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1.0 INTRODUCTION 

The primary goals of monitoring windpower development are to evaluate risk to birds from 
development, as well as the cumulative risk to birds from all windpower development in the 
region. The secondary goal of monitoring is to provide information that can be used to reduce 
potential risks to birds that could result from subsequent developments (Strickland et al.
1996).

2.0 BASELINE STATUS INVENTORY 

Several years of baseline avian inventories have been conducted at Cotterel Mountain to 
assess the abundance and location of birds using specific habitats in the area. The following 
preliminary studies have been conducted: (1) a yearlong avian point count survey; (2) a fall 
migration point survey; (3) a raptor nest survey; (4) a nocturnal bird migration survey using 
radar; (5) two sage-grouse lek surveys; and (6) a sage-grouse radio telemetry study (TBR 
2004). Field methods chosen for use in the Cotterel Mountain study were derived from a 
review of guidelines for studying wind energy and bird interactions published by the 
National Wind Coordinating Committee (Anderson et al. 1999), and of the methods used in a 
number of other recent avian baseline studies at proposed wind plants in the western U.S. 
These baseline studies included Johnson et al. (1997); Johnson et al. (2000b); Erickson et al.
(2001a); Sharp et al. (2001a), West Inc. (2002); and Young et al. (2002). During the point 
count surveys, in-transit observations were made of large birds and sensitive species while 
the observers were in transit between observations points. In-transit observations were 
entered into a separate database and analyzed separately. After analysis, these data were 
deemed not comparable to the point count data. Therefore, the in-transit observation data 
were only used in a general way to augment the species composition and richness 
information for the avian study areas. These studies provide a baseline status of passerine 
bird and bat community composition, foraging and habitat use patterns, seasonal movements, 
migrations, and population trends.  

3.0 FATALITY MONITORING 

Mortality caused by windpower facilities is a primary indicator of windpower impact on bird 
and bat populations. Mortality will be measured by estimating the number of bird and bat 
fatalities in the wind development area whose death could be directly related to turbine 
collision. All avian and bat fatalities located within areas surveyed, regardless of species, will 
be recorded and a cause of death determined, if possible, based on field examination and 
necropsy results. An estimate of the total number of fatalities will be made. The total number 
of fatalities will be estimated by adjusting for "length of stay" (scavenging) and searcher 
efficiency bias.

3.1 FATALITY SEARCHES 
Objectives of fatality searches will be to (1) estimate the number of mortalities attributable to 
wind turbine collisions for the Cotterel Mountain Wind Power Project area and (2) relate the 
mortalities by species to the relative abundance of each species and other parameters, such as 
turbine characteristics and habitat to aid in determining relative risk to that species. 



 Cotterel Mountain Avian Fatality Monitoring Protocol 

Cotterel Wind Power Project  2

Biologists trained in proper search techniques will conduct the fatality searches. An initial 
fatality search will be conducted across the project prior to turbine construction to estimate 
pre-construction natural mortality.  

The fatality monitoring study will begin once all the turbines are constructed and operational. 
The following dates will be used to define seasons: (1) spring migration (March 16 – May 
15); (2) breeding season (May 16 – August 15); (3) fall migration (August 16 – October 31); 
and (4) winter (November 1 – March 15). 

Trials have been conducted at other windpower facilities (Johnson et al. 2000c) to establish 
the size of search plots surrounding a turbine. Higgins et al. WEST Inc. (1996) either 
dropped or threw 35 birds of varying species from the tops of the turbines. The distance these 
birds landed from turbines ranged from 8.2 meters (m) for birds dropped, to 28.5 m for birds 
thrown. The mean distance that birds landed from turbines was 19.8 m for small birds and 
16.2 m for medium-sized birds. Data collected on 139 suspected turbine-related avian 
mortalities at a wind development area in California (Orloff and Flannery 1992) supported 
these data. The mean distance to the nearest turbine for the 139 avian mortalities was 24.1 m, 
and 77% of all turbine related casualties were found within 30.5 m of a turbine. Only 4% of 
the fatalities were found at distances greater than 61 m from a turbine (Orloff and Flannery 
1992). Based on the above data, search plot sizes will be, at a minimum, large enough to 
cover all areas within 50 m of a turbine (Figure 1). Cotterel Mountain may present added 
challenges and preliminary planning requirements regarding monitoring due to the location 
of adjacent cliffs and drop-offs within the 50 m survey area for each turbine. One biologist 
may be required to survey the base of cliffs in these areas to accurately estimate the amount 
of casualties occurring.

A square plot, rather than a circular plot, will be used to facilitate marking search boundaries 
and conducting the search. Transects will be initially set at 6 m apart in the area to be 
searched, and the searcher will walk along each transect searching both sides out to 3 m for 
casualties (Johnson et al. 1993). Search radius and speed will need to be adjusted by habitat 
type. During similar studies (Johnson et al. 2000c) it was observed that approximately 30 to 
45 minutes will be required for searching each plot. Searches of randomly selected turbines 
will be conducted once every two weeks to locate and collect any fatalities found under 
turbines; however, casualties found at other times and places will also be recorded. For all 
casualties found, data recorded will include species, sex, age, date and time collected, 
location, distance to nearest turbine, condition, and any comments regarding possible causes 
of death (Johnson et al. 2000c). The condition of each fatality found will be recorded using 
the following condition categories:

• Intact – carcass that is completely intact, is not badly decomposed, and shows no sign 
of being fed upon by a predator or scavenger. 

