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DISCLAIMER 

 This report was prepared as the result of work sponsored by the 
California Energy Commission. It does not necessarily represent 
the views of the Energy Commission, its employees or the State 
of California. The Energy Commission, the State of California, its 
employees, contractors and subcontractors make no warrant, 
express or implied, and assume no legal liability for the 
information in this report; nor does any party represent that the 
uses of this information will not infringe upon privately owned 
rights. This report has not been approved or disapproved by the 
California Energy Commission nor has the California Energy 
Commission passed upon the accuracy or adequacy of the 
information in this report.  
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Executive Summary  
On behalf of the California Energy Commission (Energy Commission), the California 
Institute for Energy and Environment (CIEE) conducted a peer review – with a primary 
focus on statistics - of the following report submitted to the Energy Commission: 
"Developing Methods to Reduce Bird Mortality in the Altamont Pass Wind Resource 
Area," prepared by K. Shawn Smallwood and Carl Thelander. CIEE first prepared a 
Request for Qualifications (RFQ) and used its main mailing list and other list servers to 
distribute the RFQ. A Peer Review Selection Committee reviewed four proposals and 
selected three teams of reviewers. The peer review teams submitted preliminary peer 
review reports that were reviewed by the authors of the report (Smallwood and 
Thelander). The authors provided a detailed response to the peer review reports. After 
reviewing the authors’ response, the peer reviewers finalized their reports. The key 
findings from the final peer reviews are presented in this report. The peer reviews are 
attached (Attachments A-C), along with the authors’ response (Attachment D). 
 
In general, all of the reviewers were explicit in pointing out that the authors had taken on 
an important issue and had done a credible job with the resources that were available to 
them. The original report was clearly an exploratory study meant to set the stage for 
future work in this area. As such, the report serves to provide a basis for continuing 
research on the topic of avian/wind turbine interactions. 
 
The report should not, however, be considered as the basis for developing siting 
requirements for future wind energy projects. It is clear from the peer reviewers’ 
comments that there are significant problems with this paper and that additional studies 
are needed. The positive aspects of the report, coupled with the constructive criticism of 
the reviewers, could form the basis of future work to better define siting requirements 
and guidelines that should be put in place by permitting agencies. As the reviewers 
noted, it will be important to evaluate the model developed in the original study with new 
wind projects. Future research will need to minimize some of the confounding problems 
in the reviewed study, since remaining disagreements require additional research for 
their resolution. Also, utilizing new data sets will better serve to determine whether the 
model is effective. If not, the results should suggest improvements to the model that 
would help in its function as a predictive tool. More research is needed to identify the 
causes of collisions and what measures need to be taken to reduce mortality caused by 
wind turbines. 



 
 

1 

Chapter 1 – Introduction 
On behalf of the California Energy Commission (Energy Commission), the California 
Institute for Energy and Environment (CIEE) conducted a peer review – with a primary 
focus on statistics - of the following report submitted to the Energy Commission: 
"Developing Methods to Reduce Bird Mortality in the Altamont Pass Wind Resource 
Area," prepared by K. Shawn Smallwood and Carl Thelander.1

 

The primary objectives of 
this report were to: (1) quantify bird use, including characterizing and quantifying 
perching and flying behaviors exhibited by individual birds around wind turbines; (2) 
evaluate the flying behaviors and the environmental and topographical conditions 
associated with flight behaviors; (3) identify possible relationships between bird mortality 
and bird behaviors, wind tower design and operations, landscape attributes and prey 
availability; and (4) develop predictive empirical models that identify areas or conditions 
that are associated with high vulnerability.  
 
CIEE first prepared a Request for Qualifications (RFQ) and used its main mailing list 
and other list servers to distribute the RFQ. A Peer Review Selection Committee 
reviewed four proposals and selected three teams of reviewers. The peer review teams 
submitted preliminary peer review reports that were reviewed by the authors of the 
report (Smallwood and Thelander). The authors provided a detailed response to the 
peer review reports. After reviewing the authors’ response, the peer reviewers finalized 
their reports. The key findings from the final peer reviews are presented below. The 
peer reviews are attached (Attachments A-C), along with the authors’ response 
(Attachment D).  

Development of the RFQ  
CIEE held a meeting with key stakeholders and consultants on April 4, 2006 to discuss 
the preparation of a Request for Qualifications (RFQ) for recruiting peer reviewers. The 
meeting participants represented the Energy Commission, CIEE, the National Audubon 
Society (Audubon), and the California Wind Energy Association (CalWEA). The 
principal objectives of the meeting were to agree on a scope for the peer review and the 
criteria for choosing peer reviewers. 
 
Scope for peer review and RFQ:  
 

1. The scope of the peer review was discussed and, after reviewing several options, 
the group agreed that the peer review should focus on the Energy Commission’s 
avian/wind report. 

 
2. The preliminary questions for conducting the statistical review were discussed, 

and there was agreement that these were the appropriate general questions to 
ask. After the meeting, the revised RFQ was circulated to all individuals attending 

                                            
1 The report (Publication #500-04-052) can be downloaded from the following web site:  

http://www.energy.ca.gov/pier/final_project_reports/500-04-052.html  
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this meeting, and a final RFQ was subsequently approved by the Energy 
Commission (Attachment A). 

 
3. The group agreed that the selected peer reviewers would remain anonymous to 

the authors of the report (but that their review comments would be publicly 
available) and that the only people knowing the selected reviewers would be 
CIEE technical staff and members of the selection committee.  

 
4. There was agreement that peer reviewers would be compensated for their work, 

and that, ideally, three reviewers would be selected, depending on the quality of 
the proposals and available budget.  

 
Criteria for choosing peer reviewers and RFQ:  
 

The preliminary criteria for selecting reviewers were discussed, and there was 
agreement that these criteria were the appropriate criteria. Several modifications 
were proposed and agreed upon and were incorporated into the final RFQ 
(Attachment A).  

Selection of Peer Review Teams  
The Peer Review Selection Committee convened via teleconference on Thursday, May 
18, 2006. The Committee members were Terry Surles (Chair; CIEE), Al Manville (US 
Fish and Wildlife Service), and Richard Myhre (Bevilacqua Knight, Inc.). The purpose of 
the meeting was to select two or more peer reviewers from the four proposals that 
responded to the RFQ. 
 
The Committee first discussed two “gates” as part of the selection process. The first 
gate was cost. All of the four proposals that were submitted were acceptable in terms of 
cost. In fact, the four proposals were within $500 of each other. At this point, it was 
agreed that we had sufficient funds to select three of the proposals to conduct the 
review. The Committee concluded that three reviewers would provide greater 
consistency than two. The second gate was that no reviewer had any conflict of interest 
with either of the report authors. The Committee agreed that all four respondents 
explicitly addressed this requirement in their cover letters, as well as being reflected in 
their resumes. The Committee was satisfied that all four proposals met this requirement. 
After selecting two review teams, one review team was excluded because the specific 
statistical and overall breadth of expertise provided by the remaining review team was 
slightly, but noticeably, better. The Committee then reviewed the selections we had 
made and the reasons for making these selections to ensure that we agreed that these 
were the correct selections. The agreement was unanimous among the three 
Committee members that the three proposals chosen for the peer review of the 
Smallwood and Thelander report were appropriate. 
 
The Committee also discussed whether these reviewers would be able to address the 
Commission Executive Director’s concern about the appropriateness of using the Chi-
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Square test and analysis in the Smallwood and Thelander report. The Committee 
unanimously agreed that all of the selected reviewers had the technical expertise to 
address this question. In fact, the Committee expected that the reviewers would be 
directly responding to this issue, since this was one of the requests made in the 
Request for Qualifications: “Was the statistical methodology used on the analysis 
consistent with accepted methods used in other bio-statistical analyses?” The 
Committee felt that this question (and the remaining RFQ questions) should be part of 
the guidance letter sent to the selected reviewers. Notification and guidance letters were 
then sent to the three review teams.  

Technical Expertise of Peer Review Teams  
 
The three peer review teams significantly exceeded minimum technical requirements 
needed to conduct the peer review. We describe the three teams below. 
 
 Review Team 1. There were three individuals in this team.  
 

Team member #1 has a Ph.D. in biostatistics and is a biostatistician at a 
university, with specific interests and expertise in multivariate statistical methods, 
analysis of variance, experimental design, and survival analysis. He has applied 
these interests to a wide array of applications, from content analysis to large 
avian mortality studies, and he is widely published. He teaches a diverse group 
of courses in statistics and has consulted extensively to the public and private 
sectors on statistical issues, including providing reviews of study design, 
analysis, and conclusions.  

 
Team member #2 is a consultant and has designed and conducted many avian 
studies as a federal research biologist and field station leader. These studies 
were primarily been done to determine population trajectory and to identify 
causes of mortality of waterfowl and game birds. He has extensive field 
experience and is widely published. He is a Certified Wildlife Biologist and has 
been recognized by the U.S. Fish and Wildlife Service for exemplary 
performance and by The Wildlife Society for his leadership.  

 
Team member #3 is a population biologist at a university. He has a thorough 
knowledge of the scientific literature on avian collisions, especially nocturnal 
collisions.  

 
All of the team members have conducted independent and unbiased technical 
reviews. 

 
 Review Team 2. There were three individuals in this team. 
 

Team member #1 has a Ph.D. in biostatistics and teaches at a university. His 
recent research interests focus on monitoring, sampling, generalized linear 
models, and statistics education.  
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Team member #2 has a Ph.D. in ecology and is a wildlife population ecologist 
specializing in ornithology and teaching at a university. He has recently taught 
courses in ornithology, land-bird conservation and management, habitat ecology, 
wildlife techniques and scientific method, wildlife ecology and conservation, and 
principles of wildlife management.  

 
Team member #3 has a Ph.D. in environmental engineering and is a co-director 
of a university energy research center.  

 
All of the team members have conducted independent and unbiased technical  
reviews. 

 Review Team 3. There was one individual in this team. 
 

This person has a Ph.D. in biomathematics and is a statistics professor at a 
university. His area of expertise addresses sampling and estimation problems in 
ecology and wildlife biology, and he has published extensively on these topics. 
He has participated in several ornithological field research studies. He has also 
served as an editor for the Wildlife Society Bulletin and Journal of Wildlife 
Management. He is also president of a statistical consulting company, and he 
has conducted many independent and unbiased technical reviews.  

Peer Review Guidance  
 
The peer reviewers were asked to address the following questions: 
 

• Was the statistical methodology used on the analysis consistent with accepted 
methods used in other bio-statistical analyses?  

• Were the technical approaches used in the research appropriate for achieving 
stated goals?  

• Were the data collection and analysis methods and assumptions clearly stated, 
valid, and reliable? Were there any errors or, flaws? Were any relevant factors 
missing?  

• Was the study design scientifically sound? Was there sufficient time to conduct 
the study (e.g., time for conducting searches, time for assessing seasonal 
effects)?  

• Were uncertainties described, either qualitatively or quantitatively?  
• Were findings statistically significant?  
• Were the conclusions supported?  
• Other observations and comments?  
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Kickoff Meetings  
 
CIEE held three kickoff meetings – one with each review team. The principal objectives 
of the kickoff meetings were to review the scope of work, key issues, and to answer any 
questions from the reviewers. The following topics were covered:  
 

1. Conflict of Interest. One of the key criteria in selecting the peer reviewers was 
that no members of the peer review team had any conflict of interest (as stated in 
the RFQ). All review teams verbally confirmed that there had been no change to 
their statements in their proposals, and that there was no conflict of interest.  

 
2. Anonymous Review. The review process was generally modeled after the 

National Academy of Sciences’ review process where the names of the 
reviewers are kept anonymous. The only people knowing the names of the 
reviewers were the members of the Peer Review Selection Committee and CIEE 
staff working on the contracts with the reviewers. The Energy Commission and 
the report authors do not know the names of the reviewers. The reports from the 
peer reviewers would be part of the public record, but the names of the reviewers 
would not be on the reports. On one specific issue, there was a divergence from 
typical review processes: there was explicitly no opportunity available for the 
authors to update their report.  Therefore, where authors and peer reviewers 
were in agreement on necessary changes to the report, there was no mechanism 
to effect those changes.  

 
3. Focus of Peer Review. It was emphasized that, in order to maintain an objective 

and impartial review, the peer reviewers would review only the Smallwood and 
Thelander report, and not the reviews by other parties. The focus would be on 
the statistical and technical validity of the report. The reviewers would also focus 
on the research design, data collection, and data analysis components of the 
report, and not on the policy recommendations. The statistical concerns of the 
Executive Director (as reflected in the note in the Technical Scope of Work 
provided to the review teams) were reviewed. All of the review teams indicated 
that they understood these issues and that they would be addressed in their 
review (but not be the primary focus of their review).  

 
4. Report Organization and Format. It was emphasized that the peer review reports 

should be understandable to the layperson and non-statisticians, especially in the 
Executive Summary. While the main report would highlight the key statistical 
findings from the review, the authors of the reports would consider placing some 
text in an Appendix if it is perceived as too detailed. The reviewers would 
highlight the overall impressions of the report and then indicate if there were any 
“fatal flaws” in the report. This would be followed by a critical discussion of the 
report (indicating page and line numbers) and opportunities for improvement.  
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5. Interaction Between Reviewers and Authors. Two types of interaction between 
reviewers and authors were anticipated. The first type of interaction would occur 
during the review process where the reviewers would want to obtain references 
or seek clarifying questions from the authors. All questions were to be sent by the 
lead contact from the peer review team to CIEE; CIEE would then copy and 
paste these questions in a new email that would be sent to the authors of the 
report. The authors would then respond to CIEE; CIEE would then forward their 
response to the reviewers. We only received one request from one review team 
for a document. One reviewer noted that he would have liked to talk to the 
authors but that the discussion would have been very lengthy and would have 
used up many of the hours allocated to the peer review.  

 
The second type of anticipated interaction would occur after the draft report had 
been submitted to CIEE. CIEE would forward the draft reports to Smallwood and 
Thelander who would be given the opportunity to respond to the draft reports. 
Their comments would then be forwarded to the peer reviewers. The peer 
reviewers would respond to the authors’ comments and make changes to their 
report if warranted. A record of these discussions would be attached as an 
appendix to the final report. This process did occur. Smallwood and Thelander 
were given three weeks to respond to the comments from the peer review teams. 
The response from Smallwood and Thelander is attached (Attachment E). The 
peer review teams were given two weeks to make any changes to their 
preliminary report. Changes to the preliminary report were marked in italics and 
the individual peer review reports are attached (Attachments B, C, and D). While 
it may be difficult for the reader to follow all of the edits in the peer review reports, 
we believe it is important to keep these edits in the reports, so that the reader 
can follow the entire review process and understand how the peer reviewers 
responded to Smallwood and Thelander’s response to the original peer review 
reports. 

Previous Peer Reviews  
 
While not specifically pertinent to the mechanics of this review, we believe that it is 
important to point out that this is the third peer review of the Smallwood and Thelander 
report. Prior to its release by the Energy Commission, this report was peer reviewed by 
two scientists with expertise in the issue of bird collisions with wind turbines. The report 
was then revised and reviewed by the wind turbine owners and their consultants, and by 
biologists from the California Department of Fish and Game and the U.S. Fish and 
Wildlife Service. The report was revised again before the Energy Commission released 
it. The Energy Commission administered a second peer review by three more scientists 
with expertise in the issue of bird collisions with wind turbines. However, Smallwood and 
Thelander were not given the opportunity to revise the report. The Energy Commission 
requested a third review – to be conducted by scientists with expertise in biostatistics 
and with no conflict of interest with the authors of the report. The findings from this third 
review are presented in the next section.  
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Chapter 2 – Peer Review Findings  

Introductory Comments  
 
Prior to providing a summary of the three sets of peer review, a few general comments 
are necessary. In general, all of the reviewers were explicit in pointing out that the 
authors had taken on an important issue and had done a credible job with the resources 
that were available to them. The reviewers also recognized study difficulties related to 
the limited ability to manipulate the site to meet the data collection requirements for 
statistical analyses.  The original report was clearly an exploratory study meant to set 
the stage for future work in this area. As such, the report serves to provide a basis for 
continuing research on the topic of avian/wind turbine interactions. Absent future 
research, it is clear from the peer reviewers’ comments that there were sufficient 
problems to preclude the use of this paper for regulatory decision-making. Rather, the 
positive aspects of the report, coupled with the constructive criticism of the reviewers, 
should form the basis of future work to better define what siting requirements and 
guidelines could be put in place by permitting agencies.  
 
The following discussion has been designed to explain the reviewers’ comments in a 
manner that will be understandable to the lay reader. The following discussion is 
structured based on the questions that the reviewers were requested to answer per the 
RFQ (see Section 1.4). For an explanation of terminology, please refer to Review Team 
#2 Comments in Appendix C, pages 2 – 4. The remainder of Section 2 is essentially an 
extraction and summary of the reviewers’ comments, unless noted otherwise. An 
additional section has been added at the end, which focuses on recommendations for 
future work. These recommendations are based on reviewer comments as well as those 
of the original authors who were asked to respond to the draft reviews.  

Was the Statistical Methodology Used on the Analysis Consistent 
with Accepted Methods Used in Other Bio-statistical Analyses?  
 
The three review teams unanimously felt that there were four important statistical flaws: 
(1) use of chi-square tests on confounding variables; (2) pseudo-replication in the way 
bird behavior was reported; (3) presentation of hypothesis results from a study design 
that did not carefully control for external factors; and (4) the high probably of Type I 
errors from conducting hundreds of univariate tests. 
 
Chi-squared analyses with measured variables of time were not appropriate. The 
analysis of a measured variable, such as minutes, using a Chi-square analysis is 
invalid. The Chi-squared tests are sensitive to changes in scale, i.e. the results would 
change if data were expressed in seconds or hours. Chi-squared analysis must be used 
with counts, not time. The authors of the study used Chi-squared analysis to assess the 
significance of timed bird behavior.  Also, Chi-square analysis assumes that counts are 
exact and not estimated. Adjusted counts (adjusted for scavenging and detection rates) 
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were frequently used in the report. It was not obvious to all reviewers whether adjusted 
or raw counts were utilized to calculate the statistics. If adjusted counts were used, it 
was not clear how the uncertainty in these counts would influence the conclusions 
reached on numerous chi-square hypothesis tests. Finally, using a very large number of 
univariate chi-square tests (as used by the authors) is not common in bio-statistical 
analyses.  
 
The reviewers were concerned about possible pseudo-replication. Pseudo-replication is 
possible when samples are not independent, but are treated independently. The 
reviewers observed that the turbine strings were surveyed using transects and the 
turbine strings were the sampling unit. The authors used both turbine strings and 
individual turbines as independent samples. Thus, it is possible that pseudo-replication 
is a source of statistical uncertainty. 
 
The author’s study design was observational, but the authors presented results from 
hypothesis testing as if the study was carefully controlled for external factors. Therefore, 
the authors proceeded to present results from hypothesis testing as if the study was 
carefully controlled for external factors and results were confirmatory. Presentation of 
results should be clearly reported as exploratory. 
 
Multiple comparisons with inter-correlated variables were made without appropriate 
corrections. One reviewer pointed out that the use of alternative analytical techniques 
would still not address all of the problems associated with the data sets, such as non-
random sampling. While all reviewers noted that it is likely some number of the reported 
tests were statistically significant, they would have more confidence in the analysis if 
other tests were performed (e.g., multiple regression). In addition, performing many 
statistical tests increases the probability that “significant” results would be found when 
there is none – a Type I error. The probability of Type I errors increased by conducting 
multiple tests with confounding independent variables. The reviewers noted that the 
threshold for significance (P values of 0.05 or smaller) could average about 1 Type I 
error in every 20 tests. Therefore, the hundreds of tests produced by the authors could 
result in numerous Type I errors. The peer reviewers felt that the study failed to use 
appropriate corrections to account for the probability of Type I errors. 

