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1. Automated curtailment is potentially a powerful technique to reduce collision
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mortality of wildlife with wind turbines. Previously, we used a before-after-

control-impact framework to demonstrate that eagle fatalities declined after
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automated curtailment was implemented with the IdentiFlight system at a wind
power facility in Wyoming, USA. We received substantial interest and feedback

regarding our study and, here, we implement several analytical suggestions and
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mail: cmeclure@peregrinefund.org include more recent data that strengthen the inference we draw from our results.

Handling Editor: Natasha Gownaris 2. The five main analytical suggestions we received were to (1) exclude from

analysis data that were collected during the period when automated curtail-
Funding information

M_J. Murdock Charitable Trust ment was only partially implemented; (2) only analyse data from a single make

and model of turbine; (3) evaluate changes in the rate of fatality, instead
of the yearly numbers of fatalities that result from fluctuations around that
rate; (4) calculate a standard measure determining effects of a treatment
in a before-after-control-impact study and (5) examine yearly fluctuations of the
fatality rate during the before period.

3. After incorporating these suggestions and including additional data collected since
the prior paper was published, our results confirm prior work. We demonstrate that
eagle fatalities were reduced by 85% (95% highest density interval = 12%, 100%)
after implementation of automated curtailment. Rate of fatalities declined by
2.85 eagles per year (—0.67, 5.70) between before and after periods at the treat-
ment site and increased by 2.26 eagles per year (—1.77, 7.37) at the control site.
Overall, the fatality rate declined by 4.91 (—0.27, 11.27) more eagles per year at the
treatment site than at the control site. The probability that the fatality rate declined
at the treatment site relative to the control site was 0.97.

4. Our re-analysis strengthens our inference by using more robust analyses and data
to support the conclusions of the prior study suggesting that automated curtail-
ment was effective at reducing eagle fatalities at our treatment site. Because of the

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided
the original work is properly cited.
Published 2022. This article is a U.S. Government work and is in the public domain in the USA. Ecological Solutions and Evidence published by John Wiley & Sons Ltd on
behalf of British Ecological Society.

Ecol Solut Evid. 2022;3:€12173. wileyonlinelibrary.com/journal/eso3 | 10of8

https://doi.org/10.1002/2688-8319.12173


https://orcid.org/0000-0003-1216-7425
https://orcid.org/0000-0003-4503-8435
mailto:cmcclure@peregrinefund.org
http://creativecommons.org/licenses/by/4.0/
https://wileyonlinelibrary.com/journal/eso3
https://doi.org/10.1002/2688-8319.12173

20f8

McCLURE ET AL.

KEYWORDS

wind turbine

1 | INTRODUCTION

Automated curtailment is a technique to reduce wildlife collision mor-
tality whereby wind turbines are stopped or slowed automatically
when wildlife are considered at risk of collision (McClure, Rolek, Dunn,
et al., 2021). Although promising, automated curtailment incurs finan-
cial costs, from installation of sophisticated detection technology and
increased number of curtailments that result in reduced energy pro-
duction (Allison et al., 2019). The efficacy of automated curtailment
therefore must be thoroughly tested if managers of wind facilities
are to effectively balance the costs associated with mitigating wildlife
mortality while also maximizing energy production.

We recently evaluated the ability of IdentiFlight, a camera-based
automated curtailment system, to mitigate collision mortality of bald
(Haliaeetus leucocephalus) and golden eagles (Aquila chrysaetos) at a
wind facility in Wyoming, USA (McClure, Rolek, Dunn, et al., 2021).
IdentiFlight is designed to detect eagles, determine whether they are at
risk of collision with specific wind turbines and, if so, curtail those indi-
vidual turbines (McClure et al., 2018). In that study (McClure, Rolek,
Dunn, et al., 2021), we compared the change in counts of eagle fatal-
ities between time periods before and after the implementation of
automated curtailment at a treatment site to changes at a nearby con-
trol site, at which curtailment measures were not implemented. We
demonstrated that the number of fatalities declined substantially at
the treatment site after implementation of automated curtailment. In
total, our analysis showed that the number of eagle fatalities declined
by 82% (75%-89%) at the treatment site relative to the control site
(McClure, Rolek, Dunn, et al., 2021).

