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Introduction  

 

California pioneered large-scale wind energy development beginning in the 1970s. As a clean, 

renewable energy resource, wind energy holds great promise provided that it can be sited and 

developed in such a way as to reasonably avoid and (if necessary) mitigate impacts on already 

stressed wildlife resources. To this end, wind energy and wildlife stakeholders have collaborated 

to survey avian/bat activity and study the impacts of wind project operations, and policymakers 

have incorporated research protocols into the permitting process. 

 

In 2007, the California Energy Commission (CEC) and California Department of Fish and Game 

released California Guidelines for Reducing Impacts to Birds and Bats from Wind Energy 

Development
1
 (the Guidelines) to provide recommended protocols for assessing and minimizing 

impacts from wind energy development to birds and bats. The Guidelines recommend protocols 

for assessing, evaluating, and determining the effects of wind projects on birds and bats, and also 

recommend impact avoidance, minimization, and mitigation measures. In addition, the 

Guidelines provide an equation that can be used to adjust for survey error the number of bird (or 

bat) carcasses that are visually observed during an environmental monitoring survey of a wind 

facility. The equation, which can be found in Appendix F of the Guidelines, adjusts for survey 

errors resulting from the inability of an observer to locate all carcasses on the survey plot at the 

time of observation, and for the probability of scavenger removal prior to the time of 

observation. 

 

The California Wind Energy Association (CalWEA) submitted, and was subsequently awarded, 

a grant to rigorously evaluate the procedures provided in the Guidelines for estimating mortality 

of birds and bats associated with collisions with wind turbines in California. Information 

gathered from this study will be directly applicable to wind development projects in California, 

and, the fundamental principals evaluated and discovered in this project may be applicable to 

wind development in other parts of the US and Europe. 

 

This Research Plan lays out the goals of this project and reviews the equations used to adjust 

mortality observations currently found in the literature. It describes the site selected for study, 

provides a draft experimental design for evaluating and testing approaches for estimating the true 

bird and bat mortality at a wind facility based on observational evidence of collision mortality, 

and outlines a draft data collection and quality assurance (QA) plan. 

 

                                                 
1
 California Guidelines for Reducing Impacts to Birds and Bats from Wind Energy Development. 2006. 

California Energy Commission. Sacramento, CA. 
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Project Goals  

 

The primary goal of this project is to generate information allowing for the comparison of 

existing mortality estimation methods. The available equations and models will be applied to the 

observed data generated during this study, and the model predictions compared and evaluated 

against the true mortality at the experimental location. Data generated by this project also can be 

used to provide insights into several other issues that are important to risk assessments of wind 

facilities. Specifically, this project will generate information that can be used to: 

 

1.  Explicitly evaluate observational error associated with both birds and bats under a 

variety of environmental conditions. 

2. Test and evaluate the shape of carcass removal curves (or scavenging curves) under a 

variety of environmental conditions. 

3. Evaluate the dependence of observation error on the carcass removal rate and other 

factors, such as density of the carcasses on the ground at the time of observation, size of 

the carcass, age of the carcass, whole or partial carcass remains, and environmental 

conditions.   

 

Once the data are evaluated and existing models tested or new models created, the information 

from this study will lead to the development of (1) guidelines for generating site-specific data 

used to parameterize equations, (2) guidance for selecting existing or new equations based on 

site-specific conditions, and (3) guidance on the interpretation of the results generated by the 

statistical methods. 
 

While some of the above issues have been tested using simulation approaches, there are no 

publications in the peer-reviewed literature based on actual field observations generated from 

rigorous experimental protocols.   

 

Literature Review of Mortality Estimation Equations  

  
Various equations have been proposed for estimating the true mortality at a wind facility based 

on observational data collected during a monitoring survey. The experiments described in this 

document will provide information that can be used to better parameterize the existing equations, 

or lead to new models and equations for estimating the true site-specific mortality. 