Were the Technical Approaches Used in the Research Appropriate for 
Achieving the Stated Goals?  
 
The stated goals for this study were to: (1) quantify bird use; (2) evaluate flying 
behaviors and conditions associated with flying behaviors; (3) identify the relationships 
between bird mortality and various explanatory variables; and (4) develop predictive, 
empirical models that can be utilized to identify areas or conditions associated with high 
vulnerability. The reviewers believed that limitations imposed on the study design 
precluded the ability to effectively address all four goals. In particular, a design for 
addressing #1 and #2 goals would not be the appropriate design for developing 
predictive models (#4). All reviewers felt that the major problems with the approach 
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were that the individual turbines were not statistically independent and turbines were not 
given equal levels of survey effort. The reviewers noted that while observational studies 
are commonly performed, there are limitations in the degree to which defensible 
inferences can be made in studying biological systems. The issues associated with the 
technical approaches are best addressed in the responses to questions serving as 
Section headers from 2.4 to 2.8.  

Were the Data Collection Methods and Assumptions Clearly Stated, 
Reliable and Valid? Were There Flaws, Errors, or Relevant Factors 
Missing?  
 
The reviewers noted that numerous assumptions were made over the course of the 
study. While it may have been necessary under budget and time constraints to make 
these assumptions, these assumptions were not readily defensible and, in some cases, 
were not clear to the reviewers. Some examples follow.  
 
The authors used recently developed protocols for carcass searches, standard bird 
observations, rodent surveys, etc., to obtain data and, thus, were appropriate. However, 
issues arose in terms of methods used to measure bird mortality. This is because 
differences in observer ability were not incorporated into the evaluation, nor were they 
demonstrated to be insignificant. For example, differences in scavenger removal were 
not incorporated. Since scavenger removal is distributed unevenly across a landscape, 
its influence could confound patterns caused by other variables. Instead, the authors 
chose to adopt adjustments to published scavenging and detection rates based on 
assumptions that were inadequately supported with information contained in the report. 
Finally, the degree of interference from the operators of the wind turbines (site 
operators) was probably not taken into account. For example, site operators would find 
carcasses on site and bury the carcasses – clearly an unanticipated form of scavenger 
removal. Further, scavenger removal is spatially variable and difficult to correct for.  
Thus, there are many sources of error that make accurate measurement difficult as part 
of this study.  

Was the Study Design Sufficiently Sound? Was There Sufficient Time 
to Conduct the Study?  
 
The study design had several flaws that could compromise the reliability of the results. 
All of the reviewers agreed that one of the biggest issues was the non-random sampling 
of turbine strings. Constraints imposed by the site operators precluded the authors from 
implementing a truly random sampling design (e.g., not all sites were accessible to the 
authors at the same time). Although approximately 75% of the turbine strings were 
eventually sampled, their results cannot be extrapolated to those strings not sampled. 
The order in which turbine strings were, somewhat piecemeal, added to the study could 
have affected the results. While the authors did not bias their sampling locations, 
unknown biases may have been present due to the non-random selection of turbines.  
 



 
 

10 

Individual turbines were not statistically independent because they were surveyed as 
strings (i.e. strings of turbines). Turbines were not sufficiently separate to 
unquestionably assign a carcass to the turbine that caused a death. The appropriate 
unit of analysis was the turbine string. Thus, the statistical analyses of the impacts due 
to individual turbines may be inappropriate due to their lack of separation from one 
another. This can make the effects of the turbines appear to be more significant than 
they are. Thus, all analysis of variance (ANOVA) tests using the distance of birds to 
turbines as the experimental unit suffer from this analytical flaw.  
 
The study design was hindered, as described in a preceding section, by the difficulties 
encountered in obtaining access to the site. This lack of access – or access granted by 
site operators on an incremental basis – led to the difficulties associated with non-
random sampling and the statistical assumptions and analyses that followed from this 
basic problem.  
 
This led to an observation by the reviewers on what the study was (and wasn’t). There 
is the acknowledgement that the authors put considerable effort into collecting a very 
large amount of data. One reviewer observed that, as a result, this focus led to less 
attention on what to do with information once it was obtained. Thus, these analyses 
could have been more thoughtful and sophisticated (statistically). As it is, the statistical 
analyses are applied in a seemingly automated manner that fail to utilize the data at 
hand and ignores the probability of confounding variables. As mentioned previously, 
large number of tests likely result in Type I errors.  
 
An important conclusion from one set of reviewers is that the authors performed an 
observational study. While these are commonly performed in biological sciences, they 
do have limitations.  Non-random sampling is not the fault of the authors (due to their 
lack of site access), but the results may lead to an “unrepresentative” set of data. 
Therefore, this study should be seen as a significant addition to the literature, due to the 
volume of information obtained. However, any conclusions on the statistical significance 
of the findings should simply be treated as indicators of what should be explored in 
future studies in which funders, scientists, statisticians, and site owners are clear on the 
study design and their respective roles from the onset of the study.  

Were the Uncertainties Described, Either Quantitatively or 
Qualitatively?  
 
The reviewers noted that uncertainties were described in many cases. However, 
uncertainties were either insufficiently explained or not explained in other cases.  The 
authors made no attempt to adjust, quantify, or describe the probability of a number of 
positive results across the project due to the vary large number of univariate tests that 
were performed.  
 
The authors made significant use of extrapolation of mortality estimates, thus leading to 
additional uncertainty. While this may be reasonable for observational studies, it is not 
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appropriate in cases where these extrapolations may form the basis of statistical 
analyses. 
The reviewers believed that many estimates of rates were provided with no attempt to 
describe associated uncertainties. For example, estimates of the percentage of mortality 
increases associated with a given variable are provided with no assessment of the 
uncertainties associated with these estimates. The lack of consistency in seasonal 
sampling introduced additional uncertainty. 
 
Additionally, the authors attempted to connect rodent eradication practices to reduced 
mortality. While this effort may be admirable, it also introduces one additional variable 
that can further confound the overall study’s conclusions. The issue of confounding 
variables, as in this example, is not properly addressed in the study’s analyses. Thus, 
some of the conclusions that are drawn may be inappropriate due to lack of attention to 
this issue. Future studies will need to address which (and how) certain variables may be 
confounded. It is also possible that confounding cannot always be reduced or 
eliminated. When this fact is determined, the results should be stated clearly that this is 
the case.  
 
As described in previous sections related to study design, there was no attempt to 
address differences in observer abilities, although the authors have the opinion that 
mortality will be underestimated. However, since the results of the study rely heavily on 
comparisons of bird kills at different turbine types, observer ability could bias fatality 
rates and study conclusions.  
 
A similar problem occurs when attempting to provide reasonable estimates for 
scavenger removal. As described previously, the site operator’s procedures for 
removing carcasses as they were discovered through normal operation and 
maintenance activities adds a variable that may not normally be encountered. In not 
addressing these and other variables, the concomitant uncertainties arising from the 
activities and procedures at different locations across the study area were not 
addressed.  

Were the Findings Statistically Significant?  
 
The discussions in the preceding sections make clear that the findings are not 
necessarily statistically significant. Small sample size (in some cases) and over-use of a 
variety of statistical tests (such as Chi-square test) can lead to a potentially large 
number of Type I errors – to name just two examples of why some findings would not be 
statistically significant. All reviewers agreed with this observation. As one reviewer 
pointed out, with so many Chi-square tests being performed, the probability of a false 
positive being seen as “real” became 1. In addition, the combination of flawed sample 
design and analytical methods used make it difficult to identify which results are 
biologically significant and which are artifacts of process weaknesses. All reviewers 
pointed out that many of the findings may in fact be significant but that a re-analysis 
using multiple regression would give them more confidence in the results. 
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Were the Conclusions Supported?  
 
This study and the related analyses cannot be accepted as one that has rigorously 
tested hypotheses regarding bird mortality. Thus, it is unreasonable to assume that this 
document could, by itself, form the basis of informed decision-making. Instead, this 
project should be considered as an exploratory analysis that has identified a number of 
variables that are positively associated with increased mortality rates. Thus, the product 
of this research endeavor is an educated list of working hypotheses associated with bird 
mortality. Additionally, having developed a model that attempts to predict mortality with 
the study data, this study can be followed up with studies to examine the validity and 
robustness of the model through a rigorous sampling design that will work to control 
confounding variables. 
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Chapter 3 – Future Research Directions  
 
The reviewers and the authors themselves provided some excellent suggestions for 
conducting future research in the area of avian/wind turbine interactions. Smallwood 
and Thelander, as requested by the Energy Commission, devoted a portion of their 
response to the draft review comments to pointing out specific needs for future studies 
(see Appendix E). Prior to considering these specific suggestions, some other points 
need to be made.  

The Policy Context  
 
The ratepayers of the investor-owned utilities (IOUs) in California fund the Energy 
Commission’s Public Interest Energy Research (PIER) program. As such, any work 
funded by PIER must meet the needs of ratepayers and provide the opportunity of 
future benefits to these ratepayers. Proper resolution of the issues raised in PIER 
studies is appropriately in the interest of the ratepayers, for at least two reasons. First, 
the State of California has implemented legislation that promotes the use of renewable 
energy technologies for the production of electricity. In order to meet the goals of these 
legislative initiatives, a substantial portion of renewable-powered electricity generation 
must come from wind turbines. Until these issues have been resolved, the full 
development of the wind turbine industry will be delayed. Second, the State of California 
has been remarkably consistent in addressing serious environmental concerns in a 
manner that meets with public approval. Thus, the understanding of and the 
development of mechanisms for the protection of threatened and endangered avian 
species is an important facet of these types of programs and is expected to be a high 
priority for the PIER program.  

Research Suggestions  
 
As the reviewers noted, the lack of cooperation with the operators of any set of facilities 
will be a showstopper for conducting future research studies that are scientifically 
sound. There will need to be a clear understanding for future studies between all parties 
as to the study design and site access to ensure the conduct of a robust program. As 
Smallwood and Thelander point out, the installation of expensive retrofits by existing 
wind turbine operators may be too expensive. Thus, the only measures left to 
researchers at existing sites may be painting schemes, lighting, acoustical devices, and 
land use practices. They also suggest that the more important factors for future 
development may be siting, wind farm configuration, the type of turbine, and rotor blade 
height. Analyses of these factors should be considered as part of future research.  
 
As the reviewers noted, it will be important to evaluate the model developed in the 
original study with new wind development projects. The projects will need to be 
designed to minimize some of the confounding problems that were raised in the 
previous study. Also, utilizing new data sets will better serve to determine whether the 
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model is effective. If not, the results should suggest improvements to the model that 
would help in its function as a predictive tool. More research is needed to identify the 
causes of collisions and what measures need to be taken to reduce mortality caused by 
wind turbines.  
 
The installation of a wind turbine farm clearly modifies the environment. Based on these 
modifications, more needs to be known about perching and flight patterns that have 
been modified due to wind farm installation. This effort would necessarily need to 
include several bird species. Where possible, it would be very useful to design a study 
examining these behavioral patterns in a region prior to construction of the facility and 
following the start up of facility operations. The reviewers and authors also agree that 
adequately characterizing avian behaviors in different seasons is critical.  
 
The reviewers were concerned about the validity of human observations. Smallwood 
and Thelander have suggested using advanced integrated radar and camera systems 
(AIRCAMS) for properly characterizing a site. Human observation would remain an 
important component of any project, but data obtained by both methods should be more 
robust (i.e., the human observations would be validated by the AIRCAMS technology). 
 
The need to obtain peer review and approval of future study designs will be important. 
For example, there continues to be debate on the validity of using turbine strings versus 
individual turbines as the sampling point.  Some evaluation will need to be done in the 
future concerning the amount of separation between turbines to allow truly independent 
analysis for each turbine.  
 
The reviewers raised several issues regarding data analysis. In their response, the 
authors agreed with many of these comments. The authors suggest that a means to 
address this issue will be to collaboratively share data with the developer of the Avian 
Risk of Collision (ARC) model. Each research budget should include some funding for 
this coordination.  
 
Other information that would need to be collected as part of a more robust set of studies 
in the future would include that for diurnal raptors, raptor nest survey data, nocturnal 
raptors, grassland songbirds, and bats. Mechanisms and parameters for fatality 
searches must be clear to an advisory board or external group. And, as described 
previously, the potential for access to all turbines on site must be unlimited.  
 
Since there was debate on this issue, there must be agreement on the mortality metric 
used for these studies that will be consistent with metrics for similar studies in other 
locations. The authors have suggested fatalities/kWh. This may be a reasonable 
suggestion, since site operators will be thinking in terms of the output of their facility. 
Also, other environmental emissions, such as sulfur dioxide, are measured in terms of 
electricity output.  
 
A better analysis of ecological relationships will be important for understanding impacts 
to avian species. Thus, a better understanding of other species behavior, such as cattle, 
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may be an important set of data to obtain in the future. Also, it will be important to better 
understand the relationships of animals with their surrounding ecosystem. Therefore, 
better information on ground cover, grass height, and any invasive species introduction 
will be valuable.  
 
The preceding discussion forms the basis of future studies. It is critical to re-iterate that 
these studies must be done in the public interest: these studies must provide a benefit 
to the ratepayers that are funding these programs. All study designs must keep in mind 
that, ultimately, these programs should enhance the understanding of public decision-
makers and provide a more robust basis for developing siting, construction, and 
operating permitting guidelines.  
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assumed that scavenging rates were equal across the whole study area, regardless of local 
vegetation conditions.  This may have affected the results of the study. 

Technical Overview 

This document reviews the methodological and statistical adequacy of “Developing methods to 
reduce bird mortality in the Altamont Pass Wind Resource Area” prepared by BioResource 
Consultants and published in August 2004.   

The study has three major statistical flaws: 1) Pseudo-replication; 2) Inappropriate application of 
Chi-squared analyses to measured variables; 3) High probability of Type I errors resulting from 
using uncorrected post-hoc comparisons and inter-correlated independent variables. 

2Individual turbines are not statistically independent because they were surveyed in strings and 
turbines were not sufficiently separate to unquestionably assign a carcass to the turbine that 
caused the death.  The appropriate unit of analysis is the turbine string.  Consequently, all 
analyses at the turbine level must account for this hierarchical structure in the data.  Failure to do 
so, as occurred in this study, artificially inflates error degrees of freedom and F-ratios and makes 
effects appear more significant than they actually are.  All of the ANOVA tests using turbines as 
the experimental unit performed in Chapter 3 suffer from pseudo-replication.  Though less 
obvious, the Chi-squared analyses in both Chapter 7 and Chapter 8 should have also accounted 
for the structure of the data. 

Chi-squared tests are often viewed as designed to compare observed data values to expected 
values derived from some model.  This notion is only partly correct.  The data must be counts of 
sample units possessing a particular attribute.  The analyses in Chapter 83 apply Chi-squared 
frequency analyses to a measurement variable (i.e., minutes of activity, top of p 254).  This is an 
incorrect application of the Chi-squared test.4  Consequently, the results presented in Tables 8-6 
(minutes of perching), 8-7 (minutes of flight), 8-8 (mean flight height), 8-9 (mean distance from 
nearest wind turbine), 8-10 (flight time within 50 meters), 8-11 (minutes of perching, minutes of 
flying) are not valid.  The appropriate analysis would have been to use an Analysis of Variance. 

The study furthermore has three methodological flaws that may alter the conclusions drawn from 
the study: 1) turbine strings were sampled haphazardly, 2) results were not adjusted for observer 
ability, and 3) adjustments for scavenger removal relied on other studies and did not account for 
differences in vegetation type or height. 

Investigators added turbines to the study as they were made available by wind farm operators, 
not according to a pre-determined sampling design.  Consequently, turbines were surveyed for 
different periods and turbines that may have had different characteristics were added to the pool 
of sampled turbines over time, potentially affecting study results.  Although the authors 
specifically assert that the results of the study cannot be extrapolated to turbines that have not 

                                                
2 The last paragraph of p. 47 (in Chapter 3) indicates the basic sampling unit was a string of turbines.  This sampling 
scheme imposes a structure on the data where an individual turbine is a subunit of a string.  Because of this 
structure, 
3 attempt to 
4 and consequently, almost all of the tests reported in Chapter 8 are invalid. 
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been sampled, this still represents a methodological drawback that was caused it seems by the 
wind farm operators. 

The authors assert that it is not necessary to adjust for observer ability in reporting fatalities 
around turbines because they know that mortality will be underestimated.  The study does, 
however, rely heavily on comparisons of numbers of birds killed at different turbine types.  
Observer ability could bias fatality rates up or down and consequently could alter conclusions 
about different turbine types and locations if different observers disproportionately surveyed one 
type of turbine or landscape position.  

The authors assert that it is not necessary to adjust for scavenger removal because it is already 
known that mortality will be underestimated.  The analysis relies on numbers of fatalities that are 
detected; differential scavenger removal throughout the study area would affect results of all 
subsequent analyses.  If scavenging were uniform across the study area and among turbine types 
this variable probably would not affect conclusions, but the report contains no information to 
indicate that this is true. 

Finally, the report did not address the existing literature on birds colliding with tall, lighted 
structures at night.  Although raptors and grassland birds are presumably killed most by turbines 
at Altamont Pass during the day, collisions with migratory birds may also occur at night, 
especially if taller turbines are installed in the future.  The study does not record whether 
turbines were lighted, and does not recognize that recommending that turbines be replaced on the 
tallest possible towers may actually increase mortality of migratory birds.5 

We note here that the turbine operators at APWRA significantly hindered the design of the 
research project.  Access was only granted to subsets of turbines from the start of the project, 
limiting the ability of the investigators to conduct random (or stratified random) sampling (or 
even complete sampling).  Furthermore, the investigators reported that staff for turbine 
operators may have buried or hidden carcasses of birds.  These factors must be eliminated to 
improve any future studies at APWRA.  Although the investigators apparently agreed to do the 
study even under these conditions and therefore bear some responsibility for these limitations 
themselves, the greater interest of increasing knowledge about this system cannot be served if the 
turbine operators do not cooperate in research efforts and indeed, the investigators stated that 
they would not undertake a similar study if full access were not granted. 

                                                
5  Regarding this issue, Smallwood and Thelander responded, “Some comments were irrelevant or confused, caused 
by lack of familiarity.  For example, Review Team 1 appeared amazed that we neglected to discuss turbine lighting 
as an issue in the APWRA, but wind turbines in the APWRA are not lit.  The issue of nocturnal migrants colliding 
with tall towers on the east coast of the U.S. cannot be extrapolated to wind turbines on the west coast, especially 
these small ones in the APWRA.  The wind turbines in the APWRA are nowhere near the heights of communication 
towers, so citing the literature on collisions with communication towers would be irrelevant.”  By way of 
clarification, we suggested that the issue should be discussed given that Smallwood and Thelander recommend 
taller turbines in the repowering program.  Groups of towers more than 200 feet tall would need to be lighted, and 
taller towers is currently the trend in the wind industry.  This research has the potential to be applied elsewhere 
(despite admonitions by the authors to the contrary) and we therefore thought this issue should be addressed. 
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Specific Comments 

Further detail about our general comments and specific questions are raised in the following 
responses to aspects of each Chapter.  Where relevant to the discussion, we have quoted text 
from the BioResource Consultants report (in italics) or reprinted figures.  Our comments and 
questions are presented in Roman text.  In the final report, italicized text in our comments 
indicates revisions since the draft review. 