Our study generated substantial interest, including feedback
regarding potential improvements, and suggestions for follow-up anal-
yses of new data to ensure the robustness of our inference and that the
efficacy of automated curtailment is maintained over time (CJWM and
TEK, personal observation). The suggestions we received centred on
five refinements of study design: (1) more intuitive demarcation of the
before and after periods of our experiment; (2) more even comparison
of the turbine types at the treatment and control sites; (3) focusing on
the rate, rather than the number, of fatalities; (4) calculating the stan-
dard measure of a before-after-control-impact (BACI) analysis and
(5) examining yearly fluctuations of the fatality rate during the before
period.

Regarding thefirst refinement, in the original study we used the date

of activation of the first automated curtailment units at the treatment

site- and species-specific nature of our work, future research should examine the
efficacy of automated curtailment at other sites, with other species, and under

different curtailment regimes.

bald eagle, curtailment, golden eagle, IdentiFlight, mitigation, renewable energy, wind power,

site as the demarcation between before and after periods at the con-
trol site. The treatment was therefore not fully implemented during
the entire after period (Figure 1a) and this could obscure our infer-
ence. Regarding the second refinement, our control site had 66 General
Electric (GE) model GE1.5-77 turbines, whereas our treatment site
had 66 of the same model turbines in addition to 44 Siemens model
SWT-2.3-101 turbines. It could be argued that a better comparison
would be between the 66 GE turbines at each site, and that exclu-
sion of data from the Siemens turbines at the treatment site would be
more straightforward. In this way, we could compare two sites with
the exact same number of identical turbines, and any differences in
fatality rates among turbine types would be controlled. Regarding the
third refinement, we calculated the number of fatalities before and
after installation of automated curtailment, but we did not estimate
the underlying fatality rate (1). This is analogous to observing differ-
ences between the outcomes of rolls of two weighted dice versus
calculating the underlying probabilities that each die would land on
a given side. In the original study, changes in the number of fatalities
between time periods could therefore be due to random fluctuations
around a mean A. An improved analysis therefore would focus on
changes in 1 under a BACI framework, providing stronger inference
into whether automated curtailment lowers fatality rates. Also, in our
original study, we calculated an estimate of percent change that is
rarely used to report the effects of BACI experiments. An improve-
ment to doing this is to calculate the measure proposed by Chevalier
et al. (2019) for use in BACI studies, to compare 1 between sites as well
as between time periods. This standard metric, termed the BACI Con-
trast, allows for a more intuitive and conventional comparison of BACI
results.

Finally, there was concern that the decrease in fatalities we
observed might simply be due to random fluctuations in eagle fatalities
from collisions with wind turbines. In our previous analysis (McClure,
Rolek, Dunn, et al., 2021), we demonstrated that more eagles were
killed at the treatment site during the before period than the con-
trol site, whereas during the after period fewer eagles were killed
at the treatment site relative to the control site. If the control site
is frequently more deadly than the treatment site, then the change
regarding which site is deadliest is unlikely to be due to automated cur-
tailment. However, the switch to the control site being deadlier might
be attributed to automated curtailment if during the before period
the treatment site was consistently deadlier than the control site. One
way to address this concern would be to examine 1 during each of the
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FIGURE 1 Graphical representation of the coverage of automated curtailment at our Wyoming study site. Shown are the number of General
Electric (GE) turbines at our treatment being controlled (i.e. covered) by automated curtailment units over the course of the pervious (McClure,
Rolek, Dunn, et al., 2021) (a) and current (b) studies. In panel (a), the dashed line at 8, 2018 depicts the demarcation between before and after
periods in the previous study. In panel (b), the grey box depicts the time period during which automated curtailment was being installed. Data from
this time period were not analysed in the current study. Thus, the grey box represents the demarcation between before and after periods

