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AVIAN RISK ASSESSMENT 
 

Great Lakes Wind Energy Center 
 

Cuyahoga County, Ohio 
 

 
Executive Summary 
 
This report analyzes potential avian risk from the 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 turbines are planned, with nameplate capacity in the 
range of 2.0-5.0 MW.  Total project capacity would not exceed 20 MW. 
 
Turbines would likely have hub heights of 80-100 m (262-328 feet) and rotor diameters of 90-
126 m (295-413 feet).  With the rotor tip in the 12 oÕclock position, rotors could reach up to 153 
m (502 feet) above the surface of Lake Erie.  In the 6 oÕclock position, the rotor could extend 
down to 27 m (89 feet) above the water surface.  Depending on orientation to wind direction, the 
distance between turbines would be about 384-960 m (1,260-3,149 feet).  If the turbines were 
arrayed in a row (ÒstringÓ), the wind farm could stretch approximately 1.0-3.5 km (0.6-2.1 
miles).  Each turbine, or a subset of turbines, would be equipped with L-864 red strobe-like 
beacons (lights), a type of Federal Aviation Administration (FAA) aviation obstruction lighting, 
at the top of the nacelle.  If the turbines exceed 152 m (~500 feet) in height, L-810 steady 
burning red lights may be requested by the FAA at the midpoint on 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-accessible databases, this avian risk assessment 
describes the Project site and habitats at and near the site.  It then profiles the birdlife expected to 
occur at the Project site during the breeding, spring and fall migration, and wintering seasons.  
Nocturnal migration is given special attention through a separate study commissioned for this 
report.  This study examined the most recent five years of archived data from the nearby KCLE 
weather surveillance radar (WSR-88D, also known as ÒNEXRADÓ [Next Generation Radar]).  
The report then summarizes the European literature on avian interactions with offshore wind-
energy development, adding appropriate research findings from onshore projects.  By relating the 
avian profile at the Project site with the literature findings on avian effects, we arrive at an avian 
risk assessment for the Project and recommendations for minimizing avian impacts.   
 
The NEXRAD study demonstrated that night migration over the Project site is broad-front and 
without major concentrations or migration pathways.  Density patterns of birds flying over this 
portion of Lake Erie were similar to those found in other locations in the Midwestern and 
northeastern states.    
 
Except in winter, when waterbirds concentrate at warm-water outlets that remain ice-free, and in 
fall migration, when large numbers of Red-breasted Mergansers and BonaparteÕs Gulls stage on 
Lake Erie, waterbird diversity and abundance along the highly developed Cleveland lakefront is 
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dominated by a few common species.  Studies indicate that this diversity and abundance 
decreases with distance from the lakefront as water becomes deeper offshore.  Few waterbirds 
(limited to fish-eaters, surface-scavengers, and surface-gleaners) are able forage farther from the 
lakeshore.  
 
At two to five miles (3.2 to 8.0 km) offshore, and with water depths exceeding 33 feet (10 m), 
very few birds are expected to use the waters within the Project area during most of the year.  In 
summer, the most frequently occurring species will be Ring-billed Gull, Herring Gull, and 
Double-crested Cormorant, but their numbers will be much less than closer to shore.  Red-
breasted Merganser and BonaparteÕs Gull will be the two of the most common migrants using 
Lake Erie waters, particularly in fall migration, with occasionally large numbers offshore.  
Common Loon appears to occur more often in migration offshore than inshore, but its abundance 
on Lake Erie is relatively low.  When icebound in winter, the Project site will 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 the docking portions of the turbines. 
 
In migration, many birds use the airspace over Lake Erie, with most songbirds, waterfowl, and 
shorebirds migrating at night.  Radar and other studies in the U.S. indicate that nocturnal 
migration occurs mostly at altitudes above the height of wind turbines, but a small percentage of 
birds 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.   
 
Those concentrations of migrating hawks that occur around Lake Erie are generally close to the 
shoreline.  However, a few hawk species are adapted to crossing large water bodies during 
migration.  The likeliest species to cross the lake include Peregrine Falcon (Ohio threatened), 
Osprey (Ohio endangered), and Northern Harrier (Ohio endangered), none of which come from 
Ohio nesting populations.  The incidence of migrating hawks at the Project site is expected to be 
nil.   
 
Among Ohio-listed and other special-status species, Common Tern (Ohio endangered) may 
occur infrequently at the Project site during fall migration.  There is no reason to believe that it 
would be attracted to the waters of the Project site.  As noted above, it is unlikely that Osprey 
(Ohio endangered), Northern Harrier (Ohio endangered), 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 Lake Erie are from northern populations that are 
reasonably secure.  Most of the common migrants among WatchList species are near the northern 
limits of their ranges in Ohio; therefore, the numbers of those species crossing Lake Erie will be 
minimal.  The federally listed Piping Plover and KirtlandÕs Warbler are accidental in the 
Cleveland region, implying that they are rare in migration across this portion of Lake Erie. 
 
It is important to note that Audubon Ohio has designated the Cleveland lakefront as an Important 
Bird Area (IBA) for its gull congregations in winter (in the 1990Õs, daily averages of 15,000 
BonaparteÕs Gulls, 50,000 Ring-billed Gulls, and 15,000 Herring Gulls, mainly at warm-water 
outflows), waterfowl congregations in spring (in the 1990s, maximum daily counts of 7,000 
scaup and 1,500 Canvasback), and Red-breasted Merganser congregations in fall migration 
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(daily maximum of 250,000 birds in the 1990s).  As defined by Audubon Ohio, this IBA extends 
about one mile (1.6 km) into the lake (although distances vary with respect to the shoreline) and 
does not include areas where turbines would be located.   
 
Offshore wind-energy development is still largely a European phenomenon.  The worldÕs first 
offshore wind farm (a project of 11 turbines totaling nearly 5 MW) went on line in 1991 at 
Vindeby in Denmark.  Presently, 24 of the worldÕs 25 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, totaling nearly 50,000 MW.  More than one-half of this 
capacity would be installed in German waters.  The only project on a freshwater lake is at Lake 
IJsselmeer in the Netherlands, but this lake is coastal, separated from the Wadden Sea by a dike.   
 
The effects of offshore wind on birds have been well studied in Europe, where final reports on 
multi-year, post-construction studies have been published for three Danish and two Swedish 
wind farms.  Baseline conditions at these wind-farm sites were also established through pre-
construction studies.  Recently, these and other studies have been reviewed for the German 
Environment Ministry.  This review, the studies themselves, and other research out of Europe 
provide significant information on how offshore wind development has affected birds.   
 
Following the German review, the findings of the European studies may be summarized as 
follows: 
 
Habitat Loss:  Six species (Black Scoter, Red-throated Loon, Arctic Loon, Northern Gannet, 
Common Murre, and Razorbill) have been found to strongly avoid offshore wind farms.  One 
species (Long-tailed Duck) showed much lower numbers in wind farm areas after construction 
than before.  Seven species (Common Eider, Red-breasted Merganser, Great Cormorant, 
Parasitic Jaeger, Black-legged Kittiwake, Common Tern, and Arctic Tern) did not show any 
obvious effects.  Three gull species (Little, Lesser Black-backed, and Great Black-backed) 
increased in numbers.  For most other species, research to date allows no conclusions as to how 
wind farms affect their habitat use, mostly because these species were not common enough at 
offshore wind-power facilities to study or analyze. 
 
Habitat loss for species that avoid wind farms has been found to be greater than the wind farmÕs 
actual footprint, due to the displacement distances from turbines.  The loss of bottom habitat to 
turbine foundations and scour protectors appears to be of minor importance, because the area lost 
is small.  The addition of reef-like habitat has not yet been demonstrated to attract seabirds, but 
other human and natural structures do attract birds in marine and freshwater environments, often 
years after they have been constructed.  
 
It has been posited, but never demonstrated, that indirect mortality may result among seabird 
species that avoid offshore wind farms, particularly if habitat loss and avoidance increase bird 
densities in replacement habitats and lead to lower energy-intake rates.  This could potentially 
have a carry-over effect with regard to the reproductive rate, if birds arrive at their breeding 
grounds in poor condition. 
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Barrier effect:  Most of the information about flight reactions of seabirds is limited to migrating 
birds, which may behave differently to local or staging birds on flights between foraging and 
roosting sites.  Eight species (White-winged Scoter, Black Scoter, Red-throated Loon, Artic 
Loon, Northern Gannet, Common Murre, Razorbill, and Black Guillemot) have been found to 
commonly fly detours around, rather than cross, offshore wind farms.  Detours were noted for 
another four species (Greater Scaup, Common Eider, Northern Fulmar, and Great Cormorant), 
but it is not clear whether they do so regularly.  Fifteen species (mostly 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 seabirds, no information is available on which to base 
conclusions.  Long-term habituation among these species has not been studied. 
 
Regularly flown detours could increase the energy consumption of seabirds if detours were 
significant.  It has even been suggested, without empirical support, that offshore wind farms may 
act as barriers that fragment habitat, leading to abandonment of certain sea areas or to changes in 
migration routes.  A recent review suggests, however, that none of the barrier effects identified 
so far have had significant impacts on populations, but it seconds the concern that population-
level effects could result from wind farms that block regularly used flight paths between nesting 
and foraging areas, or that lead to detours of many tens or hundreds of kilometers, thereby 
increasing energy costs.  Because migration distance varies so much with weather and other 
topographic features, the small detours that might result from turbines acting as barriers would 
likely not add significantly to the energy costs of migration. 
 
Collision Mortality:  Despite the fact that only one seabird collision has been witnessed at sea, 
given that the different types of seabirds have been recorded in mortality studies at coastal wind 
farms, seabirds must be regarded as vulnerable to collision.  Collision rates and additive 
mortality remain uncertain, given the difficulties of recording collisions at sea.  However, large-
scale mortality of seabirds resulting from collisions with offshore turbines has not been 
documented in Europe.  
 
Avian Risk Assessment for the Great Lakes Wind Energy Center 
 
Based on the results of European studies for the same species and homologues (i.e., species that 
fill the same ecological niche, such as BonaparteÕs Gull and Black-headed Gull), habitat loss is 
only questionably indicated for Common Loon, but it is not indicated or uncertain in other 
species likely to occur at the site (including Red-breasted Merganser, Double-crested Cormorant, 
BonaparteÕs Gull, Ring-billed Gull, and the Ohio endangered Common Tern).  Two common 
gulls (Herring and Great Black-backed) were found to increase in numbers at offshore wind 
farms.  In other words, the wind farms and activities at them (particularly increased boat traffic) 
have had an apparent effect of increasing habitat for some gulls.  Nonetheless, boat and 
helicopter traffic to service the wind farm may cause temporary habitat loss in some species 
(e.g., Red-breasted Merganser).  The fact that the amount of habitat that potentially could be lost 
as a result of the Project is such a small percentage of the available habitat in Lake Erie, 
biologically significant impacts to these species are highly unlikely. 
 
Regarding Common Loon, it would not be surprising if studies at the Project site proved 
inconclusive about habitat loss, simply because so few loons use the open waters of Lake Erie 
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and statistical inference based on small samples is difficult if not impossible.  Unlike Red-
throated Loon, which breeds on remote ponds in coastal tundra habitat, Common Loon mainly 
breeds on lakes surrounded by forest.  Therefore, many individuals have habituated to tall 
structures (i.e., trees) in their environment.  Furthermore, many Common Loons are used to 
interacting with humans, boats, and even ocean-going ships on breeding lakes and in coastal 
waters where they stage and winter.  This suggests that Common Loon may not exhibit the high 
avoidance to wind farms and boats noted in Europe for Red-throated Loon.  
 
Barrier effect is not indicated for Red-breasted Merganser, gulls, and Common Tern (Ohio 
endangered), which were found to commonly fly through European wind farms.  It may be 
indicated for Common Loon, because strong avoidance was recorded for Red-throated and 
Arctic Loons.  Double-crested Cormorant may detour around the ProjectÕs turbines, because its 
congener, the Great Cormorant, was recorded doing so in Europe.   
 
It is highly unlikely that the Project will pose a significant barrier to bird migration or local flight 
paths on Lake Erie.  In a worst-case scenario, if turbines were arrayed in a string perpendicular to 
prevailing bird movements, the Project would stretch approximately 5 km (3.1 miles).  European 
studies indicate that migrating waterfowl approaching the Project will make course adjustments 
many kilometers before they reach the Project in both day and night.  Such course changes 
would add perhaps a few of kilometers to their migration, resulting in a minimal additional 
expenditure of energy.  For most species, this would increase their entire migration distance by 
perhaps 0.05% (assuming a 1,500-mile migration and a 1-mile detour.  This increase would not 
result in a significant increase in migration time, distance, or energy expended.  In any event, 
waterfowl are accustomed to flying longer distances than the straight-line distance between 
migration stops.   
 
Regarding local bird movements, the Project is unlikely to be situated between a feeding a 
roosting area.  The closest feeding and roosting area is inshore of the Project, at the Cleveland 
Lakefront IBA.  This IBA is judged to extend about one mile (1.6 km) into the lake.  Based on 
the Project description provided to us, the Project would not be situated closer than two miles 
(3.2 km) from the lakefront.  Therefore, any birds flying from the east or west to feed or roost in 
the IBA would not likely intersect the wind farm.  Instead, their flight paths would take them 
inshore of the turbines.   
 
Post-construction studies have demonstrated that collision mortality is relatively infrequent at 
onshore U.S. wind farms.  In a recent literature review, mortality estimates were similar among 
projects, averaging 2.51 birds per turbine per year and 3.19 birds per MW per year.  Rates have 
been slightly greater in the Eastern U.S. (maximum about 5-8 per turbine per year) than in the 
West, presumably because of denser nocturnal migration of songbirds in eastern North America.  
No federally listed endangered or threatened species have been recorded in any of the studies 
undertaken, and only occasional raptor, waterfowl, or shorebird fatalities have been documented.  
In general, the documented level of fatalities has not been large in comparison with the source 
populations, nor have the fatalities been suggestive of biologically significant impacts.   
 
Except for waterbirds, these conclusions should hold for the Project.  Fatality numbers and 
species impacted at the Project site are likely to be similar, on a per turbine per year basis, to 
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those found at Eastern and Midwestern U. S. projects that have been studied.  These fatalities, 
when distributed among many species, are not likely to be biologically significant.  When 
compared with the Altamont Pass Wind Resource Area, the sum of collision risk factors for 
raptors is minimal or nil.  Collision risk to day-migrating, nesting, and wintering songbirds is 
likely to be negligible.  Collisions of night-migrating songbirds are likely to be similar to other 
sites examined, because the altitude 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) may have L-810 steady-burning red lights, suggests a 
greater fatality rate among night migrants at this Project.  The fact that the Project will consist of 
few turbines further suggests that, even with elevated fatality rates, the likelihood that such rates 
would be biologically significant is low.   
 
Regarding waterbirds, a review of bird mortality at coastal wind farms in Europe has 
demonstrated that all groups of waterbirds occurring on the Great Lakes are potentially 
vulnerable to turbine collisions offshore.  But, collision frequency at these coastal wind farms 
was directly related to abundance and propensity to fly at rotor height, with common species of 
gulls (particularly Herring Gull) recorded most frequently.  It should be noted that many of these 
coastal wind farms were located adjacent to nesting colonies and on flight routes between nesting 
sites and foraging areas.  Therefore, collision risk was greater than at other sites.   
 
Given that the Project will be constructed more than two miles (3.2 km) offshore, bird abundance 
will be significantly less than along the Cleveland lakefront.  The only common colonial nester 
in Cleveland is Ring-billed Gull, which nests on large rooftops, but the Project would not be 
located between its nesting sites and prime foraging areas.  
 
In Europe, where wind farms have been constructed on heavily used waterfowl migration routes, 
flocks usually detour around the wind farms.  The small number of flocks that fly through the 
wind farms, including at night, generally do so beneath the rotor-swept area.  These and other 
behavioral adjustments have been found to markedly decrease collision risk.   
 
The Project site does not appear to be on a heavily used migration route for waterfowl or other 
waterbirds.  Large numbers of Red-breasted Merganser and BonaparteÕs Gulls stage on Lake 
Erie in fall migration, but they are more likely to fly inshore of the Project site to roost or forage 
in the Cleveland Lakefront IBA.  Should migratory or local movements take waterbirds in the 
vicinity of the Project, it is expected that birds would detour around the turbines, or cross the 
wind farm below the rotor-swept area.  Therefore, in all cases, collision risk to waterbirds is 
judged to be low and unlikely to rise to the level of biological significance. 
 
Confirming these predictions at the Project site will be problematic, because carcass searches at 
offshore wind farms are extremely difficult or impossible.  However, collision rates at offshore 
wind farms may be obtained by remote methods, two of which are being developed.  These 
methods should be evaluated for deployment post-construction if larger facilities are planned in 
the Great Lakes.  In addition, if large facilities are planned for the Great Lakes, it may be worth 
experimenting at those sites with drift nets to collect carcasses below turbines at the Project site. 
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Regarding recommendations, given that this Project will be a first for the Great Lakes, it would 
be valuable to conduct pre and post-construction studies to gauge how waterbirds react to the 
Project in terms of habitat loss, barrier effect, habituation, reef effect, and other factors.  Such 
information on a species-specific level would help future offshore wind-energy projects in the 
Great Lakes to evaluate potential avian effects.  Another important consideration is collision 
mortality, but it remains to be seen if a cost-effective remote method or carcass searches for 
quantifying collision mortality can be deployed.   
 
Recommendations are as follows.  These recommendations are made with the knowledge that 
they may not be economically feasible for a small, pilot project.  If these 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 significant and proactive step in the development of 
clean-energy solutions. 
 
Further Pre-Construction Studies Not Needed 
 
The results of this avian risk assessment do not indicate the need for further pre-construction 
research, as it would not improve precision or confidence levels regarding prediction of risk to 
birds at the Project. 
 
Construction Guidelines 
 
¾ Disturbance of bottom habitat, and ship and helicopter traffic to and from the site should 

be minimized.   
 
¾ The onshore installation of any new above-ground electrical lines should follow Avian 

Power Line Interaction Committee (APLIC) guidelines for insulation and spacing.  
 
¾ Lighting of turbines and other infrastructure should be minimal to reduce the potential for 

attraction of night migrating songbirds and similar species.  Federal Aviation 
Administration (FAA) night obstruction lighting should be only flashing beacons (L-864 
red or white strobe [or LED], or red flashing L-810) with the longest permissible off 
cycle.  Steady burning (L-810) red FAA lights should not be used, although if turbines 
exceed 152 m (500 feet), the FAA may recommend them.  Sodium vapor lamps and 
spotlights should not be used at any facility (e.g., lay-down areas or substations) at night 
except when emergency maintenance is needed.  If steady burning lights are needed for 
maintenance purposes, the use of green or blue lights should be investigated as a means 
of minimizing bird attraction.  Navigation lights (steady red and green, 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 constructed, studies of avian interactions with the 
turbines should provide valuable information to help assess avian risk from the much larger wind 
farms that are likely to be constructed in the Great Lakes in the coming decades.  Stakeholder 
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participation in the post-construction study of the Project is recommended.  To this end, a 
Technical Advisory Committee (TAC) should be established as a means of reviewing the scope 
of work for each of the following recommendations, as well as reports that result from such 
studies.  Members of the TAC should include the USFWS, ODNR, Cuyahoga County Board of 
Commissioners, a representative from the wind development community (i.e. juwi), the Great 
Lakes Energy Development Task Force, and other relevant stakeholders.  This approach to post-
construction studies has been used at more than a dozen wind-power projects across the United 
States. 

 
¾ Carcass searches should be investigated as a means of determining the number and type 

of birds that collide with turbines.  The potential for netting deployed on buoys should be 
tested as a means of finding and gathering carcasses of birds that have collided with 
turbines.  
 

¾ At least two remote methods for quantifying turbine collisions have been developed (e.g., 
TADS and WT-Bird; see Section 5.1.3), although they have not been shown to be useful.  
Each should be evaluated for potential use, with particular attention paid to the number of 
units that would need to be deployed to generate a statistically valid sample.   

 
¾ A study of waterbird reactions to the Project would provide valuable information to 

evaluate avian risk at future offshore wind farms in the Great Lakes.  Sampling 
techniques to consider include direct visual and, possibly, radar observations from the 
Cleveland Crib, as well as boat and aerial surveys.  This study would look at habitat loss, 
barrier effect, habituation, reef effect, and other factors.   

 
¾ Results of the fatality study should be compared with cradle-to-grave (life cycle) impacts 

to birds from other types of power generation now supplying electricity in Ohio.  This 
comparison would facilitate long-term planning with respect to electrical generation and 
wildlife impacts.  The study should seek information from USFWS and ODNR on 
existing energy-generation impacts to wildlife.  If information is not available, as our 
preliminary review appears to reveal, these agencies should consider providing financial 
support for such studies.   
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Figure 1.  Approximate location of turbine placements for Great Lakes Wind Energy Center indicated by yellow polygon.  
Approximate boundary of Cleveland Lakefront Important Bird Area (IBA) indicated by green polygon (see Section 4.0).  Note 
locations of KCLE (radar used in NEXRAD radar study; see Section 3.2.1.3 and Appendix A) and OHCL (center of Christmas Bird 
Count circle; see Section 3.3). 
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1.0 Introduction/Scope of Work 
 
This report analyzes potential avian risk from the Great Lakes Wind Energy Center (hereafter the 
Project).  The Project would construct 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 worldÕs leaders in wind energy, with over 18,000 MW of 
installed capacity onshore and another 5,700 MW under construction as of the first quarter of 
2008 (see http://www.awea.org/projects/).  No offshore wind projects have yet been constructed 
in U.S. waters, but more than five are in the planning stage, the best known of which is Cape 
Wind.  This 420-MW project with 130 turbines would be constructed on Nantucket Shoals south 
of Cape Cod.   
 

Table 1.0-1.  Offshore Wind Farms in World1 
     

 In Operation, 2007 
Approved/Planned, 

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  
1 Source: www.offshorecenter.dk/offshorewindfarms.asp 
 
Offshore wind-energy development is still largely a European phenomenon.  The worldÕs first 
offshore wind farm (a project of 11 turbines totaling nearly 5 MW) went on line in 1991 at 
Vindeby in Denmark.  Presently, 24 of the worldÕs 25 offshore wind farms are located in Europe, 
with 1,037 MW of installed capacity (see Table 1.0-1).  Looking ahead, European countries have 
approved or are planning nearly 100 more projects, totaling nearly 50,000 MW.  More than one-
half of this capacity would be installed in German waters.  The only project on a freshwater lake 
is at Lake IJsselmeer in the Netherlands, but this lake is coastal, separated from the Wadden Sea 
by a dike.   
 
The effects of offshore wind on birds have been well studied in Europe, where final reports on 
multi-year, post-construction studies have been published for three Danish and two Swedish 
wind farms.  Baseline conditions at these wind-farm sites were also established through pre-
construction studies.  Recently, these and other studies have been reviewed for the German 
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Environment Ministry (Dierschke and Garthe 2006).  This review, the studies themselves, and 
other research out of Europe provide significant information on how offshore wind development 
can affect birds.   
 
Based on published literature and Internet-accessible databases, this avian risk assessment begins 
by describing the Project site and habitats at and near the site.  It then profiles the birdlife 
expected to occur at the Project site during the breeding, spring and fall migration, and wintering 
seasons.  Nocturnal migration is given special attention through a separate study (Livingston 
2008) commissioned for this report.  This study examined the last five years of archived data 
from the nearby KCLE weather surveillance radar (WSR-88D, also known as NEXRAD).  We 
then summarize the European literature on avian interactions with offshore wind-energy 
development, adding appropriate research findings from onshore projects.  By relating the avian 
profile at the Project site with the literature 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 would be constructed within 5 miles (8 km) of the 
Cleveland lakefront (Figure 1).  Turbines could be sited as close as 2 miles (3.2 km) from shore.  
Two to ten turbines are planned, each with a nameplate capacity of 2.0-5.0 MW.  Total project 
capacity would not exceed 20 MW. 
 
Turbines would have hub heights of 80-100 m (262-328 feet) and rotor diameters of 90-126 m 
(295-413 feet).  With the rotor tip in the 12 oÕclock position, rotors would reach up to a 
maximum of 152 m (502 feet) above the surface of Lake Erie.  In the 6 oÕclock position, the 
rotor would extend down to as low as 27 m (89 feet) above the water surface.  The distance 
between turbines would be about 384-960 m (1,260-3,149 feet).   
 
