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This paper emphasizes the needs for minimum stdadiar formulating study designs for measuring ldtitede bird movements, and
conducting dead and injured bird searches withindwiesource areas and at specific wind developrsiéed during pre- and post-construction
periods. If future studies use standardized prdspammparisons between data sets will be facHttatprediction of regional impacts of wind
resource development on birds will be possible,ahdill be accomplished in a more timely manner.

In order to accurately assess the environmentalaghpf a wind farm project, pre-construction stsdigre indispensable. The functioh o
pre-construction study is to document baseline itmmd that can be used to predict (1) changeshan distribution and abundance of avian
populations on and near the wind farm, and (2)isiolhs with wind turbine blades, towers, guy wiragad transmission lines in the project area.
These baseline data are also essential for theifjcation of the actual impact after developmeiudr{es 1986).

Population Assessment Studies

Sampling Design and Statistical Analysis.—Once the utility or developer decides to conduptexconstruction assessment of bird populations
and movements, a sampling design must be chosexenG{l979) provided a useful guide to sampling gihessiand statistical analyses for
environmental studies. The design and associatddtatal analyses can be set in a "spatial-by-teadp framework that generates options
(Green 1979). He suggests that an optimal impadysiesign must meet four prerequisites:

®the study must begin before the impact occurs,efore-impact baseline data can be collected toigeos temporal control for post-impact
data,

*the type of impact and time and place of occurreanast be known so a sampling design appropriatéhiorelevant tests of hypotheses can be
devised,

™it must be possible to measure all relevant bicklgand environmental variables in association withindividual samples, and

®an area that will not receive the impact must kailalle as a spatial control.

The first and last prerequisites dictate that cdatm both space and time are necessary. Thequisiees also define a design with at least one
time of sampling before impact and at least onerafhpact, at least two locations differing in dsgiof impact, and coordinated measurements
of environmental and biological variables. The ojati impact study design is referred to as an "abgasmes factorial design”, and the
appropriate statistical analysis of the data iamalysis of variance (ANOVA) procedure, with orlatt covariates.

Study Site Selection.—For a pre-construction study, specific studyssiteust be selected within and adjacent to the megbavind farm site.
These sites should be located at the same sitesewhied resource data are being gathered. Durireg dre-construction bird study, the
meteorological towers installed to measure windueses can be used as references to estimate iietshef bird flights over the sites in the
absence of wind turbines. Dead bird searches s k@@ made around these towers to assess moftalitythe towers and guy wires. In the
selection of study sites it is important to rementbat two sites, at the very least, should beistudOne or (ideally) more of the sites will serve

as control sites once construction activities begime control and treatment (wind turbine) siteswti be matched as much as possible with
regard to physiognomy (the topography and otheplggsical characteristics of a land form and itsetagion) and landscape structure (e.g.,
species composition and species abundance inarltdi the sizes, shapes, numbers, types, and coatiigns of habitats [Turner 1989]). Each
study site should be mapped with respect to toguncdeatures and habitats.

Most past and current bird studies at wind turbsites have not used control areas, so pre- to qosstruction changes cannot be attributed

positively to construction and operation of the avifarm. At existing wind farms it is possible totadish control areas so future population
fluctuations of birds can be compared betweenrreat and nontreatment sites. However, in the alesehcorresponding pre-construction data,

this will provide no information about pre-constiioa vs. post-construction differences in bird plapons or habitat use. The optimal design

requires pre- and post-construction surveys of dwthwind farm and the spatial control site(s).

Recommended Monitoring Techniques.—It is important to use a technique for monitoribgd populations that will provide sufficient
information for assessing the impact of the windvedepment on the avian resource. A monitoring progrshould provide information on (1)
estimated population sizes and trends for varigegiss of birds, (2) estimated demographic parasméte at least some of the populations, and
(3) habitat data to link population size and derapfic parameters to habitat characteristics. Becatishe lack of information on the species at
risk at wind farm developments, all species shdugd monitored. However, emphasis may have to beeg@lam particular species (e.g.,
endangered or threatened species) or groups ofspeacern (e.g., raptors). Many monitoring tecjugs are available, but the techniques differ
depending on the bird species that require monigorSeveral techniques have been used to estinogiglgtions of non-game birds (shorebirds,
raptors, songbirds), and these techniques have treated by several authors and assembled intomedudealing with survey designs and
statistical methods for estimating avian populai@alph and Scott 1981; Sauer and Droege 199@yRibal. 1992).

Despite the number and diversity of techniqueslalka for monitoring populations of different spegigroups, point counts like those used in

the Breeding Bird Survey (BBS) can gather data lbspecies of birds seen and heard during eachusesi®p. The BBS uses 3 minute census
stops, although other durations are used in sonm pount studies (Ralph et al. 1995). BBS coukt®wn as extensive point counts, are done

at a series of points, placed a minimum of 250 mrtapargely on roads or trails over an entire eag{Ralph et al. 1993). The procedure for
making these point counts can be found in Ralpal.ef1993). It is important to include a brief degtion of the habitat for each point count

(e.g., vegetation types, major layers with somerimation on heights and densities). This includdsrmation on elevation, slope, aspect of
slope [compass direction the observer faces whekirlg down hill], and presence or absence of waflighin 50 m of plot center). Additional
details can be found in Ralph et al. (1993, 199%) final paper in Ralph et al. (1995) consistsefommended standards for point counts, a
developed during a workshop on point count methagiol