 

The equations found in the literature take various mathematical forms, but require (to varying 

degrees) similar types of data: number of observed birds (or carcasses, partial carcasses, feathers, 

etc.) at a specific time and location, interval since the last survey at the location, a measure of 

searcher efficiency, an estimate of the carcass removal rate or an estimate of the scavenger 

efficiency as a function of time. Therefore, at a minimum the experimental design must collect 

these data, or information leading to the calculation of these variables, in order to test and 

evaluate the various equations. 

 

Below is a listing of the equations we will evaluate, followed by a list of comments concerning 

the limitations of these existing equations, including the procedures used to parameterize the 

equations using field trials of generally short duration. If additional equations are found, we will 

include them in our study. 
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Schoenfeld
2
 (and as cited in Erickson et al.

3
) provides a review of several equation forms, 

including the following (variables defined below): 
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The CEC Guidelines Appendix F
4
 presents an alternative form that was proposed by Dr. Ken 

Pollock of North Carolina State University:
5
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Smallwood
6
 modifies equation 3 to adjust for scavenging over time, which is used in the 

Altamont 2008 Monitoring Report:
7
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In addition, Manuela Huso of Oregon State University presented another alternative method at a 

2008 National Wind Coordinating Collaborative meeting:
8
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where: 

 mij = true number of dead birds at turbine i in interval j 

 Cij = number of carcasses counted at turbine i at the end of interval j 

    pij = measure of searcher efficiency, representing the proportion of carcasses found by 

                                                 
2
 Schoenfeld, P. 2004. Suggestions Regarding Avian Mortality Extrapolation, unpublished report to West 

Virginia Highlands Conservancy, Davis, WV. 
3
 Erickson, W. P., J. Jeffrey, K. Kronner, and K. Bay. 2004. Stateline Wind Project Wildlife Monitoring 

Annual Report, Results for the Period July 2001 B December 2003, report submitted to FPL Energy, the 

Oregon Office of Energy, and the Stateline Technical Advisory Committee. 
4
 http://www.energy.ca.gov/windguidelines/index.html  

5
 Dick Anderson, personal communication. 

6
 Smallwood, K. S. 2007. Estimating wind turbine-caused mortality. Journal of Wildlife Management, 

71(8), pp. 2781-2801. 
7
 http://www.altamontsrc.org/alt_doc/m21_2008_altamont_bird_fatality_report.pdf  

8
 http://www.nationalwind.org/pdf/HusoManuela.pdf 

http://www.energy.ca.gov/windguidelines/index.html
http://www.altamontsrc.org/alt_doc/m21_2008_altamont_bird_fatality_report.pdf
http://www.nationalwind.org/pdf/HusoManuela.pdf
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searchers during a survey as estimated by searcher detection trials 

 Iij =  length (days) of the search interval  

 tij = average number of days a carcass will persist unscavenged ( (usually considered the 

same for all turbines, but not all intervals) 

    sij =  estimate of the carcass removal rate, as measured by the proportion of carcasses 

remaining since the last search  

 s
*
ij = carcass removal rate as a function of time  

  eij =  effective interval = -log(0.01)* avg. removal time 

  

Other available methods calculate the potential incremental increase due to various sources of 

bias (e.g., search, removal, habitat, and crippling bias), and use a linear additive model (e.g., 

Gauthreaux
9
) to estimate true mortality. 

 

The parameters in the above equations are intended to be estimated from independent field trials 

of a fixed length. The trials can be conducted prior to wind project operation, or during the 

course of operations. All of the above approaches have the following characteristics: 

 

(1)  While some of the equations have been evaluated using computer simulation, none of the 

equations have been rigorously tested for precision and accuracy using experimentally 

designed and rigorous field studies. 

 

(2)  With the exception of equation 4, the formulations do not explicitly adjust for the effects of 

scavenging effects over time, or over the duration of the search interval (instead, averages are 

used). 

