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[Plate 1]

Iwaya wind farm

(18 X 1,500kW turbines), located in Aomori
Prefecture, northern Japan

Wind power was first introduced to Japan around 1990 and the introduction
has rapidly advanced since 2000. As of March 2009, approximately 1,500
wind turbines were constructed in Japan and these turbines had the capac-
ity to generate 1,850,000kW of electricity in total. Almost all of the turbines
installed after 2004 have the capacity to generate more than 1,000kW. Most
of the recently constructed wind farms possess more than five turbines,
which reflects recent larger-scale projects of wind farm construction. The
wind farms in Plates 1-3, which have been operated by Eco Power Co., Ltd.
are typical examples of large-scale wind farms in Japan.
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[Plate 3] Hasaki Wind farm

(12 X 1,250kW turbines), located in
Ibaraki Prefecture, central Japan
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[Plate 2] Mutsu Ogawara wind farm

(22 X 1,500kW turbines), located in

Aomori Prefecture, northern Japan
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As the number of wind farms increases in Japan, the negative effects of
a wind farm on birds, such as collisions with turbines have been reported
more frequently. The startling number of turbine collision cases has been
reported for White-tailed Eagles (Plate 4) that are protected as an Endan-
gered Species and designated as National Endangered Species of Wild
Fauna and Flora as well as a Natural Monument. The Ministry of the Envi-
ronment has recently begun to investigate factors contributing to the colli-
sions of the eagle with wind turbines because the eagle collisions have be-
come an issue among the wind power industry and in nature conservation
community. Plates 5-7 show other species which have frequently collided
with wind turbines or whose turbine-caused fatalities are likely to increase
in the future in Japan.
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[Plate 5] A Golden Eagle (Aquila chrysaetos)
The Japanese population of this species is es-
timated to be 500 at most. In Japan a single
Golden Eagle has been killed in a collision with
a wind turbine so far. Many collision fatalities of
Golden Eagles have been reported especially
in the US and the sensitivity of this species to
wind farms has attracted attention as a conser-
vation issue.
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[Plate 6] A Slaty-backed Gull

(Larus schistisagus)

In Japan a single Slaty-backed Gull was killed
in a collision with a wind turbine until March
2009. In Europe, however, a large number of
gulls have been killed in a collision with a wind
turbine. Gulls are, therefore, assumed to be vul-
nerable to a wind farm.
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[Plate 7] A Black Kite (Milvus migrans)

In Japan 11 Black Kites were killed in collisions
with wind turbines until March 2009. In Eu-
rope many collision fatalities have occurred,
especially in Red Kites which are a rare spe-
cies. Kites are presumed to be vulnerable to a
wind farm.
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Preface

Although wind power is expected to be a major source of renewable energy to
prevent global warming, the negative effects of a wind farm on birds have been
reported in the US and Europe. In Japan as well, reports of bird fatalities probably
due to collisions with wind turbines have increased as the number of wind farms
has grown. Carcasses of endangered species have been discovered in the vicin-
ity of a wind turbine every year since 2004. It has become an international issue
how the use of wind power should be promoted as one of the measures against
global warming without impairing biodiversity.

In Japan, however, wind power projects are not subject to the Environmen-
tal Impact Assessment Act. Environmental impact assessments based on the
guidelines also depend largely on voluntary efforts of wind power companies,
and some of them are not entirely satisfactory. In addition, research workers
have only begun to study factors contributing to bird collisions and measures to
prevent them.

Since 2001 the Wild Bird Society of Japan (WBSJ) has made an effort to es-
tablish legal measures and methods for assessing the impacts of a wind farm on
the environment and birds and avoiding or minimizing the negative effects.

The workshop revealed that the findings of studies post-construction could not
be directly compared because study methods varied between research workers
in Japan. This made it difficult to assess the impacts of a wind farm on birds. In
October 2008, therefore, the WBSJ held a workshop in an operating wind farm
to establish a standard study method which allows for reliable post-construction
assessments of wind farm impacts on birds. This handbook was compiled as a
manual for a carcass search from the discussions and information obtained in the
workshop.

Dr. K. S. Smallwood from California, US helped us in the workshop. EcoPow-
er Co. Ltd. cooperated to hold the workshop in the MutsuOgawara wind farm
and also participated in it as a wind power producer. Various people concerned,
such as members of the WBSJ, wind power producers and research workers dis-
cussed the performance of studies in domestic wind farms. The workshop and
this handbook were also supported by a grant from the Japan Fund for Global En-
vironment of the Environmental Restoration and Conservation Agency of Japan.

We would like to express our deep appreciation to all of them.

March 27 2009
Seiji Hayama

Chief of the Conservation Division of
Wild Bird Society of Japan
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Methods Manual for Assessing Wind Farm Impacts to Birds
K. Shawn Smallwood
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| prepared some guidelines for performing bird mortality monitoring at wind farms
[Figure 1/P15]. Before fatality searches actually begin, however, the investigators
need to define the goals and objectives of the monitoring, as well as decide on
analytical methods. Once these very important preliminary steps are taken, the
fatality monitoring can proceed with a sound direction. Therefore, these guide-
lines begin with goals and objectives and then proceed to metrics before address-
ing actual fatality searches. | took the liberty of assuming that the most likely goal
of mortality monitoring at Japanese wind farms will be to estimate mortality, so
these guidelines are directed to that purpose. Most of these guidelines would
also cover most steps leading to the estimation of fatality associations with wind
turbine attributes and environmental variables, but they stop short of measuring
candidate association variables and reviewing statistical tests. These guidelines
are intended to help investigators decide on the specific goals and objectives of
the monitoring, how to express mortality, and how to perform fatality searches
and related field trials needed for estimating mortality.

Estimating mortality is complicated by the adjustments that need to be made to
them due to undetected fatalities, so | address the options for making these ad-
justments. | also address the shortfalls of the current approaches to estimating
mortality, partly to be honest about the limitations of the methodology, and partly
in the hope that others will generate the ideas and funds needed to strengthen
the methodology.

As previously mentioned, these guidelines would be useful for collecting the fa-
tality data that would be needed for testing hypotheses of associations between
fatalities and wind turbine attributes and environmental variables. These associa-
tions have sometimes been sought in order to identify mitigation measures to
avoid, minimize, or reduce mortality caused by wind turbines. Other common
research goals not addressed in these guidelines include bird behaviors, includ-
ing bird avoidance of wind turbines and wind farms, bird interactions with wind
turbines, and behaviors that are viewed as potentially dangerous around wind
turbines. These topics are complex, and are not necessarily required for mortality
monitoring, so | do not address them | this document. What | do address, how-
ever, are point counts for indicating relative abundance of birds, because mortal-
ity should be expressed as the fatality rate relative to the utilization rate of the
wind farm.

13
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Not to estimate mortality
or fatality associations?

The methods suggested

1. Set goals & objectives == === === = [ may be inappropriate

Estimating mortality estimates
or farality associations

_ . I .
:g g:g;g: g: Il\jlt?ll;tzzt'itgnmr::::_‘; c—} 2c.Decide on collision risk metric

3. Sampling approach
Sampling unit
Search interval
Monitoring period
Sample size
Sample selection
Planning for changes to sample

4a.Fatality searches 4b.Utilization surveys

Define fatalities Target species and objectives

Search interval Decide on utilization metric

Search radius Observation points and suryvey

Walking transects boudaries

Carcass processing Duration and frequency of sessions

Date management Recording observations
Awareness and characterization of
biases

5. Adjustments for undetected fatalities

Select mortality estimator (equation)

Searcher detection error .

*Trial searches for placed carcasses Detection error
Scavenger removal error or Multiple searches by two
eTrial searches for placed carcasses (C’Jer;;%:?o?]e::fgr%rgxgines
*Camera .traps that from searcher error
eBackdating found carcasses & scavenger removal error)
e |nteraction with search detection error

Search radius bias

eSearch larger areas of sample subset

eExmaine distribution of distances from
turbines

Crippling bias

eRemote detevtion of collisions
Background mortality

eSearch reference sites

Carry error terms through calculation

[Figure 1] General flow of steps that should be considered or taken in performing mortality
monitoring for birds at wind farms.
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The very first consideration that needs to precede impacts monitoring at pro-
posed or existing wind farms is the goal. The goal needs to be articulated and
specific objectives defined, so that sample units, sample size, and sampling fre-
quency can be established to obtain results that are scientifically sound. Without
a clear direction, there will likely be a confused finish. Goals that might be pur-
sued include the following.

1. Compare mortality estimates through time or space.

The most commonly pursued goal, estimating mortality caused by wind turbines,
enables investigators to compare project impacts to the impacts of other projects
or to those of the same project during another time period. Central to compar-
ing mortality is using a common metric to account for variation in project size or
sampling effort. Another type of accounting is for the relative abundance of the
species affected, leading to a comparison of biological impacts.

2. Assess biological impacts.

Often discussed, but rarely if ever achieved at wind farms, comparing the rate of
birds killed to the rate at which they were available to be killed remains the most
challenging of impacts monitoring goals.

3. Infer causal mechanisms from spatiotemporal patterns of fatalities.
Investigators sometimes attempt to understand the underlying mechanisms
of bird collisions, such as which behaviors might contribute more to collisions,
whether extreme weather conditions or times of day contribute disproportion-
ately to collisions, whether attributes of the turbine or its supporting tower might
contribute more to collisions, or whether aspects of the landscape might explain
the variation in fatalities. Inferring causal mechanisms has been approached two
ways. In one, mortality estimates are compared, and in the other it is the distri-
bution of fatalities that are compared. Pseudoreplication is the biggest enemy of
inferring causal mechanisms, and it is all the more challenging when sample sizes
leading to mortality estimates or distributions of fatalities are small. The point of
drawing inferences of causal mechanisms is to develop mitigation measures to
minimize or reduce collisions.

17
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Mortality Estimates

4. Test against mitigation thresholds.
Wind farms are sometimes permitted with thresholds of impacts that require
mitigation to reduce or offset the impacts.

5. Assess impacts caused only by collisions or by all wind farm infrastruc-
ture and activities.

Impacts monitoring usually targets wind turbine collisions, but there have been
impacts caused by other aspects of the wind farm, such as bird collisions with
transmission lines and electric distribution lines, electrocutions on power poles,
collisions with support vehicles, and likely predation of birds that is facilitated by
the tall structures of wind farms that are used by raptors for perching.
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2-1 Mortality Metric

Many investigators and others inter-mix usage of the terms fatality and mortality,
as if they mean the same thing. However, a fatality is a single death, whereas
mortality refers to a rate of deaths, or death rate or fatality rate. Often, investiga-
tors refer to a fatality estimate, which would be the estimated number of fatali-
ties, but this estimate would likely not be a rate. A mortality estimate would be an
estimated fatality rate, preferably including an uncertainty term such as standard
error or confidence interval.

Anderson et al. (2005) expressed fatality rate as the number of fatalities per num-
ber of fatality searches, and Smallwood (2008) compared mortality using this
same metric. However, this metric is more useful as a crude indicator of mortal-
ity, because it does not account for the area searched, the size and operation of
wind turbines, or the seasons or years over which the searches were made.

Wind turbines and wind farms vary considerably in size, so the mortality met-
ric needs to incorporate an adjustment for size. This adjustment began as the
number of fatalities per turbine (Orloff and Flannery 1992, Erickson et al. 2001),

19
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followed by the number of fatalities per rotorswept area (Howell 1997). The ro-
torswept area is the area of the sky that is swept by the turbine’s rotor and cal-
culated by the formula, A=mr?, where A is the area of a circle and r is the radius
of the rotor, or the length of a turbine blade from the center of the rotor hub.
Smallwood and Thelander (2004) related the number of fatalities to MW of rated
capacity. All of these scaling factors for project impacts also must be scaled to a
comparable time period, because the monitoring efforts have varied in time span.
Most reports have expressed mortality as the number of fatalities per year.