Based on these dimensions, if the turbines are arrayed in a row (ÒstringÓ), the wind farm would 
stretch approximately 1 - 3.5 km (0.6 Ð 2.1 miles).  .   This makes the Project site small in 
comparison with Lake Erie, which has a surface area of 25,821 km2 (9,970 mi2) (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 constructed in waters ranging from 40 to 55 feet (12 to 17 m) in 
depth.  The bottom is composed of sediment, including patches of glacial till, mud, sand/gravel, 
and sand/mud.  All artificial reefs in the area are located in shallower, inshore waters, with none 
in close vicinity of where turbines would be located.  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 avian use likely to occur in the waters and airspace of the Project site 
among summer resident birds, spring and fall migrants, and winter residents.  It also examines 
the likelihood of occurrence of endangered, threatened, and other special-status species. 
 
The status and distribution of birds in the Cleveland region is well known.  Thanks to many 
dedicated, proficient birdwatchers, books such as Birds of the Cleveland Region have recently 
been revised (Rosche 2004) to update knowledge of the regionÕs birds.  The abundance graphs in 
this reference show at a glance which birds are common, uncommon, or rare at different times of 
the year in ClevelandÕs different habitats, including Lake Erie.  Birds of the Cleveland Region is 
a valuable local complement to The Birds of Ohio (Peterjohn 2001), which details the status and 
distribution of OhioÕs birds. 
 
Nonetheless, birdwatchers using spotting scopes to search the waters off Cleveland can only see 
3 to 4 miles (4.8 to 6.4 km) offshore, depending on the height of their vantage point.  At this 
range, most birds are not visible, even with sophisticated optics.  Therefore, the Project site lies 
just beyond what can reliably be seen from shore.   
 
To understand how bird abundance in the offshore waters compares with that in the inshore zone, 
we have analyzed three recently published studies, one from Lake Erie and two from Lake 
Ontario.  Along with anecdotal and other information, they indicate how avian use of the waters 
at the Project site is likely to differ from what can be observed close to shore.   
 
Stapanian and Waite (2003) measured waterbird diversity (defined here as richness or number of 
species) and abundance in the Western Basin of Lake Erie in four habitats: 1) offshore of 
waterbird refuges, 2) offshore of developed shorelines, 3) over reefs and shoals, 4) and in open 
water.  Their study took place from April 24 to September 1, 2000, a time frame that spanned the 
breeding and immediate post-breeding periods.  Their open water transects were 1.8-5.6 miles 
(2.8-9.0 km) from the nearest shore and had average depths of 33-39 feet (10-12 m).  For 
comparison, transects at developed shorelines (with beaches, residences, etc.) were 0.3-0.5 miles 
(0.5-0.8 km) offshore, parallel to the shore, and had water depths of 10-16 feet (3-5 m).   
 
Of the four habitats, open water had the lowest species diversity, with 3.8 species/km2.  Species 
diversity at developed shorelines, for comparison, was 5.4 species/km2.  For Double-crested 
Cormorant, Herring Gull, and Ring-billed Gull, the three species most often recorded in the 
study, and for which there were sufficient data for statistical analysis, densities in open water 
were much lower than those at developed shorelines.  Cormorants averaged 1.4 individuals/km2 
in open water versus 13.6 individuals/km2 off developed shorelines.  For Herring Gull, it was 2.2 
versus 6.0.  For Ring-billed Gull, it was 0.7 versus 2.1.  BonaparteÕs Gull, however, was more 
abundant in open water than at developed shorelines (18.5 versus 5.7).   
 
Langen et al. (2005) surveyed for pelagic birds on Lake Ontario on September 20-25, 2003, 
which coincided with the post-breeding and early fall migration periods, but it happened to be 
conducted after the passage of a hurricane.  They categorized the distance of their transects from 
the nearest shore as Near (within 5.0 km [3.1 miles]), Medium (5.0-14.9 km [3.1-9.3 miles]), and 
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Far (at least 15.0 km [9.4 miles]).  They recorded a total of 221 birds in 124 hours (1.8 
birds/hour), of which the most abundant species were Ring-billed Gull (124 birds; 1.0 
birds/hour), Herring Gull (59; 0.5), Common Loon (17; 0.1), and Double-crested Cormorant (11; 
0.1).  Comparing the Medium and Near transects, Ring-billed Gull was slightly less abundant 
farther from the shore (2.7 individuals/km2 versus 3.2 individuals/km2), but Herring Gull was 
more abundant (1.7 versus 0.8).  Common Loon was also more abundant farther from shore (0.6 
versus 0.2), but the opposite was true for Double-crested Cormorant (0.2 versus 0.5).   
 
The finding that there were more Common Loons offshore than inshore is noteworthy, because it 
is confirmed by an observation by John Pogacnik (personal communication), a Cleveland-area 
birdwatcher who, in the 1980s, made a number of trips in April on commercial fishing boats to 
explore the offshore birdlife of the Ohio side of the Central Basin.  These boats fished about 4 to 
5 miles (6.4 to 8.0 km) offshore.  He recalls that his loon tallies were about 100 birds per trip.  
Most were Common Loons, but he also recorded a small numbers of Red-throated Loons.  These 
trips coincided with spring migration, when Rosche (2004) categorizes Common Loon as a fairly 
common migrant and Red-throated Loon as a rare migrant.  He also recorded small numbers of 
Horned Grebes. 
 
According to Joe Barber (personal communication), an ODNR pilot and biologist, the ODNR 
flies what are called International Boundary Flights every two weeks, except when Lake Erie is 
iced over.  These flights monitor commercial fishing activity along the U.S.-Canada border.  
Although these flights do not quantitatively survey for birds, biologists on board are attentive to 
the birds they see.  Barber relates that, out on the lake, 90% of the birds seen are gulls, most of 
which are associated with fishing boats that have pulled their nets.  Loons are rarely seen.  
 
Petrie et al. (2006) have reported preliminary results of a study of seaduck abundance relative to 
distance from shore in northwest Lake Ontario in January and February 2006.  On four dates, 
they flew 140-km (87.5-mile) transects parallel to the shore at the 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 was eliminated from subsequent surveys.   
 
Their tallies averaged 41,771 seaducks along the shoreline, 18,125 at 2 km, 4,052 at 4 km, and 
1,145 at 10 km.  Regarding distribution patterns, Petrie et al. found that 83% to 100% of scaup 
spp. (primarily Greater Scaup), Bufflehead, Common Goldeneye, Common Merganser, and Red-
breasted Merganser were counted on the shoreline transect, but virtually all individuals were 
accounted for by the addition of the 2-km transect.  The shoreline transect accounted for 57% of 
Long-tailed Ducks and 48% of scoter spp. (mostly White-winged Scoter), with an additional 
30% of each added on the 2-km transect.  More than 98% of all individual Long-tailed Ducks 
and scoters were accounted for after the inclusion of the 4-km transect.   
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Table 3.0-1.  Surface-diving Waterbirds Occurring on Lake Erie near Cleveland 
        

Cleveland Status1 

Species Migrant Winter 

Known 
to Feed 

in 
Waters 
>10m 

Feeds on 
Fish in 
Open 
Water Source 

Canvasback Fairly common 
Uncommon to 
common No No Mowbray 2002 

Redhead Fairly common 
Uncommon to 
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 

White-winged Scoter Rare to uncommon Rare to uncommon Yes No 
Brown and Fredrickson 1997; 
Bellrose 1980 

Black Scoter Rare to uncommon Rare to uncommon Unusual No Bordage and Savard 1995 

Long-tailed Duck Rare Rare Yes No 
Robertson and Savard 2002, 
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 

Red-breasted Merganser Common 
Uncommon to 
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 
1 From Rosche 2004. 
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The depth at which diving ducks normally forage is the key to the distribution found by Petrie et 
al.  Diving ducks that normally forage on shallow bottoms were all accounted for by the 2-km 
transect, while the deeper divers ranged farther out into Lake Ontario (see Table 3.0-1).   
 
Lake Ontario is a deeper lake than Lake Erie (see http://www.epa.gov/glnpo/factsheet.html), but 
the bottom off Cleveland drops to over 33 feet (10 m) at the Project site.  Table 3.0-1 lists the 
surface-diving birds that occur on the Lower Great Lakes, their status on Lake Erie at Cleveland, 
whether they are known to feed in waters deeper than 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 and are unlikely to occur there.  The only birds that do not normally 
dive deeper than 10 m that may forage of the Project site would be fish-eating birds, such as 
mergansers and Double-crested Cormorant.  
 
For another view of the lake, we turn to Andrew Montoney, now the State Director of Wildlife 
Services for the Animal and Plant Health Inspection Service (APHIS) of the U.S. Department of 
Agriculture (USDA).  In the late 1990s, he conducted research for a Wildlife Hazard Assessment 
for the Burke Lakefront Airport (Montoney and Barras 1998).  Once a month for 13 months, he 
conducted counts of birds at 16 observation points within the airport plus one at the break wall 
about 0.25 miles (0.4 km) north of the airport.  
 
In a phone conversation with John Guarnaccia, Montoney related that, at certain times of the 
year (mostly in fall migration) when scanning offshore from the break wall, he would see large 
numbers of gulls, Red-breasted Mergansers, and Double-crested Cormorants in flight over the 
lake as far as the horizon.  He also related that lake conditions affected waterbird distribution, 
pushing them behind the break wall when the sea was rough.  In calmer conditions, birds made 
greater use of the lakeÕs open waters.   
 
MontoneyÕs observations indicate that use of the waters and airspace at the Project site by gulls 
(mainly BonaparteÕs, Ring-billed, and Herring) and ducks (principally Red-breasted Merganser 
in November and December; see below) may occasionally be high.  Peak use was during fall 
migration.  
 
These studies and anecdotal information indicate that, with some exceptions, waterbird densities 
at the Project site should be significantly lower than what are observed near the shoreline.  
Exceptions include: 1) Common Loon - densities offshore appear to be fairly low based (Langen 
et al. 2005; anecdotal information from John Pogacnik and Joe Barber); 2) BonaparteÕs Gull - 
more common offshore than along developed shorelines 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 more than two miles (3.2 km) from a heavily developed 
lakeshore, no birds will breed in the vicinity of the turbine placements.  Some summer resident 
waterbirds may forage at the Project site, but these would be limited to the following guilds 
(Langen et al 2005): piscivorous plunge divers (e.g., Common Tern), piscivorous surface divers 
(e.g., Double-crested Cormorant), surface gleaners (e.g., BonaparteÕs Gull), and surface 
scavengers (e.g., Ring-billed and Herring Gulls).   
 
Abundance graphs in Birds of the Cleveland Region (Rosche 2004) indicate that the following 
piscivorous surface diver and surface scavengers are common summer residents occurring on 
Lake Erie: Double-crested Cormorant, Ring-billed Gull, and Herring Gull.  
 
Rosche (2004) describes summering cormorants in the Cleveland region as mostly immatures, 
which are found at every inland lake and along the shore of Lake Erie.  Peterjohn (2001) says 
that most summer reports in central Lake Erie are of 20 or fewer birds daily, but flocks of 40-60 
have been reported.  According to Peterjohn, the closest nesting colony appears to be on Turning 
Point Island in Erie County, about 50 miles (80 km) to the west of the Project site.   
 
Rosche (2004) describes Ring-billed Gull as the most conspicuous gull in the region.  Some of 
its nesting colonies are located on the rooftops of large buildings in Cleveland.  Peterjohn (2001) 
reports a 1997 estimate of 8,600+ nesting pairs at several localities in the Cleveland area.  He 
also reports that nesting activities begin in late March, with the first young taking flight by the 
first week of July.  Peterjohn relates that the Ring-billed Gull population exploded along Lake 
Erie in the 1960s as birds discovered new food sources at dumps, shopping centers, and 
cultivated fields, and also fed on a greatly expanded gizzard shad population in the lake.   
 
Regarding Herring Gull, Rosche (2004) describes its habitat as shorelines, where it nests on 
rocks and break walls.  Peterjohn (2001) reports that the factors responsible for the population 
explosion of Ring-billed Gulls also benefited Herring Gulls.  He also reports that the Herring 
GullÕs breeding population in the Central Basin is less than the Ring-billed, with less than 1,000 
breeding pairs between Avon Lake and Ashtabula.  Away from breeding colonies, flocks of 50-
400 nonbreeders are generally observed.  Its nesting cycle is similar to that of Ring-billed Gull.   
 
As discussed in Section 3.0, the abundance of these three common species can be expected to 
decrease significantly between the lakeshore and Project site.  In waters at similar depths and 
distances from shore as the Project site, Stapanian and Waite (2003) recorded relatively low 
average densities for these three species (1.4 individuals/km2 for 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 Project site at a higher density than what Stapanian 
and Waite found in offshore waters in the Western Basin.  But, this density should be 
significantly lower than the inshore density.   
 
A Wildlife Hazard Assessment at Burke Lakefront Airport (Montoney and Barras 1998) 
conducted monthly censuses of gulls and other waterbirds at various observation points around 
the airport, including one point on the break wall about 0.25 miles (0.4 km) north of the airport.  
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Gull numbers during the summer months were a small fraction (generally below 2,500 birds) of 
the peak abundance during the winter months (high of over 25,000 in January).    
 
Among RoscheÕs uncommon summer residents in the Cleveland region, only the surface-
scavenging Great Black-backed Gull is at all likely to forage offshore.  Rosche (2004) lists its 
habitat as lakes and shorelines.  Peterjohn (2001) reports that this gull only became a regular 
summer resident in the Central Basin in the 1990s.  He says that most summer sightings are of 
ten or fewer individuals, but 20-75+ can be found at several locations.  Rosche (2004) also 
categorizes Bald Eagle (Ohio threatened) as an uncommon summer resident along shorelines, but 
it is not expected to occur offshore. 
 
According to Rosche (2004), rare summer residents occurring along the Lake Erie shoreline 
would include Red-breasted Merganser, Common Loon, Osprey (Ohio threatened), Peregrine 
Falcon (Ohio threatened), Laughing Gull, BonaparteÕs Gull, Caspian Tern, Common Tern (Ohio 
endangered), and ForsterÕs Tern.  Given their rarity, and that the Project site does not have a 
special habitat that would attract them, their frequency offshore at the Project site should be 
minimal.   
 

3.2 Spring and Fall Migrants 
 
This section describes how migratory birds are likely to use the ProjectÕs airspace and waters.  It 
begins with a literature review of bird migration.  Because migration strategies are not uniform 
across taxa, songbirds, raptors, and waterbirds (waterfowl, shorebirds, and others) are treated 
separately.   
 

3.2.1 Nocturnal Songbird Migration 
 
This section focuses mainly on the nocturnal migration of songbirds, because they are the group 
of birds most likely to fly in the rotor-swept area of wind turbines.  Waterfowl and shorebirds 
also migrate at night, but they will be treated in another section.  Some songbirds and allies Ð 
such as Blue Jays, American Crows, swallows, Cedar Waxwings, American Robins, and 
blackbirds Ð migrate mostly by day.  They will be discussed at the end of this section.  In 
addition, we will discuss European research on nocturnal songbird migration at offshore sites in 
Section 5.1.3.   
 

3.2.1.1 General Characteristics 
 
Night-migrating songbirds and allies are the most numerous of birds migrating over Lake Erie.  
Species include cuckoos, woodpeckers, flycatchers, vireos, nuthatches, wrens, kinglets, 
gnatcatchers, thrushes, catbirds, thrashers, warblers, tanagers, and sparrows.  Based on the 
population estimates provided in Rich et al. (2004) for Northern Forest breeding birds, migratory 
songbird traffic above Lake Erie is probably on the order of tens to hundreds of millions of birds 
per season.  In Ohio, nocturnal songbird migration occurs mostly from late April to early June 
and from mid August through November and even thereafter.    
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General surveys of migration (Berthold 2001, Alerstam 1993, Eastwood 1967) strongly suggest 
that, if the nocturnal migration of individual songbirds over Lake Erie could be plotted on a map, 
the resulting pattern of roughly parallel movement would cover the lake evenly.  In the fall, this 
pattern would be oriented roughly southward (southeast to southwest).  In spring, the direction 
would be north-northeasterly.  This pattern is called broad-front migration.  Berthold (2001) 
went so far as to say, Òindividuals originating from geographically dispersed breeding areas cross 
all geomorphological features (lowlands, mountains, rivers, and so on) along their routes without 
deviating much from the orientation of their initial tracks.Ó  This would include the Lake Erie 
basin and surrounding areas.   
 
Radar studies conducted in the Eastern U.S. indicate that the night migration of songbirds, 
shorebirds, waterfowl and others is broad front as opposed to concentrated in narrow corridors or 
at topographic features (Cooper et al. 1995, Cooper and Mabee 1999, Cooper et al. 2004b, 
2004c).  Perhaps the best evidence to support the contention that birds do not follow topographic 
features such as ridges is a study by Cooper et al. (2004a) conducted on the Allegheny Front in 
West Virginia, one of the most prominent of ridges in Appalachia, and a comparison of radar 
studies on ridges in southwestern Pennsylvania, Maryland, and West Virginia conducted by 
Kerlinger (2005).  These studies showed that night migrants simply cross the southwest-
northeast-oriented ridges of the Appalachians at oblique angles rather than following them.  Not 
only were night migrants not concentrated in large numbers on the ridges, they were not flying at 
low altitudes that would suggest ridge following.  These findings are consistent with the 
phenomenon of broad-front migration and would appear to refute a ridge-following hypothesis.   
 
Migrants, when confronted by the Great Lakes, do not usually turn when they encounter the 
lakeshores during night migration; rather, they generally continue to cross the lakes as if they 
were not present (Diehl et al. 2003).  But, some birds have been found to remain over lakeshores 
oriented in the direction of migration, rather than fly over the Great Lakes, resulting in higher 
densities of birds over land than over water.  In an analysis of migration traffic as captured by 
weather surveillance radar (also known as NEXRAD or WSR-88D), Diehl et al. (2003) 
statistically demonstrated this lake avoidance phenomenon during spring migration in southern 
Lake Erie around Cleveland, but they could not show it at the eastern end of Lake Erie (where 
the difference between migration over the lake as opposed to over land was not statistically 
significant).  Ratios of bird densities over land to those over water varied from 1.3 to 3.9 in areas 
compared at Lakes Erie, Michigan, and Ontario (Diehl et al. 2003).  Nocturnal-migrant songbirds 
do concentrate along lakeshores, however, when they put down for stopovers in wooded habitats, 
especially in the hours before dawn.  Nonetheless, the evidence is overwhelming that most night-
migrating songbirds are spread across a broad front over most types of topography encountered 
by these birds.   
 
Diehl et al. (2003) also found that, around dawn, birds over the Great Lakes frequently increased 
their migratory height (known as Òdawn ascentÓ) and often reoriented their flight toward the 
nearest land if they were within approximately 28 km (17.5 miles) of shore.  A similar dawn 
ascent has been found over the North Sea in Europe and over the Gulf of Mexico, so this 
behavior appears to be common.  Diehl et al. concluded that this behavioral response to the Great 
Lakes influences the resulting distribution of birds stopping over in wooded habitats.   
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Gauthreaux (1971) used a combination of radar and visual observation to understand how trans-
Gulf of Mexico migrants in spring respond to the terrestrial habitats they find upon reaching 
land.  In southern Louisiana, scattered woodlands occur in a 20 to 30-mile (32 to 48-km) coastal 
belt of marsh and prairie before extensive inland forests dominate the landscape.  When hard rain 
and unfavorable winds were absent (78 of 95 occasions), he found that 70 to 90 percent of trans-
Gulf migrants landed in forests 25 to 75 miles (40 to 120 km) north of the coastline.  When bad 
weather was encountered (nine occasions during 95 arrivals), the proportion of migrants landing 
in isolated woodlands close to the coast increased dramatically.  He found that 60 to 80 percent 
of the migrants that encountered thunderstorms along the Louisiana coast appeared to land in the 
small woodlands scattered throughout the coastal belt.  On visiting these woodlands during these 
weather events, Gauthreaux found, ÒSpectacular concentrations of grounded migrants and flocks 
of passerines still plummeting into trees from extreme heights.Ó   
 

3.2.1.2 Results of Marine Surveillance Radar Studies 
 
Regarding the volume, height, direction, and other characteristics of nocturnal migration, 
Kerlinger, J. Plissner, and others (in preparation) have reviewed marine surveillance radar 
studies conducted at about 20 sites in the eastern U.S.  All onshore, these sites were in western 
Maine (1), Vermont (2), northern (5) and western (3) New York (including studies from the Tug 
Hill Plateau and the Western Tier), southwestern Pennsylvania (3), western Maryland (1), 
northern West Virginia (2), and western Virginia (1).  Sites were studied in the spring, fall, or in 
both seasons.  The number of sites studied in the spring (11) was fewer than those studied in the 
fall (17).   
 
The amount of migration at all sites, in terms of numbers of birds passing through a one 
kilometer corridor during one hour (targets/km/hr, the standard of measurement), ranged from 
135 to 661 targets/km/hr in the fall and from 42 to 473 targets/km/hr in the spring.  It is 
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 studies are not necessarily comparable, because 
researchers may calibrate their units differently and confuse the echoes of birds and insects.  A 
recent study (Schmaljohann et al. 2008) found that density estimations may be wrong by as much 
as 400% if detection probabilities for different targets are ignored.  
 
While migration traffic rates at eastern U.S. sites appear to range widely, comparisons with radar 
study sites in the southeastern U.S. provide a dramatic perspective.  Mean seasonal migration 
rates from Louisiana, Georgia, and South Carolina were in the thousands of birds per kilometer 
per hour in both fall and spring.  Traffic rates in Louisiana averaged 9,000 to 10,000 
targets/km/hr during fall, with some nights having on the order of 30,000-plus targets/km/hr.  In 
spring, these sites registered flights averaging 3,000 to 50,000 targets/km/hr (Able and 
Gauthreaux 1975, Gauthreaux 1971, 1972, 1980).  Similar, but slightly lower, migration traffic 
rates were reported by Able and Gauthreaux (1975) and Gauthreaux (1972, 1980) at a site near 
Athens, Georgia, and at a site in South Carolina.  In Georgia during fall, the rate was between 
1,500 and 3,250 targets/km/hr, and at both sites there were nights with tens of thousands of birds 
per kilometer per hour passing overhead.   
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In other words, migration traffic over the northeastern and northern Midwestern U.S. is low to 
moderate when compared with the Gulf Coast and southern U.S. region, where birds are 
concentrated before or after crossing the formidable ecological barrier presented by the Gulf of 
Mexico.  
 
Mean migration altitude at the 18 eastern U.S. sites surveyed ranged from 148 m (485 feet) to 
583 m (1,912 feet) agl (above ground level) in the fall, and from 130 m (426 feet) and 528 m 
(1,732 feet) agl in the spring.  But, if radar measurements prior to 2000 are excluded (because the 
less powerful radar employed prior to 2000 was biased toward lower flying birds), the range of 
mean altitudes for the sites in fall was 365 m to 583 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 operators is the percentage of migrants below 
about 125 m (~410 feet).  This measurement is approximately equal to the height of most 
modern turbines (though less than the turbines planned for Lake Erie) and is used to determine 
the potential for risk, although it has never been validated empirically as an indicator of the 
numbers of fatalities of night migrants at turbine sites.  Excluding pre-2000 data, the fall 
percentage of migrants that fly below 125 m ranges from less than 4% of all migrants tracked 
with radar to about 13-20%.  In spring, the percentage ranges between 4% and 12%.  This means 
that between about 4% and 13% of migrants fly within the height of modern wind turbine rotors. 
 
From the mean altitudes reported above, it is clear that most migration occurs well above the 
rotor-swept height of turbines.  These measurements are consistent with the mean altitude of 
nocturnal migrants reported by several authors who have reviewed radar studies from other parts 
of the United States, Canada, and Europe (Kerlinger 1995, Kerlinger and Moore 1989; Able 
1970).  These measurements are also similar to measurements from the southeastern U.S. taken 
with weather radar.  From these studies, it does not appear that there is a great difference with 
respect to altitude of night migrating birds in diverse geographic settings or diverse topographies.   
 
Flight direction of migrants tracked with radar in the eastern U.S. did not vary greatly among 
sites.  The numerical means of the mean directions reported for fall and spring migration were 
190¡ in fall and 38¡ in spring.  These correspond to south-southwesterly migration in fall and 
northeasterly migration in spring.  The standard deviations (actually angular deviations using 
circle-based statistics) around each site in the eastern United States are in the range of 40 to 80¡.  
In other words, about 75% of all migrants tracked within 40¡ to 80¡ of the mean direction of 
migration.  What is noteworthy is that in fall the mean migration directions reported from all of 
the eastern sites range between 219¡ and 175¡, a range of 44¡.  The mean migration direction at 
sites in western New York was almost identical to migration directions near the Adirondacks, 
Maine, and even Maryland, Virginia, and West Virginia.  There is no apparent pattern for the 
minor variation in flight directions.  
 
Young and Erickson (2006) have also reviewed radar studies at proposed and existing wind-
energy projects in the eastern U.S. (see NRC 2007).  Based on 21 studies, they found similar 
mean passage rates in spring and fall (258 versus 247 targets/km/hr, respectively).  Mean height 
of flight was 409 m agl in spring and 470 m agl in fall, with 14% of targets below 125 m (410 
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feet) in spring and 6.5% below that height in fall.  Mean flight directions were NNE (31 degrees) 
in spring and SSW (193 degrees) in fall.  These averages are in line with the analysis conducted 
by Kerlinger and Plissner. 
 