 

(3)  A critical issue associated with the above equations is that they are inconsistent with the 

principles of probability. For example, as written the probability terms in the denominators of 

the equations are considered independent. However, the terms may not be independent; 

therefore, this assumption could lead to long-term averages that over- or under-estimate the 

true mortality.  

 

 For example, the probability that an observer actually finds a carcass may be a function of 

environmental conditions or other factors like the density of the carcasses within the search 

area. In the case of scavenging prior to observation, the ability of the searcher to locate the 

carcass may be a function of the scavenging rate (which is a time-dependent process). This 

relationship is termed a conditional probability, e.g., the probability of observer error is a 

function of the degree of scavenging that has occurred prior to the time of observation. In 

practice, scavenger trials can be conducted within a few hours (sometimes on the same day as 

observer trials), and many times are conducted only during the daylight hours. Thus, 

nocturnal scavenging may not be considered. In addition, in those scavenging trials that last 

many days, the number of times investigators visit the site is generally relatively small, 

therefore the relationship between observer bias and scavenging probability over the course 

of time cannot be well estimated. A probability model mapping the probability of scavenging 

                                                 
9
 Gauthreaux, S. A. 1995. Suggested Practices for Monitoring Bird Populations, Movements, and 

Mortality in Wind Resource Areas. Proceedings of National Avian-Wind Power Planning Meeting, 

Denver, CO, 1994. 
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as a function of time cannot be determined from these procedures.  

 

(4) The available literature does not explicitly link the equation form to the type of field trials 

necessary to generate site-specific estimates of the equation terms.  

 

 For example, currently observer bias trials and scavenging rates are independently assessed 

in field trials (i.e., a joint estimate of the error rate is not explicitly generated). The 

relationship between the search interval used in the post-construction monitoring survey 

design and the search interval used to generate scavenging probability generally are not 

coordinated. Also, for bats in particular, the carcass removal rate may be measured in hours 

but too often the field crew only checks the carcasses every few days to a week. In such cases 

the time to removal is actually less than one day but is recorded as 5, 7, or 14 days. This 

procedure could significantly miss-estimate the total carcasses removed by scavengers, 

therefore underestimating the correction factor that needs to be applied. 

 

 As another example, Environment Canadaôs 2006 guidelines
10

 also note that various methods 

for experimentally deriving searcher bias and scavenging rates are not consistent in the 

wildlife literature. Environment Canada requires that carcass removal experiments to 

estimate scavenging rates be conducted (1) at least twice during each season when searches 

are being undertaken, as the suite of scavengers is likely to change through the year; and (2) 

with carcasses that represent native birds and are freshly dead or were frozen when freshly 

dead. The Canadian guidelines state that searcher efficiency must be tested for every 

individual or team involved in searching for carcasses (including teams using dogs). Searcher 

efficiency values are not transferable to a different individual or team or to a different 

substrate. The Canadian guidelines also note that a variety of statistical approaches have been 

used to estimate total mortality, incorporating all necessary correction factors. And, the 

Canadian guidelines suggest that wind project developers retain all raw data to allow for 

flexible re-analysis when improved methods become available.  

   

(5) With the exception of Schoenfeld,
11

 explicit methods for incorporating uncertainty in the 

mortality estimates are not presented. 

 

(6) The covariance of the model terms has not been explicitly tested or evaluated. 

 

(7) The overall effect of time on the parameter estimates has not been explicitly tested or 

evaluated. 

 

(8) The concept of statistical bias has been incorrectly stated from a theoretical probability 

perspective, and in any case, empirical evidence of bias has not been generated using field 

trials. 

 

(9) The equations do not address errors associated with repeated survey trials, in which a bird is 

missed during a survey event, but subsequently found in later events. 

