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AVIAN RISK ASSESSMENT

Great Lakes Wind Energy Center

Cuyahoga County, Ohio

Executive Summary

This report analyzes potential avian risk frdme Great Lakes Wind Energy Center (GLWEC,;
hereafter the Project). The Project would be constructed approximately 2.5-5 miles (4-8 km)
from the Cleveland lakefront. Two to ten tudsnare planned, with meeplate capacity in the
range of 2.0-5.0 MW. Total project capacity would not exceed 20 MW.

Turbines would likely have huteights of 80-100 m (262-328 f@¢eind rotor diameters of 90-
126 m (295-413 feet). With the rotor tip in th2 oOclock position, rotors could reach up to 153
m (502 feet) above the surface of Lake Etiethe 6 oOclock position, the rotor could extend
down to 27 m (89 feet) above the water surfadepending on orientation to wind direction, the
distance between turbines would be about 3838 (1,260-3,149 feet). the turbines were
arrayed in a row (Ostring0), the wind faould stretch approximately 1.0-3.5 km (0.6-2.1
miles). Each turbine, or a subset of tudsinwould be equippeditiv L-864 red strobe-like
beacons (lights), a type of Federal Aviatdaministration (FAA) aviation obstruction lighting,

at the top of the nacelle. tlie turbines exceed 152 m (~500 feet) in height, L-810 steady
burning red lights may be requedtby the FAA at the midpoiin the turbine or tower, in
addition to the L-864 beacons. A detailed site report has been prepared and is referenced in the
body of this report.

Based on published literature and Internet-acbésdatabases, thisian risk assessment
describes the Project site and habitats at andtheaite. It then profikethe birdlife expected to
occur at the Project site dng the breeding, spring and fall magjon, and wintering seasons.
Nocturnal migration is givespecial attention through a segi@ study commissioned for this
report. This study examined the most recent ywars of archived data from the nearby KCLE
weather surveillance radar (WSRD, also known as ONEXRAXExt Generation Radar]).

The report then summarizes the European titeezson avian interactions with offshore wind-
energy development, adding appropriate resefardings from onshore projects. By relating the
avian profile at the Project site with the literatfirelings on avian effectsye arrive at an avian
risk assessment for the Project and recondagons for minimizing avian impacts.

The NEXRAD study demonstrated thaght migration over the Pregt site is broad-front and
without major concentrations or migration patlyaia Density patterns diirds flying over this
portion of Lake Erie were similar to thosmuhd in other locations ithe Midwestern and
northeastern states.

Except in winter, when waterbirds concentratevatm-water outlets that remain ice-free, and in

fall migration, when large numbers of Red-btedsMlergansers and BonaparteOs Gulls stage on
Lake Erie, waterbird diversity and abundance alibreghighly developed €leland lakefront is
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dominated by a few common spesi Studies indicate thtais diversity and abundance
decreases with distance from the lakefront a&ma@ecomes deeper offshore. Few waterbirds
(limited to fish-eaters, surface-scavengers, anfhse-gleaners) are able forage farther from the
lakeshore.

At two to five miles (3.2 to 8.0 km) offshorand with water depths exceeding 33 feet (10 m),
very few birds are expected to use the watersinvitie Project area duringost of the year. In
summer, the most frequently occurring species will be Ring-billed Gull, Herring Gull, and
Double-crested Cormorant, buethnumbers will be much lesisan closer to shore. Red-
breasted Merganser and BonaparteOs Gull wittidosvo of the most common migrants using
Lake Erie waters, particularly in fall migran, with occasionally large numbers offshore.
Common Loon appears to occur more often in atign offshore than ifre, but its abundance
on Lake Erie is relatively low. When iceboundamter, the Project sitevill lack waterbirds,

but when ice-free, some species, mainly gulls, may use forage at the Project site on occasion.
Some may attempt to perch on tlecking portions of the turbines.

In migration, many birds use the airspace ovexel&rie, with most songbirds, waterfowl, and
shorebirds migrating at nighRadar and other studies ireth).S. indicate that nocturnal
migration occurs mostly at altitudes above thiglhteof wind turbines, bua small percentage of
birds migrate at lower altitudes. The densityo€turnal migration at Cleveland will be similar
to other sites studied at similar latitudes. aalysis of archived NEXRAD radar data from the
Project site has confirmed this.

Those concentrations of migrating hawks thatun@round Lake Erie agenerally close to the
shoreline. However, a few hawk species atlapted to crossing large water bodies during
migration. The likeliest species to cross tHeslanclude Peregrine Falo (Ohio threatened),
Osprey (Ohio endangered), and Northern Haf@hio endangered), none of which come from
Ohio nesting populations. The incidence of migigthawks at the Project site is expected to be
nil.

Among Ohio-listed and other special-statuscsgs, Common TerfOhio endangered) may

occur infrequently at the Project site during falgration. There is no reason to believe that it
would be attracted to the wat@fthe Project site. As notedove, it is unlikely that Osprey
(Ohio endangered), Northern Harrier (Ohio ergkred), and Peregrine Falcon (Ohio threatened)
that nest in Ohio would migrate over or through the Project site. Most of the common Ohio-
listed species that migrate nocturnally over LEke are from northerpopulations that are
reasonably secure. Most of the common migrants arfimg:List species are near the northern
limits of their ranges in Ohio; therefore, the numsbef those species csg Lake Erie will be
minimal. The federally listed Piping Plovand KirtlandOs Warbler are accidental in the
Cleveland region, implying thately are rare in migration a@® this portion of Lake Erie.

It is important to note thatwdubon Ohio has designated the Clawel lakefront as an Important
Bird Area (IBA) for its gull congregations in mier (in the 19900s,ilgaaverages of 15,000
BonaparteOs Gulls, 50,000 Ring-billed Gufhig, 25,000 Herring Gulls, mainly at warm-water
outflows), waterfowl congregations in spgi (in the 1990s, maximum daily counts of 7,000
scaup and 1,500 Canvasback), and Red-breleganser congregations in fall migration

Curry & Kerlinger, LLC - November 2008 © 2



Great Lakes Wind Energy Center, Cuyahoga County, OH

(daily maximum of 250,000 birds in the 1990#)s defined by Audubon Ohio, this IBA extends
about one mile (1.6 km) into th&ke (although distances vary with respect to the shoreline) and
does not include areas wherebdines would be located.

Offshore wind-energy development is still lalga European phenomenon. The worldOs first
offshore wind farm (a project of 11 turbinesgaling nearly 5 MW) wet on line in 1991 at

Vindeby in Denmark. Presently, 24 of the wosl@8 offshore wind farms are located in Europe,
with 1,037 MW of installed capacity. Looking ahead, European countries have approved or are
planning nearly 100 more projects, totalirgarly 50,000 MW. More than one-half of this

capacity would be installed in German waterse ©hly project on a freshwatlake is at Lake
IJsselmeer in the Netherlands, but this lake &stal, separated from the Wadden Sea by a dike.

The effects of offshore wind on birds have beetl studied in Europe, where final reports on
multi-year, post-construction studies have beeiplished for three Danish and two Swedish
wind farms. Baseline conditiors these wind-farm sites weaso established through pre-
construction studies. Recently, these and atheties have been reviewed for the German
Environment Ministry. This reew, the studies themselves, atber research out of Europe
provide significant information on how offsiewind development hadfected birds.

Following the German review, the findings oétBuropean studies may be summarized as
follows:

Habitat Loss: Six species (Black Scoter, Red-throakean, Arctic Loon, Northern Gannet,
Common Murre, and Razorbill) have been found to strongly avoid offshore wind farms. One
species (Long-tailed Duck) showed much lowembers in wind farm aas after construction
than before. Seven species (Common Eided-breasted Merganser, Great Cormorant,
Parasitic Jaeger, Black-leggKdtiwake, Common Tern, and Atic Tern) did not show any
obvious effects. Three gull species (Litllesser Black-backed, and Great Black-backed)
increased in numbers. For most other specissareh to date allows conclusions as to how
wind farms affect their habitat use, modilycause these species were not common enough at
offshore wind-power facilitie to study or analyze.

Habitat loss for species that avoid wind farmsteesn found to be greater than the wind farmOs
actual footprint, due to the digggement distances from turbinebhe loss of bottom habitat to
turbine foundations and scour prdtas appears to be of minorportance, because the area lost
is small. The addition of reef-like habitat has not yet been demonsivadtichct seabirds, but
other human and natural structudesattract birds in marinend freshwater environments, often
years after they have been constructed.

It has been posited, but never demonstrated itldirect mortality may result among seabird
species that avoid offsh®wind farms, particularly if hatat loss and avoidance increase bird
densities in replacement habitatsd lead to lower energy-intaka&tes. This could potentially
have a carry-over effect withgard to the reproductive rate hirds arrive at their breeding
grounds in poor condition.
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Barrier effect: Most of the information about flight rei@@ns of seabirds is limited to migrating
birds, which may behave differently to localstaging birds on fijhts between foraging and
roosting sites. Eight species (White-windgxbter, Black Scoter, Red-throated Loon, Artic

Loon, Northern Gannet, Common Murre, Razorlifid Black Guillemot) have been found to
commonly fly detours around, rather than crodfshore wind farms. Detours were noted for
another four species (Greattaup, Common Eider, Northefalmar, and Great Cormorant),

but it is not clear whether they do regularly. Fifteen speciesd@sily gulls and terns, but also
staging Long-tailed Ducks and Red-breasted Mergansers) have been found to fly through wind
farms commonly. For other European seabirdsnhfoymation is available on which to base
conclusions. Long-term habituation ang these species has not been studied.

Regularly flown detours could égnease the energy consumptiorsefbirds if detours were
significant. It has even besnggested, without empirical suppdhat offshore wind farms may
act as barriers that fragment habitat, leadingi@ndonment of certain sageas or to changes in
migration routes. A recent review suggests, h@rethat none of the baer effects identified

so far have had significant pacts on populations, but it secorls concern that population-
level effects could result from wind farms thawdk regularly used flight paths between nesting
and foraging areas, or that lead to detours of many temsnoreds of kilometers, thereby
increasing energy costs. Because migratiordcs varies so much with weather and other
topographic features, the small alets that might result from turies acting as barriers would
likely not add significantly tehe energy costs of migration.

Collision Mortality: Despite the fact that only one sealiadlision has been witnessed at sea,
given that the different types of seabirds havenbecorded in mortality studies at coastal wind
farms, seabirds must be regarded as vubierta collision. Collision rates and additive
mortality remain uncertain, givendtdifficulties of recording collisns at sea. However, large-
scale mortality of seabirds resulting fromlisions with offshore turbines has not been
documented in Europe.

Avian Risk Assessment for the Great Lakes Wind Enerqy Center

Based on the results of European studies ®ist#me species and homologues (i.e., species that
fill the same ecological niche, suchBenaparteOs Gull and Black-headed Ghabjtat loss is
only questionably indicated for Common Loon, lus$ not indicated ouncertain in other
species likely to occur at thdesi(including Red-breasted Mergam, Double-crested Cormorant,
BonaparteOs Gull, Ring-billed Gull, and @0 endangered Common Tern). Two common
gulls (Herring and Great Blackabked) were found to increase in numbers at offshore wind
farms. In other words, the wind farms and actgtat them (particularincreased boat traffic)
have had an apparent effect of increasingthafor some gullsNonetheless, boat and
helicopter traffic to service the wind farm meguse temporary habitat loss in some species
(e.g., Red-breasted Merganser). Tdt that the amount of habitidiat potentially could be lost
as a result of the Project is such a smakk@etage of the available habitat in Lake Erie,
biologically significant impacts to &se species are highly unlikely.

Regarding Common Loon, it would not be surmpsif studies at the Project site proved
inconclusive about habitat loss, simply becaséw loons use the open waters of Lake Erie
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and statistical inference based on small sasngléifficult if not impossible. Unlike Red-
throated Loon, which breeds on remote ponds asi@b tundra habitat, Common Loon mainly
breeds on lakes surrounded by forest. Therefoagy individuals havhabituated to tall
structures (i.e., trees) in th@nvironment. Furthermore, many Common Loons are used to
interacting with humans, boats, and even oggang ships on breeding lakes and in coastal
waters where they stage and winter. Thiggests that Common Loon may not exhibit the high
avoidance to wind farms and boats ndte&urope for Red-throated Loon.

Barrier effect is not indicated for Retireasted Merganser, gulls, and Common Tern (Ohio
endangered), which were found to commonlytfisough European wind farms. It may be
indicated for Common Loon, because strong @aoce was recorded for Red-throated and
Arctic Loons. Double-crested Cormorant mayode around the ProjectOs turbines, because its
congener, the Great Cormorant, wasorded doing so in Europe.

It is highly unlikely that the Project will pose a siigant barrier to bird migration or local flight
paths on Lake Erie. In a worstseascenario, if turbines were arrayed in a string perpendicular to
prevailing bird movements, the Project would tstineapproximately 5 km (3.1 miles). European
studies indicate that migratingaterfowl approaching the Projestll make course adjustments
many kilometers before they reach the Prajedtoth day and night. Such course changes
would add perhaps a few of kilometers teithmigration, resulting in a minimal additional
expenditure of energy. For most species,wusld increase their emé migration distance by
perhaps 0.05% (assuming a 1,500-mile migration alhile detour. This increase would not
result in a significant increase in migration tirdestance, or energy expended. In any event,
waterfowl are accustomed to flying longer distasthan the straighihe distance between
migration stops.

Regarding local bird movements, the Projectriikely to be situated between a feeding a
roosting area. The closest feggliand roosting area is inshoretloé Project, at the Cleveland
Lakefront IBA. This IBA is judged to extendbaut one mile (1.6 km) into the lake. Based on
the Project description provided to us, the Projemild not be situatedoser than two miles
(3.2 km) from the lakefront. Therefore, any birdarfy from the east or west to feed or roost in
the IBA would not likely intersect the wind farninstead, their flight paths would take them
inshore of the turbines.

Post-construction studies have demonstratectcttigion mortality is relatively infrequent at

onshore U.S. wind farms. In a recent literatengew, mortality estimates were similar among
projects, averaging 2.51 birds per turbine per wear3.19 birds per MW per year. Rates have
been slightly greater in the Eastern U.S. (maximabout 5-8 per turbinger year) than in the

West, presumably because of denser nocturnal migration of songbirds in eastern North America.
No federally listed endangered or threatened sgdtave been recordedany of the studies
undertaken, and only occasional rapteaterfowl, or shorebird fatiéies have been documented.

In general, the documented level of fatalities hat been large in comparison with the source
populations, nor have the fatalities been sstjge of biologically significant impacts.

Except for waterbirds, these conclusions shbwld for the Project. Fatality numbers and
species impacted at the Project site likely to be similar, oa per turbine per year basis, to
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those found at Eastern and Midwestern U. S gatsjthat have been studied. These fatalities,
when distributed among many species, are notfiteebe biologically significant. When
compared with the Altamont Pass Wind Resoudnasa, the sum of collision risk factors for
raptors is minimal or nil. Collision risk way-migrating, nesting, and wintering songbirds is
likely to be negligible. Collisions of night-migrag songbirds are likely to be similar to other
sites examined, because thetatte of migration is generally above the sweep of the wind
turbine rotors. However, the potentially greater height of turbines, combined with the fact that
turbines in excess of 500 feet (152 m) mayehb-810 steady-burning ddights, suggests a
greater fatality rate among night migrants at Brigject. The fact that the Project will consist of
few turbines further suggests thaven with elevatethtality rates, the likelihood that such rates
would be biologically significant is low.

Regarding waterbirds, a review of bird nadityy at coastal wind farms in Europe has
demonstrated that all groups of waterbiogsurring on the Gredfakes are potentially
vulnerable to turbine collisions offshore. Batllision frequency at these coastal wind farms
was directly related to abundarmed propensity to fly at rotdreight, with common species of
gulls (particularly Hermg Gull) recorded most frequently. sthould be noted that many of these
coastal wind farms were located adjacent to ngstolonies and on flighioutes between nesting
sites and foraging areas. Therefore, collisiek was greater than at other sites.

Given that the Project will be constructed mitran two miles (3.2 km) offshore, bird abundance
will be significantly less than along the Clevaldakefront. The only aamon colonial nester

in Cleveland is Ring-billed Gull, which nesia large rooftops, but the Project would not be
located between its nestinges and prime foraging areas.

In Europe, where wind farms have been congddion heavily used waterfowl migration routes,
flocks usually detour around the wind farnihe small number of flocks that fly through the
wind farms, including at nighgenerally do so beneath the rotor-swept area. These and other
behavioral adjustments have been founchéokedly decrease collision risk.

The Project site does not appé&abe on a heavily used migjan route for waterfowl or other
waterbirds. Large numbers of Red-breastedgdieser and BonaparteOs Gulls stage on Lake
Erie in fall migration, but they armore likely to fly inshore of throject site to roost or forage
in the Cleveland Lakefront IBA. Should migratar local movements take waterbirds in the
vicinity of the Project, it iexpected that birds would detcanound the turbines, or cross the
wind farm below the rotor-swept area. Therefarall cases, collision risk to waterbirds is
judged to be low and unlikely to rise the level of mwlogical significance.

Confirming these predictions at the Project itk be problematic, because carcass searches at
offshore wind farms are extremely difficult or ingsible. However, collision rates at offshore
wind farms may be obtained by remote methoas,of which are being developed. These
methods should be evaluated for deployment passtcuction if larger facilities are planned in
the Great Lakes. In addition,l&rge facilities are pinned for the Great Lakes, it may be worth
experimenting at those sites wilift nets to collect carcasses below turbines at the Project site.
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Regarding recommendations, given that this Prajgtbe a first for tle Great Lakes, it would
be valuable to conduct pre and post-construdiadies to gauge how waterbirds react to the
Project in terms of habitat loss, barrier effechitation, reef effect, and other factors. Such
information on a species-specific level would hieffure offshore wind-energy projects in the
Great Lakes to evaluate potential avian effeétsother important consideration is collision
mortality, but it remains to be seen if a eeffective remote method or carcass searches for
guantifying collision mortality can be deployed.

Recommendations are as follows. These recenaations are made with the knowledge that
they may not be economically feasible for a snmallgt project. If thes studies are to be done,
funding from state and federal agencies, as well as the non-profit environmental community,
should be sought. Such funding would be a sigaifi and proactive stép the development of
clean-energy solutions.

Further Pre-Construction Studies Not Needed

The results of this avian risk assessment dontitate the need fdurther pre-construction
research, as it would not impropeecision or confidence levelsgarding predictin of risk to
birds at the Project.

Construction Guidelines

» Disturbance of bottom habitathy@ ship and helicopter traffio and from the site should
be minimized.

» The onshore installation of any new aboveugrd electrical lines should follow Avian
Power Line Interaction Committee (APLJ@uidelines for insulation and spacing.

» Lighting of turbines and other infrastructigieould be minimal toeduce the potential for
attraction of night migrating songbirds and similar species. Federal Aviation
Administration (FAA) night obstruction lightg should be only flashing beacons (L-864
red or white strobe [or LED], or red flasigi L-810) with the longest permissible off
cycle. Steady burning (L-810) red FAA ligidisould not be used, although if turbines
exceed 152 m (500 feet), the FAA may mecoend them. Sodium vapor lamps and
spotlights should not be used at any faciléyg., lay-down areas or substations) at night
except when emergency maintenance is eéedf steady burning lights are needed for
maintenance purposes, the use of green orligloes should be investigated as a means
of minimizing bird attraction. Navigationghhts (steady red andegn, located near the
water level) will likely be required, but these have not been demonstrated to attract
migrating birds.

Post-construction Studies
Once the Great Lakes Wind Energy Center is cootd, studies of avianteractions with the

turbines should provide valuable informatiorhp assess avian risk from the much larger wind
farms that are likely to be constructed in @reat Lakes in the coming decades. Stakeholder
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participation in the post-construction studytloé Project is recommended. To this end, a
Technical Advisory Committee (TAC) should béaddished as a means of reviewing the scope
of work for each of the following recommendatipas well as reports that result from such
studies. Members of the TAC should include USFWS, ODNR, Cuyega County Board of
Commissioners, a representativ@m the wind development comumity (i.e. juwi), the Great
Lakes Energy Development Task Force, and a#lerant stakeholdershis approach to post-
construction studies has been used at mame dhdozen wind-power projects across the United
States.

» Carcass searches should be investigatednasans of determinirthe number and type
of birds that collide with tbines. The potential for netg deployed on buoys should be
tested as a means of finding and gathering carcasses of birds that have collided with
turbines.

> At least two remote methods for quantifyingtime collisions have been developed (e.g.,
TADS and WT-Bird; see Sectidnl.3), although they have no¢en shown to be useful.
Each should be evaluated for potential use, pdtticular attention paid to the number of
units that would need to be deployedyemerate a statistically valid sample.

» A study of waterbird reactions to the Prdjaould provide valuable information to
evaluate avian risk at future offshavend farms in the Great Lakes. Sampling
techniques to consider inale direct visual and, possibradar observations from the
Cleveland Crib, as well as boat and aerial sysv This study would look at habitat loss,
barrier effect, habituation, reeffect, and other factors.

» Results of the fatality studshould be compared with craet@grave (life cycle) impacts
to birds from other types of power genevatnow supplying electricity in Ohio. This
comparison would facilitate long-term plannwgh respect to electrical generation and
wildlife impacts. The study should seigformation from USFWS and ODNR on
existing energy-generation impacts to wildlifé information is not available, as our
preliminary review appears to reveal, thesenaies should consideroviding financial
support for such studies.
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Figure 1. Approximate location of turbine placements for Gilegites Wind Energy Center indicated by yellow polygon.
Approximate boundary of Cleveland Lakefrdmtportant Bird Area (IBA)jndicated by green polygongs Section 4.0). Note
locations of KCLE (radar used in NEXRAMdar study; see Section 3.2.1.3 and AppeAdliand OHCL (center of Christmas Bird

Count circle; see Section 3.3).

Cuyahoga

o Bratenahl

| EastCleveland
B,

e

o B2y Village

‘Rocky R|

o
ot Cenggpisge™ * :
e . 2 y ' Heights.

i Miles Ave

3 &
2008 Eugbpa Technologies
© 2008 Tele Atlas
Parma Heights

Curry & Kerlinger, LLC - November 2008 ©

) i
I o Pepper Pike

chwood

11



Great Lakes Wind Energy Center, Cuyahoga County, OH

1.0 Introduction/Scope of Work

This report analyzes potential avian risk frima Great Lakes Wind Energy Center (hereafter the
Project). The Project would cdngct as many as ten 2.0-MW wind turbines in Lake Erie within
5 miles (8 km) of the Cleveland lakefront.

The United States is among the world@dérs in wind energwith over 18,000 MW of
installed capacity onshemand another 5,700 MW under construction as of the first quarter of
2008 (sedanttp://www.awea.org/projecis/ No offshore wind projectsave yet been constructed
in U.S. waters, but more than five are in gh@nning stage, the best known of which is Cape
wind. This 420-MW project with 130 turbineould be constructed ddantucket Shoals south
of Cape Cod.

Table 1.0-1. Offshore Wind Farms in World*

Approved/Planned,

In Operation, 2007 2007

Country # projects total MW # projects total MW
Belgium - - 3 780
Canada - - 2 2,460
China 1 2 5 215
Denmark 8 424 6 1,849
France - - 2 207
Germany 2 7 32 27,169
Ireland 1 25 1 50
Netherlands 3 127 1 120
Norway - - 3 1,501
Spain 1 10 2 2,000
Sweden 4 133 6 878
UK 5 310 28 9,958
USA - - 5 1,368

25 1,037 96 48,555

! Source: www.offshorecenter.dk/offshorewindfarms.asp

Offshore wind-energy development is still lahga European phenomenon. The worldOs first
offshore wind farm (a project of 11 turbinesgaling nearly 5 MW) wet on line in 1991 at

Vindeby in Denmark. Presently, 24 of the wosl@ offshore wind farms are located in Europe,
with 1,037 MW of installed capacity (see Table 1)0-Looking ahead, European countries have
approved or are planning neafl9O more projects, totaling ngab0,000 MW. More than one-
half of this capacity would be installed in German waters. The onlggirop a freshwater lake

is at Lake 1Jsselmeer in the Netherlands, butl#tkis is coastal, separated from the Wadden Sea
by a dike.

The effects of offshore wind on birds have betl studied in Europe, where final reports on
multi-year, post-construction studies have bgellished for three Danish and two Swedish
wind farms. Baseline conditioras these wind-farm sites weaéso established through pre-
construction studies. Recently, these and ath&lies have been reviewed for the German
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Environment Ministry (Dierschkand Garthe 2006). This rew, the studies themselves, and
other research out of Europe provide sigmaifit information on how offshore wind development
can affect birds.

Based on published literature and Internet-accessdibbases, this aviarskiassessment begins
by describing the Project site ahdbitats at and near the siléthen profiles the birdlife

expected to occur at the Prdjete during the breeding, spriagd fall migration, and wintering
seasons. Nocturnal migration is given special attention through a separate study (Livingston
2008) commissioned for this report. This study eixaohthe last five years of archived data

from the nearby KCLE weather surveillancdaan(WSR-88D, also known as NEXRAD). We

then summarize the European literature aarainteractions with offshore wind-energy
development, adding appropriatsearch findings from onshoreojcts. By relating the avian
profile at the Project site with ¢hiterature findings, we arrive at an avian risk assessment for the
Project and recommendations for minimizing avian impacts.
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2.0  Project and Site Description

The Great Lakes Wind Energy Center wouldcbastructed within Bniles (8 km) of the

Cleveland lakefront (Figure 1). Thines could be sited as close as 2 miles (3.2 km) from shore.
Two to ten turbines are planned, each wittameplate capacity of 2.0-5.0 MW. Total project
capacity would not exceed 20 MW.

Turbines would have hub heights of 80-100262-328 feet) and rotor diameters of 90-126 m
(295-413 feet). With the rotor tip in the 8®clock position, rotors would reach up to a
maximum of 152 m (502 feet) above the surfackake Erie. In the 6 oOclock position, the
rotor would extend down to as low as 27 m {8&) above the water surface. The distance
between turbines would be ab@#4-960 m (1,260-3,149 feet).

Based on these dimensions, if the turbines asyed in a row (OstringGhe wind farm would
stretch approximately 1 - 3.5 km (0.6 B 2.1 miles)This makes the Project site small in
comparison with Lake Erie, which has a surface area of 25,82{9%®70 mf) (source:
http://www.ilec.or.jp/database/nam/nam-06.Html

According to an initial ecological assessment prepared for the Great Lakes Wind Energy Center
(DLZ 2008), turbines would be camngcted in waters ranging frod0 to 55 feet (12 to 17 m) in
depth. The bottom is composed of sedimemiuiting patches of glacidll, mud, sand/gravel,

and sand/mud. All artificial reefs the area are locatéa shallower, inshore waters, with none

in close vicinity of where turbines would becided. The highest quality fish spawning habitat is
located inshore of the area proposed for turbines.
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3.0  Overview of Avian Use of Project Site

This section describes the aviar likely to occur in the wateend airspace of the Project site
among summer resident birds, spring and fall migraand winter residentdt also examines
the likelihood of occurrence of endangered, threatened, and odugalsgiatus species.

The status and distribution of birds in the Cleveland region is well known. Thanks to many
dedicated, proficient birdwatchers, books sucBiags of the Cleveland Region have recently

been revised (Rosche 2004) to update knowledgfeeafegionOs birds. The abundance graphs in
this reference show at a glance which birdscaramon, uncommon, or rare at different times of
the year in ClevelandOs differbabitats, including Lake ErieBirds of the Cleveland Region is

a valuable local complement Tée Birds of Ohio (Peterjohn 2001), which thls the status and
distribution of OhioOs birds.

Nonetheless, birdwatchers using spotting scépsgarch the waters off Cleveland can only see
3 to 4 miles (4.8 to 6.4 km) ofisre, depending on the heighttbé&ir vantage point. At this
range, most birds are not visible, even with sdtaged optics. Thereforée Project site lies
just beyond what can reliably be seen from shore.

To understand how bird abundance in the offshorerasatampares with tham the inshore zone,
we have analyzed three recently published s diee from Lake Erie and two from Lake
Ontario. Along with anecdotahd other information, they indieahow avian use of the waters
at the Project site is likely to differ fromhat can be observed close to shore.

Stapanian and Waite (2003) measured waterbirdsltygdefined here aschness or number of
species) and abundance in the Western Basinla Eaie in four habitats: 1) offshore of

waterbird refuges, 2) offshore of developed shorelines, 3) over ree$heald, 4) and in open
water. Their study took place from April 24$eptember 1, 2000, a time frame that spanned the
breeding and immediate post-breeding periobseir open water transects were 1.8-5.6 miles
(2.8-9.0 km) from the nearest shore and hataye depths of 33-39 feet (10-12 m). For
comparison, transects at develogédrelines (with beaches, résnces, etc.) were 0.3-0.5 miles
(0.5-0.8 km) offshore, parallel to the shonegddad water depths of 10-16 feet (3-5 m).

Of the four habitats, open e had the lowest speciewveisity, with 3.8 species/Km Species
diversity at developed shorelindsr comparison, was 5.4 speciesfkriror Double-crested
Cormorant, Herring Gull, and Ring-billed Gullgtlthree species most often recorded in the
study, and for which there were sufficient datadiatistical analysis, densities in open water
were much lower than those at developedaiimes. Cormorants averaged 1.4 individual$/km
in open water versus 13.6 individualsfkaif developed shorelines. For Herring Gull, it was 2.2
versus 6.0. For Ring-billed Gull, it was 0.7 wes2.1. BonaparteOs Gull, however, was more
abundant in open water than at deypeld shorelines (18.5 versus 5.7).

Langen et al. (2005) surveyed for pelagiicls on Lake Ontario on September 20-25, 2003,
which coincided with the postéeding and early fall migratigreriods, but it happened to be
conducted after the passage of a hurricane. Tamgorized the distance thieir transects from
the nearest shore as Near (witB.0 km [3.1 miles]), Mediun(.0-14.9 km [3.1-9.3 miles]), and
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Far (at least 15.0 km [9.4 mdp. They recorded a tdtaf 221 birds in 124 hours (1.8
birds/hour), of which the most abundant spsavere Ring-billedGull (124 birds; 1.0

birds/hour), Herring Gull (599.5), Common Loon (17A.1), and Double-crested Cormorant (11,
0.1). Comparing the Medium aikar transects, Ring-billedull was slightly less abundant
farther from the shore (2.7 individuals/kwersus 3.2 individuals/kfh but Herring Gull was
more abundant (1.7 versus 0.8). Common Loonalssmore abundant farther from shore (0.6
versus 0.2), but the opposite was true fouble-crested Cormorant (0.2 versus 0.5).