• Scavenged – entire carcass that shows signs of being fed upon by a predator or 
scavenger or a portion(s) of a carcass in one location (e.g., wings, skeletal remains, 
legs, pieces of skin, etc.). 

• Feather Spot – 10 or more feathers at one location indicating predation or scavenging.



 Cotterel Mountain Avian Fatality Monitoring Protocol 

Cotterel Wind Power Project  3

       Figure 1. Diagram of a Typical Fatality Search Survey Area. 



 Cotterel Mountain Avian Fatality Monitoring Protocol 

Cotterel Wind Power Project  4

All casualties located will be photographed as found and mapped on a detailed map of the 
study area that will show the location of wind turbines and associated facilities, such as 
power lines and towers. Casualties found will then be labeled with a unique identification 
number, bagged, and frozen. A copy of the data sheet for each carcass will be maintained, 
bagged, and frozen with the carcass. This data sheet copy should remain with the carcass at 
all times. A certified wildlife veterinary laboratory will conduct gross necropsies of all intact, 
suitable avian fatalities found associated with a turbine. All bat fatalities found during the 
study will be assumed to be turbine-related and laboratory necropsies will not be conducted.

The estimated average number of fatalities detected per turbine (c) will be calculated by: 

where ci is the number of fatalities detected at turbine i for the period of study, and k is the 
number of turbines searched. The variance will be calculated by: 

The estimated total number of detectable fatalities (C) will be calculated by: 

with variance 

Local wildlife biologists associated with the U.S. Fish and Wildlife Service (USFWS), the 
Bureau of Land Management (BLM), and Idaho Department of Fish and Game (IDFG) will 
be contacted within 24 hours to report the casualties of any species of special concern (based 
on agency desire). These agencies will be periodically notified of casualty findings 
throughout the duration of the study.

In addition to standardized fatality monitoring, biologists will also record observations of 
birds on the study area while driving between survey points and between study sites. 
Emphasis will be placed on recording rare species, not previously recorded during 
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standardized surveys, unusual observations of bird concentrations or behavior, and any 
species listed as threatened, endangered, or special status by the USFWS, the BLM, or IDFG.

Casualties or fatalities found by maintenance personnel and others not conducting the formal 
searches will be documented using a wildlife incidental reporting system. When carcasses of 
animals are discovered by non-study personnel, a project biologist will be contacted to 
identify and collect the casualty.

3.2 FATALITY SEARCH BIASES 
Estimation of Carcass Removal 
The objective of carcass removal trials will be to estimate the length of time avian mortalities 
remain in the search area. Carcass removal studies will be conducted in the same areas and 
habitats where fatality searches occur on randomly selected turbine locations and reference 
plots. Carcass removal trials will be conducted within each of the following seasons: (1) 
spring migration (March 15 - May 15); (2) breeding season (May 16 - August 15); (3) fall 
migration (August 16 – October 31); and (4) winter (November 1 - March 14). Trials will be 
spread over most of the season to incorporate effects of varying weather, climatic conditions, 
and scavenger densities.

During the entire study, approximately 50 carcass removal trials will be conducted. Carcasses 
will be selected to represent a variety of avian species and size classes. Adult female mallards 
could be used to represent large birds such as raptors; adult rock doves could be used to 
simulate medium-sized birds such as small raptors; and juvenile mallards, adult house 
sparrows, and adult European starlings could be used to represent small birds such as 
passerines. Additional trials (approximately five) will be conducted with bat carcasses. The 
bat carcasses will be monitored during each trial to determine if removal rates for bats 
differed from that of birds of similar size. During removal trials at other wind power facilities 
(Johnson et al. 2000c), bats used for the trial were intact fresh bats found dead during the 
study; this could potentially be simulated at Cotterel Mountain as well. 

Carcasses shall be placed in a variety of postures to simulate a range of conditions. They will 
be (1) placed in an exposed posture (e.g., thrown over the left shoulder while standing under 
a turbine); (2) hidden to simulate a crippled bird or bat (e.g., placed beneath a shrub or tuft of 
grass); and (3) partially hidden. An equal proportion of carcasses will be included in each of 
the above categories. Carcasses will be checked for up to 14 days to determine scavenger 
removal rates, and will be removed at the end of the 14-day period. Carcasses will be marked 
discreetly with black electrical tape on the feet so searchers can recognize the carcass as 
experimental and leave it at the location found. Estimates of carcass removal shall be used to 
adjust fatality counts for removal bias.  

The length of time a carcass remained in the study area before it is removed will be denoted 
as ti. Mean length of time a carcass remained at the site before it is removed (t) will be 
calculated by: 
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where k is the number of carcasses where ti is obtained. The variance, V(t), will be calculated 
using the usual variance of a mean formula: 

Carcass removal statistics will be estimated by season, habitat type, and size class of bird. 

