in the searcher efficiency trials. Only fresh carcasses were used in carcass 
persistence trials. The USWFS permit was received on 5 July 2012. All fresh birds found prior to 
that time were left in place to be used in the carcass persistence trials only. After receiving the 
permit, all bird carcasses were used in both the searcher efficiency and carcass persistence trials. 
To distinguish between new and trial carcasses within survey plots, the outer toes were removed 
from all trial carcasses. Rubber gloves were used when handling all carcasses to avoid leaving 
traces of human scent, which may attract scavengers. 

The field crew leader distributed trial carcasses at survey plots using a randomly generated list of 
turbine numbers, azimuths from turbines, and distances from turbines. The date of placement, 
distance and azimuth from turbine, and visibility class surrounding the carcass were recorded. A 
maximum number of four trial carcasses were placed at a single study plot at one time.  

The field crew leader checked on all trial carcasses daily (as feasible) until it was either found by 
a searcher, removed by a scavenger, or 20 days had elapsed since it was initially placed in the 
survey plot. When a trial carcass was found by a searcher, the day that it was located was 
recorded. At that time, all crew members were notified and they then reported on its status during 
daily searches for the remainder of the 20 day trial period to monitor carcass persistence rates.  

Operational Mitigation 

To test the effectiveness of raising the cut-in speed of wind turbines (i.e., curtailment) to reduce 
bat fatalities, an operational mitigation study was conducted for up to 120 nights between 3 
June–30 September 2012. Fatality searches and bias trials were conducted using the same 
methods as described above for the post-construction fatality estimates at the project site. 

All 16 turbines were used for the operational mitigation study. There were two turbine 
treatments: 1) fully operational (i.e., cut-in speed at 4.0 m/s) and 2) cut-in speed at 6.0 m/s. A 
randomized block design (Hurlbert 1984) was used and treatments were randomly assigned to 
turbines each night of the study for an equal number of nights at each turbine, with the night 
when treatments were applied being the experimental unit. To do this, each of the 16 turbines 
was randomly assigned to one of the two treatments, with each treatment having eight replicates 
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on each night of the study. Treatments were balanced every eight nights to achieve a balanced 
assignment of treatments over the entire study period, for a total of 60 nights of treatment for 
each turbine. 

The Supervisory Control and Data Acquisition (SCADA) system can be programmed to 
incorporate curtailment treatments into their daily operation. Treatments were implemented from 
half an hour before sunset to sunrise during periods when ambient air temperature was greater 
than 9.5°C (49°F) and wind speeds were less than 6.0 m/s. These variables were programmed 
into the turbine’s software and whenever both conditions were met for a total of 5 minutes the 
turbine was placed in “wind sense”, which is a non-generating state with the blades in a stand-by 
pitch of 80°.  In this state, the blades were not locked in place but only moved slightly due to the 
80° pitch, which prevented them from being effected by air flow. Once one of the weather 
conditions (i.e., temperature or wind speed) stopped being met for a total of 10 consecutive 
minutes the turbines went back to being fully operational.  

Statistical Analysis 

Fatality Estimates 

We used the U.S. Geological Service (USGS) Fatality Estimator software (Data Series 729) to 
estimate bird and bat fatalities at the project site (Huso et al. 2012). The Fatality Estimator 
software uses data from bias trials to estimate searcher efficiency and carcass persistence, which 
are then used to adjust for bias and calculate estimated fatalities per turbine and for the entire 
project site based on data from fresh carcasses found during fatality searches. This estimator 
inputs parameters for site and study information, including the total number of turbines at the site 
and the total number of turbines used in the study. Because eight of the 16 turbines were 
searched during the post-construction fatality surveys (Periods 1 and 3) and all 16 turbines were 
searched during the operational mitigation study (Period 2), separate data sets had to be analyzed 
for each study period. As such, fatality estimates are provided separately for each study period in 
the field season.  

The Difficult and Very Difficult visibility classes were combined for both the fatality data and 
bias trials for both birds and bats as the sample size for Very Difficult was too small. Ninety-five 
percent confidence intervals (alpha 0.05) with 5,000 bootstrap resamples were used for all 
datasets. Models were ranked using Akaike’s Information Criterion (AICc). We used the AICc 
values and differences between AICc values (ΔAICc) to determine the most parsimonious 
model; that is models with the lowest AICc values and ΔAICc equal to 0, with > 2 ΔAICc units 
difference from other models (Burnham and Anderson 2002; Anderson 2008).  

Searcher efficiency was modeled as a function of visibility class for both bat and bird bias trials 
(lowest AICc with ΔAICc >10 units compared to modeling with no explanatory variables). Due 
to a small sample size for bird carcasses (18 total; equaling <10 samples for each visibility class), 
searcher efficiency was assumed to be the same for bird and bat carcasses and both carcass types 
were used in estimating searcher efficiency for the bird fatality estimates. 