4 years before implementation of automated curtailment to determine
how the fatality rates of the two sites were related to each other.
Although none of these suggestions reveal fatal flaws in our past
work, we agree that implementing these changes to the analysis would
provide stronger and more intuitive inference regarding the efficacy of
automated curtailment for reducing wildlife mortalities at this site. As
such, here, we implement the suggested improvements with additional
data. Specifically, we compare the fatality rate (1) using data only from
GE turbines and we exclude data from 1 August 2018 to 13 August
2019, the period during which automated curtailment was incremen-
tally being implemented across the facility (Figure 1). We also calculate
the BACI Contrast (Chevalier et al., 2019) to gauge the effect of our
treatment on A. Finally, we examine A during the before period to deter-
mine if there were differences in this metric between the control site
and the treatment site. Implementing these changes also provides an
opportunity to add data collected since the original paper was pub-
lished. We therefore included additional data from 2020 to determine
whether A remained low at the treatment site during this full year

under automated curtailment.

2 | MATERIALS AND METHODS

Field technicians collected data regarding carcass persistence and

searcher efficiency and observed fatalities at both the control

(Campbell Hill Windpower Project) and nearby (~ 15 km) treatment
(Top of the World Windpower Project) sites. Both sites were located
within Converse County, WY, USA, and were operated by Duke Energy.
Search methods were identical to those described by McClure, Rolek,
Dunn, et al. (2021). Turbines were searched every 30 days both dur-
ing the before and after periods at the treatment site and during the
before period at the control site. During the after period at the con-
trol site, turbines were searched every 56 days, except the period
between August and October 2020, when searches were suspended
for health and safety reasons. We directly specified the search inter-
val length to account for variation in search intervals. All appropriate
permits were obtained from the U.S. Fish and Wildlife Service for our
field work.

2.1 | Analysis

We give an overview of our analysis strategy here, with details below.
We first calculated the detection probabilities of eagle carcasses, and
their associated uncertainty, for before and after periods at each site.
We then used these estimates, along with the numbers of observed
fatalities, to estimate the yearly fatality rate (1), with associated error
estimates, for each site-by-time-period combination. Finally, in addi-
tion to the percent change as calculated in our previous work, we

calculated the BACI Contrast to determine the reduction in the fatality
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rate that might be attributed to automated curtailment implemented and the estimate of detection probability (§) as P(1]X, ) = P(X|4, §)P(2)
’ / P(X|4, §)P(A)dA’

by IdentiFlight.

The IdentiFlight system is flexible in that it can be programmed
for site-specific curtailment criteria. During our study, the curtailment
regime used two virtual concentric cylinders to define threshold cri-
teria. The radii of the cylinders began as 200 m (inner) and 400 m
(outer) on 1 August 2018, but on 22 August 2018 were changed to
150 m (inner) and 350 m (outer). The heights of the inner and outer
virtual cylinders were 200 and 400 m, respectively, throughout the
entire study. Curtailment was never ordered if an object identified as
an eagle was outside of the outer cylinder. Curtailment was always
ordered when that object was identified as an eagle (>90% confidence)
and it entered the inner cylinder. Between the two cylinders, Identi-
Flight estimated a time to collision threshold based on the speed and
trajectory of the purported eagle. The time to collision threshold was
originally set to 10 s, but was changed to 15 s in September 2019. See
McClure et al. (2018), McClure, Rolek, Dunn, et al. (2021), and McClure,
Rolek, Braham, et al. (2021) for further details regarding the study site
and the configuration and programming of the ldentiFlight system.