If manpower and financial resources permit, Bregdiird Censuses (BBC) at study sites are very dekrfor gathering data on the numbér o
breeding pairs of birds per unit area. The BBC edures have been developed primarily for songbadd not for raptors and other
sparsely-distributed species. The spot-mapped sainthe BBC determine the mean density of tetigtofor each species per 40 hectares. The
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plots may range in size from 10 to 20 hectarespfmserines, grided in 50 m squares, or they mdgrger and grided in 100 m squares. The
former is typical for woodland and brush areas wiihe latter is suggested for open terrain (e.assjands). BBCs should be in relatively
homogeneous habitat. It is desirable to have pagdets in different habitats in the windplant anontrol areas. All birds seen or heard are
"mapped" on grided data sheets during a walk-tHrodgminimum of eight visits (one per morning) aode or two late afternoon or evening
visits is recommended. A morning walk-through skobkegin about sunrise and continue for approximatketee to four hours. The data are
summarized for each species, and the mean numkterritbries per 40 hectares is calculated. Addaioinformation on conducting a Breeding
Bird Census can be found in Ryder (1986) anéudubon Field Notes, 24:723-726 (1970).

For plot studies during the nonbreeding seasonfdhmat recommended for Winter Bird-Population $#sdshould be followed. Most plots
range in size from 6 to 20 hectares (14.8 to 4@rés) and the plots are visited 6 to 10 times idwmter. The totals for each species are
averaged and the results are expressed in ternbirdd per square kilometer and birds per 40.5 hnest§100 acres). Kolb (1965) provides
additional details for conducting Winter Bird-Poatibn Studies.

Statistical procedures for estimating avian popaitatrends can be found in Sauer and Droege (199®)nalysis of variance procedure can be
used to compare wind farm and control areas. Aalthti statistical recommendations can be found eeG1(1979).

Monitoring Low-altitude Bird Movements

Comprehensive data on the number of low-altitudghtt through the zone of potential collision aexessary if one is to calculate meaningful
estimates of the numbers of birds at risk fromishs. The study methods that follow are genend eepresent a synthesis of methods used in
studies of low-altitude movements of birds overedse landscapes, in different seasons, and duh@gday and at night. Methods for conduc
assessment studies will vary somewhat dependingimumstances (e.g., different turbine designs amdngements, different topographies(¢ an
different types of birds). Consequently some fld®ipin methodological detail is required, but tfiendamental design of an assessment study
should be as standardized as possible.

Three types of observations should be made durieg @nd post-construction monitoring studies ofdbilights in a project area: (1) corrid
observations, (2) circular scans, and (3) surveskaradar.

Schedule of Observations.—Initially full day and partial day visual obsernats extending from one-half hour before sunrisene-half hour

after sunset should be made for each study area.ffBguency and duration of watches will dependwdrether they are corridor or circular
observations (see below). Other observation tinesils be scheduled so that flight counts are madangl inclement weather and during
darkness. (A few resident species may be activeigiit, and much migration occurs at night.) Twitighbservations are feasible if observers
position themselves so that birds are silhouettginat the horizon, and observations with 7 x S@bbulars are also possible on nights with
bright moonlight (Lee and Meyer 1977). However, gmantensifiers and forward looking infrared degicare recommended for twilight and
nighttime observations. Once the temporal pattefndaily movements have been worked out, visualpdizign can be concentrated in periods of
greatest activity.

Visual Corridor Observations.—Visual observation (often aided with binocularsspotting scopes) is the most common type of mangan

studies of low-flying birds, because no other mdtlemables the observer(s) to identify readily andcount accurately the birds in a flight.
Knowledge of the kinds and total numbers of birdd avhen and where they cross through the proposexisting wind farm is essential for the
times when dead bird counts are conducted. Data fh@se observations provide a basis for intemgetiortality levels obtained from dead bird
counts and provide information on the effects ofious turbine designs and placements on bird fligehavior under different environmehta
conditions. Many studies have used periodic antesyatic observations of bird flights across an areaear existing man-made objects such as

a string of wind turbines, broadcast towers andsmassion lines, e.g., Rogers et al. (1977), Avenal. (1977), McCrary et al. (1981, 1983)
Gauthreaux (1985), Hugie et al. (1992). These stublave used fundamentally similar visual obseswatchniques. Based on the information

in those studies, the following procedures are menended during visual observations of bird fliglais planned and existing wind resource
development sites.

B

Figure 1. Cones of observation at a string of wimthines.(A) The vertical sampling area increases as a fundiialistance. This area should be
calculated in order to determine accurately thelmemof bird crossings per area samp(&].If the observer is positioned off the line of tumds,
then distance to bird can be determined more atmlyrdMarine surveillance radar can also be useatktermine distance to bird.

All observations of bird flights through a corriderhere wind turbines will be or are located sholdst 30 minutes. An observer should be
positioned slightly off the corridor line so thdtet distance to the birds crossing the corridor bandetermined. Observers should station
themselves so that their presence will not affget ftight behavior of the birds in the area andtlsat the observation point allows a view of the
greatest linear distance for which birds can bdilgabserved (Fig. 1).