                                                 
10

 Environment Canada, Canadian Wildlife Service. 2006. Recommended Protocols for Monitoring 

Impacts of Wind Turbines on Birds. 33 pps. 
11

 Schoenfeld, 2004. 
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Site Selection 
                                                                      Figure 1. Altamont Pass Wind Resource Area 

The study will be implemented at the 

Altamont Pass Wind Resource Area 

(APWRA), located in central California 

approximately 56 miles (908 

kilometers) east of San Francisco 

(Error! Reference source not found.). 

 

Site Description 
 

The Altamont landscape consists of 

rolling hills ranging mostly between 150 

and 300 feet (61-91 m) in elevation 

above sea level. The Natural 

Communities and Land Cover Types 

identified in the Natural Community 

Conservation Plan (NCCP) for the 

Altamont Pass Wind Resource Area 

include agricultural land, annual 

grassland, alkali grassland, seasonal 

wetlands, alkali wetlands, perennial wetlands and ponds, riparian woodland and streams, 

chaparral, oak woodland, and conifer forest. 

 

Differential air temperatures between the warmer Central Valley east of Altamont Pass and the 

cooler marine air from San Francisco Bay cause steady winds of 15ï30 miles per hour (25ï45 

kilometers per hour) to blow across the APWRA during the midȤafternoon and evening periods 

between April and September. Winter wind speeds average 9ï15 miles per hour (15ï25 

kilometers per hour). The spring and summer high wind period is when 70ï80% of the wind 

turbine power is generated in 

the APWRA (Smallwood and 

Thelander 2004). 

 

Permits have been granted for 

5,400 wind turbines in the 

APWRA, rated at a capacity of 

approximately 580 megawatts 

(MW), distributed over 50,000 

acres (150 square kilometers) 

of rolling grassland hills and 

valleys. Turbines are arrayed 

along ridgelines and other 

geographic features in turbine 

strings. These turbines were not 

installed all at once; rather they 

were brought online in a series 
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of projects. These projects typically share a common turbine type, geographic location, and 

owner/operator, and have been classified as operating groups for the purposes of this study. The 

number of functional turbines varies over time as a result of mechanical breakdowns, 

maintenance, seasonal and weatherȤrelated shutdowns, and strategic turbine removals designed 

to reduce turbineȤrelated avian mortality. The actual number of turbines available at any one time 

for power generation is expected to range from 4,500 to 5,000. 

 

The APWRA supports a broad diversity of resident, migratory, and wintering bird species that 

regularly move through the wind turbine area (Orloff and Flannery 1996). Diurnal raptors (eagles 

and hawks), in particular, use the prevailing winds and updrafts for soaring and gliding during 

daily movement, foraging, and migration. Birds passing through the rotor plane of operating 

wind turbines are at risk of being injured or killed. Multiple studies of avian fatality at the 

APWRA show that golden eagles, redȤtailed hawks, American kestrels, burrowing owls, barn 

owls, and a diverse mix of nonȤraptor species are killed each year in turbineȤrelated incidents 

(Howell and DiDonato 1991; Orloff and Flannery 1996; Howell 1997; Smallwood and Thelander 

2004). Most of those species are protected by both federal and state wildlife legislation. 

 

 

 

The geographical unit of interest from an experimental perspective at the Altamont is a turbine 

string. The Altamont has available to our study over 800 turbine strings. Over 400 of these 

strings are currently monitored on a regular basis. The monitored strings are located over 4530 

square miles and cover the extent of the APWRA, and therefore cover a variety of ecological 

conditions. Below we describe the approach for selecting specific strings for use in the study. 
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Ecological variation 

 

Ecological variation 

associated with specific wind 

turbine development locations 

within the State of California 

is an important consideration 

in the design of the 

experiments. Variation in 

habitat condition is 

considered a key variable 

affecting the change in survey 

error among locations. 

Variation in vegetation type 

and density, scavenger 

species and associated 

activity levels, climate 

conditions, geographic 

conditions associated with 

turbine placement, and a host 

of other site-specific variables could influence the overall survey error rate for a specific site. 