Another mortality metric has been the number of fatalities per fatality search,
where a fatality search is one complete search at one wind turbine (Anderson
et al. 2004, 2005; Smallwood 2008). More recently, the number of fatalities per
kWh was used (Smallwood et al. in review), which accounts not only for turbine
or wind farm size, but also the level of operations of the turbine(s) since the last
fatality search.

The following metrics have been used in reports of bird or bat mortality in wind
farms:

Deaths / fatality search

Deaths / m? rotorswept area / year
Deaths / wind turbine / year
Deaths /MW / year

Deaths / kWh

A superior mortality metric would relate these fatality rates to utilization rates, or
to an index of relative abundance, so that the rate of deaths is put into context
of the rate of occurrence of the species getting killed. | will address this type of
metric next, but only briefly, because | will return to it after discussing methods
for measuring bird utilization in the end of this document.

2-2 Collision Risk Metric

At some level the relative abundance of birds or bats using a wind farm will affect
the mortality estimates derived from that wind farm. For example, if no white-
tailed eagles ever fly through a particular wind farm, then no white-tailed eagles
will ever be killed by that wind farm. However, millions of a particular species
could conceivably fly through a wind farm without ever getting killed by a wind
turbine, if for example the species always flies below or above the wind turbine
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blades, or only at wind speeds other than when the wind turbines operate. Relat-
ing mortality to relative abundance will not always lead to predictive models of
mortality, but there is also value in attempting to relate the rate of fatalities to the
abundance of the species in the environment to arrive at an estimate of biologi-
cal impact.

In my experience the data collected from wind farms are nowhere near suitable
for performing a population viability analysis (PVA) or related risk assessment to
estimate biological impacts. A lot of detailed population-level information on the
species killed by wind turbines would be needed, including an estimate of popu-
lation size and trend and demographic data. The methods used to obtain these
data are expensive, and in wind farms such as the Altamont Pass, the analyst
would struggle with defining the spatial and temporal extents of the populations
because some of the species are migratory and others are non-migratory, and
some nest in the wind farm and some only forage in the wind farm. Wind farms
tend to be constructed in windy places, and these are often places where birds
move through or visit seasonally, adding exceedingly difficult biological complex-
ity to efforts to perform a PVA or similar risk assessment.

Nevertheless, avian fatality researchers have attempted to at least indicate col-
lision risk with simple ratios based on both utilization and fatality monitoring,
where utilization refers to the degree of use of a site by a bird or bat species. A
simple risk index is the following (Anderson et al. 2004, 2005):

Fatality rate

Risk index = ———,
Utilization rate

where Fatality rate can be any of the metrics listed in the preceding section and
Utilization rate can be birds / hour that were counted during standard utilization
monitoring (to be discussed below). As a caution, however, | should point out that
the fatality and utilization rates need to be expressed in common terms before
their resulting risk index values can be compared between wind farms or time pe-
riods. To date, the metrics for both rates have varied wildly, and so have the field
methods leading to those rates.

2-3 Sampling Approach

Sampling unit. —Most investigators consider the wind turbine as the sam-
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pling unit, because the wind turbine is usually seen as a single structure and is
the structure that actually kills the birds and bats at issue. However, birds may
perceive entire rows of wind turbines, or even fields of wind turbines, as units.
Smallwood and Thelander (2004, 2005) found that birds were killed dispropor-
tionately more often by wind turbines at the ends of rows, and they also observed
that birds made more flights by the end-of-row turbines than through the interior
portions of turbine rows, indicating that birds perceived the entire turbine row as
a threat and attempted to fly around the threat. From the bird’s perspective, the
turbine row may be the more appropriate sampling unit, but the individual turbine
could also be the appropriate unit.

Another consideration in what should qualify as the sampling unit is logistics
of the fatality searches. Searching individual turbines selected randomly from a
large turbine field can prove difficult due to the need to travel from one turbine
to the next. Most investigators in wind farms prefer to search rows of wind tur-
bines in order to minimize travel time between units and to share search effort
between wind turbines in the row. Wind turbines that are spaced 50m apart will
overlap in potential deposition area, so a 50m search radius around one turbine
could include birds or bats deposited by the adjacent turbine. Determining wheth-
er the carcass was deposited by the sampled turbine or the neighboring turbine
could be impossible, which is a good reason for searching the entire turbine row
and considering the turbine row as the sampling unit.

Sample selection. —The ideal sampling approach for testing hypotheses about
collision factors would be to randomly select locations for wind turbine installa-
tion and wind turbine fatality monitoring before the wind farm is constructed, but
avian fatality researchers have yet to get this opportunity, as far as | am aware.
More realistically, avian fatality researchers get to select wind turbines for moni-
toring from among those that are already installed or already planned for installa-
tion. Assuming wind turbines are installed where the wind resource is projected
to be optimal for power generation, then a bias is built into the sampling pool
before the sample is even selected. Therefore, the randomization of the sample
is intended more to minimize investigator bias than it is to equitably represent
environmental conditions in the wind farm. For estimating mortality, there is no
benefit from a priori selection of wind turbine sites.

The size of the wind farm and the monitoring budget will determine the type of
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sampling of wind turbines. If the budget is sufficient to search all the wind tur-
bines, e.g. if the wind farm is small, then the sampling regime will be straightfor-
ward because all the wind turbines will be searched. If the budget is insufficient
to search all the wind turbines, then either a random or a systematic sample will
need to be drawn from the pool of available wind turbines. If the wind farm is
very large, e.g., in the hundreds or thousands of wind turbines, then a random
sample would be appropriate. If the wind farm is intermediate in size and the bud-
get will support monitoring of about half the wind turbines, then it might be more
appropriate o systematically sample the wind farm to ensure the full east-west
and north-south extents of the wind farm are represented. This latter approach
is often needed to prevent psuedoreplication when the sample pool is relatively
small (Hurlbert 1984).

Sample size. —At small wind farms, sample size will not be an issue, unless one
wishes to evaluate whether a particular hypothesis can be reasonably tested, or
for how long the monitoring period will need to be before the resulting mortality
estimate can be compared or to other estimates or to some threshold for mitiga-
tion. At larger wind farms, power analysis (Gerrodette 1987) can be a useful tool
for estimating an adequate sample of wind turbines to monitor. However, power
analysis requires some data that already exist, so it will often be difficult to apply
power analysis at new wind farms. Data from other wind farms could be used in
a power analysis, but mortality at other wind farms is not necessarily the mortal-
ity that will be experienced at the new wind farm to be monitored.

Sampling period. —Due to the small numbers of fatalities found relative to the
search effort applied, the standard error of the mean estimate of mortality tends
to be large, resulting in relatively imprecise mortality estimates. Using real data
from the Altamont Pass, | found that the precision of mortality estimates im-
proved with mortality estimates derived from longer durations, resulting in my
recommendation for a minimum of three years of fatality monitoring before mak-
ing mortality estimates (Smallwood 2007).

Planning for changes in the sample. —\\ind farms are composed of wind tur-
bines, and because wind turbines consist of relatively delicate blades and a lot of
moving parts, one should anticipate malfunctions and breakage of wind turbines.
Over time, it is likely that once-operational wind turbines will break and be left as
derelict towers or will be non-operational for various time periods while the wind
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farm owner seeks replacement parts. In the Altamont Pass there are hundreds of
non-operational wind turbines at any given time, and the number of derelict tur-
bines and supporting towers increases as the wind farm grows older. There is no
reason to expect that new-generation wind turbines will not also stand idle over
significant periods of time, because the new-generation wind turbines must face
the same physical conditions as the old-generation wind turbines. Therefore, it is
crucial for fatality monitors to also monitor the condition and operational status of
the wind turbines composing the wind farm.

Another potential change to the wind farm could be the implementation of miti-
gation measures intended to reduce bird or bat mortality. In the Altamont Pass
some wind turbines have been removed or relocated, and some have been shut
down over part of a winter while others were not shut down. The blades of
some turbines were painted to reduce motion smear experienced by raptors (see
Hodos 2003), while the blades of most were not. If changes to the wind turbines
are anticipated as part of a mitigation plan, and if the monitoring program covers
wind turbines that were either randomly or systematically selected, then it will be
important to plan those changes to the wind turbines so that they are equitably
implemented at both monitored and non-monitored wind turbines. This is impor-
tant if the purpose of the fatality monitoring is to estimate mortality across the
entire wind farm, because the extrapolation of the fatality rate from monitored to
non-monitored turbines must be free of bias.

2-4 Adjustments for Undetected Fatalities

The fatalities found are usually only a small subset of the actual fatalities that oc-
curred since the last fatality search at a wind farm. Scavengers remove carcass-
es, sometimes without a trace (Smallwood et al. in review). At least some scav-
engers learn that wind turbines are routinely depositing carcasses on the ground,
and appear to patrol the turbine rows in search of carrion. For example, common
ravens fly up and down turbine rows in the Altamont Pass, and were documented
to remove bird carcasses within minutes of placement (Smallwood et al. in re-
view). Therefore, scavenger removal rates may be lower at the initiation of a wind
farm, and may increase after the wind farm has operated for a time.

Searchers also miss carcasses that were present, simply due to human error.
Searcher detection error has typically been lower than the scavenger removal
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rate, but it is conceivable that searcher detection error could be the largest ad-
justment term in some wind farms, such as where tall bamboo grass forms a
continuous cover.

Additional adjustments may be needed for differences in search radius between
sites or time periods compared, and for crippling bias and background mortality.
The search radius bias refers to the proportion of fatalities not found because
they were deposited by the wind turbines beyond the search boundary. Crip-
pling bias refers to the frequency of mortally wounded birds or bats that leave the
search area without depositing any evidence they were ever hit by a wind turbine.
Background mortality refers to natural mortality that is independent of the wind
turbines, and that undoubtedly inflates wind turbine-caused mortality estimates
to unknown degrees.

In the following section, | will describe the adjustment equations that have been
in use, as well as the field methods used to derive the adjustment terms.

Equations to Adjust Mortality Estimates

Most investigators of wind farm impacts are well aware of the need for adjust-
ments to their estimates of mortality. However, Kerlinger et al. (2005) made no
adjustment for search detection error and scavenger removal of carcasses be-
cause they believed they detected all carcasses of birds killed by wind turbines
due to their searches every 14 days on short-stature grassland. However, few
field biologists familiar with fatality searches would agree with Kerlinger et al.
(2005), and would make some effort to adjust their mortality estimates. These
adjustments have been advocated for a decade (Anderson et al. 1999). Other
investigators (e.g., Orloff and Flannery 1992, Smallwood and Thelander 2004,
2005) adjusted their fatality counts by estimated rates of scavenger removal and
searcher detection, using a simple formula:

MU
MA = ﬁ , 1
where M, and M, are adjusted and unadjusted mortality estimates, respectively,
D is the search detection rate expressed as the proportion of turbine-caused bird
fatalities occurring during a search and that are found, and R is the scavenger
removal rate expressed as the proportion of carcasses remaining at the time of
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the search and after scavengers removed all the other animals killed by the wind
turbines. The form of this equation is nonlinear. When scavenger removal rates
are relatively high or searchers miss a large proportion of the carcasses, M, in-
creases rapidly.

Egn. 1 can be modified to include additional adjustment terms (Smallwood
2007):

M
u
= axp ~MstMAM,,

1a
where M, is background mortality, M, is mortality not detected by searchers
due to crippling bias, and M, is mortality not detected by searchers due to insuf-
ficiency of the search radius.