Chapter 1– Introduction 

Page 7, “In March 1998, the National Renewable Energy Laboratory (NREL) initiated research 
to address certain complex questions: What is the full extent of bird mortality in the APWRA? 
What are the underlying causes of the mortality? What role do bird behaviors play in mortality 
at wind turbines? Is mortality predictable at wind turbines with certain suites of characteristics?  
If it is, then can management strategies be developed to reduce mortality?” 

The questions raised by authors in paragraph 2 are valid, but could have been expressed as 
sequential components that, acting in concert, result in mortality of birds.  The primary 
components are: 

(1) physical and operational attributes of turbines (i.e., variables of: turbine model, turbine 
size, rotor diameter, tip speed, window, rotor-swept area/sec., tower type, tower height, blade 
color scheme, perch guard, low reach of blades, high reach of blades — as used in analyses for 
Table 7-2), 

(2) placement of individual turbines (or turbine strings) relative to topography and 
prevailing wind  (i.e., variables of: orientation to wind, derelict turbine, whether in wind wall, 
position in string, position in farm, turbine congestion, elevation, slope grade, physical relief, 
whether in canyon, slope aspect), 

(3) ecological aspects relative to avian foods that may affect behavior of birds near turbines 
(e.g., variables of: edge index, rock piles, rodent control, cattle pats-grass, cattle pats-turbines, 
cottontails-grass, cottontails-turbines, and vegetation) and 

(4) behavior and seasonal abundance of avian species near (within 300 m) of turbines in 
“rotor zone” (e.g., variables of: season of the year, time spent flying (20 behaviors — as in 
Table 8-2 and Table 8-18), flight height, distance from turbines, dangerous flights, time spent 
perching (26 perch structures as in Table 8-2).  

Inasmuch as Step 1 (susceptibility) and Step 2 (vulnerability) result in Step 3 (impacts, i.e. 
mortality), the first two terms mean nearly the same thing (“capable of being affected” vs. 
“capable of or susceptible to” some variable.  Notwithstanding the existence of literature using 
these terms, the use of these two terms as meaning different things is jargon that is not familiar to 
most readers, even ecologists and wildlife scientists.  The authors should either provide a more 
detailed explanation of the difference between susceptibility and vulnerability or avoid this 
usage.  Furthermore, although terminology is defined throughout the document, a glossary of 
terms in an appendix would be useful. 
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Page 8, first paragraph, last sentence: “For this report we have combined the data from both 
research efforts.” 

6The non-random addition of study sites during these two studies confounds various analyses.  
This is especially important because of the year-to-year variation in measured fatalities. 

Page 9, first paragraph under 1.1.2: “The placement and operation of wind turbines can make 
birds vulnerable to wind turbine collisions…” 

This sounds as if birds can die at wind turbines (fly into them) even if turbines are not operating 
(blades not turning). Are deaths in this manner minuscule compared to deaths in moving blades 
or is this known?  

Page 11, Section 1.1.4, first paragraph:  “….then the probability of an individual being killed by 
a wind turbine occurring on a particular environmental element would equal the proportion of 
the wind turbines associated with…” 

Not sure of the wording here. Would it equal the probability or just be associated with it? 

Page 12,  “At selected turbines in the APWRA, we compiled data separately for bird behaviors, 
wind turbine and tower characteristics, fatality searches, fatality search results, maps of rodent 
burrow systems, and various other physical and biological factors.”  

Both here and elsewhere, the authors fail to provide a rationale for arbitrary actions. How were 
turbines selected?  The authors do note that the turbine selection was a result of the operational 
constraints of APWRA, “Only about 28% of the APWRA’s total wind turbine population was 
included in the project initially, due to limitations placed on access to turbines” (also p. 12).  
Even with such limitations, the approach (although not stated in the report) seems to have been 
to survey all turbines to which access was granted, rather than selecting either a random sample 
or a stratified random sample that would have included representation of each turbine type. 7 
This limits the conclusions of the study considerably, and, indeed, the authors acknowledge later 
that their models cannot be extrapolated to turbine strings that were not surveyed.  Bird mortality 
could be higher or lower at turbines never studied.  Furthermore, the addition of turbines to the 
search effort opportunistically creates potentially severe problems for the analyses.  Because 
measured fatalities varied from year to year, the addition of a large number of a specific type of 
turbine during a “low” fatality year would give the false impression that a certain turbine type 
caused less mortality when data were pooled over multiple years.  

Page 19, Table 1-1.   

It is of interest that for 2 of the 3 turbine types (i.e., Bonus, Micon) “percent time in operation” is 
lacking and these two have higher mortality rates than other types except for the Kenetech KCS-
                                                
6 Data collected from two different research studies are not as robust as data collected for all variables in the same 
time period.  This circumstance will limit the evaluation of interaction effects among some (maybe even) critical 
variables. 
7 The authors provided a more detailed explanation of the sampling scheme in response to comments.  While we still 
believe the sampling scheme was flawed (in no small part because of the turbine operators’ unwillingness to provide 
access), this additional detail should be included in the methods section of the report. 
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56, which has the highest number of carcasses associated with it in the APWRA (see Fig. 2-6). 
Table 1-1 lists percent time in operation as only 39% for the Kenetech KCS-56 type. It may be 
that operating duration was less for the Bonus and Micon turbines, or that the Kenetech KCS-56 
just kills more birds because of its unique mechanical attributes.  The failure of turbine operators 
to provide data such as operation time compromises the ability of researchers to provide 
guidance to the wind industry. 

Comment deleted.8 

Page 20, next to last paragraph:  “Within the APWRA study area, we performed focused studies 
involving smaller areas or select groups of wind turbines.” 

The authors never provide a rationale for how turbines were selected for the focused studies.9  
This description also gives the mistaken impression that turbines were the sampling unit, when 
the sampling unit was actually the turbine string (p. 47).10  Neither this text nor the following 
chapters describes the selection process as being random.  If turbine strings for the more focused 
studies were not selected randomly (that is, not every turbine string had an equal probability of 
being included in the focused study), then results of the focused studies on rodent burrows and 
bird activities cannot be extrapolated to the non-sampled turbine strings. 

Page 27, last paragraph:  “To uncover and understand the patterns of bird mortality at a wind 
farm one must first interpret the influences on wildlife ecology that are caused by wind turbines.  
They are artificial structures installed in an otherwise natural setting that can have a profound 
influence on how arrays of interrelated landscape components function.” 

These statements suggest that an additional component to the four we presented earlier needs to 
be included.  That is, without before and after turbine installation studies (which authors have 
acknowledged are needed) some of the ecological aspects are confounded inasmuch as the act of 
installing the turbines changes the food base that in turn affects bird behavior and may increase 
exposure to effects of turbines, even if the turbines are not operating. 

Chapter 2 – Cause of Death and Locations 

Page 28, last paragraph: “The statistical tests included mostly one-way analysis of variance 
(ANOVA) and least significant differences (LSD) between groups.  All LSD tests reported below 
were associated with P-values < 0.05. We also estimated Pearson’s correlation coefficient for 
the distance of the carcasses and elevation of the tower base.” 

                                                
8 Page 20, first paragraph.  
The authors give a general description of the study area but no vegetation map is provided.  Such a map would be 
useful to show that either turbines are all in similar habitats, or to provide a means to visually assess the degree to 
which vegetation may affect survey results (e.g., lower detection of carcasses in taller vegetation or increased 
scavenger abundance near dense cover). 
9 The authors provided more detail about the selection process in their response to these comments.  Their 
description of a “systematic” approach needs to be fully described in the methodology sections of the report. 
10 In response to comments the authors claimed that both the turbine and the turbine string were the sampling unit.  
Both cannot be true.  If turbine strings were sampled in a single visit then the turbine string is the sampling unit.  
This does not preclude analysis of individual turbines, but any tests must incorporate the nested nature of the data.   
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The use of distances to the individual birds is pseudo-replication, which invalidates the results of 
the one-way ANOVA tests.  The sampling unit is the string of turbines.11  Consequently, the 
individual turbines are sub-samples of the strings.  For this situation the appropriate analysis of 
the distances is a two-factor nested design.  Furthermore, the authors use one-way ANOVA 
seemingly without regard for the underlying assumptions of the procedure, which include 
normality of error distribution and homogeneity of variance across variable levels. Figures 2-9 
(p. 39) and 2-12 (p. 43) (reproduced below) illustrate violations of both assumptions.  

 

Use of LSD for post-hoc multiple correlations dramatically increases the chance of Type I error 
(i.e., labeling differences as significant when underlying population means are not).  For 
example, in the discussion of blade tip speed (top of p. 42), with 10 categories there would be 45 
possible LSD tests, which would lead to a Type I error probability of 90%. 

                                                
11 In response to this comment the authors claim that they can switch from the turbine being the sampling unit to the 
turbine string being the sampling unit depending on the analysis.  This is not true, the data are collected in a nested 
format that must be accounted for in the analysis.  A similar analysis can be conducted, but it cannot presume that 
each turbine is independently sampled. 
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Page 29, Figure 2.1. 

 

The choice of 38 cm as a “natural beak” for dividing between large and small body sizes seems 
arbitrary (see Figure 2-1 reproduced above).  To us the “natural break” occurs closer to 50 cm.  
An alternative could be the median.12 

Page 36, Figure 2-5: 

 

These results are presented as uncorrected counts.  For comparability, the fatalities need to be 
expressed as carcasses per search effort, which needs to be clearly defined, e.g., hours or area or 
a combination, i.e., search effort per unit area.  As raw counts, the reader does not know if the 
seasonal differences result from differences in search effort or seasonal changes in mortality.  

                                                
12 seem like more reasonable choices 
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Page 35, Figure 2-6.  

 

Results in Figure 2-6 should be expressed either as mortality per turbine type per search effort, or 
the graphic should express mortality as a percentage of the total mortality and this or another 
adjacent graph should depict the percentage represented by each turbine type so that readers can 
quickly assess whether some turbine types are associated with mortality disproportionate to their 
prevalence on the landscape.  The figure as currently constructed could be misleading. 

Page 38, Figure 2-8. 

 

This figure and associated text should be expressed in fatalities per turbine at each altitude, or 
should express the mortality as a percentage of the total mortality and also should graph the 
percentage represented by each elevation class.  The current figure does not provide much useful 
information because it is not clear if the pattern results from the elevational distribution of 
turbines or an inherent elevational pattern in mortality. 
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Page 41, Figure 2.11.  

13The LSD tests described on p.38 indicate that the relationship between distance and height is 
not linear (i.e., the 43-m tower mean is less than the intermediate height towers.)  So the 
presentation of this figure, and the analysis it represents is meaningless.  In addition, the scatter 
plots show clear violations of the assumption of constant variation in distance across the tower 
heights. 

Page 42, second paragraph: “The distance of carcass locations from the wind turbines differed 
according to whether the wind turbine was located at the end, at a gap, or in the interior of a 
string of towers (ANOVA F=11.11; df = 2, 455; P < 0.001), and post-hoc LSD tests found 
distances to be 13 m greater on average from end and edge of gap turbines, compared to interior 
turbines.”  See also Figure 2-13: 

 

Assuming for the moment that the methodological problems (i.e., pseudo-replication resulting in 
inflated degrees of freedom, repeated post-hoc tests increasing probability of Type I errors) did 
not affect results, it is significant for other aspects of the study that dead birds were detected on 
average farther from end turbines and at gaps.  This result is probably spurious, resulting from14 
a systematic problem allocating carcasses to turbines (and more importantly to turbine type).  
When a string is searched, those carcasses found along the string will be allocated to the nearest 
turbine (see p. 45).  However, for end turbines and turbines at gaps, carcasses in a greater area 
would be allocated to the turbine.  This occurs because turbines are often located far less than 
100 m from one another.  Therefore, a smaller total area allocated to turbines on the interior of 
strings and a greater area allocated to those at the ends and at gaps.  To illustrate this problem, 
we digitized the turbine locations from Figure 6-43 of the report.  We used the scale to draw 50-
m radius circles around each tower.  This 50-m radius overlaps substantially for this set of 
turbines and we must conclude that the authors allocated mortalities to the closest turbine.  To 
visualize the search area, we drew a rectangle around each turbine string that was 100 m wide 
and reaching 50 m beyond each end turbine.  This represents the total search area for the string 
and is consistent with the authors’ own figure (at left).  We then divided up this total search area 
into rectangles that would be attributed to each turbine.  Visual inspection of this figure leads to 
the conclusion that the search area for end turbines is far greater than for interior turbines 

                                                
13 Both halves of this figure are meaningless (i.e., R2 =0.01) and inappropriate. 
14 suggests that there is 
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(which would lead to both increased mortality estimates and to a greater carcass distance).  
Furthermore, it leads to the conclusion that because turbines are so closely spaced (at least in 
this example, which is not unique) attributing avian mortalities to a single turbine could result in 
many misattributions. 

 

These figures are based on a figure in the original report and rely on the scale in that figure 
being accurate.  The left side shows 50-m radius circles around two strings of turbines and the 
right side shows the areas presumably attributed to each turbine based on the description of the 
search methodology.  The small inset in the middle is a copy of a figure by Smallwood and 
Thelander showing the survey methodology. 

The extent of this problem could be ascertained by reporting the average distance between 
turbines in a string.  If this distance is less than 100 m, then the conclusions of the turbine level 
analysis become difficult to justify because of misattribution of mortalities, and the observed 
greater mortality caused by end turbines could be the result of a larger search area.  The 
authors acknowledged in response to this comment that the area searched at end turbines could 
be different than interior turbines but thought this difference was small.  If our figure above 
correctly depicts the search areas, this difference could be as much double or triple the size, 
depending on inter-turbine spacing.  The search area for each turbine should be calculated and 
reported to resolve this question. 

15The authors then should adjust for the different search areas for interior vs. end and gap 
turbines.  Adjusting for these differences may change the conclusion that end and gap turbines 
                                                
15 End turbines are likely to be situated at the top of slopes (resulting in carcasses falling father away), which the 
authors use as an explanation for the increased distance to carcasses.  However, this pattern is not likely to hold for 
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cause more mortality.  It is possible that this observed relationship is merely a result of the 
greater search area for end and gap turbines, especially because turbines are often spaced closer 
than 100 m within strings (see e.g., Figure 6-41).  This aspect of the methodology could 
jeopardize all of the turbine-level analyses in the report because the <100 m distance between 
turbines will lead to some unknown degree of misattribution of mortality to individual turbines.  
Furthermore, our figures above show that the search area for turbines varies considerably, even 
on the interior of strings.  As the authors prepare these data for publication in journals, a 
possible direction might be to use a GIS to depict the location of all avian fatalities, then 
describe the characteristics of turbine strings within a buffer around each fatality.  This would 
avoid the potential problem of misattribution, especially for carcasses found equidistant from 
two turbines. 

Comment deleted.16 

Page 45, first paragraph: “We found birds beyond the 50-m search radius because the search 
crew members could sometimes see carcasses at these greater distances as they approached the 
50-m termini of their transect segments.” 

Inclusion of these carcasses will result in a higher apparent mortality rate at those turbines where 
detectability is higher for any reason.17  Because information about detectability was not 
gathered, it is not possible to assess the effect of this bias.   

Chapter 3 - Bird Mortality 

Page 46, Section 3.1 Introduction, paragraph 2. 

We are not sure about mortality being expressed relative to megawatts (MW) of rated power 
generated per year.  We can understand why authors chose to express mortality in these terms, 
but each type of turbine does not have the same relative effect on killing birds because of the 
inherent attributes of each type of turbine and we know that three different models seem to kill 
the most birds.  Unless deaths per MW / year (or numbers of actual birds killed per year) can be 
clearly linked with “hours of rotating blades / year” for the particular type of turbine in question, 
the use of MW / year to associate with mortality may be misleading because rated power MWs 
do not kill birds, mechanical blades do.  We therefore agree with the authors’ response to this 
                                                                                                                                                       
gap turbines, and the often steep ground (“precipices of very steep hills descending into ravines and canyons”) could 
also result in fewer carcasses being detected.  The most logical explanation is that the implementation of the survey 
protocol, including the inclusion of carcasses located beyond 50 m, resulted in a greater effective search area for end 
and gap turbines. 
16 Page 44, second paragraph: “Carcass distances from wind turbines differed significantly by season of the year 
(ANOVA F=3.61; df =3, 630; P=0.013), and post-hoc LSD tests revealed that fatalities in spring were significantly 
closer to wind turbines (mean = 19.6 m) than were fatalities during summer (mean = 24.8 m), fall (mean = 28.1 m), 
and winter (mean = 23.5 m).” 
Assuming that this pattern is real, it suggests that detectability of carcasses differs by season.  Because carcasses 
greater than 50 m from turbines were included only as observed from within the 50 m search radius, their inclusion 
increases the average distance of carcasses from the turbine.  The authors should investigate whether carcasses from 
> 50 m caused this pattern.  That would be logical, because vegetation is usually tallest in the spring in 
Mediterranean grasslands.  If this pattern does result from detectability differences, it would underscore the need to 
account for detectability in the study design and to account for seasonal variation in search effort. 
17 (e.g., vegetation is lower, slopes are not steep, etc.). 



 13 

comment that MW is essentially a proxy for rotor diameter and time in operation.  With this 
additional understanding of the authors’ motives, we accept this metric as a second best metric 
until information on time in operation can be obtained and combined with rotor sweep. 

Page 47, last paragraph before Methods: “Finally, we extrapolated our mortality estimates to the 
portion of the APWRA not sampled in order to characterize the range of likely project impacts 
per species and larger taxonomic groups.” 

The non-random sampling scheme18 requires that such extrapolation be supported by evidence 
that the unsampled portion of the APWRA is well represented by the data that were collected. 

Page 47, Section 3.2 Methods. 

Several details are omitted from the Methods section that directly affect any judgment about the 
validity of the data collection methods.  1) P. 47 indicates the 1,526 turbines were sampled, but 
gives no specifics about how the sampled turbines were selected.  If all were searched, this 
should be stated.  The same criticism applies to the additional comments that note that other 
groups of turbines were added periodically.  How were these selected for inclusion?  2) No 
mention is made of any efforts to prevent double counting on successive visits.  Found carcasses 
were flagged, but no mention was made whether that flagging was permanent throughout the 
course of the study.  Details about carcass removal or flagging to prevent double-counting 
should be included in the report.  3) No discussion is presented about the search sequence.  Were 
strings searched in the same order throughout the rotation? 

The search effort per turbine varied substantially by turbine.19  How would this difference in 
effort affect the reliability of estimates of mortalities?  Are these mortality estimates more 
conservative than if the same effort for the first group of turbines had been applied to the larger 
second group?  And did the types of turbines in the strings differ between the two sampling 
periods?  The sampling unit is described as the turbine string.  Are turbine strings most always 
composed of the same type of turbine? 

                                                
18 does not support 
19 The authors acknowledge the disparity in searches for dead birds between the time periods (March 1998–Sept 
2002 with 3 or 4 years for each month around 1,526 turbines) vs. (November 2002–May 2003 with only 1 search per 
month around 2,548 turbines) and they note that all turbine strings were searched every month. 
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Page 49, Figure 3-1.  

 

Given the range of search effort per turbine per year (Figure 3-1), fatality estimates should be 
corrected upwards to adjust estimates for turbines searched less frequently.  Authors assume that 
the same number of fatalities would have been found during a given year regardless of whether 
twelve searches or eight searches were performed.  They acknowledge that fewer carcasses 
would be detected at turbine strings with fewer searches but do not adjust for this factor.  What 
supports the assumption that the influence of search effort on carcass detection would not affect 
the subsequent analysis?   