We used GenEst (Dalthorp et al., 2018, 2020; Simonis et al., 2018) in
R (R Development Core Team, 2018) to calculate the detection prob-
ability of eagle carcasses (for details on our approach, see McClure,
Rolek, Dunn, et al.,, 2021). For all detection analyses, we assumed
searcher efficiently was constant no matter how long a carcass had
been in the field (k = 1; McClure, Rolek, Dunn, et al., 2021). This
assumption risks overestimating detection probability. However, we
also tested setting k = 0.6 and inference was unaffected. We tested
for seasonal effects in both carcass persistence and searcher efficiency
by fitting models with seasonal factors (i.e. a factor indicating Spring,
Summer, Winter, and Fall). We used Akaike’s information criterion
(Akaike, 1974) corrected for small sample size (AICc; Hurvich & Tsai,
1989) to compare seasonal models with intercept-only models. We
considered there to be seasonal effects of detection probability if the
seasonal models had the lowest AICc value (McClure, Rolek, Dunn,
etal.,, 2021). When seasonal effects were present, we estimated detec-
tion probability by season; otherwise, we estimated it by year. We
used the estgGeneric() function in GenEst to incorporate the AlCc-best
models of searcher efficiency and carcass persistence into estimates of
detection probability. We used the median across all posterior draws
as the point estimate of detection probability and the upper and lower
limits of the 95% highest density interval (HDI; Makowski et al., 2019)
as the confidence interval. These estimates of the distribution of detec-
tion probability, per site and treatment, allowed us to calculate « and
B parameters of a Beta distribution using the parameter conversion
tool in Evidence of Absence software (EoA; Dalthorp et al., 2017)

Next, we used the « and 8 parameters from a Beta distribution along
with the observed numbers of fatalities to estimate the posterior distri-
bution of fatality rate by site and treatment type. Doing this allows us
toincorporate the estimate of detection probability and its uncertainty
into the estimate of fatality rate. We calculated this estimate with the
posteriorLpdf.ab() function in EoA with the default prior. This function
incorporates the detection probability into estimates of A. Specifically,

EoA estimates the posterior distribution of 4, given a carcass count (X)

where X ~ binomial (M, §), M|(1) ~ Poisson(4) and § ~ beta(Ba, Bb), where
Ba and Bb are parameters characterizing the distribution of § (Dalthorp
etal, 2017).

EoA outputs the dimensions of a curve for posteriors. We used
the approx() function in R to obtain, for each site and time period
combination, 1000 draws from under the curves outputted from EoA.
Using these draws, we then estimated the fatality rates (1) per site
and time period. We performed this procedure—instead of simply using
the basic functions of EOA—because, by performing calculations across
all draws of posterior distributions, we were able to propagate the
uncertainty in A per site and time period into the calculations below.
We calculated the fatality rate that we would expect at the treatment

site during the after period in the absence of automated curtailment
A Control, After

asEx Treatment, After = XA Treatment, Before (May et al., 2020).

A Control, Before

Then, we calculated the percent reduction in A that might be attributed

. . 2
to automated curtailment using the formula: 1 — ZTreatment. After_ 100,
EA Treatment, After

Finally, we calculated the metric suggested by Chevalier et al. (2019)
to compare BACI sites and time periods—the BACI Contrast. The
BACI Contrast quantifies the difference in 2 due to automated cur-
tailment and was calculated as (A treatment, After — 4 Treatment, Before) —
(2 Control, After — 4 Control, Before)- We calculated this measure across the
1000 draws of posteriors of A. In this setting, a negative value of the
BACI Contrast would indicate that the fatality rate (1) decreased more
at the treatment site than the control site—thus suggesting efficacy
of automated curtailment—and a positive value would suggest the
opposite.

We used the median and the upper and lower limits of the 95% HDI
of these calculations across all draws to estimate the central tendency
of parameter estimates and to determine confidence in our estimates.
We also calculated the probability of direction (pd; Makowski et al.,
2019) for each measure as the proportion of draws greater or less than
zero.

To compare 1 at the treatment and control sites prior to implemen-
tation of automated curtailment, we calculated A yearly at both sites.
For this analysis, we considered a year to last from 1 August to 31 July,
which matches the data collection period of the study and the imple-
mentation schedule of automated curtailment (Figure 1). To estimate
A yearly, we performed a similar procedure as above, but could not
estimate a yearly detection probability because of data scarcity within
years. We therefore used the detection probabilities calculated per site
and time period (before and after) to correct the yearly rates. Thus, for
the years beginning in August of 2014, 2015, 2016 and 2017, we used
detection probabilities from the before period, whereas for the year
beginning August 2019 we used detection probabilities from the after
period.