Wally Erickson at WEST, Inc. developed the following formula to adjust mortality
estimates by searcher detection and scavenger removal:

_ NXIXC
AT kXtXD '

where N is the number of wind turbines in the wind project, k is the number of
wind turbines sampled, /is the search interval in days, Cis the number of fatali-
ties counted, tis the mean carcass removal time in days, and D is the observer
detection rate. This formula attempts to account for the likelihood the fatalities
found during standard searches could have been caused during any time since
the last fatality search. The equation assumes carcasses are removed by scaven-
gers at an exponential rate, and censors the fatality data accordingly.

Shoenfeld (2004) found Erickson’s equation biased low by about 20%, and it
lacked any formal, referenced derivation. He then derived two additional equa-
tions and provided assumptions, including the key assumptions that wind tur-
bine-caused collisions and scavenger removals of carcasses both follow Poisson
processes. Shoenfeld’'s formula for adjusting mortality estimates made from pe-
riodic sampling efforts follows:

NXIXC\[e""—1+D
kXtXD elt—1

A

Shoenfeld (2004) also recommended use of Monte Carlo simulation to arrive at
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50% and 90% confidence intervals.

Smallwood (2007) also warned of biases that are likely more substantial with
eqn.2 than with eqn.1. The mean days to carcass removal was sensitive to the
number of carcasses used in field trials and to the length of time the trial was
performed. Mean days to carcass removal would increase with larger numbers
of birds placed at once in the field, and it would also increase with longer trials.
However, these biases will be addressed more thoroughly in the following sec-
tion on the field trials.

Estimating Mortality Adjustment Terms

To date, investigators of wind farm fatalities have performed separate field trials
to estimate rates of scavenger removal, searcher detection and more rarely back-
ground mortality. There may be other, superior means of estimating these adjust-
ment terms, but first | will review the more conventional field methods for each
type of adjustment term.

Searcher detection error

In addition to searchers varying in their ability to detect bird and bat carcasses on
the ground, searcher detection can also vary by vegetation cover conditions and
by the conspicuousness of the species found as carcasses in the wind farm. It
can vary according to the age and condition of the carcass. The proportions of
carcasses not detected by searchers need to be estimated so that an adjustment
can be made to mortality estimates.

In conventional searcher detection trials, dead birds are placed on the ground be-
fore the fatality search crew performs a search, and then the number of carcass-
es found by the crew is divided by the number placed to derive a detection rate,
D, for use in Egns.1 or 2. The proportion of carcasses found needs to be estab-
lished immediately following the trial search by having the person who placed the
carcasses return to check whether the carcass is still present. Some carcasses
could have been removed by scavengers between the time of placement and the
trial search, and these carcasses need to be removed from the number of car-
casses used to estimate the proportion found by the searchers.

Some investigators mark the carcasses, in case scavengers move the carcass-
es after placement. One problem with marking is the potential for alerting the
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searchers that they are engaged in a searcher detection trial. Once the searchers
are aware of the trial, they may increase their vigilance and find more carcasses
than normal, thereby biasing the results of the trial. In my opinion, the searchers
should not be informed of the trial because their knowledge of the ongoing trial
could bias their miss rates too low. However, some investigators have informed
their searchers when and where the trial will be held, and some have had the
searchers look for placed birds at special sites, away from the wind turbines. An-
other way the searchers can learn of the searcher detection trial is when many
birds are placed at once, exceeding the number of carcasses the searchers were
familiar with finding.

If conventional searcher detection trials are going to be used, | recommend the

following:

1 Randomly place the carcasses within the search area as well as beyond the
search area in order to estimate how many of the placed carcasses are found
by the searchers looking outside the search radius;

2 Either record the carcass'’s location using a GPS with sub-meter accuracy or
use a cryptic marking to mark the carcass;

3 Dismember some carcasses or place feather piles in order to simulate the
conditions of carcasses normally found under wind turbines;

4 Place carcasses only of species normally killed by the wind turbines at the
site where the trial is performed.

To searcher trial recommendations, | add the following:

Because the ground tends to be clear of vegetation just after wind turbines are
installed, searcher detection trials may need to occur during the first year of wind
turbine operations while the vegetation is still clear or low in stature, and another
trial may be needed later once the vegetation has grown to its normal stature.

Interaction with scavenger removal rate. —As carcasses age and decompose
or get scattered about by scavengers, search detection can be altered. For ex-
ample, it is likely easier to detect a scattering of feathers than an intact carcass,
especially when the species involved is cryptically colored and its feathers are
scattered so that the brighter interior aspects of the feathers face skyward. On
the other hand, some brightly colored carcasses will fade in time, perhaps low-
ering the detection rate for some types of carcasses as time increases between
the death and the fatality search. An intact carcass is more likely to transform
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into a scattering of feathers the longer it is between the death and the fatality
search, so there is likely some interaction between searcher detection rate and
scavenger removal rate, but this interaction has yet to be quantified. The interac-
tion between scavenger removal rate and searcher detection rate can either be
quantified through careful management of dual field trials, or an alternative ap-
proach could be used. An alternative approach is described later under Multiple
searches for overall detection rate.

Scavenger removal rate

Scavenger removal trial. —In the conventional scavenger removal trial, dead
birds or bats are volitionally placed on the ground and monitored through time to
quantify: (1) the mean number of days to carcass removal; (2) what proportion of
the carcasses are removed and what proportion remain by a certain number of
days (usually corresponding with the average search interval used in the fatality
monitoring at the wind farm); or, (3), the proportion of carcasses remaining after
each monitoring visit into the scavenger removal trial. Smallwood (2007) reviewed
these approaches and identified potential biases associated with them. Approach
(1) was especially vulnerable to bias due to vertebrate scavenger swamping and
duration of the trial, because carcasses that the vertebrate scavengers could not
process in a timely fashion tend to transition into an unattractive condition that
will last to the end of the trial period. These leftover carcasses will drive higher
the mean number of days to carcass removal, and this effect will increase the
longer the trial is held.

The bias described above results from placing too many carcasses on the ground
at once. The vertebrate scavengers, which are the scavengers that typically pro-
cess carcasses first and fastest, and which usually lead to the removals of car-
casses during the fatality monitoring at wind farms, are typically territorial, mean-
ing they defend foraging space and cannot occur at densities higher than their
social structure allows. Vertebrate scavengers appear to process bird and bat car-
casses dropped by wind turbines at high rates, but when an investigator places
20, 30, 50, or hundreds of carcasses at one time and within a small area, there is
no way the local striped skunk, coyote, or small band of common ravens can han-
dle that many carcasses before some decompose to the point where no verte-
brate scavenger will touch them. Swamping the scavengers results in artificially
inflated mean days to carcass removal, and lower mortality estimates.
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If investigators are going to volitionally place dead birds on the ground, then they
should do the following:

¢ Place birds one at a time at random locations within the fatality search areas,
pacing bird placements to simulate the pace of carcass deposition by wind
turbines;

e Use bird species that are the same species as those killed by the wind
turbines;

e Use fresh carcasses that were not previously frozen, if possible;

e Avoid using carcasses of birds that were euthanized using a chemical agent;

e Deposit carcasses in the condition they are deposited by wind turbines,
including in pieces;

e Use disposable gloves when handling the carcasses so that human scent is
not transferred to the carcass;

e Clip the primary and tail feathers in relatively distinct patterns per bird so that
carcass parts are not later confused with parts from other placed carcasses
or with birds actually killed by wind turbines;

e Take ample photos of carcass or carcass parts to aid identification of the
carcass as the trial progresses;

e Map the locations of placed carcasses and carcass parts when the carcass is
placed and during each subsequent monitoring visit;

e Monitoring the carcasses for at least 21 days, and longer if possible;

e Check carcasses daily, if possible, so that the resulting rates can be fit
mathematically and more readily used in mortality estimation;

e |f possible, use camera traps with placed carcasses (see below).

Camera traps. —Smallwood et al. (in review) placed bird carcasses in front of
infra-red digital cameras located within the search areas of wind turbines. These
cameras (Silent Image [Reconyx], Model RM30, Primos, www.silent-image.com)
were triggered by animal intrusion into an infra-red field, and each image taken
was stamped with time, date, temperature and moon phase. The cameras took
sequences of five photos at 1 sec intervals, so animal actions were captured. The
memory cards in the cameras could store thousands of photos, thus minimizing
the visits by investigators to the camera traps.

These camera traps enabled Smallwood et al. (in review) to document which spe-
cies behaved as scavengers, and documented that some carcasses are removed
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without leaving a trace of evidence. The time between carcass placement and
scavenger removal was also recorded with high resolution, and we were able
to monitor the species of scavenger and the types of visits they made and how
their visits related to the decomposition of the carcass. There was some concern
about scavengers associating the placed carcasses with the presence of the in-
vestigators or the cameras, but our use of dummy objects and cameras alone
produced no visits by scavengers.

The use of camera traps should involve monitoring visits by fatality searchers to
check on the status of the carcass. The removal of a carcass should be deter-
mined not only by the loss of evidence of the carcass within the view of the cam-
era, but also from the standard search area around the wind turbine.

Backdating found carcasses. —The Altamont Pass Avian Monitoring Team re-
cently used a new approach to estimating mortality based on egn.1 (Altamont
Pass Avian Monitoring Team 2008). Instead of applying the mean cumulative
proportion of carcasses remaining after the mean fatality search interval (App. 1
in Smallwood 2007), they used the estimated time since death of each carcass.
The adjustment, R, (eqn.3 in Smallwood 2007), was made per carcass rather
than for all the carcasses together, but was based on the estimated number of
days since the death of the bird. For this approach to work reliably, the estimates
of the number of days since death need to be accurate and relatively precise, but
in my opinion these estimates are neither accurate nor precise. In the Altamont
Pass many estimates of days since death are recorded as 0-90 days, 0-60 days,
or 30-90 days, because the fatality searchers lack confidence in estimating days
since death on a more continuous scale and with greater precision.

Generally, the presence of blood on the carcass would indicate the bird died
within four days of discovery, but the onset of rigor mortis, odor, and maggots
or other insect larvae vary with temperature and other environmental conditions.
Estimating days since death is probably reasonably accurate within a few days of
discovery, though even these estimates might be off by a day or two. Estimating
days since death outside of three days transitions to guessing, and should not
serve as the means to apply the scavenger removal rate adjustment to mortality
estimates. Especially tricky is estimating the days since death of a carcass con-
sisting of only feathers, because feathers can appear recently deposited for long
periods of time in the absence of rain and direct sun.
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If the use of backdating carcasses to dates of death were to be used for estimat-
ing mortality, then | recommend a research program be performed to quantify
carcass conditions through time, including of carcasses that were initially cut in
half or dismembered to simulate the starting conditions of carcasses deposited
by wind turbines. However, such a research program would likely require years of
effort at multiple locations and involving thousands of bird carcasses. The back-
dating approach is probably impractical for this reason.

Interaction with searcher detection rate. —As discussed under searcher de-
tection error, there likely exist interactions between searcher detection and scav-
enger removal rates that are mediated by the average fatality search interval.
These interactions have not been quantified. They could be quantified in carefully
managed field trials, or they could be bypassed by using an alternative approach,
which | will describe next under Multiple searches for overall detection rate.

Multiple searches for overall detection rate

Another way to collect information to adjust mortality estimates for scavenger
removal and searcher detection rates would be to perform extra fatality searches
by an independent monitoring team at a subset or all of the monitored turbines. If
many wind turbines compose the monitoring program, then a subset of turbines
could be selected for the second visits per search rotation, but if the sample size
is relatively small, then they could all be searched a second time by the indepen-
dent team. The second, independent fatality search crew would visit the wind
turbines (or subset of wind turbines) at various numbers of days prior to the regu-
lar fatality search crew, so the numbers of days between the sets of searches
would vary. The independent fatality search crew would never pick up bird car-
casses, whereas the regular crew would pick them up; that is, if picking up the
carcasses is a requirement of the fatality monitoring program. Alternatively, car-
casses could be left in the field by both fatality search crews, so long as all car-
casses and carcass parts are carefully monitored.