The finding that there were more Common Looffshmre than inshore isoteworthy, because it

is confirmed by an observation by John Pogacnik (personal communication), a Cleveland-area
birdwatcher who, in the 1980s, made a numberips in April on commercial fishing boats to
explore the offshore birdlife of théhio side of the Central Basin. These boats fished about 4 to
5 miles (6.4 to 8.0 km) offshord-e recalls that his loon tallies were about 100 birds per trip.
Most were Common Loonbut he also recorded a small numbers of Red-throated Loons. These
trips coincided with spring migration, when Rbeq2004) categorizes Common Loon as a fairly
common migrant and Red-throateddn as a rare migrant. Hesalrecorded small numbers of
Horned Grebes.

According to Joe Barber (personal communadt an ODNR pilot and biologist, the ODNR
flies what are calleduternational Boundary Flights every two weeks, except when Lake Erie is
iced over. These flights mar commercial fishing activity along the U.S.-Canada border.
Although these flights do not quaiatitvely survey for birds, biologts on board are attentive to
the birds they see. Barber relates that, out eratke, 90% of the birdseen are gulls, most of
which are associated with fishing boats thatehpulled their nets. dons are rarely seen.

Petrie et al. (2006) have reported preliminasutes of a study of seaduck abundance relative to
distance from shore in northwest Lake Ontaridanuary and February 2006. On four dates,
they flew 140-km (87.5-mile) trancks parallel to the shore thie shoreline and at 2 km (1.3
miles), 4 km (2.5 miles), 10 km (6.3 miles), and 20 km (12.5 miles) from shore. Because no
diving ducks were found on the 20-km transect, it wminated from subsequent surveys.

Their tallies averaged 41,771 seaducks aloagstoreline, 18,125 at 2 km, 4,052 at 4 km, and
1,145 at 10 km. Regarding distrtmn patterns, Petriet al. found that 83% to 100% of scaup
spp. (primarily Greater Scaup), Bufflehead p@oon Goldeneye, Common Merganser, and Red-
breasted Merganser were counted on the sherglmsect, but virtually all individuals were
accounted for by the addition of the 2-km transddte shoreline transect accounted for 57% of
Long-tailed Ducks and 48% of scoter spp. (tlyo#/hite-winged Scoter)yith an additional

30% of each added on the 2-km transect. Muaae 98% of all individual Long-tailed Ducks

and scoters were accounted for afteritfodusion of the 4-km transect.
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Table 3.0-1. Surface-diving Waterbirds Occurring on Lake Erie near Cleveland

Known
to Feed Feeds on
Cleveland Status! in Fish in
Waters Open
Species Migrant Winter >10m Water Source
Uncommon to
Canvasback Fairly common common No No Mowbray 2002
Uncommon to
Redhead Fairly common common No No Woodin and Michot 2002
Ring-necked Duck Common Uncommon No No Hohman and Eberhardt 1998
Greater Scaup Common Common No No Kessel et al. 2002
Lesser Scaup Common Common Unusual No Austin et al. 1998, Bellrose 1980
Surf Scoter Rare to uncommon Rare to uncommon No No Savard et al. 1998; Bellrose 1980
Brown and Fredrickson 1997;
White-winged Scoter Rare to uncommon Rare to uncommon Yes No Bellrose 1980
Black Scoter Rare to uncommon Rare to uncommon Unusual No Bordage and Savard 1995
Robertson and Savard 2002,
Long-tailed Duck Rare Rare Yes No Bellrose 1980
Bufflehead Common Common No No Gauthier 1993
Common Goldeneye Common Common No No Eadie et al. 1995
Hooded Merganser Common Uncommon No Yes Dugger et al. 1994
Common Merganser Fairly common Fairly common Yes Yes Mallory and Metz 1999
Uncommon to
Red-breasted Merganser Common common Yes Yes Titman 1999
Ruddy Duck Common Uncommon No No Brua 2002
Red-throated Loon Rare Occasional Yes Yes Barr et al. 2000
Common Loon Fairly common Rare Yes Yes Mcintyre and Barr 1997
Pied-billed Grebe Fairly common Rare to uncommon No No Muller and Storer 1999
Horned Grebe Common Rare Yes Yes Stedman 2000
Double-crested Cormorant | Common Rare to uncommon Yes Yes Hatch and Weseloh 1999

! From Rosche 2004.
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The depth at which diving ducks normally forage¢he key to the distribution found by Petrie et
al. Diving ducks that normally forage on dbal bottoms were all accounted for by the 2-km
transect, while the deeper diveanged farther out into Lakéntario (see Table 3.0-1).

Lake Ontario is a deepekiathan Lake Erie (sddtp://www.epa.gov/glnpo/factsheet.hjiput
the bottom off Cleveland drops twer 33 feet (10 m) at the Peaf site. Table 3.0-1 lists the
surface-diving birds that occur on the Lower Gredtdsa their status on ka Erie at Cleveland,
whether they are known to feed in waters deépan 10 m (33 feet), and whether they hunt fish
in open waters. Birds that feed on benthic plants and animals that do not dive 10 m will not
forage at the Project site anatamlikely to occur there. Bonly birds that do not normally

dive deeper than 10 m that may forage of thadet site would be fisleating birds, such as
mergansers and Double-crested Cormorant.

For another view of the lake, we turn to AedrMontoney, now the State Director of Wildlife
Services for the Animal and Plant Health IngmecService (APHIS) of the U.S. Department of
Agriculture (USDA). In the late 1990s, he contid research for a Wildlife Hazard Assessment
for the Burke Lakefront AirparMontoney and Barras 1998pnce a month for 13 months, he
conducted counts of birds at 16 observation paoiittsin the airport plu®ne at the break wall
about 0.25 miles (0.4 km) north of the airport.

In a phone conversation with JoGmarnaccia, Montoney relatedathat certain times of the

year (mostly in fall migration) when scanninfistore from the break wall, he would see large
numbers of gulls, Red-breasted Mergansers Danble-crested Cormorants in flight over the

lake as far as the horizon. He also related ke conditions affeetl waterbird distribution,

pushing them behind the break wall when the sea was rough. In calmer conditions, birds made
greater use of the lakeOs open waters.

MontoneyOs observations indicate thse of the waters and airspaat the Project site by gulls
(mainly BonaparteOs, Ring-billed, and Herreny) ducks (principally Red-breasted Merganser
in November and December; see below) megasionally be high. Peak use was during fall
migration.

These studies and anecdotal infatimn indicate that, with sonexceptions, waterbird densities
at the Project site should be significantly lowean what are observed near the shoreline.
Exceptions include: 1) Common Loon - densitifstoore appear to be fairly low based (Langen
et al. 2005; anecdotal informati from John Pogacnik and JoerBer); 2) BonaparteOs Gull -
more common offshore than along developedealim@s early in the fall migration season
(Stapanian and Waite 2003); and 3) migration - large numbers of Red-breasted Mergansers,
gulls, and Double-crested Cormorants as far as the horizon.
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3.1 Summer Residents

Given that the Project site is open water ntbes two miles (3.2 km) from a heavily developed
lakeshore, no birds will breed in the vicinafthe turbine placements. Some summer resident
waterbirds may forage at the Project site,these would be limited to the following guilds
(Langen et al 2005): piscivorousuplge divers (e.g., @amon Tern), piscivorous surface divers
(e.g., Double-crested Cormorant), surface gtesfe.g., BonaparteOs Gull), and surface
scavengers (e.g., Ring-billed and Herring Gulls).

Abundance graphs Birds of the Cleveland Region (Rosche 2004) indicate that the following
piscivorous surface diver andriace scavengers are common summer residents occurring on
Lake Erie: Double-crested CormoraRing-billed Gull, and Herring Guill.

Rosche (2004) describes summering cormorants in the Cleveland region as mostly immatures,
which are found at every inlandkiand along the shore of Lakeie. Peterjohn (2001) says

that most summer reports in cattcake Erie are of 20 or feweirds daily, but flocks of 40-60

have been reported. According to Peterjohngctbgsest nesting colony appears to be on Turning
Point Island in Erie Countypaut 50 miles (80 km) to the weof the Project site.

Rosche (2004) describ&sng-billed Gull as the most conspimus gull in the region. Some of
its nesting colonies are located the rooftops of kge buildings in Cleveland. Peterjohn (2001)
reports a 1997 estimate of 8,600-stirey pairs at severkocalities in the Cleveland area. He
also reports that nesfj activities begin in late March, withe first young taking flight by the
first week of July. Peterjohmelates that the Ring-billed Gpopulation exploded along Lake
Erie in the 1960s as birds discovered rfiead sources at dumps, shopping centers, and
cultivated fields, and also fed on a greattpanded gizzard shad population in the lake.

Regarding Herring Gull, Roscl{2004) describes its habitat as shorelines, where it nests on
rocks and break walls. Peterjohn (2001) repihids the factors responsible for the population
explosion of Ring-billed Gulls ab benefited Herring Gulls. Haso reports that the Herring
GullOs breeding population in the Central Badiesisthan the Ring-bilte with less than 1,000
breeding pairs between Avon Lalked Ashtabula. Away from breeding colonies, flocks of 50-
400 nonbreeders are generally observed. Its nestadg isysimilar to that of Ring-billed Gull.

As discussed in Section 3.0, thieundance of theserde common species can be expected to
decrease significantly betweeretlakeshore and Project site. waters at similar depths and
distances from shore as the Project site,&8t@m and Waite (2003)cgerded relatively low
average densities for thesedb species (1.4 individuals/krior Double-crested Cormorant, 0.7
for Ring-billed Gull, and 2.2 for Herring Gull). Given its large breeding colony in Cleveland,
Ring-billed Gull will probably occur at the Projesite at a higher density than what Stapanian
and Waite found in offshore waters in the dgn Basin. But, this density should be
significantly lower than the inshore density.

A Wildlife Hazard Assessment at Burke Lélamt Airport (Montoney and Barras 1998)

conducted monthly censuses of gulls and otfeerbirds at various observation points around
the airport, including one poion the break wall about 0.25 milés4 km) north of the airport.
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Gull numbers during the summer months were allsiraction (generally below 2,500 birds) of
the peak abundance during the winter months (high of over 25,000 in January).

Among RoscheOs uncommon summer residettie Cleveland region, only the surface-
scavenging Great Black-backed Gslhat all likely to forage offshore. Rosche (2004) lists its
habitat as lakes and shorelind2eterjohn (2001) reports that this gull only became a regular
summer resident in the Central Basin in the 19%0s says that most summer sightings are of
ten or fewer individuals, but0-75+ can be found at severatdbions. Rosche (2004) also
categorizes Bald Eagle (Ohio threatened) asredommon summer resident along shorelines, but
it is not expected to occur offshore.

According to Rosche (2004), rare summer reggleccurring along the Lake Erie shoreline
would include Red-breasted Merganser, Comroon, Osprey (Ohio threatened), Peregrine
Falcon (Ohio threatened), Laughing Gull, Borég@@s Gull, Caspianfie Common Tern (Ohio
endangered), and ForsterOs Tern. Given thigyr, @md that the Project site does not have a
special habitat that would attrabem, their frequency offshoet the Project site should be
minimal.

3.2  Spring and Fall Migrants

This section describes how migratduirds are likely to use the PeajtOs airspace and waters. It
begins with a literature revieaf bird migration. Because magfion strategies are not uniform
across taxa, songbirds, raptors, and waterlpwdserfowl, shorebirds, and others) are treated
separately.

3.2.1 Nocturnal Songbird Migration

This section focuses mainly on the nocturnajnation of songbirds, because they are the group
of birds most likely to fly irthe rotor-swept area of wind tunes. Waterfowl and shorebirds
also migrate at night, but they will be trehia another section. & songbirds and allies B
such as Blue Jays, American Crows, swallows, Cedar Waxwings, American Robins, and
blackbirds B migrate mostly by day. They willdiscussed at the end of this section. In
addition, we will discuss European research onurael songbird migration at offshore sites in
Section 5.1.3.

3.2.11 General Characteristics

Night-migrating songbirds and allies are the mmsnherous of birds migrating over Lake Erie.
Species include cuckoos, woodpeckers, flyaatehvireos, nuthatches, wrens, kinglets,
gnatcatchers, thrushes, catbirds, thrashendjlera, tanagers, and sparrows. Based on the
population estimates provided in Rich et al. (20@4Northern Forest breeding birds, migratory
songbird traffic above Lake Erig probably on the order of tetshundreds of millions of birds
per season. In Ohio, nocturnal songbird migratiocurs mostly from late April to early June
and from mid August through Novemband even thereafter.
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General surveys of migrat (Berthold 2001, Alerstam 1993, sf&ood 1967) strongly suggest
that, if the nocturnal migratioof individual songbirds over Lakerie could be plotted on a map,
the resulting pattern of roughly pdesh movement would cover thela evenly. In the fall, this
pattern would be oriented roughly southward {eeast to southwest)n spring, the direction
would be north-northeastgrl This pattern is callebroad-front migration. Berthold (2001)

went so far as to say, Oindividuals originating from geographically didg@esding areas cross
all geomorphological features (lowlands, mountaiivers, and so on) alortgeir routes without
deviating much from the orientan of their initial tracks.O Thwould include the Lake Erie
basin and surrounding areas.

Radar studies conducted in the Eastern lhd@cate that the night muation of songbirds,
shorebirds, waterfowl and othershiad front as opposed to contated in narrow corridors or
at topographic featuré€ooper et al. 1995, Cooper aMdbee 1999, Cooper et al. 2004b,
2004c). Perhaps the best evidence to suppertdhtention that birdso not follow topographic
features such as ridges is a study by Coopak. €2004a) conducted on the Allegheny Front in
West Virginia, one of the moprominent of ridges in Appathia, and a comparison of radar
studies on ridges in southwestern Pennsy&javiiaryland, and West Virginia conducted by
Kerlinger (2005). These studies showed thight migrants simply cross the southwest-
northeast-oriented ridges of th@palachians at oblique anglesher than following them. Not
only were night migrants not condeated in large numbers on thdges, they were not flying at
low altitudes that would suggest ridge follogi These findings are consistent with the
phenomenon of broad-front migration and wouydgear to refute a ridge-following hypothesis.

Migrants, when confronted by the Great Laldgsnot usually turn when they encounter the
lakeshores during night migratiorgther, they generally continue to cross the lakes as if they
were not present (Diehl et al. 2003). But, sdoimds have been found to remain over lakeshores
oriented in the direction of migtion, rather than fly over tH@reat Lakes, resulting in higher
densities of birds over land than over waterarranalysis of migration traffic as captured by
weather surveillance radaiga known as NEXRAD or WSRB8D), Diehl et al. (2003)
statistically demonstrated this lake avoidaphenomenon during spring migration in southern
Lake Erie around Cleveland, but theyuld not show it at the easteend of Lake Erie (where

the difference between migrationer the lake as opposed toeovand was not statistically
significant). Ratios of bird deities over land to those over wataried from 1.3 to 3.9 in areas
compared at Lakes Erie, Michigan, and Ontéeehl et al. 2003). Ncturnal-migrant songbirds
do concentrate along lakeshores, however, whenpht down for stopovers in wooded habitats,
especially in the hours before dawn. Nonetlgl#®e evidence is overwin@ng that most night-
migrating songbirds are spread across a braad &ver most types of topography encountered
by these birds.

Diehl et al. (2003) also found that, around dawrgsover the Great Lakes frequently increased
their migratory height (known as Odawn ascam®)ften reoriented their flight toward the
nearest land if they were withapproximately 28 km (17.5 miles) of shore. A similar dawn
ascent has been found over the North Sea ingeuand over the Gulf of Mexico, so this
behavior appears to be common.elliet al. concluded that thishmevioral response to the Great
Lakes influences the resulting distributionbafds stopping over in wooded habitats.
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Gauthreaux (1971) used a combination of raohal visual observatiaiw understand how trans-
Gulf of Mexico migrants irspring respond to the terrestrigbitats they find upon reaching

land. In southern Louisiana, scattered woodlawdsir in a 20 to 30-mile (32 to 48-km) coastal
belt of marsh and prairie before extensive inlanddts dominate the landscape. When hard rain
and unfavorable winds were absent (78 of 95 aonay he found that 70 to 90 percent of trans-
Gulf migrants landed in fores®5 to 75 miles (40 to 120 km) nodhthe coastline. When bad
weather was encountered (nine occasions durirayrdals), the proportionf migrants landing

in isolated woodlands close to the coast in@dakamatically. Heound that 60 to 80 percent

of the migrants that encounteruinderstorms along the Louisiac@ast appeared to land in the
small woodlands scattered throughout the coasfal On visiting these woodlands during these
weather events, Gauthreaux fou@§pectacular concentrationgosunded migrants and flocks
of passerines still plummeting into trees from extreme heights.O

3.2.1.2 Results of Marine Surveillance Radar Studies

Regarding the volume, height, direction, arider characteristics of nocturnal migration,
Kerlinger, J. Plissner, and otisgin preparation) have rewed marine surveillance radar
studies conducted at about 20 sites in the east&n All onshore, these sites were in western
Maine (1), Vermont (2), northern (5) and west€3) New York (including studies from the Tug
Hill Plateau and the Western Tier), southweastennsylvania (3), western Maryland (1),
northern West Virginia (2), and wesh Virginia (1). Sites werewgdied in the spring, fall, or in
both seasons. The number of sgkalied in the spring (11) wasAer than those studied in the
fall (17).

The amount of migration at all sites, imrtes of numbers of birds passing through a one

kilometer corridor during one ho(argets/km/hr, the standard of measurement), ranged from

135 to 661 targets/km/hr in the fall and frd@to 473 targets/km/hr in the spring. Itis

important to note that these are mean seasonal rates. Within each season, there was significant
variation from night to night.

It should be noted, however, that radar &siéire not necessarily comparable, because
researchers may calibrate their units differeatig confuse the echoes of birds and insects. A
recent study (Schmaljohann et al. 2008) founddkeasity estimations may be wrong by as much
as 400% if detection probabilitiésr different targets are ignored.

While migration traffic rates at eastern U.S. ségppear to range wigelcomparisons with radar
study sites in the southeasterrsUprovide a dramatic persp@e. Mean seasonal migration
rates from Louisiana, Georgia, and South Caroleee in the thousands of birds per kilometer
per hour in both fall and spring. Traffiates in Louisiana averaged 9,000 to 10,000
targets/km/hr during fall, with soe nights having on the order &®,000-plus targets/km/hr. In
spring, these sites registered flights agémg 3,000 to 50,000 targets/km/hr (Able and
Gauthreaux 1975, Gauthreaux 1971, 1972, 198nilar, but slightly lower, migration traffic
rates were reported by Able and Gauthreaux3)1@nd Gauthreaux (1972, 1980) at a site near
Athens, Georgia, and at a siteSouth Carolina. In Georgauring fall, the rate was between
1,500 and 3,250 targets/km/hr, and at both sites there nights with tens of thousands of birds
per kilometer per hour passing overhead.
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In other words, migration traffic over the nortean and northern Midwestern U.S. is low to
moderate when compared with the Gulf Gaasd southern U.S. region, where birds are
concentrated before or after crossing the foaie ecological barrier psented by the Gulf of
Mexico.

Mean migration altitude at ¢hl8 eastern U.S. sites surveyadged from 148 m (485 feet) to

583 m (1,912 feet) agl (above ground leveljha fall, and from 130n (426 feet) and 528 m

(1,732 feet) agl in the spring. But, if radaeasurements prior to 2000 are excluded (because the
less powerful radar employed prior to 2000 wasdaasward lower flying birds), the range of
mean altitudes for the sites in fall was 365 &3 m (1,197-1,912 feet) agl. For sites in the
spring, it was 401 m to 528 m (1,315-1,732 feet) agl.

Another measurement routinely made by radar dpex@s the percentagd migrants below
about 125 m (~410 feet). This measuremeap@oximately equal to the height of most
modern turbines (though less thae turbines planned for Lake Erie) and is used to determine
the potential for risk, although it has never bedidated empirically as an indicator of the
numbers of fatalities of night migrants attime sites. Excludig pre-2000 data, the fall
percentage of migrants thay thelow 125 m ranges from less than 4% of all migrants tracked
with radar to about 13-20%. Bpring, the percentage rangesneen 4% and 12%. This means
that between about 4% and 13% of migrants ithiw the height of modern wind turbine rotors.

From the mean altitudes reported above, itearcthat most migration occurs well above the
rotor-swept height of turbines. These measurésname consistent with the mean altitude of
nocturnal migrants reported by several authors e reviewed radar studies from other parts
of the United States, Canada, and Europsl{ger 1995, Kerlinger @ahMoore 1989; Able

1970). These measurements are also similaetsnorements from the southeastern U.S. taken
with weather radar. From these studies, it does not appe#ndhais a great difference with
respect to altitude of night migrating birds ivelise geographic settingsdiverse topographies.

Flight direction of migrants tracked with rada the eastern U.S. did not vary greatly among
sites. The numerical means of the mean doestreported for fall and spring migration were
190;j in fall and 38j in spring. These correspomdouth-southwesterly migration in fall and
northeasterly migration in springrhe standard deviations (aetly angular deviations using
circle-based statisticgyound each site in the eastern UnitedeStare in the range of 40 to 80;.
In other words, about 75% of all migrants trastkathin 40; to 80 of the mean direction of
migration. What is noteworthy is that in fille mean migration dirdons reported from all of
the eastern sites rangetween 219; and 175j, a range of 4Zhe mean migration direction at
sites in western New York was almost identicainigration directiongsear the Adirondacks,
Maine, and even Maryland, Virginia, and Westgifiia. There is no ggarent pattern for the
minor variation in flight directions.

Young and Erickson (2006) have also reviewasdhar studies at proposed and existing wind-
energy projects in the eastern U.S. (see NB(C7). Based on 21 studies, they found similar
mean passage rates in spring and fall (258 v&4usargets/km/hr, respectively). Mean height
of flight was 409 m agl in spring and 470 m agfall, with 14% of targets below 125 m (410
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feet) in spring and 6.5% below thatight in fall. Mean flightlirections were NNE (31 degrees)
in spring and SSW (193 degreesfail. These averages arelime with the analysis conducted
by Kerlinger and Plissner.

3.2.1.3  Results of NEXRAD Radar Study Specific to Project Site

Commissioned specially for thispert, an analysis dhe last five years of archived NEXRAD
(WSR-88D) weather radar data from the Clawnel station (KCLE) essentially confirms the
migration pattern described above. This reflaktingston 2008) may be found in Appendix A.

In the NEXRAD study, levels of reflectivity in radpulse volumes (pixelsyere collected at an
area between 11 and 31 km (6.9 and 19.4 miles) the KCLE radar between the azimuths of
0j and 50j. Radar beams at 0.5j antenna elevdthe lowest elevation) and at 1.5j antenna
elevation (the next highest elevation) waralyzed separatelyBecause of the EarthOs
curvature, the radar beams sampled higher alstadedistance from the KCLE station increased.
This means that at 11 km, the radar beath&tsampled altitudes from 103 to 283 m (338 to
928 feet) above the water levellatke Erie, but at 31 km, it sampled from 169 to 673 m (554 to
2,207 feet). At 11 km, the 1.5j radar beammpbed altitudes from 295 to 475 m (968 to 1,558
feet) above the water level of Lake Erie, BuB1 km, it sampled from 709 to 1,213 m (2,326 to
3,979 feet). In other words, the 1.5 radar beampled airspace above that of the 0.5 radar
beam. With regard to altitudes within tator-swept area (RSA, tveeen 27 and 152 m [89 to
502 feet] above the water level of Lake Er@)ly the near portion of the 0.5; radar beam
intersected its upper portion.

Data for spring migration were analyzed floe period April 1 to May 31, 2004-2008, while fall
migration data were analyzed for August 15 to November 15, 2003-2007. On each night, data
were analyzed from 5:00 PM to 5:00 AM.

Data are reported in birds/RmIn spring migration, the sum ofghtly peak densities in the

sample area (0.5j radar beam) ranged from 376 in 2006 to 525 in 2004. The maximum nightly
density was 184, recorded May 10, 2005. In theegad area (1.5 raddeam), the sum of

nightly peak densiteranged from 770 in 2006 to 1,227 in 2008. The maximum nightly density
was 327, recorded on May 13, 2008.

During fall migration, the sum of nightly peakriities in the sample area ranged from 260 in
2007 to 960 in 2004. The maximum nightly density of 184 was recorded on September 28,
2006. In the general area, the sum of nigh#dgk densities rangdebm 705 in 2007 and 1,399
in 2006. A maximum nightly density of 327 weaxorded twice on the same night, October 5,
2005 and 2006.

In both seasons, there was more migration at higltierdes (general area versus sample area).
This pattern is also indicated by marine sutaece radar studies (see discussion above), which,
based on the analysis of Young and Ericks@®63, show mean flighteights above 400 m
(1,312 feet) in both seasons, with a small fracctbbirds flying below 125 m (410 feet).
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It is worth noting that the NEXRAD values ftite Project site ar@ughly similar to those
recorded at two sites in New York (Buffalo alboihg Island) and one in North Dakota. They are
lower, however, than results from northwestelorida. This agrees with the findings from
marine surveillance radar studies (see abavie¢re migration rates were similar from New
England to the Mid-Atlantic region but much lavtkan those recorded in Louisiana, Georgia,
and South Carolina, where birds are conceadraefore or after crossing the formidable
ecological barrier presented by the Gulf of Mexico.

In terms of seasonal night-to-higvariability, hour-to-hour patte, and migration direction, the
NEXRAD results are similar to those determined by the marine surveillance radar studies
discussed above. The NEXRAD study showedgpeahg migration began to build in late April

and peaked in mid May. Fall migration begambudd in early September and peaked in early
October. By November, very little migratory movement was noted. Spring and fall migrations
typically started about 30-45 minutes after sun&giring migration peaked most evenings at
between 11:00 PM and 3:00 AM. In fall, theagavas somewhat earlier, at between 10:00 PM
and 12:00 AM. Migration direction in spring was north-northeast (between 11 and 35j). In fall,
it was southeast to south-sbwest (between 164j and 190;j).

The NEXRAD study also analyzed the number of réghihen the altitude ahigration might be
lower because of meteorologii¢actors, such as ceilings below 1,000 feet (305 m) and
precipitation ranging from fog to heavy raiburing the spring season, 26 of 305 total nights
(8.5%) had those meteorologicanditions, while 28 of 465 total nights in fall (6.0%) had those
conditions. Nonetheless, none of thosghts had birds movements of 25 birdsflongreater.

In other words, on nights when weather conditionght have forced birds to fly at lower
altitudes, migration density was always low.

In conclusion, the NEXRAD study indicates thiz density and rate of nocturnal migration
above the Project site is similar to those daiteed by NEXRAD and marine surveillance radar
studies at many other eastern U.S. sites. NIEXRAD study also demotrates that migration
density increases with altitude, reinforcing adasion drawn from marine surveillance radar
studies that most birds flypbave the height of wind turbinetors, with a relatively small
percentage flying at rotor height.

3.214 Other Studies

The Black Swamp Bird Observatory (BSBO) cortduard-banding research at four sites along
Lake Erie in an effort to monitor springéfall songbird migrationProvisional data are

available ahttp://www.bsbo.org/passerine/pagse nigration_monitoring.htm Spring

migration is monitored from mid-April to midune, while fall migration is monitored from

August 1 to late October. A banding statiomilakeside forest patct the Navarre unit of

Ottawa NWR is manned daily, while the othextisins are manned when adequate personnel are
available. These stations are located: B dogwood thicket 0.75 milesth of the Lake Erie
shore in Ottawa NWR; 2) at a nature centeBlimker Lakes, Ohiopaut four miles (6.4 km)

from the Lake Erie shore in the Cleveland oggiand 3) in scrub-shb habitat in Petersburg,
Michigan, more than 13 miles (24 km) from the Lake Erie shore.
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Based on a perusal of 2006 data available aBB8®O website, the highesumbers of migrants
were mist-netted in spring at the Navarrdistaalong the lakeshore. On most days, birds
captured per 100 net-hours (the standard measurement) at Navarre often exceeded 100, with
heavy days approaching 400. Fall 2006 data shakadhe fall rate of captures was lower,

with few days exceeding 100 birds per 100 net-hours. This probably reflects the more leisurely
pace of fall migration. The other sites showmach lower capture rates in spring 2006 than
Navarre, particularly Shaker Lakand Petersburg (these was little data from the Ottawa NWR
site). In fall 2006, the Navarre, Shaker Lakas] Petersburg capwrates appeared roughly

similar (Ottawa NWR reported no data).

The BSBO data appears to indicate that sprirgyaion is concentratemlong the shore of Lake
Erie, whereas fall migration is nas concentrated. Ewert et @005) report estimates of the
numbers of migrant landbirds (both diurnal andtamal) in the Lake Ee coastal area during
migration. Vic Fazio (personal communicatiomoeed in Ewert et aP005) estimates that

50% of migrant landbirds may be <0.4 km (0.25 miland of the Lake Erie shoreline, another
25% in the next 0.4 km (0.25 miles) band, &melremainder beyond 0.8 km (0.5 miles). His
peak day estimates are 250,000 landbirddanch, 100,000 in April, and 75,000 in May, but
these estimates are largely based on daytimesgghdf migrants. Bxapolations of BSBO
banding data suggest that lamdnumbers exceed 1,000,000 birds on peak days in May (Mark
and Julie Shieldcastle, unpublished data, and Paul Rodewald, unpublished data, both reported in
Ewert et al. 2005).

Rodewald (2007) has used point-count surveyst-metting, assessment of daily mass gain, and
habitat measurements to quantify the relativeearsd quality of availae stopover habitats to
woodland songbird migrants in the western Lakie Basin. He has found that sites that were
closer to the lake had more migrants, assitiels with both mature trees and more developed
understory vegetation. When he looked at migraatafisnature forest sites, lake distance was
clearly the most important variable, with an788.decline in stopover migrants with every 1 km
(0.8 miles) from the lakeshore. He believest theography and the relaoce of small landbird
migrants to initiate daytime flights across Ldkee probably have more to do with the
concentrations observed at tageshore than available habitat, but available habitat is
exceedingly important to these birds. He recomaisghat measures be taken to restore beach
ridge forests along the lake and connect theartreie rows and hedgerowgsinland forest
habitats.