Page 49, second paragraph: “Searcher detection and scavenger removal rates were not studied, 
because it had already been established that mortality in the APWRA is much greater than 
experienced at other wind energy generating facilities. We were unconcerned with 
underestimating mortality, and in fact we acknowledge that we did so. We were more concerned 
with learning the factors related to fatalities so that we can recommend solutions to the wind 
turbine-caused bird mortality problem. Thus, we put our energy into finding bird carcasses 
rather than into estimating how many birds we were missing due to variation in physiographic 
conditions, scavenging, searcher biases, or other actions that may have resulted in carcasses 
being removed.” 

Searcher detection and scavenger removal rates20 could affect the results of the analyses.21  
Although both search detection ability and scavenger removal would result in underestimates of 
total mortality, these influences are not constant over space and time.  Consequently, detection 
and scavenging rates would affect the results of all subsequent analyses if they are not constant 
over space and time.  Both detection and scavenging rates are likely also affected by vegetation, 
which varies over space and time.  Given that the remainder of the study involves multiple tests 
of the number of fatalities and the characteristics of the related turbines, the nonrandom, 
geographically varying effects of scavenging and detection are indeed centrally important to the 
study.  This effect would be especially profound for turbines that were searched infrequently.  
Indeed, there could be massive scavenger losses, especially of small birds, even at the average 
50-day period between searches. 

                                                
20 are not inconsequential to 
21 as implied by the authors. 
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Page 51, “Because we did not perform trials to estimate searcher detection and scavenger 
removal rates, we relied on published estimates from other studies.” 

This adjustment results in simply inflating fatalities by a constant rate, but it does not incorporate 
the differences across space and time that almost certainly exist.  This adjustment therefore does 
nothing to counteract the nonrandom influence of vegetation on detection and scavenging rates, 
or on observer detection ability to the extent that observers were not assigned to survey routes 
randomly.  If the authors believe that scavenging and detection rates are constant across the 
APWRA, they should provide evidence to support this assumption. 

Page 52, first paragraph: “based on our experience with raptor carcasses in the APWRA, we did 
not believe that these scavenger removal rates were accurate for raptors, and we halved the 
removal rate estimates reported by Erickson et al. (2003).” 

What specific evidence22 led the authors to believe that the scavenger removal rates were 
inaccurate for raptors?   

Page 59, Figure 3-15.  

 

Figure 3-15 shows spatial distribution of survey effort.  This figure does not appear to show a 
random sample.  The authors should provide statistics about how the surveyed towers differ from 
the non-surveyed towers in key parameters (tower type, topography, elevation, turbine 
manufacturer, etc.).  The non-random search pattern may influence other results.  For example, 
elsewhere the authors report results for turbines that were searched four years without 
highlighting how the characteristics of those turbines differ from non-sampled turbines (e.g., 
turbine type, elevation, landscape position, etc.). 
                                                
22 was the author’s experience that 
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Page 64, First paragraph:  It is stated that “The mortality of all bird species combined increased 
steadily and significantly throughout the study, according to the comparison including all 
turbine strings searched for a least one year.”   

Can some of this result be attributed to the increased familiarity of the investigators with the 
study areas, especially when areas were studied for 4 years?  If not, to what do the authors 
attribute this increase? 

Page 67, Table 3-3. 

The right column has only turbines searched for 4 years.  This is a geographically clustered 
sample, so it is unclear how results can be compared to the other turbines or to all other turbines 
at APWRA.  The authors disclose that these turbines were within areas of rodent control, but do 
not describe the other differences from the other sampled turbines or the unsampled turbines. 

Page 70, Table 3-9. 

This table shows mortality per turbine string for two sets of turbines searched for different time 
periods.  Because neither sample is random, and years of data are pooled (rather than comparing 
data from one year at one set to the same year at the other set), it is not obvious how the reader is 
to interpret this information. 

It would be of interest to know how many deaths by species per year were associated with the 
total sum of  “hours of operation / year” of all turbines and for each type of turbine in these two 
groups.  Were there about equal proportions of each turbine type in each of these two groups?  
Because information like this is lacking, it is difficult to draw any conclusions from these data. 

Page 75, Table 3-12. 

This table provides results on a “per turbine” basis but the sampling unit was a string of turbines.  
As we have illustrated above, the search methodology may have resulted in misattribution of 
mortality to individual turbines. 

Page 76: Regarding the nonrandom sampling scheme, the authors write “This shortfall in our 
study was beyond our control, since the owners of the wind turbines allowed us access to various 
new groups of turbines at different times during the study.” 

We are sympathetic in that the wind turbine operators did not allow access to turbines uniformly 
so that designing a random sampling scheme was difficult, if not impossible.  This remains, 
however, a shortcoming of the study.  The authors should have restricted all comparisons of 
mortality rates to turbines that were sampled during the same period and within a random 
sampling framework.  If a rationale can be presented to support the nonrandom sampling 
scheme, then results should be compared for similar time periods. 

Chapter 4 – Impacts from Wind Mortality 

Herein the authors attempt to compare mortality rates at wind farms as determined in different 
studies.  The authors make many assumptions about scavenging, detection, and search interval 
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that cannot be verified because they did not collect information about the influence of these 
factors in their study.   

Page 79, Figure 4-2. 

 

In the regressions of raptor fatalities by birds observed per hour it seems that most of the 
explanatory power comes from the current study and its precursor at Altamont pass.  
Furthermore, the two high fatality estimates constitute partial duplication of the same data, 
because it seems that the data from Thelander and Rugge are incorporated into Smallwood and 
Thelander.  

Page 83 and following, Figures 4-5 through Figure 4-7. 

We are not convinced that the mortality rates from the different studies can be compared.  
Furthermore, the use of “bird observations” as a metric is not particularly useful because it is 
already apparent from the data that avian species are not all equally vulnerable to collision with 
turbines. 

Chapter 5 – Range Management Issues 

This chapter has several methodological problems:  1) The turbine level analyses are pseudo-
replication and the analyses using one-way ANOVAs are therefore not valid.  2) The two 
transect types are paired by turbine string and should be analyzed using an analysis method that 
accounts for the pairing, e.g. a block or repeated measures design.  3) The use of LSD tests 
results in a very high probability of Type I errors.  The chapter does not contain information 
about the sampling scheme (e.g., is it randomized, is it stratified by turbine type?). 

Aspects in this chapter follow our component framework #3.  Even without operating the 
turbines, their establishment modifies the local environment by changing the food base that may 
affect the behavior of birds and cause some low-level mortality.  The effect on behavior, in turn, 
may predispose birds to be hit by turbines when they are operating and cause higher levels of 
avian mortality.   

Page 90, Section 5.2 Methods. 
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Unfortunately, the amounts of lateral edge and vertical edge were characterized as “some”, or 
“lots”.  If we understand the layout correctly, these variables could have been quantified in terms 
of x meters of lateral or vertical edge.  Also, please describe in the report the difference between 
ridge crests and ridgelines.  Where these topographic classifications made with automated 
Geographic Information System tools or based on judgments in the field or another technique? 

Page 90, Paragraph 5.  

How did the authors determine that cottontail pellets were especially abundant?23  Is there any 
citation or precedence that connects rabbit pellets with abundance?  Fecal abundance as an index 
of animal abundance is not always reliable. 

Page 91, Section 5.2.1, first sentence.   

The text “March, 1998” is missing after the word “from”. 

Chapter 6 – Rodent Burrows 

Page 111.  

How did the authors choose the 571 turbines to map rodent burrows?  This should be described 
in terms of turbine strings because strings are still the sampling unit.  The choice of turbine stings 
appears to have been arbitrary, perhaps guided by an idea of a stratified random sample of 
turbine strings associated with different raptor mortality, physiography, and rodent control.  If 
the sample was, indeed, a stratified random sample this should be stated clearly with a 
description of how many replicates of turbine strings were associated with the three criteria (i.e., 
range of raptor mortality, physiographic conditions, and level of rodent control).  If not, then the 
method for choosing these turbine strings should be clearly described.  

Page 124, first paragraph: “Eleven strings of wind turbines were selected for seasonal monitoring 
purposes…” 

Were these strings selected randomly?  The numbers (and types?) of turbines in the strings were 
widely variable ranging from 3–35 turbines, and 1 to 3 or 4 strings per group. How comparable 
were these groups? 

                                                
23 Random transects? 
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Page 140, Fig. 6-25. 

 

This photo suggests that type of tower, at least, was not uniform within groups of strings.  Tower 
type seems important; did inclusion of different types of towers have any effect on results? 

Page 149, first paragraph, last sentence. 

Did the type of turbine have any measurable effect? 

Pages 151 to 161, Fig. 6-34 through 6-44 

Again it seems important to recognize the large disparities in numbers of turbines (and perhaps 
types of turbines?) among these sites.  Is it possible that unadjusted mortality of species is related 
to number and type of turbines and not rodent control treatments?  Is there no way to test for 
interaction effects? 

Chapter 7 – Predictive Models 

Page 186, Section 7.2.2, Analyses, Paragraph 3. 

“Search effort” is defined as m2 times number of years during which surveys were made.24  This 
definition should also include the number of minutes visited during a year (or the number of 
standardized visits during a year).  Number of years times area is not a complete description of 
search effort unless each turbine was searched the same amount of time during each year.  As it 
stands, search effort (quantified in terms of hours of searching per unit area) is not presented 
and perhaps not available. This shortcoming affects the credibility of mortality estimates, 
inasmuch as any differences in numbers of birds found may be related to search effort and not to 
differences in other variables (e.g., turbine type). 

Page 186, paragraph 4: “Figure 7-1B illustrates the inverse power relationship between a fatality 
rate and search effort, which casts doubt on the reliability of a simple conversion of fatalities to 
fatality rates (mortality) for inter-string (or inter-site) comparisons and hypothesis testing.”   

                                                
24 How and when, does the amount of time spent on transects looking for carcasses (or number of visits per year) 
factor in? 
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Doesn’t fatality rate imply deaths per unit of time? Not unit of area?  And even more appropriate 
may be to express as deaths per hours of turbine operation (if available), because flying into 
moving turbine blades is the primary cause of bird deaths.   

Page 188. 

The predictive model is flawed.  The variables examined are clearly not independent and so 
summing the accountable mortality values across variables (p. 188) must necessarily 
overestimate the predicted impact.  All model results are suspect because of this flaw.  
Furthermore, this is a complex study with many potential confounding factors, yet the 
development of the predictive model strikes us as simplistic and fails to account for such effects. 

Page 189, Figure 7-2 through 7-4 and 7-8 through 7-18.   

It is not always evident what the figure caption “count” means in these figures.  It seems to be 
number of turbines, mostly.25  

The words “search effort” are used in captions for measurements that really are the number of 
years during which searches were made, multiplied by a search area.  This measurement ignores 
the number of visits (or hours) that each area was searched and assumes that there would be no 
variation in the number of dead birds found with greater or fewer visits during a year.  It does not 
seem prudent to assume that no variation exists in the number of dead birds found with greater 
or fewer visits during a year. 

It is also peculiar that in this analysis, the authors use rotor swept area as a measurement of 
turbine size, rather than MW rating.  We prefer the rotor swept area as a method of 
standardization.  

Page 205, Table 7-3. 

On what basis were the two groups “Hawks” and “Raptors” segregated?  The AOU checklist (7th 
ed.), which we consider the standard reference for bird classification, does not identify a group 
“Raptors”.  The Order Falconiformes, which is designated “Diurnal Birds of Prey”, includes 
the Family Accipitridae, which is designated “Hawks, Kites, Eagles, and Allies”.  Owls in the 
Order Strigiformes include the Family Strigidae that includes an important study species, 
Burrowing Owl.  As currently written the report does not provide sufficient information to know 
taxonomic designations of the species that comprise “Hawks” and “Raptors”. 

Figures 7-2 thru 7-4 and 7-7 thru 7-13.  

                                                
25 Is that correct?  It also seems that 



 21 

 

These figures are all misleading.  The adjacent bars suggest direct comparisons, yet the opposing 
scales are not comparable.  As an example, in Figure 7-8 (above) the left scale (count) maximum 
is 3,000, which is 74% (=3000/4675) of the total number of turbines, whereas the right hand 
scale maximum is 60%.  This imbalance of scales makes the effort bars taller than they ought to 
be.  This information can be presented together in the same graph, but the scales should be 
comparable because it presents a comparison to see whether any particular turbine orientation 
was over- or under-sampled relative to its incidence. 

Tables 7-1 through 7-3. 

The results for a large number of the Chi-squared tests in Tables 7-1 through 7-3 that are suspect 
because too many of the expected values for individual categories presented in Appendix C are 
less than 5. The authors mention this fact on p. 206 but present the tests anyway.  The test ought 
not to have been done. 

The individual turbines within the same string are not independent and just as in the ANOVAs 
this fact needs to be accounted for in the Chi-squared analyses.  In the analysis of seasonal 
differences the repeat visits are not independent and that needs to be accounted for also.  This is 
not to say that analyses cannot be completed, but they must account for the nested nature of the 
data. 

Comment deleted.26  

Page 215. 

The conclusion about rock piles does not seem to be adjusted for different mortality rates in 
different years, and for all the other factors that differ between the samples? 

Page 222, Second paragraph.   

The model was not validated by withholding a subset of data then using those data to check the 
accuracy of the model.  Such validation would be desirable. 27 

                                                
26 Page 210, Wind Turbine Attributes, First paragraph.  
What was the rationale for excluding turbine model from the tests? 
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On p. 222, the authors ask the reader to assume “our predictive model are relatively precise” yet 
provide no justification for the assumption.  The authors appear to be ignoring the possibility of 
false positive predictions.  There are two aspects to a predictive model; correctly identifying as 
“dangerous” turbines where fatalities were found (called sensitivity) and correctly identifying 
“non-dangerous” turbines where fatalities are not found (called specificity).  While the model for 
Golden Eagles has a sensitivity of 82%, the specificity is 50%.  The authors argue that the model 
identifies a collection of “dangerous” turbines. The model’s ability to correctly identify a turbine 
that actually has an associated fatality depends on both the sensitivity and the specificity. 

A calculation, using Bayes Theorem, can be used to answer the question, what is the likelihood 
that more searches would “add many more wind turbines to the pool of wind turbines 
documented to have actually killed members of each species?” (p. 222, line 4).  To perform the 
calculation, one must assume an average fatality rate.  Here is a table of hypothetical fatality 
rates for and corresponding likelihoods that a “dangerous” turbine will be found to have killed 
one or more Golden Eagles.  

Fatality rate 0.001 0.01 0.05 0.1 0.25 0.5 
Likelihood  0.002 0.016 0.079 0.153 0.352 0.619 

To interpret this table, consider this example:  With an average fatality rate of 5% (.05 in the 
table), prior to applying the predictive model one would expect about 5% of turbine searches to 
produce a Golden Eagle fatality.  If the searches were restricted to “dangerous” turbines (as 
identified by the model) then one would expect to find Golden Eagle fatalities in 8% (.079 in the 
table) of the searches.  Thus, the model increases the chance of finding Golden Eagle fatalities 
from 5% to 8%.  Then one can conclude about 92% of the turbines identified as “dangerous to 
Golden Eagles” will not have an associated fatality.28 

Page 223, Table 7-8. 

29Because the physical attributes of operating turbines manifest the lethal force in bird deaths, it 
may have been instructive to use only those variables identified in framework component #1 to 
develop a predictive model with AIC methods.  Similarly the same approach may be applied to 
the other framework components as outlined at the beginning of this review to determine which 
variable(s) contributed to bird mortalities.  From results of the four predictive models, perhaps an 
overall model could be developed that used the most important variable(s) from each component 
model. 

                                                                                                                                                       
27 It is not clear if a subset of data was withheld from the data that was used to develop the empirical models so that 
they could be validated.  On Page 243 (first paragraph) it is stated that “…. 472 strings that were used for developing 
the model.”  This implies that an effort was made to validate the model. Perhaps this could be confirmed and further 
elucidated. 
28 and hence would not be “dangerous” 
29 The authors appear to be selective about inclusion of “important” variables.  Using the Golden Eagle as an 
example.  The variable ‘Part of wind wall’ (p < .05) yet the variable ‘Tower height’ (p < .05) was not.  The 
accountable mortality for ‘Position in string’ was reported in the table as 19 while in Appendix C it is given as  -18.  
There were several other similar occurrences with other variables in the list. 
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Page 237, Figure 2-27. 

 

The authors conclude that “dangerous” turbines are distributed “relatively narrowly” across the 
APWRA.  The distribution in the maps does not seem narrow to us (see Figure 7-27 above for 
red-tailed hawks). 

Page 244. 

A typographic error seems to have resulting in a duplicate discussion of rock piles near the 
bottom of the page. 

Chapter 8 – Bird Behaviors 

Comment deleted.30  

Page 247, paragraph 2. 

Was there a random order of choosing which plot was sampled next?  

Page 254.  

                                                
30 Page 246. 
What is spatial distribution of 61 study plots? It seems that they are associated with turbine strings that were chosen 
arbitrarily, meaning that the behavioral study plots were not selected randomly.  Consequently, behaviors from these 
plots cannot be extrapolated to other areas within the APWRA. 
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The analysis of a measured variable, such as minutes, using a Chi-squared analysis is invalid.  
The Chi-squared tests are not invariant to changes of scale, i.e. the results would change if the 
data were expressed in seconds or in hours.  (Using seconds would make the tests more 
significant and using hours would make the tests less significant.)  This invalidates almost all of 
the tests performed here. The appropriate test would have been to use an Analysis of Variance.31 

Turbine level analysis involves pseudo-replication because turbines were sampled as strings.  A 
two-factor nested design could allow for investigation of turbines while recognizing their place 
within turbine strings.  

Page 256, paragraph 3. 

Our experiences (including over forty years conducting observational studies of birds in the field 
duly documented in the literature) reinforce the authors’ conclusion that the observation time for 
the sessions was minimal at 30 minutes.  Other observational studies with which we are familiar 
found that 2-hour blocks, randomly assigned throughout the entire period available to observe 
birds, were adequate to determine reliable patterns of bird activity. 

Page 257, Figure 8-3. 

 

The behavioral surveys are biased toward morning observations and include no summer 
observations (Figure 8-4).  This survey pattern may influence results, especially by 
underestimating behaviors occurring when conditions are hotter (later afternoon and in summer). 

Page 331, Section 8.4.5., paragraph 5. 

We agree with the authors that BACI study designs will be required to sort out effects of some 
variables, because the mere presence of the turbines as they are installed affects the environment 
and in turn affects bird behavior, which is a variable related to mortalities.  

Page 332. 

                                                
31 On p.254 the authors indicate the observed values used in the Chi-squared tests were either minutes or behavioral 
events.  It seems that no Chi-squared tests were based on behavioral events. 
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The authors argue for taller turbines to repower at APWRA, but they seem not to consider how 
this will influence mortality rates for migratory songbirds.  Turbines greater than 200 feet will 
require obstruction lighting, which is associated with increased mortality of nocturnally 
migrating birds.  Although mortality of night migrating songbirds at lighted towers is generally 
less in the West, the conclusions of this report may be applied to other areas of the country 
(notwithstanding the authors’ best efforts to admonish readers that the study is not meant to be 
extrapolated to other situations). 

Chapter 9 – Recommendations 

Unless and until the methodological and statistical problems described above are resolved, the 
conclusions reached in the report must be considered premature from a statistical perspective.  
We note, however, that reanalysis of these data with other statistical methods may indeed result 
in similar conclusions and that the information in the report is more detailed than previous 
research efforts.  Even as reanalysis is undertaken, the working hypotheses presented by 
Smallwood and Thelander can be used to implement adaptive management actions (e.g., 
repowering) that will test these hypotheses while potentially reducing avian mortality from 
collision.   

Appendix A – Measuring Impacts by MW 

Page A-1, first paragraph, first sentence. 