The point of the double searches would be to compare the fatality search results
from both fatality search crews to determine what proportion of the finds by the
independent crew were also found by the regular crew. This ratio would be the
detection rate, p, of the regular crew, and would be a new adjustment term in
eqgn.l:
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M, =%’ 1b
where p replaces DR, and is the detection rate of the fatality searches that com-
poses both scavenger removals and searcher error. Using this approach, the ana-
lysts decides not to care anymore about what proportion of the carcasses are
removed by scavengers versus missed by searchers, and simply combines the
adjustment into one. Similarly, the error term would be carried using one less
term in the Delta Method. Not only would this method free the investigators of
having to perform both searcher detection and scavenger removal trials, which
are burdened by many substantial sources of error and bias (Smallwood 2007),
but it will probably lower the overall costs of fatality monitoring. The Altamont
Pass Scientific Review Committee has recommended that the Altamont Pass
Avian Fatality Monitoring Team begin using a variation on this approach, starting
as soon as possible.

Search radius bias

Investigators typically guess which search radius to use for fatality searches
around wind turbines, and the decision usually balances finding carcasses and
minimizing the monitoring budget. In the Altamont Pass, the search radius at
smaller, old-generation wind turbines has usually been 50m, but it has been 756m
at larger, new-generation turbines. Undoubtedly, there are birds and bats that are
killed by wind turbines and land on the ground beyond the fatality search radius.
Some of these are detected by the searchers anyway, and included in the mortal-
ity estimates. But no doubt some unknown number is not detected because the
searchers are not actually walking beyond the search radius.

To characterize the search radius bias, it would be useful to examine frequency
distributions of carcasses found relative to distance from the wind turbines. It
might be possible to fit simple models to the patterns in the frequency distribu-
tions so that predictions of carcasses found outside the search radius can be
made [Figure 2 / P49].

Alternatively, a sample of wind turbines could be selected for searches to a much
larger than regular search radius. The rates of fatality detections in these areas
farther than normal from the wind turbines could be used to adjust the mortality
estimates.
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Crippling bias

There has been no attempt to account for crippling bias in wind farms. Wounded
golden eagles and red-tailed hawks have been found alive and mobile many times
in the Altamont Pass, but so far no mortality estimates have included these birds
because the mobility of these birds means they cannot be linked to any particu-
lar wind turbine or wind turbine row. Each of these birds was struck by a wind
turbine somewhere in the wind farm, but could have walked or hopped to other
parts of the wind farm. Therefore, these wounded birds have been systematically
omitted from mortality estimates in the Altamont Pass Wind Resource Area.

The only method | can think of to quantify crippling bias would be remote de-

[Figure 2]
No. of large raptor carcasses No. of small, non-raptor carcasses
80 150 T
7044 a Y=113.04-21.3167*InX 130 Y=210.72-143.7105*InX
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The number of large raptor carcasses (left) and the number of small, non-raptor carcasses
(right) that were found in the Altamont Pass Wind Resource Area, California, decreased
logarithmically with distance from the wind turbine out to 55, and the models that were
fit to the carcasses found within 55m were extended to 125 m, revealing the discrepan-
cies between the numbers of carcasses projected to be found beyond the search radius
and the numbers actually found. The vertical line in the right graph depicts the search
radius used in the Altamont Pass. Beyond the search radius, the searchers likely failed
to detect 21.8% of large raptor carcasses that would have been available to the search-
ers, and they likely failed to detect 12.9% of small, non-raptor carcasses that would have
been available to the searchers. Mortality estimates might be adjusted up by 21.8% and
12.9%, accordingly.
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tection of collisions. Remote detection might be possible with accelerometers
installed on the wind turbine or its tower so that it can detect a sudden change
in speed of the rotor blades, consistent with a collision, followed by alerting the
fatality searchers who then search the area around the turbine for evidence of a
collision. Lack of evidence would suggest a collision occurred and the bird or bat
either left the area on its own volition or was quickly scavenged.

Another technology might be surveillance video or radar, detecting bird or bat
movement through a rotor plane as well as the collision itself. So far, however,
surveillance radar and video has not worked adequately in a wind farm.

Background mortality

Background mortality searches have been performed, but rarely (Harmata et al.
1998, Johnson et al. 2000, Kerlinger and Curry 2000, Kerlinger et al. 2000, Nich-
olson 2003, Schmidt et al. 2003, Kerlinger et al. 2005). All the results to date have
been of low levels of background mortality compared to the levels of mortality
that have been reported at wind farms. Kerlinger et al. (2000) reportedly discon-
tinued background mortality searches due to too few finds at reference sites.
Johnson et al. (2000) concluded, “The amount of natural mortality occurring in
the study area is so small that attempting to correct fatality estimates for natural
mortality is not warranted.”

Despite low levels of background mortality reported at reference sites, the wind
industry has continued to assert that many of the birds found under wind turbines
probably died of natural causes. For this reason, and to be as accurate as possible
with impact estimates, it is probably a good idea to perform background mortality
searches. If the wind power project has yet to be constructed, then it would be
ideal to perform background mortality at the project site as well as at reference
sites both before and after construction of the project. In this way, the data can
be analyzed in a before-after, control-impact (BACI) design, lending more power
to the hypothesis test of the significance of both background mortality and mor-
tality caused by the wind farm.

Background mortality searches should be performed at reference sites, even if
there were no pre-project searches. Multiple reference sites should be used,
and the reference sites should be located on the same terrain and environmental
conditions as the wind turbines, but far enough away from wind turbines to avoid
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inclusion of wind turbine-caused fatalities as background mortality. In all other re-
spects, the fatality searches at reference sites should be performed in the same
manner as performed at wind turbines, and data management should not differ.

2-5 Carrying the Error Terms Though Calculations

There are probably multiple ways to carry the error terms through the calculation
of mortality, but the way | have calculated standard error, SE[M,], has been by
using the delta method (Goodman 1960):

SEIM,] :/\/(1><SE[M 1)2>< (% xixSE[Rl)ZX (% xxseipl| , 4

A DXR v D R? R D? !
where all the terms were defined in egns.1 and 2. The delta method could be
expanded to carry the error terms from any other mortality adjustments that are
possible. So far, the most common adjustments have been for scavenger remov-
al rate and searcher detection rate, but they could conceivably be made for search
radius bias, crippling bias, and background mortality (Smallwood 2007).
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3-1 Fatality Definition

A first step in performing fatality searches is deciding what the searchers are
searching for, because evidence of fatalities can vary in amount and condition
(e.g., see photos below). Probably all parts of birds or bats should be recorded
by the searchers, but thresholds should also be established in advance of the
searches on what qualifies as a dead bird or bat. Certain assumptions will also be
needed, and stated, such as assuming that if only a wing is found then the bird
or bat that lost the wing is either dead or mortally wounded. One firm that has
performed many fatality searches at wind farms defined fatalities as bird material
consisting of at minimum 10 feathers at one location (Erickson et al. 2004). This
definition, however, is arbitrary, and could end up excluding many wind turbine-
killed birds from estimation of mortality.

Professional judgment will serve as the most consistent, comparable means
of determining whether detected remains were those of a bird or bat mortally
wounded by a wind turbine.

3-2 Search Interval

How often the fatality searches should be performed has been of concern to in-
vestigators since impact monitoring began at wind turbines. Searches every day
would quickly exhaust most monitoring budgets, though there is no doubt daily
searches would be optimal. By now we have also learned that quarterly searches
are too infrequent. In temperate latitudes, one search per quarter would repre-
sent each season only once per year, assuming seasons are three months each
(they are not, of course). Quarterly searches also generate inadequate sample
sizes of fatalities for making mortality estimates or testing hypotheses related to
mortality factors (e.g., Anderson et al. 2004, 2005).

The most common search interval has been monthly, and some have been bi-
monthly and weekly. The ideal search interval would be daily, but a daily search
interval would be very costly.

U.S. wind companies have often tried to get by with self-monitoring of fatalities,
and a few consulting scientists have defended this approach (Kerlinger and Curry
1998, 2001, 2003; Erickson et al. 2003). One common self-monitoring system
has been the Wildlife Response and Reporting System (WRRS), which is based

55



and Curry 1998, 2001,2003; Erickson et al. 2003), REMNEETHES
M [BEEMCEREZXTL WRRS) | THDH. DO RATLITRTH
BOBUENBRICER LIFATEEROBRSICE DN T N\D, T—YUEDR%E
(B EEHRARERNRWL TNDDT. WRRS DRHZERE LM EGRMITER
LU WRRS DEREIFAXTUDRTEENEERED 2.4 50D 1 1o 3.7 3D 1
(Co PHA/ZVDEEENIB DD 1 He L5 9D1ICKEDTNDIEICE
EZ5IdE D0V /=h' (Thelander and Smallwood 2004) . JEBFELSA D BFEFRED
KD EFRRIC, NEOEBEOHRTELERLIVELEHIIRESN TV,

3-3 F%REH

BB D DERRRERIL 25m 7D 120m EIE5DENH D, RREH T
REDMFRICLA L CRELED, HREIS. BERBEISEEICHRLIZIBTME
FDOABRERRTENITATHDEZEZATNDN. ZOREDEHIEZ BT
TOENZIFEAERDTU\D, T REBRDLERZITEDILARELRR
SEENILEEDHEICRIZTHEDHEZRAAI D EIFI LTIV, REREBED
BWMZEDSBRIIT ThD, RRFENFL 50m THOTH. FEIS
RERZFEBIIFELIBRE) . BREOEDLEOKIWM<ED B3],

[3]
FREERR T D/ N1 7 RS2HPED
BIR FICRBESNAETCEZSN -
%, AENSHFICA DT OTH ==
VEBTRS (H0MR) (3K ST
RS (KS) SUEEEIC B
e RISRUHRISEE I HL
FEDT, BREIBLTIEAL,

TERIEERES0m

1
HEELS/ (7R )
1
-

56

on reports of fatalities discovered incidentally by maintenance personnel. Lack-
ing standardization and periodic searches, the scientific validity and usefulness of
WRRS is dubious. Smallwood and Thelander (2004) found WRRS to underreport
golden eagle mortality by a factor of 2.4 to 3.7 and red-tailed hawk mortality by
a factor of 3.8 to 5.5, but smaller-bodied raptors were highly underreported, as
were most species other than raptors.

3-3 Search Radius

The maximum distance searched from the wind turbines has varied from 25 to
120m. The search radius has been increasing as wind turbines increase in size.
Investigators have always assumed that the search radius was adequate for de-
tecting most of the birds and bats deposited by wind turbines. However, there
has been little effort to check the validity of this assumption, and those compar-
ing mortality between studies have not attempted to account for the influence of
search radius on the mortality estimates.

A mitigating factor in the effectiveness of the search radius is topography. A 50-
m search radius will likely encompass fewer birds when centered on the top of a
steep hill as compared to flat terrain [Figure 31.

[Figure 3]
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3-4 Foot Transects

Fatality searches need to cover the spatial extent of the area leading to mortal-
ity estimates or to any comparison of fatality rates. All of the ground surface and
shrub or tree surfaces within the search area must be visible to the searcher(s)
at some point during the search. Typically, transects are walked systematically
across the search area, back and forth across the entire area while scanning side
to side so that all the ground surface has been seen. In the Altamont Pass, where
the stature of the annual grassland is short, we spaced transects at 6 to 8m in-
tervals from a central transect along the axis of the row of wind turbines. If the
terrain is flat, then these transects should consist of straight, parallel pathways
extending from the wind turbines to the search area boundary, but if the terrain
is hilly, then the pathways should be adjusted to contour with the hill. Contouring
preserves the searcher(s) energy, improves safety, and improves fatality detec-
tions because less fatigued searchers are more apt to search all the ground and
to more often find the available evidence of fatalities.