3.2.1.3 Results of NEXRAD Radar Study Specific to Project Site 
 
Commissioned specially for this report, an analysis of the last five years of archived NEXRAD 
(WSR-88D) weather radar data from the Cleveland station (KCLE) essentially confirms the 
migration pattern described above.  This report (Livingston 2008) may be found in Appendix A.  
 
In the NEXRAD study, levels of reflectivity in radar pulse volumes (pixels) were collected at an 
area between 11 and 31 km (6.9 and 19.4 miles) from the KCLE radar between the azimuths of 
0¡ and 50¡.  Radar beams at 0.5¡ antenna elevation (the lowest elevation) and at 1.5¡ antenna 
elevation (the next highest elevation) were analyzed separately.  Because of the EarthÕs 
curvature, the radar beams sampled higher altitudes as distance from the KCLE station increased.  
This means that at 11 km, the radar beam at 0.5¡ sampled altitudes from 103 to 283 m (338 to 
928 feet) above the water level at Lake Erie, but at 31 km, it sampled from 169 to 673 m (554 to 
2,207 feet).  At 11 km, the 1.5¡ radar beam sampled altitudes from 295 to 475 m (968 to 1,558 
feet) above the water level of Lake Erie, but at 31 km, it sampled from 709 to 1,213 m (2,326 to 
3,979 feet).  In other words, the 1.5¡ radar beam sampled airspace above that of the 0.5¡ radar 
beam.  With regard to altitudes within the rotor-swept area (RSA, between 27 and 152 m [89 to 
502 feet] above the water level of Lake Erie), only the near portion of the 0.5¡ radar beam 
intersected its upper portion.   
 
Data for spring migration were analyzed for the 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/km3.  In spring migration, the sum of nightly peak densities in the 
sample area (0.5¡ radar beam) ranged from 376 in 2006 to 525 in 2004.  The maximum nightly 
density was 184, recorded May 10, 2005.  In the general area (1.5¡ radar beam), the sum of 
nightly peak densities ranged 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 peak densities 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 nightly peak densities ranged from 705 in 2007 and 1,399 
in 2006.  A maximum nightly density of 327 was recorded twice on the same night, October 5, 
2005 and 2006. 
 
In both seasons, there was more migration at higher altitudes (general area versus sample area).  
This pattern is also indicated by marine surveillance radar studies (see discussion above), which, 
based on the analysis of Young and Erickson (2006), show mean flight heights above 400 m 
(1,312 feet) in both seasons, with a small fraction of birds flying below 125 m (410 feet).   
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It is worth noting that the NEXRAD values for the Project site are roughly similar to those 
recorded at two sites in New York (Buffalo and Long Island) and one in North Dakota.  They are 
lower, however, than results from northwestern Florida.  This agrees with the findings from 
marine surveillance radar studies (see above), where migration rates were similar from New 
England to the Mid-Atlantic region but much lower than those recorded in Louisiana, Georgia, 
and South Carolina, where birds are concentrated before or after crossing the formidable 
ecological barrier presented by the Gulf of Mexico. 
 
In terms of seasonal night-to-night variability, hour-to-hour pattern, and migration direction, the 
NEXRAD results are similar to those determined by the marine surveillance radar studies 
discussed above.  The NEXRAD study showed that spring migration began to build in late April 
and peaked in mid May.  Fall migration began to build 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 sunset.  Spring migration peaked most evenings at 
between 11:00 PM and 3:00 AM.  In fall, the peak was somewhat earlier, at between 10:00 PM 
and 12:00 AM.  Migration direction in spring was north-northeast (between 11¡ and 35¡).  In fall, 
it was southeast to south-southwest (between 164¡ and 190¡). 
 
The NEXRAD study also analyzed the number of nights when the altitude of migration might be 
lower because of meteorological factors, such as ceilings below 1,000 feet (305 m) and 
precipitation ranging from fog to heavy rain.  During the spring season, 26 of 305 total nights 
(8.5%) had those meteorological conditions, while 28 of 465 total nights in fall (6.0%) had those 
conditions.  Nonetheless, none of those nights had birds movements of 25 birds/km3 or greater.  
In other words, on nights when weather conditions might have forced birds to fly at lower 
altitudes, migration density was always low.   
 
In conclusion, the NEXRAD study indicates that the density and rate of nocturnal migration 
above the Project site is similar to those determined by NEXRAD and marine surveillance radar 
studies at many other eastern U.S. sites.  The NEXRAD study also demonstrates that migration 
density increases with altitude, reinforcing a conclusion drawn from marine surveillance radar 
studies that most birds fly above the height of wind turbine rotors, with a relatively small 
percentage flying at rotor height.  
 

3.2.1.4 Other Studies 
 
The Black Swamp Bird Observatory (BSBO) conducts bird-banding research at four sites along 
Lake Erie in an effort to monitor spring and fall songbird migration.  Provisional data are 
available at http://www.bsbo.org/passerine/passerine_migration_monitoring.htm.  Spring 
migration is monitored from mid-April to mid-June, while fall migration is monitored from 
August 1 to late October.  A banding station in a lakeside forest patch at the Navarre unit of 
Ottawa NWR is manned daily, while the other stations are manned when adequate personnel are 
available.  These stations are located: 1) in a dogwood thicket 0.75 miles south of the Lake Erie 
shore in Ottawa NWR; 2) at a nature center in Shaker Lakes, Ohio, about four miles (6.4 km) 
from the Lake Erie shore in the Cleveland region; and 3) in scrub-shrub 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 at the BSBO website, the highest numbers of migrants 
were mist-netted in spring at the Navarre station along 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 showed that the 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 showed much lower capture rates in spring 2006 than 
Navarre, particularly Shaker Lakes and Petersburg (these was little data from the Ottawa NWR 
site).  In fall 2006, the Navarre, Shaker Lakes, and Petersburg capture rates appeared roughly 
similar (Ottawa NWR reported no data).   
 
The BSBO data appears to indicate that spring migration is concentrated along the shore of Lake 
Erie, whereas fall migration is not as concentrated.  Ewert et al. (2005) report estimates of the 
numbers of migrant landbirds (both diurnal and nocturnal) in the Lake Erie coastal area during 
migration.  Vic Fazio (personal communication, reported in Ewert et al. 2005) estimates that 
50% of migrant landbirds may be <0.4 km (0.25 miles) inland of the Lake Erie shoreline, another 
25% in the next 0.4 km (0.25 miles) band, and the remainder beyond 0.8 km (0.5 miles).  His 
peak day estimates are 250,000 landbirds in March, 100,000 in April, and 75,000 in May, but 
these estimates are largely based on daytime sightings of migrants.  Extrapolations of BSBO 
banding data suggest that landbird numbers 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 surveys, mist-netting, assessment of daily mass gain, and 
habitat measurements to quantify the relative use and quality of available stopover habitats to 
woodland songbird migrants in the western Lake Erie basin.  He has found that sites that were 
closer to the lake had more migrants, as did sites with both mature trees and more developed 
understory vegetation.  When he looked at migrant use of mature forest sites, lake distance was 
clearly the most important variable, with an 18.7% decline in stopover migrants with every 1 km 
(0.8 miles) from the lakeshore.  He believes that geography and the reluctance of small landbird 
migrants to initiate daytime flights across Lake Erie probably have more to do with the 
concentrations observed at the lakeshore than available habitat, but available habitat is 
exceedingly important to these birds.  He recommends that measures be taken to restore beach 
ridge forests along the lake and connect them via tree rows and hedgerows to inland forest 
habitats.   
 
Regarding daytime songbird migrants, Rosche (2004) lists the following as common to 
abundant: Blue Jay (numbers of migrants along Lake Erie in mid-May often greater than 1,000), 
American Crow (impressive early spring migration along Lake Erie shore, numbers may reach 
500+ in March and early April), Tree Swallow, Northern Rough-winged Swallow, Bank 
Swallow, Barn Swallow, American Robin, European Starling, Cedar Waxwing, Red-winged 
Blackbird, Common Grackle, Brown-headed Cowbird, and American Goldfinch.  Unlike 
nocturnal migrants, these species generally do not cross water; rather, they follow shorelines, 
ridges, and other land features.   
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3.2.2 Hawk Migration  
 
In their global survey of hawk migration, Zalles and Bildstein (2000) describe the Great Lakes as 
presenting a formidable water barrier to both spring and fall migrating hawks.  Behavioral 
studies by Kerlinger (1989) show that large bodies of water are significant barriers to hawk 
migration, at least for some species.  In the fall, hawks are generally diverted west around the 
northern and western shorelines of the lakes.  In the spring, the pattern is the opposite Ð east 
around the southern and eastern shores.  This pattern does not to all of Lake Erie, nor does it 
apply to all species.   
 
On Lake Erie, Zalles and Bildstein list three globally significant hawk watches Ð Hawk Cliff and 
Holiday Beach in Ontario, and Southeastern Michigan Raptor Research Center in Michigan.  All 
are active only during the fall, and all are on the north shore of the west end of the lake.  Hawk 
Cliff averages 37,000 birds of 15 species, while Holiday Beach farther southwest averages 
69,900 birds of 15 species.  Farther southwest still, Southeastern Michigan averages an even 
greater number Ð 109,850 birds of 16 species (Zalles and Bildstein 2000).  The most numerous 
raptor at these sites is Broad-winged Hawk, (including a one-day tally at Southeast Michigan of 
228,176 birds!).  Other relatively numerous species are Turkey Vulture, Sharp-shinned Hawk, 
and Red-tailed Hawk.   
 
Zalles and Bildstein do not list any fall or spring hawk watches along the south shore of Lake 
Erie.  The Hawk Migration Association of North America (HMANA; see http://www.hmana.org) 
also does not list any fall or spring hawk watches along the south shore of Lake Erie.  This 
indicates that the south shore of Lake Erie, including the Cleveland area, does not concentrate 
hawks to the same extent as north-shore sites.  However, Black Swamp Bird Observatory has 
been monitoring the spring migration of raptors for fifteen years.  Tallies for 2001 to 2006 are 
available at BSBOÕs website (visit http://www.bsbo.org/raptor/raptor_migration_survey.htm).    
 
The main count location for BSBOÕs spring hawk watch is the observation tower at Magee 
Marsh Bird Trail, located about 70 miles (112 km) west of the Project site.  This location 
provides a panoramic view of hawks migrating along the shore of Lake Erie and several miles 
inland.  Other locations are also manned, but they focus on the falcon migration.   
 
For the 2001-2006 period, BSBO has recorded a spring average of 8,340 hawks and vultures, 
with a high count of 13,003.  In order of seasonal average, the 16 species recorded may be found 
in Table 3.2.1.2-1.  The most abundant species are Turkey Vulture, Broad-winged Hawk, and 
Red-tailed Hawk.   
 
According to ODNR biologist Mark Shieldcastle (personal communication), the Vermillion 
River in western Lorain County (about 30 miles [48 km] west of the Project site) appears to mark 
the dividing line between westward and eastward spring hawk movement along the lake, but we 
could not find published or unpublished reports, or other 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 to summarize what is known or suspected about hawk 
migration routes in the western Lake Erie basin.  In spring migration, buteos, accipiters, and 
vultures travel west about 0.8 km (0.5 miles) or more 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 Point Pelee, Ontario, to fly south over the lake.  
This route would permit an island-hopping strategy along the western Lake Erie islands.  
Kleiman suspected that some Red-tailed Hawks may have joined the Rough-legs, but he could 
not confirm any.  In any event, this route would not take birds over the Project site.   
 
Kerlinger (1985) studied water crossing by hawks at Cape May Point, New Jersey, and Whitefish 
Point, Michigan, where hawks are faced with the decision of crossing water or backtracking long 
distances.  He found that all species made water crossings 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 Falcons, Northern Harriers, and Ospreys usually made 
crossings.  His results suggested that the tendency for hawks to undertake water crossings is 
related to wing shape, with longer-winged species, often with pointed wings, having high aspect 
rations that decrease induced drag and therefore the energetic cost of powered flight.   
 
Given that the distance across Lake Erie is 50 miles (80 km) at the Project site, very few hawks 
will attempt a crossing that would intersect the Project site.  Moreover, those species at all 
inclined to cross water (Peregrine Falcon and Osprey) occur in relatively low numbers.  If hawks 
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were inclined to cross Lake Erie, they would probably be more likely to do so over the western 
islands.   
 

3.2.3 Waterbird Migration 
 
Most migration of waterfowl and other waterbirds takes place at night, but it can often extend 
into daylight hours, depending on the distance traveled.  Radar studies show altitudes of 500 to 
1,000 feet (152 to 304 m) or more for ducks, geese, loons, and other birds (Kerlinger 1982, 
reviewed by Kerlinger and Moore 1989).  According to Bellrose (1980), 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 feet and some flocks flew as low as 500 feet and 
others as high as 11,000 feet.  Spring aviation records show the average altitude even higher, at 
2,500 feet (Bellrose 1980).  
 
Regarding waterbird migrants that stop over in the Cleveland region, Rosche (2004) lists the 
following 46 waterbirds as fairly common to common.  They include 18 waterfowl, one loon, 
two grebes, one cormorant, three herons, one rail ally, 14 shorebirds, four gulls, and two terns.   
 

Canada Goose 
Wood Duck 
Gadwall 
American Wigeon 
American Black Duck 
Mallard 
Blue-winged Teal 
Canvasback 
Redhead 
Ring-necked Duck 
Greater Scaup 
Lesser Scaup 
Bufflehead 
Common Goldeneye 
Hooded Merganser 
Common Merganser 
Red-breasted Merganser 
Ruddy Duck 
Common Loon 
Pied-billed Grebe 
Horned Grebe 
Double-crested Cormorant 
Great Blue Heron 

Green Heron 
Black-crowned Night Heron 
American Coot 
Semipalmated Plover 
Killdeer 
Greater Yellowlegs (fall) 
Lesser Yellowlegs (fall) 
Solitary Sandpiper 
Spotted Sandpiper 
Sanderling (fall) 
Semipalmated Sandpiper 
Least Sandpiper 
Pectoral Sandpiper 
Dunlin 
Short-billed Dowitcher (fall) 
WilsonÕs Snipe 
American Woodcock 
BonaparteÕs Gull 
Ring-billed Gull 
Herring Gull 
Great Black-backed Gull 
Caspian Tern 
Common Tern (fall)

 
Based on band recoveries and regional censuses, Bellrose (1980) has mapped migration corridors 
for geese and ducks.  He shows that goose populations breeding around Hudson Bay fly through 
western Lake Erie on their way to the Gulf coast of Florida and lower Mississippi Valley.  He 
brackets this migration at 31,000 and 100,000 geese, most of which would be Canada Geese.  
For ducks, he shows a more substantial migration between the Prairie Pothole breeding grounds 
and the Mid-Atlantic and Gulf coasts.  He brackets that migration at between 3,010,000 and 
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5,250,000 ducks.  Another indicator of the large-scale migration of waterfowl through Ohio is 
the large size of the annual waterfowl harvest through hunting, estimated at 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, 1985-20021 
        
  Number of Records    

Species 

1,000-
9,999 
birds 

10,000-
99,999 

birds 
>100,000 

birds 

Total 
Records 
>1,000 

birds 

% 
Flights 

with 
>1,000 

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

 
To understand the abundance of waterbirds stopping over on Lake Erie near Cleveland, we 
examined data provided by ODNR.  According to ODNR biologist Mark Shieldcastle (personal 
communication), ODNR conducts a Bi-Weekly Waterfowl Aerial Survey along portions of Lake 
Erie to assess waterfowl populations.  From 1985 to 2002, these surveys included the inshore 
waters of Lake Erie from Huron to Fairport Harbor (including Cleveland), a distance along the 
lakefront of 75 miles.  After 2002, the survey of the Central Basin was discontinued for budget 
reasons, but it continues in the Western Basin, where OhioÕs largest waterfowl populations 
stopover.   
 
At its peak in the mid to late 1990s, these surveys were conducted from September 1 to April 1.  
A pilot and biologist conducted the survey in a fixed-wing aircraft flown at 100 mph (160 kph) 
just offshore at an altitude of 300 feet (90 m).  The survey area was the first half-mile (0.8 km) of 
lake surface.  Therefore, waterfowl were counted within 37.5 mi2 (91 km2) of lake surface in 45 
minutes.   
 
In the 18 years of data provided, approximately 150 surveys were flown (high of 12 surveys per 
year in 1998-2000, low of 2 in 1986).  Given that these data are raw, we include the winter 
months in this analysis.  Twenty-two species were recorded in the surveys, but only nine species 
were recorded at least one time greater than 1,000 individuals.  They are listed in Table 3.2.1.3-1.   
 
Owing to difficulty in identification from an airplane, Hooded Merganser, Common Merganser, 
and Red-breasted Merganser were pooled in the survey.  Peterjohn (2001) reports that Hooded 
Merganser may occur in the hundreds of birds and Common Merganser in the thousands, but 
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Red-breasted Merganser is the only merganser to have been recorded in the hundreds of 
thousands.  He recounts witnessing an 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.  PeterjohnÕs dates for large numbers of Red-breasted Mergansers are in 
fall, particularly November. 
 
The three survey records greater than 100,000 mergansers were 140,645, 160,880, and 242,940, 
all recorded the last week of November in different years.  The 13 records of birds between 
10,000 and 99,999 birds were mostly clustered from mid November to early December.  These 
large numbers probably represent mainly staging Red-breasted Mergansers headed for the Gulf 
and Mid-Atlantic coasts (Bellrose 1980).  It appears to be the most abundant waterfowl migrant 
to occur in the Project area, with a peak abundance occurring in fall.  Based on population 
information compiled by Titman (1999), these numbers represent a very large percentage of the 
North American population of Red-breasted Merganser.   
 
With 25 records greater than 1,000 individuals, scaup was the second most abundant waterfowl. 
Greater and Lesser Scaup are notoriously difficult to separate in the field; therefore, they were 
lumped together in the survey.  Peterjohn (2001) considers Lesser Scaup to be more numerous 
and widely distributed than the Greater.  His maximum for Lesser Scaup along the Cleveland-
Lorain lakefront is 4,000 birds in spring, compared with 2,000-3,000+ for Greater Scaup when 
ice concentrates birds.  In the ODNR survey, the high count of 10,225 birds was recorded on 
March 4, 1999.   
 
Other birds recorded once above 10,000 individuals were Canada Goose (11,850 on 1/18/94), 
Common Goldeneye (10,300 on 1/14/86), and Double-crested Cormorant (12,050 on 11/1/95). 
 
Of these periodically abundant species, few are likely to forage at the Project site.  As noted in 
Table 3.0-1, Lesser Scaup, Common Merganser, and Red-breasted Merganser may forage in 
waters more than 10 m (33 ft) deep, but as discussed in Section 3.0, Petrie et al. (2006) recorded 
them in winter on Lake Ontario within 2 km (1.3 miles) of shore.  Stapanian and Waite (2003) 
found lower densities of Double-crested Cormorants in open waters than at developed coastlines.    
 
Species not recorded once greater than 1,000 individuals were Mute Swan, Tundra Swan, Wood 
Duck, Gadwall, American Wigeon, Blue-winged Teal, Northern Pintail, Redhead, Ring-necked 
Duck, Bufflehead, Ruddy Duck, and American Coot.  There were also a handful of recorded of 
Bald Eagle (Ohio threatened) from 1996 to 2002, but it would only occur along the shoreline. 
 
Regarding shorebirds, the Western Hemisphere Shorebird Reserve Network (WHSRN; see 
http://www.mnomet.org/WHSRN/) has recently listed the 40,000 acres of lakeshore marshes in 
western Lake Erie as a site of regional importance for these birds.  This site is known as Lake 
Erie Marshes.  Sites of regional importance contain at least 20,000 shorebirds annually or at least 
one percent of the biogeographic population for a shorebird species.  But, BSBO has counted 
between 60,000 and 150,000 shorebirds in a single year.  If properly documented, these numbers 
would boost the Lake Erie Marshes status to that of international significance, a first for a 
Midwest site.   
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3.3 Winter Residents 
 
Strong northwest winds, frigid air masses, and ice on Lake Erie make winter in the Cleveland 
region inhospitable for most birds.  Rosche (2004) notes that, as ice forms on Lake Erie in 
January, nearly all of the BonaparteÕs Gulls depart the region.  Other gulls, mainly Ring-billed, 
Herring, and Greater Black-backed, but also many uncommon and vagrant gull species, move 
into the warm-water outlets at power plants, which remain ice-free.  Ducks also take refuge at the 
warm-water outlets.  The principal warm-water outlet in Cleveland is at East 72nd Street, 
although Rosche reports that it no longer puts out much warm water.  The Project would be 
located directly offshore from that warm-water outlet.   
 
Ice is the major factor affecting winter waterbird distribution on Lake Erie at Cleveland.  It 
begins to form in mid December to early January and lasts until mid-March to mid-April (see 
http://www.glerl.noaa.gov/data/ice/atlas/daily_ice_cover/daily_averages/plots/erie/ergallery/page
s/er1973-2002_png.html).  Some years, all of Lake Erie is icebound, but in other years, less than 
half of the lake freezes over.  During occasional warm winters, the lake remains almost entirely 
open.   
 
With the predominant northwest wind in winter pushing ice to the southern shore of Lake Erie, it 
is likely that the Project site will be icebound throughout much of most winters.  Overall, ice is 
present at the Project site roughly between one and two-plus months (roughly 10-20%) of the 
year, making birdlife there scarce to nonexistent.  Given that waterbirds will be concentrated at 
the warm-water outlets, few birds, if any, will occur at the Project site.  
 
Nonetheless, early and late in the winter and in mild winters, the waters at the Project site will 
remain open.  In this regard, AudubonÕs Christmas Bird Count (CBC) provides a snapshot of 
bird abundances in the Cleveland area during early winter, when the lake most years is mostly 
ice-free.  The Cleveland CBC (coded OHCL) takes place in the week before Christmas and, over 
the last ten years, has enlisted between 35 and 62 birdwatchers to search a 15-mile (24 km) 
diameter circle centered near Richmond Heights to tally all the bird species and individuals they 
see.  Therefore, the Cleveland CBC covers an area of about 177 square miles (453 km2), 
including the waters out to the Project site and the warm-water outlet at East 72nd Street.  In 
preparation for count day, participants also scout for birds during the "count week" period.  
While most of these birdwatchers are unpaid amateurs, they are usually proficient or highly 
skilled observers.   
 
Available at http://audubon2.org/birds/cbc/hr/count_table.html, CBC data are used by scientists, 
wildlife agencies, and environmental groups to monitor bird populations.  For this report, the last 
ten years of CBC data (1997-2006) have been analyzed for waterbirds in Table 3.3-1.  This table 
also includes raptors that may hunt along the lakeshore.  Birds are listed in order of average 
abundance (in birds/hour), along with the high count 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)1 
    

Name2 
 Avg. 

birds/hr  
 High 

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 Duck3  -   -   -  
1 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 greater than 10 birds/hour and may be considered abundant.  They are 
Red-breasted Merganser (64.81 birds/hour), Ring-billed Gull (44.02), BonaparteÕs Gull (25.03), 
Canada Goose (18.37), and Herring Gull (16.05).  Red-breasted Merganser had the highest one-
season tally, at 14,000 birds, followed by Ring-billed Gull at 12,403.  BonaparteÕs Gull, Canada 
Goose, and Herring Gull had high tallies in the thousands of birds.  Most of the other waterbirds, 
except for Mallard (4.28) and Great Black-backed Gull (1.30) were uncommon to rare (about 40 
species).  Three raptors likely to occur along the lakefront Ð Bald Eagle (Ohio threatened), 
Merlin, and Peregrine Falcon (Ohio endangered) Ð were rare (all at 0.01 birds/hour).   
 
The Wildlife Hazard Assessment conducted for the Burke Lakefront Airport (Montoney and 
Barras 1998) shows a remarkable change in gull abundance through the winter.  The airport is 
located just southwest of the warm-water outlet at East 72nd Street and faces the Project site.  
Conducted from October 1997 to October 1998, this study found that gull numbers began to 
build along the Cleveland lakefront in October, with numbers ascending from about 1,000 gulls 
to over 25,000 at a peak in January.  After January, gull numbers dropped steeply by March to 
October levels.   
 
At the airport, the greatest gull numbers were recorded behind the break wall.   At Point C, on 
the northwest corner of the airport, nearly 30,000 gulls were counted in the 13 monthly point 
counts conducted at that lakeside location.  Montoney (personal communication) relates that 
rough seas on the lake push gulls behind the break wall.  He also relates that gulls sometimes 
congregate in the waters at Point C to feed on gizzard shad.  The second highest count was made 
at the break wall, where about 12,500 gulls were tallied 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 birds, BonaparteÕs Gull (21,104 individuals) was most 
abundant, followed by Ring-billed Gull (17,743), Herring Gull (507), and Great Black-backed 
Gull (142), but most of the gulls were not identified to species (30,271 individuals recorded as 
gull spp., probably mostly Ring-billed and Herring Gulls).   
 