Observers should endeavor to record each bird iogpgke corridor of observation. This can be accdwhpd by scanning the corridor with
binoculars or by directing a telescope down theidor and watching continuously. The optical equgminused to make observations should
also be noted on the data sheet, e.g., 7 x 50 blizas; 20 x 60 telescope. Ten power binocularsigeal for identifying birds at a distance and
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provide good depth of field. Spotting scopes (&) are useful for observing birds at greateragiseés, but have a limited depth and breadth of
field, and have less maneuverability because thagtrbe mounted on a tripod to steady the imageodBilars having objective lenses with
diameters in mm greater than 5 times the magnifingiower (e.g., 7 x 50) provide bright images arnel excellent for twilight observations. The
cone of observation for each optical device shddddetermined because this information will be wisef calculating the sampling area and
rates of passage (Fig. 1). Observers should uselslor vehicles as observation stations. When |asgenses of water are involved,
observations can be made from an anchored bogleSabservers should use a tape recorder so thaitariag can be continuous when flights
are frequent and contain many birds. Data canarestribed from tape to data sheets after observpgdods end. If two observers are involved,
they can be separated with one person at eachfemdtong of turbines and can communicate via way radio. One observer should record all
of the data. The observers can alternate assigsmegtiveen watches. Two observers can also be gusiti side-by-side with one observer
monitoring movements within a few hundred meterthefstation and the other observer monitoring mwrds at greater distances (Gauthreaux
1991). Each observer should be trained to recotd ttee same way and checked and evaluated by thecpieader on a regular basis. The
maximum distance that can be monitored without fismformation will depend on visibility conditien(heat distortion, haze) and is about a
mile (1.6 km) in warm, high humidity conditions aisdgreater in cool, dry conditions.

An example of a data sheet for bird movement olagiems can be found in Appendix 1. This data slozet be used for three different type
observations: (1) corridor, (2) circular scan, @dmarine surveillance radar. The information thiaduld be encoded in each column of the data
sheet can be found in Appendix Table 1. At the eigg of a watch (or the resumption of a disruptetch) the observer(s) should fill out
columns 1-12, 14-25, 45-46 and 47 when appropriate;rest of the columns should be left blank. &athin column 12 indicates the start of a
watch with a duration of 30 minutes. For each Hiirght across the corridor a new line of data skdobk added to the data form. Most of the
information added to the data sheet at the begnafrthe watch will not change during the watchtisere is no need to add this information for
each bird crossing—simply draw lines to indicatet tthee information is unchanged. When a bird flightsses the corridor, the pertinent
information should be placed in columns 20-43. A@QuUmbers (columns 30-33) can be added at a latex iinmeeded for data analysis. Cor
observations should last for 30 minutes, and aetite of a watch (or time out) the observer shontticate a stop time by checking column 13

and filling in columns 20-23. If no birds were obssl, only the start time and finish time lines gldoappear on the data sheet.

The altitudes of birds passing through the corrigdl have to be estimated. This is most difficdliring pre-construction studies when turbines

of known height are lacking. However, it is ofteaspible to use meteorological towers or other dbjet known height for reference. For more
accurate altitudinal measurements a clinometeibeamsed to measure the elevation angle of the bsdbkey cross the corridor. Elevation angles

and exact or estimated distances from the obseamesrequired to compute the altitude of flight. Marsurveillance radar can be used to
measure exact distances (see below).

A

Top of Sweep
(:

Bottom of Sweep
B

Ground

Figure 2. Altitudinal zones of bird flight relatite the wind turbineA=above turbineC=zone of potential turbine collision; also "zonerisk".
B=Dbelow turbine, but in zone of potential collisisth supporting tower and guylines.

During post-construction bird studies, the flightitades of the birds can be coded with referercehe turbines (Fig. 2), but information on
heights of flights (in meters) will be necessary &ross-study comparisons. It is essential thaththight categories in Figure 1 be measured in
meters for the different turbine designs studiegcdiise of the differences in turbine designs andhts details of the turbines such as
configuration, size, rotational speed, tower dedigttice, solid, guy lines), and size of developméwind farm) should be noted for each
observation location. This information should be #ame for all observations at a particular stitgy s

Visual Circular Scans.—It is important to collect information on bird mements and activity in the general vicinity of fv@posed or existing
wind farm, not just along the corridor(s) wherebines will be placed or where string(s) alreadysexTherefore, circular (380 visual scans
should be made. All circular scan observations khtast for 8 minutes with 2 min devoted to scagn@ach of four sectors: NE, SE, SW, NW.
The data form for corridor observations can be dsedircular scans. At the beginning of a watcformation should be added on the data sheet
in columns 1-12, 14-25, 45-46 and possibly 47, stredremaining blanks left uncoded. The entry iruoo 12 will signify the beginning of the
watch. The observer, using a compass, should ataxt and slowly turn clockwise while scanning the sip and down. When bird(s) are
detected, the information in columns 20-44 shoudédrbcorded onto the datasheet or audiotape. Atvéng least the data should include
information on species, number of birds (if a fldskobserved), distance, and direction to birdfdfitudes of birds seen during this type of
watch may be difficult to estimate, but if it isgsible to indicate altitude above ground (columi #@s information could prove to be valuable.
The addition of column 44 in the circular scan poail (not used in corridor observations) permitsliog the direction of the bird(s) from the
observer:

Col. (44) Direction to Bird(s):
1-N (337.5-022.8) 5.S (157.5-202.8)
2-NE (022.5-067.8) 6-SW (202.5-247.8)
3-E (067.5-112.8) 7-W (247.5-292.8)
4-SE (112.5-157.8) 8-NW (292.5-337.8)