To stay fatigue and to improve comparability of results, a standard search pace
should be decided. The pace should be steady and moderate so that searcher
stamina is optimized and balanced with covering as much ground as possible to
make best use of the budget.

High quality boots should be used, and it would be worthwhile trying walking
sticks to reduce stress on hips and knees. Hard hats should also be worn when
working under wind turbines, in case any parts fall from the turbine and strikes
the searcher. And of course, other personnel should be aware of the searcher(s)
schedule and whereabouts in case of any medical emergencies, and each search-
er should carry a cell phone or some other means to communicate with col-
leagues.

3-5 Carcass Processing

When carcasses are found, data should be recorded onto a standard data sheet
[see Appendix 1-3/P80-85]. A GPS with sub-meter accuracy should be used to re-
cord the location(s) of the carcass. Alternatively, the bearing and distance to the
nearest turbine can be recorded, so long as the bearing is always from the car-
cass to the turbine (not sometimes from the turbine and sometimes from the car-

59



MUPFTLEDED D, FICAUDPT L, RESDERICEIIDEDA B NILM
DEDTENEDLE NS, ERISBIIZBNT ENZ\, BEEIIFRIEET
EN25xI1C. BEICEBONDIENZ DT, I ADRINEDIC. FLADED
RITESITNTEEIITE DL DIIDANTD, R TEIS. FERIIZDIZICH
B, F/IZEUNT B,

FEBIFIRS CHTCRERDOHENLHEEITEL. MOBRENEEZRETYH
WD T EDEDICBEEICTARIBEREAADZENLEE UL, FEERARELIANT
HDEBONDIBEEIE. T—YDUNEZETEL, FETIFREICRERELZ N ERR
9D, MENBEINLIES. AN SN TNDIEE. TEENEONDE
Bld. ABICERT DT EMESND, BRDAED—LHLONTND I ER
EICRUBRBRIEIMEN R Hzo B WA BEICERLUIEENTE N DHEENT
HBINBEEId. FEERIZABENREECHD EAEEIND, REICHELE
BHEASE T T 2HENTEREINLA. tOER (flxld, ZBEHDERERE
DEZR) bEZ2LNDIEAIE. REISERELUCAEEN DD EABIND, F&
SHTEEMN BB ERBENRAFETED TR EDHEEITEDOCLDA, &
Do DRAEEHEICSHDNNT. EMREN BN THRIT DEETH S D,

BEEIIEOBEETEHEITNIESE NN, BYEEDIZADRE S h#d
DWEP, EFAEZF OLERFEDH ZHh B BENE T D580 HD,
BOBENANAEGIEEIE. BYRL KaEE CREREDEEEMUN) U1 XD
TSRETHEET D, WARDTEELEH. AFDDIZIIN—TRTT2DIIHE
(231D,

WEBEDY TIVHD Y NaBITDHIl. BRIST—FNEERAcHE
T. BARZOINT D, BEORBICHEOREEDELETEEHRT DIcHIC. 3
FRELIRLEZNEEIT (RARY D7 —DFBEEUREFEEDEREESR) .
BEEICOHNDEDITFARICHZN T D, RN D —DFHLEEVERDEEL
HENOBEIE. ABDENWDFARICBSENKDICER L. DD kikZ D) E
5. BEREEEFITD. <BIELANDRBEDTEZERINT. FUAIZENE[T S,
GPS. F/olZAEZTOBREESABICEDINT. EDMUBZEMNN EICERT D,

1PDOEDIAN 2 ZE L EDORBEDOEIDICEEL LizBEat. FTIVAD Y D
AEEMNELD. COXDBYITINAD Y NaBITDIzDIC. BEIIEKEI N

60

cass) and the turbine identification number is always recorded. | also recommend
taking two or more photos of every carcass or carcass part, changing the angle
between photos to help the viewer interpret the evidence while viewing the pho-
tos at a later date. | also suggest using an engineers’ survey card in every carcass
photo, for scale. Alternatively, other objects could be used for scale so long as the
objects are readily available and easy to measure within a photo. (Rulers often do
not work well for scaling photos.) Based on my experience, it is also important to
take extra care to not move the camera while taking a photo of a carcass. Fatality
searchers get tired from all the walking, and often feel pressed to meet a dead-
line, such as for lunch break, so it is important to remember to take appropriate
time and care to record information from a carcass. The carcass cannot be recre-
ated once the data are collected and the carcass either left in place or removed.

The fatality searchers should make a preliminary determination of cause of death
while still in the field, but sufficient notes should be recorded along with pho-
tographs so that colleagues or senior investigators can assess the evidence as
well. If the evidence suggests the fatality was caused by something other than
wind turbines, then the data should be collected but clearly noted that the cause
of death was not turbine related. Wind turbine deaths are typically determined
as certain when the collision was witnessed (rare) or the carcass was severed,
dismembered, or showed signs of blunt force trauma. They are typically regarded
as probable if there is no clear sign of injury, often due to decomposition or miss-
ing body parts, but the remains are within the deposition range of wind turbines.
They are typically regarded as possible if the remains were within the range of
wind turbine deposition but also associated with another possible fatality factor,
such as on a roadway or under an electric distribution or transmission line (pos-
sible auto or line collision). In making mortality estimates, my practice has been
to include fatalities regarded as possibly, probably, or certainly killed by wind tur-
bines, but each investigator will have to make his own decision about which fa-
talities to include.

The fatality searchers should attempt to identify the species, but sometimes the
evidence will need to be compared to museum specimens, to field guides, and to
expert ornithologists who are more capable of identifying the remains to species.
When the species cannot be determined, then the fatality should be identified to
the narrowest taxonomic group possible, such as genus or family, or to a func-
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tional group (i.e., raptor or nonraptor) and size class. Measurements of remains
can also help investigators to later group the fatality for analysis.

To prevent double counting of carcasses due to remains of the same bird being
found over two search rotations, most investigators prefer to have the remains
picked up and removed after data are recorded from them. Another way to mini-
mize double counting would be to leave the remains for the purpose of quan-
tifying changes in detection rates through time (see discussions on scavenger
removal and searcher detection rates), but clearly marking the remains so that if
fatality searchers find them again, they will know the remains were already count-
ed and processed. Marking can include clipping of feathers, attaching metal rings
or wire ties to limbs, chipping the bill, and other methods, so long as transfer of
human scent is minimized if the remains are to be left in the field to quantify natu-
ral removal rates. Remains should also be mapped using a GPS or distance and
bearing to the nearest wind turbine.

Another form of double counting can occur when remains of one bird are spread
to two or more wind turbines. To prevent this type of double counting, | carefully
compare fatality records for dates of discovery, species, and body parts. If | see
the possibility that two or more fatality records were really from the same bird, |
randomly select one of the candidate remains for analysis and disregard the rest.
Fortunately, this form of double counting is relatively rare.

Fatality searchers should also take care to record whether the remains were dis-
covered during a routine fatality search or incidental to the search. A surprisingly
large number of fatalities are discovered while field crew members are traveling
between search sites or while performing other tasks such as taking point counts
(see below). | have found many bird carcasses while mapping burrow systems of
raptor prey species and while doing behavior work. Incidental finds are valuable,
especially if it is standard practice to remove all bird carcasses upon discovery,
because the number of bird carcasses remaining to be found during periodic fa-
tality searches is small relative to the effort committed to the searches. Another
way to look at it is that some of the carcasses—especially those of large-bodied
birds, would likely have been found during routine fatality searches if they had
not been found incidentally. However, recording whether the carcass was found
routinely or incidentally could help the analyst decide which records to include in
mortality estimates, or could help the analyst apply an alternative detection error
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adjustment to incidental versus routine finds.

If fatality searchers are providing an analyst or project manager with the data,
then it will be important for the fatality searchers to copy or scan the original car-
cass data sheet prior to submission. These copies or scans will serve as back-up
of the original, submitted data.

3-6 Data Management

Data collected from the field should be entered into a spreadsheet in a timely
manner, so that problems can be detected quickly and errors of memory avoided.
A professional data management software program should be used, so that sort-
ing errors can be avoided and data are directed to the appropriate fields. The data
base should be planned out in advance of data collection.

Fatality searchers should maintain records of search dates for each turbine or tur-
bine row (see Appendix A for an example data sheet), as well as the attributes of
wind turbines and operational status of wind turbines, fatalities found, including
photos, position, condition, and date. Fatality searchers completing data forms
should try to record more information about fatalities than likely will ever be used,
because fatality finds are rare relative to search effort. Also, fatalities in the field
cannot be recreated. They are fleeting, so it is best to record as much information
about each fatality as possible.
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Relative bird abundance can be indexed or measured in various ways, including
point counts, visual scans, and flushing surveys. The most common method used
in US wind farms has been visual scans directed toward multiple or all species
of birds, and usually out to great distances. Visual scans usually are made from
vantage points overlooking proposed or existing wind turbine sites. Observing
birds from afar reduces the investigators’ influence on bird flights near proposed
or existing wind turbines. Whereas point counts typically last 3 to 10 minutes
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per site, visual scans typically last 10 to 30 minutes per site, and sometimes 60
minutes (Howell and Noone 1992, Orloff and Flannery 1992, Hoover and Mor-
rison 2005, Rugge 2001, Erickson et al. 2003, Schmidt et al. 2003, Anderson et
al. 2005, Smallwood and Thelander 2004, 2005). Visual scans allow observers
time to record specific behaviors hypothesized to contribute to collision risk, such
as the frequency of flights made at the heights of the wind turbines’ rotor plane.
However, the long scan distances and long duration of visual scans, in addition
to the often mixed objectives of the scans, also introduce substantial biases that
have yet to be addressed in comparisons of bird utilization at multiple wind farms
and at the same wind farms through time.

4-1 Target Species and Objectives

Performing utilization surveys without first establishing clear objectives can yield
data of little value to mortality monitoring. For example, BioResource Consultants
(2005) measured species richness at a pre-construction wind farm site without
thinking how or whether species richness would be useful as a monitoring tool
or for hypothesis-testing. Species richness turned out to be of no use to predict-
ing impacts, let alone deriving mortality estimates. In another example, the Alta-
mont Pass Avian Monitoring Team (2008) related fatalities to minutes of use per
species, but did not consider a few birds perched over the duration of the visual
scan can be given larger utilization weightings than a lot more birds quickly fly-
ing through the scan area. Furthermore, if birds perched more often during one
season and flew more often in another due to wind conditions, then the minutes
of use could bias utilization to the seasons when the birds are mostly sitting
around.

Utilization surveys are often portrayed in reports as comprehensive among spe-
cies. However, not all species can be suitably surveyed by the same field method,
so visual scans or point counts will not adequately indicate the relative abundance
of some species. For example, visual scans and point counts are performed dur-
ing daylight and cannot detect the majority of nocturnal species such as owls. In
another example, large birds are much more readily detectable at far distances
than are small birds, such as songbirds, and some birds are readily detectable
at far distances due to flight behaviors or other attributes that make them more
conspicuous. Therefore, visual scans or point counts to unlimited distances or to
distances as far as 800m will detect much larger proportions of certain species.
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Another problem with this catch-all type of survey is that the visual scans and
point counts to far distances results in fewer observation stations in a project
area, so small-bodied or more cryptic species that can be detected only out to 50
or 100m will be grossly under-sampled. The species of interest in utilization sur-
veys at wind farms need to be identified before the surveys begin, and the types
of surveys and the sampling design must be engineered for those species. One
type of utilization survey will not work for all species.