We fit carcass persistence data to a series of four distribution models: 1) Weibull, 2) exponential, 
3) loglogistic, and 4) lognormal using both no explanatory variables and visibility class as an 
explanatory variable. For bat carcasses, we modeled carcass persistence with no explanatory 
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variables assuming a lognormal distribution, which was the model with the minimum AICc. For 
bird carcasses, we modeled carcass persistence assuming a Weibull distribution, which was the 
model with the minimum AICc. The sample size of bird carcasses was too small to model 
carcass persistence with visibility class as an explanatory variable, so carcass persistence was 
modeled with no explanatory variables for birds. 

To adjust for areas within survey plots that were not searchable and to extrapolate estimates to 
the entire survey plot (i.e., density-weighted proportion areas), we set a 200 m2 fishnet map 
around the center of each turbine and rasterized the area beneath each turbine into 1 m2 units and 
calculated its distance from the turbine, its visibility class, and whether a carcass had been found 
within the unit or not (Fig. 8). We fit the data to a series of five logistic regression models 
increasing in complexity: 1) null model, 2) visibility class, 3) distance + visibility class, 4) 
distance + distance2 + visibility class, and 5) distance + distance2 + distance3 + visibility class. 
The three distance-based models were substantially better than the others (ΔAICc > 10 compared 
to other models), but differed little from each other (all within 1.6 ΔAICc). We selected the 
linear distance model as the most parsimonious for calculating density-weighted proportion 
areas. 

Operational Mitigation 

The experimental unit in our analysis was the turbine-night and turbines were considered a 
random blocking factor.  The total number of fatalities estimated to have been killed the previous 
night, herein referred to as “fresh” fatalities, in each treatment at each turbine was modeled as a 
Poisson random variable. We summed the total number of fresh carcasses found beneath each 
turbine for each night turbines were curtailed and fully operational (n = 60 nights each). We fit 
these data to a generalized linear mixed model (SAS PROC GLIMMIX), assuming a Poisson 
distribution with a log link for the carcass count, curtailment treatment as a fixed effect, and 
turbine as a random effect. 

  

16 
 



 2012 Annual Report  Sheffield Wind Facility 

17 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Example study plot with 1 m2 rasterized units used to calculate density-weighted 
proportion areas for adjusting fatality estimates at the Sheffield Wind Facility, Caledonia 
County, Vermont.  
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RESULTS 

Fatality Estimates 

We conducted post-construction fatality searches at T1, T3, T4, T6, T8, T10, T12, and T16 on a 
daily basis during Period 1 and Period 3; all turbines were searched during Period 2. We 
surveyed a total of 92 out of the 94 possible search days, for a total of 743 out of 752 possible 
searches during Periods 1 and 3. The nine surveys not conducted were either not completed or 
not attempted due to snow and severe thunderstorms. Search times per survey plot averaged 42–
60 minutes, depending on plot size. Field data on survey plots, including actual search area and 
visibility classes, was collected using GPS and was used to create maps for each survey plot, 
which are provided in Appendix B. Average search area within survey plots ranged from 24–
38% of the total maximum search area of 15,120 m2. 

Bird Fatality  

We found a total of 35 birds of 12 species, plus five unidentified birds, from 1 April–31 October 
(Table 2). Red-eyed Vireo (Vireo olivaceus) and Golden-crowned Kinglet (Regulus satrapa) 
were the most common bird species found; 28% (n = 10) and 20% (n = 7) respectively (Fig. 9). 
Twenty-eight of the 35 birds found were fresh. Bird fatalities were found at 13 of the 16 turbines; 
no carcasses were found at T2, T11, and T13. No live birds were found during surveys. 
 
Table 2. Total number of bird carcasses found and carcass condition at Sheffield Wind Facility, 
Caledonia County, Vermont; 1 April–31 October 2012. 

Species   Carcass Condition 

Common Name (Scientific Name) Total Fresh 
> One Day 

Old 
Golden-crowned Kinglet (Regulus satrapa) 7 7 0 
Red-eyed Vireo (Vireo olivaceus) 10 9 1 
White-throated Sparrow (Zonotrichia albicollis) 1 1 0 
Sharp-shinned Hawk (Accipiter striatus) 1 1 0 
Red-breasted Nuthatch (Sitta canadensis) 3 2 1 
Magnolia Warbler (Setophaga magnolia) 2 2 0 
Tennessee Warbler (Oreothlypis peregrina) 1 0 1 
Blackpoll Warbler (Setophaga striata) 1 1 0 
Ruby-crowned Kinglet (Regulus calendula) 1 1 0 
Ruffed Grouse (Bonasa umbellus) 1 1 0 
Black-capped Chickadee (Poecile atricapillus) 1 1 0 
Yellow-rumped Warbler (Setophaga coronate) 1 1 0 
Unknown bird* 5 1 4 
Total 35 28 7 
*Feather spot, juvenile, partial carcass 
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Figure 9. Percent bird species found at Sheffield Wind Facility, Caledonia County, Vermont; 1 
April–31 October 2012. 
 