 

One metric that will be recorded and used to select the turbine strings is visibility class. Visibility 

class is a metric for characterizing the types of ecological variation that influences survey error 

rates at wind developments. Visibility obviously impacts all aspects of the survey error rate 

components (both human and ecological), and is a surrogate metric for site-specific variability 

that can be used within a formal experimental design framework. 

 

The Pennsylvania Game Commission (PGC) established four visibility classifications, 

recommending 
12

 that survey error rates be estimated for each: 

 

Class 1 (easy): Bare ground 90% or greater; all ground cover sparse and 6 inches or less in height 

(i.e. gravel pad or dirt road). 

 

Class 2 (moderate): Bare ground 25% or greater; all ground cover 6 inches or less in height and 

mostly sparse. 

 

Class 3 (difficult): Bare ground 25% or less; 25% or less of ground >cover over 12 inches in 

height. 

 

Class 4 (very difficult): Little or no bare ground; more than 25% of >ground cover over 12 

inches in height. 

 

                                                 
12

 Pennsylvania Game Commission (PGC). 2007. Pennsylvania Game Commission wind energy  

voluntary agreement. Pennsylvania Game Commission, Harrisburg, Pennsylvania, USA. 



Working Draft for Review Purposes Only. Version 1 

9 

 

These four visibility classes simulate the range of cover that could be expected between locations 

in California, as well as the change in vegetation cover that could be expected seasonally within 

a specific site. (Note that in the case of the APWRA, the classification in our case would be 

attributed to the area around the carcass, not around the entire turbine string.) In addition, the 

visibility class could be used as a covariate in a mortality estimation model. 

 

Carcass size and species selection 

 

Carcass size is a key variable that influences both the observer detection probability and 

scavenger removal rate. Generally, larger birds (e.g., golden eagles) are reported to have smaller 

survey error rates than smaller birds (or bats). The smaller birds (or bats) are more difficult to see 

over large distances, and may be more easily covered by vegetation. Also, smaller animals are 

more subject to complete removal by scavengers. 

 

This study will focus on smaller animals. The cowbird (Molothurus ater) and bat (multiple 

species) are the current species of choice.  A second avian species that is trapped for control may 

be included in the study, if supplies can be obtained (blackbird species).  There may be limits on 

the total number of individual carcasses available for a specific species of interest to our study, 

therefore, the number of carcasses obtainable for any species could dictate the total number of 

experiments using that species. For example, limitations in finding bats could reduce the number 

of individual experiments with bats and the range of conditions under which survey error is 

established for the species.  Currently we have sources for several hundred cowbirds, and have 

20 bats in our possession.  We are continuing to pursue avian and bat supplies and are optimistic 

those numbers will increase.   

 

APWRA bird mortality monitoring  
 

In addition to species diversity, the APWRA provides access to knowledgeable personnel with 

insights into scavenger behavior, scavenging rates, and migration patterns of specific species. 

Our study will be able to utilize the trained field personnel and monitoring equipment used on a 

daily basis in the APWRA. The turbines are owned and operated by several independent 

companies. NextEra Energy Resources (the company with the majority of the wind turbines in 

the APWRA) and the other APWRA wind companies participating in the Alameda County 

Monitoring Team surveys have agreed to provide space for storing the bird and bat carcasses 

used in the study, as well as access to their sites.  

 

The APWRA Bird Mortality Monitoring Project includes approximately 2,500 turbines grouped 

into 84 plots located throughout the APWRA within Alameda County and one location in Contra 

Costa County. Each plot includes one or more strings of turbines. Using Altamont Pass Road as a 

dividing line, these 84 plots were assigned approximately equally to either the North or South 

monitoring areas. Each of the 2,500 turbines is searched once every month. Searches alternate 

daily between North and South monitoring areas to avoid site- and time-based biases, and 

turbines are searched in a similar order each month.  