The only other waterbirds recorded in the thousands of birds were Red-breasted Merganser 
(1,574), Mallard (1,499), and Canada Goose (1,241).   
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The CBC data and Burke Lakefront Airport study indicate that a handful of common waterbirds, 
mainly gulls, will dominate the winter bird community in Cleveland and will be concentrated 
along the lakeshore, particularly at the warm-water outlets, which are the few areas that remain 
ice-free.  Located three to five miles (4.8 to 8.0 km) offshore and normally icebound in winter, 
the Project site is expected to have few, if any, birds in winter.   
 

3.4 Special-Status Species 
 
Table 3.4-1 presents species listed as endangered, threatened, special-concern, and special-
interest in Ohio.  It also includes species listed in the recently published 2007 WatchList for 
United States Birds (Butcher et al. 2007).  Developed collaboratively by Audubon and the 
American Bird Conservancy (ABC), the WatchList highlights all the highest priority birds for 
conservation in the United States.  It is based on the species assessment methodology that 
Partners in Flight (PIF; see Rich et al. 2004) has employed to rate the conservation status of 
landbirds.  Audubon and ABC have taken PIFÕs standards and applied them to the other bird 
groups.   
 
The WatchList is divided into two categories: 1) Red WatchList: Highest National Concern, with 
59 species, including Piping Plover, Golden-winged Warbler, KirtlandÕs Warbler, and HenslowÕs 
Sparrow on the Ohio list; and 2) Yellow 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 list.  Based on information in Rosche 2004, nearly 40 
additional Watchlist species not listed in Ohio have also occurred in the Cleveland region.  They 
are noted in Table 3.4-1.   
 
Table 3.4-1 also includes the status of each species as reported in Birds of the Cleveland Region 
(Rosche 2004).  RoscheÕs definitions of the different 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 habitat that is widespread in the region (in the case 
of the Project site, on Lake Erie) 

� Uncommon:  Occurring regularly but not frequently detected.  There is no guarantee of 
finding them, even when looking at the right time and place. 

� Rare:  Occurring more or less annually but easily missed because of their scant presence 
in the region. 

� Occasional:  Not to be expected, but enough verified 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 likelihood of occurrence of listed species either 1) in the waters in 
and around the Project site or 2) in the airspace within and above the Project site.   
 
Section 3.1 discussed the foraging guilds of birds likely to feed in the offshore waters of Lake 
Erie.  Among Ohio listed species, only the endangered Common Tern, a piscivorous plunge 
diver, is at all likely to feed in the waters at or surrounding the Project site.  Rosche (2004) 
categorizes it as a fairly common migrant.  Peterjohn (2001) mentions that breeding sites are 
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restricted to western Lake Erie, west of Sandusky.  Therefore, no Common Terns are likely to 
nest near the Project site and forage there regularly to feed young.  They may, however, occur 
sporadically in migration, particularly in fall.  Given that there is likely to be far more forage 
(small fish) closer to shore, the Project site is unlikely to attract large numbers of Common 
Terns.  If there are sites on the turbines that offer perching opportunities, Common Terns and 
other birds may be attracted. 
 
In their study of bird abundances in different habitats in western Lake Erie, Stapanian and Waite 
(2003) recorded Common Tern three times: twice off wildlife refuges and once in open waters.  
The latter habitat corresponds to the habitat occupied by the Project site.  The birds they most 
frequently recorded in open waters were Double-crested Cormorant (29 records), Herring Gull 
(28), Ring-billed Gull (15) and BonaparteÕs Gull (11).  Please see the discussion in Section 3.0.   
 
Mentioned in the discussion on hawk migration, the Ohio endangered Osprey and threatened 
Peregrine Falcon could migrate directly across Lake Erie, but given the infrequency of such 
crossings, the chances of them intersecting the Project site during fall migration (when raptor 
passage along the north shore of Lake Erie is notably high) are small.  However, if they do 
encounter the turbines, they may attempt to perch on them if perch sites are available.   
 
Given habitat requirements, no other waterbird listed in Ohio as endangered, threatened, special-
concern, or special-interest species is likely to use the waters at the Project site.   
 
Among WatchList species, it is conceivable that uncommon, vagrant surface-scavengers, such as 
ThayerÕs Gull and Iceland Gull could scavenge in the waters of the Project site, but their 
frequency would be minimal.  They are more likely to occur at the warm-water outlets in winter 
where there would be more food.  The other WatchList gulls recorded in Cleveland and Least 
Tern are accidental.   
 
Many Ohio-listed and WatchList species could conceivably use the Project siteÕs airspace in 
migration, mostly as nocturnal migrants.  Their rate of occurrence in that airspace would be 
related to their abundances.  In that regard, Rosche (2004) rates the Ohio-endangered Yellow-
bellied Sapsucker and threatened Least Flycatcher and Hermit Thrush as common migrants, but 
these migrants derive from northern populations that are relatively abundant, not from the 
endangered Ohio breeding populations.  The same is true of the Ohio special-concern and 
special-interest species listed as common and fairly common migrants.   
 
A number of WatchList species are recorded as common migrants as well, including American 
Golden Plover, Sanderling, Semipalmated Sandpiper, Willow Flycatcher, Wood Thrush, Blue-
winged Warbler, and Bay-breasted Warbler.  Rusty Blackbird is a daytime migrant unlikely to 
cross Lake Erie.  Except for Bay-breasted Warbler, the landbirds in this list are close to the 
northern limits of their ranges in Ohio; therefore, the numbers of birds crossing Lake Erie in 
migration would be very low.   
 
Piping Plover and KirtlandÕs Warbler, the two federally listed species, are accidental in the 
Cleveland area.  This implies that their migration frequency across Lake Erie is extremely low. 
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Table 3.4-1.  Occurrence of Special-Status Species in Cleveland Region 
   
Species/Status1 WatchList   
Endangered Status2 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 

Red-headed Woodpecker Yellow 
Uncommon to common spring migrant; uncommon to locally common nester; 
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 
1 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 concentrate at warm-water outlets that remain ice-free, and in 
fall migration, when large numbers of Red-breasted Mergansers and BonaparteÕs Gulls stage on 
Lake Erie, waterbird diversity and abundance along the highly developed Cleveland lakefront is 
dominated by a few common species.  Studies indicate that this diversity and abundance 
decreases further with distance from the lakefront as water becomes deeper offshore.  Few 
waterbirds (limited to fish-eaters, surface-scavengers, and surface-gleaners) are able forage 
farther from the lakeshore.  
 
At two to five miles (3.2 to 8.0 km) offshore, and with water depths exceeding 33 feet (10 m), 
the Project site is expected to have very few birds using its waters most of the time.  In summer, 
the most frequently occurring species will be Ring-billed Gull, Herring Gull, and Double-crested 
Cormorant, but their numbers should be much reduced relative to the lakefront zone.  Red-
breasted Merganser and BonaparteÕs Gull will dominate the migrants using the waters of Lake 
Erie, particularly in fall migration, with occasionally large numbers offshore.  Common Loon 
appears to occur more often in migration offshore than inshore, but its abundance on Lake Erie is 
relatively low.  When icebound in winter, the Project site will lack waterbirds, 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 over Lake Erie, with most songbirds, waterfowl, and 
shorebirds migrating at night.  Studies in the eastern U.S. indicate that nocturnal migration 
occurs mostly at altitudes above the height of wind 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 strongly follow the shoreline, but a few hawks are 
adapted to crossing large water bodies during migration.  The likeliest species to cross the lake 
include Peregrine Falcon (Ohio threatened), Osprey (Ohio endangered), and Northern Harrier 
(Ohio endangered), all of which are uncommon migrants in the first place.  Therefore, the 
incidence of migrating hawks at the Project site is expected to be nil.   
 
Among Ohio-listed and other special-status species, Common Tern (Ohio endangered) may 
occur infrequently at the Project site in fall migration.  There is no reason to believe that it would 
be attracted to the waters of the Project site.  As noted above, it is unlikely that Osprey (Ohio 
endangered), Northern Harrier (Ohio endangered), and Peregrine Falcon (Ohio threatened) 
would migrate over or through the Project site.  Most of the common Ohio-listed species that 
migrate nocturnally over Lake Erie are from northern populations that are reasonably secure, not 
from Ohio-breeding populations.  Most of the common migrants among WatchList species are 
near the northern limits of their ranges in Ohio; therefore, the numbers of those species crossing 
Lake Erie will be small.  The federally listed Piping Plover and KirtlandÕs Warbler are accidental 
in the Cleveland region, implying that they are rare in migration across 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 and Audubon, the Important Bird Area (IBA) Program 
seeks to identify and protect essential habitats for one or more species of breeding or non-
breeding birds.  The sites vary in size, but usually they are discrete and distinguishable in 
character, habitat, or ornithological importance from surrounding areas.  In general, an IBA 
should exist as an actual or potential protected area, with or without buffer zones, or should have 
the potential to be managed in some way for birds and general nature conservation.  An IBA, 
whenever possible, should be large enough to supply all or most of the requirements of the target 
birds during the season for which it is important.  
 
Audubon Ohio began the process of designating IBAs in 2000, seeking nominations from 
biologists, birdwatchers, and conservationists.  To date, it has designated 80 IBAs (see 
http://oh.audubon.org/bsc/sites.html), one of which, the Cleveland Lakefront IBA, covers the 
Cleveland lakefront at the Project site.  In the state map indicating the locations of the Ohio 
IBAs, the area of the Cleveland Lakefront IBA appears not to extend offshore to include the 
Project site.  In other IBAs, such as the Lake Erie Western Basin IBA, the area clearly extends 
offshore.   
 
In an e-mail dated July 17, 2008, John Ritzenthaler, Director of the Ohio IBA Program for 
Audubon Ohio, provided the following information about the Cleveland Lakefront IBA:   
 

Description:  This IBA spans Lake Erie near-shore waters and shoreline from Avon Lake on the 
west to Euclid on the eastÑincludes Avon Lake Power Plant, dredge-spoil impoundments, airport 
grassland, Huntington Beach, Lakewood Park, Clifton Beach, 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 the fish population attracted to the mixing of waters 
from the Cuyahoga River and Lake Erie and the warm-water outflows from power plants. 
 
Birds:  100 yrs of records exist in literature of The 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 modernization of power plants would limit warm-water 
discharge and decrease attraction for waterbirds in winter and change this dynamic. 

 
The Cleveland Lakefront IBA qualified as an IBA for its gull congregations in winter (in the 
1990Õs, daily averages of 15,000 BonaparteÕs Gulls, 50,000 Ring-billed Gulls, and 15,000 
Herring Gulls), waterfowl congregations in spring (in the 1990s, maximum daily counts of 7,000 
scaup and 1,500 Canvasback), and Red-breasted Merganser congregations in fall migration 
(daily maximum of 250,000 birds in the 1990s).   
 
The American Bird Conservancy (ABC) has published a directory of the 500 most important bird 
areas in the United States (ABC 2003).  Organized by bird conservation regions, one of the sites 
in the Lower Great Lakes/St. Lawrence Plain (Bird Conservation Region 13) is the Lakeshore 
Metropark in Cleveland.  Lakeshore Metropark is described with four other IBAs under the 
heading Open Waters of the Great Lakes IBAs, Michigan and Ohio.  The other sites are Saginaw 
Bay, Lake St. Clair, and Lake Erie where the Detroit River enters it, all in Michigan, and 
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Maumee Bay in the western lakeshore region of Ohio.  ABC highlights the region with the 
following statement: ÒThe open waters of the Great Lakes provide vitally important habitat for 
thousands of wintering and migrant waterfowl and gulls.Ó  Key birds mentioned are: ÒLarge 
numbers of diving ducks such as the Long-tailed Duck, Bufflehead, Common Goldeneye, Red-
breasted Merganser, Common Merganser, Canvasback, Scaup, and many migrating gulls, 
including thousands of BonaparteÕs Gulls.Ó 
 
ABC describes the Lakeshore Metropark in Cleveland as a site that attracts large numbers of 
wintering and migrating waterfowl.  It mentions the following waterbirds with census numbers: 
9,500 BonaparteÕs Gulls, 5,000 Common Goldeneye, 4,000 Common Mergansers, and 40,000 
Red-breasted Mergansers.   
 
ABC mentions the following conservation issues affecting the Great Lakes IBAs: oil spills and 
toxic chemical spills from commercial shipping, discharge of nutrients and other pollutants from 
sewage outflow and agricultural runoff, and avian botulism outbreaks resulting from the 
introduction of exotic mollusks (quagga and zebra mussels).   
 
Rosche (2004) features the Cleveland Lakefront State Park as an outstanding birdwatching 
locality.  He describes the following sites within the park:  
 
� Burke Airport and Cleveland Lakefront State Park/East 55th Street:  The airport is a 

place to look for Snowy Owl in the winter and grassland sandpipers in migration.  The 
marina at East 55th Street should be scanned for gulls and waterfowl. 

� Cleveland Lakefront State Park/East 72nd Street Marina and Dike 14 Areas:  
Mentioned as providing high-quality birdwatching all year, including an excellent 
vantage point for viewing the lake.  Adjacent brushy areas can be outstanding for 
passerine migrants.  The marina area has been the site for many remarkable finds.  Roche 
says, ÒThe power plant no longer puts out much warm water, but when it does, the 
adjacent waters of Lake Erie can provide thrilling gull watching.Ó 

� Cleveland Lakefront State Park/Edgewater Park:  Located just west of downtown, the 
break wall along the west side of the water treatment plant is an excellent place to 
observe gulls and waterfowl.  The bluff at Perkins Beach is a good vantage point for gull 
and waterfowls, as well as for hawk 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 open.  BonaparteÕs Gulls sometimes stage there in 
impressive numbers. 

 
In conclusion, the shoreline of Cleveland, out to about one mile (1.6 km) into Lake Erie, ranks as 
an Important Bird Area (IBA).  This IBA is noteworthy for its concentrations of gulls and 
waterfowl in migration and winter at the mouth of the Cuyahoga River and at warm-water 
outflows from power plants.  As defined, the IBA does 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 wind-energy site may be accomplished by comparing a 
siteÕs avian use with similar sites where avian risk has been determined through post-
construction research.  By comparing the types of species present or likely to be present, 
numbers of individuals, seasonality, and behavior of birds that nest, forage, migrate, or winter at 
a proposed wind-power site with existing facilities where risk has been determined, a 
probabilistic assessment of risk can be made for different species and groups of species. 
 
In this section, we review what is known about avian risk at existing wind farms.  Two general 
types of impacts have been documented: 1) disturbance and displacement of birds (including 
barrier effects at offshore projects) as a result of the construction and operation of wind turbines 
and related infrastructure, and 2) fatalities resulting from collisions with turbines, meteorology 
towers, and other infrastructure.  
 
In the U.S., there is substantial literature on the effects of onshore wind-energy development on 
birds.  Where that literature informs the risk assessment 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 Europe offshore literature for information.  There, offshore wind farms 
have been in operation in marine environments since 1991.  As noted in Table 1.0-1, Europe 
presently has 24 offshore wind farms, with many more to be constructed.   
 
Based on a literature search, we have found that five offshore wind farms in Europe have been in 
operation long enough to have been well studied both pre and post-construction.  Three are in 
Denmark and two in Sweden.  Their particulars may be found in Tables 5.0-1 and 5.0-2.  In 
addition, the German Environment Ministry has recently published an English translation of a 
literature review on the ecological impacts of offshore wind farms.  The purpose of this review is 
to guide decision-making in the development of over 27,000 MW of wind-energy capacity in 
German territorial waters (see Table 1.0-1).  The report on seabirds (Dierschke and Garthe 2006) 
relies heavily on the five Danish and Swedish studies cited, as well as on findings from coastal 
wind farms.  Given the comprehensiveness of the German review, we summarize its findings 
below.    
 
It is noteworthy that the German review focused mostly on seabird interactions with offshore 
wind farms.  Given the extreme difficulty in sampling for avian carcasses under offshore wind 
turbines, there is very little information on the effects of offshore wind farms on night-migrating 
songbirds.  In this regard, we rely on the onshore literature; but, as will be explained, at least two 
techniques for measuring collisions at wind turbines at sea have been tested.   
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Table. 5.0-1. Dimensions of Offshore Wind Farms Considered in Report1 
      

Category Tunø Knob Uttgrunden 
Yttre 

Stengrund 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 km2 2.2 km 1.5 km 20 km2 24 km2 

Water depth 3-6 m 7-10 m 8 m 6-14 m 6-9.5 m 

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 70.5 m 72 m 80 m 82 m 
1 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 
      
      

Research 
Tunø 
Knob1 Uttgrunden2 

Yttre 
Stengrund2 Horns Rev3 Nysted3 

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   + + + + 
1 Guillemette et al. 1998 
2 Pettersson 2005 
3  Petersen et al. 2006 
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The following sections will highlight the particular impacts that offshore wind farms have been 
found to have on birds.  Applying these findings to Lake Erie poses an interesting challenge, 
given fundamental differences in the offshore environments (freshwater versus saltwater, large 
inland lake versus ocean-connected seas) and birdlife (Nearctic versus Palearctic).  Nonetheless, 
many of the key offshore species in the European studies also occur on Lake Erie (e.g., Red-
breasted Merganser, Herring Gull, Common Tern, etc.) or have close relatives among Great 
Lakes species (e.g., Great Cormorant and Double-crested Cormorant, Black-headed Gull and 
BonaparteÕs Gull, Mew Gull and Ring-billed Gull, etc.).  The European findings for these 
homologues will be given special attention.    
 

5.1 Offshore Studies 
 
In their literature review for the German Environment Ministry, Dierschke and Garthe (2006) 
categorized impacts to seabirds from offshore wind farms as follows: 
 
� Habitat Loss:  Displacement due to disturbance by operating turbines and associated 

ship and helicopter traffic, or habitat alteration by artificial creation of hard-bottom 
substrate in soft-bottom areas (i.e., turbine foundations, monopoles, and scour protectors). 

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

� Additional Mortality:  Collisions with turbines. 
 
Each is discussed below.  Projects are discussed following their treatment in Dierschke and 
Garthe 2006.  
 
Table 5.0-2 summarizes the experimental designs of the studies reported below.  Except where 
necessary, we do not detail how the research or analysis was conducted.  Those interested may 
refer to these studies for more information.   
 

5.1.1 Habitat Loss 
 
At Tunø Knob in Denmark, Guillemette et al. (1998) found that fluctuations in numbers of 
Common Eiders and Black Scoters at the wind farm site and at a reference site were best 
explained by fluctuations in available food supply, not by the operation of the wind turbines.  
When the blue mussel population recovered in the third year of the post-construction study, eider 
and scoter numbers at the wind farm also recovered (Guillemette et al. 1999).   
 
In an experiment looking at how eiders reacted to moving and non-moving turbines, Guillemette 
et al. (1998) found no significant differences in their distribution.  When turbines were turned on, 
none of ten eider flocks took flight, and their swimming movements showed no clear avoidance 
pattern.  In another experiment involving eider decoys, the attractive effect of the decoys 
increased with distance from the turbines, with fewer eiders landing at 100 m distance than at 
300 m and 500 m.   
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Great Cormorant droppings found on turbine foundations at Tun¿ Knob appeared to indicate that 
cormorants rested on the foundations (Tulp et al. 1999).   
 
With regard to Utgrunden and Yttre Stengrund, the two wind farms in SwedenÕs Kalmar 
Sound, Dierschke and Garthe (2006) found that most of the data presented in Pettersson (2005) 
did not permit an assessment of habitat loss impacts resulting from the presence of turbines.  
Nonetheless, at Utgrunden, Long-tailed Ducks continued to feed in the same areas after 
construction, including foraging less than 100 m from turbines and flying back and forth between 
turbines (Pettersson 2002, 2003, 2005).  Common Eiders and Black Scoters remained in an area 
less than 1 km to the north of the wind farm (Pettersson 2005).  Foraging Great Cormorants were 
observed near the turbines (Pettersson 2002).   
 
Food supply and disturbance caused by service boats appeared to explain some of the seabird 
distribution observed at Utgrunden (Pettersson 2005). Common Eiders and Long-tailed Ducks 
concentrated in the area to the north of the wind farm where blue mussel densities were found to 
be highest.  Long-tailed Ducks and Red-breasted Mergansers were displaced by service boats 
operating in the wind farm.  They were found not to return to their foraging sites until 21-30 
minutes after the service boat had left the area.   
 
At Nysted and Horns Rev in Denmark, Petersen (2004, 2005) and Petersen et al. (2006) used a 
selectivity index to gauge avoidance or preference during pre-construction, construction, and 
post-construction in three areas: 1) the wind farm itself (WF, ~23 km2), 2) the wind farm plus a 
2-km zone around it (WF+2), and 3) the wind farm plus a 4-km zone around it (WF+4).  
Avoidance or preference was determined based on comparison with bird densities calculated for 
the entire study area, which extended well beyond the 4-km zone.  
 
At Nysted, before construction, Common Eider densities in the wind farm were lower than the 
entire study area, but their densities in WF+2 and WF+4 were similar.  During construction, 
eiders abandoned the wind farm completely and demonstrated avoidance of the surrounding 
zones, particularly WF+2.  During operation, some eiders were recorded in the wind farm, but 
the area was basically avoided.  In the surrounding zones, avoidance increased over construction 
levels.  
 
Prior to construction, Long-tailed Ducks clearly preferred the wind farm and surrounding zones, 
with densities higher there than the study area as a whole.  Construction, however, saw sharp 
avoidance of the wind farm area and slight avoidance of surrounding zones.  The operational 
phase saw a significant decrease in avoidance (i.e., habituation) of the wind farm area relative to 
construction, while avoidance of the surrounding zones remained about the same relative to 
construction.   
 
Pre-construction surveys showed that Herring Gulls used the wind farm and surrounding zones 
less than the study area as a whole.  Their avoidance increased slightly during operation.  
Nonetheless, Herring Gull distribution was strongly influenced by the distribution of active 
fishing vessels (Kahlert et al. 2004b).   
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There were also some interesting anecdotal observations for less abundant species (Kahlert et al. 
2004a, 2004b, Petersen 2004).  Radar observations showed three large flocks of Great 
Cormorants (1,500, 2,150, and 3,700 birds) feeding within the wind farm or less than 1 km away.  
A small number of Red-breasted Mergansers were observed within or close to the wind farm 
during operation, and a small number of Black Scoters were also seen within the wind farm 
during construction.  During construction, no loons were observed within 1.4 km of the wind 
farm.  During operation, one was seen inside the wind farm, while another was seen 200 m 
outside the wind farm.   
 
At Horns Rev, loons (Red-throated and Arctic) were present in the wind farm and surrounding 
zones prior to construction at about the same density as in the study area.  During construction, 
the wind farm and surrounding zones were strongly avoided.  During operation, the wind farm 
area was completely avoided, while the surrounding zones were nearly completely avoided.   
 
Baseline surveys showed that Great Cormorant basically did not use the wind farm and 
surrounding zones, but after construction, use of the surrounding zones increased.  One Great 
Cormorant was observed resting on the foundation of a turbine with rotating blades (Christensen 
et al. 2004), while two to three individuals of the smaller Shag were observed perched on a met 
tower near the wind farm, and at least one bird was seen foraging between the turbines 
(Christensen and Hounisen 2004).   
 
Common Eider was one of the most abundant species in the study area, but it was concentrated 
close to the coast and usually did not occur in the wind farm and surrounding zones.   
 
Black Scoter was the most abundant species in the study area.  Prior to construction, it was found 
to avoid the wind farm and WF+2, while its density in the WF+4 zone was nearly equal to that of 
the study area.  After construction, it completely avoided the wind farm and WF+2 zone and 
nearly completely avoided the WR+4 zone.   
 
During the baseline period, Herring Gulls avoided the wind farm and surrounding zones.  During 
construction, their densities increased markedly, so much so that the surrounding zones were 
slightly preferred over the study area as a whole, and avoidance of the wind farm area decreased.  
The authors attributed this shift to ship traffic, which attracted the gulls.  Post construction, 
Herring Gull avoidance of the wind farm and surrounding zones increased, but not to pre-
construction levels. 
 
Little Gulls showed some avoidance of the wind farm area and surrounding zones prior to 
construction, but avoidance increased during construction.  After construction, the wind farm and 
surrounding areas became preferred feeding areas.  During the December 2003 survey, most 
Little Gulls were observed foraging between the turbines.  Black-legged Kittiwake demonstrated 
a similar avoidance/preference pattern.  They were observed resting on the fences of the turbine 
foundations (Christensen et al. 2004).   
 