Due to the small sample size of bird carcasses (n = 18) available to use in searcher efficiency 
trials, we used bat carcasses found at the project site (n = 73) in our searcher efficiency trial data 
as well. All 14 carcasses placed in the Easy visibility class were found by surveyors, 13 of the 34 
in Moderate, and 14 of the 43 in Difficult/Very Difficult. Overall searcher efficiency was 
estimated to be 45%, with 100% (95% confidence interval [CI]: 100, 100), 38% (95% CI: 21, 
56), and 33% (95% CI: 19, 47), for Easy, Moderate, and Difficult/Very Difficult visibility 
classes, respectively (Table 3).  

Thirty-four fresh bird carcasses were used in the carcass persistence trials, of which eight were 
scavenged prior to the first check, 10 remained for the total 20 day trial period, and 16 were 
scavenged between the first check and before the end of the trial. The average persistence time 
for all bird carcasses was estimated to be 12.51 days (95% CI: 5.26, 32.73) (Table 3). 

After adjusting for carcass persistence and searcher efficiency, total bird fatality estimates for the 
project site for the entire season was 211 (95% CI: 147, 321), with an estimated 13.17 birds 
killed per turbine (95% CI: 9.20, 20.05) and 5.27 per MW (95% CI: 3.68, 8.02). Bird fatality 
estimates during Period 1 were 6.32 birds per turbine (95% CI: 3.08, 12.00) and 2.53 per MW 
(95% CI: 1.23, 4.80), totaling 102 (95% CI: 50, 192) for the project site; 3.87 per turbine (95% 
CI: 2.12, 6.93) and 1.55 per MW (95% CI: 0.85, 2.77), totaling 62 (95% CI: 34, 111) for the 
project site during Period 2; and 2.97 per turbine (95% CI: 1.71, 5.25) and 1.19 per MW (95% 
CI: 0.68, 2.10), totaling 48 (95% CI: 28, 84) for the project site during Period 3 (Table 4).  
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Table 3. Bias trial results for bird carcasses at Sheffield Wind Facility, Caledonia County, 
Vermont; 1 April–31 October 2012. 

Bias Trial Placed Found Mean 

Lower 
95% 
CI 

Upper 
95% 
CI 

Searcher Efficiency*           
Easy 14 14 1.00 1.00 1.00 
Moderate 34 13 0.38 0.21 0.56 
Difficult/Very Difficult 43 14 0.33 0.19 0.47 
      
Carcass Persistence 34 N/A 12.51 5.26 32.73 
*Both bird and bat carcasses used 

  
 
Table 4. Estimated bird fatalities, per turbine, per megawatt, and entire project site, at Sheffield 
Wind Facility, Caledonia County, Vermont; 1 April–31 October 2012. 

Study Period 

Number 
of 

Carcasses 
Found 

Fatality 
Estimate 

Lower 
95% 
CI 

Upper 
95% 
CI 

Period 1*         
Per Turbine N/A 6.32 3.08 12.00 
Per Megawatt N/A 2.53 1.23 4.80 
Site Total 11 102 50 192 
Period 2 **     

 
  

Per Turbine N/A 3.87 2.12 6.93 
Per Megawatt N/A 1.55 0.85 2.77 
Site Total 12 62 34 111 
Period 3***      

 
  

Per Turbine N/A 2.97 1.71 5.25 
Per Megawatt N/A 1.19 0.68 2.10 
Site Total 4 48 28 84 
Total Season     

 
  

Per Turbine N/A 13.17 9.20 20.05 
Per Megawatt N/A 5.27 3.68 8.02 
Site Total 27 211 147 321 
* 1 April–2 June; ** 3 June–30 September; *** 1 October–31 October 
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Bat Fatality 

We found a total of 87 bats of three species (Table 5) from 1 April–31 October. All of the bats 
found were migratory tree-roosting bats, including hoary bat (Lasiurus cinereus), eastern red bat 
(L. borealis), and silver-haired bat (Lasionycteris noctivagans); no cave-roosting species were 
discovered during the study. Of the 87 bats found, 54% (n = 47) were hoary bat, 30% (n = 26) 
were eastern red bat, and 16% (n = 14) were silver-haired bat (Fig. 10). Sixty-five of the 87 bat 
carcasses found were fresh (Table 5). Eighty-nine percent (n = 77) of the bat carcasses were 
found during the fall migration season (mid-July to late September; Fig. 11). Ninety-one percent 
(n = 79) of the bats were adults, of which 63% (n = 55) were male, 25% (n = 22) were female, 
and 2% (n = 2) were of unknown sex (Fig. 12). Only one juvenile bat, a female eastern red bat, 
was found. The remaining 8% (n = 7) of bats were of unknown age, primarily due to partial 
carcasses or late stages of decomposition. Bat fatalities were found at all 16 turbines. 