The term “confusion” may be correct but the term “complexity” also depicts the situation.  It 
may be that it is inappropriate to try to compare mortalities between wind generating facilities 
because each facility has unique features for each of the four framework components, thereby 
preventing any reliable comparison between facilities.  Conversely, the individual turbine type 
(and its attributes) is of utmost importance in how many birds are killed (according to the data in 
tables 7-1 to 7-3).  Variables of the other three framework components (that we outlined at the 
beginning) can be neutral or either increase or perhaps decrease the predisposition of birds to 
being killed by the turbines.  But, each wind farm site is unique with specific effects of variables 
that cannot be fully replicated. 

Comment deleted.32  

Page A-6, paragraph 2. 

Another reason to question the use of fatalities/ MW/ year is that the MW is a constant (as 
stated), but that the number of fatalities is variable over time and depends on amount of search 
effort, so that inadequate search effort in a given year will weaken the reliability of results.  
Authors further acknowledge (Page A-7) that this is likely that areas around wind turbines that 
were not searched over a long enough period will not provide a robust estimate of mortality. 
                                                
32 Page A-2, Section 3.0 Results, paragraph 5. 
This statement reinforces our earlier comments (See comments page 46, Chapter 3) that attempting to standardize by 
basing number of fatalities/ MW/ year instead of number of fatalities/ turbine/ year does not provide insights about 
effects of individual turbine types, which is the killing structure.  Actually, Figure A-3b, Page A-5 depicts an even 
more direct metric of what kills birds — the area of rotor-swept / year, which again relates to turbine type, size and 
blade speed. 
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Page A-11, Section 4.0 Discussion, paragraph 1. 

Indeed, it may be more convenient to express mortalities on the basis of MW / year, but 
information on which type of turbine and supporting structure that kills birds is not emphasized.  
The authors have subsequently endorsed the use of fatalities per kWh as a metric. We are more 
comfortable with this, because it implicitly embodies the mechanical attributes of a turbine and 
duration of operation. 

Page A-12, paragraph 1. 

Alternative ways to express mortalities may be by use of actual physical attributes that are 
involved in killing birds (i.e., those variables listed in framework component #1).   
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Comments regarding revision of the original June 26, 2006 peer review: 
 
The original version of this review was submitted on June 26, 2006.  On August 29, 2006, 
the three groups of reviewers received the Smallwood and Thelander responses to their 
original review.   Responses to the Smallwood and Thelander comments to this review 
are addressed in two ways.  Additions, such as this, are italicized, and deletions will be 
indicated in footnotes.  Be aware, however, that the original review did contain a few 
italicized phrases.  In the footnote, the deleted parts will have strikethrough lines through 
them. 
 
Purpose of the review: 
 
The purpose of this anonymous review is to objectively evaluate the statistical analysis 
used in the report ‘Developing Methods to Reduce Bird Mortality in the Altamont Pass 
Wind Resource Area’ by Smallwood and Thelander (August 2005, Publication #500-04-
052) created for the California Energy Commission (CEC).  More specifically, the 
reviewers will evaluate whether the data collection and statistical analysis methods are 
scientifically sound and appropriate for achieving the report goals set forth by the CEC.   
Policy recommendations are not to be reviewed.     
 
This review was created by “Review Team 2”.  Review Team 2 was comprised of three 
individuals working together.  One member’s professional training is as a biostatistician, 
another as a wildlife ecologist, and the third as an environmental engineer.  
 
Abbreviations and notation: 
 
Certain abbreviations and notation will be used in this review: 

• (p.73, par.2) = Page 73, paragraph 2.  The first paragraph is considered the text at 
the top of the page, regardless of whether the text’s paragraph began on that page 
or the previous page. 

• Altamont Pass Wind Resource Area = APWRA 
 
Terminology commonly used: 
 
When evaluating a report based upon data analysis, understanding certain statistical 
terminology and ideas are necessary. We hope the following explanations will help the 
readers of this review better understand some basic statistical concepts. 
 

• Confounding: Confounding is statistical terminology for when the researcher 
cannot tell if variable Y is caused by variable X or variable Z.  This confusion 
arises because variables X and Z are related.   Sometimes a dataset only has the X 
and Y variables and the analysis statistically indicates that Y and X are associated.  
It may be, however, that Y is caused by the unmeasured Z variable and that Z also 
causes X; X does not cause Y.  Consequently the word “associated” is often used 
in statistics because variable X may not cause Y but it is associated with Y.  (See 
the following figure.) 
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• Null and Alternative Hypotheses:  The null hypothesis is considered to be the 

status quo and is to be retained by the researchers unless the data suggest strongly 
otherwise.  (Much like the saying, “Innocent until proven guilty beyond a 
reasonable doubt.”)  The alternative hypothesis is often considered the “research 
hypothesis” and is in contrast to the null hypothesis.  For example, a null 
hypothesis would be that wind turbine model A has the same bird mortality rate as 
model B.  The alternative hypothesis, which must be stated before observing the 
data, could be that turbine model A has a lower bird mortality rate compared to 
model B.  Or the alternative hypothesis may be that the mortality rates for the two 
models are different.  If the probability of getting the collected data is considered 
to be suspiciously improbable assuming the null hypothesis is true and the 
collected data would have been more probable if the alternative hypothesis is true, 
the null hypothesis will be rejected in favor of the alternative hypothesis.  This 
finding is considered “statistically significant”.  

• P-value: This is a probability that states the likelihood of getting the sampled 
data, or data even more unlikely, if the null hypothesis were true.  Statistical 
calculations are performed assuming the null hypothesis is true.  Typically, if the 
P-value is equal to or less than 0.05, there is considered to be enough doubt to 
believe that the data were not generated with the null hypothesis being true, but 
instead the data were generated with the alternative hypothesis being true.  It is 
conventional to consider the findings to be “statistically significant” if the P-value 
is less than or equal to 0.05.  Statistical significance is a measure of probability 
concerning the null hypothesis, not of the magnitude of the effect being 
investigated.  

• Type I error: This error is often called a “false negative” or a “rejection error”.  
This occurs when the null hypothesis is rejected in favor of the alternative 
hypothesis even though (unknowingly) the null hypothesis was true.  If using a 
cut-off of 0.05 for the P-value, for every 20 statistical tests performed when the 
null hypothesis is actually true we would expect to commit one Type I error. 

• Type II error: This error is often called a “false positive” or an “acceptance 
error”.  This occurs when the null hypothesis is retained although the alternative 
hypothesis is true.  The probability of this event occurring depends upon many 
factors.   

• Power: The probability of rejecting the null hypothesis when the alternative 
hypothesis is true is called the power of the test. This is the flip-side of a Type II 
error and can be thought of as the sensitivity of a statistical test – the likelihood of 

Variable Y Variable X 

Variable Z 
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giving a true positive.  It depends upon many factors, but primarily the magnitude 
of the effect (if it exists) being tested for, the amount of natural and measurement 
variation in the variable being measured, and the sample size.   
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Report Overview: 
 
The authors were challenged with a broad question, a large geographic region, limited 
access, and a very large number of wind turbines of various models.  Their report is a 
quantitative exploration into the variables associated with bird mortality.  Almost 
certainly, at least some of the many variables measured are truly linked to bird mortality 
– birds are certainly being killed in the APWRA.  The reviewers have little confidence, 
however, that this report has scientifically been able to determine which of those 
variables are important.     
 
Much effort went into collecting massive amounts of data; however, the authors should 
have focused more effort on study design and collected their data more wisely.  Likewise, 
the data analyses could have been more thoughtful and sophisticated.  The statistical 
analyses are applied in an automated manner that fails to fully utilize the data at hand and 
ignores potential confounding of variables.  It seems like many of the statistics were 
calculated just for the purpose of producing statistical tables to the point of data dredging.   
Furthermore, the mathematical assumptions behind statistical tests like one-way ANOVA 
are ignored and thus the reported P-values should be treated as approximations.  The 
large number of statistical tests likely resulted in many Type I errors; therefore, 
statistically significant findings should be treated more as an indicator of what should be 
explored in future studies.   
 
Furthermore, the reviewers concur with the authors that their study does not give accurate 
estimates of actual bird mortality.   
 
Broader comments addressing specific questions: 
 

• Was the statistical methodology used on the analysis consistent with accepted 
methods used in other biostatistical analyses? 

 
No.  A very large number (>1000) of univariate chi-square tests is not common in 
biostatistical analyses.  Interpretations of the univariate tests are clouded somewhat 
by shared variation among the explanatory variables (turbine attributes).   
 
Chi-square analysis assumes that the counts are exact and not estimated counts1.  
Adjusted counts (adjusted for scavenging and detection rates) are frequently used 
throughout the report and it is not always obvious whether adjusted or raw counts 
are being used to calculate the statistics.  If adjusted counts, rather than raw counts, 
are used in a chi-square test, it is not clear how the uncertainty in adjusted counts 
would influence the conclusions reached on the numerous chi-square hypothesis tests. 
 

                                                
1 Original review text before considering the Smallwood and Thelander response: “Chi-square analysis 
assumes that the counts are exact and not estimated counts as they are in this study. It is not clear how this 
would influence the conclusions reached on the numerous chi-square hypothesis tests.”   
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In estimating mortality rates for specific species due to wind turbine collisions, 
almost half (28) of the 60 species or groups have fewer than 5 fatalities reported in 
the entire project. And yet, mortality rates are still estimated and reported.  
 
Although the study design is observational, the authors quickly jump to confirmatory 
analysis methods such as hypothesis testing and parametric analysis without 
exploring their datasets thoroughly. The application of the exploratory data analysis 
methods such as those developed and popularized by John W. Tukey, Frederick 
Mosteller, and others would have been more appropriate.  What distinguishes the 
20% of the turbines where fatalities were discovered from the 80% without fatalities?  
 
Most biostatistical analyses based on analogous (but often smaller) datasets rely on 
multivariate models such as a general linear models, logistic or Poisson regressions, 
or discriminant function analyses.  The authors explain that limitations in their 
sampling precluded these more sophisticated multivariate analyses, but this may not 
be true if the authors (a) carefully screen their variables to reduce the number of 
parameters in their models, and/or (b) clearly restrict their inferences to the turbines 
actually sampled. 

 
 

• Were the technical approaches used in the research appropriate for achieving 
stated goals? 

 
The stated goals for this study were to 1) quantify bird use, 2) evaluate the flying 
behaviors and conditions associated with flight behaviors, 3) identify the relationships 
between bird mortality and various explanatory variables, and 4) develop predictive, 
empirical models that identify areas or conditions associated with high vulnerability. 
 
The sampling programs designed to address the first goal are not best for goals 3 and 
4. (The authors used a separate approach for goal 2, which unfortunately omitted the 
summer.) Consequently the study design is not well crafted for achieving objectives 3 
and 4.   

 
 

• Were the data collection and analysis methods and assumptions clearly stated, 
valid, and reliable? Were there any errors or, flaws? Were any relevant factors 
missing? 

 
The authors used recently developed protocols for carcass searches, and standard bird 
observations, rodent surveys, etc. to obtain the ecological data, and the technical 
approaches were appropriate.2  However, the methods used to estimate bird mortality 
rate are suspect because (a) neither scavenging rate nor observer detection 
probabilities were measured empirically, values were pulled from the literature – in 

                                                
2  Original review text before considering the Smallwood and Thelander response: “The authors used 
standard protocols for carcass searches, bird observations, rodent surveys, etc. to obtain the ecological data, 
and generally the technical approaches were appropriate.” 
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some cases based on studies in different locations; (b) a 50m search radius is 
insufficient to detect an adequately high percentage of carcasses, especially given the 
lack of rigorous data on detection rates of carcasses beyond 50m from a tower; (c)  
the authors adopted adjustments to published scavenging and detection rates based on 
assumptions that are inadequately supported with observation.  For example, the 
following three assumed adjustments are problematic: (1) “halving” the scavenging 
rate for raptors, (2) elevating the scavenging rate by 10% for the 2nd set of turbines 
because they were checked much less frequently than those in the study from which 
scavenging rates were used, and (3) assuming detection rates were equally high 
beyond 50m, where the crews did not search rigorously.  Most of these inadequacies 
biased mortality estimates by an unknown amount and direction.  For comparative 
purposes of a single species’ mortality rates across turbine and location attributes 
(Chapter 7), these biases may operate roughly similarly across the variables and 
therefore may not undermine the analysis.  For examination of impact (Chapter 4), 
however, these biases are very problematic indeed. 

 
 

• Was the study design scientifically sound? Was there sufficient time to conduct the 
study (e.g., time for conducting searches, time for assessing seasonal effects)? 

 
The description of the sampling – how well it yielded a representative sample of all 
the turbines in APWRA – was inadequate, hindering our ability to rigorously assess 
the sufficiency of the sampling itself.  Access to study the 2nd set of turbines was 
granted too late and the study’s duration (and hence the length of their reexamination) 
was too short to be of maximum use to the overall project.  The bird behavioral 
sampling did not include most of the summer season.   
 
The sampling design is not clear. What is the sampling element? Is it the turbine or 
the turbine string or is it the sampling visit? How was the order selected for visiting 
the strings? 
 
 
• Were uncertainties described, either qualitatively or quantitatively? 
 
In some cases, yes; however, the very large number of univariate test significantly 
inflates the probability of false positive results across the entire project.  The authors 
made no attempt to adjust, quantify, and describe this issue. 
 
In addition, many estimates of rates were provided with no attempt to describe the 
associated uncertainties. For example, tables 7-4 through 7-7, 7-9, 7-11, 7-13, and 7-
15, all provide estimates of the percentage3 increase in mortality associated with a 
given variable, but no qualitative or quantitative measures of uncertainty are 
provided.  A percentage change is a proportion (change in number of fatalities/total 
fatalities) and confidence intervals for proportions are easily computed for large 

                                                
3 Original review text before considering the Smallwood and Thelander response:  “... all provide estimates 
of rates of increase in mortality...” 
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sample sizes and also, with somewhat more effort, for small samples.   Similarly, the 
species or group specific mortality rates given in tables 3-11 and 3-12 are presented 
with no statistical measures of uncertainty provided; i.e., they provide low and high 
estimates mortality, but do not provide the reader with a statistical measure of the 
quality of these estimated bounds .   

 
The authors do not consider any interactions, which further inflates the magnitude of 
the uncertainties. 
 
 
• Were findings statistically significant? 
 
It is likely that some number of the reported test results were statistically significant. 
But due to the very large number of univariate tests conducted, there is a high 
probability that a number of “significant” results were based on pure chance.  With an 
accepted P-value of 0.05, then 5 out of every 100 tests will, on average, appear 
statistically significant by chance when the null hypothesis is true.  No effort to 
account for this was made by the authors.  
 
 
• Were the conclusions supported? 
 
We cannot accept this analysis as one that has rigorously tested hypotheses regarding 
determinants of bird mortality and that could be reasonably applied in decision 
making.  Instead, it may be more useful to consider this project an exploratory 
analysis that has identified a number of variables positively associated with increased 
mortality rates.  Therefore, the product of this research is an educated list of working 
hypotheses.  This valuable contribution can be followed by more thorough testing of 
said hypotheses by rigorous sampling and controlling of confounding variables via 
sophisticated multivariate analysis of observation data and/or controlled 
experimentation. 
 

 
• Other observations and comments? 
 
See specific comments, below. 
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Chapter 1:  Understanding the Problem   
 

 p.9, par.4 and 5:  The authors imply that a “use vs. availability” approach to 
quantifying vulnerability can be effectively pursued via chi-squared tests.  A 
classic4 paper describing chi-square (goodness-of-fit) tests to examine use vs. 
availability of resources in a wildlife context is by Neu et al. (1974).  Since that 
paper was published over 30 years ago, resource selection analyses involving so 
called use-versus-availability designs have advanced substantively (especially in 
the last 10 years).  Now, few biologists would consider chi-square tests5 state-of-
the-art for use-versus-availability designs (see book on the subject by Manley et 
al. 2002 and Journal of Wildlife Management volume 2006 issue #2). Instead, 
most use-versus-availability designs make use some form of logistic regression 
functions or general linear models.  In fact, Thomas and Taylor (2006, in said 
volume of J. Wildlife Management), found that 35% of recent use-vs-availability 
studies use logistic regression; only 8% used chi-square goodness-of-fit tests. 

 
Even under the context of using the chi-square test for use-and-availability 
analysis, the calculations require that the authors have, for each particular bird 
species, the number killed at turbines in a particular landscape type, the number 
killed in all landscape types, and the proportion of landscapes that are of that 
particular landscape type.  The chi-square test assumes that the observed counts 
are accurate and any variation occurs simply from chance and not from observer 
error.   As stated frequently in following chapters, the actual mortality counts are 
actually estimated counts and assumed to be biased low.  Even assuming the 
mortality estimated counts are not biased low or high, this will result in inaccurate 
levels of statistical significance for the chi-square tests.  
 
And finally, chi-square tests are typically of two types: test for 
association/independence and test for goodness-of-fit.  These chi-square tests are 
goodness-of-fit tests where the null hypothesis is that the counts were generated 
by a uniform distribution.  That is, if there were no preference for the various 
categories of the explanatory variable, a carcass (or whatever response variable is 
being measured) would be equally likely to end up in any of the categories when 
adjusted for availability of the categories. 
   
Manley, B. F. J., L. L. McDonald, D. L. Thomas, T. L. McDonald, and W. P. Erickson.  2002.  Resource selection by 

animals.  Second edition.  Kluwer Academic Publishers, Dordrecht, Netherlands. 
Neu et al. 1974.  A technique for analysis of utilization-availability data.  Journal of Wildlife Management 38:541-545. 
 
 
 

 p.12, par.1:  “… we are able to identify which environmental factors might have a 
causal relationship.”  After so many years of studying avian mortality associated 
with wind turbines prior to this work, exploratory observational studies should be 

                                                
4Original review text before considering the Smallwood and Thelander response:  “The “original” paper ...” 
5Original review text before considering the Smallwood and Thelander response:  “...few biologists would 
consider chi-square tests effective or as state-of-the-art...” 
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superseded by designed experimental studies.  Observational studies are not able 
to reveal causality.  Experiments, however, can show causality.  Yet there is no 
evidence here that any experimental design took place prior to the observations. 
The sample locations and times were certainly not random nor were they 
seemingly selected to provide contrasts in factor levels.  This would have allowed 
them to better compare the variables of interest and help to eliminate confounding 
variables.  

 
 
 p.14, Figure 1-1:  This is a useful location map; however, a more useful map 

would have shown the topographic and other specific features of the APWRA. 
Are there distinct regions of the resource area that might be used to stratify the 
design? 

 
 

 p.19, Table 1-1: On p.13, par.3, Table 1-1 is described as “…summarizing the 
wind turbine attributes of the wind turbines in our sample in the APWA.”  Much 
more information is needed here.  If this is the sample, how many of each type of 
turbine is in the sample? How many observations (visits?) occurred at each 
turbine type in the first set and in the later one? What fraction of the total turbines 
in the APWRA does each of these types constitute? A description of the sample 
and the population is called for here. Are these turbines representative of the 
entire APWRA population?  