Regarding daytime songbird migrants, Ros(2@®04) lists the filowing as common to
abundant: Blue Jay (numbers of migrants aloake Erie in mid-Mayoften greater than 1,000),
American Crow (impressive early spring migoatalong Lake Erie shore, numbers may reach
500+ in March and early April), Tree Sliav, Northern Rough-winged Swallow, Bank
Swallow, Barn Swallow, American Robin, Epean Starling, Cedar Waxwing, Red-winged
Blackbird, Common Grackle, Brown-headedilird, and American Goldfinch. Unlike
nocturnal migrants, these species generally denmsis water; rather, they follow shorelines,
ridges, and other land features.
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3.2.2 Hawk Migration

In their global survey of hawtnigration, Zalles and Bildsteir2Q00) describe the Great Lakes as
presenting a formidable water barrier to bgphing and fall migratinawks. Behavioral

studies by Kerlinger (1989) shaWwat large bodies of water asignificant baners to hawk
migration, at least for some species. In the li@awks are generally diverted west around the
northern and western shorelines of the lakeghe spring, the pagtn is the opposite b east
around the southern and eastern shores. Ttiesrpaloes not to all diake Erie, nor does it

apply to all species.

On Lake Erie, Zalles and Bildstein list three globally significant hawk watches B Hawk Cliff and
Holiday Beach in Ontario, and Southeastern MiahiRaptor Research Center in Michigan. All
are active only during the fall, and all are on thglmehore of the west end of the lake. Hawk
Cliff averages 37,000 birds of 15 species, whitdiday Beach farther southwest averages

69,900 birds of 15 species. Farther southwest Stillitheastern Michigaawverages an even

greater number B 109,850 birdsl6fspecies (Zalles and Bildste2000). The most numerous
raptor at these sites is Broadhged Hawk, (including a one-dayll{aat Southeast Michigan of
228,176 birds!). Other relatively numerous speare Turkey VultureSharp-shinned Hawk,

and Red-tailed Hawk.

Zalles and Bildstein do not lishg fall or spring hawk watchedong the south shore of Lake
Erie. The Hawk Migration Association of North America (HMANA; $e#://www.hmana.orp
also does not list any fall or spring hawk watch&ng the south shore lodike Erie. This
indicates that the south shore of Lake Erieluding the Cleveland area, does not concentrate
hawks to the same extent as north-shore shsvever, Black Swamp Bird Observatory has
been monitoring the spring migi@n of raptors for fifteen year Tallies for 2001 to 2006 are
available at BSBOOs website (igtp://www.bsbo.org/raptor/raptor igration_survey.hth

The main count location for BSBOOs spring hewatch is the observation tower at Magee
Marsh Bird Trail, located abod0 miles (112 km) west of tHeroject site. This location
provides a panoramic view of hawks migratingra the shore of Lake Erie and several miles
inland. Other locations are also mannadt, they focus on the falcon migration.

For the 2001-2006 period, BSBO has recora@egring average of 8,340 hawks and vultures,
with a high count of 13,003. In order of seas@warage, the 16 species recorded may be found
in Table 3.2.1.2-1. The most abundant speaiesTurkey Vulture, Broad-winged Hawk, and
Red-tailed Hawk.

According to ODNR biologist M& Shieldcastle (personal communication), the Vermillion
River in western Lorain County (about 30 miles 48] west of the Project site) appears to mark
the dividing line between westwhand eastward spring hawlomement along the lake, but we
could not find published or unpublished reportspthier information to substantiate this idea..
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Table 3.2.2-1. BSBO Spring Hawk Data, 2001-2006

Spring Highest
Species Average Spring
Turkey Vulture 4,596 6,540
Broad-winged Hawk 1,840 3,516
Red-tailed Hawk 1,068 1,533
Sharp-shinned Hawk 861 1,339
Red-shouldered Hawk 398 713
Cooper’s Hawk 223 369
Bald Eagle 179 247
Northern Harrier 139 202
American Kestrel 73 110
Osprey 46 80
Rough-legged Hawk 32 42
Peregrine Falcon 10 21
Merlin 10 13
Golden Eagle 4 7
Northern Goshawk 3 6
Black Vulture 0 1

Ewert et al. (2005) cite various sources tmmarize what is known or suspected about hawk
migration routes in the western Lake Erisiba In spring migration, buteos, accipiters, and
vultures travel west about 0.8 km (0.5 milesmore inland and parallel to the Lake Erie
shoreline. Bald Eagle, Osprey, falcons, and Northern Harriers, however, tend to follow the
shoreline, but some are found farther inland.

There are few records of hawks crossing Lake Erie on migration. Kleiman (1966) observed
Rough-legged Hawks in December departing P@éiee, Ontario, to fly south over the lake.
This route would permit an island-hopping s&tgy along the western Lake Erie islands.
Kleiman suspected that some Red-tailed Hanvkg have joined the Rough-legs, but he could
not confirm any. In any event, this routewid not take birds over the Project site.

Kerlinger (1985) studied wateragsing by hawks at Cape May Point, New Jersey, and Whitefish
Point, Michigan, where hawks are faced witl tiecision of crossing water or backtracking long
distances. He found that all species madenatessings on some occasions, but the tendency
varied greatly. Turkey Vultures, Red-tailed Hawks, and Broad-winged Hawks crossed
infrequently, whereas Merlins, American Kestrels, Sharp-shinned Hawks, and Rough-legged
Hawks crossed more often. Peregrine Falchosthern Harriers, and Ospreys usually made
crossings. His results suggasdthat the tendency for hawksundertake water crossings is

related to wing shape, witbriger-winged species, oftevith pointed wingshaving high aspect
rations that decrease induced drag and tbhexdhe energetic cost powered flight.

Given that the distance across Ldde is 50 miles (80 km) atehProject site, very few hawks

will attempt a crossing that would intersect Breject site. Moreovethose species at all
inclined to cross water (Peregrine Falcon and &gpoccur in relatively low numbers. If hawks
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were inclined to cross Lake Erie, they wouldlpably be more likely to do so over the western
islands.

3.2.3 Waterbird Migration

Most migration of waterfowl and other waterbitd&es place at nighbut it can often extend

into daylight hours, depending on the distancedie. Radar studies show altitudes of 500 to
1,000 feet (152 to 304 m) or more for dualsese, loons, and other birds (Kerlinger 1982,
reviewed by Kerlinger and Moo989). According to Bellros@980), aviation reports indicate
that most Canada Geese in the Midwest fly at about 2,000 feet above the ground in fall, with
52% of flocks were between 1,000 and 3,000 feetsantk flocks flew as low as 500 feet and
others as high as 11,000 feet. Spring aviationrdscshow the average altitude even higher, at
2,500 feet (Bellrose 1980).

Regarding waterbird migrantsathstop over in the Clevelamelgion, Rosche (2004) lists the
following 46 waterbirds as fairly common tormmon. They include 18 waterfowl, one loon,
two grebes, one cormorant, three herons, onellgilld shorebirds, four gulls, and two terns.

Canada Goose Green Heron

Wood Duck Black-crowned Night Heron
Gadwall American Coot

American Wigeon Semipalmated Plover
American Black Duck Killdeer

Mallard Greater Yellowlegs (fall)
Blue-winged Teal Lesser Yellowlegs (fall)
Canvasback Solitary Sandpiper
Redhead Spotted Sandpiper
Ring-necked Duck Sanderling (fall)

Greater Scaup Semipalmated Sandpiper
Lesser Scaup Least Sandpiper
Bufflehead Pectoral Sandpiper
Common Goldeneye Dunlin

Hooded Merganser Short-billed Dowitcher (fall)
Common Merganser WilsonOs Snipe
Red-breasted Merganser American Woodcock
Ruddy Duck BonaparteOs Gull
Common Loon Ring-billed Gull
Pied-billed Grebe Herring Gull

Horned Grebe Great Black-backed Gull
Double-crested Cormorant Caspian Tern

Great Blue Heron Common Tern (fall)

Based on band recoveries and regional censBséisyse (1980) has mapg migration corridors
for geese and ducks. He shows that gpogrilations breeding around Hudson Bay fly through
western Lake Erie on their way to the Gulf doafsFlorida and lower Mississippi Valley. He
brackets this migration at 31,000 and 100,000 geesst of which would be Canada Geese.
For ducks, he shows a more substantial mignatietween the Prairie fmle breeding grounds
and the Mid-Atlantic and Gulf coasts. Heackets that migration at between 3,010,000 and
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5,250,000 ducks. Another indicator of the largals migration of waterfowl through Ohio is
the large size of the annual waterfow! hestvthrough hunting, estimaitat roughly 95,000 geese
and 175,000 ducks (Martin and Padding 2002, 2003).

Table 3.2.3-1. Results of Bi-Weekly Waterfowl Aerial Survey in Central
Basin, 1985-2002"

Number of Records
%

Total Flights

1,000- 10,000- Records with

9,999 99,999 >100,000 >1,000 >1,000

Species birds birds birds birds birds
Merganser 25 13 3 41 27%
Scaup 24 1 - 25 17%
Mallard 17 - - 17 11%
Canada Goose 8 1 - 9 6%
Canvasback 8 - - 8 5%
Common Goldeneye 6 1 - 7 5%
American Black Duck 7 - - 7 5%
Double-crested Cormorant 4 1 - 5 3%
Green-winged Teal 1 - - 1 1%

! Source: Raw data output provided electronically by ODNR Biologist Mark Shieldcastle on 4/14/08.

To understand the abundance of waterbirdspatgpover on Lake Erie near Cleveland, we
examined data provided by ODNR. AccordingXDNR biologist Mark Steldcastle (personal
communication), ODNR conductsba Weekly Waterfowl Aerial Survey along portions of Lake

Erie to assess waterfowl populations. Frb@85 to 2002, these surveys included the inshore
waters of Lake Erie from Huron to Fairpétarbor (including Clevelnd), a distance along the
lakefront of 75 miles. After 2002, the survey of the Central Basin was discontinued for budget
reasons, but it continues irethWestern Basin, where Ohid&@gest waterfowl populations
stopover.

At its peak in the mid to late 1990s, these syswvere conducted from September 1 to April 1.
A pilot and biologist conductedéhsurvey in a fixed-wing airaft flown at 100 mph (160 kph)
just offshore at an altitude of 300 feet (90 nijie survey area was the first half-mile (0.8 km) of
lake surface. Therefore, waiwl were counted within 37.5 m{91 knf) of lake surface in 45
minutes.

In the 18 years of data provided, approximai&dQ surveys were flown (high of 12 surveys per
year in 1998-2000, low of 2 in 1986). Given ttiase data are raw, vireclude the winter

months in this analysis. Twenty-two species wemdrded in the surveys, but only nine species
were recorded at least one tignreater than 1,000 inddhuals. They are listed in Table 3.2.1.3-1.

Owing to difficulty in identification from an gdlane, Hooded MerganseCommon Merganser,

and Red-breasted Merganser were pooleddrsthvey. Peterjohn (200dgports that Hooded
Merganser may occur in the hundreds of badd Common Merganser in the thousands, but
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Red-breasted Merganser is thrdy merganser to have bermstorded in the hundreds of
thousands. He recounts witnegsan evening flight of more than 100,000 birds stretching the
entire horizon and continuing for more than 10 minutes, with additional flocks flying by as the
sky darkened into night. PeterjohnOs datesriye llumbers of Red-breadtMergansers are in
fall, particularly November.

The three survey records greateartti00,000 mergansers were 140,645, 160,880, and 242,940,
all recorded the last week Nbvember in different yearsThe 13 records of birds between

10,000 and 99,999 birds were mostly clustered fnachNovember to early December. These
large numbers probably represent mainly stagiad-breasted Mergansers headed for the Gulf
and Mid-Atlantic coasts (Bellr@s1980). It appears to be st abundant waterfowl migrant

to occur in the Project areaijth a peak abundance occurring in fall. Based on population
information compiled by Titman (1999), these nunshrepresent a very large percentage of the
North American population of Red-breasted Merganser.

With 25 records greater than000 individuals, scaup was thesed most abundant waterfowl.
Greater and Lesser Scaup are notofjdsficult to separate in the field; therefore, they were
lumped together in the survey. Peterjohn (20fail)siders Lesser Scaup to be more numerous
and widely distributed than the Greatétis maximum for Lesser Scaup along the Cleveland-
Lorain lakefront is 4,000 birds in spring,mpared with 2,000-3,000+ for Greater Scaup when
ice concentrates birds. In the ODNR syrute high count of 10,225 birds was recorded on
March 4, 1999.

Other birds recorded once above 10,000 inldigls were Canada Goose (11,850 on 1/18/94),
Common Goldeneye (10,300 on 1/14/86), andlie-crested Cormorant (12,050 on 11/1/95).

Of these periodically abundant species, few are litefprage at the Project site. As noted in
Table 3.0-1, Lesser Scaup, Comniearganser, and Red-breasted Merganser may forage in
waters more than 10 m (33 ft) deep, but as dssis Section 3.0, Petré al. (2006) recorded
them in winter on Lake Ontario within 2 km (Indles) of shore. Stapanian and Waite (2003)
found lower densities of @uble-crested Cormorants in open watbes) at developed coastlines.

Species not recordaxhce greater than 1,000dimiduals were Mute Swan, Tundra Swan, Wood
Duck, Gadwall, American Wigeon, Blue-winged Teal, Northern Pintail, Redhead, Ring-necked
Duck, Bufflehead, Ruddy Duck, and American Cobhere were also a hdful of recorded of

Bald Eagle (Ohio threatened) from 199&@02, but it would only occur along the shoreline.

Regarding shorebirds, the Western Hemispi&horebird Reserve Network (WHSRN; see
http://www.mnomet.org/WHSRNhas recently listed the 40,000 acres of lakeshore marshes in
western Lake Erie as a site of regional imporegfioe these birds. This site is known as Lake
Erie Marshes. Sites of regional importance aonat least 20,000 shoretisrannually or at least
one percent of the biogeograppigpulation for a shorebird spesi But, BSBO has counted
between 60,000 and 150,000 shorebirds in a single yéproperly documented, these numbers
would boost the Lake Erie Marsh&situs to that of internatial significance, a first for a

Midwest site.
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3.3 Winter Residents

Strong northwest winds, frigid air masses, amddn Lake Erie make wier in the Cleveland

region inhospitable for most birdfkosche (2004) notes thas ice forms on Lake Erie in

January, nearly all of the BonaparteOs Gullsrtiggaregion. Other gis, mainly Ring-billed,
Herring, and Greater Black-backed, but alsmynancommon and vagragtll species, move

into the warm-water outlets at pewplants, which remain ice-free. Ducks also take refuge at the
warm-water outlets. The principal warm-water outlet in Cleveland is at E¥<$treet,

although Rosche reports that it no longer putsnmuch warm waterThe Project would be

located directly offshore from that warm-water outlet.

Ice is the major factor affecting winter watedodistribution on Lake Ee at Cleveland. It

begins to form in mid December to early Jaywend lasts until mid-March to mid-April (see
http://www.glerl.noaa.gov/data/ice/atlas/daily ice cover/daugrage/plots/erie/ergallery/page
s/er1973-2002_png.htinl Some years, all of Lake Erieicebound, but in other years, less than
half of the lake freezes oveBuring occasional warm winters ghake remains almost entirely
open.

With the predominant northwest wind in wintersping ice to the southern shore of Lake Erie, it
is likely that the Project siteill be icebound throughout much of stovinters. Overall, ice is
present at the Project siteughly between one and two-plmnths (roughly 10-20%) of the
year, making birdlife there scarce to nonexistéitven that waterbirds will be concentrated at
the warm-water outlets, few birdsafy, will occur at the Project site.

Nonetheless, early and late in thmter and in mild winters, thevaters at the Project site will
remain open. In this regard, AudubonOs ChrisBiral Count (CBC) provides a snapshot of
bird abundances in the Clevelaaca during early winter, whenetfake most years is mostly
ice-free. The Cleveland CBC (catd®HCL) takes place in the week before Christmas and, over
the last ten years, has erdidtbetween 35 and 62 birdwatchers to search a 15-mile (24 km)
diameter circle centered nearcRmond Heights to tallgll the bird specieand individuals they
see. Therefore, the Cleveland CBC cowerarea of about 177 square miles (453)km
including the waters out to the Project site and the warm-water outlet at E5Strégt. In
preparation for count day, paipants also scout for birds dig the "count week" period.
While most of these birdwatchers are unpaic@murs, they are usuglproficient or highly
skilled observers.

Available athttp://audubon?2.org/birds/chr/count_table.httnCBC data are used by scientists,
wildlife agencies, and environmehtgoups to monitor bird populationg-or this report, the last
ten years of CBC data (1997-2006) have been aedljor waterbirds in Table 3.3-1. This table
also includes raptors that may hunt along the ladees Birds are listed in order of average
abundance (in birds/hour), along with the highit of individuals and the number of years
recorded.
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Table 3.3-1. Winter Bird Abundance on Lake Erie As Measured in
1997-2006 Cleveland CBC (OHCL)*

Avg. High
Name? birds/hr Count # Years
Red-breasted Merganser 64.81 14,000 10
Ring-billed Gull 44.02 12,403 10
Bonaparte's Gull 25.03 6,000 10
Canada Goose 18.37 2,558 10
Herring Gull 16.05 5,500 10
Mallard 4.28 605 10
Great Black-backed Gull 1.30 650 9
Common Goldeneye 0.57 145 9
American Black Duck 0.27 42 10
Bufflehead 0.23 46 10
Common Merganser 0.21 100 6
Great Blue Heron 0.21 44 10
Tundra Swan 0.17 124 4
Lesser Scaup 0.12 50 7
Greater Scaup 0.09 60 6
Canvasback 0.07 60 1
Redhead (SI) 0.07 50 3
scoter sp. 0.06 40 1
Gadwall (SI) 0.05 16 6
Ruddy Duck 0.04 29 5
Hooded Merganser 0.04 15 8
Common Snipe (SI) 0.04 9 9
Horned Grebe 0.03 15 5
Black Scoter 0.03 11 6
American Coot 0.03 10 7
Double-crested Cormorant 0.03 9 6
White-winged Scoter 0.02 18 1
Surf Scoter 0.02 14 5
Wood Duck 0.02 8 7
Pied-billed Grebe 0.02 5 6
Ring-necked Duck 0.01 8 1
Common Loon 0.01 6 2
Merlin 0.01 5 5
Bald Eagle (OH-E) 0.01 4 5
Lesser Black-backed Gull 0.01 3 7
Glaucous Gull 0.01 3 3
Peregrine Falcon (OH-E) 0.01 2 4
Thayer's Gull 0.01 2 3
Blue-winged Teal 0.00 4 1
Northern Shoveler (SI) 0.00 3 1
Harlequin Duck 0.00 2 1
Northern Pintail (SI) 0.00 1 3
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Iceland Gull 0.00 1 2
Greater White-fronted Goose 0.00 1 1
Snow Goose 0.00 1 1
American Wigeon (SI) 0.00 1 1
Northern Gannet 0.00 1 1
Black-crowned Night-Heron (OH-T) 0.00 1 1
Black-legged Kittiwake 0.00 1 1
Pomarine Jaeger 0.00 1 1
Long-tailed Duck® - - -

! Data available at http://audubon2.org/cbchist/count_table.html.
2 From http://www.ohiodnr.com/wildlife/resources/mgtplans/specieslist.htm.

3 Recorded one year during count period, not on count day.

Five waterbirds averaged greatiean 10 birds/hour and may bensidered abundant. They are
Red-breasted Merganser (64.81 birds/hour), Ritlgd Gull (44.02), BonaparteOs Gull (25.03),
Canada Goose (18.37), and Herring Gull (16.0%d-breasted Merganser had the highest one-
season tally, at 14,000 birds, followed by Ring-kil@ull at 12,403. BonaparteOs Gull, Canada
Goose, and Herring Gull had high te#liin the thousands of birdMost of the other waterbirds,
except for Mallard (4.28) and Great Black-back&adl (1.30) were uncommon to rare (about 40
species). Three raptors likdly occur along the lakefrontBld Eagle (Ohio threatened),

Merlin, and Peregrine Falcon (@ endangered) B were rdadl at 0.01 birds/hour).

The Wildlife Hazard Assessment conducted fer Burke Lakefront Airport (Montoney and
Barras 1998) shows a remarkable change inajuihdance through the winter. The airport is
located just southwest of thearm-water outlet at East PStreet and faces the Project site.
Conducted from October 1997 to October 1998, ghidy found that gull numbers began to
build along the Cleveland lakefront in Octobeith numbers ascending from about 1,000 gulls
to over 25,000 at a peak in January. Aftetuday, gull numbers dropped steeply by March to
October levels.

At the airport, the greatest gull numbers weeorded behind the break wall. At Point C, on
the northwest corner of the airport, nea&86,000 gulls were counted the 13 monthly point
counts conducted at that lakeside location.ntdoey (personal commugation) relates that
rough seas on the lake push gulls behind theklwadl. He also relatethat gulls sometimes
congregate in the waters at Point C to feediamard shad. The secohijhest count was made
at the break wall, where about 12,500 gulls weléed in 13 monthly point counts.

Gulls were by far the most abundant waterbirds in the airport study, accounting for 88% of the
78,765 birds recorded. Among identified birdsnBparteOs Gull (21,10%lividuals) was most
abundant, followed by Ring-billed Gull (17,743),rdeg Gull (507), and Great Black-backed

Gull (142), but most of the gulls were not itiéad to species (30,271 individuals recorded as
gull spp., probably mostly Ring-billed and Herring Gulls).

The only other waterbirds recorded in theusands of birds weRed-breasted Merganser
(1,574), Mallard (1,499), and Canada Goose (1,241).
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The CBC data and Burke Lakefrohirport study indicate that bandful of common waterbirds,
mainly gulls, will dominate the winter bird conumity in Cleveland and will be concentrated
along the lakeshore, particulady the warm-water outlets, whielne the few areas that remain
ice-free. Located three tosé miles (4.8 to 8.0 km) offshoesmd normally icebound in winter,
the Project site is expected to hdew, if any, birds in winter.

3.4  Special-Status Species

Table 3.4-1 presents species listed as endashgreatened, speciabncern, and special-
interest in Ohio. It also includepecies listed in the recently publist#d7 WatchList for
United States Birds (Butcher et al. 2007). Dewwed collaboratively by Audubon and the
American Bird Conservancy (ABC), th#archList highlights all the higést priority birds for
conservation in the United &es. It is based on theesjpes assessment methodology that
Partners in Flight (PIF; seed®i et al. 2004) has employed toeréghe conservation status of
landbirds. Audubon and ABC have taken PIF®siatds and applied thetm the other bird
groups.

The WatchList is divided into two categories: Rpd WatchlList: Highest National Concern, With

59 species, including Piping Plov&olden-winged Warbler, KidandOs Warbler, and HenslowOs
Sparrow on the Ohio list; and 2¥/low WatchList: Declining or Rare Species, with119 species,
including Trumpeter Swan, King Rail, Short-eared Owl, Cerulean Warbler, Prothonotary
Warbler, and Canada Warbler on the Ohio IBased on information in Rosche 2004, nearly 40
additionalWatchlist species not listed in Ohio have alsewted in the Cleveland region. They
are noted in Table 3.4-1.

Table 3.4-1 also includes the stati®ach species as reportedinds of the Cleveland Region
(Rosche 2004). RoscheOs definitions oflifierent status categories are as follows:

= Common: Frequently encountered in the region, either occupying a wide range of
habitats or to be expected in a favored halfiiat is widespread in the region (in the case
of the Project site, on Lake Erie)

= Uncommon: Occurring regularly but not frequentiietected. There is no guarantee of
finding them, even when looking tite right time and place.

= Rare: Occurring more or less annually but easiligsed because ofdin scant presence
in the region.

= QOccasional: Not to be expected, but enough fied records exist to define an
occurrence pattern.

= Accidental: Not to be expected, with few records in the past 50 years.

In this analysis, we look at the ékhood of occurrence disted species eithdr) in the waters in
and around the Project site or 2) in the@ace within and above the Project site.

Section 3.1 discussed the foragingldmiof birds likely to feed inhe offshore waters of Lake
Erie. Among Ohio listed species, only #medangered Common Tempiscivorous plunge
diver, is at all likely to feedh the waters at or surroundittge Project site. Rosche (2004)
categorizes it as a fairly common migraReterjohn (2001) mentiotisat breeding sites are
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restricted to western Lake Eriwest of Sandusky. Thereforeg Common Terns are likely to
nest near the Project site diodage there regularly to feed young. They may, however, occur
sporadically in migration, particullgrin fall. Given that there iBkely to be far more forage
(small fish) closer to shore, the Project stenlikely to attract large numbers of Common
Terns. If there are sites on the turbines thffer perching oppanhities, Common Terns and
other birds may be attracted.

In their study of bird abundances in differenbitats in western Lake Erie, Stapanian and Waite
(2003) recorded Common Tern three times: twitfevildlife refuges and once in open waters.
The latter habitat correspondsthe habitat occupied by the Reoj site. The lods they most
frequently recorded in open waters wer@uble-crested Cormorant (29 records), Herring Gull
(28), Ring-billed Gull (15) and @&aparteOs Gull (11). Pleasetbealiscussion in Section 3.0.

Mentioned in the discussion on hawk migratithre Ohio endangered Osprey and threatened
Peregrine Falcon could migrate directly acrodeelBrie, but given the infrequency of such
crossings, the chances of them intersectindPtiogect site during falinigration (when raptor
passage along the north shore of Lake Enitably high) are small. However, if they do
encounter the turbines, they may attempt to perch on them if pazstase available.

Given habitat requirements, no other waterbird listed in Ohio as endangered, threatened, special-
concern, or special-interest species is likelyse the waters at the Project site.

Among WatchList species, it is conceivable that urmooon, vagrant surface-scavengers, such as
ThayerOs Gull and Iceland Gull could scavengeeinvaters of the Project site, but their
frequency would be minimal. They are more k&l occur at the warm-ater outlets in winter
where there would be more food. The othierchList gulls recorded in Cleveland and Least
Tern are accidental.

Many Ohio-listed andVatchList species could conceivably use the Project siteOs airspace in
migration, mostly as nocturnal migrants. Thaile of occurrence in that airspace would be
related to their abundaes. In that regard, Roscl#9004) rates the Ohio-endangered Yellow-
bellied Sapsucker and threatenazhst Flycatcher and Hermit filsh as common migrants, but
these migrants derive from ribern populations that are relatively abundant, not from the
endangered Ohio breeding populations. The sarmmae of the Ohio special-concern and
special-interest species listed asnoaon and fairly common migrants.

A number ofWatchList species are recorded as common amtg as well, including American
Golden Plover, Sanderling, Semipalmated SaretpWillow Flycatcher, Wood Thrush, Blue-
winged Warbler, and Bay-breasted Warbler. Risackbird is a daytime migrant unlikely to
cross Lake Erie. Except for Bay-breasted Warlbker landbirds in this list are close to the
northern limits of their ranges in Ohio; therefdiee numbers of birds crossing Lake Erie in
migration would be very low.

Piping Plover and KirtlandOs Warbler, the twaefally listed species, are accidental in the
Cleveland area. This implies that their migvatirequency across Lakei&is extremely low.
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Table 3.4-1. Occurrence of Special-Status Species in Cleveland Region

Species/Status?
Endangered

WatchlList

Status?