Four of the bats were found alive at the time of surveys. These bats were assessed to determine if 
they either required rehabilitation or euthanasia. None of the four bats had visible signs of injury 
and we attempted to rehabilitate them via rest and rehydration per Klug and Baerwald (2010) 
(Fig. 13). Two of the bats died in captivity shortly after being recovered and two were 
successfully released (Fig. 14a and 14b). All four of these bats were included in the fatality 
estimates, as they would have died in the field without rehabilitation. All bats were handled, 
assessed, and rehabilitated in accordance with protocols approved by the Texas Tech University 
Animal Care and Use Committee (ACUC#: 12030-03), as well with the VDFW scientific 
collection permit. 
 
Table 5. Total number of bat carcasses found and carcass condition at Sheffield Wind Facility, 
Caledonia County, Vermont; 1 April–31 October 2012. 

Species   Carcass Condition 

Common Name (Scientific Name) Total Fresh > One Day Old 
Hoary bat (Lasiurus cinereus) 47 36 11 
Eastern red bat (Lasiurus borealis) 26 19 7 
Silver-haired bat (Lasionycteris noctivagans) 14 10 4 
Total 87 65 22 
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Figure 10. Percent of bat species found at Sheffield Wind Facility, Caledonia County, Vermont; 
1 April–31 October 2012. 
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Figure 11. Total number of bat carcasses found per day at Sheffield Wind Facility, Caledonia County, Vermont; 1 April–31 October 
2012. All species and decay conditions combined. 
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Figure 12. Percent of bat ages and sexes found at Sheffield Wind Facility, Caledonia County, Vermont; 1 April–31 October 2012. 
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Figure 13. Rehydrating an eastern red bat for rehabilitation and release at Sheffield Wind 
Facility, Caledonia County, Vermont. 

 
 
 

    
 
Figures 14a and 14b. Bats successfully rehabilitated and released at the Sheffield Wind Facility, 
Caledonia County, Vermont. On left: eastern red bat, on right: silver-haired bat. 
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A total of 73 bat carcasses were used in the searcher efficiency trials. All 10 of the carcasses that 
were placed in the Easy visibility class were found by surveyors, 12 of the 28 in Moderate, and 
13 of the 35 in Difficult/Very Difficult. Overall searcher efficiency was estimated to be 48%, 
with 100% (95% CI: 100, 100), 43% (95% CI: 25, 61), and 37% (95% CI: 23, 54), for Easy, 
Moderate, and Difficult/Very Difficult visibility classes, respectively (Table 6).  

Sixty-one fresh bat carcasses were used in the carcass persistence trials, of which four were 
scavenged prior to the first check, 16 remained for the total 20 day trial period, and 41 were 
scavenged between the first check and before the end of the trial. The average persistence time 
for bat carcasses was estimated to be 6.92 days (95% CI: 4.85, 10.53; Table 6). 

The operational mitigation study was conducted during Period 2, at which time eight of the 16 
turbines at the project site were curtailed. As such, the bat fatality estimates for the project site 
are actual fatalities observed rather than estimates of fatalities had the wind facility been fully-
operational during the summer and fall season. As a result, it is possible that the estimated bat 
fatalities during Period 2 are lower than would have occurred otherwise. 

Only carcasses found during surveys were used to estimate fatality; incidental finds were not 
included. As such, 63 of the 65 fresh carcasses found were used in the estimates. After adjusting 
for carcass persistence and searcher efficiency, total bat fatality estimates for the project site for 
the entire season was 235 (95% CI: 160, 361), with an estimated 14.65 bats killed per turbine 
(95% CI: 10.06, 22.56) and 5.86 per MW (95% CI: 4.02, 9.02; Table 7). No bat carcasses were 
found until 18 June; as such we were unable to estimate bat fatalities for Period 1. An estimated 
12.34 bats were killed per turbine (95% CI: 8.18, 19.84) and 4.94 per MW (95% CI: 3.27, 7.94), 
totaling 198 (95% CI: 131, 318) for the project site during Period 2 and 2.31 per turbine (95% 
CI: 0.8, 4.92) and 0.92 per MW (95% CI: 0.32, 1.94), totaling 37 (95% CI: 13, 79) for the project 
site during Period 3.  