Marine Radar Observations—Radar studies of bird movements are recommendedgdpre- and post-construction phases of wind farm
development. They can rapidly provide informatiom low-altitude movements of birds in the projecéarMoreover, radar surveillance is
essential for monitoring low-altitude movementseaftark during spring and fall migration. Small mar surveillance radars can provide¢ us
information on the movements of birds within a g a few kilometers, the units are relativelyxipensive, and they can be mounted on a
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small truck or van and powered by a small 500 Wbljas generator (e.g., Williams et al. 1972; Gae#lux 1981, 1884, 1985; McCrary et al.
1981; Cooper et al. 1991). Small marine radarski@Opeak power) can detect individual small birdagows) out to 1.2 km (0.75 mi.) and
single larger birds (e.g., Ring-billed Gullarus delawarensis) out to 2.4 km (1.5 mi). Marine radars can deteads crossing a corridor more
readily than can observers with binoculars (Korechgt al. 1984), and radar surveillance allowsstigators to study nighttime, dusk, and dawn
bird movements when visual observations are ureli@r impossible. Marine radar also operates welfog when typical visual techniques
ineffective, but cannot detect birds in widespresdfall.

Modern marine radars cost about $1,000 per kWasfsimitter peak power; 10 kW marine radars cost a$d0,000 US. They can be obtained

with digital color displays that show echoes offetihg reflectivities in different colors, and théave the capability of on screen plotting and an
alarm function. On screen plotting allows the dagpbf previous echo positions for a specified tipggiod such that the tracks of the echoes ar
displayed on the radar screen. This facilitatebegatg information on direction and speed of fligbt each bird target. The alarm function is of
great benefit when the amount of movement is vew. [This function sounds a beep when an echo eaterser-defined zone on the radar
screen. The color display makes observing bird mmardgs easier, but a monochrome display provide®groetsolution, is easier to video tape,

and is less expensive. A marine radar for monitplav-altitude flights of birds should have theléoling specifications:

*3 cm (X-band) wavelength

™10 to 25 kW transmitter power (peak power)

»1.22 m (4 ft) antenna for 10 kW and 2.4 m (8 fteemma for 25 kW
®high resolution monochrome radar display

®echo trail to assess target's speed and direction

®audio-visual alert for targets in guard zone

On an X-band radar, a standard "slotted waveguahé&énna with a 1.22 m (4 ft) length has a nomir&l Zrtical beamwidth and a T.9
horizontal beamwidth. A 2.4 m (8 ft) antenna ha%x0.95 beamwidths.

The on screen plotting (echo trail) function diggl@&choes from targets detected during every aatestation within a 15 s, 30 s, 0r 1, 3 or 6

min period before screen refresh, or continuou$lyus it is possible to see the entire flight patiisbirds as they pass through the area of ra
surveillance. The radar display can be videotapedhat a single observer can make visual obsemnstishile the radar is simultaneously
gathering information on bird movements in the aface the display has been photographed or bri@fotaped, the screen can be cleared for
another cycle of on-screen plotting. The optimutenval will depend on the intensity of bird moverhehhe guard zone function will trigger an
alarm when a target penetrates a perimeter defideat the radar screen. These features, availableawous "off the shelf" units, enhance the
radar operator's ability to obtain information oovements of birds.

Special modifications to the antenna and developmiea ground clutter reduction screen make bir@ctéon near the radar easier (Cooper et al.
1991). A marine radar can be powered by a gasgé@merator, by a series of fully charged deep-cyweine batteries, or by 110/220 VAC,
50-60 Hz with a rectifier. Helpful instructions fasing marine radars for monitoring bird movemaeaats be found in Williams (1984).

For observations with a marine surveillance ratle,radar should be tuned correctly and all cluttgspression circuitry set in the off condition.
The guard zone feature of the radar should coveasawithout permanent ground echoes. If permargrdes are within the guard zone, the
alarm will sound every time the antenna rotatesce&the guard zone(s) are defined using the setugegures, the range and azimuth settings of
the guard zone(s) should be the same for every raaih. The azimuth and range settings for thedyeane should be recorded in a notebook
and photographed on the radar screen if possiblendst instances the range of the radar shouldeb&s0.75 nautical miles. The data sheet for
corridor and circular scan visual observationsaan be used for the radar data (see Appendixludinmg Appendix Tables 1 and 2).

radar
location

lurbine

0.75 nm range

visual observer 0.15 nm range marks

Figure 3. Radar and visual surveillance at a winbihe site.

The positioning of a marine surveillance radar wligitermine the amount of ground clutter detectadsBflying over ground clutter will not be
visible on the radar screen, so it is importanptsition the radar unit in such a way as to minenextensive ground return. Because wind
turbines are often located on ridgelines, it isgilde to monitor bird movements across the ridgaiby detecting them to either side of the ridge
(Fig. 3). Birds moving across the screen will bsilgadetected as light echoes on a dark backgrotlindse echoes will "disappear” as they move
over the ground clutter representing the ridge lo@ $creen, and will reappear once they leave tha af ground clutter. Direct visual
observations during daytime radar surveillance strengly recommended. This is the only way to aataly identify the types of birds
responsible for the echoes on radar.

Night Vision Device (NVD) Observations.—Because it is necessary to assess the amountdahbivement during twilight and after dark, some

kind of night vision device (NVD) is required. Imagntensifiers are readily available and the tlgesheration devices offer increased resolution
and sensitivity in very dark conditions. Technotadly advanced forward-looking infrared (FLIR) dees have also been used for nociurn
observations of birds. The high cost of FLIRs magkenthem less attractive for an assessment studythbir ability to detect birds in total
darkness is of value. The availability and captiegiof FLIR units are increasing, and FLIR maydyae a method of choice in the future.