 

The search area for each turbine extends 50 meters out from the turbine on all sides, except for 

the enXco Tres Vaqueros site in Contra Costa County where the search radius is 60 meters. 
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During each survey, mortality search transects are walked within the turbine search area during 

which the searcher scans the ground for bird and bat carcasses and/or parts of carcasses such as 

feathers and bones. The distance between transects within each search area averages 6 to 8 

meters depending on the terrain, height of the vegetation, and the height of the individual 

searcher. When evidence of a fatality is found, the location of the find is marked with flagging, 

and the searcher then continues to search the remaining area within the plot. After completing the 

search of the entire plot, the searchers return to each flagged location to record data on all the 

finds.  

 

To be considered a turbine-related fatality, each find must include at least 5 tail feathers or 2 

primaries within at least 5 meters of each other, or a total of 10 feathers. Any evidence less than 

this could be remains of a previously found fatality that was dragged in from somewhere else, or 

in the case of feathers, could be the result of a bird molting at that location. When partial remains 

are detected, the data collected are cross-referenced with data collected for finds at adjacent 

turbines to avoid double-counting of remains from birds found during previous monthly 

searches. 

 

Draft Experimental Design 
 

The experimental design is fairly simple. The experiments are categorized into three groups: (1) 

moderate density trials, (2) high density trials, and (3) low density trials. The trials will include 

both small birds and bats. Some experiments are explicitly focused on detection of partial 

carcasses. The total number of trials currently consists of 84 independent experiments, under a 

variety of environmental conditions for selected species. The total number of experiments 

actually implemented could be influenced by the ability to locate a sufficient number of 

carcasses, climate conditions, changes in the monitoring team schedule, and other currently 

unknown factors. 

 

For any one experiment, the Study Director will place (unknown to the monitoring team) a fixed 

number of uniquely marked birds or bats at selected strings prior to sampling by the monitoring 

team. The Study Director will visit the string daily for 30 days (including before and after the 

monitoring team has observed the string; note: the planned Study Director schedule could change 

based on information gained in the pilot study), and record the position and character of all 

carcass sign at the string. The Study Director will visit each string either during the evening or 

early morning to ensure no interference with the monitoring team schedule. The monitoring team 

will be asked to identify the birds and bats as ñstudy carcassesò (but not to collect all the 

attributes of the remains) when found as a part of their normal activities. The Study Director will 

visit the site over the course of 30 days, recording the true number of animals remaining on the 

plot each day. It may be possible to have multiple surveys of the same string during the 30 day 

period, but due to the monitoring teamôs schedule, the chances are not high that this can be 

accomplished.  

  

Below is a representation of the experiments that are planned for this study. A key objective is to 

maximize the ñobservation daysò (the days the monitoring team surveys the site) under a number 

of environmental conditions, but for which the density of the carcasses at the string includes both 
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large and small numbers. The pilot study information will be used to refine the placement date 

for the full experiment, as well as the Project Manager observation intensity. The number of 

birds or bats initially used in the experiments was chosen as a number representative of the 

expected daily maximum true mortality at wind facilities in California. Examination of the 

Altamont Current Study indicates that the total number of birds (of any species) found during 

any one survey on any string ranges from zero to 11, with some surveys resulting in observations 

of 5 ï 9 birds. These are observations, and are not the true number killed, which is assumed to be 

a larger value. The National Wind Coordinating Committee (2004) Bird and Bat Fact Sheet 

provides some evidence that 15 birds is not an unusual occurrence. We realize that during the 

average string survey event at the Altamont few if any birds are generally observed. However, in 

order to test the hypothesis associated with the relationship between survey error and bird 

density, the experiments should begin with a representative high value, with the bird and bat 

removal tracked closely over the course of the 30 day trial.  