Table 6. Bias trial results for bat carcasses at Sheffield Wind Facility from 1 April–31 October, 
2012. 

Bias Trial Placed Found Mean 
Lower 

95% CI 
Upper 

95% CI 
Searcher Efficiency           
Easy 10 10 1.00 1.00 1.00 
Moderate 28 12 0.43 0.25 0.61 
Difficult/Very Difficult 35 13 0.37 0.23 0.54 

  
  

  
  

Carcass Persistence 61 N/A 6.92 4.85 10.53 
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Table 7. Estimated bat fatalities, per turbine, per megawatt, and entire project site, at Sheffield Wind Facility, Caledonia County, 
Vermont; 1 April–31 October 2012. Eight of the 16 turbines were curtailed as part of the operational mitigation study during Period 2. 
As such, estimates during that time period may be lower than would have been observed if the facility was fully operational. 

    Per Turbine Per Megawatt Entire Site 

Study Period 

Number 
of Fresh 

Carcasses 
Found 

Fatality 
Estimates 

Lower 
95% 
CI 

Upper 
95% 
CI 

Fatality 
Estimates 

Lower 
95% 
CI 

Upper 
95% 
CI 

Fatality 
Estimates 

Lower 
95% 
CI 

Upper 
95% 
CI 

Period 1*                     
Hoary bat 0 0 0 0 0 0 0 0 0 0 
Eastern red bat 0 0 0 0 0 0 0 0 0 0 
Silver-haired bat 0 0 0 0 0 0 0 0 0 0 
All bats 0 0 0 0 0 0 0 0 0 0 
Period 2**   

  
         

Hoary bat 33 7.01 4.01 12.15 2.80 1.60 4.86 113 65 195 
Eastern red bat 16 3.18 1.7 5.43 1.27 0.68 2.17 51 28 87 
Silver-haired bat 10 2.15 0.84 4.25 0.86 0.34 1.70 35 14 69 
All bats 59 12.34 8.18 19.84 4.94 3.27 7.94 198 131 318 
Period 3***   

  
         

Hoary bat 2 1.1 0.76 1.91 0.44 0.30 0.76 18 13 31 
Eastern red bat 2 1.2 0.85 3.58 0.48 0.34 1.43 20 14 58 
Silver-haired bat 0 0 0 0 0 0 0 0 0 0 
All bats 4 2.31 0.8 4.92 0.92 0.32 1.97 37 13 79 
Total Season   

  
         

Hoary bat 35 8.11 5.16 13.38 3.24 2.06 5.35 130 82 215 
Eastern red bat 18 4.38 2.18 7.48 1.75 0.87 2.99 71 34 120 
Silver-haired bat 10 2.15 0.84 4.25 0.86 0.34 1.70 35 13 68 
All bats 63 14.65 10.06 22.56 5.86 4.02 9.02 235 160 361 
* 1 April–2 June; ** 3 June–30 September; *** 1 October–31 October 
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Operational Mitigation 

We conducted surveys for the operational mitigation study at all 16 turbines on a daily basis 
from 3 June–30 September. We surveyed a total of 112 complete days out of the 120 possible 
search days, for a total of 1,897 out of 1,920 possible searches during Period 2 (at least partial 
surveys were completed all 120 days). The 23 surveys not conducted were either not completed 
or not attempted due to thunderstorms, severe wind, and a tornado watch. Search times per 
survey plot averaged 42–62 minutes, depending on plot size. 

During the operational mitigation study period, we found a total of 83 bats, of which 62 were 
fresh (Table 8) and were used in the analysis of curtailment effectiveness. A minimum of one 
fresh bat was found at all 16 turbines.  

We found that operational mitigation had a statistically significant effect on bat fatalities (F1,15 = 
11.09, p = 0.005; Table 9). An average of 1.0 (95% CI: 0.6, 1.8) fresh bats per turbine were 
found at turbines following curtailment compared to 2.7 (95% CI: 1.9, 3.9) fresh bats per turbine 
found at turbines following full operation. There were 2.6 (95% CI: 1.4, 4.8) times as many 
fatalities at fully operational turbines than there were at curtailed turbines, resulting in an 
estimated 60% (95% CI: 29, 79) decrease in bat fatalities from operational mitigation. 

Table 8. Carcass condition of bat fatalities found at Sheffield Wind Facility during the 
operational mitigation study, Caledonia County, Vermont; 3 June–30 September, 2012. 

Species   Carcass Condition 

Common Name (Scientific Name) Total Fresh > One Day Old 
Hoary bat (Lasiurus cinereus) 46 35 11 
Eastern red bat (Lasiurus borealis) 23 17 6 
Silver-haired bat (Lasionycteris noctivagans) 14 10 4 
Total 83 62 21 

 

Table 9. Estimated bat fatalities per turbine for each treatment during the operational mitigation 
study at Sheffield Wind Facility, Caledonia County, Vermont; 3 June–30 September, 2012. 