Image Intensifier Observations. Second and third generation image intensifiers lmarused to observe low-altitude bird flights aftirk.
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Although results are best when an observer is wigwdirectly through the scope, most night visiostegns can be fitted with video, 16-mm
movie, and 35-mm single-lens reflex cameras. Slbutter speeds and the need for film developmententak 16 mm and 35 mm cameras
obsolete. The video camera/image intensifier coatimn provides the best method for monitoring anduinenting night movements of birds
near the ground when the observer cannot monitarctlly through the night vision scope. Observati@ns made directly from the high
resolution video monitor and a record can be viaeed.

A NVD with a 135 mm or 300 mm lens is best for mosservations. A NVD works best when birds can eensas dark forms against allig
background, but an infrared spotlight (200,000 éangbwer) can be used to illuminate birds and mtlem quite visible against a dark
background without affecting their behavior (as teppen if a conventional spotlight is used). Dgirgbservations, the NVD is placed in a

fixed position at approximately a 1%angle to the corridor or string of turbines. Theght band that can be sampled will be restrictgdhle

narrow field of view, and will change as a functiohdistance. Near the observer only a very smiailudinal sample is possible, but at greater
distances the range of heights that can be sanpteglases. Because the field of view will vary depieg on the type of NVD and the attached
lens, one should measure the field of view at skn@vn distance so the sampling space can be ctddul®bservers should record the same
types of data as are gathered during daylight ebsiens.

Night vision devices must be used in an enclosedteshduring adverse weather such as rain, analoh gvet weather the lens has a tendency to
fog. A battery powered heating strip around therddaof the scope will usually eliminate this praibleSome larger image intensifiers (e.g.,
VARO Model AN/TVS-5) weigh 3 kg (6.6 Ib) and reqgeiia tripod, limiting mobility while viewing and therea sampled. The greatest drawback
is that NVDs cannot be used in fog. Because NVBseatremely sensitive to lights, a NVD should bacpld such that marker lights will not be

in the NVD's field of view. Additional details coaming image intensifier observations of noctutried movements can be found in Gauthreaux
(1985), McCrary et al. (1988), and Hartman et E9Q).

Forward Looking Infra-red (FLIR) Devices: One of the most recent technological advances et assist researchers in monitoring the
movements of birds at night is thermal imaging. ikinlimage intensifiers, which require some very llmwel of light to function, FLIR devices
detect the thermal (infra-red) emissions of thgdts and electro-optically generate detailed visoeges on the screen of a video monitor.
Because FLIRs can operate in the absence of anieatrilght, they are ideally suited to monitoringdomovements at night, but the cost of a
high quality thermal imaging unit ($75,000-$125,008) is considerably higher than the cost of a lgjghlity image intensifier ($4,000-$10,000
US). Additional information about using FLIR devict®® monitor bird movements at night can be foundinkelman (1992, 1994), Cooper and
Day (1992), and Liechti et al. (1995).

Dead Bird Searches

Search Area.—The search area around a wind turbine should toeilar and the minimum radius determined by theythteof the turbine. Taller
turbines will require greater search radii. Whea tilrbines are in a string, it may be most effittensearch a strip along both sides of the string
and around the end turbines. Winkelman (1989) sedrdor dead birds within 60 m on both sides obw of 25 mid-sized wind turbines (30 m
tower height, rotor diameter 25 m). The distancevben wind turbines was 125 m and the total leruftthe row of turbines was 3 km. In
another study, Winkelman (1992a) searched for dé&a$ within 50 m around each of 18 wind turbintsver height 35 m, rotor diameter 30

m). Most victims were found in the area behind tbr or on the right front side of it. The seamtound each turbine took approximately 45
minutes.

Searches encompassing an area within 70 m (23@oft) a turbine or meteorological tower should béfisient for locating dead birds. A
spiraling outward search path is most efficient, dtight zigzag search pattern is also effecipaeticularly when turbines are in a string and less
than 140 m apart. Depending on wind conditions,hbight of the turbine, and the slope of the terhigger radius if steep downslope), search
areas may require enlargement. It would be uséfsbme post-construction studies were able to dgfyatite distribution of dead birds around
turbines of different heights. When the positiofislb dead birds are plotted one can assess ihitha searched is adequate (see Hartman et al.
1992 for an example from a transmission line stuthfhe area is adequate, there will be very fewno dead birds near the outer edges of the
areas searched.

At wind farms, searches along transmission linesuksh cover the entire right-of-way and the widththé search area should be chosen with
reference to the height of the power line (Jamesk ldaak 1979; Ravel and Tombal 1991). The heighthefline is, of course, dependent on the
voltage of the line and local topography. Searclstieuld use a zigzag course in searching so theiareovered systematically. The following
widths are suggested based on previous studies:

®out to 50 m (164 ft) from outer conductor on eithigle of a 500 kV transmission line
®out to 45 m (147.6 ft) for a 230 kV line
®out to 20 m (65.6 ft) for a 115 kV line.

Timing of Dead Bird Searches.—Although dead bird searches are time consumirig,assential that searches be conducted dailyifaxidll
possible, twice daily—at first light in the mornir@gnd just before dark in the late afternoon (Janmek Faak 1979). In this way the collision
victims can be categorized as colliding during tfay or the night. In the Meyer (1978) study, seasctvere conducted daily and as early as
possible, light permitting. This was done to mirgmiscavenger removal. Beaulaurier (1981) condustmiches before afternoon flight
observations and again the next day after mornbmgevations. This schedule enabled the estimatiarumbers of birds killed and injured at
night, between observation periods. Winkelman (B92arched a wind park in the Netherlands oncevme a week in spring and on most
week-days during autumn migration. Orloff and Flanyn(1992) searched each sample site in their shudirve weeks: twice a week in spring

and once a week in five remaining seasons of #staaly. Although they found little evidence of scager removal, scavenging rates are known

to be high in some areas, especially for smallsbifdherefore, searches need to be done at morgefiemtervals—ideally twice daily.