Status in Birds of the Cleveland Region (Rosche 2004)

Trumpeter Swan Yellow Introduced in Ohio; occasional migrant

American Bittern Rare and declining

Snowy Egret Occasional to accidental migrant

Cattle Egret Occasional migrant

Osprey Uncommon migrant; rare but increasing nester

Northern Harrier Uncommon migrant; rare to uncommon winter resident; rare nester
King Rail Yellow Accidental

Sandhill Crane Rare migrant and nester; occasional winter visitor

Piping Plover (US-E) Red Accidental

Common Tern Fairly common migrant; occasional to rare in early winter
Black Tern Rare to occasional migrant

Yellow-bellied Sapsucker Common migrant; rare nester and winter resident
Loggerhead Shrike Occasional; accidental in winter

Bewick's Wren Accidental

Golden-winged Warbler Red Rare to occasional migrant and nester

Kirtland's Warbler (US-E) Red Accidental

Lark Sparrow Historical

Threatened

Least Bittern

Rare and secretive migrant and nester

Black-crowned Night-Heron

Uncommon to common migrant; rare nesting species

Yellow-crowned Night-Heron

Occasional migrant

Bald Eagle

Uncommon migrant, resident, and visitor; rare nester

Peregrine Falcon

Rare to uncommon migrant; rare nester and winter resident

Upland Sandpiper

Rare migrant and nester

Barn Owl

Occasional migrant and nester

Least Flycatcher

Common migrant; uncommon nester

Hermit Thrush

Common migrant; rare nester and winter resident
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Dark-eyed Junco

Common migrant and winter resident; uncommon to locally common summer
resident

Special Concern

Northern Bobwhite

Rare resident

Great Egret

Uncommon migrant and summer visitor

Black Vulture

Accidental to occasional

Sharp-shinned Hawk

Common migrant; rare to uncommon nester

Virginia Rail Uncommon to common migrant; uncommon nester; occasional in winter
Sora Fairly common migrant; uncommon nester

Common Moorhen Rare migrant and nester

Sedge Wren Rare migrant and nester

Marsh Wren Uncommon migrant and nester; occasional in winter

Cerulean Warbler Yellow Uncommon migrant and nester

Prothonotary Warbler Yellow Uncommon migrant and nester

Henslow's Sparrow Red Rare migrant and nester

Bobolink Common migrant and nester

Special Interest

Gadwall Uncommon to common migrant and winter visitor

American Wigeon Uncommon to common migrant

Northern Shoveler Uncommon migrant

Northern Pintail Uncommon migrant

Green-winged Teal Mostly uncommon migrant; occasional nesting species; rare in winter
Redhead Fairly common migrant; uncommon to common in winter; occasional in summer
Ruddy Duck Common migrant; uncommon in winter; rare nester

Little Blue Heron Occasional migrant and summer visitor

Wilson's Snipe Common migrant; occasional in summer; rare winter resident
Wilson's Phalarope Rare migrant and summer visitor

Long-eared Owl Rare migrant; occasional winter resident

Short-eared Owl Yellow Rare migrant and winter resident; accidental in summer

Northern Saw-whet Owl

Rare migrant and winter resident; occasional nester

Chuck-will's-widow

No records
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Bell's Vireo

Accidental

Common Raven

Accidental

Red-breasted Nuthatch

Common migrant; uncommon to rare nester; irregular winter resident

Brown Creeper

Common migrant; uncommon resident

Winter Wren

Common migrant; rare nester and winter resident

Golden-crowned Kinglet

Common migrant; rare nester; uncommon in winter

Magnolia Warbler

Common migrant; rare nester

Black-throated Blue Warbler

Common migrant; rare to occasional in summer

Blackburnian Warbler

Common migrant; rare nester

Northern Waterthrush

Uncommon to common migrant; rare nester

Mourning Warbler

Uncommon migrant; occasional nester

Canada Warbler Yellow Uncommon to common migrant; rare nester
Blue Grosbeak Occasional to accidental migrant and visitor
Western Meadowlark Accidental migrant and summer resident
Yellow-headed Blackbird Occasional migrant and visitor

Purple Finch Uncommon migrant and resident

Pine Siskin Irruptive, common migrant and winter resident
Other Special Status

Swainson's Hawk Yellow Accidental

Yellow Rail Red Accidental

Black Rail Red Accidental

American Golden Plover Yellow Uncommon to common migrant

Snowy Plover Yellow Accidental

Hudsonian Godwit Yellow Occasional to rare migrant

Marbled Godwit Yellow Occasional migrant and summer visitor

Red Knot Yellow Rare fall migrant; occasional to accidental in spring
Sanderling Yellow Uncommon spring migrant; rare in summer; common fall migrant
Semipalmated Sandpiper Yellow Mostly common migrant

Western Sandpiper Yellow Occasional to uncommon migrant
White-rumped Sandpiper Yellow Rare to uncommon migrant

Stilt Sandpiper Yellow Unusually uncommon summer and fall migrant
Buff-breasted Sandpiper Red Rare to uncommon migrant

Heerman's Gull Yellow Accidental
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Thayer's Gull Yellow Rare to uncommon migrant and winter visitor
Iceland Gull Yellow Rare to uncommon migrant and winter visitor
Ross's Gull Yellow Accidental
Ivory Gull Red Accidental
Least Tern Red Accidental
Uncommon to common spring migrant; uncommon to locally common nester;
Red-headed Woodpecker Yellow rare to uncommon in winter
Olive-sided Flycatcher Yellow Uncommon migrant
Willow Flycatcher Yellow Common migrant and nester
Bell's Vireo Red Accidental
Wood Thrush Yellow Common migrant and nester; accidental in winter
Varied Thrush Yellow Occasional to accidental migrant and winter visitor
Sprauge's Pipit Yellow Accidental
Blue-winged Warbler Yellow Common migrant and nester
Prairie Warbler Yellow Rare spring migrant; occasional nester and fall migrant
Bay-breasted Warbler Yellow Common migrant
Swainson's Warbler Yellow Accidental
Kentucky Warbler Yellow Rare migrant and nester
Le Conte's Sparrow Yellow Occasional to rare migrant
Nelson's Sharp-tailed Sparrow Yellow Occasional to rare migrant
Smith's Longspur Yellow Accidental
Painted Bunting Yellow Accidental
Rusty Blackbird Yellow Common migrant; rare winter visitor
! From

http://www.dnr.state.oh.us/Home/ExperienceWildlifeSubHomePage/Endangeredthreatenedspeciesplaceholder/resourcesmgtplansspecieslist/tabid/5664/Default
.aspx

2 From http://web1.audubon.org/science/species/watchlist/browseWatchlist.php
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3.5  Summary of Avian Profile at Project Site

Except in winter, when waterbirds concentrateatm-water outlets that remain ice-free, and in
fall migration, when large numbers of Red-btedsMergansers and BonaparteOs Gulls stage on
Lake Erie, waterbird diversity and abundance aliweghighly developed €Veland lakefront is
dominated by a few common spegi Studies indicate thidis diversity and abundance
decreases further with distance from the lakefront as water becomes deeper offshore. Few
waterbirds (limited to fish-eaters, surface-sayers, and surface-gleaners) are able forage
farther from the lakeshore.

At two to five miles (3.2 to 8.0 km) offshorand with water depths exceeding 33 feet (10 m),
the Project site is expected to have very fewsbirsing its waters most of the time. In summer,
the most frequently occurring species will badrbilled Gull, Herring Gull, and Double-crested
Cormorant, but their numbers should be much reduced relative to the lakefront zone. Red-
breasted Merganser and BonaparteOs Gull will deeriina migrants using the waters of Lake
Erie, particularly in fall migration, with oce@nally large numbers offshore. Common Loon
appears to occur more often in migration offshiben inshore, but its abundance on Lake Erie is
relatively low. When icebound in winter, the Projsité will lack waterkrds, but when the lake
remains ice-free, some species, mainly gulls, may use forage at the Project site on occasion.
Some may attempt to perch on the turbines.

In migration, many birds use the airspace oveselfarie, with most songbirds, waterfowl, and
shorebirds migrating at nighStudies in the eastern U.Sdioate that nocturnal migration

occurs mostly at altitudes above the heighwioid turbines, but a small percentage of songbirds
migrate at lower altitudes. The density of nocturnal migration at Cleveland will be similar to
other sites studied at similar latitudes. An analysis of archived NEXRAD radar data from the
Project site has confirmed this.

Hawk migration paths around Lake Erie stronfgljow the shoreline, but a few hawks are
adapted to crossing large water lesdduring migration. The likel species to cross the lake
include Peregrine Falcon (Ohiloreatened), Osprey (Ohio emdgered), and Northern Harrier
(Ohio endangered), all of which are uncommognamts in the first place. Therefore, the
incidence of migrating hawks at the Rydj site is expected to be nil.

Among Ohio-listed and other special-statuscsgs, Common TerfOhio endangered) may

occur infrequently at the Project site in fall nagon. There is no reasonhelieve that it would

be attracted to the waters oétRroject site. As noted abowes unlikely that Osprey (Ohio
endangered), Northern Harrier (Ohio endandgrand Peregrine Falcon (Ohio threatened)
would migrate over or through tliroject site. Most of the oamon Ohio-listed species that
migrate nocturnally over Lake Erie are fromthern populations that are reasonably secure, not
from Ohio-breeding populationdvost of the common migrants amof@zchList species are

near the northern limits of their ranges in Oltn@refore, the numbers tifose species crossing
Lake Erie will be small. The federally list®iping Plover and KirtlandOs Warbler are accidental
in the Cleveland region, implyingdhthey are rare in migrati@cross this portion of Lake Erie.
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4.0 Important Birds Areas and Sensitive Habitats in Project Vicinity

A program of BirdLife International andudlubon, the Important Bird Area (IBA) Program
seeks to identify and protecdsential habitats for one or meospecies of breeding or non-
breeding birds. The sites vary in size, but usually they are discrete and distinguishable in
character, habitat, or orhitlogical importance from surroundiageas. In general, an IBA
should exist as an actual or potential protected areapwitlithout buffer mnes, or should have
the potential to be managed in some way foiand general nature conservation. An IBA,
whenever possible, should be large enough to swghpdy most of the requirements of the target
birds during the season for which it is important.

Audubon Ohio began the process of desiggliBAs in 2000, seeking nominations from
biologists, birdwatchers, andservationists. To date,has designated 80 IBAs (see
http://oh.audubon.org/bsc/sites.hypdne of which, the Cleveland Lakefront IBA, covers the
Cleveland lakefront at the Projegite. In the state map indicating the locations of the Ohio
IBAs, the area of the Cleveland Lakefront IBApears not to extend offshore to include the
Project site. In other IBAs, such as the L&kee Western Basin IBAhe area clearly extends
offshore.

In an e-mail dated July 12008, John Ritzenthaler, Directof the Ohio IBA Program for
Audubon Ohio, provided the following information about the Clevelaaicfront IBA:

Description: This IBA spans Lake Erie near-shoretera and shoreline from Avon Lake on the
west to Euclid on the eastNincludes Avon LaRewer Plant, dredge-spoil impoundments, airport
grassland, Huntington Beach, Lakewood Parkt@iiBeach, Edgewater Park, Whiskey Island,
Cuyahoga River mouth, Burke Airport, Wildwood Park, and Sims Park. While most of the
shoreline is artificial, the real attraction is figh population attracted to the mixing of waters
from the Cuyahoga River and Lake Erie dnel warm-water outflows from power plants.

Birds: 100 yrs of records exist in literature Wfe Cleveland Bird Calendar. This shoreline
(nearest 1 mile) affords waterfowl visiting the south shore of Lake Erie a major resting area in
migration and winter. No other segment of the south shore compares in waterfowl diversity.

Conservation: Conservation-oriented modernizationpafwer plants would limit warm-water
discharge and decrease attraction for watgskiim winter and change this dynamic.

The Cleveland Lakefront IBA qualified as an IB@y its gull congregations in winter (in the
19900s, daily averages of 15,000 Bonaa@alfs, 50,000 Ring-billed Gulls, and 15,000
Herring Gulls), waterfowl congregations inrgm (in the 1990s, maium daily counts of 7,000
scaup and 1,500 Canvasback), and Red-breltteganser congregations in fall migration
(daily maximum of 250,000 birds in the 1990s).

The American Bird Conservancy (ABC) has publdhedirectory of the 50ost important bird
areas in the United States (AR003). Organized by bird consation regions, one of the sites
in the Lower Great Lakes/St. Lawrence PlaiirdBConservation Region 13) is the Lakeshore
Metropark in Cleveland. Lakeshore Metroparklescribed with four other IBAs under the
headingOpen Waters of the Great Lakes IBAs, Michigan and Ohio. The other sites are Saginaw
Bay, Lake St. Clair, and Lake Erie where betroit River enters it, all in Michigan, and
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Maumee Bay in the western lakeshore regio®bio. ABC highlights the region with the
following statement: OThe open waters of the Gralas provide vitally important habitat for
thousands of wintering and magit waterfowl and gulls.O Kéjrds mentioned are: OLarge
numbers of diving ducks such as the LongetiDuck, Bufflehead, Common Goldeneye, Red-
breasted Merganser, Common Merganser, @stoack, Scaup, and many migrating gulls,
including thousands of BonaparteOs Gulls.O

ABC describes the Lakeshore Metropark in Clendlas a site that adicts large numbers of
wintering and migrating waterfowllt mentions the following warbirds with census numbers:
9,500 BonaparteOs Gulls, 5,000 Common Gelder#,000 Common Mergansers, and 40,000
Red-breasted Mergansers.

ABC mentions the following conservation issuéfeeting the Great Lakes IBAs: oil spills and
toxic chemical spills from commeial shipping, discharge of nugnts and other pollutants from
sewage outflow and agricultural runoffichavian botulism outbreaks resulting from the
introduction of exotic mollusks (quagga and zebra mussels).

Rosche (2004) features the Cleveland Lak@fState Park as autstanding birdwatching
locality. He describes the following sites within the park:

= Burke Airport and Cleveland Lakefront State Park/East 55 Street: The airport is a
place to look for Snowy Owl in the winten@ grassland sandpipers in migration. The
marina at East §5Street should be scanned for gulls and waterfowl.

= Cleveland Lakefront State Park/East 72" Street Marina and Dike 14 Areas:

Mentioned as providing high-quality birdwating all year, including an excellent
vantage point for viewing the lake. jadent brushy areas can be outstanding for
passerine migrants. The marina area has theesite for many remarkable finds. Roche
says, OThe power plant no longer putstauth warm water, but when it does, the
adjacent waters of Lake Erie can provide thrilling gull watching.O

= Cleveland Lakefront State Park/Edgewater Park: Located just west of downtown, the
break wall along the west side of the wdteatment plant is aexcellent place to
observe gulls and waterfowl. The bluff at Perkins Beach is a good vantage point for gull
and waterfowls, as well as forwuk migration in early spring.

= Cleveland Lakefront State Park/Euclid Beach, Villa Angela and Wildwood: The
mouth of Euclid Creek is mentioned as a place to view the migration of loons, grebes,
ducks, and gulls when the water is op8unaparteOs Gulls sometimes stage there in
impressive numbers.

In conclusion, the shoreline of &leland, out to about one milke.§ km) into Lake Erie, ranks as
an Important Bird Area (IBA). This IBA isoteworthy for its concentrations of gulls and
waterfowl in migratiorand winter at the mouth of thauahoga River and at warm-water
outflows from power plants. As defined, theAlBoes not extend out to the Project site.
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5.0 Literature Review of Risk to Birds at Wind Energy Projects

Assessing risk to birds at a prospective wemetrgy site may be accomplished by comparing a
siteOs avian use with simitites where avian risk hagen determined through post-
construction research. By comparing the typiespecies present or likely to be present,
numbers of individuals, seasonalignd behavior of birdthat nest, forage, migte, or winter at

a proposed wind-power site with existing faigis where risk has been determined, a
probabilistic assessment of risk can be nfadelifferent species and groups of species.

In this section, we review what is known abougawisk at existing windarms. Two general
types of impacts have been documented: studbance and displacement of birds (including
barrier effects at offshore projects) as a result of the construction aradiepef wind turbines
and related infrastructure, and 2) fatalitiesuténg from collisions with turbines, meteorology
towers, and other infrastructure.

In the U.S., there is substantial literatorethe effects of onshowind-energy development on

birds. Where that literature informs the rasessment for the Project, such as for nocturnal
migrants, it will be discussed. But, as no offshore project has been constructed in U.S. waters or
on lakes, we must turn to Eape offshore literature for information. There, offshore wind farms
have been in operation in marine environteesince 1991. As noted in Table 1.0-1, Europe
presently has 24 offshore wind farms, witlany more to be constructed.

Based on a literature search, we have found thatdfifshore wind farms in Europe have been in
operation long enough to have been well stubieith pre and post-construction. Three are in
Denmark and two in Sweden. Their particulasy be found in Tables 5.0-1 and 5.0-2. In
addition, the German Environmevtinistry has recently published an English translation of a
literature review on the ecologidgahpacts of offshore wind farms. The purpose of this review is
to guide decision-making in the developrmehover 27,000 MW of wid-energy capacity in
German territorial waters (see Table 1.0-1)e Téport on seabirds (Dechke and Garthe 2006)
relies heavily on the five Danish and Swedisidgs cited, as well as on findings from coastal
wind farms. Given the comprehensivenesthefGerman review, we summarize its findings
below.

It is noteworthy that the German review foaiseostly on seabird intactions with offshore
wind farms. Given the extreme difficulty sampling for avian carcasses under offshore wind
turbines, there is very little information on thiects of offshore wind farms on night-migrating
songbirds. In this regard, we rely on the onshoeeditire; but, as will bexplained, at least two
techniques for measuring collisions ahditurbines at sea have been tested.
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Table. 5.0-1. Dimensions of Offshore Wind Farms Considered in Report!

Category Tung Knob  Uttgrunden SteYnt;':md Horns Rev Nysted

Country Denmark Sweden Sweden Denmark Denmark

Year online 1995 2000 2001 2002 2003
Wind farm capacity 5 MW 10 MW 10 MW 160 MW 166 MW
Number of turbines 10 7 5 80 72
Turbine capacity 0.5 MW 1.4 MW 2.0 MW 2.0 MW 2.3 MW
Wind farm layout grid string string grid grid
Wind farm area/length 0.3 km? 2.2 km 1.5 km 20 km? 24 km?
Water depth 3-6m 7-10m 8m 6-14 m 6-9.5m
Closest distance to shore 3 km 8 km 5 km 14 km 6 km
Turbine height 60 m 101 m 96 m 110 m 110 m
Hub height 40.5 m 65 m 60 m 70 m 69 m
Rotor diameter 39 m 70.5m 72 m 80 m 82 m

! Information from Dierschke and Garthe 2006 and www.offshorecenter.dk.
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Table 5.0-2. Research Conducted at Offshore Wind Farms Considered in Report

Tung Yttre

Research Knob* Uttgrunden® Stengrund®? Horns Rev? Nysted®
BACI Experimental Design +

Aerial Surveys + + +
Boat Surveys + +
Platform Observations + + + + +
Radar Tracking + + + + +
Benthic Sampling +

On-Off Experiment +

Exploitation Experiment +

Decoy Experiment +

TADS Collision Monitoring +
Complete Annual Cycle +

Migration + + + +
Staging/Wintering + + + +
Habitat Loss Analyzed + + + + +
Barrier Effects Analyzed + + + + +
Collision Risk Analyzed + + + +

! Guillemette et al. 1998
2 Pettersson 2005
3 Petersen et al. 2006
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The following sections will highlight the partiarl impacts that offshore wind farms have been
found to have on birds. Applying these findingd.ake Erie poses an interesting challenge,
given fundamental differences in the offshongieonments (freshwater versus saltwater, large
inland lake versus ocean-connected seas) and bifdlgarctic versus Palearctic). Nonetheless,
many of the key offshore species in the Europsadies also occur drake Erie (e.g., Red-
breasted Merganser, Herring Gull, CommonnTetc.) or have clesrelatives among Great
Lakes species (e.g., Great Cormorant and Boaldsted Cormorant, Black-headed Gull and
BonaparteOs Gull, Mew Gull and Ring-billed Gefit.). The European findings for these
homologues will be given special attention.

5.1 Offshore Studies

In their literature review for the Germam&ronment Ministry, Dierschke and Garthe (2006)
categorized impacts to seabirds from offshore wind farms as follows:

= Habitat Loss: Displacement due to disturbancedperating turbines and associated
ship and helicopter traffi@r habitat alteration by artdial creation of hard-bottom
substrate in soft-bottom areas (i.e., tuebiaundations, monopoles, and scour protectors).

= Barrier Effect: A type of habitat fragmentation cadskey avoidance reactions (detours)
taken by migrating or locally moving seats, which, if flown regularly, would
theoretically increase energy expenditure and reduce fitness.

= Additional Mortality: Collisions with turbines.

Each is discussed below. Projects areudised following their treatment in Dierschke and
Garthe 2006.

Table 5.0-2 summarizes the expemta designs of the studiegpm@ted below. Except where
necessary, we do not detail how the researemalysis was conducted. Those interested may
refer to these studies for more information.

5.1.1 Habitat Loss

At Tung Knob in Denmark, Guillemette et al. (199&)und that fluctuations in numbers of
Common Eiders and Black Scotatshe wind farm site and atreference site were best
explained by fluctuations in available foagpply, not by the operation of the wind turbines.
When the blue mussel population recovered irthivd year of the post-construction study, eider
and scoter numbers at the wind farm atsmovered (Guillemettet al. 1999).

In an experiment looking at how eiders reaicto moving and non-moving turbines, Guillemette
et al. (1998) found no signdant differences in their distriboti. When turbines were turned on,
none of ten eider flocks tookdht, and their swimming movements showed no clear avoidance
pattern. In another experiment involving eidecoys, the attractive effect of the decoys
increased with distance from the turbines, dver eiders landing 4000 m distance than at

300 m and 500 m.

Curry & Kerlinger, LLC - November 2008 © 47



Great Lakes Wind Energy Center, Cuyahoga County, OH

Great Cormorant droppings found tmbine foundations at Tun¢, Knalppeared to indicate that
cormorants rested on the foutidas (Tulp et al. 1999).

With regard tdJtgrunden andYttre Stengrund, the two wind farms in SwedenOs Kalmar
Sound, Dierschke and Garthe (20@@)nd that most of the dapaesented in Pettersson (2005)
did not permit an assessmentabitat loss impacts resultingfn the presence of turbines.
Nonetheless, at Utgrunden, Long-tailed Ductstinued to feed ithe same areas after
construction, including foraging less than 100 nmfrinirbines and flying back and forth between
turbines (Pettersson 2002, 2003, 2005). Commornr&ated Black Scoters remained in an area
less than 1 km to the north of the wind farmet(Ersson 2005). Foraging Great Cormorants were
observed near the turla@s (Pettersson 2002).

Food supply and disturbance caused by services laggteared to explain some of the seabird
distribution observed attgrunden (Petterss@905). Common Eiders and Long-tailed Ducks
concentrated in the area to the north of thedWarm where blue mussel densities were found to
be highest. Long-tailed Ducks\d Red-breasted Mergansersewdisplaced by service boats
operating in the wind farm. They were found toteturn to their foaging sites until 21-30
minutes after the service boat had left the area.

At Nysted andHorns Rev in Denmark, Petersen (2004, 2005) &wsdersen et al. (2006) used a
selectivity index to gauge avoidance or prehce during pre-consttion, construction, and
post-construction in three areastti@ wind farm itself (WF, ~23 kfj 2) the wind farm plus a
2-km zone around it (WF+2), and 3) the windhigplus a 4-km zone around it (WF+4).
Avoidance or preference was determined basezboparison with bird densities calculated for
the entire study area, which extended well beyond the 4-km zone.

At Nysted, before construction, Common Eider densiirethe wind farm were lower than the
entire study area, but their déres in WF+2 and WF+4 werg@milar. During construction,
eiders abandoned the wind farm completelgt demonstrated avoidance of the surrounding
zones, particularly WF+2. During operation, sosigers were recorded in the wind farm, but
the area was basically avoideld. the surrounding zones, avordz increased over construction
levels.

Prior to construction, Limg-tailed Ducks clearly preferredetvind farm and surrounding zones,
with densities higher there théime study area as a whol€onstruction, however, saw sharp
avoidance of the wind farm area and sligigidance of surrounding zones. The operational
phase saw a significant decreasawoidance (i.e., habituation) tife wind farm area relative to
construction, while avoidance of the surroundinges remained about the same relative to
construction.

Pre-construction surveys showtiat Herring Gulls used thveind farm and surrounding zones
less than the study area as a whole. Tdrdance increased slightly during operation.
Nonetheless, Herring Gull distribution was strigrigfluenced by the distribution of active
fishing vessels (Kahteet al. 2004b).
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There were also some interastianecdotal observations for ledgindant species (Kahlert et al.
2004a, 2004b, Petersen 2004). Radar observaimwed three large flocks of Great
Cormorants (1,500, 2,150, and 3,700 birds) feeding witterwind farm or less than 1 km away.
A small number of Red-breasted Mergansers wbserved within or close to the wind farm
during operation, and a small numinéBlack Scoters were also seen within the wind farm
during construction. During commgction, no loons were obsen/gvithin 1.4 km of the wind
farm. During operation, one was seen insigewind farm, while another was seen 200 m
outside the wind farm.

At Horns Rev, loons (Red-throated and Arctic) wgneesent in the wind farm and surrounding
zones prior to construction at about the sanmsitieas in the study ea. During construction,
the wind farm and surrounding zones were stipagoided. During operation, the wind farm
area was completely avoided, whilee surrounding zones were nearly completely avoided.

Baseline surveys showed that Great Cormpasically did not use the wind farm and
surrounding zones, but after construction, usta@fsurrounding zones increased. One Great
Cormorant was observed restingtbe foundation of a turbine witlotating blades (Christensen
et al. 2004), while two to thraedividuals of the smaller Shag were observed perched on a met
tower near the wind farm, and at least ond hias seen foraging between the turbines
(Christensen and Hounisen 2004).

Common Eider was one of the most abundant spenithe study area, bittwas concentrated
close to the coast and usually did not wéouhe wind farm and surrounding zones.

Black Scoter was the most abundant speciéisarstudy area. Prior tmnstruction, it was found
to avoid the wind farm and WF+2, vidits density in the WF+4 zoneas nearly equal to that of
the study area. After construction, it completapided the wind farm and WF+2 zone and
nearly completely avoided the WR+4 zone.

During the baseline period, Herring Gulls avaidee wind farm and surrounding zones. During
construction, their densitiesdreased markedly, so muchtbat the surrounding zones were
slightly preferred over the studyea as a whole, and avoidancehef wind farm area decreased.
The authors attributed this shid ship traffic, which attraed the gulls. Post construction,
Herring Gull avoidance of the wind farm and surrounding zones increased, but not to pre-
construction levels.

Little Gulls showed somevaidance of the wind farm aread surrounding zones prior to
construction, but avoidance increased during ttaogon. After construction, the wind farm and
surrounding areas became preferred feeding .af@asng the December 2003 survey, most
Little Gulls were observed foraging between timbines. Black-legged Kittiwake demonstrated
a similar avoidance/preference pattern. They wéserved resting on tliences of the turbine
foundations (Christenseat al. 2004).

Common and Arctic Terns demonstrated s@av@dance of the wind farm and surrounding

zones prior to construction. #&f construction, they avoiddke wind farm completely and
showed a preference for the two surrounding zones.
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Dierschke and Garthe (2006) cortduthat these studies demongrdiat some species strongly
avoid offshore wind farms (e.g., Red-throateabn), whereas others showed much lower
numbers in the wind farm areas after construdii@m before (e.g., Long-tailed Duck). Some
species, however, show no obvious effects (e.gl;Reasted Merganser), while others appear
to increase in numbers compaseith pre-construction levels @, Herring Gull). Nevertheless,
for many seabird species, it is not known heovd whether offshore wind farms affect their
habitat use (e.g., Horned Grebe).

Other variables affecting bidistribution at offshore winthrms include population cycles
(temporal) and distribution (spafjaf prey species and increaseship traffic. At Tun¢, Knob,
changes in seaduck distributiongta wind farm were best expheid by availability of certain
size classes of blue mussels.ip3haffic has been found to hamegative and positive effects,
depending on the species. Service boatpoearily displaced Long-tailed Ducks and Red-
breasted Mergansers at Utgrunden, but #iteyacted Herring Gulls to Horns Rev.

Regarding habituation, Dierschkaed Garthe (2006) find that tpeesence and behavior of some
species suggest that they have become accustionedbines (e.g., Great Cormorant, gulls); but,
given that no long-term studies have been cotatl they reach no conclusions for species that
have showed avoidance reactions (e.g., ReditbdoLoon). Citing various sources, they do note
that habituation has been demonstrated\araésmall wind farms along coastlines, which are
regularly crossed by Great Cormorants, dugkdls, and terns on flights between breeding
colonies, roosts, and offshore feeding areashitdation studies conducted three or more years
after construction of wind turbines are nedd&radual habituatiomight result in little
disturbance and displacement, but this can balgetermined by studying wind plants several
years after they have been constructed, instead of the usual one or two years.

The habitat alteration caused by wind faromstruction appears to have negligible
environmental consequences. As offshore winch$aare generally constructed in soft bottoms,
the addition of turbine basesdascour protectors both remowsst-bottom habitat and adds a
reef-like habitat that attracts prey specieswich many seabirds feed. Dierschke and Garthe
(2006) find that the loss of soft bottom is chuess than one percent and may be deemed
negligible. While Percival (200T)as argued that seabirds mapéfé from an increase in prey
species by a Oreef effectO athuife turbines, Dierschke and Garttamsider that it has not yet
been proven.

5.1.2 Barrier Effect

Drewitt and Langston (2006) defibarrier effect as the effect resulting from birds having to
alter their preferred migration or local fligh&aths to avoid a wind farm. It is a form of
displacement. They consider it a conceroanse of the possibilitgf increased energy
expenditure and the potential for disrupting ligka between distant feeding, roosting, molting,
and breeding areas.
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Dierschke and Garthe (2006&)rwsider studies at Tun¢, Kngbulp et al. 1999, Guillemette et al.
1998) to be the only ones thabked at barrier effect with legion to wintering and staging
birds. The other studies repatttocused on migrating birds.

At Tung Knob, the wind farm appeared to act as a bagiay at night, when flight activity of
Common Eiders was minimal within 1.0-1.5 kmtleé wind farm and greater than expected
beyond 1.5 km. In the day, avoidance appearée t@stricted to 100 m from the wind farm.

Within 500 m of the wind farm, flights decreasgith increasing darkrss, and fewer flights
occurred between turbines. When eiders edttre wind farm, they did so at much greater
frequency between turbine rows, where the gap 4@ m, than perpendicular to turbine rows,
where the gaps were 200 m. Irrespectivegifticonditions, more flde flew outside than
inside the wind farm. Directiohahanges were observed in I¢éisan 10% of flocks recorded,
and were observed more often on moonlit than on dark nights.

At Utgrunden, Pettersson (2005) divided the 20-km witi@mar Sound into four 5-km zones.

Prior to construction, during spring migicn, 40% of over 120,000 Common Eiders flew

through the zone just east of gtenter of the sound where the wiiadm was to be constructed.

After construction, only 6% ofearly 180,000 eiders flew in thavne, and very few birds flew

in the sub-zones where wind turbines wereaséd. Moreover, the &re migration flyway

shifted to the east of the wiridrm. Prior to constructiomnly 21% of eiders used the

easternmost zone. After construati@2% of eiders used it. @etrs for eiders were calculated

at between 1.2 and 2.9 additional kilometers flown. Course changes were initiated 1-2 km before
the wind farm. Percent changes in flight esutvere similar, thougdless striking, for Red-

throated and Arctic Loons, Great Carant, and Red-breasted Merganser.

In fall migration, the flight route for eiders did not appreciably change, because it was along the
coast, away from the wind farm area. Eidexading for the wind farm appeared to change their
flight direction at 3-4 km before the turbinesdekept a distance of 1 km from them. The detour
was calculated to add a few hundred meters to 1 km to their flight. Loons (mainly Arctic),
scoters, alcids, and Parasitaegers preferred to fly in the adile of the sound, but they avoided
getting close to the wind farm. Great Cormasaand Red-breasted Mergansers were found to
cross the wind farm more oftéiman other seabirds. In atidn, a radar study indicated that
seabirds changed their courses and able taldakeiwind turbines even in darkness and fog, but
the rate of straight flight plas through the wind farm was higihin foggy conditions during the

day.

At Yttre Stengrund, located near the western shore of Kalmar Sound, Pettersson (2005)
measured use of four 1.0-1.5-km sub-zones.rRyioonstruction, in fall migration, use of the
sub-zones by eiders and other seabirdsevas. After construction, the sub-zone where
turbines were constructed was nearly compledeoided. Detours were initiated about 800-
1,000 m before the wind farm and were estedab add 1.2-3.0 km to the flights.