Utilization surveys can be used for different purposes, including to derive mortal-
ity estimates (i.e., relating fatality rate to utilization rate) and for estimating wind
turbine avoidance and habitat loss as an impact. In these guidelines | will assume
the objective of utilization surveys in Japan will be to estimate mortality, so the
rest of my discussion on utilization surveys will be directed to this objective.
However, many of the recommendations | will make will also apply to utilization
surveys intended for other objectives.

4-2 Utilization Metric

The numerator in any utilization rate metric will be some measure of the relative
abundance or activity level of bird species. From point counts or visual scans, it
will be the number of bird observations, or the number of individuals observed
during the session. Observers attempt to track individual birds to prevent double-
counting, but it is well recognized that double counting is inevitable using these
field methods. Therefore, the number of birds observed during point counts or
visual scans is regarded as an indicator of relative abundance rather than a mea-
sure of relative abundance.

Because survey efforts vary, the indicator of relative abundance needs to be relat-
ed to a unit of time representing the survey effort. Surveys vary from 5 to 60 min,
so the number of birds seen should be related on a common time span. | prefer to
use one hour as my time unit, so | would convert 10 birds per 10 min session to
60 birds per hour, and 1 bird per 20 min session would be 3 birds per hour.

If sufficient fatality data were collected on a monthly or seasonal basis, then it
might be attractive to relate fatality numbers to utilization by month or season.
However, most mortality estimates are compared on an annual basis. Because
fatalities are usually compared annually, the utilization should represent annu-
al utilization, or utilization surveys should equitably represent all seasons of the
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year. Some investigators measured utilization during only one or two seasons
(e.g., Kerlinger et al. 2004, BioResource Consultants 2005, Johnson et al. 2006).
Erickson et al. (2002), after comparing data they collected at multiple wind farm
sites in the Pacific Northwest of the U.S., concluded that bird observations are
not needed beyond a single season of the year. However, seasonal variation in
relative bird abundance is well known to be high, especially for migratory spe-
cies. It would be inadvisable to assume that surveys during one season of the
year can characterize relative abundance in all seasons of the year. All seasons
need to be sampled.

Furthermore, bird abundance can vary a great deal inter-annually, so performing
visual scans or point counts over one year could correspond with a nadir or peak
in a widely varying population cycle, or it could correspond with an extreme low
population level due to a drought, or to an extreme high population following fa-
vorable environmental conditions. Using utilization estimates from one year of
survey effort could be misleading. | recommend a minimum of three years of
utilization surveys before attempting to estimate utilization and mortality on an
annual basis.

The terrain over which visual scans or point counts are performed also vary great-
ly from place to place. On flat terrain without trees, an observer can see all the
airspace over the ground out to the survey boundary, which should be shaped like
a circle for point counts or visual scans. However, trees could disrupt the views
of some parts of the circle, and some portions of point counts and visual scans
could be occluded in hilly terrain. Due to the variation in visible areas from station
to station and from wind farm to wind farm, and due to the variation in visible ar-
eas at the same station due to weather conditions, the proportion of the theoreti-
cal viewshed should be estimated and factored into the utilization metric, where
the theoretical viewshed is the surface area or usable airspace volume over the
surface area that is defined by 1ir?, and r is the maximum survey distance allowed.
This proportion should be multiplied by the area of the theoretical viewshed to
obtain the hectares of ground over which birds could be seen. The resulting vis-
ible area should e regarded as an indicator, because it is often possible to observe
birds over ground that cannot be seen.

| recommend the following utilization metric:
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Birds observed / hour/ ha,

and | recommend that data used to express this metric be collected from point
counts or visual scans performed year-round for at least three years. | also rec-
ommend that more observation stations be established for small birds and that
the maximum allowed distances for recording observations be appropriate for the
species, including out to 600m for Buteo hawks and only 100m for songbirds, as
examples. Furthermore, | recommend that additional survey methods be used
to quantify relative abundance or utilization of species for which daytime point
counts or visual scans are inappropriate.

Revisiting the Collision Risk Metric. —Earlier in this document | expressed a
collision risk index simply as the following:

L Fatality rate
Risk index = —y ,
Utilization rate

Now that | have presented candidate fatality rate and utilization rate metrics, it is
time to put them together as a mortality metric. The two metrics below would
be my recommendations as mortality metrics:

Deaths /MW / year / birds observed / hour ha,
Deaths / kWh / birds observed / hour ha.

The first metric would be for wind farms where power output from individual
wind turbines is unavailable, and the second metric would be for wind farms
where the power output is available. Both mortality metrics are complicated,
and would result in very small fractions. For data presentation in reports, | would
change the units so that the results are easier to work with. For example, the fa-
tality rate could be deaths per 100 MW per year, and the utilization rate could be
birds observed per 100 hours per 100 ha. These units could easily be converted
back to original units by other investigators who want to compare them across
studies.

Some may argue that fatality rates should be compared to more real estimates
of population size, rather than to indicators of utilization. However, wind farms
are located in windy areas, such as in passes, where many species are transient
in their occurrence, and often migratory. For example, the golden eagles in the
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Altamont Pass are mostly juveniles and subadults, or floaters using the Altamont
Pass as a foraging area and perhaps for social interactions before seeking breed-
ing territories. In the Altamont Pass, how could one estimate population size of
golden eagles? Also, the methods required to estimate population size are very
time consuming and costly, so enumeration of bird species within wind farms
will not be done often enough to produce a meaningful sample of population es-
timates for comparison to fatality rates.

4-3 Establish Observation Points and Survey Boundaries

Stations, or observation points (OPs), should be established throughout the pro-
posed or existing wind farm in order to adequately represent utilization in the
wind farm. Additionally, OPs should be established at locations outside the wind
farm, because Smallwood et al. (in review) found that most species of raptor gen-
erally avoided wind turbines. Smallwood et al. (in review) found that raptors oc-
curred in much greater abundance on ridge crests where wind turbines were not
installed, so a more representative expression of relative abundance might need
to include areas just outside the wind farm or areas within the wind farm that lack
wind turbines.

OPs typically also overlook large areas from prominent locations, but it should be
remembered that these types of locations are also exposed to the birds under ob-
servation, so observers stationed at prominent locations may more readily alter
bird behavior, and increase distances between the birds and the observer. Also,
prominent locations can sometimes occlude views of downslope locations when
the lower aspect of the slope is steeper than the upper aspect. Another consid-
eration for sitting OPs is to be strategic in terms of measuring utilization at wind
turbines or particular landscape features.

One the observation stations and maximum survey distances are established,
then survey boundaries can be delineated on maps or aerial photos of the survey
area. These maps can be very helpful to the observers to maintain discipline over
which observations to record. | also recommend depicting wind turbines, trees
and rock formations in the maps, so that the observers can keep track of the loca-
tions of birds under observation and decide which observations to record.
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4-4 Establish Duration and Frequency of Sessions

Smallwood and Thelander (2004) reported an increase in the number of raptors
observed per minute until about 22 minutes into the session, suggesting that
raptors may have avoided human observers at first but eventually habituated to
them. For this reason, | suggest point counts or visual scans last longer for rap-
tors, especially in open terrain where the observers are exposed. | tend to per-
form hour-long observation sessions for raptors. For small birds | recommend
much smaller survey radii, more observation stations, or OPs, and shorter ses-
sions. For small birds | recommend point counts lasting no longer than 10 min.

For raptors, | suggest weekly to biweekly surveys would suffice, so long as ses-
sion start times vary per OP. For small birds, | suggest three to four sessions per
station for every raptor session.

4-5 Recording Observations

| prefer to use a digital voice recorder (DVR) for recording bird observations be-
cause | do not have to remove my eyes from the field while recording the data.
DVRs work great so long as the data are transcribed to an electronic spreadsheet
in a timely fashion. Observers tend to forget details about observation sessions,
so it is important to correct mistakes within a day or two of recording observa-
tions on the DVR.

Data to record at the beginning of the session include:
e Observer's name

e OP or station number

e Date

° Time

e Temperature

e \Wind speed

e \Wind direction

e Visibility

® \Weather

Data to record per observation include:
° Time

e Species
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° Number

e Social context (single, pair, or flock)

e Behavior (perching or type of flight)

e Distance from observer

e Direction (degrees) from observer

e Distance from turbine and turbine number (if applicable)
e Height above ground at first sighting.

4-6 Be Aware of Biases

Bird observation data are prone to substantial biases that can greatly influence in-
terpretation of utilization rates and mortality estimates. It is important to explore
the data for these biases, and to make adjustments for them as needed. For ex-
ample, the detection rate of birds can be explained largely by the birds’ distance
from the observer (Smallwood et al. in review). The time span of the sessions can
influence detection rates, as well, and should be examined. Bird detection rates
also vary by season, time of day, temperature, and wind speed (Smallwood and
Thelander 2004, 2005, Smallwood et al. in review), so sessions should be exam-
ined for biases in representation of these factors.
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Appendix 2
Record No.
Data: Investigator : Search type :
Carcass Data Sheet [ 1L ] Standard Incidenctal

Adult Subadult

Species : SEX:M F Unknown Age group :Juvenile Unknown

Cause of death : Blade strike Trapped in turbine (oiled) Line collision Electrocution Auto
Predation WNV Poisoned Unknown Other:

Describe injury :

Notes (continue to back)

Articulation :
Dissembles 1 2 3 4 5

Estimated days

since death : Articulated (complete & in place)

Body part | Sequence
(e.g., torso, | no. of Distance(m)| Bearing to | Check if Photo 1
head, wing, | nearest to turbine | turbine GPS used oto
leg...) turbine

Part no. Photo 2 Photo 3 Photo 4

Carcass monitoring

Date

Part no. Condition| Color | Photo [Condition| Color | Photo |Condition| Color | Photo |Condition| Color | Photo

Date

Part no. [Condition| Color | Photo [Condition| Color | Photo |Condition| Color | Photo |Condition| Color | Photo

Condition : [D=no decay D2=gooey D3=dried flesh] [R1=stiff R2=loose] [C=Enamel on culmen]
[T=Enamel on Talons] [F=feathers] [B=bones] [I1=fly larvae 12=fly pupa I3=fly adult 14=beetle larvae
I5=beetle pupa 16=beetle adult]

Color : 1=original 2=intermediate 3=bleached 0=n/s
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Appendix 3

Data

K&

& (mm)

& (mm)

# K&

& (mm)

& (mm)

Bonel(s)

Number
present

Condition

Length
(mm)

Width
(mm)

Number
present

Condition

Length
(mm)

Width
(mm)

Skull

Sternum

Pelvis

Coracoid

Scapula

Humerus

Ulna

Radius

Carpometa-
carpus

Femur

Tibiotarsus

Tarsometa-

tarsus

BOKRE: B=8H C=HBBLL S=REHILHOH
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W=RERlcEnenrc

Bone condition : B=broken C=complete S=smooth W=weathered
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Although the studies of bird collisions have not yet determined the direct causes,
they have gradually revealed relationships between collision-prone bird species
and landscapes and weather conditions inducing collisions in Europe and North
America. Recently in Japan as well, reports of bird collisions have increased
as the number of wind farms has grown. However, most carcasses have been
incidentally discovered. In addition, it is almost impossible to perform reliable
post-construction assessments of wind farm impacts to birds in Japan because
standard study methods have not been established and therefore the results of
studies cannot be compared between wind farms.

In October 2008, therefore, the Wild Bird Society of Japan (WBSJ) held a work-
shop in order to establish a standard method required for reliable post-construc-
tion assessments of wind farm impacts to birds. The workshop was held in the
Mutsu Ogawara wind farm, Aomori Prefecture, northern Japan with the coopera-
tion of EcoPower Co., Ltd. which has operated the farm. In addition to the mem-
bers of the WBSJ and conservationists, those from wind power companies and
wildlife research companies participated in the workshop. This workshop was the
first occasion of Japan where people from various fields concerned met together
to discuss methods for studying wind farm impacts to birds post-construction.
The establishment of standard post-construction study methods will make it pos-
sible to directly compare the results of bird collision studies between wind farms
and determine factors contributing to collisions based on their comparative analy-
ses. This will lead to determining proposed turbine sites that are likely to pose a
serious collision risk and avoiding the risk by selecting alternative sites. It is also
expected to reduce bird conservation issues by avoiding sites with potential risks
to birds.