Treatment 

Average 
Bats per 
Turbine* 

Lower 
95% CI  

Upper 
95% CI 

  
  

  
Fully operational (4.0 m/s cut-in speed) 2.70 1.9 3.9 
  

  
  

Curtailment (6.0 m/s cut-in speed) 1.00 0.6 1.8 
*Fresh only  
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DISSCUSSION 

Our findings at the Sheffield Wind Facility demonstrate similar trends to those reported in other 
post-construction bird and bat fatality studies at wind facilities in North America (Erickson et al. 
2002; Kerns and Kerlinger 2004; Johnson 2005; Kunz et al. 2007; Arnett et al. 2008). The 
majority of the bird fatalities at our site were night-migrating passerine species. Only one to three 
individuals of each species was found, with the exception of Red-eyed Vireo and Golden-
crowned Kinglet. A single raptor fatality was detected during the study period.  

In a synthesis of bird mortality at newer wind facilities in the U.S., it was found that of all the 
bird groups, passerine species have experienced the highest rate (over 80%) of fatalities 
(Erickson et al. 2002). Kerns and Kerlinger (2004) reported that most species found at their study 
site in West Virginia were only represented by one to five individuals, with the exception of 
Red-eyed Vireos, which made up 30.4% of the bird fatalities. At older wind facilities, raptor 
species were found to be killed in high numbers (up to 68% of bird fatalities) (Erickson et al. 
2001). However, adaptations to the construction and design of wind turbines have resulted in a 
decrease in raptor fatality rates at newer wind facilities and raptor mortality is now reported to be 
absent to relatively low (i.e., 0–0.04 raptors per turbine per year) (Erickson et al. 2001, 2002; 
Barclay et al. 2007).  

Our fatality estimates for birds (5.27 birds/MW, 95% CI: 3.68, 8.02) were consistent with other 
wind facilities located in the region with similar topography, elevational ranges, and habitat 
types. Projects located in central Maine (Stetson Mountain I and II) and central New York 
(Cohocton/Dutch Hill) reported fatality estimates that ranged from 0.55–3.13 birds/MW 
(Normandeau Associates 2010; Normandeau Associates 2011; Stantec 2009; Stantec 2010; 
Stantec 2011). In addition, they also reported similar species composition, with passerines 
comprising the majority of fatalities (86–92%), with few to no raptor fatalities. However, the 
overall objectives of the Stetson Mountain I and II and Cohocton/Dutch Hill projects were to 
determine basic post-construction fatality estimates to satisfy environmental permitting 
requirements, whereas the goals for our project were research based, although it does also satisfy 
permitting requirements. As such, the survey methodology and statistical analyses employed for 
our project for both bat and bird fatality estimates were more intensive.  

One major difference between our study and others in the region is that we conducted daily 
fatality searches throughout the entire study period, whereas the Stetson Mountain I and II 
projects conducted weekly searches and the Cohocton/Dutch Hill project only conducted daily 
searches at five of the 17 turbines surveyed; weekly searches were conducted at the remaining 12 
turbines. Also, although all of the projects conducted searcher efficiency and carcass persistence 
trials, ours was the only project to conduct bias trials throughout the entire survey period, with 
checks done on a daily basis rather than every few days. Because we conducted bias trials 
throughout the study, our sample size was larger than those used in the other projects (n = 91 and 
n = 95 versus n = 27–62 and n = 27–66 for searcher efficiency and carcass persistence, 
respectively [birds and bats combined]). In addition, our bias trials tested and adjusted for 
different visibility classes, whereas the others projects did not. Also, we adjusted for areas within 
study plots that were not searchable and extrapolated estimates to the entire study plot using 
density-weighted proportion areas, taking into account the fact that carcasses generally fall 
within 30 m of turbines. Although the Cohocton/Dutch Hill project did correct for the areas of 
the study plots that were not searched, the correction factor did not account for the difference in 
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carcass density in relation to the distance from the turbine. The Stetson Mountain I and II 
projects did not account for areas not searched within the study plots at all. Another major 
difference between the projects was in the statistical analyses that were used to estimate 
fatalities. The Stetson Mountain I and II and Cohocton/Dutch Hill projects all modeled fatality 
estimates based on methods described by Jain et al. (2007, 2008, 2009). In contrast, we used the 
USGS Fatality Estimator (Data Series 729), which often produces higher fatality estimates. Due 
to these differences in study methodologies and statistical analyses, direct comparisons between 
fatality estimates cannot be made. 