 
Some information is provided in section 7.3.1, but it focuses on sampled turbines 
attributes and does not provide adequate comparison to the target population (not 
to mention it is in Chapter 7 on page 189…a long time to wait for readers who 
will naturally wonder about this issue beginning in Chapter 1).  In the end, the 
study reports data from 4,074 turbines (some with more data than others), and 
1,326 turbines remained unmapped and characterized (these numbers were most 
easily extracted on page 352 in Chapter 9, and in our opinion should be made very 
prominent here in Chapter 1).  But after a complete reading, the reader is still left 
wondering this most basic of questions – did the sampled turbines adequately 
represent all the turbines in APWRA?  The authors need to provide a table 
summarizing the distribution of the sampled turbines (both sets) relative to the 
complete “population” of turbines.  We recognize that there may be some 
variables that the authors cannot ascribe to turbines that were not studied (e.g., 
grass height surrounding the turbine), but we assume many variables are 
catalogued by the turbine owners (turbine model, rotor speed, etc.) and/or 
obtainable from GIS (elevation, slope, aspect, etc.).  Figures 1-2 through 1-7 
provide visuals of the distribution of sampled turbines, but they offer no 
information on how these distributions compare to the target population because 
the unstudied turbines are simply marked “unmapped”, prohibiting a visual 
comparison of the sampled population versus the target population. 6   

                                                
6  Original review text before considering the Smallwood and Thelander response: “This is a significant 
shortcoming of the report.” 
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On more minor notes, why are model numbers only given for the Kenetech 
turbines? The column headed “Size (kW)” should be headed “Rated Power 
(kW)”.  

 
 

 p.21, Figure 1-2 through Figure 1-7: These are the first of many colorful figures 
of this type in this report.  Each one shows the spatial distribution of some factor. 
It would be useful to include an additional figure that depicts which turbines were 
linked to 1 carcass, 2 carcasses, etc.  

 
 
Chapter 2:  Cause of Death and Locations of Bird Carcasses in the APWRA 
 

 It would seem appropriate to present the methods section, given in Chapter 3, 
prior to reporting the results. It is not possible to make sense out of the various 
results given in Chapter 2 without knowing the sampling methods used and the 
underlying sampling program design. 

 
 
 p.28, par.5: The authors state that one-way analysis of variance (ANOVA) is 

commonly used and least significant differences (LSD) to compare groups.  The 
authors should give detail as to which LSD method was used as there are several 
different variations, although it is doubtful this resulted in any significant changes 
in their calculations.   

 
A more important defect is the authors’ excessive use of one-way ANOVA 
throughout this chapter and report.  Many variables are tested one by one for 
association with mortality using one-way ANOVA.  This approach makes the 
analyses vulnerable to confounding variables when two are more variables are 
highly correlated with one another, such as blade height and blade speed.  The 
basic statistical rule that “association is not causation” can get lost in data analysis 
expeditions.  In addition, each time a one-way ANOVA analysis is performed, the 
data should be graphed so that readers can see if a particular characteristic of the 
dataset is having heavy influence on the outcome and whether or not more subtle 
statistical theory violations are occurring.  In light of the absence of such graphs, 
the P-values can be considered only approximate at best. 

 
Given the phenomenal number of univariate hypothesis tests done later in this 
report, it is surprising that there is no discussing of corrections for multiple 
comparisons here.   
 
It would also be helpful if the authors stated which statistical software package 
was used to do these analyses. 
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 p.29, par.2: What are the dates for season boundaries?  These are not presented 
until Chapter 7 on page 182.  Even there, the description of these dates and why 
they were chosen is inadequate (see later comments). 

 
How were days since death estimated?  Were these simply guessed via personal 
experience?  How was such experience gained? 
 
 

 p.32, Table 2-1: Of the 1162 detected birds (and bats) killed by turbine collisions, 
almost 50% (49.5%) were restricted to 4 of the 60 species/groups reported: Red-
tailed Hawk (18.3%), Rock Dove (16.9%), Western Meadowlark (8.3%), and 
Burrowing Owl (6.0%). Does this high concentration (i.e., 50% of deaths in 7% of 
the species) reflect the differences in a) abundance among these species, b) the 
relative risk of wind turbine collisions, or c) the probability of carcass detection? 

 
 

 p.38, par.1: The methods used to search for carcasses are not described until 
Chapter 3.  This makes the understanding of Chapter 2 material awkward for the 
readers unless Chapter 3 has already been read. 

 
The authors openly stated earlier that their search radius was 50 meters (m) and 
acknowledge that some “unknown proportion” of carcasses outside of the search 
radius went uncounted (p.28, pars.1 and 2).  Yet, an unsupported statement is 
made here (p.38, par.1) that the “search radius included 84.7% of the carcasses of 
large-bodied bird species determined to be killed by wind turbines or unknown 
causes.”  How was this 84.7% calculated?  In light of their search radius, it is not 
surprising that the majority of the carcasses were found inside the 50m radius of 
wind turbines.  This problem is repeated later (p.42, par.5) when they note that 
their search radius “included 90.5% of the carcasses of small-bodied bird 
species.”  How they determine “90.5%” is left totally unclear to the reader.   

 
It is unclear both in this section and in Chapter 3 how the carcasses beyond 50m 
from the turbines were discovered. If the discoveries were accidental and not 
within the defined sample element, then why were they included in the analysis? 
If the discoveries beyond 50m were accidental, describe the circumstances of the 
accidents. Were the observers walking in toward or away from the turbine 
strings?  If they were collected as part of a special study in a systematic search 
that extended beyond the 50m limit, then describe that study’s methods and 
results.  

 
 

 p.39, Figures 2-9 and 2-8:  These figures confirm that the authors found and 
counted carcasses found well beyond their 50 meter search radius.  That some 
were found as far as 200 and 220 meters distant make the idea of happenstance 
discovery of carcasses outside of a systematic search procedure more believable.  
How were these carcasses found?   
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      If the discoveries shown in these figures beyond 50m were accidental, then, 
whatever the resultant pattern, it is unreliable since different sampling effort was 
expended within the 50m limit then beyond it.  Consequently, we expect to have 
more discoveries within 50m then beyond it.  It is no surprise that 75% of the 
large bodied birds were found within 42m of the tower.  If we had a uniform 
density of birds on the ground in a 50m radius of the tower, we would expect to 
find 74% of the birds within 43m of the tower as shown in this simple ratio 

circles’ areas 
! " 432( )
! " 50

2( )
= 0.74 . 

 
Imposing a normal curve on this is unwarranted and somewhat misleading. The 
only patterns that are worth analyzing are within the 50 m limit.  Within that limit, 
the distributions of discoveries with distance are similar for both large and small 
bodied birds.   As a very minor note from the reviewers, applying the normal 
distribution curve to these bar graphs is not sensible considering the truncation at 
0 meters and that the first bar represents only a 5 meter range while the other bars 
cover 10 meters.  This is likely an artifact of the statistical software, but can be 
specified by the users.  Later, the authors also put the normal curve into bar plots 
for non-random variables which are determined by the authors such as number of 
searches (Figure 3-1, p.49). 

 
 

 p.40, Figure 2-10:  A polar or wind rose plot would be clearer.  How can the 0 and 
360 degrees cells not have identical counts since they are the same direction?  
What is the predominant wind direction?   And what about the direction the wind 
turbine is facing? 

 
 

 p.41, Figure 2-11 and referring text p.38, par.2 and p.42, par.6:   The authors use 
simple linear regression to show that mortality counts increase linearly with 
turbine tower height.  The mathematical assumptions behind linear regression are 
not valid with this particular dataset (likely nonlinearity, non-normal distribution 
of errors, unequal variances) thus inadequately demonstrating statistically 
conclusive evidence that mortality counts are greater for taller turbines.  The fact 
that the one-way ANOVA for wind turbine model and carcass distance was 
statistically insignificant (p.42, par.7) suggests the height-distance conclusion is 
questionable.  In a confused sequence of logic, the authors state (p.42, par.6), 
“[the regression] predicted that for every meter increase in tower height, average 
distance of the carcass from the tower increased by half a meter.”   This clearly 
ignores that different wind turbine models have different tower heights, thus it 
may not be the height, but rather the model, that results in the carcass distance.  
Height and wind turbine model are confounding variables.   

 
      The authors stated, “Distance from tower [to the carcasses] increased with tower 

height, according to regression analysis, although the precision was poor.”  The 
overwhelming majority of the towers were 18.5m and 24-25m tall, making this 
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primarily a study of these towers with a few others added in.  Consequently, the 
observations at the lowest and highest towers had the greatest influence on the 
regression.  7 Even with the data for the 43m towers, the regressions only explain 
a trivial 1% of the variance in the distances that the carcasses were found from 
towers.  The phrase “poor precision” is an understatement.  This is the difference 
between “statistically significant” and biologically important. 

 
 

 pp.42 and 44:  A description of the tower population would be useful here. For the 
sampled towers and the population as a whole, how many towers of each type, 
what elevation distribution, what string lengths (1 to n), what spacing between 
towers in string, etc? 

 
The authors survey how carcass distance relates to multiple independent variables 
including tower height (continuous); blade speed (continuous); upwind vs. 
downwind (binomial); end, gap, or interior of string (categorical); season 
(categorical); whether turbine was in a canyon (categorical), slope grade 
(categorical); or elevation (continuous).  They investigate each variable in a 
univariate analysis, but this may be better suited for a general linear model. 
 
Why are there 2 degrees of freedom (# levels – 1) in the ANOVA to test if carcass 
differed depending on whether the turbine was in a canyon?  Either the 
independent variable is binomial (in a canyon or not) in which case there is 1 
degrees of freedom or there were three “canyon categories” (yielding 2 degrees of 
freedom) that the authors did not articulate to the readers. 

 
 
 p.43, Figure 2-13, p.44, Figure 2-14:  The report of a strong effect of tower 

location within a string on the carcass distance is difficult to accept without 
careful analysis of the influence of the sampling method.  The sampling method is 
described to some degree in Chapter 3, but it remains unclear how carcasses were 
associated with a particular tower within a string.   

 
For example, if the tower is not in a string (or if you prefer, a string of 1), then 
there is no confusion.  Any carcass found within 50m of the tower is associated 
with that tower, and the search area would be π! 502=7854m2 .   But for towers in 
strings, the tower spacing makes a difference.  In the first sketch below, the 
towers are spaced more than 100m apart so that the area within 50m of each tower 
does not overlap with any other tower’s area.  (But looking forward to Figure 3-3 
on page 51, will the search areas of a string then be very wide rectangles that 
include the spaces between the circles?)  In the second sketch, the towers are less 
than 100m apart so there can be a lot of overlap in the 50m zone around each 
tower.  Note that the end towers have greater area to themselves. 

                                                
7 Original review text before considering the Smallwood and Thelander response: “  .. greatest influence on 
the regression.  If the 4 to 6 observations on the 43 m towers were removed, we suspect that neither of the 
two regressions would be statistically significant.   Even with the data...”   
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Case 1 
 
 
 
 
 
 
Case 2 
 
 
 
 
 
 
 

Based on Figure 3-3, a closer approximation to case 2 would be: 
 
 
 
 
 
 
 

The towers not on the ends end up with rectangular search areas, where some of 
each rectangle is beyond 50m from a tower.  On the other hand, the end towers in 
a string may have considerably larger sampling areas (depending on the tower 
spacing) and more at the further distances away from the tower.   
 
For example, if the towers in the string were 50 m apart, then the search area for 
the towers in the internal string would be:  height!width = (50m + 50m) ! 50m = 
5000m2.       For the end towers, the area would be  (half of a rectangle + half of a 
circle) = (50m + 50m) ! 25m + 0.5! π!  (50m)2 = 2500m2 + 3927m2 = 6427m2 

which would be 29% larger than for the internal towers.    
 
So the distance between towers in a string is important. 

 
 
 p.43, Figure 2-12:  The authors show standard error plots of carcass distance by 

the different wind turbine types.  Box plots would do a more adequate job of 
showing the spread of the data and inform the reader of potential biases in the 
study with regards to various wind turbine models. Specifically, box plots would 
show if distance of carcass (beyond 50m) would result in reduced carcass count 
for a particular wind turbine model.   A “mean and 2 standard error” plot is 
designed to show the reader the range where the true mean is likely to be.  With 
this study, however, we are more interested in the range and general distribution 

50 m 
+ + + + + + 

50 m 
+ + + + + + + + + 

50 m 
+ + + + + + + + + + + + + + 
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of where the carcasses are to be found rather than what would be the long term 
average distance of where carcasses are to be found. 

 
In addition, for large bodied birds, 50.0% of the carcasses are associated with 
KCS-56 turbines, 34.1% with Bonus, and 6.1% with Micron, totally 90.2% of just 
3 of the 10 turbine types.  Similarly for the small bodied birds, 83.6% of the total 
carcasses were found at the same 3 of 10 turbine types.  How many turbines of 
each type are there?  Is this disproportion chance or pattern? 
 
Given the happenstance data collection on carcasses beyond 50 m, the inclusion 
of the beyond 50 m data in the analysis is inappropriate. 

 
 
 p.44, Figure 2-13:  Regarding distance of carcass from wind turbine for “end”, 

“gap”, and “interior” turbines and their analysis (p.44, par.1) could suggest that 
carcasses tossed far from one turbine could be attributed to the turbine to which it 
landed closest too.  This is acknowledged in the discussion (p.45, par.3).  Are all 
wind turbines in a string alike?  

 
 

 p.45, par.1: The authors state that they found 15.3% of the large bird carcasses 
and 9.5% of the small bird carcasses outside of their 50m search radius.  It is not 
surprising that only small percentages of the birds were discovered beyond 50m 
since the search effort in that region was happenstance.  It is not stated whether 
these carcasses were found during the observers’ systematic searches or while the 
observers were walking to the area where a systematic search would be done.8   

 
 

 p.45, par.3: They state that extending their search radius to 100m would include 
94% of the large bird carcasses9 they found, but this figure does not illuminate the 
number of carcasses that may still be missed beyond 50, because their rigorous 
searches terminated at that distance.   There is a well-established body of theory 
for estimating density of animals (or in this case, carcasses) using the distance to 
each detection and modeling probability of detection as a declining function of 
distance.  There are computer programs (e.g., DISTANCE) for this sort of thing.  
These programs could essentially estimate the number of carcasses that were 
overlooked to yield a more unbiased and accurate estimate of carcass density.   

 
 

                                                
8 Original review text before considering the Smallwood and Thelander response: “... where a systematic 
search would be done.  How can you discover carcasses if you do not search for them?”    
9Original review text before considering the Smallwood and Thelander response:  “... large bird carcasses, 
an unsupported figure.  There is a well-established body of theory...” 
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 p.45, Table 2-2:  10  The effects listed for Flowind and KVS-33 turbines are based 
on very small sample sizes (10 and 4, respectively) and also include happenstance 
discoveries beyond 50 m which further distorts the intervals.  The reported effect 
could very well be spurious. 

 
 

Chapter 3: Bird Mortality in the APWRA  
 

 p.46, par.3:  The authors propose that impact of the APWRA can be measured one 
of two ways: (1) number of fatalities per megawatt per year or (2) number of 
fatalities relative to the natural mortality and recruitment rates.  They choose the 
fatalities per megawatt because it treats a certain number of fatalities as the “cost” 
of producing a megawatt.  The other method evaluates the long term affect on the 
bird population; however, some of the needed demographic variables for such a 
measure are logistically unreasonable to estimate and beyond the scope of this 
project.  Other authors use fatalities per turbine per year (p.46, par.4). 

 
It is more an issue of policy that determines which measurement is more helpful. 
Although not unreasonable, fatalities per megawatt per year ignores the total 
number of fatalities.  Total number of fatalities is an important measure that 
shows, at least in part, an impact on the bird populations even if you do not know 
the demographic conditions of the species.  Fatalities per megawatt per year is a 
good measurement if you are trying to minimize fatalities while producing a 
certain amount of energy.  Fatalities per wind turbine would only be helpful if you 
are trying to minimize the number of fatalities for a fixed number of wind turbines 
regardless of energy output – something only reasonable if wind turbine models 
all had the same energy output. 
 
Another issue that needs to be looked at is how often, when operating, is a wind 
turbine actually achieving its rated energy output?  Given that a wind turbine is 
operating, the distribution of time operating at various output levels will likely 
differ among different models.  So would a higher rated wind turbine be more 
frequently operating at sub-maximum energy output levels than a smaller wind 
turbine, although being a risk to birds for as many hours as the smaller turbine?  
This would not be represented by the megawatt per year metric.  The authors do 
briefly mention the lack of data regarding this issue on p.347, par.1 of Chapter 9.    
 

 p.47, par.5: The authors sampled 1,526 wind turbines (182 strings) for 4.5 years 
and another 2,548 wind turbines (380 strings) sampled for about 6 months 
(November through May) because of access issues.  Although this is about 75% 
of the wind turbines in the APWRA, the authors do not say how they decided 

                                                
10 This original review point began with the following paragraph before considering the Smallwood and 
Thelander response:.  “This table summarizes the conclusions reached in this chapter about the distances of 
carcasses from towers.  The relationships between distance and tower height are heavily influenced by a 
few observations on the tallest towers and in any case, the relationships are not substantial and only 
statistically significant in the most narrow technical sense given the r2 values of 1%.” 



 18 

which turbines to survey.  Did they survey every wind turbine or string for which 
they had access?  Did they use a sample of convenience, simple random sampling, 
or systematic sampling?  The essential question is: Can the surveyed wind 
turbines be considered representative of the entire population of wind turbines or 
at least representative of the wind turbines for which they had access? 

 
The short duration of sampling for the second set was the result of delayed access 
to the turbines from the owners.  Although the first set includes fewer turbines 
and strings, it provides the primary and superior data set because of the repeated 
observations, the seasons sampled, and the increased duration.  The limited 
duration of sampling, the lack of replication, and the restricted seasons sampled 
greatly reduces the value of the second set.  Unfortunately, the analyses do not 
distinguish between the two sets. 

 
 

 p.48, par.4: Was there any concern about whether severed body parts from one 
mutilated bird (wind turbine or scavenger caused) could have indicated more than 
one fatality? 

 
 

 p.48, par.1 and p.49, par.2:  The authors write, “...we recently found that 85%-
88% of the carcasses occurred within 50m of the wind towers.”   The absence of 
any described systematic method of how they searched beyond 50m makes this 
estimate questionable.   The authors then write the following: 

 
“Searcher detection and scavenger removal rates were 
not studied, because it had already been established that 
mortality in the APWRA is much greater than 
experienced at other wind energy generating facilities.  
We were unconcerned with the underestimating 
mortality, and in fact we acknowledge that we did so.  
We were more concerned with learning the factors 
related to fatalities so we can recommend solutions to 
the wind turbine-caused bird mortality problem.  Thus, 
we put our energy into finding bird carcasses rather 
than estimating how many birds we were missing due 
to variation in physiographic conditions, scavenging, 
searcher biases, or other actions that may have resulted 
in carcasses being removed.”   (p.49, par.2) 

 
With this statement, readers must treat all bird mortality estimates as relative 
estimates and not as the exact counts or unbiased estimates.  Regardless, the 
authors go ahead and attempt to come up with reasonable mortality estimates. 
 
 

 p.49, par.1: What is the sampling element in use in this chapter?  The authors “… 
express mortality as the number of fatalities per MW per year …”   The total 
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number of fatalities observed on a string divided by the total rated power output 
from the string and divided by the total duration of sampling.  This indicates that 
the sample size is the string, so that each string, not turbine, has an associated 
fatality rate.  So sample sizes should be the number of strings visited, not turbines 
visited. 

 
 

 p.51, par.1:  The authors did not assess searcher detection rates in this study and 
selected to use literature values: 85% detection rate for raptors and 41% for non-
raptors.  Solely in this chapter, these detection rate values are used to correct the 
observed counts for deficiencies in detection.  This seems reasonable, but why do 
the authors feel detection would be 50% less likely to discover a small raptor such 
as a kestrel than a similar sized non-raptor, such as a robin?  (This same question 
applies to scavenging rates as well.) 

 
They estimated the number of carcasses that actually existed by dividing either by 
0.85 (raptors) or 0.41 (non-raptors).   These calculations were equally applied to 
carcasses was found within or beyond the 50m search radius.  This seems 
unreasonable to treat the beyond-50m carcasses the same as within-50m carcasses 
because carcasses beyond 50m were discovered by happenstance. The fraction 
missed beyond 50m could be much larger than their estimate. 
 