At Nysted, Petersen et al. (2006) documented thigirating waterbirds (Common Eider, Long-

tailed Duck, Red-breasted Merganser, Gé@&aimorant, and gulls, with about 45% Common
Eiders) in fall rounded a penmis to the east to enter thendifarm area on a broad front.
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Before construction, they croskthe wind farm area on straight courses. After construction,
they flew around the wind farm, detouring equallyite north and south. Radar determined that
course changes were iatied at 1 km before at nighh@at 3 km before in the day.

The spring migration pathway was to the narthe wind farm area, with relatively low
percentages of birds crossitige eastern border of therwd farm, where the observation
platform was located (measured at 16% 258% in different years). During and after
construction, the percentage decreased (to ihl86th periods), budifferences were only
significant for nocturnal migration.

At Horns Rev, Petersen et al. (2006pnducted visual and radalbservations along transect
lines seen from an observation gadm a nearby transformer statiodsing radar, they recorded
significant course alterations rétsug in detours in both migteon seasons, but some flocks
(14% from a northerly approach in fall and 28%m an easterly approaahfall) entered the
wind farm to fly between turbine rows. On cartheadings, course chges were initiated at
400-500 m, but northbound spring migrantsraed course at a 4-6 km distance.

Visual observations showed than no loons (84birds) crossed the datransect lines, which
would have indicated flight tbugh the wind farm. Two radar @sations of loons showed one
bird passing the wind farm at 900 m and anothaking a U-turn 1 km before the wind farm.
Very low percentages of Northern Gannetsf(265 birds, 1.1%), Bick Scoters (642 of 58,334
birds, 1.1%), White-winged Scoters (1 of 163 bi@§2%), and alcids (2 of 53 birds, 3.8%) flew
within the wind farm. On the other hand, failigh percentages of most gulls and terns (24-
51%) flew within the wind farm. An exceptiavas Little Gull (13%). Regarding species
occurring on Lake Erie, 36.7% of 999 HerringliGentered the wind farm, as did 34.9% of 892
Great Black-backed Gulls, and 30.1% of 791 Common/Arctic Terns.

In noting that most gulls and terns flew intwdeout of the Horns Rev wind farm from the east
side facing the coast, Christensat al. (2004) assumed that thdsrds were using the wind farm
as a landmark on foraging flights starting at the coast.

Regarding evidence of barrier effect or lack goérat coastal wind farm8ierschke and Garthe
(2006) highlight studies from five coastal wifedms. Collision data for two of these wind
farms are reported in the next section.

At Bythe Harbor in northeastern England, nine, fairly shimrbines (rotor diameter 25 m, total
height 38 m) were constructed on a pier at 20atervals. Dierschke and Garthe report that,
during a seven-year study (Still et al. 1996nEa et al. 1999), lge numbers of Great
Cormorants, Common Eiders, Black-headed Gulesying Gulls, and Great Black-backed Gulls
were present for several monthfshe year. Great Cormorantgre found to cross the turbine
string regularly, withL0% flying at rotor height and the residog. In the first years, eiders flew
between the turbines to entbe harbor, but later, they temed the harbor only by swimming.
Large gulls made 80% of thights between turbines, but mampre flew along the turbine row
(20-300 flights per ten minute)an between them (0.7-1.5dfits per ten minutes). Great
Black-backed Gulls and Herring Gsitrossed the turbines at moteight 16% and 13% of the
time respectively, with most crossing below rdterght and very few above. There were also
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anecdotal reports of Northern Fulmars, Black-headed Gulls, Black-legged Kittiwakes, and
Sandwich Terns passing through the wind farm.

At Maasvlakte wind farm in the Netherlands two rowsmhe and 13 turbines have been built
on a seawall near a breeding colony of gulid @ommon Terns. The turbines are at 130-m
intervals with heights of 56.5 m and rotor deters of 35 m. According to Dierschke and
Garthe, van den Bergh at al. (2002) observetitfligghavior of breedingirds in July of 2001.

At both rows of turbines, 92% of seabirds at ambine row and 62% dhe other crossed below
rotor height. Of those birds, 3.1% of gull fkecand 5.3% of Common Treflocks exhibited a
behavioral reaction, but only one gull turretk. Among gulls, this was about the same
reaction rate as gulls flying above the turbi(®6%). The authors concluded that there was no
apparent barrier effect for foramj flights. They saw their resulés showing a rapid habituation
(or reduced sensitivity) to the presence of the turbines.

At Zeebrugge in Belgium, Everaert etl. (2002) studied flight beavior at 23 turbines of

different dimensions (but all small in companswith modern turbineg)ave been constructed
on a pier. Thirteen turbines are located on tlueedime at close distant¢e a tern colony. The
terns as well as gulls breeding elsewhere in thlednaegularly cross the wind farm to forage at
sea. According to Dierschke and GartheOs sunohthe study, the maijity of birds (54-82%)
crossed the turbines below roteeight; only a small fraction {14%) crossed above. Depending
on species and flight altitude glpercentage of avoidance reans varied. We highlight the
results for Common Tern, a species of congerOhio. At 50-m tall turbines, 498 Common
Terns were recorded passing. Of the 408 [{Bd<9% of total) passg at 0-15 m, 15 (3.7%)
showed an avoidance reaction. Of the 35{il0%) passing at 153 m (rotor height), 11
(31.4% exhibited avoidance behavior. Of &b birds (11.0%) passing at 51-65 m, 6 (10.9%)
exhibited avoidance behavior. Interestingly, vieny Least Terns exhibited avoidance behavior
at any height class (5 of 1860 birds [0.2%], imithg 4 of 828 birds [0.5%] at rotor height; none
of the 1,010 flying below rotor height demonstrated avoidance).

At Den Oever in the Netherlands, a single turbine wasistructed in the morning and evening
flight paths of Black Terns and Common Term¥erschke and Garthreport a study during the
1997 breeding season (Dirksen et al. 1998ahicth visual and radar observation were
employed to record the flight behaviafup to 15,000 Black Terns and up to 6,500 Common
Terns. These birds deviated their flight coume®oth sides of the turie, keeping a distance
of 50-100 m from the turbine. Therefore, theedtirvicinity of the turine was used less than
adjacent areas.

At Lely wind farm in the Netherlands, four turbsmhave been constructed 800 m (0.5 miles)
offshore. These turbines have a total heigl&0om, rotor diameters of 41 m, and spacing of 200
m. Dierschke and Garthe report that Dirkseal e1998b) used radar to study the flight paths of
two diving ducks (Pochard and Tufted DucK)ase flight paths betweetiurnal roosts and
nocturnal feeding grounds intersected the wind farm. On moonlit nights, the ducks could
apparently perceive the wind farm, becauseghédr proportion of ducks flew close to the wind
farm and included a low rate of flights betweaarbines. No birds tmed back, but detour
reactions were common. Oroonless nights, these ducks alex approaching the wind farm;
instead, they flew parallel to it. The authors dtamd that resident birdg) contrast to migrants
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stopping over, habituated to the presence of turbaem if they constited a barrier to their
regular movements. A second study (Deket al. 2000, van der Winden et al. 2000)
demonstrated the same results for Greater Scaup.

To date, researchers have not determined whetinel-farm barriers have a significant impact
on the birds that detour around wind farms. &barrier to have a significant impact, birds
would have to expend enough energy to redusedeictive fitness. These values could be
calculated, but it is likely thatetours would have to amount to many dozens or hundreds of
miles to incur a biologically significant inagt. For migrants, migration distance varies
considerably depending on weatled other variables, so a detour around a wind plant is not
likely to require birds to fly very long distances. In additiond®imay habituate to wind plants
in a manner that requires shorter detours, whighrim requires less ergyr. Such habituation
would reduce the potentialrfgignificant impacts.

5.1.3 Collision Mortality

The methodology for determining collision mditiaat onshore wind farms is well developed,

with mortality estimates based on carcassctess corrected for searcher efficiency and

scavenger removal. At offshore wind fari@sgrschke and Garth@006) consider it

impossible to conduct mortality searches. Eirtlopinion, real collision rates at offshore wind

farms can only be obtained by direct observation of actual collisions, including the use of remote
methods. As discussed below, at least two temethods for quantifying collisions have been
developed.

In the many hundreds of hours of visual observatajrseabird interactions with wind farms
conducted in the five studies analyzed byeBchke and Garthe, only one collision was

witnessed. While observing a migrating flock3df0 Common Eiders eartne fall morning at

Yttre Stengrund, Pettersson (2005) witnessed four birds knocked to the water from an altitude of
60 m. At least two of the birdeanaged to resume flight, stronglyggesting that some or all of

the birds were forced down by turbulence rathanth rotor strike. Peftsson also reports five
near-accidents at Utgrunden and Yttre Stengrund.

Extrapolating from the one obsedveollision and data on the haoiztal and vertical distribution

of waterfowl (mostly eider) migration through the Kalmar Sound, Pstierestimated that

between one and four birds suffer collision strikespring and ten in fall. He found that most
waterfowl fly below rotor height in the Kalman@nd (97% in spring and 86% in fall), but 3% of
waterfowl fly in the rotor-swept area (RSA) in spring and 8% in fall. He compared this mortality
with the approximately 3,500 eiders that hungdgrsot in Sweden each year and concluded that
the impacts were not likely significant.

At Nysted, Desholm and KahlertG@5) used radar to measure tlight characteristics of over
235,000 Common Eiders, as well as other waterfowdrating in the vicinity of the wind farm
in fall. They found that ducks and geese weraarkably able to avoid the turbines both day
and night. After construction, élpercentage of flocks entegi the wind farm area decreased
significantly (by a factor of 4.5) over pre-construction levéis night, a higher percentage of
migrating flocks entered the wiridrm, but they appeared to rexducollision riskin the dark by
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increasing their distance fromdividual turbines and flying in écorridors beteen turbines.
Furthermore, a higher percentage of flocks ftleow the rotor-swept area (below 30 m) inside
the wind farm than outside (84.2% inside versus 55.7% outside; Desholm 2006), indicating yet
another behavioral adjustment for decreasirlisamn risk. Desholm and Kahlert judged that,
overall, less than 1% of the ducks and geeseatgdrclose enough to the turbines to be at any
risk of collision.

Desholm and Kahlert (manuscripablished in Desholm 2006) alsmalyzed flight data for
Common Eiders in a computer del to predict collision mortality. They calculated that an
average of 47.1 Common Eidevsuld collide with the 72 Nystetdirbines during fall migration
(0.7 collisions per turbine per autumn). This represessstiean 0.022% of all eiders passing
through the study area. To gauge the biologigaiificance of this kel of mortality, the

authors compared it with the annual huntingzbat for Common Eiders in Denmark, estimated
at approximately 70,000 eider$his level of fatality woulde the equivalent of about 745
Nysted wind farms (over 50,000 turbines), if spnmgrtality were equal to fall. The authors
even suggested that, should cumulative mortalityiders and other waterfowl at wind farms
reach unacceptable levels, onetmoel for mitigating it would béo adjust hunting harvests.

HStker et al. (2006) summarizedudies of collision mortality at European wind farms. Seabirds
recorded were: Red-throatedon (1 collision victim found)Great Cormorant (2), Black-

headed Gull (87), Mew Gull (14), Herring G{ll89), Great Black-backed Gull (7), Black-
legged Kittiwake (1), Common Tern (8), and Comnunrre (1). Noting that HStker et al. were
missing Common Eider and Northern Fulmar, Dierscakd Garthe (2006) considered their list
incomplete. Nevertheless, given that the nsgstematic groups have been found as casualties
at coastal wind farms, Dierschiaad Garthe conclude that aflabirds must be regarded as
fundamentally vulnerable to turte collisions at sea.

Regarding collision rates and additive mortadistimates, Dierschke and Garthe feature two
studies. For aten-year studytla¢ 23-turbine Zeebrugge wind farm in the Netherlands (Everaert
et al. 2002), they report thatortality rates ranged between didd 29 birds per turbine per year
when corrected for recovery probability. dne year, 49 (89%) of S¥ead birds found were
seabirds (44 gulls and 5 terns). The highestatityrtwas at a turbine row perpendicular to the
main flight direction, where a maximum of 120ldon victims per year was recorded at one
turbine (assumed corrected for recovery prdiighi The authors othis study calculated
collision risk for different specee Common Terns flyingt all heights werégured to have a 1
in 3,000 chance of collision, but if they flew at rotor height tlubability increased to 1 in 650.
For Herring Gull, it was 1 in 2,200 all heights and 1 in 750 at rotbeight. These probabilities
are obviously specific to the Zeebrugge wind farm.

Dierschke and Garthe report tlaasix-year study (Painter et 4999) found that mortality at the
nine turbines constructed on the pier at Blythildgéa in the U.K. was six birds per turbine per
year when corrected for recovery probability.néty-seven percent of mortality was of seabirds,
including Common Eiders (12 casses). Most of the victims wegellls. The percent of local
eiders (up to 3,200 birds) takbwg turbine collisiongwhen corrected for recovery probability)
was calculated annually. Values randeain 0% to 1.3% (approximately 42 birds).
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Regarding collision risk to night-migrating birdg,least two radar studies have been conducted
to assess risk from the development of offshore wind farms.

Stationed at the offshore FINO 1 platform in the North Sea, HYppop et al. (2006) used vertical
ship radar to study thetemsity and height of nocturnal gnation on 226 days and nights over a
13-month period. Their main finding was tladhost half of the echoes up to 1,500 m (4,900
feet) came from the lowest 200 m (660 feet).e @nthors considered 200 m to be a key altitude,
because it corresponds to the expected heiditwfe offshore wind turbines. They note,
however, that the largest pertage of echoes came from the 0-100 m increment, where it was
difficult to separate low-flying birslfrom sea-surface reflections.

When nocturnal flight altitudes were classifiedhwiveather parameters, the percentage of birds
flying under 200 m was higher on mginights than on nights withotain (33% versus 25% of

all echoes up to 1,500 m). In both spring and failwinds and light heaslinds were associated
with higher flight altitudes, buh higher tailwinds, flight altitdes tended to drop off again. In
fall, the five heaviest flight gihts were associated with eastexinds, in spring with southerly
winds.

HYppop et al. also conductedaass searches at the FIN@Ilatform, which was brightly
illuminated (as are the many offshore oil platig). They found a total of 442 birds of 21
species in 44 visits over a 15-month period.ly&ix birds were non-passerines (one Dunlin,
four large gulls, and one feral pigeon). Mostevthrushes (87%), European Starlings (5%), and
Skylarks (2%). Of significant terest was that over 50% thie strikes occurred on two nights
(October 1 and 29, 2003), involving 86 and b#@ls respectively. Both nights were
characterized by very poor visibility, with f@nd drizzle. The authors presumed that the
illuminated research platform attracted the birdsthermal-imaging camera used on the second
night found many obviously disorientéids flying around the platform.

The effect of lighting on bird mortality atlt@ommunication towers and wind turbines will be
discussed at length in the section risk assessment. Nevertheless, we will mention here that
European researchers have been workingdoae bird mortality at offshore oil platforms,

which attract and kill thousands of birds under certain weather conditions. In experiments with
different light frequencies, rearchers have found that lighttime green spectrum attracts birds
less than other color spectra, yet the humaropgeates well in greenigdighting (van der Laar
2007). These findings may bring about changesliplatform illumination that decrease bird
mortality.

Blew et al. (2006, 2007) used a vessel as ikiwg platform to conduct radar and other
observations (visual and acoustjaall daytime and nighttime-migtiag birds at the edges of the
Nysted and Horns Rev wind farms, where theyld compare migration inside and outside the
wind farm. They collected tkaduring the spring and fall migration in 2005 and 2006. 2005
results were detailed in apert (Blew et al. 2006), but 2006stdts have only been summarized
in conference proceedings (Blew et al. 2007).

Over two years, 75.5 ship days of research werglucted at Horns Rev in the North Sea, while
103.5 ship days were conducted at NystedénBaltic Sea. Weather conditions had to be
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favorable to conduct radar research, becausechatitered the radar screen and wave heights
above 2 m (6.6 feet) produced considerabdtudbance (called OwasteitterO) on the radar
screen at lower altitudes. Alse North Sea is open to the Atlantic Ocean, there were fewer
favorable days at Horns Rev.

They found that migration inteitg was generally greater atghit than during the day, because
of the addition of the nocturnal songbird migrat High migration intensity generally occurred
under the following conditions: tail winds, good vidilyi passage of cold fronts in autumn and
warm fronts in spring, and no heavy rain. Lowgration intensity occurred when there were
head winds, bad visibility, and inclement weath&he most intense migrations occurred when
birds had to OwaitO for good conditions, siscivhen an extended period of bad conditions
finally gave way to good conditiondVhen intense nocturnal maion did occur, radar results
showed a higher proportion of b&rdlying at high altitudes thaat times of low migration
intensity. Consequently, when nocturnal ratgen traffic increasedhe proportion of birds
flying in the rotor-swept area decreased.

Regarding altitude distributions, during the ddngre were more radar signals in the lower

altitude bands than at night. sial observations showed mainly cormorants, geese, ducks, gulls,
and terns, but the authors pointed out &w&tn medium-sized birds flying above 100 m are

rarely discovered by visual observations.

At night, altitude was measured in two verticahges from the radaosrce. At the 0.5-km
range (i.e., counting signals in 50-m bands up to an altitu8e®Mm), signal distribution across
radar bands was generally even, with possitbyner number of signals on the wind farm side
of the ship than on the non-wind farm sideta ship. At the 1.5-km range (i.e., up to an
altitude of 1,500 m), signals the lower altitude bandsearly predominated, giving the
distribution charts a pyramid-likehape. Nonetheless, over 60%ilad signals were registered
above 200 m.

The HYppop et al. and Blew et al. studies apgemdicate that the percentage of nocturnal
migration at lower altitudes is greater ¢ifse than onshore (see discussion of nocturnal
songbird migration in Section 3.2.1.1). But, ethidies of nocturnal migration from coastal
and offshore islands (HYppop et al. 2005, abstralgtin English), showethe percentage of
radar echoes under 200 m to be between 15%@%d which is more in line with onshore
studies, although percentages wentugng rain and headwinds.

A North American example is very confusinBadar studies described in the Environmental
Impact Statement (MMS 2008) for the Capen@/project in Nantucket Sound, Massachusetts,
showed widely ranging perceges below turbine height for nimcnal migration. The fall 2002
study recorded 14%, while the fall 2005 studyoreled 63%. The spring 2002 study registered
36%, while the spring 200&udy registered 68%.

Jan Blew (e-mail correspondence with John Gaegia) believes that the high percentages of
low-flying birds recorded in offshore radar stesliare in part misleady or contradictory,
because some radar results are doubtful duehnial flaws or misirgrpretations (also see
Schmaljohann et al. 2008). His pjan is that the peentage of nocturnahigrants below 200 m
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in Europe is closer to 20% tham50%. With more experientiean anyone in radar ornithology,
Sid Gauthreaux (personal communication) notas sbme radar studies are poorly calibrated
and not comparable. By misinterpreting inseattel as birds, somegearchers have reported
anomalously high flight deng#is and low mean altitudes.

Clearly, there is less wind turbulence at lowkitudes offshore than onshore. Therefore, low
stratum winds reach speeds that are greatknare constant over see than they do over land
(Geiger 1961, cited in HY ppopadt 2006). Birds may take advage of these conditions by
migrating lower over sea than over land. Thigesgps to have been demonstrated by Bruderer
and Liechti (1998), who used radar to investigibérds adjusted theimigration when they
crossed the Mediterranean coagtlinTheir mean altitudes oficked birds were only about 9%
higher over land than over water, a fairly small difference.

Dierschke and Garthe do nmimment on remote-sensing techniques for recording turbine
collisions at sea. At leavo have been developed.

Desholm (2003a, 2006) details tiesign of his Thermal Anim@etection System (TADS),

which he has tested at the Nysted wind farragiiblm et al. 2006). A TADS unit consists of a
thermal video camera housed ieatherproof, corrosion-sestant box fastened to the base of a
turbine. Given the low resolution of thermalages, a telephoto leisrequired to capture
passerine migrants. This, however, limits the field of view to one third of the rotor-swept area
(RSA). Images are recorded on a computedetiie turbine only when a thermal image (bird

or bat) passes within camera view, thereby saving countless houvse®f of empty video.

The system is connected via optic fiberlealio the mainland, where via the Internet,
researchers can review the data.

At Nysted wind farm, 2,000 hours (83 days, @3years) of collision monitoring using TADS
recorded 16 thermal-video sequences triggbyegassing animals (many of them distant from
the RSA). Only one sequence proved to showlesiom event involving amall bird or bat.
The 15 non-collision sequences were ascribddtbirds/flocks of birds, two bats (based on
flight style), one moth, and two birds/bafBhe bat observations were considered noteworthy
because bats have rarely been observed at sea.

Given his calculation of eidenortality (0.7 birds per turbinger year) based on a computer
model of flight behavior (Desholm and Kahl2@05, reported above), Desholm did not expect to
record a Common Eider strike. Indeed, this hascase. While Desholm did not calculate the
mortality rate implied by the single collisionent recorded by TADS, based on his information,
it calculates to approximately 1.5ds/bats per turbine per year.

Using TADS (or any methodology, for that matterstonple an offshore wind farm for collision
mortality depends on compiling enough inforroatto form the basis for a sound statistical
analysis (Desholm et al. 2006). If collision radéishore are similar to those onshore, calculated
to average 2.5 birds per turbiper year in the U.S. (NRC 20QZhen a large-scale monitoring
effort is required, necessitatingrious TADS units and signifant monitoring time at large wind
farms. The design and cost of such a research effort remain to be worked out.
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Table 5.1.4-1. Summary of Effects of Offshore Wind Farms on Seabirds

(from Dierschke and Garthe 2006)

Habitat Barrier Fatal
Name! Loss? Effect® Collisions*
Greater Scaup ? 0* ?
Common Eider + 0* 00
White-winged Scoter ? 00 ?
Black Scoter 00 00 ?
Long-tailed Duck 0 + ?
Red-breasted Merganser + + ?
Red-throated Loon 00 00* 0
Arctic Loon 00 00 ?
Horned Grebe ? ? ?
Red-necked Grebe ? + ?
Northern Fulmar ? 0 0
Northern Gannet 00 00 ?
Great Cormorant + 0* 0
Parasitic Jaeger + + ?
Little Gull ++ + ?
Black-headed Gull ? +* 0
Mew Gull ? +* 0
Herring Gull ++ +* 0
Lesser Black-backed Gull ? +* 0
Great Black-backed Gull ++ +* 0
Black-legged Kittiwake + + 0
Caspian Tern ? ? ?
Sandwich Tern ? +* ?
Common Tern (OH-E) + +* 0
Arctic Tern + + ?
Black Tern (OH-E) ? +* 0
Common Murre 00 00 0
Razorbill 00 00 ?
Black Guillemot ? 00 ?

! Names and taxonomic order follow American Ornithologists' Union (see www.aou.org/checklist/index.php3).

Boldface indicates seasonally common species in Cleveland region or homologue of seasonally common species
(i.e., Great Cormorant for Double-crested Cormorant, Black-headed Gull for Bonaparte's Gull, and Mew Gull for
Ring-billed Gull). Ohio endangered species are noted as OH-E.

2 Habitat Loss: 00 strong avoidance, 0 reduced numbers, + occurring with no or only few effects, ++ increased

numbers, ? little or no data to draw conclusion.

3 Barrier Effect: 00 strong avoidance, 0 detours occurring, + commonly flying through wind farms, * includes

information from coastal wind farms, ? little or no data to draw conclusion.

4 Fatal Collisions: 00 casualties recorded at offshore and coastal wind farms, 0 casualties recorded at coastal wind

farms, ? little or no data to draw conclusion.
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Another device for monitoring bird collisions has been developed in the Netherlands. WT-Bird
uses sensors in the rotors to detect the ctarsiic sound of a collisn, which triggers the

storage of video footage and semtisalert message to the operator. The CCD camera requires
lighting at night to capture the collision e¥ea major drawback for offshore research on
nocturnal migration because lights do attraggnamts. This drawback will likely increase
fatalities, thereby biasing ¢hdata, although it might work during daylight. For more

information, visithttp://www.ecn.nl/en/wind/products-services/seeg/wt-bird/

5.1.4 Summary of Offshore Studies

Table 5.1.4-1 (above) summarizes literature review of Dierdke and Garthe (2006) for
seabirds regularly occurring in German watdBsldface indicates seasonally common species
in Cleveland region or homologues of seaigr@mmon species (i.e., Great Cormorant for
Double-crested Cormorant, Black-headed @&uillBonaparte's Gull, and Mew Gull for Ring-
billed Gull).

Dierschke and Garthe summartheir findings as follows.

Habitat Loss: Six species (Black Scoter, Red-throatean, Arctic Loon, Northern Gannet,
Common Murre, and Razorbill) have been found to strongly avoid offshore wind farms. One
species (Long-tailed Duck) showed much lowembers in wind farm ams after construction
than before. Seven species (Common Eided-breasted Merganser, Great Cormorant,
Parasitic Jaeger, Black-leggKdtiwake, Common Tern, and Atic Tern) did not show any
obvious effects. Three gull species (Litllesser Black-backed, and Great Black-backed)
increased in numbers. For most other specissareh to date allows conclusions as to how
wind farms affect their habitat use.

Habitat loss for species that avoid wind farmsteen found to be greater than the wind farmOs
actual footprint, due to the disggement distances of some spediem turbines. The loss of
bottom habitat to turbine foundations and scootgutors appears to be of minor importance,
because the area lost is smdlhe addition of reef-like habitat has not yet been demonstrated to
attract seabirds, but other human and naturattsires do attract birds imarine and freshwater
environments.

Dierschke and Garthe (2006) posit that indiraortality may impact the population sizes of
seabird species that avoid offshore wind farmsjqaairly if increased densities in replacement
habitats lead to lower energy-intake rates winéttuce fitness (ithe genetic sense). This could
even have a carry-over efft with regard to the reproductivaeaif birds arriveat their breeding
grounds in poor condition.

Barrier effect: Most of the information about flight rei@@ns of seabirds is limited to migrating
birds, which may behave differently to localstaging birds on fijhts between foraging and
roosting sites. Eight species (White-windggxbter, Black Scoter, Red-throated Loon, Artic
Loon, Northern Gannet, Common Murre, Razorlifid Black Guillemot) have been found to
commonly fly detours around, rather than crodtshore wind farms. Detours were noted for
another four species (Greattaup, Common Eider, Northefalmar, and Great Cormorant),
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but it is not clear whether they do regularly. Fifteen speciesd@sily gulls and terns, but also
staging Long-tailed Ducks and Red-breasted Mergansers; see Table 5.1.4-1) have been found to
fly through wind farms commonly. For other sgesgino information is available on which to

base conclusions.

Regularly flown detours would inease the energy consumptiorsefibirds. There is even the
possibility that offshore wind farms could actasriers that fragment habitat, leading to
abandonment of certain sea areas.

Drewitt and Langston (2006) suggest that none @bturier effects identified so far have had
significant impacts on populations. But, thega®d the concern that polation-level effects
could result from wind farms that block regulanised flight paths between nesting and foraging
areas, or that lead to detours of many teriglofmeters, thereby oreasing energy costs.

Collision Mortality: Despite the fact that only one seahiddlision has been witnessed at sea,
given that the different types of seabirds havenbecorded in mortality studies at coastal wind
farms, seabirds must be regarded as fundaitgnulnerable to collion. Collision rates and
additive mortality remain uncertain, given the difficulties of recordirlisaans at sea.
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5.2 Onshore Studies

What follows is a comprehensive reviewasfian interactions with onshore wind-energy
development including both disturbance/displaceraedtfatality impacts. While some of this
information may not be directly applicabledtishore wind-energy development, we include it
because it provides a comprehensive reviewlhadt is known about impacts to birds at wind
turbine facilities. In some casespacts to birds at onshore fatiédis are directly applicable, as
is the case with nocturnal midirag songbirds, waterfowl, shonetts, and other species. The
rationale for this comparability is also provileWith respect to disturbance and displacement
impacts, comparability may not be direct. iver, knowing the degree of disturbance and
displacement that occurs to various species ageghrovides an appreciati as to the magnitude
of impacts, and that appreciatiassists in providing a thoroughdirelevant assessment of risk
to birds at offshore wind plants.

5.2.1 Disturbance and Displacement

Disturbance and habitat altertiresulting from the construction and operation of wind turbines
and other wind-farm infrastructure has sometimes been found to make a site unsuitable or less
suitable for nesting, foraging, resting, or othedhise. Avoidance and displacement has been
documented in some species, but subsequent htbitio wind power project infrastructure has
also been demonstrated.

The footprint of turbine padspads, and other infrastructurequired for a wind farm is

generally a small percentage of a project sitepatimated at two to four percent. Therefore,
in general, overall land use is minimally cgad by wind-power development, and actual habitat
loss is generally small. This is particularly true in agricultural landscapes. But, in forested
landscapes, the construction of a wind farm iésxdonnection to the electricity grid may
fragment habitat in a significant waaffecting wildlife populations (NRC 2007).

Despite the relatively small fqmtint of a wind farm, the true aant of wildlife habitat altered
by a wind-power project sometimes extends beyond. This results from the presence and
operation of the wind turbinesd increased human activity torcstruct and maintain them.
Various studies have examined the presentalloiind turbines in landscapes to determine
whether birds avoid or are displaced from an area as a result of these new features.

In the U.S., studies documenting disturbancejdance, and displacement have focused mainly
on birds living in grassland and other open country habitats, including farm fields. At the
Buffalo Ridge Wind Resource Area in southwestglinnesota, Conservation Reserve Program
(CRP) grasslands without turbines and CRP dagaged 180 m (590 feet) from turbines were
found to support higher densitiesgrassland birds than CRReas within 80 m (260 feet) of
turbines (Leddy et al. 1999). Ate bases of turbines, meanduilensity was measured at 58.2
males/100 ha; at 40 m, 66.0 males/100 ha;a®®d m, 128.0 males/100.hat 180 m, mean

bird density rose to 261.0 mal&00 ha. In CRP control pitit was calculated at 312.5
males/100 ha. Bobolinks, Red-winged Blackbiats] Savannah Sparrows were the commonest
species in CRP grasslands with turbinesgnghs Bobolinks, Sedge Wrens, and Savannah
Sparrows were commonest in CRP grasslanttsowt turbines. Othebirds recorded were

Curry & Kerlinger, LLC - November 2008 © 62



Great Lakes Wind Energy Center, Cuyahoga County, OH

Common Yellowthroat, Gly-colored Sparrow, Grasshopper Sparrow, Le ConteOs Sparrow,
Dickcissel, Western Meadowlar&ind Brown-headed Cowbird.