Common and Arctic Terns demonstrated some avoidance of the wind farm and surrounding 
zones prior to construction.  After construction, they avoided the wind farm completely and 
showed a preference for the two surrounding zones.   
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Dierschke and Garthe (2006) conclude that these studies demonstrate that some species strongly 
avoid offshore wind farms (e.g., Red-throated Loon), whereas others showed much lower 
numbers in the wind farm areas after construction than before (e.g., Long-tailed Duck).  Some 
species, however, show no obvious effects (e.g., Red-breasted Merganser), while others appear 
to increase in numbers compared with pre-construction levels (e.g., Herring Gull).  Nevertheless, 
for many seabird species, it is not known how and whether offshore wind farms affect their 
habitat use (e.g., Horned Grebe).  
 
Other variables affecting bird distribution at offshore wind farms include population cycles 
(temporal) and distribution (spatial) of prey species and increases in ship traffic.  At Tun¿ Knob, 
changes in seaduck distributions at the wind farm were best explained by availability of certain 
size classes of blue mussels.  Ship traffic has been found to have negative and positive effects, 
depending on the species.  Service boats temporarily displaced Long-tailed Ducks and Red-
breasted Mergansers at Utgrunden, but they attracted Herring Gulls to Horns Rev. 
 
Regarding habituation, Dierschke and Garthe (2006) find that the presence and behavior of some 
species suggest that they have become accustomed to turbines (e.g., Great Cormorant, gulls); but, 
given that no long-term studies have been conducted, they reach no conclusions for species that 
have showed avoidance reactions (e.g., Red-throated Loon).  Citing various sources, they do note 
that habituation has been demonstrated at several small wind farms along coastlines, which are 
regularly crossed by Great Cormorants, ducks, gulls, and terns on flights between breeding 
colonies, roosts, and offshore feeding areas.  Habituation studies conducted three or more years 
after construction of wind turbines are needed.  Gradual habituation might result in little 
disturbance and displacement, but this can only be determined 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 farm construction appears to have negligible 
environmental consequences.  As offshore wind farms are generally constructed in soft bottoms, 
the addition of turbine bases and scour protectors both removes soft-bottom habitat and adds a 
reef-like habitat that attracts prey species on which many seabirds feed.  Dierschke and Garthe 
(2006) find that the loss of soft bottom is much less than one percent and may be deemed 
negligible.  While Percival (2001) has argued that seabirds may benefit from an increase in prey 
species by a Òreef effectÓ at offshore turbines, Dierschke and Garthe consider that it has not yet 
been proven. 
 

5.1.2 Barrier Effect 
 
Drewitt and Langston (2006) define barrier effect as the effect resulting from birds having to 
alter their preferred migration or local flight paths to avoid a wind farm.  It is a form of 
displacement.  They consider it a concern because of the possibility of increased energy 
expenditure and the potential for disrupting linkages between distant feeding, roosting, molting, 
and breeding areas.   
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Dierschke and Garthe (2006) consider studies at Tun¿ Knob (Tulp et al. 1999, Guillemette et al. 
1998) to be the only ones that looked at barrier effect with relation to wintering and staging 
birds.  The other studies reported focused on migrating birds.   
 
At Tunø Knob, the wind farm appeared to act as a barrier only at night, when flight activity of 
Common Eiders was minimal within 1.0-1.5 km of the wind farm and greater than expected 
beyond 1.5 km.  In the day, avoidance appeared to be restricted to 100 m from the wind farm. 
 
Within 500 m of the wind farm, flights decreased with increasing darkness, and fewer flights 
occurred between turbines.  When eiders entered the wind farm, they did so at much greater 
frequency between turbine rows, where the gap was 400 m, than perpendicular to turbine rows, 
where the gaps were 200 m.  Irrespective of light conditions, more flocks flew outside than 
inside the wind farm.  Directional changes were observed in less than 10% of flocks recorded, 
and were observed more often on moonlit than on dark nights.   
 
At Utgrunden, Pettersson (2005) divided the 20-km wide Kalmar Sound into four 5-km zones.  
Prior to construction, during spring migration, 40% of over 120,000 Common Eiders flew 
through the zone just east of the center of the sound where the wind farm was to be constructed.  
After construction, only 6% of nearly 180,000 eiders flew in that zone, and very few birds flew 
in the sub-zones where wind turbines were situated.  Moreover, the entire migration flyway 
shifted to the east of the wind farm.  Prior to construction, only 21% of eiders used the 
easternmost zone.  After construction, 72% of eiders used it.  Detours 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 routes were similar, though less striking, for Red-
throated and Arctic Loons, Great Cormorant, 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.  Eiders heading for the wind farm appeared to change their 
flight direction at 3-4 km before the turbines and kept 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 Parasitic Jaegers preferred to fly in the middle of the sound, but they avoided 
getting close to the wind farm.  Great Cormorants and Red-breasted Mergansers were found to 
cross the wind farm more often than other seabirds.  In addition, a radar study indicated that 
seabirds changed their courses and able to avoid the wind turbines even in darkness and fog, but 
the rate of straight flight paths through the wind farm was higher in 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.  Prior to construction, in fall migration, use of the 
sub-zones by eiders and other seabirds was even.  After construction, the sub-zone where 
turbines were constructed was nearly completely avoided.  Detours were initiated about 800-
1,000 m before the wind farm and were estimated to add 1.2-3.0 km to the flights.   
 
At Nysted, Petersen et al. (2006) documented that migrating waterbirds (Common Eider, Long-
tailed Duck, Red-breasted Merganser, Great Cormorant, and gulls, with about 45% Common 
Eiders) in fall rounded a peninsula to the east to enter the wind farm area on a broad front.  
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Before construction, they crossed the wind farm area on straight courses.  After construction, 
they flew around the wind farm, detouring equally to the north and south.  Radar determined that 
course changes were initiated at 1 km before at night and at 3 km before in the day.   
 
The spring migration pathway was to the north of the wind farm area, with relatively low 
percentages of birds crossing the eastern border of the wind farm, where the observation 
platform was located (measured at 16% and 25% in different years).  During and after 
construction, the percentage decreased (to 11% in both periods), but differences were only 
significant for nocturnal migration.   
 
At Horns Rev, Petersen et al. (2006) conducted visual and radar observations along transect 
lines seen from an observation point on a nearby transformer station.  Using radar, they recorded 
significant course alterations resulting in detours in both migration seasons, but some flocks 
(14% from a northerly approach in fall and 22% from an easterly approach in fall) entered the 
wind farm to fly between turbine rows.  On certain headings, course changes were initiated at 
400-500 m, but northbound spring migrants changed course at a 4-6 km distance.   
 
Visual observations showed than no loons (0 of 84 birds) crossed the two transect lines, which 
would have indicated flight through the wind farm.  Two radar observations of loons showed one 
bird passing the wind farm at 900 m and another making a U-turn 1 km before the wind farm.  
Very low percentages of Northern Gannets (3 of 265 birds, 1.1%), Black Scoters (642 of 58,334 
birds, 1.1%), White-winged Scoters (1 of 163 birds, 0.6%), and alcids (2 of 53 birds, 3.8%) flew 
within the wind farm.  On the other hand, fairly high percentages of most gulls and terns (24-
51%) flew within the wind farm.  An exception was Little Gull (13%).  Regarding species 
occurring on Lake Erie, 36.7% of 999 Herring Gulls entered 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 into and out of the Horns Rev wind farm from the east 
side facing the coast, Christensen et al. (2004) assumed that these birds were using the wind farm 
as a landmark on foraging flights starting at the coast.   
 
Regarding evidence of barrier effect or lack thereof at coastal wind farms, Dierschke and Garthe 
(2006) highlight studies from five coastal wind farms.  Collision data for two of these wind 
farms are reported in the next section. 
 
At Bythe Harbor in northeastern England, nine, fairly short turbines (rotor diameter 25 m, total 
height 38 m) were constructed on a pier at 200 m intervals.  Dierschke and Garthe report that, 
during a seven-year study (Still et al. 1996, Painter et al. 1999), large numbers of Great 
Cormorants, Common Eiders, Black-headed Gulls, Herring Gulls, and Great Black-backed Gulls 
were present for several months of the year.  Great Cormorants were found to cross the turbine 
string regularly, with 10% flying at rotor height and the rest below.  In the first years, eiders flew 
between the turbines to enter the harbor, but later, they entered the harbor only by swimming.  
Large gulls made 80% of the flights between turbines, but many more flew along the turbine row 
(20-300 flights per ten minutes) than between them (0.7-1.5 flights per ten minutes).  Great 
Black-backed Gulls and Herring Gulls crossed the turbines at rotor height 16% and 13% of the 
time respectively, with most crossing below rotor height 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 rows of nine and 13 turbines have been built 
on a seawall near a breeding colony of gulls and Common Terns.  The turbines are at 130-m 
intervals with heights of 56.5 m and rotor diameters of 35 m.  According to Dierschke and 
Garthe, van den Bergh at al. (2002) observed flight behavior of breeding birds in July of 2001.  
At both rows of turbines, 92% of seabirds at one turbine row and 62% at the other crossed below 
rotor height.  Of those birds, 3.1% of gull flocks and 5.3% of Common Tern flocks exhibited a 
behavioral reaction, but only one gull turned back.  Among gulls, this was about the same 
reaction rate as gulls flying above the turbines (3.0%).  The authors concluded that there was no 
apparent barrier effect for foraging flights.  They saw their results as showing a rapid habituation 
(or reduced sensitivity) to the presence of the turbines. 
 
At Zeebrugge in Belgium, Everaert et al. (2002) studied flight behavior at 23 turbines of 
different dimensions (but all small in comparison with modern turbines) have been constructed 
on a pier.  Thirteen turbines are located on the shoreline at close distance to a tern colony.  The 
terns as well as gulls breeding elsewhere in the harbor regularly cross the wind farm to forage at 
sea.  According to Dierschke and GartheÕs summary of the study, the majority of birds (54-82%) 
crossed the turbines below rotor height; only a small fraction (1-14%) crossed above.  Depending 
on species and flight altitude, the percentage of avoidance reactions varied.  We highlight the 
results for Common Tern, a species of concern in Ohio.  At 50-m tall turbines, 498 Common 
Terns were recorded passing.  Of the 408 birds (81.9% of total) passing at 0-15 m, 15 (3.7%) 
showed an avoidance reaction.  Of the 35 birds (7.0%) passing at 16-50 m (rotor height), 11 
(31.4% exhibited avoidance behavior.  Of the 55 birds (11.0%) passing at 51-65 m, 6 (10.9%) 
exhibited avoidance behavior.  Interestingly, very few Least Terns exhibited avoidance behavior 
at any height class (5 of 1860 birds [0.2%], including 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 was constructed in the morning and evening 
flight paths of Black Terns and Common Terns.  Dierschke and Garthe report a study during the 
1997 breeding season (Dirksen et al. 1998a) in which visual and radar observation were 
employed to record the flight behaviors of up to 15,000 Black Terns and up to 6,500 Common 
Terns.  These birds deviated their flight courses on both sides of the turbine, keeping a distance 
of 50-100 m from the turbine.  Therefore, the direct vicinity of the turbine was used less than 
adjacent areas.   
 
At Lely wind farm in the Netherlands, four turbines have been constructed 800 m (0.5 miles) 
offshore.  These turbines have a total height of 60 m, rotor diameters of 41 m, and spacing of 200 
m.  Dierschke and Garthe report that Dirksen et al. (1998b) used radar to study the flight paths of 
two diving ducks (Pochard and Tufted Duck) whose flight paths between diurnal roosts and 
nocturnal feeding grounds intersected the wind farm.  On moonlit nights, the ducks could 
apparently perceive the wind farm, because a higher proportion of ducks flew close to the wind 
farm and included a low rate of flights between turbines.  No birds turned back, but detour 
reactions were common.  On moonless nights, these ducks avoided approaching the wind farm; 
instead, they flew parallel to it.  The authors also found that resident birds, in contrast to migrants 



Great Lakes Wind Energy Center, Cuyahoga County, OH 

Curry & Kerlinger, LLC - November 2008 © 54

stopping over, habituated to the presence of turbines, even if they constituted a barrier to their 
regular movements.  A second study (Dirksen et al. 2000, van der Winden et al. 2000) 
demonstrated the same results for Greater Scaup.   
 
To date, researchers have not determined whether wind-farm barriers have a significant impact 
on the birds that detour around wind farms.  For a barrier to have a significant impact, birds 
would have to expend enough energy to reduce reproductive fitness.  These values could be 
calculated, but it is likely that detours would have to amount to many dozens or hundreds of 
miles to incur a biologically significant impact.  For migrants, migration distance varies 
considerably depending on weather and other variables, so a detour around a wind plant is not 
likely to require birds to fly very long distances.  In addition, birds may habituate to wind plants 
in a manner that requires shorter detours, which in turn requires less energy.  Such habituation 
would reduce the potential for significant impacts.  
 

5.1.3 Collision Mortality 
 
The methodology for determining collision mortality at onshore wind farms is well developed, 
with mortality estimates based on carcass searches corrected for searcher efficiency and 
scavenger removal.   At offshore wind farms, Dierschke and Garthe (2006) consider it 
impossible to conduct mortality searches.  In their opinion, 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 remote methods for quantifying collisions have been 
developed.   
 
In the many hundreds of hours of visual observations of seabird interactions with wind farms 
conducted in the five studies analyzed by Direschke and Garthe, only one collision was 
witnessed.  While observing a migrating flock of 310 Common Eiders early one 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 birds managed to resume flight, strongly suggesting that some or all of 
the birds were forced down by turbulence rather than a rotor strike.  Pettersson also reports five 
near-accidents at Utgrunden and Yttre Stengrund.   
 
Extrapolating from the one observed collision and data on the horizontal and vertical distribution 
of waterfowl (mostly eider) migration through the Kalmar Sound, Pettersson estimated that 
between one and four birds suffer collision strikes in spring and ten in fall.  He found that most 
waterfowl fly below rotor height in the Kalmar Sound (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 hunters shoot in Sweden each year and concluded that 
the impacts were not likely significant.   
 
At Nysted, Desholm and Kahlert (2005) used radar to measure the flight characteristics of over 
235,000 Common Eiders, as well as other waterfowl, migrating in the vicinity of the wind farm 
in fall.  They found that ducks and geese were remarkably able to avoid the turbines both day 
and night.  After construction, the percentage of flocks entering the wind farm area decreased 
significantly (by a factor of 4.5) over pre-construction levels.  At night, a higher percentage of 
migrating flocks entered the wind farm, but they appeared to reduce collision risk in the dark by 
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increasing their distance from individual turbines and flying in the corridors between turbines.  
Furthermore, a higher percentage of flocks flew below 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 decreasing collision risk.  Desholm and Kahlert judged that, 
overall, less than 1% of the ducks and geese migrated close enough to the turbines to be at any 
risk of collision.   
 
Desholm and Kahlert (manuscript published in Desholm 2006) also analyzed flight data for 
Common Eiders in a computer model to predict collision mortality.  They calculated that an 
average of 47.1 Common Eiders would collide with the 72 Nysted turbines during fall migration 
(0.7 collisions per turbine per autumn).  This represents less than 0.022% of all eiders passing 
through the study area.  To gauge the biological significance of this level of mortality, the 
authors compared it with the annual hunting harvest for Common Eiders in Denmark, estimated 
at approximately 70,000 eiders.  This level of fatality would be the equivalent of about 745 
Nysted wind farms (over 50,000 turbines), if spring mortality were equal to fall.  The authors 
even suggested that, should cumulative mortality of eiders and other waterfowl at wind farms 
reach unacceptable levels, one method for mitigating it would be to adjust hunting harvests.  
 
Hštker et al. (2006) summarized studies of collision mortality at European wind farms.  Seabirds 
recorded were: Red-throated Loon (1 collision victim found), Great Cormorant (2), Black-
headed Gull (87), Mew Gull (14), Herring Gull (189), Great Black-backed Gull (7), Black-
legged Kittiwake (1), Common Tern (8), and Common Murre (1).  Noting that Hštker et al. were 
missing Common Eider and Northern Fulmar, Dierschke and Garthe (2006) considered their list 
incomplete.  Nevertheless, given that the main systematic groups have been found as casualties 
at coastal wind farms, Dierschke and Garthe conclude that all seabirds must be regarded as 
fundamentally vulnerable to turbine collisions at sea.   
 
Regarding collision rates and additive mortality estimates, Dierschke and Garthe feature two 
studies.  For a ten-year study at the 23-turbine Zeebrugge wind farm in the Netherlands (Everaert 
et al. 2002), they report that mortality rates ranged between 11 and 29 birds per turbine per year 
when corrected for recovery probability.  In one year, 49 (89%) of 55 dead birds found were 
seabirds (44 gulls and 5 terns).  The highest mortality was at a turbine row perpendicular to the 
main flight direction, where a maximum of 120 collision victims per year was recorded at one 
turbine (assumed corrected for recovery probability).  The authors of this study calculated 
collision risk for different species.  Common Terns flying at all heights were figured to have a 1 
in 3,000 chance of collision, but if they flew at rotor height the probability increased to 1 in 650.  
For Herring Gull, it was 1 in 2,200 at all heights and 1 in 750 at rotor height.  These probabilities 
are obviously specific to the Zeebrugge wind farm. 
 
Dierschke and Garthe report that a six-year study (Painter et al. 1999) found that mortality at the 
nine turbines constructed on the pier at Blyth Harbor in the U.K. was six birds per turbine per 
year when corrected for recovery probability.  Ninety-seven percent of mortality was of seabirds, 
including Common Eiders (12 carcasses).  Most of the victims were gulls.  The percent of local 
eiders (up to 3,200 birds) taken by turbine collisions (when corrected for recovery probability) 
was calculated annually.  Values ranged from 0% to 1.3% (approximately 42 birds). 
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Regarding collision risk to night-migrating birds, at 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, HŸppop et al. (2006) used vertical 
ship radar to study the intensity and height of nocturnal migration on 226 days and nights over a 
13-month period.  Their main finding was that almost half of the echoes up to 1,500 m (4,900 
feet) came from the lowest 200 m (660 feet).  The authors considered 200 m to be a key altitude, 
because it corresponds to the expected height of future offshore wind turbines.  They note, 
however, that the largest percentage of echoes came from the 0-100 m increment, where it was 
difficult to separate low-flying birds from sea-surface reflections.   
 
When nocturnal flight altitudes were classified with weather parameters, the percentage of birds 
flying under 200 m was higher on rainy nights than on nights without rain (33% versus 25% of 
all echoes up to 1,500 m).  In both spring and fall, tailwinds and light headwinds were associated 
with higher flight altitudes, but in higher tailwinds, flight altitudes tended to drop off again.  In 
fall, the five heaviest flight nights were associated with easterly winds, in spring with southerly 
winds.   
 
HŸppop et al. also conducted carcass searches at the FINO 1 platform, which was brightly 
illuminated (as are the many offshore oil platforms).  They found a total of 442 birds of 21 
species in 44 visits over a 15-month period.  Only six birds were non-passerines (one Dunlin, 
four large gulls, and one feral pigeon).  Most were thrushes (87%), European Starlings (5%), and 
Skylarks (2%).  Of significant interest was that over 50% of the strikes occurred on two nights 
(October 1 and 29, 2003), involving 86 and 196 birds respectively.  Both nights were 
characterized by very poor visibility, with fog and drizzle.  The authors presumed that the 
illuminated research platform attracted the birds.  A thermal-imaging camera used on the second 
night found many obviously disoriented birds flying around the platform.   
 
The effect of lighting on bird mortality at tall communication towers and wind turbines will be 
discussed at length in the section on risk assessment.  Nevertheless, we will mention here that 
European researchers have been working to reduce bird mortality at offshore oil platforms, 
which attract and kill thousands of birds under certain weather conditions.  In experiments with 
different light frequencies, researchers have found that light in the green spectrum attracts birds 
less than other color spectra, yet the human eye operates well in greenish lighting (van der Laar 
2007).  These findings may bring about changes in oil-platform illumination that decrease bird 
mortality. 
 
Blew et al. (2006, 2007) used a vessel as a working platform to conduct radar and other 
observations (visual and acoustical) of daytime and nighttime-migrating birds at the edges of the 
Nysted and Horns Rev wind farms, where they could compare migration inside and outside the 
wind farm.  They collected data during the spring and fall migration in 2005 and 2006.  2005 
results were detailed in a report (Blew et al. 2006), but 2006 results have only been summarized 
in conference proceedings (Blew et al. 2007).   
 
Over two years, 75.5 ship days of research were conducted at Horns Rev in the North Sea, while 
103.5 ship days were conducted at Nysted in the Baltic Sea.  Weather conditions had to be 
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favorable to conduct radar research, because rain cluttered the radar screen and wave heights 
above 2 m (6.6 feet) produced considerable disturbance (called Òwave clutterÓ) on the radar 
screen at lower altitudes.  As the North Sea is open to the Atlantic Ocean, there were fewer 
favorable days at Horns Rev.  
 
They found that migration intensity was generally greater at night than during the day, because 
of the addition of the nocturnal songbird migration.  High migration intensity generally occurred 
under the following conditions: tail winds, good visibility, passage of cold fronts in autumn and 
warm fronts in spring, and no heavy rain.  Low migration intensity occurred when there were 
head winds, bad visibility, and inclement weather.  The most intense migrations occurred when 
birds had to ÒwaitÓ for good conditions, such as when an extended period of bad conditions 
finally gave way to good conditions.  When intense nocturnal migration did occur, radar results 
showed a higher proportion of birds flying at high altitudes than at times of low migration 
intensity.  Consequently, when nocturnal migration traffic increased, the proportion of birds 
flying in the rotor-swept area decreased.   
 
Regarding altitude distributions, during the day, there were more radar signals in the lower 
altitude bands than at night.  Visual observations showed mainly cormorants, geese, ducks, gulls, 
and terns, but the authors pointed out that even medium-sized birds flying above 100 m are 
rarely discovered by visual observations.   
 
At night, altitude was measured in two vertical ranges from the radar source.  At the 0.5-km 
range (i.e., counting signals in 50-m bands up to an altitude of 500 m), signal distribution across 
radar bands was generally even, with possibly a lower number of signals on the wind farm side 
of the ship than on the non-wind farm side of the ship.  At the 1.5-km range (i.e., up to an 
altitude of 1,500 m), signals in the lower altitude bands clearly predominated, giving the 
distribution charts a pyramid-like shape.  Nonetheless, over 60% of the signals were registered 
above 200 m.   
 
The HŸppop et al. and Blew et al. studies appear to indicate that the percentage of nocturnal 
migration at lower altitudes is greater offshore than onshore (see discussion of nocturnal 
songbird migration in Section 3.2.1.1).  But, other studies of nocturnal migration from coastal 
and offshore islands (HŸppop et al. 2005, abstract only in English), showed the percentage of 
radar echoes under 200 m to be between 15% and 26%, which is more in line with onshore 
studies, although percentages went up during rain and headwinds.   
 
A North American example is very confusing.  Radar studies described in the Environmental 
Impact Statement (MMS 2008) for the Cape Wind project in Nantucket Sound, Massachusetts, 
showed widely ranging percentages below turbine height for nocturnal migration.  The fall 2002 
study recorded 14%, while the fall 2005 study recorded 63%.  The spring 2002 study registered 
36%, while the spring 2006 study registered 68%.   
 
Jan Blew (e-mail correspondence with John Guarnaccia) believes that the high percentages of 
low-flying birds recorded in offshore radar studies are in part misleading or contradictory, 
because some radar results are doubtful due to technical flaws or misinterpretations (also see 
Schmaljohann et al. 2008).  His opinion is that the percentage of nocturnal migrants below 200 m 
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in Europe is closer to 20% than to 50%.  With more experience than anyone in radar ornithology, 
Sid Gauthreaux (personal communication) notes that some radar studies are poorly calibrated 
and not comparable.  By misinterpreting insect clutter as birds, some researchers have reported 
anomalously high flight densities and low mean altitudes. 
 
Clearly, there is less wind turbulence at lower altitudes offshore than onshore.  Therefore, low 
stratum winds reach speeds that are greater and more constant over see than they do over land 
(Geiger 1961, cited in HŸppop et al. 2006).  Birds may take advantage of these conditions by 
migrating lower over sea than over land.  This appears to have been demonstrated by Bruderer 
and Liechti (1998), who used radar to investigate if birds adjusted their migration when they 
crossed the Mediterranean coastline.  Their mean altitudes of tracked birds were only about 9% 
higher over land than over water, a fairly small difference. 
 
Dierschke and Garthe do not comment on remote-sensing techniques for recording turbine 
collisions at sea.  At least two have been developed.   
 