 

 p.51, par.2 – p.52, par.2:  The authors used scavenger removal rates and detection 
rates estimated in other studies to produce bird mortality estimates (p.51, par.1).  
A bothersome aspect of the authors’ report is that they adjust the scavenger 
removal rates and detection rates from the other studies to rates that they believe 
better describe the APWRA and the time between their surveys without giving 
any anecdotal or empirical evidence of why they chose the numbers they did.  
Adding 10% to the scavenger removal rates of Erickson et al. (2003) to account 
for the authors’ longer interval between searches appears arbitrary (p.51, par.2).  
Furthermore, without any support of data or other evidence the authors add (p.52, 
par.1), “Based on our experiences with raptor carcasses in the APWRA, we did 
not believe that these scavenger removal rates were accurate for raptors, and we 
halved the removal rate estimates reported by Erickson et al. (2003).”   
Underestimating scavenger removal rate will result in underestimating mortality. 

 
There is an error in their calculations for “halving” of the raptor removal rate.  If s 
is the scavenging rate, the authors estimate the pre-scavenged carcass number by 
dividing the number of carcasses available after scavenging by )1( s! .  After 
“halving” the scavenger rate, the authors simply divided by 2 ! (1" s)  while they 

should have divided by 
2

1
s

! .  Their method reduced the scavenging rate by more 

than half and results in mortality estimates that are biased downward. 
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For example, the scavenger removal rate for carcasses of large-bodied species is 
68.6% (p.51, par.2) thus the proportion of carcasses after scavenging to be found 
is 414.0686.01 =! ; therefore,  
 
Pre -scavenged number of carcasses ! 0.414 = Number of carcasses after scavenging

. 
 

So to calculate the pre-scavenged number of carcasses from the number of 
carcasses available to be found after scavenging, we divide by 0.414: 
 

414.0

scavengingafter  carcasses ofNumber 
carcasses ofnumber  scavenged-Pre =  . 

 
The authors halve the scavenging rate by doubling the denominator, thus 0.414 
becomes 0.828.  This, however, is different than halving the 68.6% down to 
34.3% which would give an estimate of the pre-scavenged number of carcasses to 
be:  
 

=  
Number of carcasses after scavenging

(1! 1

2 " 0.686)

=  
Number of carcasses after scavenging

(1! 0.343)

=
Number of carcasses after scavenging

0.657

. 

 
This does not equal the authors’ pre-scavenged calculation of 

828.0

scavengingafter  carcasses ofNumber .  Consequently the authors are more than 

halving the scavenger rate.    
 
The combination of these various corrections results in an estimate of overall 
mortality that is, at best, rough and imprecise and, at worst, seriously biased 
(likely downward).   Inadequate11 consideration is given to these ad hoc 
corrections in evaluating the uncertainty in the mortality rate estimates provided 
later in this chapter. 
 
As a last note here, the authors should make their calculations more clear to the 
reader.  Erickson et al. 2003 provides a good template. 

 
 

 p.52, par.2:  The authors are correct in stating that their “mortality estimates might 
be conservative” because of removal of carcasses by people not involved in the 

                                                
11 Original review text before considering the Smallwood and Thelander response: “No consideration...” 
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authors’ study and they provide some anecdotal evidence.  The authors do not 
account for such carcass removal. 

 
 

 p.52, par.3:  The authors state that, of the 1162 carcasses whose fatality was 
attributed to the wind turbines, 198 were more than 90 days old. Table 3.1 on pp. 
64 and 65 counts fatalities as Type A (both fresh and old) and Type B (fresh; used 
to estimate mortality). The difference between Type A and Type B should be the 
number of carcasses older than 90 days. In fact the difference is 1162 – 923 = 239 
which is larger than the 198 reported on p. 52. What happened to the other 41?  
Bats account for some, but not all. 

 
 

 p.52, par. 4 and p.53, Figure 3-4:  The authors state that the frequency 
distributions shown in Figure 3-4 are “at the string level of analysis”.  The caption 
for Figure 3-4 should reflect that the figure shows the frequency of strings with 
various levels of estimated mortality rates.  

 
 It is striking that at 270 of the 562 strings searched, or 48%, no carcasses were 

found. A useful analysis would have been to compare the group of strings with 
zero fatalities to those with observed fatalities.  

 
 Both parts of Figure 3-4 include what appears to be a truncated normal 

distribution.  This is inappropriate since the observed distribution is quite unlike a 
normal curve, more closely resembling an exponential or Poisson distribution. 
The normal curves should be removed. 

 
 
 p.52, par.5 and p.64, par.1: The authors make statements about inter-annual 

mortality variation for different species and types of birds at wind turbines 
sampled for all four years.  It is assumed, but not stated, that ANOVA and LSD 
are used.  The multiple categories of birds species/type being tested for inter-
annual mortality variation makes the chance of at least one Type I error likely.   

 
 

 p.52, par.5 and p.68, Tables 3-3 and 3-4:  The statement about the mortality of 
burrowing owls based on the strings studied for 4 years vs. just 1 year refers to the 
right columns of Table 3-4.  We suspect this should be Table 3-3.  

 
 

 p.59, Figure 3-15:  Year effects on mortality rate are confounded by location, as 
evidenced by this figure. 

 
 

 pp.54-58, Figures 3-5 through 3-14:  It seems as though the 95% confidence 
intervals in these figures were determined based on the string-based mortality rate 
estimates using Student’s t distribution.  Then it would be appropriate to provide 
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the sample size for each year and not just the aggregate for all 4 years. (Or was it 
a sample size of 160 for the 1-year strings and 62 for the 4-year strings?) 

 
How was the confidence interval computed for 2001-2002 in Figure 3-9?   It 
appears that the estimate is zero and the C.I. has zero width.   How is this 
possible?   Were there no barn owls killed in the 62 strings in 2001-2002?  If so, 
then the point should not include a confidence interval. 

 
 

 p.70, Table 3-9:  To this point in this chapter, the analysis has been string based. 
This table refers to 1526 turbines in the first set and the 2548 turbines in the 
second set. The columns give the mean and standard error among strings, not 
turbines.  What was the sample size used for each of the mean and standard error 
calculations?  Is it number of turbines or number of strings?  Are these sample 
sizes taken to be the same for all species or groups 

 
 It would be useful to compare these results to the corresponding median values.  It 

would be interesting to know how many of the median mortality estimates would 
be zero?  Even for the shorter duration second set, 12 of the 30 (40%) species 
mean mortality rates are zero. 

 
 

 pp.70-75, Tables 3-9 through 3-12: The authors should better explain the 
calculations used to produce these tables.  An example using real data would be 
helpful. 

 
 

 p.76, par.2:  The authors mention high mortality estimates in the SeaWest-owned 
portion of the APWRA, but the Results (Section 3.3) did not articulate about 
spatial or owner differences in mortality rates. 

 
 
Chapter 4:  Impacts to Birds Caused by Wind Energy Generation 
 

 p.78, par.3:  The authors assume a 50% miss rate outside of their 50m search 
radius (p.78, par.3).  This statement conflicts with their Chapter 2 methods (p.51, 
par.1) where they said the detection rate within 50m was the same as beyond 50m.  
Thus in Chapter 2 they used detection rates for beyond 50m of 85% (raptors) and 
41% (non-raptors).   A 50% detection rate beyond 50m for non-raptors would 
suggest a greater detection rate beyond 50m than within 50m, obviously not 
sensible.  More reasonable detection rates would be 42.5% (raptors) and 20.5% 
(non-raptors) beyond 50m (i.e., half the detection rate as within the more 
thoroughly searched 50m). 
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 p.78, par.4: The authors present findings from point count surveys although they 
have not yet discussed the methods with the readers. 

 
 

 In general, Chapter 4 does not adequately portray that the mortality estimates at 
APWRA from this report are likely biased low – perhaps severely.  This bias 
comes about because: (1) detection rates for carcasses beyond 50 m could easily 
be well below the values used in analyses; (2) scavenging rates could easily be 
higher than used in analyses (because search intervals were longer for this study 
than in the studies from which values were obtained); and (3) scavenging rates of 
raptors were arbitrarily cut in half from reported scavenge rates. 

 
 
Chapter 5: Range Management and Ecological Relationships in the APWRA 
 

 In general, the authors present the reader with a blizzard of one-way ANOVA and 
LSD statistical tests looking at an almost endless number of variables.  Having so 
many variables inspected individually, leaves the study highly vulnerable to Type 
I errors, confounding variables and difficult to interpret findings.  A multivariate 
approach would help the authors develop a more thoughtful, concise analysis that 
can help control for confounding variables. 

 
 

 p.91, par.3:  “Vegetation height ... was 18% greater ... where rodenticides were 
intermittently deployed...,” the authors report with a mean difference from intense 
rodenticide use of 4.28cm.  The magnitude of 4.28cm is more meaningful if the 
mean heights of the grasses are also provided.  It could be 1cm vs. 5.28 or 11cm 
vs. 15.28 which could understandably have different ecological impacts. 

 
 

 p.100:  The authors indicate that the index of cottontail rabbit abundance was 
higher on Enertech towers, on plateau slope combinations, and on southwest 
slopes.  Were Enertech towers especially common on southwest slopes relative to 
other tower types?  These questions are difficult to answer because they require 
the reader to extract information presented for other purposes elsewhere in the 
report.  By running multivariate analyses (which may require simplifying or 
reducing variables – in itself a good thing), then the association between a given 
predictor variable and the response variable can be measured while statistically 
accounting for confounding variables.  This is a recurring limitation of the study. 

 
 

 p.103, Table 5-20.  This is an example of where the authors should interpret the 
meaning of the analyses while paying attention to the magnitude of differences.  
Furthermore, the metric “cottontail abundance” is never defined.  In Table 5-20 
cottontail abundance is compared between “some lateral edge” and “other edge 
conditions” with a statistically significant “Mean difference (cm) on grass 
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transect” of 0.18.  What does that 0.18cm represent?  Is that a small biological 
magnitude that ends up being statistically significant because of the very large 
sample size of 1327? 

 
 

 p.108, par.4:  The authors make quick mention that, “Some of these relationships 
might be confounded with other variables.”    This is an understatement and a 
recurring limitation of the study.  Multivariate analyses could help control for 
some of these confounding variables. 

 
 
Chapter 6: Distribution and Abundance of Fossorial Animal Burrows in the 
APWRA and the Effects of Rodent Control on Bird Mortality 
 

 p.111, par. 4:  “Most wind turbine strings were selected arbitrarily, to represent a 
wide range of raptor mortality recorded during our fatality searches, as well as to 
represent a variety of physiographic conditions and levels of rodent control,” the 
authors write.  A more rigorous method of selection should have been used, such 
as stratified sampling.  The objectiveness and unbiasedness of “arbitrary” 
sampling is always questionable. 

 
 

 p.112, par.4 and p.114, par.5:   The method of estimating degree of clustering at 
wind turbines using the slope from least squares linear regression is unclear 
(p.112, par.4).    Is “corresponding search areas” the distance from the wind 
turbine?   It then seems that the authors disregard this “regression-slope” method 
(p.114, par.5) for the “observed-divided-by-expected” approach.  Having this 
“regression-slope” method discussed is confusing if it is not to be used. 

 
 

 p.112, par.6:  The authors mention that they learned post hoc about rodent control.   
Although likely beyond the duties of the authors, the effectiveness of rodenticides 
to reduce raptor mortality could be better explored in the future via a carefully 
planned experiment. 

 
 

 p.149, par.5 and p.164, par.1 and Figures 6-45 and 6-46:  The simple linear 
regressions used to investigate association between raptor mortality and ground 
squirrel burrow systems are very questionable (Figures 6-45 and 6-46).  The 
authors discuss the significance of these scatter plots (p.149, par.5 and p.164, 
par.1).  Some of these conclusions and “significant” P-values are based on sample 
sizes of 3 (no rodent control) and 5 (intense rodent control) – it is outside the 
realm of professional practice12 to base inferences from just 3 or 5 data points.  

                                                
12 Original review text before considering the Smallwood and Thelander response: “ ... it is foolish to base 
inferences...” 
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Furthermore, leverage of an individual point affects all three levels of rodent 
control and the assumption of homogeneous error is ignored.  

 
 

 pp. 164-172, Tables 6-2 through 6-11:  These tables aggregate the density of 
burrows into categories and then total the number of bird kills for each of the 
three categories.  It is not clear how the authors decided to define each category 
and information is lost by categorizing continuous data.  A dot plot or histogram 
of the burrow densities for where carcasses were found beside a second plot of 
burrow densities for where carcasses were not found would have been more 
informative.   

 
 

 Discussion, pp.172-178:  The authors make good points in the Discussion 
regarding the negative and/or inconsistent impacts of rodent control measures, 
and their case is strong, we believe.  They offer the caveat that, “Intense rodent 
control was associated with fewer golden eagle fatalities in areas of intense rodent 
control, but the association is not strong enough to warrant its continued use” 
(p.178, par.2). We think that statement is giving the rodent control measure more 
causal credit than it deserves.  In fact, the P-value for the ANOVA test of golden 
eagle mortality rate across the three rodent control intensity levels is statistically 
insignificant at 0.9 (p. 172, Table 6-12).  While the mean mortality estimate is 
slightly lower in magnitude for the intense control category, the variance is very 
large, and we thus have no confidence this difference is “biologically real.”  One 
could just as easily claim that, “mortality rates among rodent control intensity 
were statistically indistinguishable.” 

 
 
Chapter 7:  Bird Fatality Associations and Predictive Models for the APWRA 
 

 p.182, par.5:  The authors define four seasons, but the length of the seasons are 
very different: spring is 92 days, summer is 117 days, fall is only 51 days, and 
winter is 105 days. Summer is 2.3 times as long as the fall. What is the 
justification for these definitions?   The authors also give no explanation of how 
they decide “number of days since death” when a carcass is discovered. 

 
 

 p.182, par.7:  Although Table 1-1 does summarize the attributes of the wind 
turbines in the sample, it does not state the frequency of each type in the sample 
and the population. 

 
 

 p.183, line 7:  The authors need to be careful and consistent as to how they show 
their mathematics.  They most often, but not always, use more elementary 

notation such as A ÷ B instead of
B

A .  On the 7th line of page 183, they define “the 
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window of opportunity” asWindow =  C ÷ T !B .    This is equivalent to
C !B

T
, but 

the equation is more sensible as
C

T !B
, which we believe is what the authors 

meant.  The authors should employ the use of an equation editor, like that used in 
Microsoft Word. 

 
 

 p.183, par.2:  For purposes of computing how quickly a bird clears the rotor 
plane, how thick is the plane?  What flight speed would be required to clear the 
rotor plane in the allotted time? 

 
 

 p.183, par.5: The tower height is defined as the distance the rotor is above the 
ground.  Can we assume that this is the center of the rotor? 

 
 

 p.184, par.1:  The incidence of rock piles was reduced to a limited number of 
categories.  Did the authors intend the categories to be: a) none, b) less than or 
equal to 0.25 piles per turbine, or c) greater than 0.25 piles per turbine? 

 
 

 p.184, par.2:  The authors employ a 40 m radius around each turbine instead of 
the 50 m radius stated earlier.  What is the reason to redefine the sampling zone 
now? 

 
 

 p. 184, par.4:  Did the authors test the assumptions of the statistical tests (e.g., 
homogeneity of variances or statistical independence and normality of residuals) 
applied in this or any other chapter?  What objectives are the authors trying to 
meet in reporting “weak and non-significant correlations”?   How can the 
measures of effect, statistically or biologically, be meaningful if the confidence 
interval for the magnitude of the effect includes zero?  A nonsignificant result 
would imply a confidence interval that includes zero. 

 
 

 p.184, par.5:  For regressions, the authors have chosen to include the RMSE to 
provide a measure of the “precision of the data relative to the regression line”.  By 
RMSE, we assume that the authors mean: 

 

sizesample

residualssquaredofSum
RMSE

!!!
=  

 
A more appropriate estimator for precision, for either simple or multiple 
regression, would have been the standard error of the estimates (SEE) or: 
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parametersofsizesample

residualssquaredofSum
SEE

#!

!!!
=  

 
 

 p.184, par.6:  Although this is a non-manipulative study and the existing towers, 
turbines, topography, etc. as well as permission for access does limit the range of 
choice, it is still possible to carefully select the areas of study to provide the 
contrasts and comparisons of interest. 

 
 

 p.185, par.1:  Is the term “efficient” used here in the technical sense from 
statistics?  

 
 

 p.185, par.2:  The authors discuss the 5% significance level used in the 
subsequent tests and the 10% level that they interpreted as indicating “trends 
worthy of further research”. Given the immense number of univariate hypothesis 
tests reported in the subsequent pages, the authors should have discussed the risks 
of Type I errors (false positives) associated with conducting hundreds of tests. 

 
The total number of chi-square tests presented just in Tables 7-1, 7-2, and 7-3 is 
528 (ignoring the many more chi-square tests presented in Appendices B & C).  
The chief disadvantage of this approach is that Type I and Type II (false negative) 
error rates are inversely related, creating no clear optimization.  One could argue 
that Bonferroni adjustments are necessary to guard against very high experiment-
wise Type I error stemming from so many tests.  Using Bonferroni adjustments, 
the experiment-wise alpha (level of significance) value “should” be set as: 

n
adj

1

)1(1 !! ""= ; in this case 000097.0)95.0(1 528

1

=!=adj"  for a modified 
Bonferroni adjustment as proposed by Shafer (Shaffer, J. P. "Multiple Hypothesis Testing." Ann. 

Rev. Psych. 46, 561-584, 1995.) 
 
But if the authors bring the experiment wise alpha value this low, the Type II 
error rate gets unacceptably high, especially for work designed to measure 
environmental impact.  That is, the probability of the analysis suggesting no 
impact when in fact there is one becomes unacceptably high.  This problem 
further underscores the value of a smaller number of multivariate tests, as we have 
suggested elsewhere. 

 
 

 p.185, par.3:  The uses of chi-square tests “for association” are described.  The 
chi-square tests used by the authors are more commonly described as chi-square 
tests for “goodness-of-fit” where they are testing whether it is plausible that the 
observed counts across the categories came from a uniform distribution (each 
category is equally likely).   Although statistically legitimate, such methods fail to 
control for other variables, leaving the study vulnerable to confounding variables.   
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Why not use a general linear model, logistic (yes/no data) or Poisson (counts data) 
regression, discriminant analysis, or at least a log-linear analysis?   

 
 

 p.186, par.3:  The authors rationalize that relative search effort can be calculated 
as, N

t
! R! Y , where 

t
N  is the number of wind turbines in a string, R  is the 

mean rotor swept area in m2, and Y is the number of years the string is searched.  
This decision is based on Figure 7-1.  It is a loose association between the relative 
search effort and number of fresh bird carcasses found.  From this, they assume 
that mean rotor swept area is proportional to the number of carcasses – a circular 
argument since that is what they are supposed to be investigating.  Keep in mind 
that the swept area is proportional to the squared radius of a wind turbine 
(Area=! " r 2 ), thus the “search effort” at a wind turbine with a 3m blade will be 
four times as much as at a wind turbine with a 1.5m blade (half the size) even if 
they physically searched the surrounding grounds equally.  Thus the wind turbine 
with a 3m blade will have to kill four times as many birds to have the same rate of 
mortality as the 1.5m blade wind turbine, ignoring megawatt output.  In Appendix 
A, the authors do show a positive relationship between megawatt output of a 
turbine and mortality.  Perhaps the authors are trying to copy epidemiology 
studies which use “people years” when calculating risks for cancer; e.g., 
following 100 people for 5 years is equivalent to following 250 people for 2 
years.  Here this would correspond to “turbine years”. It is a strong assumption to 
say that the variable “rotor swept area” is just as important as the variables “time” 
or “number of wind turbines” with regards to the number of expected bird 
carcasses.  