The Buffalo Ridge study appearsdemonstrate that disturbance was greatest close to turbines
and decreased with distance from turbines. Fdates that, after thine construction, some
birds either did not nestr forage near the turbines or didadower densities. Nonetheless, it
should be noted that the Buffalo Ridge turbinessinorter than those gased for the Project,

and closer together. These characteristics imag greater impacts than larger, more widely
spaced turbines. Furthermore, the Buffalddei study was conductedthme first year after
construction, when vegetation at turbine consioacsites may not have been fully restored and
birds had not had a chanceh@abituate to the project.

At the Foote Creek Rim Wind Plant in Wyomirlge numbers of nesting Mountain Plovers (a
grassland-nesting species) declined after ereofiturbines. Plover pradttivity also declined
(Johnson et al. 2000), although successful nesfildountain Plovers was noted within 200 m
(660 feet) of operating turbines. Thus, the amgaacted extended beyond the actual footprint of
the project.

OOConnell and Piorkowski (2006, reviewed im&jaand Paul 2007) studied the effects of
wind-power development on graastl and other bird populatioasthe Oklahoma Wind Energy
Center, where 35 1.5-MW turbines were in operatiThey measured breeding bird densities in
native mixed-grass prairie, cropland (wheat)] &astern red cedar-dorated habitats using
200-m (660-foot) point-count surveys along roahsects at three distances: adjacent to
turbines, intermediate (1 to 5 km ayagnd distant (5 to 10 km away).

Of the 66 species recordedtire point counts, 23 were common enough for analysis, including
many grassland birds. In cropland, Killdeerswaund to be most abundant at intermediate
distances from turbines. Greater Roadrunner\&estern Meadowlark were found to be most
abundant at distant sites. These results anewtat surprising because, in other studies (see
Maple Ridge and Erie Shores below), Killdeersehbeen found to use turbine pads as nesting
habitat. Paul Kerlinger (personal observatiba$ recorded apparent habituation in Western
Meadowlarks that were perched on the lattice teweé older wind turbines the Altamont Pass
Wind Resource Area (APWRA) in California.

Returning to the Oklahoma study, Northern Bobiie, Scissor-tailed Flycatcher, Horned Lark,
BewickOs Wren, CassinOs Spar@rasshopper Sparrow, Pid Bunting, Dickcissel, and
Eastern Meadowlark showed no differences gelding density in relain to proximity to wind
turbines. The same was trofean analysis odll breeding birds combined. The authors
concluded that most breeding grassland baats experienced no negative effects that would
translate into a reduction ofdeding density. Nevertheless, g and Paul (2007) point out
that the sample sizes were low and the staistiower to detect differences was probably
insufficient, but they consider this study arfehe best efforts at controlled study of the
population-level effects of wind turbines on birds.

At the Maple Ridge Wind Power Project iniis County, New York, an impact gradient study
(Kerlinger and Dowdell 2008) was conductedlaiermine whether birds nesting in
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hay/grassland fields were displaced by windineb erected the previous year. Ten impact
gradient transect/plots (100 n8R0 or 400 m; 3-4 ha) were estabbésl beneath turbines and five
reference plots were established in fieldsveen 400 and 1,600 m of turbines. Each plot was
sampled three times prior to the first hay mowing.

Overall density of all birds (nine species) vi&s2/ha in turbine plotand 18.5/ha in reference
plots. Savannah Sparrows and Bobolinks anted for 57.1% and 40.6% of all birds observed
within the turbine plots and fal7.8% and 48.9% of birds observed in the reference plots,
respectively. Densities for Savannah Sparrod/Bobolink were similar to those reported for
similar habitat at sites in New York, Michigawisconsin, and Quebec, but they were greater
than those reported at prairie sites.

There were marginally lower male Bobolink densitiesurbine vs. reference plots. The pattern
for Bobolink densities (all individual and ma)erevealed lower deities within 75 m of

turbines. Bobolink densities from 0 m to I®dncreased exponentially, and from 100 to 400 m
did not appear to change. Savannah Sparrowesth no difference in density between turbine
and reference plots, and there did not seebetan increase in density going out from the
turbines. Killdeer were morédandant in turbine plots as oppogdedeference plots, as they
nested on the bare earth and gigads beneath the turbinagjicating that turime construction
actually created or enhanced habitat for them.

The authors of the study pointedt that habitat around the basésurbines probably affected
the results. Below many turbinasegetation had not recoveredh@ay field; instead, there were
bare earth and dirt pgeout to 50+ m. This may havepdained the lower Bobolink densities
within 75 m of the turbines. For Savannah $&pas, dirt piles serving as singing perches may
have attracted males from neatbyritories. Nevertheless, tlata strongly suggested that
densities of these birds beyond T8 m were not impacted by theesence of turbines. It was
also likely that, beyond 100 m ofrhines, these two species hadihadted to the turbines. In
other words, if displacement was occurring, it way @vident within 75-100n of the turbines.

A second year of study will be conducted onchitad beneath turbines has fully recovered.
Kerlinger and Dowdell (2008) also noted thay naowing in the days after the gradient study
eliminated all nests in hay fields where turbinese situated as well as reference fields. They
concluded that impacts from turbines werdass of magnitude lowehan displacement by
turbines, if the latter occurred.

At the Erie Shores Wind Farm in Port Burwellpng the shore of Lakgrie in Ontario (James
2008), Killdeer nested at distances of 3 to 4QLthnests) from the bases of towers, Horned
Larks at 15, 21, 37 and 40 m, Vesper Sparro80an, and Savannah Sparrow at 16 and 20 m.
The author concluded that these species were aftected by the farming practices, including
hay mowing and tilling, than by turbines.

Curiously, at Tarifa, Spain, some songbingsted at higher densities and with higher

productivity on a ridge with winturbines than on two otherdges without wind turbines (de
Lucas et al. 2004). A sheltering effect frpasserine predators (e.g., Booted Eagles) by wind
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turbines has been suggested, but the study didnadyze habitat differences between sites to
exclude that possibility.

A recent study from Europe (Devereux et al. 2008) has demonstrated that turbine locations did
not affect the distributio of four functional groups of wtering farmland birds (seed-eaters,

crows and allies, gamebirds, and European&ksy) at distances ranging from 0-150 m to 600-
750 m. A further analysis afata collected at 0-75 nmd 75-150 m from turbines found no
evidence to suggest that farmldndds avoided areas close to witngbines. This study appears

to indicate that the present and future locatiblarge numbers of wind turbines on European
farmland is unlikely to have detrimental effecin farmland birds, at least for those species
studied.

The Altamont Pass Wind Resource Area (APWRACalifornia hosts very large numbers of
raptors and grassland-nesting songbirds, wieghlarly perch on the lattice towers and guy
wires of the siteOs older turbines. Inuain the APWRA, Red-teed Hawks trained for
falconry in Idaho were exposed to turbinesider to study their flight behavior near those
structures. Upon first seeing the turbines atf&@d (30 m), the birds would not fly. Within
weeks, however, they appeared to habituategduttbines in a manner comparable to resident
Red-tailed Hawks (R. Curry, pensal communication). Unlike nsbother wind power sites in
the United States, turbines have been prasgahe APWRA for abou0 years, and resident
birds have had ample time to habituate to them.

At Erie Shores Wind Farm (James 2008), cart$ion activity in 2006 didaced a pair of Bald

Eagles nesting 400 m (1,310 feet) of a propossdrte location, but the pair established a new

nest about 900 m (2,950 feet) away and successhifigd two young. This pair returned to the

new nest in 2007, but the nesiléd for unknown reasons. Thes#u#ts and juveniles were seen
perched within 200 m (660 feet) of active tudsnand on a few occasions they were observed

flying closer than 100 m (330 feet) of rotating blad€sser the course of two years, Bald Eagles
were noted flying past actitarbines within 300 m (985 feedf the towers on about 170

occasions. Most of these were along the Lake &rore, where they routinely soared past at

less than 200 m (660 feet) away (137 times noted), but only 5 or 6 occasions were they seen less
than 50 m (165 feet) of turning blades.

Also at Erie Shores Wind Farm (James 208§)air of Red-tailed Hawks nested within 135 m

(215 feet) of a turbine under construction. The turbine was in operation about a month before the
young had fledged, during which time the adults mfad®dreds of trips to the nest. They were
observed on numerous occasions negotiatingitpace around the spinning rotors. In 2007,
possibly the same pair returnednest, but they moved &65 m (870 feet) from the same

turbine. This location was in the middle of a q@adyle of turbines insteleof on the edge of the

wind farm. Cooper's Hawk nests were found®? (367 feet) and 175 (674 feet) away from

the closest turbines.

HStker et al. (2006) have revied studies conducted in Europe displacement impacts. They
found that 40 species have been analyzed iraat f8x studies each, allavg a statistical test as
to whether their populations were affected negdyior positively (inclading no apparent effect)
by the construction and operation of wind farnSpecies analyzed for the breeding season
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included Mallard, Common Buzzard, two gamebifdsy shorebirds (including Black-tailed
Godwit, Redshank, Oystercatchand Lapwing), and varioussgbirds (20 species). Negative
population impacts could not be stttally verified for any breeding birds. Only shorebirds and
gamebirds displayed reduced numbers in conneuatitnwind farms. Positive or neutral effects
predominated in the other species. Intergstironly two species shad statistically more
positive or neutral reactions toward wind farmartimegative reactions. Both were songbirds
inhabiting marshes (Marsh Wéeb and Reed Bunting).

When Hstker et al. looked atudies outside the breeding s@gsa different picture emerged.
The suite of species analyzed was differentpuidiclg various geese (analyzed together), three
ducks, Grey Heron, three raptors, four shorebirds (Curlewte@gather, Lapwing, and Golden
Plover), three gulls, and variogengbirds (five species). Ndge impacts predominated and
were statistically more negative than positiveamious geese, European Wigeon, Lapwing, and
Golden Plover. The exception was Starling vibich effects were statistically more positive
than negative. For most species, however, eftgtiier way could not bstatistically verified.

Regarding avoidance distance to wind farms, EIS#t al. analyzed 28 species (mostly a subset
of the previous analysis) for which data fronteatst five studies each were available. The data
showed a wide range of values (i.e., some stutkcording a species within 50 m of turbines,
while others found the same species not appiogahkithin hundreds of meters), but one trend
was apparent, namely, avoidamtistances during the breedingason were smaller than outside
the breeding season. They found that birdspein habitats, such as geese, ducks, and
shorebirds, generally avoidedhines by several hundred meters, but there were some notable
exceptions, namely, Grey Heronptars, Oystercatcher, gullSuropean Starling, and crows.

HStker et al. also examined the relationshipasen the hub height of turbines and avoidance
distance at four wind farms. Only in non-breedirapwings was theresatistically significant
relationship, with avoidance distance inwieg linearly with ircreasing hub height.
Nonetheless, the authors noted clear tendenwittspreeding birds (pacularly songbirds, but
also Oystercatcher and Redshank) being Iisstad by tall turbines than by small ones.
Lapwing and Black-tailed Godwit were exceptioms.non-breeding birds (with the exception of
Grey Heron, diving ducks, Oystetcher, and Common Snipe), thdléathe turbines, the greater
the avoidance distance. These differences may have more to do with the different suites of
species analyzed in the two seas, with larger species of ophabitats predominating in the
non-breeding season.

To gauge habituation (i.e., adaince reactions decré&ag over time), HStker et al. examined 11
studies with at least two yeasEobservation after wind farm cdnsction. Each study analyzed
several species, resulting in 122 data sets (ngngom 1 to 13 per species). Species included
waterfowl, raptors, shorebirds, ¢gjland songbirds. For breeding birds, 38 of 84 data sets (45%)
indicated habituation. For non-breeding birdsp238 data (66%) indicated habituation. In

other words, about half of the species analyzedahestrated habituatiorf-or individual species,
sufficient data were available émalyze three. For Lapwintyyo of eight studies during the
breeding season indicated habituation, while three of five dthiemgon-breeding season did so.
For breeding Skylarks and Mead®ipits, three of six studiesach indicated habituation.
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HStker et al. comment that the observed degree of habituation in most cases was small. They
conclude that habituation canrim ruled out, but it appears riotbe a widespread or strong
phenomenon.

Regarding specifics from Eurean studies, in the Netherlandbprebirds (mostly migrants)
were displaced by 250-500 B00-1,650 feet) from turbines (Wkelman 1990). In Denmark,
some migrant shorebirds were displaced byou00 m (2,600 feet) by the presence of turbines
(Pederson and Poulsen 1991). Other Danisfiet have demonsteat species-specific
differences in avian avoidance patterns nead turbines (Larsen and Madsen 2000, Percival
1999, Kruckenberg and Jaene 1999). In genemak-footed Geese (Larsen and Madsen 2000)
would not forage within 50 m (160 feet) of witwtbine rows and did not forage within 150 m
(500 feet) of a cluster of windrbines. Fewer of these geeseafped within 100 m (325 feet) of
wind turbines than foraged farther from the tudsin Barnacle Geese, however, foraged within
about 25 m (80 feet) of turbines, showing tlaeg less sensitive than Pink-footed Geese
(Percival 1999). Nonetheledd/hite-fronted Geese did notrigge within about 400 to 600 m
(1,300 to 1,950 feet) of wind turbin@sruckenberg and Jaene 1999).

In contrast to some European studies, twos/eépost-construction stugh at the Top of lowa
Wind Plant (Koford et al. 2005) vealed that Canada Geese weoé displaced significantly by
the construction of 89 turbines. That study, glesd by lowa State University and the lowa
Department of Natural Resources, was the diisturbance/displacement study of waterfowl in
the United States. Anecdotal information frtme Fenner Wind Power facility in New York
State (Paul Kerlinger) suggestsitiCanada Geese foragecinse proximity to large wind
turbines.

At the Erie Shores Wind Farm (James 2008), Garaeese appeared not to be inhibited from
flying through the wind farm or &m using fields and ponds with200 m of operating turbines.
Goose tracks were found within 25(80 feet) of turbines on fiveccasions, with some of the
tracks within 10 m (33 feet) of a towerufidra Swans appeared to differentiate between
operating and non-operating turbines. Of 280 swgars flying less than 300 m (990 feet) from
operating turbines at rotor height, only threetgawithin 100 m (330 fegt But, of 240 swans
seen flying past non-operating turbs, just over 20% were ledgan 50 m (165 feet) from those
turbines.

Drewitt and Langston (2006) speculate thahsavind farms may create barriers for some
species that alter migratory larcal flight paths, increasenergy expenditure, and disrupt
linkages between feeding, roosting, molting, and bregdreas to such an extent that they may,
under certain circumstances, leadirectly to populabn-level impacts. This phenomenon is
more of a concern in offshore and coastal wirmects, where significant changes in flight
direction by waterbirds have, in some casesnb®ted. As noted ithhe preceding section,
Drewitt and LangstonOs review of the literature suggjest none of the barrier effects identified
so far have had signifiod population-level impacts. Théaave also not noted whether birds
habituate to turbines and are impacted less ayariod of years following construction of new
wind power projects.
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HStker et al. (2006) have reviewed Europstudies examining barrier effect at onshore
(including coastal) sites inwaide variety of birds, includg waterfowl, storks, cranes,
shorebirds, gulls, and songbirds. They assuabarrier effect waoperative if 5% of
individuals or flocks showedmeasurable reaction to wind farmghis was demonstrated in
104 of 168 data sets, covering 81 species. Tti®eifound that geeskites, cranes, and many
small bird species were particularly sensitivavind farms. But, some large birds (Great
Cormorant and Grey Heron), ducks, somesotiprey (Sparrowhakwfan accipiter], Common
Buzzard, and Kestrel), gulls and terns, Europggtamnling, and crows were all less sensitive and
less willing to change their original migrati heading when approaching wind farms. These
species and species groups asoided wind farms less often, and their local populations were
less influenced by wind farms (HStker et al. 2006).

Regarding forest-breeding spegiagost-construction study of furbines located on a ridgeline
in Searsburg, Vermont, appears to be the ontyieable study on distbance and displacement
impacts (Kerlinger 2000a, 2002b). Point count sysvfor breeding birds done before and after
the turbines were erected showed that somestenesting birds B such as Blackpoll Warbler,
Yellow-rumped Warbler, White-throated Sparr@md Dark-eyed Junco D appeared to habituate
to the turbines withim year of construction. On the ottiend, SwainsonOs Thrush, and perhaps
some other species, appeared to be displagdide turbines. This study could not document
whether or not the former species nested closiegtdurbines, but it cexinly demonstrated that
they foraged and sang within forest edge aboutf@é®0(30 m) from the turbe bases. A visit to
the site during the 2003 nestisgason revealed that Swainsomfrushes were singing (and

likely nesting) within the forest adjacent talitnes, and many other species were present close
to the turbines. Itis not knowhoverall numbers of nestingriis were the same as prior to
construction, but letting the forest grow ugudbines and roadways may have reduced the
fragmentation impacts at that site. lalso possible that habituation had occurred.

At Erie Shores Wind Farm (James 2008; JoharBaccia, personal observation), some turbines
are situated at the edge obedlots, but resident woodland awdodland-edge birds appeared to
habituate readily to their presence, includingeft-interior species, sh as Wood Thrush.
Forest-edge birds lived as close as habitat atipweluding below the roteng turbine blades.

In a recent review of the literature on thelegaal effects of wind-energy development (NRC
2007), the following conclusions and recommerategtiwvere made regarding effects on forest
ecosystems (pg. 91):

1. Forest clearing resulting from road constioe, transmission lineleading to the grid,
and turbine placements represents perhaps the most significant potential change through
habitat loss and fragmentatiéor forest-dependent species.

2. Changes in forest structure and the cogatif openings may alter microclimate and
increase the amount of forest edge.

3. Plants and animals throughout the ecosystspond differently to these changes, and
particular attention should be paid to spsaf concern that are known to have narrow
habitat requirements and whose mislare disproportionately altered.
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Nevertheless, the effects ofmd-energy projects on ecosyststructure and bird habitats
depend on the pre-construction conditions. Famgde, the influences of a project at a
previously logged site will be different thamose at a previously undisturbed site (NRC 2007).

Regarding migratory birds, there is a study oééridges (one with thines, two without) at
Tarifa, Spain, where over 72,000 migrating birdsngpally Black Kites White Storks, House
Martins, and Swallows) were recorded dgrinearly 1,000 hours of observation from fixed
observation points (Janss 2000, de Lustzad. 2004). Observatiows$ flight behavior indicated
that birds were aware of, and possibly avoideel ttihbines. Changes flight direction were
recorded more often over the wind farm than dkerother two areas. Migrants also tended to
fly higher over the wind farm. Abundance alsd dot appear affected by the presence of wind
turbines. These findings coulidicate avoidance by migratirmrds, but no comparable data
were obtained prior to operation of the turbingscontrast, resider@riffon Vultures were not
observed to fly higher over the wind farm. Possthey were more accustomed to the turbines.

Observations of autumn hawk migration in Vermsimbwed that the numbers of hawks that flew
close to a hill with newly constructed turbingas less than in the year prior to turbine
construction and operation (Kerfjar 2000a, 2002b). These migiamay have been avoiding
the novel structures.

The Erie Shores Wind Farm in Ontario (James 2@0B)cated within two miles of Lake Erie in
a well-documented, fall raptor gration corridor. Also locatkalong the shore of Lake Erie,
Hawk Cliff Hawk Watch is less than 20 milg82 km] west of Erie Shores and averages 37,000
raptors per fall season (Zalles and Bildstein 2000).

The James study logged more than 2,300 obsenstif Sharp-shinned Hawks passing through
the wind farm area, with 1,534 pasgiwithin 300 m (990 feet) of ¢hturbines. Few birds, if

any, hesitated to fly near an operating wind tugband there were only seven instances in which
single birds got close enough to spmy rotors to be judged atkis Indeed, just over 21% of

birds made course changes that brought thenerctodurbines. Mosif these involved birds
moving along a woodland edge or a Ofencerow®esf. Had birds not ahged their headings,
they would have passed turbitwevers at distances greateath100 m (330 feet), but shifting
course to continue to followee lines brought them within 50 (060 feet) of a turbine tower.
Overall, there was nothing to indicate that thmbines were an impedimeto the migration of
Sharp-shinned Hawks. A concurrent mortality study found one Sharp-shinned Hawk carcass in
two years of study.

Other autumn migrant raptors observed at Ehier&s flying within 300 m of wind turbines were
Turkey Vulture (about 1,000 observations), Osfi), Bald Eagle (10 Northern Harrier
(115), CooperOs Hawk (60), Northern GoshaywkRéd-shouldered Hawk (4), Broad-winged
Hawk (3), Red-tailed Hawk (300), Golden Eaff¢, American Kestrel (463), Merlin (21), and
Peregrine Falcon (8). In allsas, the wind farm appearedpose no impediment to migration,
and birds appeared to negde the wind farm withoutesitation or difficulty.

In summary, some types of birds appedrealisturbed and displaced more by onshore wind
turbine construction and operatitiran others. Differences beten species are also evident,
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with some species being displaced farther tithers, while others h#uate to turbines.
Disturbance and displacementesiifs have been documented in some grassland and prairie birds
and in some (not all) waterfowl. Some &pean studies have demonstrated displacement of
shorebirds, but a recent study suggests tihge laumbers of wind turbines on European

farmland are unlikely to displace farmland Isird=orest birds, on the other hand, do not

generally appear to be disturbed or displaoes significant way by wind turbine operation; but
forest fragmentation, as a resoftwind farm construction, may pact forest-interior birds that

are sensitive to edge effects and removal m#dbcanopy. Resident raptors may be displaced by
construction activities durg nesting season, but they appedrabituate to the turbines after the
construction phase. In Spain, migrating raptors were shown to detect the presence of turbines
and divert their course around them, becausechagged their flight direction when they flew
near them, but their abundance in the area appeated be affected. More research is required
to fine tune understanding displacement and habituation.

5.2.2 Collision Mortality
5.2.2.1  Collision Mortality in Context

Collision mortality is well documented at onsbavind-power sites in the United States. An
estimated 20,000 to 37,000 birds were killedzdut 17,500 wind turbines of 6,374 MW of total
capacity in the United States in 2003 (Ericksbal. 2005), yielding on &age mortalities of
2.11 birds per turbine per year ah@4 birds per MW per year. Tdate, there have been more
than 20 fatality studies at wirtdrbine facilities across the coment and a total of more than
25,000 individual carcass searches have been doudetes in the United States. This research
exceeds post-construction wildlife impact reseaicall other types of electrical generation
(coal, natural gas, nuclear, hydro, etc.). Fthelarge number of studies now available,
fatalities were spread amongzgms of species, revealing taxonomic differences in collision
susceptibility. Studies from the Eastern United Stegesal slightly greater fatality levels than
farther west.

Erickson et al. (2005) has attempted to put this mortality in context. Based on various studies
reviewed in their paper, they estimated #natual bird mortality from human-caused sources
may easily approach one billion birds in the LABne. Of this estimate, collisions from wind
turbines amounted to <0.01%. The major @idst sources were buildings (550 million, 58.2%;
Klem 1990), power lines (130 million, 13.7%; Koops 1987), cats (100 million, 10.6%; Coleman
and Temple 1996), automobiles (80 noitlj 8.5%; Hodson and Snow 1965, Banks 1979),
pesticides (67 million, 7.1%), and communicatdowers (4.5 million, 0.5%; M. Manwville,
personal communication). Ericksenal. did not, however, consider hunting, which takes some
100 million birds in the U.S. and Canada annuallyhile the uncertainties in the estimates are
large, the numbers are so lariipat they cannot be obscueagen by the unctainties (NRC

2007). There are other human activities that impact birds. For example, about 1 million birds
per year are killed in oil pits (Jolvliesner, USFWS, personal communication).

Based on best available estimates, Erickson ¢€2@05) figure that human-caused mortality may

take approximately 5% to 10% of the U.S. landbird population each year. The biological
significance of this take to populations is as yet uncertain, but thevibeife management
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practices routinely allow takeg or above these levels fwaterfowl populations, including
species of conservation concern.

Hunting harvest data suggest that somethintherorder of 100 million birds are shot in North
America annually. For waterfowl alone, the hestvis about 20 million ducks, geese, and swans
(Martin and Padding 2002, 2003). Harvests for osipexcies are difficult to determine because
the state game offices do not publish data in jdaroaon their websites. Some statistics that

are available include harvests of Sandhiku@s (~20,000 per year), rails (~70,000 per year),
gallinules (100,000 per year), Mourning Daved White-winged Dove (~25 and 1 million per
year, respectively), American Woodcock (400,000+ per year), and Northern Bobwhite (millions
per year). Data for Wild Turkeys, Ruffed GreusVilsonOs Snipe, Sage Grouse, prairie grouse,
ptarmigan, pheasant, Chukar, and Hungariarrilget, not to mention crows, could not be

located and there may not be accurate or reliable numbers for the hunting of these species. There
are also no statistics for nongame birds #ratshot illegallyoy hunters by mistake.

Examples from Ohio for agency sanctioeohting harvests of waterfowl from 2001 and 2002
(Martin and Padding 2002, 2003) show thatdommon ducks the anndzarvest can range
from several thousand (Gadwall, ~9,7@¥een-winged Teal,~10,000; Wood Duck, ~26,000;
Lesser Scaup, ~3,500) to about 85,000 per fgeadviallard. For less common species and
species that are actually deatig, the numbers harvested are lower. For example, for Northern
Pintail, a species that has beeglohéng at a rate greater than 18ér year, theranual harvest is
about 500 per year. Other tlatg species (according toefiNAWMP) that are harvested
include Black Duck (~7,500 per year) and Gre&eaup (up to 1,800 per year). The annual
goose harvest in Ohio is on the order of 95,0@viduals. These harvests are deemed by the
USFWS and ODNR to be sustainable and do nadecgopulation declineNote that the error
bars for the total duck harvest for 2008re +42%, or about 80,000 of the 193,000 birds
harvested in 2002. That means that the é&trinay have been 270,000 or as low as 120,000.
Thus, it does not seem to matter if somewhat greatiesser numbers ofucks are shot, at least
with respect to the biologicaignificance of the harvest.

Waterfowl and gamebird harvesites are predicated on ttheory of density-dependent
population growth (Hilborn et al995, cited in Johnson and Coni2305). This theory predicts

a negative relationship between population dhoand population density, because the members
of a species compete for finite resources.eWhpopulations are harved, they should respond

by increasing reproductive output decreasing mortality, becaus®re resources are available
per individual. Resource managers attempt to maximize suseimatlest by adjusting
population density to a level that maximizespulation growth (Beddington and May 1977, cited
in Johnson and Conroy 2005). Howevepapulations are below carrying capacity,
compensatory mortality or reguiuction are moot points.

The wildlife effects of onshore wind power da@ quantified with reasonable precision through
mortality studies and other research. But, traditional forms of electric power generation also
affect wildlife populations. Theimpacts are different and, many cases, indirect and difficult

to quantify (e.qg., effects of acid rain, mergtioaccumulation, habitat fragmentation, and

climate change). The reason is because impacts can occur at various stages in the life cycle of
electric generation, aside fromethActual generation process. altdition, the (life cycle) impacts
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extend hundreds (sometimes thousands) ofsnoiléward from the point sources. Some
documentation exists, however, to help link itigirect impacts of traditional electric power
generation with wildlife losses-or example, acid rain fropower plant emissions has been
linked with extraordinary decreases in aquéte in some lakes and streams (Likens and
Bohrmann 1974), as well as with eggshell thinnmgirds (Glooschenko etl. 1986). There are
also direct impacts to bird populations, espgcfeom forest removal from strip mining and
stream subsidence from long-wall, undergroundimgj, neither of which have been quantified
by scientists or environmental agencies.

In the case of Wood Thsh, a forest-interior anbellow WatchList species that breeds in eastern
North America (downwind of Midwestern power-plant emissions), a Cornell University study
(Hames et al. 2002) has demonstratedangtcorrelation between aciain occurrence and
decreases in Wood Thrush numbers. The suspeeason is decreased reproductive success as
a result of eggshell thinning oragcity of calcium in the diets afeveloping birds. Other major
threats to the Wood Thrush inde forest destruction andaffmentation on both the breeding
(sometimes from strip mining) and wintegi grounds, and increasedst predation and
parasitism in fragmented breeding habitat (Rxthl. 1996). In migration, Wood Thrushes are
also at risk of collision with wind turbinedVith a global population of about 14 million birds
(Rich et al. 2004) decreasing at parcent per year (Hames et 2002), some of the estimated
annual loss of about 240,000 birds could conceivablgssigned to acid rain originating from
electricity suppliers, mountaintop removal in Appalachia to suppler plants with coal, or
collisions with wind turbinesupplying consumers with electricity.