Data Records for Collision Victims.—A map showing the locations of all the turbinearsbhed should be made. For each bird found the
following information should be tabulated:

®nearest turbine identification number; bearing distiince from that turbine

*species

*sex

®age (adult or juvenile) if possible

®approximate time of death

®physical condition (including broken bones, laders, abrasions, blood, discolorations, gun shaings, decomposition, feeding damage by
scavengers)

®probable cause of death

®necropsy (if possible)

In some studies all birds found were photographed @ waterproof tag with an identification numbesiswattached to each bird's leg. A marker
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indicated the position of each dead bird that weds ih place so that rates of scavenger damagereamdval and of decomposition could be
measured. Feather spots were recorded and lighedagely from birds. When a dead bird is scaveryeal raptor or coyote, a rather tight cluster
of feathers (feather spots) remains. For each déeaibot the following information should be noted:

®date
®species or group
®|ocation

Both dead birds and feather spots can be usediimatsg the amount of collision mortality in ralat to the number of flyovers. In certain
cases, dead birds may be found without firm evideat collision mortality; other factors may haveeheresponsible for the mortality. In such
instances some additional laboratory analysis,(égicological analysis) may be advised. Fluorgscbas been used to detect lead pellets in
dead birds and gizzards have been examined tof $keeyi contained lead pellets (Anderson 1978). Beeasome mortality at wind farms is not
related to collisions or electrocution, a necropsy be necessary to determine the probable caudeatli. A veterinarian specializing in birds
can be consulted. A state or federal wildlife ageititknow who to contact for this service.

A data form for dead bird searches is given in Aqgjpe 1 (see also Appendix Table 3).

Biases in Dead and Injured Bird Searches.—Three biases cause underestimation of the nunfbdean birds: search bias, removal bias, and
crippling bias. The objective is to develop cor@atfactors for biases, so that the number of aatalisions is not underestimated. In addition,
some habitats (e.g. water) may be unsearchableltingsin the need for a fourth correction factor f'habitat bias". In some wind turbine/bird
mortality studies, efforts have been undertakeméasure these four biases (see Winkelman 1989a1992

Search Bias:

This bias represents the fact that not all deadskpresent are detected during searches, givesfféats of terrain, vegetation, and the searcher's
ability and experience on detectability. To meadtire bias an assistant should randomly place @&ad in the search area. The normal dead
bird search procedure should then be followed kogtheer investigator (the individual being evaluatethe percentage of "planted” birds not
found determines the search bias:

SB = (TDBF/PBF) - TDBF,

where SB = search bias, TDBF = total dead birds faather spots found in the search area duringtidy, excluding those found during the
initial search, and PBF = proportion of planteddbifound during the plant/recovery study. A semardtimate of dead birds for each species
collected should be calculated, because the caébrllsearch bias varies as a function of the conepgness of the bird and because scavenger
removal and habitat biases often vary over time landtion. In Winkelman's (1992a) study of 18 witwlbines, 18, 21 and 86 small birds were
placed around the turbines and 39, 52 and 40 perwere found in three different years. For largeldy 9 and 12 individuals were placed
around turbines on the wind farm in two differestays, and 89 and 75 per cent were recovered. [Timsrates that correction factors for small

and large birds must be calculated separatelys@éhe is true for different habitats in the windvar

Removal Bias:

This bias occurs when scavengers remove dead pirdisto a search. To measure removal bias, a nuwibdead birds is placed throughout the
search area. Each day for a week, the conditiothede birds should be monitored. Removal bias espircentage of birds missing with no tra
remaining and is expressed by the following formula

RB = (TDBF + SB)/PNR - (TDBF + SB),

where RB = removal bias by scavengers and PNR poption of "planted” birds not removed by scavesgé&tavel and Tombal (1991) and
others have noted that removal bias varies withsike of the birds such that smaller birds disappeare frequently and more quickly. This
pattern was also noted by Brown and Drewien (198Bgy found that crane carcasses sometimes remion@d much as a year after death and
no crane carcasses were removed by scavengersgdimn removal studies. In contrast, passerinesuémtly disappeared overnight.
Consequently the effects of size must be includezhlculations of removal bias and must be constlethen planning a removal bias study.

Habitat Bias:
This bias occurs when some portions of a study arag not be searchable because of water or dergstati®n. Investigators can estimate th
percentage of unsearchable habitat from on-groungegs using the following formula:

HB = (TDBF + SB + RB)/PS - (TDBF + SB + RB),

where HB = habitat bias and PS = proportion of ates is searchable. Habitat bias estimates shoatdbe used as a replacement for fiald
Researchers should not extrapolate beyond the sam@pled, because conditions could cause the ratelligion to differ in different habitats.
Habitat bias estimates should be used only in lieriged situations where unsearchable habitatnel§i interspersed with searchable habitat and
where the researchers can demonstrate that theemsimbdead birds occurring per unit area in sedriehand unsearchable habitats are similar.