3 | RESULTS

Detection probabilities for all treatment-by-site combinations varied
by season (model selection tables and seasonal detection rates are in
Tables S1-S3). Median detection probabilities for the before periods
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FIGURE 2 (a) Median fatality rate (1, + 95% Cl) of eagles per year
at the control and treatment sites in Wyoming, USA, before
(September 2014 to August 2018) and after (August 2019 to January
2021) full implementation of automated curtailment. (b) Yearly fatality
rate (1, + 95% Cl) of eagles at the control and treatment sites in
Wyoming, USA. Each year began in 1 August and ended 31 July of the
succeeding calendar year. The grey rectangle during 2018 represents
the period during which automated curtailment units were being
installed at the treatment site. Data collected during this installation
period were not considered for analysis

at the control and treatment sites were 0.92 (95% HDI = 0.70, 1.00)
and 0.96 (0.93, 0.99), respectively. During the after period, the median
was 0.74 (0.40, 0.93) at the control site and 0.90 (0.65, 0.99) at the
treatment site.

Before automated curtailment was implemented, during the period
from 1 August 2014 to 31 July 2018, there were 18 eagle carcasses
found under GE turbines at the treatment site and seven found at the
control site. After automated curtailment was implemented, from the
period starting on 14 August 2019 until 31 December 2020, there
were two eagle carcasses found at the treatment site and four found
at the control site. Of these, one eagle was found under GE turbines
at the treatment site in 2020, while two were found at the control
site (these 2020 data were not presented in McClure, Rolek, Dunn,
etal., 2021).

During the before period, the estimated median annual fatality rate
at the treatment site was 2.55 eagles per year (0.08, 5.14) greater than
at the control site (median treatment = 4.48; 2.63, 6.63; median con-
trol = 1.84; 0.60, 3.31; Figure 2). The probability of direction (pd) for
this difference was 0.98—indicating a high probability that the fatal-
ity rate was greater at the treatment site during the before period.
However, once automated curtailment was fully implemented, the

median annual fatality rate was similar or lower at the treatment site

BACI Contrast

FIGURE 3 Raincloud plots (Allen et al., 2019) depicting the
distribution of (a) the percent reduction in the fatality rate (1) and (b)
the before-after-control-impact (BACI) Contrast. Grey points
represent individual draws of the distributions, while half-violin plots
depict the distribution of the points and the point ranges represent the
medians and the 95% highest density intervals of the points

(1.54; 0.00, 4.18) than at the control site (3.92; 0.76, 8.79; Figure 2).
The median difference between the two sites during the after period
was —2.30, although the HDI for this difference was wide (—7.78, 2.29)
and the probability of direction was lower (0.85).

Put differently, after automated curtailment was fully implemented
at the treatment site, the median difference in A from before to
after periods was —2.85 eagles (—5.70, 0.67). The probability that this
change was <0 was high (pd = 0.95). In contrast, 1 at the control site
was relatively steady or increased from the before to the after period
(median difference = 2.26 eagles; —1.77, 7.37; Figure 1). The probabil-
ity that this change was >0 was lower (pd = 0.86). Given the annual
fatality rates (1's) presented above at the treatment site relative to
the control site, there was an 85% (12%, 100%; Figure 3a) reduction
between before and after periods. The probability that this percent
change was >0 was high (pd = 0.96).

The BACI Contrast suggested that the difference in 4 due to
automated curtailment was —4.91 eagles killed per year on average
(HDI = —11.27, 0.27; Figure 3b). The probability the BACI Contrast
was negative was large (pd = 0.97), suggesting a high probability that
A decreased more at the treatment site than at the control site.