In other words, the various modes of energyegation have wildlife irplications. The Wood
Thrush example strongly suggests that powantglare having a measurable impact on bird
populations in eastern North America. No oneluding federal and state wildlife agencies, has
attempted to calculate how a coal-based electricity choice compares with wind energy on a bird
impacts (death and displacemepey MW basis, but it would hardlye surprising if the wildlife
cost of coal exceeded windifhout considering global warmg). The negative impacts of

fossil fuel-based electricity onlwgr wildlife taxa, such as fis mammals, herps, plants, and
invertebrates, are outside the se@p this study, but they are afi likelihood they are immense.
Unfortunately, there are few data availabtenirwhich comparisons can be made, primarily
because post-construction avian or other wildlifpact studies of fossil fuel-fired plants have
not been required or have rarely been requisetéderal or state wildlife agencies, and such
studies have not been requested by agencies when permitting such projects.
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Table 5.2.2.1-1. Mortality Reported at U.S. Wind-Energy Projects (from NRC 2007)

All Bird Mortality

# Turbine Project Turbine Mw
Wind Project Turbines MW MW per year per year Reference
Pacific Northwest
Stateline, OR/WA! 454 0.66 300 1.93 2.92 | Erickson et al. 2004
Vansycle, OR? 38 0.66 25 0.63 0.95 | Erickson et al. 2004
Combine Hills, OR* 41 1.00 41 2.56 2.56 | Young et al. 2005
Klondike, OR! 16 1.50 24 1.42 0.95 | Johnson et al. 2003
Nine Canyon, WA! 37 1.30 62 3.59 2.76 | Erickson et al. 2003
Rocky Mountain
Foote Creek Rim, WY, Phase I? 72 0.60 43 1.50 2.50 | Young et al. 2001
Foote Creek Rim, WY, Phase II? 33 0.75 25 1.49 1.99 | Young et al. 2003
Upper Midwest
Wisconsin® 31 0.66 20 1.30 1.97 | Howe et al. 2002
Buffalo Ridge, MN, Phase I* 73 0.30 33 0.98 3.27 | Johnson et al. 2002
Buffalo Ridge, MN, Phase I* 143 0.75 107 2.27 3.03 | Johnson et al. 2002
Buffalo Ridge, MN, Phase II° 139 0.75 104 4.45 5.93 | Johnson et al. 2002
Top of Towa?® 89 0.90 80 1.29 1.44 | Koford et al. 2004
East
Buffalo Mountain, TN* 3 0.66 2 7.70 11.67 | Nicholson 2003
Mountaineer, WV* 44 1.50 66 4.04 2.69 | Kerns and Kerlinger 2004

* Agricultural/grassland/Conservation Reserve Program (CRP) lands
2 Shortgrass prairie

3 Agricultural

4 Forest
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Returning to collision impactsom onshore wind turbines,dtstandard method for studying
them requires systematic searches below turtimescord the bird and bat carcasses found.
This number is then adjusted to include seareffesiency (because searchers do not find all the
carcasses) and carcass removal (because ggaganay remove some carcasses before
searchers look for them). According tesbpractices (Andersaet al. 1999, NRC 2007),
searcher efficiency and carcass removal &stsild be regularly conducted to account for
different habitats, seasonal clggs in ground cover, and fluctuats in scavenger populations.

A criticism sometimes made is that mortabtydies at wind-power projects underestimate
mortality because searcher efficiency and caecamoval are not adedely determined or

taken into account. The bestarer to this criticism is g®amost recent survey of the
environmental impacts of wind-energy development (NRC 2007). This survey found that data
allowing accurate estimates of bird fatalitegsvind-energy projects in the United States are
limited, but fourteen studies have been conduatadg a survey protocol for an annual period
and incorporating searcher-efécicy and scavenging biasetiestimates. Although the

protocols used in these studies varied, all gahyefollowed the guidance in Anderson et al.
(1999).

As can be seen in Table 5.2.2.1-1, there wemeesdifferences in the type and number of
turbines at these projects, as well as exgeographic location, topaphy, and habitats where
the projects were constructed. Mortalityiesites were similar among projects, however,
averaging 2.51 birds perrhine per year and 3.19 birds per MW’ year, despite the differences
in methodology, geography, and habitat. This sstggat the results tiiese studies were
guantitatively robust. The valuasthe Tennessee site are sliglyigater than other sites, but
they do not suggest significanblbgical impacts at the regidpar local level (see human-
caused mortality and waterfowl harvest discussions above).

Recently, however, 15 additional turbines wewastructed at the Tennessee site. The new 1.8-
MW turbines were larger than the three oradiG60-kW turbines, extemty maximum height of
the new turbines was 395 feet (120 m) AGLrsus 290 feet (88 m). A subset of the new
turbines were equipped with red flashing B&® as opposed to white strobes that were on
original turbines. Surprisinglyyhen all the wind turbines we recently studied, nine bird
fatalities (all songbirds) were rec®d in searches, yielding an oak adjusted mortality rate of
1.8 birds per turbine per year (Fiedler et al. 200I8)is rate is significantly less than the 7.3
birds per turbine per year recedlin the previous study, and mandine with tre 2.51 birds per
turbine per year reported above.

5.2.2.2  Review of Avian Mortality Studies
What follows is a review of studies of amianortality at wind farms (for a summary, see
Appendix G). Except when noted, the numbevegiare the numbers of carcasses found. As
explained above, the number of fatalities vablke higher when searcher-efficiency and the
carcass-removal rates were factored in.

In Europe, collisions of birds with wind farms haveén less comprehensiyehvestigated than
in the U.S. (HStker et al. 2006). DYB001, 2004), however, has assembled the most
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comprehensive data set on collision victimgatopean wind farms, reporting data from eight
European countries, including 14 wind farms&Sermany. In reviewing DYrrOs publications,
HStker et al. (2006) netthat the highest mortalities haveen recorded at wind farms along
mountain ridges and at wetlands. At mountain sites, mortality has been notably high among
resident birds of prey, especialBriffon Vulture (see below). Awetland sites, gulls and raptors
have been notably affected.

Among raptors, DYrrOs compilation showsrtiatality has been particularly high among
Griffon Vulture (133 victims, all from Spain)Yhite-tailed Eagle (13, all from Germany), Red
Kite (43, of which 40 from breeding populais in Germany), Common Buzzard (27), and
Kestrel (29). According to aithologist and wind-energy osultant Jan Blew (personal
communication), Red Kite mortality occurs where wind turbines are placed in pastures and
fallow fields, where birds hunt for rodents. téfing land-use around the turbines, such as by
surrounding wind turbines with cropland, appetar be an effective method for reducing
mortality. MontaguOs Haerj on the other hand, forages in #aene grassland habitats, but it is
barely affected (one collision victim reported byr)Y According to Blew, the reason is that it
usually flies low and does not enter the rotor-swept area.

Blew sees no easy solution for reducing WhitkeethEagle mortality in northeastern Germany,
where there is a breeding concentration.bElgeves it is collision-pme because of it is a

soaring bird that demonstrates no fear of wind turbines. White-tailed Eagle mortality has also
been recently reported from the island of Smolanway. To date, its close relative, the Bald
Eagle, has not been recordadnortality studies.

HStker et al (2006) find that spes or species groups that show little avoidance reaction to wind
farms are more likely to be cidion victims than species thantkto avoid wind farms. In other
words, birds of prey, gulls, and starlings areenfbequently found asollision victims relative

to geese and shorebirds, whigvoid wind farms more. A notable exception, however, are
crows, which do not avoid wind farms, yet they are rarely killed.

Fatalities of migrants have been relatively rarrenost other Europeaites. Of particular
interest is the relative lack of fatalities, givihe migration traffic, at Tarifa, Spain, where
several hundred thousand soarimgls, including more thab00,000 raptors, and millions of
other birds, converge on the Straits of Gilarato cross between Europe and Africa (Marti
Montes and Barrios Jaque 1995, Janss 2000, Barnd Rodriguez 2004, and de Lucas et al.
2004). Not only have mortality studies recordea migrants, but studies of birds exhibiting
behaviors that put them at risk collision (i.e., flying within5 m [16 feet] of wind turbines)
show that most migratory species do not eiliiiese behaviors (Baos and Rodriguez 2004).
The birds that do exhibit theseHaiors at Tarifa are resideraptors, particularly Griffon
Vulture and Kestrel. In the case of the GniffVulture, mortality was concentrated in the fall
and winter, when absence of strong thermals foresuient birds to uss#opes for lift. Most
mortality occurred during light winds, when srgrobably could not maneuver as well. In the
case of the Kestrel, most deaths occurreéthdithe annual peak of abundance in summer and
appeared to be related to wind turbine lamain preferred huntinbabitat (Barrios and
Rodriguez 2004). Similar Griffon Vulture molitg did not occur at all Tarifa wind farms (de
Lucas et al. 2004).
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Elsewhere in Spain, significant Griffon Vulture rtadity has been recorded at wind farms in the
Pyrenees Mountains of Navarre. The causethfsrrelatively high mortality appear to be
closely spaced turbine placements on ridges halbjitused for soaring by a resident population
(Lekuona 2001). Mortality was found to be heglunder low wind conditions, when birds likely
could not maneuver well.

In the United States, the Altamont Pass Wind Resource Area (APWRA) is the only wind-power
site where risk to birds has besuiggested to have been sigrafit. Over 15 years of studies

have shown that Golden Eagles, Red-tailed Hawknerican Kestrels, and other species collide
with turbines in varying numbers. These fimgs suggest that raptors are the most collision-
susceptible group of birds (Anderson et al. 20D0) fatalities at the AWRA have not impacted
regional populations. A long-term study of thikamont Golden Eagle population by Hunt

(2002) concluded that, despite the high fatakte, the population remains stable. Large
numbers of gulls, ravens, vultures, grassland songbirds, and other species fly amongst the
APWRA turbines and rarely collide with them.

The raptor fatalities in theAPWRA appear to be an anompabecause they have not been
demonstrated elsewhere. Other studies condattddS. wind power facilities outside of the
APWRA have not revealed largembers of raptor fatalities.

Several factors are believed to contributeafator risk in the AWRA, and some can be
generalized to other species. These fa@orslone or togethéo produce the collision
mortality documented in the APWRA (HoWand DiDonato 1991, Orloff and Flannery 1992,
1996). They are:

» Large numbers of turbinépresently about 5,400, dowrofm about 7,000 several years
ago) concentrated in a small ared anoviding many obstacles to flight

» Closely spaced turbines (less that 10 mfg&€] rotor-to-rotor distance) that may not
permit birds to fly safely between them

» Extraordinary numbers of foraging rapgdhroughout the year, the result of a
superabundant population Galifornia ground squirrels

» Steep topography with turbines placedatleys and along valley and canyon edges,
where collision risk is greater

» Turbine rotors that sweep down to less th@mm (30 feet) from the ground, affecting
airspace where raptors forage extensively

» Turbines mounted on lattice-type towerattencourage perching and provide shade and
cover from sun and rain

» Small turbine rotors that velve at high rates (40-72 rpm)aking the rotor tips difficult
to see

Recent studies from Texas and Oklahoma, hewedwave demonstrated surprising mortality
among Turkey Vultures, a species frequentimany U.S. wind farms, but which had been
infrequently recorded in mortaitstudies. At the Buffalo Gapwindfarm near Abilene, Texas,
a study was conducted during 2006 of 21 of thef@atating turbines. It recorded 21 avian
casualties, including fifteen Turkey Vultures ame Red-tailed Hawk (Tierney 2007). Most of
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the Turkey Vultures that could be aged weresniles, suggesting that younger birds may be
more prone to collision. The author noted fhatkey Vultures were frequently seen flying near
turbines, and that attibirds appeared to be quiteegd at maneuvering around the rotating
blades. When searcher efficiency and carcasevaimvere factored in, estimated fatality rates
were 0.24 Turkey Vultures per turbine per y€at9 other raptors per turbine per year, and 1.94
small/medium birds per turbine per year. Thisdgehn overall rate of 2.37 birds per turbine per
year (Tierney 2007).

At the Blue Canyon Il Wind Power Projectsouthwestern Oklahoma, a study was conducted
during 2006 of 50 of 84 operatinglines. This study recorddd avian casualties, of which
eleven were Turkey Vultures and two weredRailed Hawks (Schnell et al. 2007). The authors
did not report the ages of the Turkey Vultureerefore, it is uncertain whether the juvenile
mortality pattern was evident there too. Watharcher efficiency and scavenger removal
factored in, mortality rates were reportedda®7 small passerines gerbine per year and 0.25
raptors (including Turkey Vultures) per turbine gear. This yields an overall rate of 0.52 birds
per turbine per year (Schnell et al. 2007).

West of the Rocky Mountains, avian mortality resulting from collisions with wind turbines has
been studied at sites in Califia, Oregon and Washington State. With the exception of the
APWRA, reported fatality numbers have besemall. At San Gorgonio Pass and in the
Tehachapi Mountains, relativelyviebirds were killed in two yars of searches, including very
low representation of raptors (Anderson 2000he Golden Eagle has been found in the San
Gorgonio Wind Resource Area in more than twang of study. At a new wind power site in
Oregon, at which there are 88bines in farmland, a one-year study documented no raptor
fatalities, eight songbird fatalise and four game bird fataks (three of which were alien
species). The estimated number of actual fatalittas greater (N = 24 fatalities; 0.63 fatalities
per turbine per year), when searcher efficieaeg carcass removal (scavenging) estimates were
factored in.

The State Line project on the Washington/@regorder is one of the worldOs largest wind
power facilities. As presented in Table 6.1.2-&, ftality rate per turbine per year has been
found to be slightly less than two birds pebine per year (Erickson et al. 2002, 2003a, 2004).
That project now has 454 turbines. Among thelifaga were a variety of species, with Horned
Larks (locally nesting birds) accounting for 4@fall birds found. Six raptors from three
species were killed, and about 24% of fatalitiese night migrating songbirds. The rates of
avian fatalities at smaller wind power sitesOregon (Klondike) and Washington (Nine Canyon)
averaged slightly lower and higher, respealitv Birds killed were divided among night
migrants, resident species, very few waterfowt amall numbers of raptors. The rate of night
migrants killed in the far west has been roygire bird per turbine peear or less, which
includes carcass removal and searcher efficiency correction factors

Most of the projects in theestern United States discussdubve were situated in tilled
agricultural fields or paste/prairie-like habitatsIt should be noted & many of the turbines
involved in California studis were less than 200 feet in heightl did not have FAA lights. All
turbines in Oregon and Washingteere taller than 275 feet and a subset (perhaps one in three
to one in four) of them had FAA lights (the pease or absence of lights is significant, because,
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as discussed below, lighting has been implicatddrge-scale fatality events at communication
towers). There has been no sugjg of population impacts at anythese facilities, nor have
fatalities involved endangerext threatened species.

In the Rocky Mountain region, after five years of systematearches at 29 modern turbines
(expanded to 45 in the third3@ in a short-mixed grassgdrie/pasture land in northern
Colorado, small numbers of fatalities wel@cumented (Kerlinger, Curry and Ryder,
unpublished). The fatalities were mostly Hormedks, with fewer McCown's Longspur, White-
throated Swifts, one teal, one American Keswak Lark Bunting, and some other songbirds.
The prevalence of Horned Larks thre fatality lists is likely a ult of their aerial courtship
flight during which they display amsing at the height of the rotors.

In Wyoming, at the Foote Creek Rim project gaeted in Table 6.1.2-13|so in a short-mixed
grass prairie habitat, 90 fatalities were recdrd® of which were at wind turbines and 15 of
which were at meteorology towers with guyr@d (Young et al. 2003). Thus about 20% of the
fatalities resulted from collisions with guy wires at the meteorology towers and likely would
have been avoided by using free-standing tow&hss means the fatality rate per structure is
about two to four times greater at the guyed orelegy tower than at theirbines. (Virtually

no birds are known to be killed at free-stargdmeteorology towers.) Few raptors were found
dead at the Foote Creek Rim project (threecAican Kestrels and one Northern Harrier) and
48% of the fatalities were night migrating birdSf the migrants, no sgies accounted for more
than five to seven individuals (inaing Chipping and Vesper Sparrows).

In the upper Midwest, a number of projects have been &dd In Kansas, Young et al. (2000)
noted no fatalities at the two turbines in thérég Energy Center in Pottawatomie County. In
Minnesota, at the Buffalo Ridge wind powaecility (approximately 400 turbines; see Table
6.1.2-1) near Lake Benton, relatively small nunsbafrfatalities have been reported (Johnson et
al. 2002) during four years of seairip at subsets of the turbine$he fatality rates per turbine
ranged between about one bird pebine per year toleut four birds per turbine per year. The
species composition included a variety of biidsluding one raptor (Red-tailed Hawk), very
few waterbirds, and a number of night-migng songbirds (about 70% of the 53 documented
fatalities). Only about fivelucks and coots were found duritng study, despite their regular
presence around the wind power site and thetlatthe wind farm is within a major migration
area for waterfowl! (Bellrose 1980).

In lowa, a study at a small wind plant reportedatalities (Demastes and Trainor 2000). A two
year study recently completed by lowa State ¥rsity and the lowa Department of Natural
Resources at the Top of lowa Wind Power Pragéetrevealed no fatalitteto Canada Geese or
other waterfowl (Koford et al. 2005). Thisudy is important because the 89 turbines were
located within one to two miles of three waterfemanagement areas. Despite intense use of the
turbine fields by waterfowl (>1.5 million duck and goose-use-days per year), none were killed.
In addition, no shorebirds were latl, but one raptor (perhaps twads recorded in the mortality
study. As presented in Table 6.1.2-1, fewer th&nbirds per turbine per year were found to be
killed at this site.
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In Wisconsin, two years of carcassarches under 31 turbines situated in farm fields in the
Kewaunee County peninsula found about two daergbird fatalities, mostly migrants.

Perhaps six of the documented fatalities were night migrants. One Mallard and one Herring Gull
were the only two waterbirds found dead at #iiis (Howe et al. 2002)The authors estimated

that each turbine killed betweene and two birds per year, whesarcher efficiency and carcass
removal rates were factored irtee estimates. A study of twooalern wind turbines at Shirley
revealed one night migrating songbird fatatiuring a year-long study (Howe and Atwater

1999).

In the northeastern United States, where wind farms have been developed only since the late
1990s and early 2000s, there are feinatepth studies of collision t@ities at turbines than in

the west. But, there is information from sewand power facilities irthe eastern United States
and one across Lake Erie in Canada thatedexyant to the westerOhio lakeshore region,
involving many of the same species and migratiehaviors, especially among night migrants.

At the Meyersdale Wind Energy Center, locatedonthwest-central Pennsylvania, a total of 13
avian carcasses, representing six or more spesire found below 20 turbines during searches
from July 30 to September 13, 2004. Two stutlieage been conducted at the Mountaineer Wind
Energy Center on Backbone Mountain in West Miiay This site has 44 turbines, twelve of
which were lit with FAA-certifiel red strobes. In 2003, Kerasd Kerlinger (2004; see Table
6.1.2-1) found a mortality rate of about fourds per turbine per year, including between two
and three night migrants per turb per year. One duck and teamaptors (two Turkey Vultures
and one Red-tailed Hawk) were also found2®94, Arnett et al. (2005pund a total of 15

avian carcasses during a sieak period, with 13 of those individuals representing night-
migrating songbirds or songbird-tkspecies. The other two bindsre a Turkey Vulture and a
Sharp-shinned Hawk. Both these sites experiarfe@gly heavy fall raptor migration, but raptor
mortalities have been minimal, limited apgatly to mostly resident birds.

At a facility with eigh modern turbines (fouwith red-flashing FAA lights approximately 280
feet [85 m] tall) located in farmland at Garrett, Somerset County, Pennsylvania, seventeen
rounds of fatality searches conducted frédeme 2000 through May 2001 revealed no avian
fatalities (Kerlinger 2001).

In central New York State, the MadisomdaFenner Wind Power Projects are located in
cropland. The Madison site has seven modetirtes that reach a maximum height of about
120 m (390 feet) tall and are atlwith FAA red strobes (type B864). Four collision fatalities

have been recorded at the turbines, plusabr@eguyed meteorologicaivter (Kerlinger 2002a).
During the spring and fall migrations, each turbine was searched five and six times, respectively.
If carcass removal and searcher@éincy rates at the Madison site were similar to those at other
projects, the numbers of fatadis would likely be on the ordef two to four-plus birds per

turbine per year. Of these fatalities, masuld be night-migrating songbirds and similar
species. The Fenner project has 20 turbinesnidn2004, the plant manager reported no fatality
events for raptors or other l&dirds (Paul Kerlinger, pers.rom.). Nevertheless, biologists

from the New York State Department of Envinoental Conservation (N&) made a site visit
during 2004 and found small numbers of dead bats.
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In upstate New York, on the Tug Hill PlateauLefvis County, several mdms of daily searches
during spring and autumn migration beneatb tmlit wind turbines168 feet [51 m] tall)

located in open fields revealed no carcasses (Ca@d. 1995). At Searsburg in southeastern
Vermont, searches done in June through December 1997 (nesting through fall migration)
revealed no fatalities at eleven new, unlit turbifi? feet [58 m] tall) situated on a forested
hilltop (Kerlinger 2000a and 2002b).

As noted in Section 6.1.2.1, the greatest fataditg found for birds at turbines in the United
States was about close to eight birds pelitierper year under three turbines on a forested
mountaintop in eastern Tennessee. The two-stealy of the 290-foot (88-m) turbines equipped
with white strobes revealed several dozen fisli mostly night migrating songbirds (Nicholson
2003). Lighting may have played an important inléhese fatalities, but is also possible that
the larger rate of fatalities is the result of thore southerly latitude of this project, where
migrants are more concentrated. But a recenystithis site has shown a much lower rate b
1.8 birds per turbine per year (Fiedler et al. 2007).

In New Jersey, the Atlantic City Utilities Authityr has constructed a demstration project of 5
turbines on a filled island surrounded by salt mansd tidal creeks and channels. Avian use
was very high at the site, as was noted in pegipplications. Eight caasses were discovered at
that site from July through December 2007, buthee searcher efficiency nor carcass removal
(scavenging) were assessed to extrapolatestadtual numbers of fatalities. Birds killed
included two listed raptors (Osprey and PeregFalcon), two gulls, two shorebirds, and two
night migrating songbirds (New Jersey Audul20®®8). It appears that, although two listed
species were killed, the fatalityteawas not biologically significant.

In Canada, at the Erie Shores Wind Farm in Ontario, (James 2008), a two-year mortality study
included searcher-efficiency and cass-removal trials. It estitesl mortality to be between 2.0
and 2.5 birds/turbine/year, including a rate of 0.04 birds/turbine/year for raptors.

Some patterns of mortality were apparent. Midst was higher at wind turbines within 200 m
(660 feet) of the Lake Erie shore bluffSurbines even 250-400 (820-1,310 feet) showed no
elevated mortality. The steady red aviation-wagnights on a subset of the turbines also
appeared to contibute to somewhat elevatedality. Based on this finding, Environment
Canada has requested that aviaticarning lights be changedfiashing red. In addition, the
presence of woodlands at less than 50 m (26§ from turbine bases appeared to have some
small effect on the mortality level, but beyond testance, no effect was apparent. It was
mainly the turbines near tregsnear-shore areas that weregnsignificant to bird mortality.

In future installation of wind farms in the Gtdaakes area, James recommends that all turbines
be kept at least 250 m (820 feet) away frdwore bluffs or shores, aviation-warning lights
should be flashing, and turbinedes should be kept last 50 m (165 feet) of trees.

James conducted two other fatabtydies at single wind turbimestallations in Ontario. One
was along the shore of Lake Ontario in a parkoronto, and the other was adjacent to
Pickering Marsh, a few miles inland from Laket@no. The turbines at both sites were tall,
modern turbines. The two studies revealed atitytlevels similar to the Erie Shores study.
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In summary, studies at thesedaother sites have shown fatakti® be relatively infrequent
events at wind farms. No federally endangexethreatened species have been recorded, and
only occasional raptor, waterfowl, or shorebirthfiies have been documented. In general, the
documented level of fatalities ©iaot been large in comparison with the source populations of
these species, nor have the fatalities been stigged biologically sigificant impacts to these
species.
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6.0  Avian Risk Assessment for Great Lakes Wind Energy Center

In this section, we assess risk juxtaposing the avian profile tite Project site (Sections 3.0
and 4.0) with the known or suspected effects of offshore and onshore wind-power development
on birds (Section 5.0). These effects are haluss, barrier effect, and collision mortality.

The avian profile tells uthat the species listed Trable 6.0-1 are likely téorage at the Project
site. This list does not includgpecies that Rosche (2004) ddess rare, because the frequency
of rare species at the Project site would {ikde too low to test for Project effects in a
statistically valid way. Moreover, many webgds common along the lakefront zone are
uncommon offshore (see Section 3.0 discussiém) .exception may be Common Loon, but its
abundance appears to be low on Lake Erie.

Table 6.0-1. Species Likely to Use Waters at Project Site’

Species Likely Occurrence at Project Site

Common Merganser Small to moderate numbers in migration
Red-breasted Merganser Potentially large numbers, particularly in fall migration
Common Loon Small numbers in migration

Horned Grebe Small numbers in migration

Double-crested Cormorant | Small numbers in summer, larger numbers in migration
Bonaparte's Gull Potentially large numbers, particularly in fall migration
Ring-billed Gull Small to moderate numbers, except in winter

Herring Gull Small to moderate numbers, except in winter

Great Black-backed Gull Small numbers, except in winter

Caspian Tern Small numbers in migration

Common Tern (OH-E) Small numbers mainly in fall migration

! Ohio-listed species indicated in boldface. E = Endangered.

Regarding use of airspace, the avian profighhghts the following bird groups, in order of
migration traffic (Table 6.0-2).

Table 6.0-2. Avian Groups Likely to Use Airspace at Project Site

Avian Group Likely Occurrence at Project Site

Songbird migrants (nocturnal) Large to very large numbers over Lake Erie
Waterbird migrants (mainly nocturnal) | Large numbers over Lake Erie

Raptor migrants (diurnal) Very small numbers over Lake Erie

At least two methods have been developedjfrging avian sensitivity impacts at offshore
wind farms. Reviewed by Dierske and Garthe (2006), the siingy index of Garthe and
HYppop (2004) gauged vulnerabilitythe wind farms themselvascluding habitat loss and
barrier effects. It lookedt the following factors:

Curry & Kerlinger, LLC - November 2008 © 82



Great Lakes Wind Energy Center, Cuyahoga County, OH

Flight maneuverability

Flight altitude

Percentage of time flying

Nocturnal flight activity

Disturbance by ship and helicopter traffic
Flexibility in habitat use

Biogeographic population size

Adult survival rate

European threat armbnservation status

TTae@mooo0 oy

Each factor was scored on a 5+gascale from 1 (low vulneralty) to 5 (high vulnerability).
Five of the factors could be assed with data, but four requirsubjective assessments based on
at-sea experience.

When 26 seabirds were scored, Arctic Loon Red-throated Loon ranked as most sensitive,
followed by White-winged Scoter, Sandwich Ternga&reat Cormorant. Least sensitive were
Black-legged Kittiwake, Black-headed Gull, and Northern Fulmar.

They then used thBuropean Seabirds at Sea Database (described in Stone et al. 1995 and
Garthe et al. 2002) to create samaa vulnerability maps for the @wan territorial waters in the
North Sea. These maps used a 1264¢6-mf) grid system, with grid scores based on the
addition of the sensitivity-index scores of the spececorded in the grids. Not surprisingly, the
resulting maps showed cumulatiydiligher wind-farm sensitivity foseabirds close to the coast
and lower sensitivity far from shore.

A sensitivity index developed by Desholm (2006; not reviewed by Dierschke and Garthe) looked
specifically at collision mality. At the Nysted wid farm, relative abundance and

demographic vulnerability were calculated éowide range of birdé8 species), including

waterbirds (loons, geese, swans, ducks, craudls, and terns), birdsf prey, day-migrating
songbirds, and night-migrating songbirds. Deshfocused on bird species for which local
migration volumes were known, thanks to reseatch bird observatorgn DenmarkOs Gedser

Odde peninsula, very near the wind farm.

Relative abundance was calculabgddividing the migration volumef a species by its reference
population. Common Eider ranked first, with?84f its reference population migrating by the
site (257,139 migrants in an estimated poputati760,000 birds). berestingly, Rough-legged
Hawk ranked second, at 23% (4,18@&rants in an estimated poptibn at 18,000 birds). At the
other end of the spectrum, Northern Goshawk was rank&ca88.01% (3 migrants in an
estimated population of 24,000 birds). Teopean-threatened Red Kite rank&8da& 4% (67
migrants in an estimatgmbpulation of 1,600 birds).

Demographic vulnerability was gauged by lookingdtilt survival rateand fecundity rates to
determine a speciesO vulnerabitityelative changes in meadult mortality. The most
vulnerable species to turbine mortality wérese with high adult suival rates and low
fecundity rates, where additional mortality wasrenlikely to have a population effect. Such
species were large, long-lived birds, such aterbérds and birds of prey. Landbirds would be
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least vulnerable, givethat their high fecundity compensates for their relatively low adult
survival.

When these two indicators were plottede@ps with high relate abundance and high
demographic vulnerability were exclusively doatied by birds of prey and waterbirds. Among
passerines, Wood Pigeon and Jack@atype of crow) stood sligltapart from other passerines
in terms of sensitivity, given their higklative abundances antedium demographic
vulnerabilities. The small pasgss, many of which are nocturrmalgrants, were calculated to
have a low sensitivity, given their low relativieumdances and low demographic vulnerabilities.

In his conclusion, Desholm acknowlged that migration route wasrajor variable that was not
accounted for. As noted in Section 5.1.3, ratiadies at Nysted showed the fall migration
pattern for waterbirds, especially Common Eidgeas to round Geder Odde peninsula and head
west toward the wind farm area. The pattern foidof prey was to depahe southern tip of

the peninsula on a trajectoryatmormally did not intersect the wind farm. Therefore, the
proportion of waterbirds migraitg by the wind farm was several magnitudes higher than that of
raptors. Nevertheless, in a ship-based stBtBwy et al. (2007)dund that, when migrating

raptors took pathways that broaghem toward the Nysted wind farm, they generally flew
through it; but, in most cases, they adjustegirtfiight paths to avoid coming close to the
spinning rotors.

In the context of the Project, the analysissarthe and HYppop (2004) found Arctic and Red-
throated Loons to be the most sensitive speci&sirope, by a large marg Red-throated Loon
is a rare migrant and occasiomanter visitor on Lake Erie &leveland, and Arctic Loon has
never been recorded (Rosche 2004). Howehkerclosely related Common Loon is a fairly
common migrant and rare sumnaard winter visitor (Rosch2004). Studies and anecdotal
information indicate that it occuet higher densities offshore, bitg abundance on Lake Erie is
low.

Garthe and HYppopOs analysiscitgis that populations of magills and terns are relatively
insensitive to the effects of offshore wind faxmTrhey analyzed Herring Gull, Great Black-
backed Gull, and Common Tern, all of which nieeyexpected to occat the Project site.
Black-headed Gull, a homologue for Bonapar®(ll, and Mew Gull, a homologue for Ring-
billed Gull, were also found to be relativehsensitive. Garthe and HYppop did not analyze
Red-breasted Merganser, but they found G@eatnorant, a homologue for Double-crested
Cormorant, to be relatively sensitive.

From the perspective of DesholmOs sensitivitex, Red-breasted Merganser and BonaparteOs
Gull may be singled out for their high rélee abundances on Lake Erie, because large
percentages of their North Aniesin populations stage on Lakeeein fall (Titman 1999, Burger

et al. 2002). Their demograghrulnerabilities ardikely fairly high. Nonetheless, hunting
harvests give some indication of the amounmnoftality that the Redreasted Merganser can
withstand. In the North American Wattewl Management Plan (NAWMP 2004), the

continental population of Red-breasted Megans estimated at 250,000 and increasing.
Wildlife managers permit annubhrvests averaging over 30,00@dsi, or 12% of the entire
population (NAWMP 2004). Except perhaps for a bsubsistence harvest, BonaparteOs Gull is
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not hunted. Its continental populatits also in the hundreds of thausls of birds (Burger et al.
2002).