Our bat fatality findings corroborate that of other research, which has found that bat fatality at 
wind facilities in North America are not uniform across species or time but rather exhibit distinct 
patterns (Arnett et al. 2008; Kunz et al. 2007; Erikson et al. 2002; Johnson 2005). All of the bat 
carcasses we detected were migratory tree-roosting bats, the majority of which were lasiurine 
species, with over half of those being hoary bats. In addition, adult males constituted the majority 
of all three bats species. Eighty-nine percent of our bat carcasses were found during the fall 
migration season (mid-July to late September). In an analysis of bat fatalities at wind energy 
facilities across the U.S., Kunz et al. (2007) determined that approximately 75% of bat species 
killed were migratory tree-roosting bats. Syntheses conducted by Johnson (2005) and Arnett et 
al. (2008) found similar results. Furthermore, Arnett et al. (2008) reported that at most studies, 
lasiurine species experienced the highest rate of fatalities, with hoary bats often being the most 
dominant species found. In addition, they reported that males were killed at higher rates than 
females and adults more than juveniles. Syntheses of bat fatality data in the U.S. and North 
America have also reported that the majority of bat fatalities (90%) at wind facilities occur 
between late summer (mid-July) and early fall (late September), with over 50% occurring in 
August, which coincides with the fall migration season (Erickson et al. 2002; Johnson 2005; 
Arnett et al. 2008).  

In contrast to Kunz et al. (2007), Johnson (2005), and Arnett et al. (2008), who reported smaller 
proportions of fatalities of other bat species as well as lasiurine species, we did not find any 
cave-roosting bats during our study. However, since the spread of white-nose syndrome (WNS) 
into New England, cave-roosting bat populations have been decimated. WNS has been 
discovered in all hibernacula in Vermont and the state’s population of little brown bat (Myotis 
lucifugus) and northern long-eared bat (M. septentrionalis) have experienced over a 90% decline 
since 2009 (VDFW 2012). As such, it is possible that our surveys did not detect any cave-
roosting bats because few individuals remain in the area. 

Our fatality estimates for the project site ranged from 0.0–4.94 bats/MW of installed capacity 
throughout different periods of the study season. These estimates were lower than those reported 
in the Kunz et al. (2007) synthesis of projects located in forested areas in eastern U.S., which 
ranged from 15.3–41.1 bats/MW, as well as the Cohocton/Dutch Hill project in central New 
York (3.36–26.69 bats/MW; Stantec 2010; Stantec 2011), although they were consistent with 
estimates from the Stetson Mountain I and II projects located in central Maine (0.28–1.65 
bats/MW; Normandeau Associates 2010; Normandeau Associates 2011; Stantec 2009). 
However, eight of the 16 turbines onsite were curtailed during Period 2 because of our 
operational mitigation study, resulting in half of the turbines onsite not being fully operational 
during the fall migration season. As a result, fatality at the site when all 16 turbines are fully 
operational is likely higher during the fall migration season than the estimates we observed. In 
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addition, the survey methods and statistical analyses employed differ among projects, including 
daily versus weekly searches, adjustment for visibility classes in bias trial data, correction for 
areas of the survey plots that were not searched, and different statistical methods used to estimate 
fatality, as described above. As a result, our fatality estimates are not directly comparable to 
other studies and care should be taken when relating fatality estimates. 

Our operational mitigation study significantly reduced bat fatality by 60% (CI%: 29, 79). These 
findings are consistent with other research projects that tested the effectiveness of altering 
turbine cut-in speed to decrease bat fatalities (Baerwald et al. 2009; Arnett et al. 2011; Good et 
al. 2011; Young et al. 2011). Although the studies varied in design, such as type of treatments 
(e.g., assigned cut-in speed), number of treatments, treatment assignment, and methods of 
conducting fatality searches, all reported a reduction in bat fatalities (22–95%).  

Although bat fatalities at wind facilities have been documented across North America, the 
impacts to bat populations are uncertain at this time (Kunz et al. 2007). Bat population sizes and 
demographics are not well understood, particularly in regards to lasiurine species (Cryan and 
Brown 2007). As such, the true impacts of wind energy related bat mortality at the population-
level cannot be quantified at this time. However, bats have a low reproductive rate, which results 
in a slow population recovery rate, so it is likely that cumulative effects will occur (Barclay and 
Harder 2003; Kunz et al. 2007). Given that high numbers of fatalities have been observed at 
multiple wind energy facilities (Johnson 2005; Kunz et al. 2007; Arnett et al. 2008), that the 
wind industry has increased considerably in recent years (NRC 2007; Kunz et al. 2007; 
USAToday 2013), and that cumulative effects to bat populations are expected (Kunz et al. 2007), 
we contend that developers and operators should implement operational mitigation to reduce bat 
fatalities.  