Finally, we plotted the yearly 1 estimates per site (Figure 2b). During
the before period, median A was consistently similar to or lower at the
control site than at the treatment site. It was only after the implemen-
tation of automated curtailment that median 4 at the treatment site
was lower than that of the control site.
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4 | DISCUSSION

Science advances incrementally as techniques are refined and new
data are collected. Despite the importance of confirmatory research to
the scientific process, such studies are rarely published (Kelly, 2006;
Nakagawa & Parker, 2015; Fraser et al., 2020). Here, we provide a
confirmatory new analysis that improves statistical methodology, adds
new data, confirms the original result, and increases the strength of our
inference. Our preparation of this analysis was motivated by our desire
to refine our work and by suggestions from colleagues about the timing
of the before and after periods, the variation in turbine types, a focus on

fatality rates, and use of standard BACI measures.

41 | Improvements to study design

We simplified interpretation of our results by removing data from
the period during which automated curtailment units were being
incrementally installed (Figure 1). Doing this ensured that we were
comparing the time periods when automated curtailment was either
completely absent or fully implemented. Interpretation of the current
results is now more intuitive because there is no need to consider the
effects of partial implementation of the treatment. Further, the stag-
gered installation of automated curtailment units previously meant
that the lengths of before and after periods were different at the
two sites. This required us to adjust for turbine-days in the inter-
site comparison—a procedure that complicated the interpretation of
results. In the present analysis, although the before and after periods
differ in length from each other, the durations are the same at each site
and we can now intuitively and directly compare the changes between
sites.

In our previous analysis, we examined deaths of eagles at two types
of wind turbines—those manufactured by General Electric (GE) and
by Siemens—while our control site only had GE turbines. Although
we stand by this choice, there is sometimes concern in the research
community that different turbine types may each cause unique fatality
rates (TEK, personal observation; however, recent research may under-
mine this concern, e.g. Huso et al., 2021). As such, we understand that
using data from two types of turbines might complicate interpreta-
tion and perhaps introduce unwanted variation. To accommodate this
concern, in the present analysis we ignored the Siemens turbines and
focused only on data from GE turbines. That the control and treatment
sites both contain 66 turbines of identical manufacturer and model
eliminates any questions introduced by comparison of different turbine
types and numbers. These strict control conditions convey the same
message as in the prior analysis—that automated curtailment appeared
to lower the fatality rate of eagles at our treatment site.

The previous analysis focused on counts of dead eagles and there-
fore left open for interpretation the question of whether the decline
in observed fatalities at the treatment site could have been the result
of natural fluctuations that might have occurred in the absence of
automated curtailment. Our revised analysis examines changes in the
underlying rate of fatality (1), instead of the yearly outcome of that rate

(i.e. the number of eagles killed). This updated result confirms that the
automated curtailment we evaluated probably reduced the number of
eagles killed at GE wind turbines, both relative to the same turbines
in the before period and relative to the control site during the after
period.

Next, to improve our inference, we calculated the standard mea-
sure used to evaluate the effects of a treatment in a BACI study design
(Chevalier et al., 2019). The measures we used in the past study—
observed numbers of fatalities corrected by turbine-days and then
converted to percentages—were less straightforward to interpret. The
measure we present here—the BACI Contrast—is recognizable to the
research community and represents a direct comparison of the rates
(A’s) at which eagles were killed between before and after periods at
eachsite.

Finally, our examination of yearly fatality rates demonstrates that
the control site was consistently similar to or less deadly to eagles than
the treatment site during the before period. After automated curtail-
ment was implemented at the treatment site, the control site became
the more deadly of the two sites (Figure 2b). This observation lessens
the concern that our results are due to natural fluctuations in fatality
rates, although it would be good to confirm this result with additional

years of ‘after’ data.

4.2 | Inference and next steps

In this analysis, as in our previous one (McClure, Rolek, Dunn, et al.,
2021), we demonstrate a reduction of eagle fatalities following imple-
mentation of automated curtailment. Before automated curtailment
was implemented, the treatment site was consistently as or more
deadly to eagles than the control site. After automated curtailment
was implemented, the treatment site appeared safer to eagles than the
control site. The median estimate we report here for the percent reduc-
tion in fatality rate due to automated curtailment (median = 85%; 11%,
100%) is similar to the estimate from our prior study suggesting an 82%
(75%, 89%) reduction in number of fatalities (McClure, Rolek, Dunn,
et al., 2021). The main difference between the numbers we report in
the two studies is in the uncertainty associated with our estimates. The
confidence intervals we presented in our original study were too pre-
cise because detection rates were high and because we calculated and
compared an estimate of a count of eagles killed. There was therefore
little uncertainty in the changes in the number of eagles killed at each
site and during each time period. The estimate of the fatality rate (1)
is inherently less precise than the estimate of its outcome (the num-
ber of eagles killed in a given year) because the rate cannot be directly
observed. The confidence in our median estimates is therefore lower in
the current study than in the prior one, but the broad error estimates
represent a more appropriate level of confidence and lead to stronger
inference.