Desholm (2003a, 2006) details the design of his Thermal Animal Detection System (TADS), 
which he has tested at the Nysted wind farm (Desholm et al. 2006).  A TADS unit consists of a 
thermal video camera housed in weatherproof, corrosion-resistant box fastened to the base of a 
turbine.  Given the low resolution of thermal images, a telephoto lens is required 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 computer inside the turbine only when a thermal image (bird 
or bat) passes within camera view, thereby saving countless hours of review of empty video.  
The system is connected via optic fiber cables to the mainland, where via the Internet, 
researchers can review the data.   
 
At Nysted wind farm, 2,000 hours (83 days, or 0.23 years) of collision monitoring using TADS 
recorded 16 thermal-video sequences triggered by passing animals (many of them distant from 
the RSA).  Only one sequence proved to show a collision event involving a small bird or bat.  
The 15 non-collision sequences were ascribed to 10 birds/flocks of birds, two bats (based on 
flight style), one moth, and two birds/bats.  The bat observations were considered noteworthy 
because bats have rarely been observed at sea.   
 
Given his calculation of eider mortality (0.7 birds per turbine per year) based on a computer 
model of flight behavior (Desholm and Kahlert 2005, reported above), Desholm did not expect to 
record a Common Eider strike.  Indeed, this was the case.  While Desholm did not calculate the 
mortality rate implied by the single collision event recorded by TADS, based on his information, 
it calculates to approximately 1.5 birds/bats per turbine per year.   
 
Using TADS (or any methodology, for that matter) to sample an offshore wind farm for collision 
mortality depends on compiling enough information to form the basis for a sound statistical 
analysis (Desholm et al. 2006).  If collision rates offshore are similar to those onshore, calculated 
to average 2.5 birds per turbine per year in the U.S. (NRC 2007), then a large-scale monitoring 
effort is required, necessitating various TADS units and significant 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) 
    

Name1 
Habitat 
Loss2 

Barrier 
Effect3 

Fatal 
Collisions4 

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 ? 
1 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 characteristic sound of a collision, which triggers the 
storage of video footage and sends an alert message to the operator.  The CCD camera requires 
lighting at night to capture the collision event, a major drawback for offshore research on 
nocturnal migration because lights do attract migrants.  This drawback will likely increase 
fatalities, thereby biasing the data, although it might work during daylight.  For more 
information, visit http://www.ecn.nl/en/wind/products-services/services/wt-bird/.   
 

5.1.4 Summary of Offshore Studies 
 
Table 5.1.4-1 (above) summarizes the literature review of Dierschke and Garthe (2006) for 
seabirds regularly occurring in German waters.  Boldface indicates seasonally common species 
in Cleveland region or homologues 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). 
 
Dierschke and Garthe summarize their findings as follows.  
 
Habitat Loss:  Six species (Black Scoter, Red-throated Loon, Arctic Loon, Northern Gannet, 
Common Murre, and Razorbill) have been found to strongly avoid offshore wind farms.  One 
species (Long-tailed Duck) showed much lower numbers in wind farm areas after construction 
than before.  Seven species (Common Eider, Red-breasted Merganser, Great Cormorant, 
Parasitic Jaeger, Black-legged Kittiwake, Common Tern, and Arctic Tern) did not show any 
obvious effects.  Three gull species (Little, Lesser Black-backed, and Great Black-backed) 
increased in numbers.  For most other species, research to date allows no conclusions as to how 
wind farms affect their habitat use.   
 
Habitat loss for species that avoid wind farms has been found to be greater than the wind farmÕs 
actual footprint, due to the displacement distances of some species from turbines.  The loss of 
bottom habitat to turbine foundations and scour protectors appears to be of minor importance, 
because the area lost is small.  The addition of reef-like habitat has not yet been demonstrated to 
attract seabirds, but other human and natural structures do attract birds in marine and freshwater 
environments.  
 
Dierschke and Garthe (2006) posit that indirect mortality may impact the population sizes of 
seabird species that avoid offshore wind farms, particularly if increased densities in replacement 
habitats lead to lower energy-intake rates which reduce fitness (in the genetic sense).  This could 
even have a carry-over effect with regard to the reproductive rate, if birds arrive at their breeding 
grounds in poor condition.  
 
Barrier effect:  Most of the information about flight reactions of seabirds is limited to migrating 
birds, which may behave differently to local or staging birds on flights between foraging and 
roosting sites.  Eight species (White-winged Scoter, Black Scoter, Red-throated Loon, Artic 
Loon, Northern Gannet, Common Murre, Razorbill, and Black Guillemot) have been found to 
commonly fly detours around, rather than cross, offshore wind farms.  Detours were noted for 
another four species (Greater Scaup, Common Eider, Northern Fulmar, and Great Cormorant), 
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but it is not clear whether they do so regularly.  Fifteen species (mostly 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 species, no information is available on which to 
base conclusions.   
 
Regularly flown detours would increase the energy consumption of seabirds.  There is even the 
possibility that offshore wind farms could act as barriers that fragment habitat, leading to 
abandonment of certain sea areas.   
 
Drewitt and Langston (2006) suggest that none of the barrier effects identified so far have had 
significant impacts on populations.  But, they second the concern that population-level effects 
could result from wind farms that block regularly used flight paths between nesting and foraging 
areas, or that lead to detours of many tens of kilometers, thereby increasing energy costs.  
 
Collision Mortality:  Despite the fact that only one seabird collision has been witnessed at sea, 
given that the different types of seabirds have been recorded in mortality studies at coastal wind 
farms, seabirds must be regarded as fundamentally vulnerable to collision.  Collision rates and 
additive mortality remain uncertain, given the difficulties of recording collisions at sea.   
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5.2 Onshore Studies 
 
What follows is a comprehensive review of avian interactions with onshore wind-energy 
development including both disturbance/displacement and fatality impacts.  While some of this 
information may not be directly applicable to offshore wind-energy development, we include it 
because it provides a comprehensive review of what is known about impacts to birds at wind 
turbine facilities.  In some cases, impacts to birds at onshore facilities are directly applicable, as 
is the case with nocturnal migrating songbirds, waterfowl, shorebirds, and other species.  The 
rationale for this comparability is also provided.  With respect to disturbance and displacement 
impacts, comparability may not be direct.  However, knowing the degree of disturbance and 
displacement that occurs to various species onshore provides an appreciation as to the magnitude 
of impacts, and that appreciation assists in providing a thorough and relevant assessment of risk 
to birds at offshore wind plants.   
 

5.2.1 Disturbance and Displacement 
 
Disturbance and habitat alteration resulting 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 other bird use.  Avoidance and displacement has been 
documented in some species, but subsequent habituation to wind power project infrastructure has 
also been demonstrated.  
 
The footprint of turbine pads, roads, and other infrastructure required for a wind farm is 
generally a small percentage of a project site, often estimated at two to four percent.  Therefore, 
in general, overall land use is minimally changed 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 and its connection to the electricity grid may 
fragment habitat in a significant way, affecting wildlife populations (NRC 2007). 
 
Despite the relatively small footprint of a wind farm, the true amount of wildlife habitat altered 
by a wind-power project sometimes extends beyond.  This results from the presence and 
operation of the wind turbines and increased human activity to construct and maintain them.  
Various studies have examined the presence of tall wind 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 disturbance, avoidance, 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 southwestern Minnesota, Conservation Reserve Program 
(CRP) grasslands without turbines and CRP areas located 180 m (590 feet) from turbines were 
found to support higher densities of grassland birds than CRP areas within 80 m (260 feet) of 
turbines (Leddy et al. 1999).  At the bases of turbines, mean bird density was measured at 58.2 
males/100 ha; at 40 m, 66.0 males/100 ha; and at 80 m, 128.0 males/100 ha.  At 180 m, mean 
bird density rose to 261.0 males/100 ha.  In CRP control plots, it was calculated at 312.5 
males/100 ha.  Bobolinks, Red-winged Blackbirds, and Savannah Sparrows were the commonest 
species in CRP grasslands with turbines, whereas Bobolinks, Sedge Wrens, and Savannah 
Sparrows were commonest in CRP grasslands without turbines.  Other birds recorded were 
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Common Yellowthroat, Clay-colored Sparrow, Grasshopper Sparrow, Le ConteÕs Sparrow, 
Dickcissel, Western Meadowlark, and Brown-headed Cowbird.   
 
The Buffalo Ridge study appears to demonstrate that disturbance was greatest close to turbines 
and decreased with distance from turbines.  This indicates that, after turbine construction, some 
birds either did not nest or forage near the turbines or did so at lower densities.  Nonetheless, it 
should be noted that the Buffalo Ridge turbines are shorter than those proposed for the Project, 
and closer together.  These characteristics may have greater impacts than larger, more widely 
spaced turbines.  Furthermore, the Buffalo Ridge study was conducted in the first year after 
construction, when vegetation at turbine construction sites may not have been fully restored and 
birds had not had a chance to habituate to the project. 
 
At the Foote Creek Rim Wind Plant in Wyoming, the numbers of nesting Mountain Plovers (a 
grassland-nesting species) declined after erection of turbines.  Plover productivity also declined 
(Johnson et al. 2000), although successful nesting of Mountain Plovers was noted within 200 m 
(660 feet) of operating turbines.  Thus, the area impacted extended beyond the actual footprint of 
the project.   
 
OÕConnell and Piorkowski (2006, reviewed in Mabey and Paul 2007) studied the effects of 
wind-power development on grassland and other bird populations at the Oklahoma Wind Energy 
Center, where 35 1.5-MW turbines were in operation.  They measured breeding bird densities in 
native mixed-grass prairie, cropland (wheat), and Eastern red cedar-dominated habitats using 
200-m (660-foot) point-count surveys along road transects at three distances: adjacent to 
turbines, intermediate (1 to 5 km away), and distant (5 to 10 km away).   
 
Of the 66 species recorded in the point counts, 23 were common enough for analysis, including 
many grassland birds.  In cropland, Killdeer was found to be most abundant at intermediate 
distances from turbines.  Greater Roadrunner and Western Meadowlark were found to be most 
abundant at distant sites.  These results are somewhat surprising because, in other studies (see 
Maple Ridge and Erie Shores below), Killdeers have been found to use turbine pads as nesting 
habitat.  Paul Kerlinger (personal observation) has recorded apparent habituation in Western 
Meadowlarks that were perched on the lattice towers of older wind turbines in the Altamont Pass 
Wind Resource Area (APWRA) in California.   
 
Returning to the Oklahoma study, Northern Bobwhite, Scissor-tailed Flycatcher, Horned Lark, 
BewickÕs Wren, CassinÕs Sparrow, Grasshopper Sparrow, Painted Bunting, Dickcissel, and 
Eastern Meadowlark showed no differences in breeding density in relation to proximity to wind 
turbines.  The same was true of an analysis of all breeding birds combined.  The authors 
concluded that most breeding grassland birds had experienced no negative effects that would 
translate into a reduction of breeding density.  Nevertheless, Mabey and Paul (2007) point out 
that the sample sizes were low and the statistical power to detect differences was probably 
insufficient, but they consider this study one of the best efforts at controlled study of the 
population-level effects of wind turbines on birds.   
 
At the Maple Ridge Wind Power Project in Lewis County, New York, an impact gradient study 
(Kerlinger and Dowdell 2008) was conducted to determine whether birds nesting in 
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hay/grassland fields were displaced by wind turbines erected the previous year.  Ten impact 
gradient transect/plots (100 m x 300 or 400 m; 3-4 ha) were established beneath turbines and five 
reference plots were established in fields between 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) was 15.2/ha in turbine plots and 18.5/ha in reference 
plots.  Savannah Sparrows and Bobolinks accounted for 57.1% and 40.6% of all birds observed 
within the turbine plots and for 47.8% and 48.9% of birds observed in the reference plots, 
respectively.  Densities for Savannah Sparrow and Bobolink were similar to those reported for 
similar habitat at sites in New York, Michigan, Wisconsin, and Quebec, but they were greater 
than those reported at prairie sites.  
 
There were marginally lower male Bobolink densities at turbine vs. reference plots.  The pattern 
for Bobolink densities (all individual and males) revealed lower densities within 75 m of 
turbines.  Bobolink densities from 0 m to 100 m increased exponentially, and from 100 to 400 m 
did not appear to change.  Savannah Sparrow showed no difference in density between turbine 
and reference plots, and there did not seem to be an increase in density going out from the 
turbines.  Killdeer were more abundant in turbine plots as opposed to reference plots, as they 
nested on the bare earth and gravel pads beneath the turbines, indicating that turbine construction 
actually created or enhanced habitat for them.   
 
The authors of the study pointed out that habitat around the bases of turbines probably affected 
the results.  Below many turbines, vegetation had not recovered to hay field; instead, there were 
bare earth and dirt piles out to 50+ m.  This may have explained the lower Bobolink densities 
within 75 m of the turbines.  For Savannah Sparrows, dirt piles serving as singing perches may 
have attracted males from nearby territories.  Nevertheless, the data strongly suggested that 
densities of these birds beyond 75-100 m were not impacted by the presence of turbines.  It was 
also likely that, beyond 100 m of turbines, these two species had habituated to the turbines.  In 
other words, if displacement was occurring, it was only evident within 75-100 m of the turbines.   
 
A second year of study will be conducted once habitat beneath turbines has fully recovered.  
Kerlinger and Dowdell (2008) also noted that hay mowing in the days after the gradient study 
eliminated all nests in hay fields where turbines were situated as well as reference fields.  They 
concluded that impacts from turbines were orders of magnitude lower than displacement by 
turbines, if the latter occurred. 
 
At the Erie Shores Wind Farm in Port Burwell, along the shore of Lake Erie in Ontario (James 
2008), Killdeer nested at distances of 3 to 40 m (10 nests) from the bases of towers, Horned 
Larks at 15, 21, 37 and 40 m, Vesper Sparrow at 30 m, and Savannah Sparrow at 16 and 20 m.  
The author concluded that these species were more affected by the farming practices, including 
hay mowing and tilling, than by turbines. 
 
Curiously, at Tarifa, Spain, some songbirds nested at higher densities and with higher 
productivity on a ridge with wind turbines than on two other ridges without wind turbines (de 
Lucas et al. 2004).  A sheltering effect from passerine predators (e.g., Booted Eagles) by wind 
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turbines has been suggested, but the study did not analyze 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 distribution of four functional groups of wintering farmland birds (seed-eaters, 
crows and allies, gamebirds, and European Skylarks) at distances ranging from 0-150 m to 600-
750 m.  A further analysis of data collected at 0-75 m and 75-150 m from turbines found no 
evidence to suggest that farmland birds avoided areas close to wind turbines.  This study appears 
to indicate that the present and future location of large numbers of wind turbines on European 
farmland is unlikely to have detrimental effects on farmland birds, at least for those species 
studied. 
 
The Altamont Pass Wind Resource Area (APWRA) of California hosts very large numbers of 
raptors and grassland-nesting songbirds, which regularly perch on the lattice towers and guy 
wires of the siteÕs older turbines.  In a study in the APWRA, Red-tailed Hawks trained for 
falconry in Idaho were exposed to turbines in order to study their flight behavior near those 
structures.  Upon first seeing the turbines at 100 feet (30 m), the birds would not fly.  Within 
weeks, however, they appeared to habituate to the turbines in a manner comparable to resident 
Red-tailed Hawks (R. Curry, personal communication).  Unlike most other wind power sites in 
the United States, turbines have been present in the APWRA for about 20 years, and resident 
birds have had ample time to habituate to them. 
 
At Erie Shores Wind Farm (James 2008), construction activity in 2006 displaced a pair of Bald 
Eagles nesting 400 m (1,310 feet) of a proposed turbine location, but the pair established a new 
nest about 900 m (2,950 feet) away and successfully raised two young.  This pair returned to the 
new nest in 2007, but the nest failed for unknown reasons.  These adults and juveniles were seen 
perched within 200 m (660 feet) of active turbines, and on a few occasions they were observed 
flying closer than 100 m (330 feet) of rotating blades.  Over the course of two years, Bald Eagles 
were noted flying past active turbines within 300 m (985 feet) of the towers on about 170 
occasions.  Most of these were along the Lake Erie shore, 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 2008), a pair 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 made hundreds of trips to the nest.  They were 
observed on numerous occasions negotiating the airspace around the spinning rotors.  In 2007, 
possibly the same pair returned to nest, but they moved to 265 m (870 feet) from the same 
turbine.  This location was in the middle of a quadrangle of turbines instead of on the edge of the 
wind farm.  Cooper's Hawk nests were found at 112 (367 feet) and 175 m (574 feet) away from 
the closest turbines. 
 
Hštker et al. (2006) have reviewed studies conducted in Europe on displacement impacts.  They 
found that 40 species have been analyzed in at least six studies each, allowing a statistical test as 
to whether their populations were affected negatively or positively (including no apparent effect) 
by the construction and operation of wind farms.  Species analyzed for the breeding season 



Great Lakes Wind Energy Center, Cuyahoga County, OH 

Curry & Kerlinger, LLC - November 2008 © 66

included Mallard, Common Buzzard, two gamebirds, four shorebirds (including Black-tailed 
Godwit, Redshank, Oystercatcher, and Lapwing), and various songbirds (20 species).  Negative 
population impacts could not be statistically verified for any breeding birds.  Only shorebirds and 
gamebirds displayed reduced numbers in connection with wind farms.  Positive or neutral effects 
predominated in the other species.  Interestingly, only two species showed statistically more 
positive or neutral reactions toward wind farms than negative reactions.  Both were songbirds 
inhabiting marshes (Marsh Warbler and Reed Bunting).   
 
When Hštker et al. looked at studies outside the breeding season, a different picture emerged.  
The suite of species analyzed was different, including various geese (analyzed together), three 
ducks, Grey Heron, three raptors, four shorebirds (Curlew, Oystercather, Lapwing, and Golden 
Plover), three gulls, and various songbirds (five species).  Negative impacts predominated and 
were statistically more negative than positive in various geese, European Wigeon, Lapwing, and 
Golden Plover.  The exception was Starling, for which effects were statistically more positive 
than negative.  For most species, however, effects either way could not be statistically verified. 
 
Regarding avoidance distance to wind farms, Hštker et al. analyzed 28 species (mostly a subset 
of the previous analysis) for which data from at least five studies each were available.  The data 
showed a wide range of values (i.e., some studies recording a species within 50 m of turbines, 
while others found the same species not approaching within hundreds of meters), but one trend 
was apparent, namely, avoidance distances during the breeding season were smaller than outside 
the breeding season.  They found that birds of open habitats, such as geese, ducks, and 
shorebirds, generally avoided turbines by several hundred meters, but there were some notable 
exceptions, namely, Grey Heron, raptors, Oystercatcher, gulls, European Starling, and crows. 
 
Hštker et al. also examined the relationship between the hub height of turbines and avoidance 
distance at four wind farms.  Only in non-breeding Lapwings was there a statistically significant 
relationship, with avoidance distance increasing linearly with increasing hub height.  
Nonetheless, the authors noted clear tendencies, with breeding birds (particularly songbirds, but 
also Oystercatcher and Redshank) being less affected by tall turbines than by small ones.  
Lapwing and Black-tailed Godwit were exceptions.  In non-breeding birds (with the exception of 
Grey Heron, diving ducks, Oystercatcher, and Common Snipe), the taller the turbines, the greater 
the avoidance distance.  These differences may have more to do with the different suites of 
species analyzed in the two seasons, with larger species of open habitats predominating in the 
non-breeding season.  
 
To gauge habituation (i.e., avoidance reactions decreasing over time), Hštker et al. examined 11 
studies with at least two years of observation after wind farm construction.  Each study analyzed 
several species, resulting in 122 data sets (ranging from 1 to 13 per species).  Species included 
waterfowl, raptors, shorebirds, gulls, and songbirds.  For breeding birds, 38 of 84 data sets (45%) 
indicated habituation.  For non-breeding birds, 25 of 38 data (66%) indicated habituation.  In 
other words, about half of the species analyzed demonstrated habituation.  For individual species, 
sufficient data were available to analyze three.  For Lapwing, two of eight studies during the 
breeding season indicated habituation, while three of five during the non-breeding season did so.  
For breeding Skylarks and Meadow Pipits, three of six studies each indicated habituation.   
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Hštker et al. comment that the observed degree of habituation in most cases was small.  They 
conclude that habituation cannot be ruled out, but it appears not to be a widespread or strong 
phenomenon.   
 
Regarding specifics from European studies, in the Netherlands, shorebirds (mostly migrants) 
were displaced by 250-500 m (800-1,650 feet) from turbines (Winkelman 1990).  In Denmark, 
some migrant shorebirds were displaced by up to 800 m (2,600 feet) by the presence of turbines 
(Pederson and Poulsen 1991).  Other Danish studies have demonstrated species-specific 
differences in avian avoidance patterns near wind turbines (Larsen and Madsen 2000, Percival 
1999, Kruckenberg and Jaene 1999).  In general, Pink-footed Geese (Larsen and Madsen 2000) 
would not forage within 50 m (160 feet) of wind turbine rows and did not forage within 150 m 
(500 feet) of a cluster of wind turbines.  Fewer of these geese foraged within 100 m (325 feet) of 
wind turbines than foraged farther from the turbines.  Barnacle Geese, however, foraged within 
about 25 m (80 feet) of turbines, showing they are less sensitive than Pink-footed Geese 
(Percival 1999).  Nonetheless, White-fronted Geese did not forage within about 400 to 600 m 
(1,300 to 1,950 feet) of wind turbines (Kruckenberg and Jaene 1999).   
 
In contrast to some European studies, two years of post-construction studies at the Top of Iowa 
Wind Plant (Koford et al. 2005) revealed that Canada Geese were not displaced significantly by 
the construction of 89 turbines.  That study, designed by Iowa State University and the Iowa 
Department of Natural Resources, was the first disturbance/displacement study of waterfowl in 
the United States.  Anecdotal information from the Fenner Wind Power facility in New York 
State (Paul Kerlinger) suggests that Canada Geese forage in close proximity to large wind 
turbines.   
 
At the Erie Shores Wind Farm (James 2008), Canada Geese appeared not to be inhibited from 
flying through the wind farm or from using fields and ponds within 200 m of operating turbines.  
Goose tracks were found within 25 m (80 feet) of turbines on five occasions, with some of the 
tracks within 10 m (33 feet) of a tower.  Tundra Swans appeared to differentiate between 
operating and non-operating turbines.  Of 280 swans seen flying less than 300 m (990 feet) from 
operating turbines at rotor height, only three got to within 100 m (330 feet).  But, of 240 swans 
seen flying past non-operating turbines, just over 20% were less than 50 m (165 feet) from those 
turbines.  
 
Drewitt and Langston (2006) speculate that some wind farms may create barriers for some 
species that alter migratory or local flight paths, increase energy expenditure, and disrupt 
linkages between feeding, roosting, molting, and breeding areas to such an extent that they may, 
under certain circumstances, lead indirectly to population-level impacts.  This phenomenon is 
more of a concern in offshore and coastal wind projects, where significant changes in flight 
direction by waterbirds have, in some cases, been noted.  As noted in the preceding section, 
Drewitt and LangstonÕs review of the literature suggests that none of the barrier effects identified 
so far have had significant population-level impacts.  They have also not noted whether birds 
habituate to turbines and are impacted less over a period of years following construction of new 
wind power projects. 
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Hštker et al. (2006) have reviewed European studies examining barrier effect at onshore 
(including coastal) sites in a wide variety of birds, including waterfowl, storks, cranes, 
shorebirds, gulls, and songbirds.  They assumed a barrier effect was operative if 5% of 
individuals or flocks showed a measurable reaction to wind farms.  This was demonstrated in 
104 of 168 data sets, covering 81 species.  The authors found that geese, kites, cranes, and many 
small bird species were particularly sensitive to wind farms.  But, some large birds (Great 
Cormorant and Grey Heron), ducks, some birds of prey (Sparrowhawk [an accipiter], Common 
Buzzard, and Kestrel), gulls and terns, European Starling, and crows were all less sensitive and 
less willing to change their original migration heading when approaching wind farms.  These 
species and species groups also avoided wind farms less often, and their local populations were 
less influenced by wind farms (Hštker et al. 2006).   
 
Regarding forest-breeding species, a post-construction study of 11 turbines located on a ridgeline 
in Searsburg, Vermont, appears to be the only applicable study on disturbance and displacement 
impacts (Kerlinger 2000a, 2002b).  Point count surveys for breeding birds done before and after 
the turbines were erected showed that some forest-nesting birds Ð such as Blackpoll Warbler, 
Yellow-rumped Warbler, White-throated Sparrow, and Dark-eyed Junco Ð appeared to habituate 
to the turbines within a year of construction.  On the other hand, SwainsonÕs Thrush, and perhaps 
some other species, appeared to be displaced by the turbines.  This study could not document 
whether or not the former species nested close to the turbines, but it certainly demonstrated that 
they foraged and sang within forest edge about 100 feet (30 m) from the turbine bases.  A visit to 
the site during the 2003 nesting season revealed that SwainsonÕs Thrushes were singing (and 
likely nesting) within the forest adjacent to turbines, and many other species were present close 
to the turbines.  It is not known if overall numbers of nesting birds were the same as prior to 
construction, but letting the forest grow up to turbines and roadways may have reduced the 
fragmentation impacts at that site.  It is also possible that habituation had occurred. 
 