The carcass search method dealt with in this manual has been developed and
used by a study group in which Dr. K. S. Smallwood has been involved in the Al-
tamont Pass Wind Resource Area (APWRA), US. where studies of the effects of
a wind farm on birds are most advanced in the world. Dr. Smallwood and other
research workers have written many papers and reports based on the data col-
lected using their method and therefore the method has been well established
to be scientifically reliable. Consequently carcass searches have been conducted
using the method developed by Dr. Smallwood and his colleagues in Europe as
well as in the other parts of the US.
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Therefore we have recommended this method as a standard for searching for
bird carcasses and estimating collision rates. The environmental factors, such as
vegetation, topography and climate in wind farms in Japan, however, are differ-
ent from those of the APWRA on a hilly terrain predominantly covered with short
grass as in Fig.1 [P114]. It is, therefore, necessary to modify this method in order
to use it in Japan and compare the data collected using it with those from other
countries and areas. On the other hand, it takes considerable time to modify this
method to suit domestic use by field studies. In this chapter, therefore, we will
select some environmental factors likely to present problems when the research
manual developed by Dr. Smallwood is used as a temporary standard method in
Japan and suggest some possible solutions to these problems for future refer-
ence.

Although Japan and some other countries have been developing devices to detect
bird collisions with wind turbines, we will show some measures easily available in
Japan to cope with the problems instead of such state-of-the art devices.

Biases of the environmental factors of a wind farm
to fatality rate estimation and methods for reducing them

1 Vegetation-caused biases

We have visited more than 30 domestic wind farms, which are markedly different
from each other in vegetation type. The representative vegetation types of wind
farms are meadows [Fig. 2 / P114], grasslands [Figs. 3 and 4 / P115], shrubs [Figs.
5,6 and 7/ P116, 117] and woods [Fig. 8/ P117]. We will deal with factors providing
biases for fatality rate estimation and methods for reducing them in each of the
vegetation types.

1-1 Meadows and grasslands

Depending on the predominant herb species of meadows and grasslands, the
canopy heights of meadows and grasslands generally remain short until early
summer after reaping or dying in winter. Few problems are likely to arise when
carcass searches are conducted during the period according to this manual be-
cause the vegetation conditions of these sites are similar to those of the APWRA.
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However, carcass detection rates would remain markedly low from the early
summer when the herb grows thick until the late autumn when the above-ground
herb dies off (See Figs. 3 and 4).

We performed an experiment with carcass searches in a wind farm densely cov-
ered with 1-1.5m grass (Fig. 4) in order to determine carcass detection rates un-
der these vegetation conditions. We established three 15 by 15m squares, each
with a wind turbine in the center and a zigzag or clockwise spiral search route
around a turbine. Seven to nine dismembered carcasses of quails and chickens
were deposited at random in each of the squares two hours before the search
began. The search workers were divided into three groups, each of which con-
sisted of six to seven workers. They searched for carcasses one by one in order
to determine differences in the number of discovered carcasses between them.
The search workers walked at a speed of approximately 1km an hour to search
the established routes of 2m wide and 4m wide in the grassland and bare ground
respectively.

A mean detection rate of the three search groups was calculated at 29.2% and
the number of discovered carcasses varied between the search workers as ex-
pected.

It should be noted, however, that the experiment was conducted only once and
the detection rates were calculated without considering removal rates by scaven-
gers and differences in detection rate between the search workers.

1-2 Shrubs

An area covered with shrubs presents a serious challenge to search workers. It
is not easy for a search worker to push his way through a shrub because it has
woody stems and branches unlike herb. It is especially difficult to walk into a
dense community of shrubs as in Fig. 7 in order to search for carcasses. In addi-
tion, some species of shrubs grow leafy branches at eye level and block the view.
A search worker would have great difficulty in searching for carcasses even if he
was able to enter such shrubs.

1-3 Forests

Construction work usually deprives an area around a wind turbine of vegetation
or changes the original vegetation into grassland. However forests sometimes re-
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main in the vicinity of wind turbines as in Fig.8. Although the difficulty of carcass
search depends on tree species, canopy and lower structures of a forest, forests
generally demand great efforts of search workers.

1-4 Vegetation management as a means of reducing
vegetation-caused biases

1) Meadows, grasslands and shrubs

It is extremely difficult to search for carcasses in areas where herb and shrubs
grow thick, or herb is tall. Although this difficulty can be overcome by performing
painstaking searches or correcting the number of discovered carcasses based on
detection rates and scavenger rates determined by field experiments, the experi-
ments demand time and cost. Both rates need to be calculated for each wind
turbine, especially when the conditions and types of vegetation vary between
turbine sites in a wind farm. We recommend, therefore, that herb and grass
should be cut regularly in search areas. This will result in the substantial reduc-
tion of time and efforts required for carcass search because a search route can
be widened and detection rates and scavenger rates do not have to be calculated
for each wind turbine.

However those who operate wind farms generally cannot cut grass regularly,
when they lease the farm sites from landowners or when the farm sites are
meadows for forage. Since grass grows in a short period during the summer,
search workers may overcome this problem by conducting carcass searches
more frequently before grass grows and resuming them after grass is reaped,
instead of performing searches during the period when grass grows. In this case,

[Fig. 91 An example of a search plan dividing a year into 4 search periods considering the grow-
ing and reaping periods of grass and snowy periods.

Grass- i
Sno_wy Searchable period growing Rea;_)lng Searchable period Sno_wy
period b period period
period
Period 1 Period 2 Period 3 Period 4

Arrows show periods searches are possible.
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however, some modifications would be required for a search plan in terms of a
search period and frequency. For instance search workers divide a year into four
periods, considering the periods when grass grows and grass is reaped, and car-
ry out searches with suitable frequency during each period, instead of conduct-
ing searches with the same frequency every month [Fig.9 / P101]. Fig.9 includes
the snowy periods we will touch upon later. Searches should be conducted with
particular frequency and at regular intervals during the periods when searches are
possible in each period. The growing period and reaping period of grass should
stretch over the periods set up for searches to reduce the periods when searches
are impossible in each period. In addition, if the last search of one period is close
to the first one of another period, they should be set apart because the division
of a year into four periods will not work effectively.

Fig.9 shows that searches can be performed for two months because of the
snow in the first period and for one and a half month due to the hindrance of grass
in the second period. Since the shortest search period is one and a half month in
the four periods of Fig.9, a search period should be set at one and a half month
in each period. If eight searches are carried out in each period, for instance, they
will be conducted at five-day intervals. Since this will remove vegetation biases
from search results, the results can be compared between the four periods. As
a matter of course, search plans should be changed according to the conditions
of wind farms.

It should be noted that grass-cutting can change the composition of animal spe-
cies in a wind farm. For instance, if hares begin to use as feeding grounds areas
where grass has been cut, they may attract some raptor species and contribute
to collisions with wind turbines. In the APWRA cotton tails have burrowed under
the ground at the base of a wind turbine because areas around a turbine have
been deprived of vegetation, and many Golden Eagles and Buzzards drawn by the
newly settled rabbits have collided with wind turbines while hunting them. It is,
therefore, necessary to study the effects of vegetation changes around a turbine
on the fauna and flora in the vicinity.

Grazing cattle such as cows and goats is effective in preventing grass from grow-
ing. However cattle often gather around a wind turbine to keep out of hot sun or
wind, which results in the accumulation of their dung around a turbine. The dung
fascinates insects and insects, in turn, draw insectivorous birds, which attract
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raptors. Thus a food web may newly develop in the vicinity of a wind turbine
(Smallwood and Thelander, 2004). In short, grazing cattle draws raptors to wind
turbines, which is likely to increase raptor fatalities due to collisions with turbines.
Thus we will not recommend grazing cattle for vegetation control.

2) Forests

When a search area includes a forest, forest biases to the estimation of a fatality
rate can be removed by felling trees in the area and creating bare ground or short
grassland. On the other hand, it would be practically impossible to fell trees in
most forests because they function as a shelter belt, a forest reserve, a carbon di-
oxide absorber and others. Normally, wind farms should not be constructed close
to forests to prevent birds from colliding with wind turbines. It is reported from
Europe that many bats have been killed in collisions with wind turbines close to
a forest whose canopy is level with the turbine blades (Hotker et al. 2006 : the
Japanese version edited and translated by the WBSJ 2009). In addition, birds are
likely to collide with turbines when they fly out of a forest (K.S.Smallwood pers.
comm.).

2 Topography-caused biases

Some wind farms are located in the vicinity of the water such as a river and the
sea in Japan [Figs.10 and 11/ P118]. Some wind farms are situated at the top of a
coastal cliff, especially in Hokkaido, northern Japan. In these wind farms some
wind turbines are built close to the edge of a cliff [Fig.12/P118]. It is almost impos-
sible to discover carcasses in these sites because most of the birds are likely to
fall into the sea or below the cliff when they collide with wind turbines.

In addition, the number of wind turbines has recently increased on mountains and
hills. Some wind turbines are located on a ridge or at the top of a steep slope. It
would be practically impossible to climb down a steep slope and search for birds
fallen to the bottom of the slope when they collide with these wind turbines.

2-1 Method for reducing topography-caused biases

It is almost impossible to search for birds fallen into a river and the sea or below
a cliff and a steep slope, when they collide with wind turbines located close to
these sites. However the number of detected carcasses can be corrected by cal-
culating the area where search is possible using a potable GPS and other devices
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after the area where search is impossible is removed from the area set up for a
carcass search, and estimating the number of carcasses in the area search is im-
possible based on the number of carcasses discovered in the searchable area.

For instance, if a searchable area accounts for 50% of the area established for a
carcass search and two carcasses were discovered in the searchable area, then
four birds will be killed in collisions with wind turbines in the search area as a
whole. When the number of carcasses is estimated, however, turbine-caused
biases should be also taken into consideration. Since a wind turbine changes the
direction and speed of its rotors according to the wind direction and force, the di-
rection and speed of turbine rotors also present biases to the estimation. Further
study is required to determine these biases because they are highly complicated
and therefore need in-depth analyses.

3 Snow-caused biases

An annual snowfall amounts to more than 50cm in some areas on the side of the
Japan Sea of northern Japan. Depending on areas and weather conditions, a daily
snowfall can be more than 50 cm. In such areas birds killed in collisions with wind
turbines can be covered with snow, which would make it difficult to detect the
carcasses [Fig.13/P119].

3-1 Measures to cope with the snow

In northern Japan, especially in the regions facing the Japan Sea, the snow is a
serious obstacle to carcass search because it covers up bird carcasses. In the
snowy regions of the US, for instance, no carcass searches are carried out during
the period when the ground is covered with snow (K.S.Smallwood, pers.comm.).
Birds killed in collisions with wind turbines during the winter often emerge from
under the snow when the snow begins to melt. It is difficult to estimate the defi-
nite periods when birds were killed, but many carcasses are in a fairly good con-
dition when they are discovered. Therefore it is highly possible to determine the
number of the birds that are too large for scavengers to remove, even if no car-
cass searches are conducted during the period when the ground is covered with
snow. On the other hand, small to middle sized birds can be removed by scav-
engers during the period of snowfall. If carcass searches cannot be performed
during the winter, therefore, the number of discovered carcasses should be cor-
rected by estimating the removal rates of scavengers based on the footprints of
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scavengers in the snow and signs that scavengers dug up the snow, or recording
with video cameras.