Crippling Bias:
When some birds fall outside of the search arealbrin the search area, move out of the area, sultkequently die, they are missed by
searchers. This miss factor is called cripplingsbigstimates need to be calculated for wind tusbiokdifferent designs. The adjustment for
crippled birds can be calculated from the followfogmula:

CB = (TDBF+SB+RB+HB)/PBK - (TDBF+SB+RB+HB)
where CB = crippling bias; PBK = proportion of obgsd collisions falling within search area.

Crippling bias estimates are extremely difficultolotain because of the effort required to withesadequate sample of injury-causing collisions.
Consequently, crippling bias is the least likelgtéa to be calculated in a study. However, the i@ppbn of estimates from other studies m
inappropriate and may be very misleading. Once magdie size of the bird may make a significant etéghce because of flight dynamics
considerations. Smaller birds might have a higmgapting bias than large birds. This possibilityeds to be examined in future assessments of
bird collisions with wind turbines and transmissiames. Winkelman (1992a) reported that 17 per aérthe 76 collision victims she found in a
study of 18 wind turbines during six spring andrfautumn periods were wounded but still alive.

Estimate of Total Collisions (ETC).—The estimate of total collisions (ETC) equals tittal dead birds and feather spots found plus eétie
estimates of the biases such that

ETC =TDBF + SB + RB + HB + CB.
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Although this formula includes HB and CB, estimabéshese biases should be included only if credimimbers have been calculated on-site.
The shortcomings of estimating HB and CB have lzeitressed above.

Collision Rate Estimate (CRE).—An important statistic in studies of bird collis® with man-made structures such as wind turbimes a
transmission lines is the collision rate estimatee—{iercentage of birds that collide with the streeteelative to the number that pass the
structure in the zone of risk. This estimate shdaddcalculated for different species groups (eaptors, songbirds), and must be calculated
using the estimated total collisions (ETC) anddbtmated total flights (TF) for the study perioayltiplied by 100 to convert to a percentage:

CRE = (ETC/TF) x 100.

The method of computation of total flights (TF)Jvery important because there is tremendous variand¢be way these data are collected. In
general, only crossings at altitudes where colisiseem possible should be included. Winkelman 2ip%has emphasized that only those bir
attempting to cross through the rotor of a turbame at risk. She noted that, during daylight, 1didwere observed trying to cross through the
rotors and one of these (7%) collided. During w¥iti and darkness, 51 birds tried to cross the sctod 14 (28%) collided. Because there are no
hard and fast rules for defining at-risk crossingsd definitions of the zone of probable collisimray vary, it should be standard practice to
compute collision rate estimates for birds crossuthin a narrowly defined altitudinal band (atkisrossing) as well as for birds crossing within

the broadly defined altitudinal band (all crossings
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Discussion

Appropriate Degree of Standardization.—Some attendees suggested that the most appeofietd sampling protocols will differ between

projects depending on specific project objectived bcal circumstances. They suggested that stoghctves need to be defined before the list

of variables to be recorded is determined. Theyh&ur suggested that, for some studies, some okdhn@bles on the suggested data sheets (se
Appendix) will be unnecessary. Some attendees uest whether one observer could record all theales on the suggested data formg¢ an
suggested that investigators should be adviseakctesfon the variables actually needed in theiiqadar studies.

Other attendees indicated that a considerable degirestandardization across studies is desirablmake the results from different locationst an
different investigators directly comparable. Dr. uBaeaux indicated that all variables on the "BMbvement Observation Form" (see
Appendix) can be recorded by a single observer. 4w some attendees recommended that only aeslegbset of priority variables should

be recorded so the field observers can focus dregay a large sample of precise data.

Dr. Gauthreaux indicated that his main concern thas any study include effective measurements|dfel variables. He emphasized that data
on numbers of birds flying through the wind farne aeeded to interpret results from dead bird search

There was agreement that some refinement of amndatd” procedures will be necessary in each sthidyvever, further discussion is need
concerning the most appropriate balance betweendatdization across projects vs. adaptation of g@ores to individual objectives and
circumstances.

Study Design.—There were several questions concerning the rapptopriate temporal and spatial layout of samplaygthe various methods
described in the White Paper. What are the indegr@ndnits of observation? Dr. Gauthreaux indicated the units of observation are "birds
seen per half-hour watch" during a corridor scard ‘@irds seen per 5-min watch" during a circuleairs He suggested that there should be one
scan of each type per hour. It should be recognizedever, that sequential scans 1 h apart mighb@gtatistically independent of one another,

at least for resident birds. The specific locatiomsere the observation methods would be appliedd nfeebe determined taking local
circumstances into account. It was agreed thaetbesign issues need to be discussed in more dataily refinement of protocols.

Zone of Risk.—Several attendees commented about difficultiescanaplications in defining the potential "zone i3kt in which bird flights are
counted. Questions included

®whether and how to include allowance for any "doask’ effect below the area swept by the rotor,
®how to count multiple crossings of the rotor plame, by a foraging raptor, and
®how to apply the "zone of risk" concept to situaionvolving multiple strings of turbines, or amagr of turbines.

Dr. Gauthreaux recommended counting birds in aliital zones where birds are at risk either of doiy with turbine blades or of suffering
downwash. When multiple crossings by a single lard observed, the number of crossings should bednd&ne can record the heights of bi
movements with reference to the "zone of risk" nthtstanding the number of turbines creating theezofrisk.