At Erie Shores Wind Farm (James 2008; John Guarnaccia, personal observation), some turbines 
are situated at the edge of woodlots, but resident woodland and woodland-edge birds appeared to 
habituate readily to their presence, including forest-interior species, such as Wood Thrush.  
Forest-edge birds lived as close as habitat allowed, including below the rotating turbine blades.   
 
In a recent review of the literature on the ecological effects of wind-energy development (NRC 
2007), the following conclusions and recommendations were made regarding effects on forest 
ecosystems (pg. 91): 
 

1. Forest clearing resulting from road construction, transmission lines leading to the grid, 
and turbine placements represents perhaps the most significant potential change through 
habitat loss and fragmentation for forest-dependent species. 

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

3. Plants and animals throughout the ecosystem respond differently to these changes, and 
particular attention should be paid to species of concern that are known to have narrow 
habitat requirements and whose niches are disproportionately altered. 
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Nevertheless, the effects of wind-energy projects on ecosystem structure and bird habitats 
depend on the pre-construction conditions.  For example, the influences of a project at a 
previously logged site will be different than those at a previously undisturbed site (NRC 2007).   
 
Regarding migratory birds, there is a study of three ridges (one with turbines, two without) at 
Tarifa, Spain, where over 72,000 migrating birds (principally Black Kites, White Storks, House 
Martins, and Swallows) were recorded during nearly 1,000 hours of observation from fixed 
observation points (Janss 2000, de Lucas et al. 2004).  Observations of flight behavior indicated 
that birds were aware of, and possibly avoided, the turbines.  Changes in flight direction were 
recorded more often over the wind farm than over the other two areas.  Migrants also tended to 
fly higher over the wind farm.  Abundance also did not appear affected by the presence of wind 
turbines.  These findings could indicate avoidance by migrating birds, but no comparable data 
were obtained prior to operation of the turbines.  In contrast, resident Griffon Vultures were not 
observed to fly higher over the wind farm.  Possibly they were more accustomed to the turbines.   
 
Observations of autumn hawk migration in Vermont showed that the numbers of hawks that flew 
close to a hill with newly constructed turbines was less than in the year prior to turbine 
construction and operation (Kerlinger 2000a, 2002b).  These migrants may have been avoiding 
the novel structures.   
 
The Erie Shores Wind Farm in Ontario (James 2008) is located within two miles of Lake Erie in 
a well-documented, fall raptor migration corridor.  Also located along the shore of Lake Erie, 
Hawk Cliff Hawk Watch is less than 20 miles [32 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 observations of Sharp-shinned Hawks passing through 
the wind farm area, with 1,534 passing within 300 m (990 feet) of the turbines.  Few birds, if 
any, hesitated to fly near an operating wind turbine, and there were only seven instances in which 
single birds got close enough to spinning rotors to be judged at risk.  Indeed, just over 21% of 
birds made course changes that brought them closer to turbines.  Most of these involved birds 
moving along a woodland edge or a ÒfencerowÓ of trees.  Had birds not changed their headings, 
they would have passed turbine towers at distances greater than 100 m (330 feet), but shifting 
course to continue to follow tree lines brought them within 50 m (160 feet) of a turbine tower.  
Overall, there was nothing to indicate that the turbines were an impediment to 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 Erie Shores flying within 300 m of wind turbines were 
Turkey Vulture (about 1,000 observations), Osprey (12), Bald Eagle (170), Northern Harrier 
(115), CooperÕs Hawk (60), Northern Goshawk (6), Red-shouldered Hawk (4), Broad-winged 
Hawk (3), Red-tailed Hawk (300), Golden Eagle (4), American Kestrel (463), Merlin (21), and 
Peregrine Falcon (8).  In all cases, the wind farm appeared to pose no impediment to migration, 
and birds appeared to negotiate the wind farm without hesitation or difficulty.  
 
In summary, some types of birds appear to be disturbed and displaced more by onshore wind 
turbine construction and operation than others.  Differences between species are also evident, 
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with some species being displaced farther than others, while others habituate to turbines.  
Disturbance and displacement effects have been documented in some grassland and prairie birds 
and in some (not all) waterfowl.    Some European studies have demonstrated displacement of 
shorebirds, but a recent study suggests that large numbers of wind turbines on European 
farmland are unlikely to displace farmland birds.  Forest birds, on the other hand, do not 
generally appear to be disturbed or displaced in a significant way by wind turbine operation; but 
forest fragmentation, as a result of wind farm construction, may impact forest-interior birds that 
are sensitive to edge effects and removal of forest canopy.  Resident raptors may be displaced by 
construction activities during nesting season, but they appear to habituate 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, because they changed their flight direction when they flew 
near them, but their abundance in the area appeared not to be affected.  More research is required 
to fine tune understanding of displacement and habituation. 
 

5.2.2 Collision Mortality 
 

5.2.2.1 Collision Mortality in Context 
 
Collision mortality is well documented at onshore wind-power sites in the United States.  An 
estimated 20,000 to 37,000 birds were killed at about 17,500 wind turbines of 6,374 MW of total 
capacity in the United States in 2003 (Erickson et al. 2005), yielding on average mortalities of 
2.11 birds per turbine per year and 3.04 birds per MW per year.  To date, there have been more 
than 20 fatality studies at wind turbine facilities across the continent and a total of more than 
25,000 individual carcass searches have been done at turbines in the United States.  This research 
exceeds post-construction wildlife impact research at all other types of electrical generation 
(coal, natural gas, nuclear, hydro, etc.).  From the large number of studies now available, 
fatalities were spread among dozens of species, revealing taxonomic differences in collision 
susceptibility.  Studies from the Eastern United States reveal 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 that annual bird mortality from human-caused sources 
may easily approach one billion birds in the U.S. alone.  Of this estimate, collisions from wind 
turbines amounted to <0.01%.  The major mortality 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 million, 8.5%; Hodson and Snow 1965, Banks 1979), 
pesticides (67 million, 7.1%), and communications towers (4.5 million, 0.5%; M. Manville, 
personal communication).  Erickson et al. did not, however, consider hunting, which takes some 
100 million birds in the U.S. and Canada annually.  While the uncertainties in the estimates are 
large, the numbers are so large that they cannot be obscured even by the uncertainties (NRC 
2007).  There are other human activities that impact birds.  For example, about 1 million birds 
per year are killed in oil pits (John Miesner, USFWS, personal communication). 
 
Based on best available estimates, Erickson et al. (2005) 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 the best wildlife management 
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practices routinely allow takes at or above these levels for waterfowl populations, including 
species of conservation concern.   
 
Hunting harvest data suggest that something on the order of 100 million birds are shot in North 
America annually.  For waterfowl alone, the harvest is about 20 million ducks, geese, and swans 
(Martin and Padding 2002, 2003).  Harvests for other species are difficult to determine because 
the state game offices do not publish data in journals or on their websites.  Some statistics that 
are available include harvests of Sandhill Cranes (~20,000 per year), rails (~70,000 per year), 
gallinules (100,000 per year), Mourning Dove and 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 Grouse, WilsonÕs Snipe, Sage Grouse, prairie grouse, 
ptarmigan, pheasant, Chukar, and Hungarian Partridge, 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 that are shot illegally by hunters by mistake. 
 
Examples from Ohio for agency sanctioned hunting harvests of waterfowl from 2001 and 2002 
(Martin and Padding 2002, 2003) show that for common ducks the annual harvest can range 
from several thousand (Gadwall, ~9,700; Green-winged Teal,~10,000; Wood Duck, ~26,000; 
Lesser Scaup, ~3,500) to about 85,000 per year for Mallard.  For less common species and 
species that are actually declining, the numbers harvested are lower.  For example, for Northern 
Pintail, a species that has been declining at a rate greater than 1% per year, the annual harvest is 
about 500 per year.  Other declining species (according to the NAWMP) that are harvested 
include Black Duck (~7,500 per year) and Greater Scaup (up to 1,800 per year).  The annual 
goose harvest in Ohio is on the order of 95,000 individuals.  These harvests are deemed by the 
USFWS and ODNR to be sustainable and do not cause population declines.  Note that the error 
bars for the total duck harvest for 2002 were ±42%, or about 80,000 of the 193,000 birds 
harvested in 2002.  That means that the harvest may have been 270,000 or as low as 120,000.  
Thus, it does not seem to matter if somewhat greater or lesser numbers of ducks are shot, at least 
with respect to the biological significance of the harvest. 
 
Waterfowl and gamebird harvest rates are predicated on the theory of density-dependent 
population growth (Hilborn et al. 1995, cited in Johnson and Conroy 2005).  This theory predicts 
a negative relationship between population growth and population density, because the members 
of a species compete for finite resources.  When populations are harvested, they should respond 
by increasing reproductive output or decreasing mortality, because more resources are available 
per individual.  Resource managers attempt to maximize sustainable harvest by adjusting 
population density to a level that maximizes population growth (Beddington and May 1977, cited 
in Johnson and Conroy 2005).  However, if populations are below carrying capacity, 
compensatory mortality or reproduction are moot points.   
 
The wildlife effects of onshore wind power can be quantified with reasonable precision through 
mortality studies and other research.  But, traditional forms of electric power generation also 
affect wildlife populations.  Their impacts are different and, in many cases, indirect and difficult 
to quantify (e.g., effects of acid rain, mercury bioaccumulation, habitat fragmentation, and 
climate change).  The reason is because impacts can occur at various stages in the life cycle of 
electric generation, aside from the actual generation process.  In addition, the (life cycle) impacts 
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extend hundreds (sometimes thousands) of miles outward from the point sources.  Some 
documentation exists, however, to help link the indirect impacts of traditional electric power 
generation with wildlife losses.  For example, acid rain from power plant emissions has been 
linked with extraordinary decreases in aquatic life in some lakes and streams (Likens and 
Bohrmann 1974), as well as with eggshell thinning in birds (Glooschenko et al. 1986).  There are 
also direct impacts to bird populations, especially from forest removal from strip mining and 
stream subsidence from long-wall, underground mining, neither of which have been quantified 
by scientists or environmental agencies. 
 
In the case of Wood Thrush, a forest-interior and Yellow WatchList species that breeds in eastern 
North America (downwind of Midwestern power-plant emissions), a Cornell University study 
(Hames et al. 2002) has demonstrated a strong correlation between acid rain occurrence and 
decreases in Wood Thrush numbers.  The suspected reason is decreased reproductive success as 
a result of eggshell thinning or scarcity of calcium in the diets of developing birds.  Other major 
threats to the Wood Thrush include forest destruction and fragmentation on both the breeding 
(sometimes from strip mining) and wintering grounds, and increased nest predation and 
parasitism in fragmented breeding habitat (Roth et al. 1996).  In migration, Wood Thrushes are 
also at risk of collision with wind turbines.  With a global population of about 14 million birds 
(Rich et al. 2004) decreasing at 1.7 percent per year (Hames et al. 2002), some of the estimated 
annual loss of about 240,000 birds could conceivably be assigned to acid rain originating from 
electricity suppliers, mountaintop removal in Appalachia to supply power plants with coal, or 
collisions with wind turbines supplying consumers with electricity. 
 
In other words, the various modes of energy generation have wildlife implications.  The Wood 
Thrush example strongly suggests that power plants are having a measurable impact on bird 
populations in eastern North America.  No one, including 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 displacement) per MW basis, but it would hardly be surprising if the wildlife 
cost of coal exceeded wind (without considering global warming).  The negative impacts of 
fossil fuel-based electricity on other wildlife taxa, such as fish, mammals, herps, plants, and 
invertebrates, are outside the scope of this study, but they are in all likelihood they are immense.  
Unfortunately, there are few data available from which comparisons can be made, primarily 
because post-construction avian or other wildlife impact studies of fossil fuel-fired plants have 
not been required or have rarely been required by federal 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  

Wind Project 
# 

Turbines 
Turbine 

MW 
Project 

MW 
Turbine 

per year 
MW  

per year Reference 

Pacific Northwest       
Stateline, OR/WA1  454   0.66   300   1.93   2.92  Erickson et al. 2004 
Vansycle, OR1  38   0.66   25   0.63   0.95  Erickson et al. 2004 
Combine Hills, OR1  41   1.00   41   2.56   2.56  Young et al. 2005 
Klondike, OR1  16   1.50   24   1.42   0.95  Johnson et al. 2003 
Nine Canyon, WA1  37   1.30   62   3.59   2.76  Erickson et al. 2003 

Rocky Mountain        
Foote Creek Rim, WY, Phase I2  72   0.60   43   1.50   2.50  Young et al. 2001 
Foote Creek Rim, WY, Phase II2  33   0.75   25   1.49   1.99  Young et al. 2003 

Upper Midwest       
Wisconsin3  31   0.66   20   1.30   1.97  Howe et al. 2002 
Buffalo Ridge, MN, Phase I3  73   0.30   33   0.98   3.27  Johnson et al. 2002 
Buffalo Ridge, MN, Phase I3  143   0.75   107   2.27   3.03  Johnson et al. 2002 
Buffalo Ridge, MN, Phase II3  139   0.75   104   4.45   5.93  Johnson et al. 2002 
Top of Iowa3  89   0.90   80   1.29   1.44  Koford et al. 2004 

East       
Buffalo Mountain, TN4  3   0.66   2   7.70   11.67  Nicholson 2003 
Mountaineer, WV4  44   1.50   66   4.04   2.69  Kerns and Kerlinger 2004 
       
1 Agricultural/grassland/Conservation Reserve Program (CRP) lands    
2 Shortgrass prairie       
3 Agricultural       
4 Forest       
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Returning to collision impacts from onshore wind turbines, the standard method for studying 
them requires systematic searches below turbines to record the bird and bat carcasses found.  
This number is then adjusted to include searcher efficiency (because searchers do not find all the 
carcasses) and carcass removal (because scavengers may remove some carcasses before 
searchers look for them).  According to best practices (Anderson et al. 1999, NRC 2007), 
searcher efficiency and carcass removal tests should be regularly conducted to account for 
different habitats, seasonal changes in ground cover, and fluctuations in scavenger populations.   
 
A criticism sometimes made is that mortality studies at wind-power projects underestimate 
mortality because searcher efficiency and carcass removal are not adequately determined or 
taken into account.  The best answer to this criticism is the most recent survey of the 
environmental impacts of wind-energy development (NRC 2007).  This survey found that data 
allowing accurate estimates of bird fatalities at wind-energy projects in the United States are 
limited, but fourteen studies have been conducted using a survey protocol for an annual period 
and incorporating searcher-efficiency and scavenging biases into estimates.  Although the 
protocols used in these studies varied, all generally followed the guidance in Anderson et al. 
(1999).   
 
As can be seen in Table 5.2.2.1-1, there were some differences in the type and number of 
turbines at these projects, as well as in the geographic location, topography, and habitats where 
the projects were constructed.  Mortality estimates were similar among projects, however, 
averaging 2.51 birds per turbine per year and 3.19 birds per MW per year, despite the differences 
in methodology, geography, and habitat.  This suggests that the results of these studies were 
quantitatively robust.  The values at the Tennessee site are slightly greater than other sites, but 
they do not suggest significant biological impacts at the regional, or local level (see human-
caused mortality and waterfowl harvest discussions above).   
 
Recently, however, 15 additional turbines were constructed at the Tennessee site.  The new 1.8-
MW turbines were larger than the three original 660-kW turbines, extending maximum height of 
the new turbines was 395 feet (120 m) AGL, versus 290 feet (88 m).  A subset of the new 
turbines were equipped with red flashing strobes as opposed to white strobes that were on 
original turbines.  Surprisingly, when all the wind turbines were recently studied, nine bird 
fatalities (all songbirds) were recorded in searches, yielding an overall adjusted mortality rate of 
1.8 birds per turbine per year (Fiedler et al. 2007).  This rate is significantly less than the 7.3 
birds per turbine per year recorded in the previous study, and more in line with the 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 avian mortality at wind farms (for a summary, see 
Appendix G).  Except when noted, the numbers given are the numbers of carcasses found.  As 
explained above, the number of fatalities would be higher when searcher-efficiency and the 
carcass-removal rates were factored in. 
 
In Europe, collisions of birds with wind farms have been less comprehensively investigated than 
in the U.S. (Hštker et al. 2006).  DŸrr (2001, 2004), however, has assembled the most 
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comprehensive data set on collision victims at European wind farms, reporting data from eight 
European countries, including 14 wind farms in Germany.  In reviewing DŸrrÕs publications, 
Hštker et al. (2006) note that the highest mortalities have been recorded at wind farms along 
mountain ridges and at wetlands.  At mountain sites, mortality has been notably high among 
resident birds of prey, especially Griffon Vulture (see below).  At wetland sites, gulls and raptors 
have been notably affected.   
 
Among raptors, DŸrrÕs compilation shows that mortality has been particularly high among 
Griffon Vulture (133 victims, all from Spain), White-tailed Eagle (13, all from Germany), Red 
Kite (43, of which 40 from breeding populations in Germany), Common Buzzard (27), and 
Kestrel (29).  According to ornithologist and wind-energy consultant Jan Blew (personal 
communication), Red Kite mortality occurs where wind turbines are placed in pastures and 
fallow fields, where birds hunt for rodents.  Altering land-use around the turbines, such as by 
surrounding wind turbines with cropland, appears to be an effective method for reducing 
mortality.  MontaguÕs Harrier, on the other hand, forages in the same grassland habitats, but it is 
barely affected (one collision victim reported by DŸrr).  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 White-tailed Eagle mortality in northeastern Germany, 
where there is a breeding concentration.  He believes it is collision-prone 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 Smola in Norway.  To date, its close relative, the Bald 
Eagle, has not been recorded in mortality studies.   
 
Hštker et al (2006) find that species or species groups that show little avoidance reaction to wind 
farms are more likely to be collision victims than species that tend to avoid wind farms.  In other 
words, birds of prey, gulls, and starlings are more frequently found as collision victims relative 
to geese and shorebirds, which avoid 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 rare at most other European sites.  Of particular 
interest is the relative lack of fatalities, given the migration traffic, at Tarifa, Spain, where 
several hundred thousand soaring birds, including more than 100,000 raptors, and millions of 
other birds, converge on the Straits of Gibraltar to cross between Europe and Africa (Marti 
Montes and Barrios Jaque 1995, Janss 2000, Barrios and Rodriguez 2004, and de Lucas et al. 
2004).  Not only have mortality studies recorded few migrants, but studies of birds exhibiting 
behaviors that put them at risk of collision (i.e., flying within 5 m [16 feet] of wind turbines) 
show that most migratory species do not exhibit these behaviors (Barrios and Rodriguez 2004).  
The birds that do exhibit these behaviors at Tarifa are resident raptors, particularly Griffon 
Vulture and Kestrel.  In the case of the Griffon Vulture, mortality was concentrated in the fall 
and winter, when absence of strong thermals forced resident birds to use slopes for lift.  Most 
mortality occurred during light winds, when birds probably could not maneuver as well.  In the 
case of the Kestrel, most deaths occurred during the annual peak of abundance in summer and 
appeared to be related to wind turbine location in preferred hunting habitat (Barrios and 
Rodriguez 2004).  Similar Griffon Vulture mortality did not occur at all Tarifa wind farms (de 
Lucas et al. 2004).   
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Elsewhere in Spain, significant Griffon Vulture mortality has been recorded at wind farms in the 
Pyrenees Mountains of Navarre.  The causes for this relatively high mortality appear to be 
closely spaced turbine placements on ridges habitually used for soaring by a resident population 
(Lekuona 2001).  Mortality was found to be higher under 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 been suggested to have been significant.  Over 15 years of studies 
have shown that Golden Eagles, Red-tailed Hawks, American Kestrels, and other species collide 
with turbines in varying numbers.  These findings suggest that raptors are the most collision-
susceptible group of birds (Anderson et al. 2000), but fatalities at the APWRA have not impacted 
regional populations.  A long-term study of the Altamont Golden Eagle population by Hunt 
(2002) concluded that, despite the high fatality rate, 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 the APWRA appear to be an anomaly, because they have not been 
demonstrated elsewhere.  Other studies conducted at U.S. wind power facilities outside of the 
APWRA have not revealed large numbers of raptor fatalities. 
 
Several factors are believed to contribute to raptor risk in the APWRA, and some can be 
generalized to other species.  These factors act alone or together to produce the collision 
mortality documented in the APWRA (Howell and DiDonato 1991, Orloff and Flannery 1992, 
1996).  They are:   
 
¾ Large numbers of turbines (presently about 5,400, down from about 7,000 several years 

ago) concentrated in a small area and providing many obstacles to flight 
¾ Closely spaced turbines (less that 10 m [30 feet] rotor-to-rotor distance) that may not 

permit birds to fly safely between them 
¾ Extraordinary numbers of foraging raptors throughout the year, the result of a 

superabundant population of California ground squirrels 
¾ Steep topography with turbines placed in valleys and along valley and canyon edges, 

where collision risk is greater 
¾ Turbine rotors that sweep down to less than 10 m (30 feet) from the ground, affecting 

airspace where raptors forage extensively 
¾ Turbines mounted on lattice-type towers that encourage perching and provide shade and 

cover from sun and rain 
¾ Small turbine rotors that revolve at high rates (40-72 rpm) making the rotor tips difficult 

to see 
 
Recent studies from Texas and Oklahoma, however, have demonstrated surprising mortality 
among Turkey Vultures, a species frequenting many U.S. wind farms, but which had been 
infrequently recorded in mortality studies.  At the Buffalo Gap I Windfarm near Abilene, Texas, 
a study was conducted during 2006 of 21 of the 67 operating turbines.  It recorded 21 avian 
casualties, including fifteen Turkey Vultures and one Red-tailed Hawk (Tierney 2007).  Most of 
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the Turkey Vultures that could be aged were juveniles, suggesting that younger birds may be 
more prone to collision.  The author noted that Turkey Vultures were frequently seen flying near 
turbines, and that adult birds appeared to be quite adept at maneuvering around the rotating 
blades.  When searcher efficiency and carcass removal were factored in, estimated fatality rates 
were 0.24 Turkey Vultures per turbine per year, 0.19 other raptors per turbine per year, and 1.94 
small/medium birds per turbine per year.  This yields an overall rate of 2.37 birds per turbine per 
year (Tierney 2007).   
 
At the Blue Canyon II Wind Power Project in southwestern Oklahoma, a study was conducted 
during 2006 of 50 of 84 operating turbines.  This study recorded 15 avian casualties, of which 
eleven were Turkey Vultures and two were Red-tailed Hawks (Schnell et al. 2007).  The authors 
did not report the ages of the Turkey Vultures; therefore, it is uncertain whether the juvenile 
mortality pattern was evident there too.  With searcher efficiency and scavenger removal 
factored in, mortality rates were reported as 0.27 small passerines per turbine per year and 0.25 
raptors (including Turkey Vultures) per turbine per year.  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 California, Oregon and Washington State.  With the exception of the 
APWRA, reported fatality numbers have been small.  At San Gorgonio Pass and in the 
Tehachapi Mountains, relatively few birds were killed in two years of searches, including very 
low representation of raptors (Anderson 2000).  One Golden Eagle has been found in the San 
Gorgonio Wind Resource Area in more than two years of study.  At a new wind power site in 
Oregon, at which there are 38 turbines in farmland, a one-year study documented no raptor 
fatalities, eight songbird fatalities, and four game bird fatalities (three of which were alien 
species).  The estimated number of actual fatalities was greater (N = 24 fatalities; 0.63 fatalities 
per turbine per year), when searcher efficiency and carcass removal (scavenging) estimates were 
factored in. 
 
The State Line project on the Washington/Oregon border is one of the worldÕs largest wind 
power facilities.  As presented in Table 6.1.2-1, the fatality rate per turbine per year has been 
found to be slightly less than two birds per turbine per year (Erickson et al. 2002, 2003a, 2004).  
That project now has 454 turbines.  Among the fatalities were a variety of species, with Horned 
Larks (locally nesting birds) accounting for 46% of all birds found.  Six raptors from three 
species were killed, and about 24% of fatalities were night migrating songbirds.  The rates of 
avian fatalities at smaller wind power sites in Oregon (Klondike) and Washington (Nine Canyon) 
averaged slightly lower and higher, respectively.  Birds killed were divided among night 
migrants, resident species, very few waterfowl, and small numbers of raptors.  The rate of night 
migrants killed in the far west has been roughly one bird per turbine per year or less, which 
includes carcass removal and searcher efficiency correction factors 
 
Most of the projects in the western United States discussed above were situated in tilled 
agricultural fields or pasture/prairie-like habitats.  It should be noted that many of the turbines 
involved in California studies were less than 200 feet in height and did not have FAA lights.  All 
turbines in Oregon and Washington were taller than 275 feet and a subset (perhaps one in three 
to one in four) of them had FAA lights (the presence or absence of lights is significant, because, 
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as discussed below, lighting has been implicated in large-scale fatality events at communication 
towers).  There has been no suggestion of population impacts at any of these facilities, nor have 
fatalities involved endangered or threatened species.  
 