In an area with a short period of snowfall, however, it would be possible to cope
with problems resulting from heavy snowfalls by dividing a year into four periods
and carrying out searches with particular frequency during each period as well as
conducting searches at shorter intervals before and after the period of snowfall
(See Fig.9/P101).

4 Biases caused by complicated combinations of
environmental factors

The environments in which most domestic wind farms are located are not simple
but comprise complicated combinations of physical factors such as vegetation
and topography (Figs.2-8 and Figs.10-12). For instance, a wind farm is located in
a meadow with a shelter belt on one side and a road on the other side, a field of
dwarf bamboos (Sasa spp.) and willow shrubs spreading out beyond the road. A
cliff, a steep slope, the coast or a river may be added to them. Thus biases vary
with environmental factors.

4-1 Methods for reducing biases caused by complicated
environments

In order to carry out a carcass search and estimate a fatality rate in a wind farm
situated in such a complicated environment, the management of vegetation and
the correction of detected carcass numbers above mentioned needs to be con-
ducted together. Let us assume, for instance, that a part of the area set up for
a carcass search is below a cliff and not possible to search. The rest consists
of a meadow and tall grassland. The tall grass will be cut when the grass of the
meadow is short and the grass of the meadow also will be cut when it is tall. First
the number of carcasses discovered in the meadow and the grassland will be
corrected using the removal rate of scavengers and the detection rate. Then the
number of carcasses below the cliff will be estimated based on the corrected car-
cass number. Finally the fatality rate of the whole search area will be estimated
using these carcass numbers.

In addition, carcass searches may be carried out according to two different search
plans. For instance, searches are performed every two weeks in the areas where
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grass can be cut regularly, and in the areas where grass-cutting is not possible,
searches are conducted according to the search plan shown in Fig.9.

5 Use of trained dogs

Dogs may be used in carcass searches. For instance, dogs detected two to four
times as many carcasses of bats as humans (Arnett, 2005). Dogs discovered
Desert Tortoises (Gopherus agassizii), an endangered species at a rate of 91%
(Cablk and Heaton, 2006). In addition, dogs were used in searching for Kiwis in
New Zealand (Robertson and Fraser, 2009).

These instances suggest that dogs have remarkable ability as a searcher. It should
be noted, however, that detection rates may be affected by differences in search-
ing ability between dogs or their breeds, the physical condition of a dog during a
search and the environmental conditions of a search area, such as the diffusibility
of scent and the direction of the wind. A feasibility study would be required for
the use of dogs in carcass searches because no dogs have been used in the AP-
WRA and detection rates of dogs are still unknown.

6 Others

In the workshop held in October 2008, one of the participants said that it was
hard to keep his concentration during the search. Although searches are con-
ducted for six to seven hours a day in the APWRA, it is more difficult for search
workers to keep their concentration in areas demanding greater efforts like dense
grasslands. They seemed unable to keep their concentration for an hour in the
area as in Fig.4. A decline in concentration like this may result in biases to carcass
detection.

Although the duration of concentration and the means of recovering concentra-
tion vary greatly between individuals, some useful suggestions were presented
about the measures of helping the concentration of search workers in the above
mentioned workshop. For instance, if the boundary of an area set up for a search
is formed using a rope and stakes, it may facilitate the concentration of search
workers because they can discern the area they should search for carcasses. If
search workers have built an image of their target in advance by observing pic-
tures of birds killed in collisions with wind turbines, they may keep up their con-
centration until the end of a search. It is true that it is difficult to search for what
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you have not seen before. Thus we will show some pictures of bird carcasses
due to collisions with wind turbines [Figs.14-19 / P120-122] to help future search
workers to build their target images.

7 On the workshop

Title : The workshop on the effects of a wind farm on birds and methods for
studying them

Date : On October 11-13, 2008

Place : The Mutsu Ogawara wind farm and Misawa City Public Hall, Aomori Pre-
fecture

Host : The Wild Bird Society of Japan / Co-host : Eco Power Co., Ltd. / Supporter
. “The Bird Society of Misawa"” and (NPO) “Oosekka-Land (The Japanese Marsh
Warbler Conservation Group)” / Sponsor : The Japan Fund for Global Environ-
ment

Participants : Mitsuo Yamada (Sapporo Chapter, WBSJ), Hideo Hoshi (Muroran
Chapt., WBSJ), Yoshihiko Hayashi (Donan Hiyama Chapt., WBSJ), Reiko Takada
(Nemuro Chapt., WBSJ), Hiroshi Sasaki (Miyako Chapt., WBSJ), Masayuki Kagawa
(Fukui Chapt., WBSJ), Yuji Ichikawa (Mie Chapt., WBSJ), Chikako Ishibashi (Aichi
Chapt., WBSJ), Hisashi Matsuda (Ehime Chapt., WBSJ), Hiroshi Furukawa (NPO
Oosekka-Land), Takanobu Tsumagari (Misawa Wild Bird Society), Ichiji Ando
(Misawa Wild Bird Society), Tsutomu Mugisawa (Oosekka-Land), Akira Sekishita
(Oosekka-Land), Sayuri Hashikawa (Eco Power Co., Ltd.), Tadashi Matsumoto
(Electric Power Development Co., Ltd.), Katsumi Kosaka (Japan Weather
Association), Dr. Shawn Smallwood (Instructor), Teruaki Yuta (Hokkaido Univ.),
Mizuki Sakai (Kitazato Univ.), Yukihiro Kominami (WBSJ), Yoko Tejima (WBSJ),
Yohei Hagiwara (WBSJ) and Hiroyuki Suzuki (WBSJ), Tatsuya Ura (WBSJ).
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[E1] APWRATHRERIILEEDIIBIRIE, £ [Fig.1] Typical landscape of wind farms in the

DOMEICIESTHEODEDD. E~FZzm  APWRA, US. Vegetation is very short, similar

KDITESLATL to dry grassland except for in winter when
rainfall allows grass to grow taller.
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[Fig.2] Wind turbines located
in a meadow on the ridge of
a hill. The method of a car-
cass search requires suitable
modifications in summer
because the grass grows
rapidly during the period. The
number of detected carcass-
es also needs correction.
(Reuke wind farm, Rumoi
wind farm, Hokkaido)
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[Fig.3] A wind turbine situated in the grass-
land. The grass is 40-50cm tall in June.
(Mutsu Ogawara wind farm, Aomori Prefec-
ture)

[Fig.4] Same wind turbine as in Fig.3. A car-
cass search is difficult in October because the
grass grows densely up to 1.6m during the
period. (Mutsu Ogawara wind farm, Aomori
Prefecture)
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[Fig.5] Approximately Tm
shrub grows on the inland
side of a row of wind tur-
bines. A carcass search is
more demanding during the
period the shrub is in full leaf
as in the photo. (Hasaki wind
farm, Ibaraki Prefecture)
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[Fig.7] Bridewort Spiraea
salicifolia is a 1-2m decidu-
ous shrub of a rose family,
which occurs in slightly wet
grasslands of Hokkaido and
parts of Honshu. It forms
a dense community, with
its canopy spreading at eye
level. Such dense communi-
ties demand great efforts of
carcass search workers.
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[Fig.6] Approximately 1m shrub grows around
wind turbines. A carcass search is easier
when the shrub is defoliated as in the photo.
(Akita Araya wind farm, Akita Prefecture)

[®8] FI_ M A TEE L C L DREE, fM T
PBELFMETEODIL. FFBICHEZER
nod, (FHDHENDEEN BEHE)

[KOIFPT00ZR] (See P101 for Fig.9)

[Fig.8] Wind farm in open patches of a wood-
ed landscape. A carcass search would de-
mand a great effort of search workers in the
wooded areas and the number of discovered
carcasses needs to be corrected. (Noheji wind
power plant, Aomori Prefecture)
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[®101 JIbalciZDREE,
NDOHITESTTAISFHKRT
SRV SHEICISHIED
WEELD, (TcBhhD1>
RO 7—L/ILFER)

[Fig.10] A wind turbine built
on a river. The number of
discovered carcasses re-
quires correction because it
is almost impossible to de-
tect carcasses fallen into the
river. (Tachikawa wind farm,
Yamagata Prefecture)

[R1]BRancEDRE,
BHBAIDRAETIE. REY
SFBEHLEDOE60%IE
HEEEDoH. SHImICISHE
NRBEERD, (ABERER
NEERT RIBR)

[Fig.11] Wind turbines locat-
ed along the coast. The num-
ber of detected carcasses
requires correction because
the sea surface accounts for
60% of the carcass search
area set up for the wind tur-
bines next to the coast. (Go-
tokishiku wind power plant,
Nagasaki Prefecture)

[R12] BFEE EICE DR
H, REITOHEHLED DL
50%IA<IFE T EBDI=D.
SHEICITHENDELELD,
DR TIISETIC BITA
BREICESTHAIDA AT
DERENERSNT\D,

[Fig.12] Wind turbines lo-
cated on a coastal terrace.
The number of detected
carcasses requires correction
because the area below the
cliff accounts for almost 50%
of the search area. A number
of White-tailed Eagle car-
casses due to collision with
wind turbines have been dis-
covered by passersby in this
wind farm.

[B13] BEFHORE, ZFMHETIIIET
40~50cmDENEL D EEHY LI
BENFBICRECLD, ZDrth. COFHBEOD
FECFHEICITTRARELLD.

[Fig.13] Wind farm with a thick layer of snow.
A carcass search is extremely difficult in win-
ter because the daily snowfall can amount to
40-50cm in this area. Therefore the search
method requires suitable modifications dur-
ing the period of heavy snowfall and also the
number of discovered carcasses needs to be
corrected.
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[(R14] EE(ICHRIBLIA
2AO72MFE, ZDOXDIC
INDINTERDTERNI DD
EhHD. BEIFEFEBERH
[Fig.14] An upper body and a
wing of a White-tailed Eagle
killed in a collision with a
wind turbine. The eagle was
mutilated by a turbine blade
and scattered around the
base of the turbine.

[®15] 14 E£FLISFITOD
A2OTL DRk, BEITRE
PEbn Ak,

[Fig.15] The tail and the right
leg of the same eagle as in
Fig.14.

[B16l RELI-A>OD Y
DRAEEITFRICLTE L
BD, B BIBRICHEN DD
5T EMIFERRINGEHL D
1zo

[Fig.16] Recovered parts of
the same eagle mutilated by
a turbine blade. The eagle’s
left leg was not discovered in
spite of a painstaking search.

[H17] AEICHRTELIZEBDND MEDIE
Ro FRAEDEITIITIENBELL Tl e 2T
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BAETHL/N=RIAMSAIDAEMLNH DT,
PFEFICITETRZ LEITNILESE0,

[Fig.17] A carcass of the Black Kite that prob-
ably collided with a wind turbine. Feathers
were scattered around the carcass. Only
feathers would have been detected if a scav-
enger had removed the carcass. Therefore
even the discovery of scattered feathers like
this should be recorded because of a probable
collision with a wind turbine.
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7 —LTITIE DI BT =T
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ENESBEDED—BDFE
RIFZLN,

[Fig.18] A leg of a quail
placed in advance for a car-
cass search training on the
workshop in Mutsu Ogawara
wind farm. A part of a small
bird mutilated by a turbine
blade poses a challenge to a
search worker.

[R19] FLIAIRZREBE DRI
FBELIZEZENWZUMJDH
Ko REBLR/THOCHE. &K
DHFITEETNWD. AYUDE
BN, BEDERGN
BEHEZDEDICEIBIC
<o

[Fig.19] A carcass of a brown
chicken deposited for a car-
cass search training. Even a
large carcass can be incon-
spicuous depending on en-

vironmental factors, such as
vegetation cover and colors.
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