 

We have included experiments that begin with a small number of animals that may be more 

typical of the average mortality at any given Altamont string. Information from these trials will 

allow for comparison of the effect of initial density of total survey error and scavenger removal 

rate. 

 

Information from the pilot study may provide additional evidence that will influence the final 

number of birds and bats deployed at the beginning of any experiment. Therefore, the number of 

animals shown in the following tables should be considered a preliminary estimate.  

  

 

Animal Size 

Number 

of animals 

Placement Date 

(days prior to 

first 

observation) 

Major 

ecological 

condition 

Medium 15 -10 low grass 

Bat 15 -10 low grass 

        

Medium 15 -5 low grass 

Bat 15 -5 low grass 

        

Medium 15 -1 low grass 

Bat 15 -1 low grass 

        

Medium 15 -10 low grass 

Bat 15 -10 low grass 

        

Medium 15 -5 low grass 

Bat 15 -5 low grass 

        

Medium 15 -1 low grass 

Bat 15 -1 low grass 

        

Medium 15 -10 low grass 

Bat 15 -10 low grass 
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Animal Size 

Number 

of animals 

Placement Date 

(days prior to 

first 

observation) 

Major 

ecological 

condition 

        

Medium 15 -5 low grass 

Bat 15 -5 low grass 

        

Medium 15 -1 low grass 

Bat 15 -1 low grass 

        

Medium 15 -10 low grass 

Bat 15 -10 low grass 

        

Medium 15 -5 low grass 

Bat 15 -5 low grass 

        

Medium 15 -1 low grass 

Bat 15 -1 low grass 

        

Medium 15 -10 deep cover 

Bat 15 -10 deep cover 

        

Medium 15 -5 deep cover 

Bat 15 -5 deep cover 

        

Medium 15 -1 deep cover 

Bat 15 -1 deep cover 

        

Medium 15 -10 deep cover 

Bat 15 -10 deep cover 

        

Medium 15 -5 deep cover 

Bat 15 -5 deep cover 

        

Medium 15 -1 deep cover 

Bat 15 -1 deep cover 

        

Medium 15 -10 deep cover 

Bat 15 -10 deep cover 

        

Medium 15 -5 deep cover 

Bat 15 -5 deep cover 

        

Medium 15 -1 deep cover 

Bat 15 -1 deep cover 

        

Medium 15 -10 deep cover 

Bat 15 -10 deep cover 
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Animal Size 

Number 

of animals 

Placement Date 

(days prior to 

first 

observation) 

Major 

ecological 

condition 

        

Medium 15 -5 deep cover 

Bat 15 -5 deep cover 

        

Medium 15 -1 deep cover 

Bat 15 -1 deep cover 

 

 

While the above table indicates replicates for a particular species, placement date, and ecology, 

the site-to-site variation and uncertainty in the shape of the site-specific removal curve is 

expected to result in few if any actual replicates. Therefore, each experiment will have 

exchangeable properties, but will also have unique characteristics. 

 

Figure 2 illustrates the issue with placement date. For any given string, the actual shape of the 

removal curve is unknown, and evaluating the degree of variance in the curve shape (or 

statistical parameters of the underlying distribution from which the curve is derived) is one of the 

goals of the project. Finding appropriate placement dates prior to knowing the removal curve 

such that a range of carcass density has been studied will be difficult, and during the experiment 

we may have to change the placement dates in order to cover the full range of information that 

will be useful for testing and evaluating the existing mortality models (or building new models).  

Figure 2. Hypothetical Representation of Carcass Removal over 30 Days 

 

Due to the larger number of animals, and concerns about possible swamping at nearby strings, 

the following high density experiments are expected to be run at strings without operational 

turbines, or at isolated strings. The initial carcass density shown in the following experiments is 

not expected naturally at the Altamont, but represents conditions that could occur at other sites in 

California or nationally. Also, the higher density values are of interest experimentally and 

provide data that will allow for the development and testing of models for high density 