Using DesholmOs analysis, species of passerirants, most of whichigrate at night, would
generally have low relative abundances over Liake (because only a small percentage of their
populations migrate over the lake) and low demplgi@vulnerabilities. This would mean that
collision mortality at an offshore wind farmould be unlikely to have population-level
consequences. This conclusion probablylsddr the endangered, but rapidly growing
population of KirtlandOs Warblerhich would have a very low lative abundance as far east as
Cleveland.

Based on European and other findings, the folhgysections rate likelgccurring species and
species groups for habitat loss, bareffect, and collision mortality.

6.1 Habitat Loss

In the context of an offshore wind farm, habltsss would result from birds avoiding, and not
foraging at, the wind farm sind surrounding waters. Euegm findings are summarized in
Table 5.1.4-1. In Europe, Red-throated Loorafa species off @veland) was found to
strongly avoid some of the wind farms that werelsgd. Therefore, it ki habitat (sea areas)
where it could forage. Other species shaystrong avoidance were Black Scoter, Common
Murre, and Razorbill.

Table 6.1-1. European Indications for Habitat Loss in Likely Species?

Species? European Findings on Habitat Loss
Common Merganser European studies inconclusive; see Red-breasted Merganser
Red-breasted Merganser No or only few effects

European studies inconclusive for Common Loon, but other
Common Loon loons showed strong avoidance

European studies inconclusive for all grebes; therefore,
Horned Grebe reaction uncertain
Double-crested Cormorant | No or only few effects in homologous Great Cormorant
Bonaparte's Gull Habitat loss uncertain in homologous Black-headed Gull
Ring-billed Gull Habitat loss uncertain in homologous Mew Gull
Herring Gull Increased numbers
Great Black-backed Gull Increased numbers
Caspian Tern European studies inconclusive; see Common Tern
Common Tern (OH-E) No or only few effects

! see Table 5.1.4-1 (from Dierschke and Garthe 2006)
2 Ohio-listed species indicated in boldface. E = Endangered.

Table 6.1-1 lists the species likelylie found in the waters of thedpect site either to forage or

in transit. Based on the results of Europeadist for the same species and homologues, habitat
loss is indicated for Common Loon, but it is nudicated or uncertain ithe other species. Two
common gulls were found to increase in numbers at offshore wind farms. In other words, the
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wind farms and activities at themafpicularly increased boat trafji had an apparent effect of
increasing habitat for some gulls.

Regarding Common Loon, we would not be swguliif studies at theroject site proved
inconclusive about habitat loss. Unlike Rbdsated Loon, which breeds on remote ponds in
coastal tundra habitéBarr et al. 2000), Gamon Loon mainly breeds on lakes surrounded by
forest (Mcintyre and Barr 1997). Therefore, many individuals have habiticatelll structures
(i.e., trees) in their environment. Furthem®, many Common Loonseaused to interacting
with humans and boats on breediakes and in coastal wateshere they stage and winter
(John Guarnaccia, personal observation). Trhgies that Common Lan may not exhibit the
high avoidance to wind farms and boatsedon Europe for Red-throated Loon.

Boat and helicopter traffic teervice the wind farm may causenf@orary habitat loss in some

species. For example, at the Utgrunden viamch in Sweden, Red-breasted Merganser was

found to remain away from areas visited by boats for up to 21-30 minutes (Pettersson 2005). On
the other hand, at Horns Rev in Denmark,dtieaction of Herring Gulls to wind farms was

attributed to boats (Partsen et al. 2006).

Dierschke and Garthe (2006) ctude that loss of bottom hadt to turbine foundations and
scour protectors is negligible. iBrshould also be the case at Breject. Reef effect (i.e., the
addition of hard bottom that serves as habitatrfollusks and fish) haselen suspected to attract
some birds to wind farm sites to feed, but tias not been demonstratedentifically. This
should be studied at the Project.

6.2 Barrier Effect

A form of displacement, barrier effect resultsrir birds having to alter their migration flyways
or local flight paths t@avoid a wind farm. It is considereccancern because of the possibility of
increased energy expenditure and the poteiatialisrupting linkages eeen distant feeding,
roosting, molting, and breeding areas. Nonetheless, ofdhe barrier effestidentified so far in
Europe have been judged as having significapacts on population®rewitt and Langston
2006).

Table 6.2-1 presents the indications from Euromtadies for barrier effeéh species likely to
occur at the Project site. Barieffect is not indicated fa&red-breasted Merganser, gulls, and
Common Tern (Ohio endangered), which weranfibto commonly fly through wind farms. It
may be indicated for Common Loon, becausengtravoidance was recorded for Red-throated
and Arctic Loons. Double-crested Cormorantyrdatour around the Projiéas turbines, because
its congener, the Great Cormorantsweacorded doing so in Europe.

It is unlikely that the Project will pose a signifi¢drarrier to bird migratin or local flight paths
on Lake Erie. In a worst-caseemario, if turbinesvere arrayed in a string perpendicular to
prevailing bird movements, the Project would tstheapproximately 5 km (3.1 miles). European
studies reported in Secti@nl.2 strongly indicate that migrating waterfowl approaching the
Project would make a course adjustment maloyrieters ahead to pag®e Project comfortably,
including at night. Such cose changes would add perhagewa of kilometers to their
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migration, resulting in could be considereohimimal additional expenditure of energy. For

most species, this would incesatheir entire migration distance by perhaps 0.05% (assuming a
1,500 mile migration and a 1 mile detour. This @&se would not result ensignificant increase

in migration time, distance, or energy expendidany event, waterfowl are accustomed to
flying longer distances than tls&raight-line distancbetween migration stops. In a radar study,
Desholm (2003b) found that migrating flocks@mmon Eiders and gezflew in a zig-zag
pattern, rather than in exact sgfai lines. He attributed thefequent course adjustments as a
means for compensating for wind drift, althoughditers migrating at 1-2 m above the water it
could also be a meansfbfing around moving waves.

Regarding local bird movements, the ProjectriBkely to be situated between a feeding a
roosting area. The closest feggliand roosting area is inshoretloé Project, at the Cleveland
Lakefront IBA. Described in Section 4.0, thi3A is judged to extend about one mile (1.6 km)
into the lake. Based on the Project descripti@mvipled to us, the Project would not be situated
closer than two miles (3.2 km) from the lakefrofterefore, any birds flying from the east or
west to feed or roost in the ABwould not likely intersect thevind farm. Instead, their flight
paths would take them ihere of the turbines.

Table 6.2-1. European Indications for Barrier Effect in Likely Species’

Species? European Findings on Barrier Effect
Common Merganser European studies inconclusive; see Red-breasted Merganser
Red-breasted
Merganser Commonly fly through wind farms
European studies inconclusive for Common Loon, but other loons
Common Loon showed strong avoidance
European studies inconclusive for Horned Grebe, but Red-necked
Horned Grebe Grebe was rated as commonly flying through wind farms
Double-crested
Cormorant The homologous Great Cormorant was rated as making detours
The homologous Black-headed Gull was rated as commonly flying
Bonaparte's Gull through wind farms
The homologous Mew Gull was rated as commonly flying through
Ring-billed Gull wind farms
Herring Gull Commonly fly through wind farms
Great Black-backed Gull | Commonly fly through wind farms
Caspian Tern European studies inconclusive; see Common Tern
Common Tern (OH-E) | Commonly fly through wind farms

! see Table 5.1.4-1 (from Dierschke and Garthe 2006)
2 Ohio-listed species indicated in boldface. E = Endangered.

If a significant barrier effedtas not yet been determineddarope, where large offshore wind
farms have been studied, it is difficult to see reoten-turbine project ihake Erie would result
in a significant impact. Nevertheless, it is likely that large wind farms will be constructed
throughout the Great Lakes in the future, focugjirenter attention on possible barrier effects.
Therefore, it would be valuable to study if and hitwe Project affects bird movements, as this
information will inform future environmental impact analyses.
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6.3 Collision Risk

Given that collision risk varies with bird typee treat songbirds, waterbirds, raptors, and listed
species separately.

6.3.1 Collision Risk to Nocturnal-Migrant Songbirds

Table 5.2.2.1-1 summarizes the fésof mortality studies conduaet onshore wind farms in
the U.S. where searcher-efficiency and carcasmval rates were included (NRC 2007). At
these fourteen projects, the pemtage of night-migrating songbirkiled increased from west to
east, presumably in responseartmration traffic. At the Staline, Washington, project in the
West, the percentage of night migrants kileas 24%; at Foote Creek Rim, Wyoming, in the
Rocky Mountains, 48%; at Buffalo RidgeMinnesota, 70%; and &Mountaineer, West
Virginia, in the East, 70.8%. Abe Maple Ridge site in northmeeNew York, the percentage of
night migrants was about 80% (Jain et al. 2007, 2068)ally, in Tennessee, nearly all birds
killed in four years of study were night migtar{Fiedler et al. 2007, Nicholson 2003). Since
that summary, more than a dozen additional studies have been completed,

Most reports of night-migrant fditkes at wind turbines are ofrgjle birds, unlike the large-scale
events documented over the past sixty yeats@munication towers greax than 500-600 feet
(152-183 m) in height (Avery et al. 1980). Tinatcturnal migrants collelat a lower rate with
wind turbines than with tall communication towers is related to the much greater height of the
communication towers that weire/olved, as well as to the presence of guy wires (Kerlinger
2000b) and steady-burning FAA red lights (L-&fstruction lights) on gamunication towers.

The communication towers that are respondiimehe largest numbers of avian fatalities,
including virtually all of those wére large numbers have beenddllin a single night, are almost
entirely taller than 500-600 feet (152-183frnom literature and recent unpublished studies).
Such towers are much taller than the turbinepgsed for the Project site. The most recent
literature surveys conducted by the USFWS and the U.S. Department of Energy (Trapp 1998,
Kerlinger 2000b) reveal virtuallgo large scale mori} events at communication towers less
than 500-600 feet in height. It should be ndtest the few communication towers less than 500
feet in height associated witbports of large-scale fataligvents have been immediately
adjacent to bright lights. At these sites, steaulyning sodium vapor lights or other bright lights
have been shown to be presf@ferlinger 2004a, b)Very attractive to birds, sodium vapor

lights are very different from the lightsmilated by the FAA for wind turbines.

The fact that there are no guy wires on modemdwiiirbines is of critial importance, because it
is the guy wires of tall communication towers thatount for almost all of the collisions. The
literature does not reveal manydities at free-standing communicatitowers that are as tall as
475 feet (Gehring and Kerlinger 2007a and 2007)ese studies were conducted at 400-475
foot tall unguyed communication towers revedietiveen about zero ando birds killed per
tower per year. No published studies have rexketllision fatalities at freestanding towers,
including freestanding meteorology towersvatd power sites (W. Erickson personal
communication, Kerns and Kerlinger 2004).
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The last risk factor that has been implicatedatiisions of night ngrating birds with tall
structures is lighting (Kerlinge2000b). The lights of communication towers and some other
structures (smoke stacks, cogjitowers, and tall buiidgs) have been demonstrated to attract
migrants that then collideith the structures. On the 1,0@@5t tall communication towers
where large fatality events have occurredhalle been equipped with up to twelve steady-
burning red L-810 obstruction lights well as several flashihg864 red flashing strobe-like
lights (often incandescent higs that do not go entirelyditk between flashes).

The lighting on a vast majority of wind turbinesnstructed in the U.S. is very different (see
FAA Advisory Circular). Wind turbines almosever have the steady-burning red lights (L-810
obstruction lights) that are pesgt on communication towers. laad, a subset of turbines has
single flashing L-864 red flashing:sbes. A few turbines at Buffalo Ridge in Minnesota have
steady red lighting, as do all of the lightedbines at the Erie Shores Wind Farm.

Research by Kerns and Kerlinger (2004) andikger (2004a, 2004b, Kerlinget al. in review)
has not demonstrated any large-scale fatalignts at wind turbines, nor has it shown any
difference in numbers of fatalitied lit versus unlit turbines. Sifar results from wind plants in
Washington, Oregon, and Minnesota have suppdhis finding. At the Mountaineer Wind
Energy Facility in West Virginia, Kerns and Kieader (2004) reported a fatality event involving
about 30 night migrating songbirds in May 2003.affé&vent occurred on a very foggy night at
an electrical substation invohgy mostly one turbine and the substation fencing. Birds were
apparently attracted to four sodium vapor lamps on the substation and collided with the three
closest turbines (mostly the closest turbing) the substation infrastructure. Almost no birds
were found at the 41 other turbines at thatguipjdespite 11 of them ipg lit with red flashing,
L-864 strobe-like lights.

At Buffalo Ridge in Minnesota, a smaller fatglevent involving 14 migrants at two adjacent
turbines (seven under each turbine) at BufRildge in Minnesota was probably the result of the
steady burning red lights on one of the turbinesEwé Shores, turbines with lighting (in all
cases steady red) had more night migrantifi@sthan unlit turbines. For this reason,
Environment Canada has requedteat the lighting behanged to flashing red. This suggests
that steady burning red lighfis-810) can attract birds.

The fact that no large scale mortality evantslving night migrating birds have been
documented at wind turbines anywhere, combini the fact that there is no difference
between the numbers of birds &il at lit versus unlit wind tunbes at sites across the United
States, strongly suggests that FAA obstructigimting for wind turbines (red flashing, L-864
strobe-like lights) does not have the same ditraeffect as the steady burning red lights (L-
810) that are on communication towers (Kegkr 2004a, 2004b). Furthermore, the FAA does
not stipulate that all wind turbines be IResearch by Gehring and Kerlinger (2007b) and
Gehring et al. (in pis - 2008) at communicatidowers in Michigan has provided the first
evidence that L-810 lights are far more attractovbirds than flashing L-864 lights. Tower
fatalities studied in lllinoisred elsewhere have consistentBeln at towers in excess of 600-800
feet agl, although some have exceeded 1,500 feet agl (Seets and Bohlen 1977, Bohlen 2004,
Graber 1958, Larkin and Frase 1988). These toners all been equipped with guy wires and a
combination of flashing red (L-864 type incancist) and steady burning (L-810 type) lights.
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Some of these towers have been equippedmitie than 12-15 lights, staggered at various
levels from just above the ground to morartti,000 feet above the ground. Overall, the
structure and lighting of theseromunication towers is very diffemefrom that of wind turbines.

Wind turbines essentially lack the major risk @astimplicated in largescale mortality events
involving nocturnal migrants @mmunication towers. In coast, wind turbines: 1) are
relatively low in height when eopared with tall communicatiaiowers, 2) lack guy wires, and
3) have FAA obstruction ligbtthat appear not to atit nocturnal migrants.

As explained in Section 3.2.1.1udtes strongly indida that nocturnal migration above the
Project site would occur on a broad front mostiyaltitudes above the sweep of wind-turbine
rotors. A small percentage of migrants woulddtyotor height and bat risk of collision.

At dawn, migrants over Lake Erie gain altitude (@aen ascent) to survey their surroundings
and reorient themselves toward the nearest #&indBiven the Projecs@ocation at least two
miles (3.2 km) offshore, it is unlikely thatrds descending into wooded habitats along the
lakeshore would intersect thetwo-swept area of any wind turl@in Conversely, birds ascending
from the lakeshore at dusk during spring mignativould mostly be above rotor height at two
miles offshore.

Overall, it is likely that collision mortality will beimilar to or slightly greater than the numbers
and species composition of migrakied at other sites. Hurbines at the Project exceed 500
feet (152 m), the FAA may request the installaid L-810 steady-burninged lights in addition
to L-864 red flashing strobe-like beacons. Th&10 lights would likely be installed at the mid-
height level of the turbine or the tower. If thighting is used, the fatayi rate would be greater
because the L-810 lights have been found to attigbt migrants. In adition, the taller height
of the turbines (about 100 fg@0.5 m] taller than most existy turbines), would also likely
result in higher fatality levels. Thereforerliines in the 50@oot height range that have L-810
lighting are likely to experience fatality ratést are greater than those reported from most
turbines. But, even at the highest recorde¢ality rate (7.7 birds/tline/year at Buffalo
Mountain, Tennessee; see Table 5.2.2.1-1), collisiortality is unlikely to be biologically
significant, because it would be distribusdong many common species with low demographic
vulnerabilities and with low abundaes at the Project site (saigove discussion of DesholmOs
sensitivity index). Based on thact that the Project would erecsmall number of turbines, the
increased fatality rate caused by 500-foot tall turbines with L-810 hgbidd not likely result

in biologically significant mortality.

6.3.2 Collision Risk to Waterbirds

Waterbird mortality at onshore U.S. wind farms haen demonstrated to be relatively low. In a
review of bird collisions repted in 31 studies at wind-enertacilities, Erickson et al. (2001,
cited in NRC 2007) reported that 5.3% of faiges were waterfowl, 3.3% waterbirds (mainly
rails and coot), and 0.7% shorebirdsis interesting that watexvl and shorebirds are nocturnal
migrants, but they do not appear to be attchtadights (FAA or other types). HYppop et al.
(2006) demonstrated this in their carcass searelthe illuminated FINO 1 platform in the
North Sea, where they found no waterfowtiaonly one shorebird (a Dunlin) among 442
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carcasses. Waterfowl and shorebirds arelkaisavn to migrate mostly at high altitudes
(Kerlinger and Moore 1989, Bellrose 1980).

At offshore wind farms, avoidance and other behavioral adjussna@piear to decrease collision
risk. As related in Section 5.1.3, Desholm and Kgh{R005) found that theercentage of flocks
entering the Nysted wind farm decreased signifigaover pre-construction levels. When flocks
did enter the wind farm, the percentage of diitging below the rotor-swept area was greater
than outside the wind farm. When flocks entlesé night, they were found to increase their
distances from individual turbines and flythre corridors between turbines. Desholm and
Kahlert modeled flight data to determine collisiisk. They found that less than one percent of
ducks and geese migrated close enough to turbines at any risk of collision. For Common
Eider, they calculated a collision probabildf/0.022% in fall migration (47.1 birds, or 0.7
birds/turbine). Compared with the anhbanting harvest of 70,000 Common Eiders in
Denmark, this level of mortality would appear to be biologically sustainable.

As discussed above, large portions of the centil populations of Red-breasted Merganser and
BonaparteOs Gull stage on Lake Hriill. Both species may ®nsidered as having moderate
to high demographic vulnerabilit Therefore, the potential f@population-level effects would

exist if these species were prone to collidvith wind turbines. Data from Europe, however,
indicate that neither spesiés prone to collision.

Based on life-history information (Mcintyend Barr 1997), Common ba certainly qualifies

as having high demographic vulnerability. ri¢ative abundance on Lake Erie is somewhat
uncertain, but it is probably a small pertagge of its source population, estimated at 500,000-
700,000 birds. Given that data from Europedatk that loons avoid offshore wind turbines, the
potential for population effects from lisions appears to be minimal.

6.3.3 Collision Risk to Migrating Raptors

Risk factors for raptors amell documented at the Altaont Pass Wind Resource Area

(APWRA; see Section 6.1.2 discussion). Tab&31 compares the APWRA risk factors with

the Project. As will be seen, the known or suspected risk factors for raptors are minimal at the
Project site.

Risk factors aside, raptor moitglis generally low at U.S. wind farms. The combined average
raptor mortality reported irolurteen U.S. studies analyzieglthe National Research Council
(NRC 2007) was 0.03 birds per turbine/year and p&daviW/year. Given that the Project is
offshore and will be intersected by raptors infreglyeduring migration, raptor fatalities are
unlikely.
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Table 6.2.3-1. Comparison of Collision Risk Factors for Raptors

Known or Suspected Risk Factors

Altamont Pass Wind Resource Area Comparison of Risk Factors

(APWRA) Proposed Project

Large concentration of turbines (about 5,400 | 10 turbines

in 2002)

Lattice towers that encourage raptors to

perch Tubular towers, no perching

Fast rotating turbine blades (40-72 rpm) Slow rotating blades (12-18 rpm)

Closely spaced turbines (less than 30 m [100 | Widely spaced turbines (~500 m [1,640

feet] apart) feet])

Turbines in steep valleys and canyons Turbines on a large lake more than 3.2 km
(2 miles) offshore

Large prey base that attracts raptors No prey base

Turbine rotors sweep to less than 10 m (30 Turbine rotors sweep down to about 40 m

feet) from ground (131 feet) above the lake

High raptor and susceptible species use of Raptor use would be nil, only during

area migration.

6.3.4 Collision Risk to Special-Status Species

Any endangered, threatened, or other special-staéicsespthat transits the Project airspace at or
near rotor height may be at risk of collisioBection 3.4 analyzes thkelihood of occurrence of
special-status species in the airspace of the Project site.

Among Ohio listed species, only the endangered Comeomis likely to feed in the waters at
or surrounding the Project sitklse of the Project site is ukdily, however, during the nesting
season because no breeding colonies are located vathging distance. This species would be
more likely fly through the site in fall migratn, but the frequency esitation would probably
rate as occasional, because @reat Lakes population is smaiid foraging opportunities are
better closer to shore. However, if the wind favere to create a reeffect that concentrates
schools of small fish, it is conceivable that fregjuency of Common Tesrat the Project site
could increase. In Europe, Common Tern miytélas been recorded at coastal wind farms
adjacent to nesting colonies, where birds ttamsbine strings on frequent flights between
nesting sites and foraging areddhis high-risk condition wilhot exist at the Project site.

The Ohio endangered Osprey and Northern Harrier and threatened Peregrine Falcon will
occasionally migrate directly across Lake Erig,their chances of intersecting the Project site
fall (when raptor passage along the north shoteaké Erie is notably Igh) or spring migration

is limited. If they were to come close to thebines, they are likely to maneuver to avoid them,
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as has been demonstrated undgts at raptor migration bottlecks (see Section 5.2.1) and at
offshore wind farms (see Section 6.0).

Many Ohio-listed species may use the ProjecOsitairspace as noctummégrants, but these
migrants derive from northern populations that are relatively abundant, not from Ohio breeding
populations. Piping Plover and KahdOs Warbler, two federally listed species, are accidental in
the Cleveland area. Therefore, collision rigkd be virtually nil. Nonetheless, shorebirds

show little susceptibility to turbine collisions (see Section 6.3.2). Regarding KirtlandOs Warbler,
collision mortality has not yet been demonstrated at tall communication towers, which have more
risk factors than wind turbines (see Sectad.1). Gehring and Kienger (2007a, 2007b) did

not find a Kirtland®s Warbler carcasmiore than 2,000 searches of guyed and unguyed
communication towers between about 475 and 1,086kin height within the warblerOs

migration and nesting range in Michigan. Thighier supports the assessimthat the risk to
KirtlandOs Warbler from Pagjt would be very low.

6.3.5 Collision Risk, Conclusions

Post-construction studies have demonstrated that collision fatalities are relatively infrequent
events at onshore U.S. wind farms (see Seétipi2.1). In a recent litet@e review, mortality
estimates were similar among projects, ave@ginl birds per turbine per year and 3.19 birds
per MW per year. Rates have been slightBaggr in the Eastern U.S. than in the West,
presumably because of denser nocturnal migratfcsongbirds in eastern North America. No
federally listed endangered or threatened spdwes been recordeéa any of the studies
undertaken, and only occasional rapteaterfowl, or shorebird fatties have been documented.
In general, the documented level of fatalities hat been large in comparison with the source
populations, nor have the fatalities been sutipgeesf biologically significant impacts.

Except for waterbirds, these conclusions shbwlid for the Project. Fatality numbers and
species impacted at the Project site likely to be similar, oa per turbine per year basis, to
those found at Eastern and Midwestern U. S.aotsjthat have been studied. These fatalities,
when distributed among many species, are nowfiteebe biologically significant. When
compared with the Altamont Pass Wind Resounes, collision risk factors for raptors are
minimal. Collision risk to night-migrating songbirds is likely to be similar to other sites
examined because the altitude of migratiogaeerally above the sweep of the wind turbine
rotors.

Regarding waterbirds, a review of bird nadityy at coastal wind farms in Europe has
demonstrated that all groups of waterbiodsurring on the Great kas are fundamentally
vulnerable to turbine collisions offshore. Bagllision frequency at these coastal wind farms
was directly related to abundarmed propensity to fly at rotdreight, with common species of
gulls (particularly Hermg Gull) recorded most frequently (s@ection 5.1.3). It should be noted
that many of these coastal wind farms weretleta@adjacent to nesting colonies and on flight
routes between nesting sites and foraging ar€herefore, collision risk was notably high.

Given that the Project will be constructed mitran two miles (3.2 km) offshore, bird abundance
will be significantly smaller than along thee®kland lakefront (see Section 3.0). The only
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common colonial nester in Clewsld is Ring-billed Gull, which nests on large rooftops, but the
Project would not be located betweemi¢sting sites and prime foraging areas.

In Europe, where wind farms have been congddion heavily used waterfowl migration routes,
flocks usually detour around the wind farnihe small number of flocks that fly through the
wind farms, including at nighgenerally do so beneath the rotor-swept area. These and other
behavioral adjustments markedly decreased collision risk.

The Project site does not appé&abe on a heavily used migian route for waterfowl or other
waterbirds. Large numbers of Red-breastedgdeser and BonaparteOs Gulls stage on Lake
Erie in fall migration, but they armore likely to fly inshore of theroject site to roost or forage
in the Cleveland Lakefront IBA. Should migratar local movements take waterbirds in the
vicinity of the Project, it iexpected that birds would detcanound the turbines, or cross the
wind farm below the rotor-swept area. Therefarall cases, collision risk to waterbirds is
judged to be low and unlikely to rise the level of wlogical significance.

Confirming these predictions tite Project site will be chalging, because carcass searches at
offshore wind farms are probahiypossible. Real collisiorates at offshore wind farms
probably can only be obtained by direct obseorgtincluding the use of remote methods. At
least two remote methods for quantifying colliss have been developed. They should be
evaluated for deployment post-construction atRf@ect site. In addition, it may be worth
experimenting with drift nets toonduct carcass searches below turbines at the Project site.
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7.0 Recommendations

The following recommendations for the propo§eat Lakes Wind Energy Center are based on
literature and database searcreggmrding the Project siteOs awifa and what is known about
the potential risks to birds fromind-power development in the United States and Europe.

Given that this Project will be a first for tidreat Lakes, it would be extremely valuable to
conduct post-construction studiesgauge how waterbirds reactttee Project in terms of habitat
loss, barrier effect, habituatiorgef effect, and other factor&uch information on a species-
specific level would inform avian risk assessisdor future offshore wind-energy projects in
the Great Lakes. Another importarinsideration is collision matity, but it remains to be seen
if a cost-effective remote method or carcassctess for quantifying collision mortality can be
deployed.

These recommendations are made with the kedgé that they may not be economically
feasible for a small, pilot projectf these studies are to berdp funding from state and federal
agencies, as well as the nprefit environmental communitghould be sought. Such funding
would be a significant and proactive steghe development aflean-energy solutions.

Further Pre-Construction Studies Not Needed

The results of this avian risk assessment donubtate that the needrféurther pre-construction
research, as it would not impropeecision or confidence levelsgarding predictin of risk to
birds at the Project.

Construction Guidelines

» Disturbance of bottom habitatyé ship and helicopter traffto and from the site should
be minimized.

» The onshore installation of any new abovetgrd electrical lines should follow Avian
Power Line Interaction Committee (APLI@Quidelines for insulation and spacing.

» Lighting of turbines and other infrastructigieould be minimal toeduce the potential for
attraction of night migrating songbirds and similar species. Federal Aviation
Administration (FAA) night obstruction lightg should be only flashing beacons (L-864
red or white strobe [or LED], or red flasigi L-810) with the longest permissible off
cycle. Steady burning (L-810) red FAA ligidisould not be used, although if turbines
exceed 152 m (500 feet), the FAA may macoend them. Sodium vapor lamps and
spotlights should not be used at any faci{éyg., lay-down areas or substations) at night
except when emergency maintenance is eeedf steady burning lights are needed for
maintenance purposes, the use of green orligioes should be investigated as a means
of minimizing bird attraction. Navigationgihts (steady red andegn, located near the
water level) will likely be required, but these have not been demonstrated to attract
migrating birds.
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Post-construction Studies

Once the Great Lakes Wind Energy Center is cootd, studies of avianteractions with the
turbines should provide valuable informatiorhlp assess avian risk from the much larger wind
farms that are likely to be constructed in @reat Lakes in the coming decades. Stakeholder
participation in the post-construction studytloé Project is recommended. To this end, a
Technical Advisory Committee (TAC) should béaddished as a means of reviewing the scope
of work for each of the following recommendatipas well as reports that result from such
studies. Members of the TAC should include USFWS, ODNR, Cuyemga County Board of
Commissioners, a representatfv@m the wind development comumity (i.e. juwi) , the Great
Lakes Energy Task Force, and other relevaketiolders. This approlato post-construction
studies has been used at more than a dem@hpower projects across the United States.

» Carcass searches should be investigatednasans of determinirthe number and type
of birds that collide with tbines. The potential for rtetg deployed on buoys should be
tested as a means of finding and gathering carcasses of birds that have collided with
turbines.

> At least two remote methods for quantifyingtime collisions have been developed (e.g.,
TADS and WT-Bird; see Sectidnl.3), although they have nmten shown to be useful.
Each should be evaluated for potential use, pdtticular attention paid to the number of
units that would need to be deployedyemerate a statistically valid sample.

» A study of waterbird reactions to the Prdjaould provide valuable information to
evaluate avian risk at future offshamnd farms in the Great Lakes. Sampling
techniques to consider inle direct visual and, possibradar observations from the
Cleveland Crib, as well as boat and aerial sysv This study would look at habitat loss,
barrier effect, habituation, reeffect, and other factors.

» Results of the fatality studshould be compared with craelegrave (life cycle) impacts
to birds from other types of power genevatnow supplying electricity in Ohio. This
comparison would facilitate long-term plannwgh respect to electrical generation and
wildlife impacts. The study should seieformation from USFWS and ODNR on
existing energy-generation impacts to wildlifé information is not available, as our
preliminary review appears to reveal, theseraies should consideroviding financial
support for such studies.
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