 
 

 p.186, par.4 and p.187, Figures 7-1 A & B:  Figure 7-1A presents the relationship 
between the number of birds recently killed at turbine strings and the measure of 
search effort used.  13  Which of the variables account for the observed variation 
in the search effort: the number of turbines in the string, the mean rotor swept 
area, or the number of years of searching? 

 
 The authors suggest that Figure 7-1B illustrates an inverse power relationship 

between fatality rates and search effort.  It would be more informative to plot the 
data shown on a log-log plot, which would more conveniently indicate if the 
relationship was in fact an inverse power relationship.  It appears, however, that 
there may be many observations with fatality rates of exactly zero, but it is 
difficult to tell since the vertical axis does not show a zero. 

 

                                                
13Original review text before considering the Smallwood and Thelander response:  “...search effort used.  
Of the 472 data points, only 32 or so exceed 10,000 m2·yr of search effort and only 2 of the 472 exceeds 
30,000.  Consequently, these extreme values of the total dataset have the principal influence on the 
regression results.  Which of the variables account...” 
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 Figure A4 (p. A-8) suggestions a mechanism that would produce the relationship 
suggested for Figure 7-1B. This indicates that the sampling approach yields stable 
estimates only after longer periods of search, which should be discussed here.  

 
 

 14 
 
 

 p.189, par.2:  So now the sampling element is the wind turbine and no longer the 
string.  What fraction of the total population of wind turbines does this sample of 
turbine models represent?  It is important to the reader to know if these sampled 
wind turbines are representative of the APWRA population of wind turbines. 

 
 

 p.190, Figure 7-2:  The figure shows that the authors’ study is essentially a study 
of KCS-33 and Bonus wind turbines.  Furthermore, the “effort” for Bonus wind 
turbines is almost three times that of the number of Bonus wind turbines studied.  
Is that a result of the “relative effort” definition and that Bonus wind turbines’ 
rotor sweep area is three times that of most other turbine models?     

 
 

 p.189, par.8 and p.202, Figure 7-18:   Based on the authors’ definitions of 
seasons, fall is the shortest season (51 days) and so would be expected to have 
less sampling effort.  Given the length of the seasons and assuming a uniform 
distribution of sampling times throughout the year, we would expect 25% of the 
observations in the spring, 32.1% in the summer, 14.0% in the fall, and 28.8% in 
the winter.  Comparing this to the bar heights in Figure 7-18, the sampling effort 
is higher than expected in the spring, lower in the summer, higher in the fall, and 
on target in the winter.   Is this a result of their sampling effort definition?  It is 
not clear. 

 
 

 p.192, Figure 7-4:  Why is effort so many times greater for the wind turbines with 
2141 rotor plane swept per second? 

 
 

 15 
 
 

                                                
14 The original review’s point was removed before considering the Smallwood and Thelander response::  
“p.188, par.2:  “Positive values express the percent of total fatalities likely killed at wind turbines due to the 
attribute associated with the value...”  The use of the word ‘due’ implies causality, although at best they can 
only claim ‘association’.” 
15  The original review’s point was removed before considering the Smallwood and Thelander response::   “ 
pp.193 and 194, Figures 7-5 and 7-6:  These figures show scatter plots where an outer single point has high 
leverage (influence).  Conclusions are essentially being determined by the one point furthest to the right.” 
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 p.199, Figure 7-14 through p.201, Figure 7-16:  Why are the bin widths increased 
in going from graph A to graph B for each set of graphs?   In graph B of each pair 
of graphs, the bin widths are not equal. 

 
 

 p.203, Table 7-1:  The dangers of multiple hypothesis testing arise in Table 7-1 
when 204 chi-square tests are performed.  (This is repeated again in Tables 7-2 
and 7-3.)  This can be kindly called “data exploration” or criticized as a “data 
dredging”.  Regardless, with 204 statistical tests, if all data were a result of a 
uniform distribution across each category, researcher error or biased post-hoc 
categorization did not cause any non-uniform distribution, and each test were 
independent of one another, you should expect 5% of the tests to give p-values 
less than 0.05.  So there is a high chance of Type I errors when so many tests are 
performed.  Also many variables may be correlated, such as “tower height” and 
“high reach of blades”.  So if a test was significant for “tower height” you should 
expect it to also be significant for “high reach of blades”.    In addition, a more 
clear explanation is needed as to why some variables such as “rodent control” and 
“Slope aspect” are tested twice.  

 
There are methods to help reduce the problems of multiple testing, such as 
Bonferonni corrections that make the p-value for declaring a “statistically 
significant result” much less than 0.05 for each test.  This makes the overall 
chance of a Type I error only 5% if all tests were actually not significant.  The 
problem with such adjustments is that the statistical power then decreases for each 
test opening the door for Type II errors thus making the researchers miss 
important variables.    The authors should take a more selective and thoughtful 
approach to investigating the variables and use generalized linear models or 
multiple regression.   These more advanced methods would help reduce some 
confounding by allowing the authors to control for other variables when testing 
another.  The authors did, however, state that they only used the predictive model 
for variables that were statistically significant and showed gradients along a 
continuum (p.188, par.3). 
 
Furthermore, what are the sample sizes for each of these chi-square tests?  A large 
sample size can produce very small p-values (very high statistical significance) 
even though the magnitude of difference from the uniform distribution is 
minimal; i.e., lacking biological significance.  When the authors discuss the 
finding from the chi-square tests, they report something along the line of, “Wind 
turbines with variable X killed disproportionately more birds of species Y.”    
What magnitude is implied by “disproportionately”?  With a large enough sample 
size, it could be a biologically insignificant increase that is likely just a result of 
confounding.  This issue of magnitude is addressed in Table 7-5 (p.215), but the 
percent magnitudes still need to be put side-by-side with real numbers to make 
them more meaningful.   
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 pp.207-209, Figures 7-19 through 7-21:  There appears to be considerable spatial 
clustering of the golden eagle, red-tailed hawk, and burrowing owl fatalities.  The 
variation in duration of study does not coincide with the clusters.  Similar spatial 
clusters appear in all three figures.  There is no discussion of these figures16 in this 
narrative.  Are these clusters the result of turbine type clustering, variation in 
elevation, concentration of avian habitat, or some other factors? 
 
 

 pp.210-219, Tables 7-4 through 7-7:   Percentage increases in mortality are listed 
for various species in association with 12 factors. Confidence intervals should be 
provided for each of these percentage values so that the precision of the estimated 
effect can be evaluated.   How many of these confidence intervals would include 
zero, indicating that the magnitude of the effect might plausibly be zero? 
 
 

 p.219, par.1 and pp.220-221, Figures 7-22 and 7-23:  The authors note the seasons 
with relatively higher fatalities than expected but neglect to point out the seasons 
with unusually lower fatalities than expected.   Specifically, the red-tailed hawk, 
American kestrel, and burrowing owl all show much lower fatalities than 
expected in the spring. Why would this be true?   Similarly, there were no 
fatalities of mallards in the fall. Why would this be so? 
 
 
p.222, par.2:  “The empirical models developed were tested only against the 
database of the 4,074 wind turbines from which the data were obtained for model 
development,” state the authors.   Testing the quality of a statistical model on the 
same dataset from which it was developed is bad practice.  The selected model 
may fit that specific dataset well, but not be robust enough to predict outcomes 
well from a similar but different dataset.    Some statisticians, for example, will 
randomly set some fraction of the original data to the side (test set), fit a model on 
the remaining data (learning set) and then see how will it predicts the data that 
had been set aside.  This is repeated until all data have been set aside once in the 
test set.  Once a good model has been determined, it is fit to the entire dataset.  
This concept is much-addressed in the ecological statistical literature (e.g., 
Fielding and Bell 1997, Boyce et al. 2002, Knightes and Cyterski 2005), and there 
are numerous analytical approaches to minimize the circularity without requiring 
the collection of new independent data.  The authors need to address these issues. 

 
Fielding, A. H. and J. F. Bell.  1997.  A review of methods for the assessment of prediction errors in conservation 

presence/absence models. Environmental Conservation 24:38-49. 
Boyce, M. S., P. R. Vernier, S. E. Nielsen, and F. K. A. Schmiegelow.  2002.  Evaluating resource selection 

functions.  Ecological Modelling 157:281-300. 
Knightes C. D. and M. Cyterski M.  2005.  Evaluating predictive errors of a complex environmental model using a 

general linear model and least square means. Ecological Modelling 186:366-374.  
 

 
                                                
16 Original review text before considering the Smallwood and Thelander response: “There is no discussion 
of this in the narrative.” 
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 p.222, par.3:   This argument is independent of any observations made by the 
authors. It represents circular reasoning. It argues that if the model is correctly 
predicting which turbines are relatively more dangerous, then the reason no bird 
fatalities were found at most of these dangerous turbines is just that we did not 
look long enough. This might be true but this work can neither support nor refute 
it. 
 
 

 p.223, Table 7-8:  The authors have so far only conducted univariate chi-square 
hypothesis tests.  They now seek to combine the results in an ad hoc fashion into a 
model which amounts to a scoring system.  If the authors want to develop a 
multivariate model, they should apply appropriate methods such as logistic or 
Poisson regression. 
 
 

 p.224, Table 7-10:  The authors’ interpretation of the results presented in this 
table is unusual.  They group the observations by the results (e.g., 0, 1, 2, 3, etc. 
fatalities) and compare the fractions that were predicted to be “more dangerous” 
and “less dangerous”.  This is a backwards approach to evaluating the predictive 
model.  The observations should be grouped by the predictions (not the results) 
and the percentages of each group that experienced fatalities should be compared. 

 
 For example, using the golden eagle data, we can assemble a 2 x 2 table of 

relative risk:  
 
              Predict 0 fatalities     Predict ≥1 fatalities 
Observed 0 fatalities     2007           2014 
Observed ≥ 1 fatalities  10           43 
Total               2017           2057 
% with fatalities             0.5%           2.1% 
 

 So although the turbines predicted to be more dangerous were about 4 times more 
likely to experience fatalities than the turbines predicted to be less dangerous, 
97.9% of those predicted to be more dangerous experienced zero fatalities. On 
p.222, par.3, the authors argued that this large rate of false positives is attributable 
to the short duration of sampling.  If so, then the turbines studied for 4 or more 
years should show a stronger response.  Is this effect stronger for the turbines 
studied for longer periods? 

 
 

 p.226, p.229, p.231, p.235, Figures 7-24, 7-26, 7-28, 7-30:  In the A part of each 
of these figures, the authors have again grouped the observations by the results 
and not the predictions.  Since they are attempting to evaluate the quality of the 
predictions, their approach is inappropriate.  Like residual plots for logistic 
regression, the observations should be grouped by prediction (ranges of the 
scores) and the fraction of turbines experiencing fatalities should be compared 
among the prediction groups.   
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 p.242, par.1: The authors state that they “… were unable to account for 
interactions effects between independent variables.” If more appropriate tools had 
been applied to the model development, investigation of interaction effects would 
have been straightforward.  
 
 

 p.242, par.2:  The authors claim that elimination of 20% of the turbines might 
reduce the mortality by 40%17. How was this determined?  

 
 

 p.243, par.2: The authors state that the Bonus, Micon, and KVS-33 turbines are 
the most dangerous.  How was this determined?  It is likely the authors intended 
to include the KCS-56 instead of the KVS-33 based on the total bird fatalities 
reported in Table D-3.  Is it possible that there are more fatalities for these 
turbines because there are more of them, not that they are more dangerous per 
unit? 

 
 

 p.245, par.2:  The authors state that wind turbines that are at the end of strings or 
are isolated kill more birds that wind turbines on the inside of strings.  It is 
important to keep in mind that carcasses tossed far enough by a wind turbine that 
is on the inside of a string can be misattributed to either its left or right neighbor.  
Wind turbines at the end of a string can only have their kills misattributed to 
another wind turbine only if it tossed towards the string.  Wind turbines that are 
isolated will not have any chance of getting their carcasses misattributed. 

 
 
Chapter 8: Bird Behavior in the APWRA 
 

 p.246, par.4:  Biologists only collected bird behavior data from mid-October 
through mid-May.  What about mid-May through September, especially since 
summer is when the winds are strong?  Perhaps young prey or different types of 
prey are available more during certain months?  Also, how were the 61 
observation plots selected: randomly or by convenience? 

 
 

 p.247, par.2.:  The observation plots had a fixed radius of 300 m, so the term 
variable distance circular point observations is not really appropriate.  Variable-
radius plots are more commonly used in so-called “distance based sampling” in 
which the distance to each bird observation is used to estimate probability of 
detection as a means of calculating bird density (which is not the intent of the 
authors).  The authors did assign birds to one of 3 distance categories (based on 
distance to turbine), but the furthest category was truncated at 300 m.  As 

                                                
17Original review text before considering the Smallwood and Thelander response:  “...by 80%.” 
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Reynolds (1980) states, “With the variable circular plot method no maximum 
distance restrictions are placed on any observation” (p.310).  “Distance-based 
sampling” is a large sub-discipline within wildlife ecology and boasts a sizeable 
literature (see Volume 119 Issue 1 [2002] of The Auk for several recent papers on 
this subject), and while Reynolds et al. (1980) is a classic citation and influential 
in the development of current methods, it is not up-to-date with recognized 
methods.   

 
 

 p.247, par.3:  The authors state that the 61 observation plots were sampled 4 times 
each or “once every three to four weeks”.  How can the sampling cover 210 days 
and at the same time be once every 21 to 28 days?   With one sampling at the start 
and one at the end, the interval between samplings would need to be about 70 
days. 

 
 

 p.250, Table 8-2:  More explanation is needed to distinguish the types of flight 
behavior in Table 8-2.  Contouring and surfing sound alike. 

 
 

 p.251, par.1:  The authors assume that, “the number of on-the-minute 
observations represented the same number of continuous minutes of the same 
activity.”  This is a standard assumption with conventional wildlife behavioral 
sampling, and is likely valid if sample sizes are large enough.  This issue has been 
discussed extensively in the literature (see classic book by Martin and Bateson, 
1993), the authors should make use of citations on the subject and defend that the 
assumption is valid.  Also, they should identify their sampling technique within 
the conventional behavioral sampling lexicon – i.e., there are very standardized 
differences between focal animal sampling, scan sampling, and instantaneous 
sampling.  The authors likely did the latter, but they should review these terms 
and identify which best describes their approach.  (Martin, P. and P. Bateson.  1993.  Measuring 

Behavior, An Introductory Guide.  Cambridge Univ. Press, London, UK.) 

 
 

 p.253, par.5:  Chi-square tests are performed to test for disproportionate behavior 
under various conditions.   Observations (data points) used in a chi-square test 
should be independent of one another.  Having a single bird provide multiple 
observations through time removes that independence, thus invalidating the chi-
square analysis.  If a bird is soaring one minute, it is more likely to be soaring 
during the next minute.  Even if a bird only contributed one observation; it could 
be recounted as a new bird if it disappeared for only 30 seconds (p.247, par.5). 

 
 

 p.260, par.3 and p.260, Figure 8-9:  The authors state that an asymptote for some 
behaviors is reached by about 9 minutes and for others by 20-27 minutes.  It is not 
clear what asymptotes they are referring to.  The vertical axis on Figure 8-9A 
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does not include zero, which exaggerates the magnitude of the change.   Why did 
the frequency of behaviors increase with time?  Does this suggest birds took some 
time to habituate to human presence (as suggested by Reynold et al. 1980 and 
others)?  Or does it mean in took 8-30 minutes for observers to begin to fully 
“notice” (authors’ term) behaviors in the observation plots?  The term special 
behaviors is inadequately defined.   

 
 

 p.256, par.5:  The authors absolutely did not observe 855 minutes of flying; they 
recorded 855 incidences of flight among 3884 observations at minute intervals.  
There is a difference between these two.  This is a problem with equating minutes 
of an activity with frequency of its observation at 1-minute intervals.   

 
 

 p.256, par.6 and p.262, Figure 8-11:  The authors state that Figure 8-11A shows 
the relationship between the number of flights through the rotor zone and the total 
number of flights observed during a session.  What is the slope, r2 value, or 
standard error estimate for the relationship?  Is this a chance pattern?  Regardless, 
it makes sense that if there are more incidences of flight, there will be more 
incidences of flight through the rotor zone.  And if birds are perching – thus not 
flying – there will be fewer incidences of flight through the rotor zone. 

 
 

 p.264, par.2:  Were any bird collisions with turbine blades observed? 
 
 

 p.265, Table 8-3:  The table totals for the sum of minutes of flying (855) does not 
match the total of the column (828).   Are there other raptor results not tabulated? 
Similarly the total provided for the sum of minutes perching column is 3029 but 
the column total is 2909.   And the total given for the number of flights through 
the rotor zone (153) does not agree with the column total of 147.  

 
 The turkey vulture, red-tailed hawk, and American kestrel account for 87% of the 

minutes flying and 90% of the flights through the rotor zone, but according to 
Table 3-1 they only account for 22.9% of the total turbine caused fatalities and for 
58.1% of the total raptor fatalities cause by collisions.  Why this great disparity? 

 
 
 p.266, Table 8-4:  In this table there are several behaviors or groups of behaviors 

that have zero recorded minutes of activity for all listed species and yet three 
other flight behaviors listed in Table 8-2 are not included (e.g., high soaring, 
mating, and land). Why were these omitted? 

 
 

 p.267, Table 8-5:  There is a discrepancy between the minutes perching for 
American kestrels between this table (1065) and Table 8-3 (1103).  
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 p.269, par.4:  Many of the environmental variables may have coincidentally been 
correlated with when the birds were sighted.  For example, “Golden eagles and 
American kestrels perched more often than expected by chance during cooler 
temperatures, which was also more or less when they flew more often.”  So were 
Golden eagles and American kestrels mostly observed during the cooler months?  
Would such confounding18 also cause an association with certain seasonal types 
of wind?  And how can they be perching more and flying more at the same time?  
Would not one increase while the other decreases?  

 
 

 pp. 270-275, Tables 8-6 through 8-11:  The authors have again conducted 132 
univariate hypothesis tests without correcting for multiple comparisons.  

 
 

 pp. 283-307, Tables 8-12 through 8-16:  This time there are 792 simultaneous 
tests conducted without correction for multiple comparisons.  

 
 
 
Chapter 9: Conclusions and Recommendations 
 

 p. 339, par.3:  The authors state that birds are disproportionately killed by wind 
turbines mounted on tubular towers.  However, because of the tubular vs. lattice 
towers differ in many other respects (rotor length, tip speed, blade height, etc.), 
without examining effects of tubular vs. lattice towers while controlling for the 
other confounding variables via multivariate analysis, the univariate analyses are 
suspect. 

 
 

 p.353, par.5:   The authors state: 
 

“We also had little control over the application of sampling effort across 
the APWRA, and so the differential sampling effort we applied precluded 
multivariate statistical methods, which would have been useful for 
managing the shared variation among measured variables.  These factors 
required us to rely on univariate tests.” 

 
The lack of management of shared variation among variables is indeed a major 
limitation of this study.  But unrepresentative, incomplete sampling is a problem 
for univariate as well as multivariate analyses.  There is no reason why the 
authors cannot employ more state-of-the art analytical tools to try to disentangle 

                                                
18Original review text before considering the Smallwood and Thelander response: “Would that also 
cause...” 
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the multiple measured variables, with the strong caveat that the sampling was 
likely inadequate.   

 