Corrections for Bias in Dead Bird Searches.—Several attendees noted that different studie® heed or are using different procedures,
including different intervals between searches aatlve vs. non-native "planted” birds. Differentvéstigators have given varying degrees of
emphasis to the development of bias correctionsvalé recognized that procedures for assessinghseagmoval and other biases need furthe
discussion, and that a comprehensive assessmelt ®oeomplex and require much effort.

Appendix: Codes and Explanations for Data Sheets
APPENDIX TABLE 1. Codes and explanations for visabservations data sheet.

Column Number Description
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(1)
(2)
©)
(4-5)
(6)
(7)

(8)
(9-11)
(12)
(13)
(14-15)
(16-17)
(18-19)
(20-21)
(22-23)
(24)
(25)
(26-29)
(30-33)
(34-36)
(37)
(38)
(39)

(40)

(41-42)

(43)
(44)

(45)
(46)
(47)

Location—Use the same digit code (e.g., "1")nicate the same observation segment.

Type of Watch—Corridor = 1; Circular Scan = 2,daaSurveillance = 3.
Wind Direction: 1-N, 2-NE, 3-E, 4-SE, 5-S, 6-SW\W, 8-NW

Wind Speed: mph (can get data from meteoro&ddgowers)
Precipitation Type: 1—none, 2—mist, 3—Ilight drizzAe—light snow

Visibility: 1—<100 ft, 2—<500 ft, 3—<1000 ft, 4—<1/2ile, 5—<1 mile, 6—<2 miles, 7—<5 miles,

8—=<10 miles

Cloud Cover: (tenths) O—clear to 1—overcast

Temperature: Celsius

Start Watch: check this column and add inforomato columns 14-23
Stop Watch: check this column and add inforarmato columns 14-23
Year—Iast two digits only (e.g., 94)

Month—O01 through 12

Day—~01 through 30 or 31

Hour—O00 through 24

Minute—O00 through 59

Time Zone: (e.g., Eastern, Central, Pacific)

Time Basis: (e.g., Standard, Daylight Saving)

Species Code—use letter abbreviation codegedefrom common name
AOU Number—use four digit AOU numbers

Number—the number of individuals in a flock

Sex: 1= male, 2=female, 3=unknown

Age: 1=adult, 2=immature, 3=young

Flight Behavior:

1—straight 6—flew up from corridor

2—curved 7—circling

3—zigzag 8—

4—hovering 9—

5—Ilanded in corridor

Height of Flight:

1—O0 ft and <30 ft (9 m) 4—200 ft and <400 ft (122 m)

2—30 ft and <137 ft (42 m) 5—400 ft and above

3—137 ft and <200 ft (61 m)

Distance from Observer:

01—0 to 500 ft (152 m) 06—2.5k ft to 3k ft (914 m)

02—500 ft to 1k ft (305 m) 07—3k ft to 3.5k ft (1067)

03—1Kk ft to 1.5k ft (457 m) 08—3.5k ft to 4k ft (1219)

04—1.5k ft to 2k ft (610 m) 09—4Kk ft to 4.5k ft (1312

05—2k ft to 2.5 ft (762 m) 10—4.5k ft to 5k ft (1524)

Direction of Flight (towards) : 1-N, 2-NE, 3-&SE, 5-S, 6-SW, 7-W, 8-NW
Direction of Bird(s) from observer:

1-N (337.5-22.5) 5-S (157.5-202%)

2-NE (22.5-67.5) 6-SW (202.5-2475)

3-E (67.5-112.5) 7-W (247.5-292.5)

4-SE (112.5-1575) 8-NW (292.5-337.5).

Number of Observers

Observer Code: apply individual codes (e.gb)@onsistently throughout study

Recorder Code: same code letter as used abowebderver code

APPENDI X TABLE 2. Additional codes and explanations for radar observations.

Col. (41-42)

Col. (43)

Col. (44)

Distance to Echo:

1—0t0 0.1 nm (185 m) 6—0.5t0 0.6 nm (1111 m)
2—0.1t0 0.2 nm (370 m) 7—0.6 to 0.7 nm (1296 m)
3—0.2t0 0.3 nm (556 m) 8—0.7 to 0.8 nm (1482 m)
4—0.3t0 0.4 nm (741 m) 9—0.8 to 0.9 nm (1667 m)
5—0.4 t0 0.5 nm (926 m) 10—0.9 to 1.0 nm (1852 m)

Direction of Flight (towards):

1-N 5-S

2-NE 6-SW

3-E 7-W

4-SE 8-NW
Direction to Echo (from radar location):
1-N 5-S

2-NE 6-SW

3-E 7-W

4-SE 8-NwW
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APPENDI X TABLE 3. Codes and explanations for dead bird sear ches.

Col. (2) Type of Search:
1=wind turbine, 2=met tower, 3=power line
Col. (43) Approximate Time of Death:

1=6-12 hrs, 2=12-24 hrs, 3=1-2 days, 4=1 week, we2ks,
6=several weeks

Col. (44) Physical Condition:
1=broken bones, 2=lacerations, 3=abrasions, 4=klood
5=discolorations, 6=gun shot wounds, 7=decompasitio
8=scavenger damage

Col. (45) Probable Cause of Death:

1=collision, 2=electrocution, 3=hunting, 4=predati®=unknown
Col. (46) Necropsy: Y=yes, N=no
Col. (47) Specimen Number: Whenever specimens aetidar future analysis.

Note: When a dead bird search isalong a power line corridor, columns 36-39 are not used and columns 40-42 will indicate distanceto power linein meters.

BIRD MOVEMENT OBSERVATION FORM

DEAD BIRD SEARCH FORM
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