The BACI Contrast recommended by Chevalier et al. (2019) lends
further insight into our results. Our analyses suggest that the annual
fatality rate declined by nearly 5 eagles per year more at the treat-

ment site than at the control site. This is consistent with the strongly
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negative value of the BACI Contrast, indicating that there was a greater
decrease in fatality rate (1) at the treatment site than the control site.

Revisiting our earlier analysis provided the opportunity to add data
collected since publication, thus expanding the temporal scope of our
analysis. By adding the 2020 data, we demonstrate that the fatality rate
at the treatment site remained low for a full year after implementa-
tion of automated curtailment. Indeed, a single eagle was observed to
have been killed by GE turbines at the treatment site in the calendar
year of 2020, compared to six in 2017, the year before any automated
curtailment measures were in place.

The analysis we performed here supports our earlier study
(McClure, Rolek, Dunn, et al., 2021) by showing that fatality rates at
the treatment site declined relative to the control site after the imple-
mentation of automated curtailment. Our study design assumes that
the only condition varying systematically between the two sites and
time periods is the implementation of automated curtailment. How-
ever, other potential causes must be considered. As with our previous
study, changes in eagle distribution and behaviour, or in prey and car-
rion availability, could have induced differing fatality rates unrelated
to curtailment regimes. We do not have data to test hypotheses that
something other than curtailment caused the observed changes in the
fatality rate, nor do we have any indication that there were other pro-
cesses ongoing that could have caused the changes we observed. That
the treatment site was consistently as or more deadly to eagles than
the control site during the before period discounts the assertion that
our results might be due to random fluctuations in fatality rates. Fur-
ther, that the yearly fatality rates at the two sites appeared to change in
concert during the before period (Figure 2b) suggests that our control
site was appropriate for comparison to the treatment site.

Each curtailment reduces the amount of energy produced by a wind
power facility. Indeed, the IdentiFlight system often mistakes other
large birds for eagles (McClure et al., 2018) and thus there is potential
for unwarranted curtailment. We do not have information regarding
the rate of curtailments for non-eagles during our study. However, a
previous study (McClure, Rolek, Braham, et al., 2021) revealed that
only 29.5% of birds classified as eagles that flew within 150 m of a tur-
bine actually entered the rotor-swept zone. Opportunity thus exists to
reduce power losses by adjusting curtailment criteria (McClure, Rolek,
Braham, et al., 2021).

There is therefore much more to do in identifying the role that
automated curtailment can have in protecting wildlife, globally, from
collisions with wind turbines. Few past studies were designed to allow
a BACI comparison (Conkling et al., 2020), although this study design
is preferable when evaluating mitigation efforts (Koppel et al., 2014).
Although an important first step, our work regarding automated cur-
tailment is limited to a single site, within a limited time frame and under
particular settings. Inference from this study is especially hampered
by the fact that we only examine a single year post implementation
of automated curtailment. Efficacy of automated curtailment will thus
likely be evaluated at other sites, with other species and over longer
time periods. These tests will determine whether our results are rep-
resentative of a broader pattern or a unique site- and species-specific

characteristic. In particular, changes to the site-specific programming

of the ldentiFlight system, especially in the code that determines
when to curtail turbines, would have substantial implications, not only
for fatality rates but also for the rate at which power production is
impacted by curtailment. Further research might also explore meth-
ods to simultaneously minimize the fatality rate (1) and the number
of curtailments, so that automated curtailment can be implemented in
support of sustainable wind energy.
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