Estimation of Searcher Efficiency 
The objective of searcher efficiency trials is to estimate the percentage of avian mortalities 
found and missed by searchers. Searcher efficiency trials will be conducted in the same areas 
that fatality searches occur. Approximately 50 trials will be conducted over the course of the 
study. Searcher efficiency is estimated by season and major habitat type. The major habitat 
types on Cotterel Mountain consist of big sagebrush, low sagebrush, grassland, juniper, 
mountain mahogany, and rock. Estimates of searcher efficiency will be used to adjust the 
number of carcasses found, correcting for detectability bias. Carcasses used for searcher 
efficiency trials will have the same composition as those used for carcass removal trials. 
Searcher efficiency trials will not be conducted with bats as we assumed detectability of bats 
is similar to that of small birds with similar colors. 

Personnel conducting searches will not know the location of searcher efficiency carcasses. 
All carcasses will be placed at random locations within areas being searched for fatalities 
prior to the search on the same day. Carcass placement will be spread over the entire season 
to incorporate effects of varying weather and vegetation growth. Carcasses will placed in a 
variety of postures (exposed, hidden, partially hidden) to simulate the range of conditions 
done for carcass removal trials. 

Each carcass will be discreetly marked (see carcass removal studies) so that it can be 
identified as a study carcass after found. The number, location, and habitat of the 
detectability carcasses found during fatality searches will be recorded. Carcasses not found 
by the searcher will be removed following the search trial.  

Searcher efficiency will be expressed as p, the estimated proportion of detectability carcasses 
found by searchers. Results of searcher efficiency trials will be used to evaluate effectiveness 
of the fatality search effort and to make adjustments for the final estimate of the total number 
of fatalities. The variance, V(p), will be calculated by the formula: 
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where k is the total number of carcasses placed, f is the number of carcasses found, and  is 
the correlation between k and f across trials. A different searcher efficiency rate will be 
estimated for each habitat type and carcass size class. 

3.3 ESTIMATING FATALITY TOTALS 
The estimate of the total number of avian and bat fatalities will consist of the three 
components discussed previously: (1) the estimate and associated variance for the number of 
fatalities detected during the study period, (2) the estimate and associated variance for the 
mean length of time fatalities remained in the study area before being removed, and (3) the 
estimate and associated variance for the searcher efficiency rate. To calculate mortality for 
the entire study period, values used for searcher efficiency and mean length of stay will be 
weighted based on the relative proportions of each habitat type in the study area, and 
averaged across all three seasons. Bat mortality will be restricted primarily to summer and 
early fall; therefore, only searcher efficiency and scavenger removal data collected during 
this time period will be used to estimate total bat mortality. It will be assumed that searcher 
efficiency data collected using small dark brown or black birds (i.e., adult house sparrow or 
adult European starling) will be appropriate for estimating detection rates for bats.  

The estimated total number of fatalities for the wind development area, m, for the time frame 
between searches will be calculated by:  

where N is the total number of turbines, I is the interval between searches in days, C is the 
total number of fatalities found for the period of study, k is the number of turbines sampled, t
is the mean length of time fatalities remain in the study area before being removed, and p is 
the searcher efficiency.  

The variance will be calculated using the variance of a product formula (Goodman 1960) and 
the variance of a ratio formula (Cochran 1977). The variance of the product t and p is:
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From this, the variance of m is: 

The standard error of m will be calculated by: 

An approximate 90% confidence interval around m is: 

3.4 QUALITY ASSURANCE/QUALITY CONTROL 
QA/QC measures will be implemented at all stages of the study, including field data 
collection, data entry, data analysis, and report preparation. Observers will be trained in the 
methods used and tested on their ability to identify avian species, to estimate size of large 
flocks, and to estimate distance to and flight heights of birds. At the end of each survey day, 
each observer will be responsible for inspecting his or her data forms for completeness, 
accuracy, and legibility. The study team leader shall periodically review data forms to insure 
completeness and legibility. Standard protocol procedures detailing the step by step 
procedures to be followed by field biologists for fatality searches and fatality search bias 
trials will be prepared prior to data collection.

4.0 MONITORING TIMELINE 

Fatality monitoring will be initiated within two weeks of the start of project operation. 
Fatality monitoring will be conducted on a year round basis, weather permitting. The 
monitoring will continue for a period of five years. At the end of the fifth year the monitoring 
effort will be evaluated to determine if additional monitoring should continue in an effort to 
provide useful information regarding the impact of wind power on avian and bat species at 
Cotterel Mountain.

5.0 REPORTING REQUIREMENTS 

Summary results of the avian and bat fatality monitoring will be submitted on a monthly 
basis to the BLM, Twin Falls District, Burley Field Office. If during monitoring a significant 
fatality event is recorded at a single or multiple turbines, the event and the results of that days 
monitoring will be reported immediately to the BLM. Results regarding each year of avian 
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and bat fatality monitoring will be summarized in an annual report. This report will include 
the complete data set for all fatality monitoring collected since the beginning of the facility 
operation. The report will be submitted to the BLM Burley Field Office by January 15th of 
each year.
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