Assumptions and Considerations 

A number of factors must be considered when viewing our fatality estimates for birds. Due to the 
small sample size of bird carcasses available to use in searcher efficiency trials (n = 18), we 
made the assumption that searcher efficiency for bird carcasses was the same as for bat carcasses 
and used bat carcasses found at the project site in our searcher efficiency trial data, in addition to 
the 18 bird carcasses, to adjust fatality estimates for birds.  

We were unable to calculate the density-weighted proportion areas for bird carcasses due to a 
lack of available literature and research in this subject; calculating density-weight for birds is 
complicated and can be misleading if done improperly. As a result, we made our best estimate 
and used the density-weight that was calculated using bat fatalities. The majority of the bird 
fatalities found at the project site (30/34; 88%) were in the “Small” carcass size category class, 
as are all of the bat carcasses, so density-weight should be similar, although bird carcasses have a 
different mass and wind resistance than bat carcasses (Hull and Muir 2010). However, using the 
bat density-weight is a more accurate estimate as opposed to calculating fatality using the default 
density-weight of 1.0, which would likely result in an underestimate of bird fatalities. 

In addition, we assumed that searcher efficiency and carcass persistence was consistent 
throughout the season. Our sample sizes were too small to separate our bias trial data into the 
three study periods, so we used data from the bias trials to estimate searcher efficiency and 
carcass persistence for the entire field season rather than for each period. It is possible that 
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searcher efficiency and carcass persistence varied for the different study periods (e.g., snow 
during Period 1 and fall leaves in Period 3 could decrease searcher efficiency and scavenging 
rates could vary during different seasons). However, we feel these changes in variation would be 
accounted for and reflected throughout the entire season’s data.  

Further Analyses 

A number of analyses will not be assessed until a later date and will be provided in the final 
project report, which will be available 15 December 2014. In this report, fatality estimates for the 
project site are actual fatalities observed rather than estimates of fatalities had the wind facility 
been fully-operational during the summer and fall season due to the operational mitigation study. 
We will investigate other statistical analyses in order to calculate estimated fatality for the 
project site had all 16 turbines been fully operational for the entire season. 

Kerns et al. (2005) found that fresh carcasses were scavenged at a higher rate than frozen 
carcasses (i.e., carcass persistence time is less for fresh carcasses than it is for frozen carcasses) 
and suggested that if frozen carcasses are used in carcass persistence trials then they should be 
adjusted for to more accurately correct fatality estimates. Our study used both fresh and frozen 
carcasses; however, at this point in time we have not adjusted for this variable. 

When fitting the carcass persistence data for bird carcasses to the four distribution models, the 
differences in AICc results between three of the four distributions (i.e., Weibull, loglogistic, and 
lognormal) were minimal (i.e., within 2 ΔAICc units of each other). This may be due to the small 
sample size of bird carcasses (n = 34) as well as a high variability in the persistence data. 
Because of the multi-model support, we will calculate the average of all three distributions in 
future assessments to more accurately adjust for carcass persistence when estimating bird 
fatalities. 

Weather data and it's relation to fatality patterns and operational mitigation are not included in 
this annual report. The turbines at Sheffield Wind Facility are programmed to go in and out of 
curtailment depending on wind speed and temperatures, resulting in the turbines not actually 
being curtailed for the entire night. A detailed analysis relating curtailed turbines to wind 
patterns at 10-minute increments for every night of the operational mitigation season will be 
assessed at a later date to more accurately measure the effectiveness of operational mitigation at 
decreasing bat fatality. In addition, hoary bats fly at higher wind speeds than the other migratory 
tree-roosting bats (Salcedo et al. 1995). As a result, it is possible that there could have been some 
active hoary bats around the curtailed turbines with a cut-in speed of 6.0 m/s. These variables 
could affect the final assessment of overall operational mitigation effectiveness for the project 
and will not be assessed until a later date. 
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FURTHER RESEARCH 

We will conduct a second season of field research in 2013, beginning 1 April–31 October. Both 
the post-construction fatality and operational mitigation study will be implemented. An annual 
report for the 2013 field season will be available 15 January 2014 and a final project report will 
be available 15 December 2014. Detailed analyses relating weather events to fatality patterns and 
overall operational mitigation effectiveness will also be completed and included in the final 
report. In addition, at the end of year two, we will work with Vermont Wind on determining 
financial and operational aspects of the mitigation, including extrapolating the predicted cost of 
the operational mitigation treatments if it was applied to all 16 turbines at the project site. 
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Appendix A: Representative Photos of Visibility Classes  
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Visibility Class:  Easy 
Description:  >90% bare ground 

 

 
Visibility Class:  Moderate 
Description:  >25% bare ground 
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Visibility Class:  Difficult 
Description:  <25% bare ground 

 

 
Visibility Class:  Very difficult 
Description:  0% bare ground 
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Appendix B:  Turbine Maps 
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