In the Rocky Mountain region, after five years of systematic searches at 29 modern turbines 
(expanded to 45 in the third year) in a short-mixed grass prairie/pasture land in northern 
Colorado, small numbers of fatalities were documented (Kerlinger, Curry and Ryder, 
unpublished).  The fatalities were mostly Horned Larks, with fewer McCown's Longspur, White-
throated Swifts, one teal, one American Kestrel, one Lark Bunting, and some other songbirds.  
The prevalence of Horned Larks on the fatality lists is likely a result of their aerial courtship 
flight during which they display and sing at the height of the rotors.  
 
In Wyoming, at the Foote Creek Rim project (presented in Table 6.1.2-1), also in a short-mixed 
grass prairie habitat, 90 fatalities were recorded, 75 of which were at wind turbines and 15 of 
which were at meteorology towers with guy wires (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 towers.  This means the fatality rate per structure is 
about two to four times greater at the guyed meteorology tower than at the turbines.  (Virtually 
no birds are known to be killed at free-standing meteorology towers.)  Few raptors were found 
dead at the Foote Creek Rim project (three American Kestrels and one Northern Harrier) and 
48% of the fatalities were night migrating birds.  Of the migrants, no species accounted for more 
than five to seven individuals (including Chipping and Vesper Sparrows).   
 
In the upper Midwest, a number of projects have been studied.  In Kansas, Young et al. (2000) 
noted no fatalities at the two turbines in the Jeffrey Energy Center in Pottawatomie County.  In 
Minnesota, at the Buffalo Ridge wind power facility (approximately 400 turbines; see Table 
6.1.2-1) near Lake Benton, relatively small numbers of fatalities have been reported (Johnson et 
al. 2002) during four years of searching at subsets of the turbines.  The fatality rates per turbine 
ranged between about one bird per turbine per year to about four birds per turbine per year.  The 
species composition included a variety of birds, including one raptor (Red-tailed Hawk), very 
few waterbirds, and a number of night-migrating songbirds (about 70% of the 53 documented 
fatalities).  Only about five ducks and coots were found during the study, despite their regular 
presence around the wind power site and the fact that the wind farm is within a major migration 
area for waterfowl (Bellrose 1980). 
 
In Iowa, a study at a small wind plant reported no fatalities (Demastes and Trainor 2000).  A two 
year study recently completed by Iowa State University and the Iowa Department of Natural 
Resources at the Top of Iowa Wind Power Project site revealed no fatalities to Canada Geese or 
other waterfowl (Koford et al. 2005).  This study is important because the 89 turbines were 
located within one to two miles of three waterfowl management 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 killed, but one raptor (perhaps two) was recorded in the mortality 
study.  As presented in Table 6.1.2-1, fewer than 1.5 birds per turbine per year were found to be 
killed at this site. 
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In Wisconsin, two years of carcass searches under 31 turbines situated in farm fields in the 
Kewaunee County peninsula found about two dozen songbird 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 this site (Howe et al. 2002).  The authors estimated 
that each turbine killed between one and two birds per year, when searcher efficiency and carcass 
removal rates were factored into the estimates.  A study of two modern wind turbines at Shirley 
revealed one night migrating songbird fatality during 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 fewer in depth studies of collision fatalities at turbines than in 
the west.  But, there is information from seven wind power facilities in the eastern United States 
and one across Lake Erie in Canada that are relevant to the western Ohio lakeshore region, 
involving many of the same species and migration behaviors, especially among night migrants.   
 
At the Meyersdale Wind Energy Center, located in southwest-central Pennsylvania, a total of 13 
avian carcasses, representing six or more species, were found below 20 turbines during searches 
from July 30 to September 13, 2004.  Two studies have been conducted at the Mountaineer Wind 
Energy Center on Backbone Mountain in West Virginia.  This site has 44 turbines, twelve of 
which were lit with FAA-certified red strobes.  In 2003, Kerns and Kerlinger (2004; see Table 
6.1.2-1) found a mortality rate of about four birds per turbine per year, including between two 
and three night migrants per turbine per year.  One duck and three raptors (two Turkey Vultures 
and one Red-tailed Hawk) were also found.  In 2004, Arnett et al. (2005) found a total of 15 
avian carcasses during a six-week period, with 13 of those individuals representing night-
migrating songbirds or songbird-like species.  The other two birds were a Turkey Vulture and a 
Sharp-shinned Hawk.  Both these sites experience a fairly heavy fall raptor migration, but raptor 
mortalities have been minimal, limited apparently to mostly resident birds.   
 
At a facility with eight modern turbines (four with red-flashing FAA lights approximately 280 
feet [85 m] tall) located in farmland at Garrett, Somerset County, Pennsylvania, seventeen 
rounds of fatality searches conducted from June 2000 through May 2001 revealed no avian 
fatalities (Kerlinger 2001).   
 
In central New York State, the Madison and Fenner Wind Power Projects are located in 
cropland.  The Madison site has seven modern turbines that reach a maximum height of about 
120 m (390 feet) tall and are all lit with FAA red strobes (type L-864).  Four collision fatalities 
have been recorded at the turbines, plus one at a guyed meteorological tower (Kerlinger 2002a).  
During the spring and fall migrations, each turbine was searched five and six times, respectively.  
If carcass removal and searcher efficiency rates at the Madison site were similar to those at other 
projects, the numbers of fatalities would likely be on the order of two to four-plus birds per 
turbine per year.  Of these fatalities, most would be night-migrating songbirds and similar 
species.  The Fenner project has 20 turbines.  In mid 2004, the plant manager reported no fatality 
events for raptors or other large birds (Paul Kerlinger, pers. comm.).  Nevertheless, biologists 
from the New York State Department of Environmental Conservation (NGPC) 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 Plateau of Lewis County, several months of daily searches 
during spring and autumn migration beneath two unlit wind turbines (168 feet [51 m] tall) 
located in open fields revealed no carcasses (Cooper et al. 1995).  At Searsburg in southeastern 
Vermont, searches done in June through December 1997 (nesting through fall migration) 
revealed no fatalities at eleven new, unlit turbines (192 feet [58 m] tall) situated on a forested 
hilltop (Kerlinger 2000a and 2002b).   
 
As noted in Section 6.1.2.1, the greatest fatality rate found for birds at turbines in the United 
States was about close to eight birds per turbine per year under three turbines on a forested 
mountaintop in eastern Tennessee.  The two-year study of the 290-foot (88-m) turbines equipped 
with white strobes revealed several dozen fatalities, mostly night migrating songbirds (Nicholson 
2003).  Lighting may have played an important role in these fatalities, but it is also possible that 
the larger rate of fatalities is the result of the more southerly latitude of this project, where 
migrants are more concentrated.  But a recent study at this site has shown a much lower rate Ð 
1.8 birds per turbine per year (Fiedler et al. 2007). 
 
In New Jersey, the Atlantic City Utilities Authority has constructed a demonstration project of 5 
turbines on a filled island surrounded by salt marsh and tidal creeks and channels.  Avian use 
was very high at the site, as was noted in permit applications.  Eight carcasses were discovered at 
that site from July through December 2007, but neither searcher efficiency nor carcass removal 
(scavenging) were assessed to extrapolate to the actual numbers of fatalities.  Birds killed 
included two listed raptors (Osprey and Peregrine Falcon), two gulls, two shorebirds, and two 
night migrating songbirds (New Jersey Audubon 2008).  It appears that, although two listed 
species were killed, the fatality rate was not biologically significant. 
 
In Canada, at the Erie Shores Wind Farm in Ontario, (James 2008), a two-year mortality study 
included searcher-efficiency and carcass-removal trials.  It estimated 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.  Mortality was higher at wind turbines within 200 m 
(660 feet) of the Lake Erie shore bluffs.  Turbines even 250-400 m (820-1,310 feet) showed no 
elevated mortality.  The steady red aviation-warning lights on a subset of the turbines also 
appeared to contibute to somewhat elevated mortality.  Based on this finding, Environment 
Canada has requested that aviation-warning lights be changed to flashing red.  In addition, the 
presence of woodlands at less than 50 m (165 feet) from turbine bases appeared to have some 
small effect on the mortality level, but beyond that distance, no effect was apparent.  It was 
mainly the turbines near trees in near-shore areas that were most significant to bird mortality. 
 
In future installation of wind farms in the Great Lakes area, James recommends that all turbines 
be kept at least 250 m (820 feet) away from shore bluffs or shores, aviation-warning lights 
should be flashing, and turbine bases should be kept at least 50 m (165 feet) of trees.   
 
James conducted two other fatality studies at single wind turbine installations in Ontario.  One 
was along the shore of Lake Ontario in a park in Toronto, and the other was adjacent to 
Pickering Marsh, a few miles inland from Lake Ontario.  The turbines at both sites were tall, 
modern turbines.  The two studies revealed mortality levels similar to the Erie Shores study. 
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In summary, studies at these and other sites have shown fatalities to be relatively infrequent 
events at wind farms.  No federally endangered or threatened species have been recorded, and 
only occasional raptor, waterfowl, or shorebird fatalities have been documented.  In general, the 
documented level of fatalities has not been large in comparison with the source populations of 
these species, nor have the fatalities been suggestive of biologically significant 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 by juxtaposing the avian profile at the 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 habitat loss, barrier effect, and collision mortality. 
 
The avian profile tells us that the species listed in Table 6.0-1 are likely to forage at the Project 
site.  This list does not include species that Rosche (2004) considers rare, because the frequency 
of rare species at the Project site would likely be too low to test for Project effects in a 
statistically valid way.  Moreover, many waterbirds common along the lakefront zone are 
uncommon offshore (see Section 3.0 discussion).  An 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 Site1 
  
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 
1 Ohio-listed species indicated in boldface.  E = Endangered. 
 
Regarding use of airspace, the avian profile highlights 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 developed for gauging avian sensitivity to impacts at offshore 
wind farms.  Reviewed by Dierschke and Garthe (2006), the sensitivity index of Garthe and 
HŸppop (2004) gauged vulnerability to the wind farms themselves, including habitat loss and 
barrier effects.  It looked at the following factors: 
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a. Flight maneuverability 
b. Flight altitude 
c. Percentage of time flying 
d. Nocturnal flight activity 
e. Disturbance by ship and helicopter traffic 
f. Flexibility in habitat use 
g. Biogeographic population size 
h. Adult survival rate 
i. European threat and conservation status 

 
Each factor was scored on a 5-point scale from 1 (low vulnerability) to 5 (high vulnerability).  
Five of the factors could be assessed with data, but four required subjective assessments based on 
at-sea experience.   
 
When 26 seabirds were scored, Arctic Loon and Red-throated Loon ranked as most sensitive, 
followed by White-winged Scoter, Sandwich Tern, and Great Cormorant.  Least sensitive were 
Black-legged Kittiwake, Black-headed Gull, and Northern Fulmar.   
 
They then used the European Seabirds at Sea Database (described in Stone et al. 1995 and 
Garthe et al. 2002) to create seasonal vulnerability maps for the German territorial waters in the 
North Sea.  These maps used a 120-km2 (46-mi2) grid system, with grid scores based on the 
addition of the sensitivity-index scores of the species recorded in the grids.  Not surprisingly, the 
resulting maps showed cumulatively higher wind-farm sensitivity for seabirds 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 mortality.  At the Nysted wind farm, relative abundance and 
demographic vulnerability were calculated for a wide range of birds (38 species), including 
waterbirds (loons, geese, swans, ducks, cranes, gulls, and terns), birds of prey, day-migrating 
songbirds, and night-migrating songbirds.  Desholm focused on bird species for which local 
migration volumes were known, thanks to research at a bird observatory on DenmarkÕs Gedser 
Odde peninsula, very near the wind farm.   
 
Relative abundance was calculated by dividing the migration volume of a species by its reference 
population.  Common Eider ranked first, with 34% of its reference population migrating by the 
site (257,139 migrants in an estimated population of 760,000 birds).  Interestingly, Rough-legged 
Hawk ranked second, at 23% (4,109 migrants in an estimated population at 18,000 birds).  At the 
other end of the spectrum, Northern Goshawk was ranked 38th, at 0.01% (3 migrants in an 
estimated population of 24,000 birds).  The European-threatened Red Kite ranked 8th, at 4% (67 
migrants in an estimated population of 1,600 birds).   
 
Demographic vulnerability was gauged by looking at adult survival rates and fecundity rates to 
determine a speciesÕ vulnerability to relative changes in mean adult mortality.  The most 
vulnerable species to turbine mortality were those with high adult survival rates and low 
fecundity rates, where additional mortality was more likely to have a population effect.  Such 
species were large, long-lived birds, such as waterbirds and birds of prey.  Landbirds would be 
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least vulnerable, given that their high fecundity compensates for their relatively low adult 
survival.   
 
When these two indicators were plotted, species with high relative abundance and high 
demographic vulnerability were exclusively dominated by birds of prey and waterbirds.  Among 
passerines, Wood Pigeon and Jackdaw (a type of crow) stood slightly apart from other passerines 
in terms of sensitivity, given their high relative abundances and medium demographic 
vulnerabilities.  The small passerines, many of which are nocturnal migrants, were calculated to 
have a low sensitivity, given their low relative abundances and low demographic vulnerabilities.   
 
In his conclusion, Desholm acknowledged that migration route was a major variable that was not 
accounted for.  As noted in Section 5.1.3, radar studies at Nysted showed the fall migration 
pattern for waterbirds, especially Common Eider, was to round Geder Odde peninsula and head 
west toward the wind farm area.  The pattern for birds of prey was to depart the southern tip of 
the peninsula on a trajectory that normally did not intersect the wind farm.  Therefore, the 
proportion of waterbirds migrating by the wind farm was several magnitudes higher than that of 
raptors.  Nevertheless, in a ship-based study, Blew et al. (2007) found that, when migrating 
raptors took pathways that brought them toward the Nysted wind farm, they generally flew 
through it; but, in most cases, they adjusted their flight paths to avoid coming close to the 
spinning rotors.  
 
In the context of the Project, the analysis of Garthe and HŸppop (2004) found Arctic and Red-
throated Loons to be the most sensitive species in Europe, by a large margin.  Red-throated Loon 
is a rare migrant and occasional winter visitor on Lake Erie at Cleveland, and Arctic Loon has 
never been recorded (Rosche 2004).  However, the closely related Common Loon is a fairly 
common migrant and rare summer and winter visitor (Rosche 2004).  Studies and anecdotal 
information indicate that it occurs at higher densities offshore, but its abundance on Lake Erie is 
low.  
 
Garthe and HŸppopÕs analysis indicates that populations of most gulls and terns are relatively 
insensitive to the effects of offshore wind farms.  They analyzed Herring Gull, Great Black-
backed Gull, and Common Tern, all of which may be expected to occur at the Project site.  
Black-headed Gull, a homologue for BonaparteÕs Gull, and Mew Gull, a homologue for Ring-
billed Gull, were also found to be relatively insensitive.  Garthe and HŸppop did not analyze 
Red-breasted Merganser, but they found Great Cormorant, a homologue for Double-crested 
Cormorant, to be relatively sensitive.   
 
From the perspective of DesholmÕs sensitivity index, Red-breasted Merganser and BonaparteÕs 
Gull may be singled out for their high relative abundances on Lake Erie, because large 
percentages of their North American populations stage on Lake Erie in fall (Titman 1999, Burger 
et al. 2002).  Their demographic vulnerabilities are likely fairly high.  Nonetheless, hunting 
harvests give some indication of the amount of mortality that the Red-breasted Merganser can 
withstand.  In the North American Waterfowl Management Plan (NAWMP 2004), the 
continental population of Red-breasted Merganser is estimated at 250,000 and increasing.  
Wildlife managers permit annual harvests averaging over 30,000 birds, or 12% of the entire 
population (NAWMP 2004).  Except perhaps for a small subsistence harvest, BonaparteÕs Gull is 
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not hunted.  Its continental population is also in the hundreds of thousands of birds (Burger et al. 
2002).   
 
Using DesholmÕs analysis, species of passerine migrants, most of which migrate at night, would 
generally have low relative abundances over Lake Erie (because only a small percentage of their 
populations migrate over the lake) and low demographic vulnerabilities.  This would mean that 
collision mortality at an offshore wind farm would be unlikely to have population-level 
consequences.  This conclusion probably holds for the endangered, but rapidly growing 
population of KirtlandÕs Warbler, which would have a very low relative abundance as far east as 
Cleveland. 
 
Based on European and other findings, the following sections rate likely occurring species and 
species groups for habitat loss, barrier effect, and collision mortality. 
 

6.1 Habitat Loss 
 
In the context of an offshore wind farm, habitat loss would result from birds avoiding, and not 
foraging at, the wind farm site and surrounding waters.  European findings are summarized in 
Table 5.1.4-1.  In Europe, Red-throated Loon (a rare species off Cleveland) was found to 
strongly avoid some of the wind farms that were studied.  Therefore, it lost habitat (sea areas) 
where it could forage.  Other species showing strong avoidance were Black Scoter, Common 
Murre, and Razorbill. 
 
Table 6.1-1.  European Indications for Habitat Loss in Likely Species1 
  
Species2 European Findings on Habitat Loss 
Common Merganser European studies inconclusive; see Red-breasted Merganser 
Red-breasted Merganser No or only few effects 

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

Horned Grebe 
European studies inconclusive for all grebes; therefore, 
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 
1 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 likely to be found in the waters of the Project site either to forage or 
in transit.  Based on the results of European studies for the same species and homologues, habitat 
loss is indicated for Common Loon, but it is not indicated or uncertain in the 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 them (particularly increased boat traffic) had an apparent effect of 
increasing habitat for some gulls.   
 
Regarding Common Loon, we would not be surprised if studies at the Project site proved 
inconclusive about habitat loss.  Unlike Red-throated Loon, which breeds on remote ponds in 
coastal tundra habitat (Barr et al. 2000), Common Loon mainly breeds on lakes surrounded by 
forest (Mcintyre and Barr 1997).  Therefore, many individuals have habituated to tall structures 
(i.e., trees) in their environment.  Furthermore, many Common Loons are used to interacting 
with humans and boats on breeding lakes and in coastal waters where they stage and winter 
(John Guarnaccia, personal observation).  This implies that Common Loon may not exhibit the 
high avoidance to wind farms and boats noted in Europe for Red-throated Loon.  
 
Boat and helicopter traffic to service the wind farm may cause temporary habitat loss in some 
species.  For example, at the Utgrunden wind farm 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, the attraction of Herring Gulls to wind farms was 
attributed to boats (Petersen et al. 2006).   
 
Dierschke and Garthe (2006) conclude that loss of bottom habitat to turbine foundations and 
scour protectors is negligible.  This should also be the case at the Project.  Reef effect (i.e., the 
addition of hard bottom that serves as habitat for mollusks and fish) has been suspected to attract 
some birds to wind farm sites to feed, but this has not been demonstrated scientifically.  This 
should be studied at the Project.   
 

6.2 Barrier Effect 
 
A form of displacement, barrier effect results from birds having to alter their migration flyways 
or local flight paths to avoid a wind farm.  It is considered a concern because of the possibility of 
increased energy expenditure and the potential for disrupting linkages between distant feeding, 
roosting, molting, and breeding areas.  Nonetheless, none of the barrier effects identified so far in 
Europe have been judged as having significant impacts on populations (Drewitt and Langston 
2006).   
 
Table 6.2-1 presents the indications from European studies for barrier effect in species likely to 
occur at the Project site.  Barrier effect is not indicated for Red-breasted Merganser, gulls, and 
Common Tern (Ohio endangered), which were found to commonly fly through wind farms.  It 
may be indicated for Common Loon, because strong avoidance was recorded for Red-throated 
and Arctic Loons.  Double-crested Cormorant may detour around the ProjectÕs turbines, because 
its congener, the Great Cormorant, was recorded doing so in Europe.   
 
It is unlikely that the Project will pose a significant barrier to bird migration or local flight paths 
on Lake Erie.  In a worst-case scenario, if turbines were arrayed in a string perpendicular to 
prevailing bird movements, the Project would stretch approximately 5 km (3.1 miles).  European 
studies reported in Section 5.1.2 strongly indicate that migrating waterfowl approaching the 
Project would make a course adjustment many kilometers ahead to pass the Project comfortably, 
including at night.  Such course changes would add perhaps a few of kilometers to their 
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migration, resulting in could be considered a minimal additional expenditure of energy.  For 
most species, this would increase their entire migration distance by perhaps 0.05% (assuming a 
1,500 mile migration and a 1 mile detour.  This increase would not result in a significant increase 
in migration time, distance, or energy expended.  In any event, waterfowl are accustomed to 
flying longer distances than the straight-line distance between migration stops.  In a radar study, 
Desholm (2003b) found that migrating flocks of Common Eiders and geese flew in a zig-zag 
pattern, rather than in exact straight lines.  He attributed these frequent course adjustments as a 
means for compensating for wind drift, although for eiders migrating at 1-2 m above the water it 
could also be a means of flying around moving waves. 
 
Regarding local bird movements, the Project is unlikely to be situated between a feeding a 
roosting area.  The closest feeding and roosting area is inshore of the Project, at the Cleveland 
Lakefront IBA.  Described in Section 4.0, this IBA is judged to extend about one mile (1.6 km) 
into the lake.  Based on the Project description provided to us, the Project would not be situated 
closer than two miles (3.2 km) from the lakefront.  Therefore, any birds flying from the east or 
west to feed or roost in the IBA would not likely intersect the wind farm.  Instead, their flight 
paths would take them inshore of the turbines.   
 
Table 6.2-1.  European Indications for Barrier Effect in Likely Species1 
  
Species2 European Findings on Barrier Effect 
Common Merganser European studies inconclusive; see Red-breasted Merganser 
Red-breasted 
Merganser Commonly fly through wind farms 

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

Horned Grebe 
European studies inconclusive for Horned Grebe, but Red-necked 
Grebe was rated as commonly flying through wind farms 

Double-crested 
Cormorant The homologous Great Cormorant was rated as making detours 

Bonaparte's Gull 
The homologous Black-headed Gull was rated as commonly flying 
through wind farms 

Ring-billed Gull 
The homologous Mew Gull was rated as commonly flying through 
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 
1 see Table 5.1.4-1 (from Dierschke and Garthe 2006) 
2 Ohio-listed species indicated in boldface.  E = Endangered. 
 
If a significant barrier effect has not yet been determined in Europe, where large offshore wind 
farms have been studied, it is difficult to see how a ten-turbine project in Lake 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, focusing greater attention on possible barrier effects.  
Therefore, it would be valuable to study if and how the 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 type, we 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 results of mortality studies conducted at onshore wind farms in 
the U.S. where searcher-efficiency and carcass-removal rates were included (NRC 2007).  At 
these fourteen projects, the percentage of night-migrating songbirds killed increased from west to 
east, presumably in response to migration traffic.  At the Stateline, Washington, project in the 
West, the percentage of night migrants killed was 24%; at Foote Creek Rim, Wyoming, in the 
Rocky Mountains, 48%; at Buffalo Ridge in Minnesota, 70%; and at Mountaineer, West 
Virginia, in the East, 70.8%.  At the Maple Ridge site in northern New York, the percentage of 
night migrants was about 80% (Jain et al. 2007, 2008).  Finally, in Tennessee, nearly all birds 
killed in four years of study were night migrants (Fiedler et al. 2007, Nicholson 2003).  Since 
that summary, more than a dozen additional studies have been completed, 
 
Most reports of night-migrant fatalities at wind turbines are of single birds, unlike the large-scale 
events documented over the past sixty years at communication towers greater than 500-600 feet 
(152-183 m) in height (Avery et al. 1980).  That nocturnal migrants collide at a lower rate with 
wind turbines than with tall communication towers is related to the much greater height of the 
communication towers that were involved, as well as to the presence of guy wires (Kerlinger 
2000b) and steady-burning FAA red lights (L-810 obstruction lights) on communication towers.   
 
The communication towers that are responsible for the largest numbers of avian fatalities, 
including virtually all of those where large numbers have been killed in a single night, are almost 
entirely taller than 500-600 feet (152-183 m; from literature and recent unpublished studies).  
Such towers are much taller than the turbines proposed 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 virtually no large scale mortality events at communication towers less 
than 500-600 feet in height.  It should be noted that the few communication towers less than 500 
feet in height associated with reports of large-scale fatality events have been immediately 
adjacent to bright lights.  At these sites, steady burning sodium vapor lights or other bright lights 
have been shown to be present (Kerlinger 2004a, b).  Very attractive to birds, sodium vapor 
lights are very different from the lights stipulated by the FAA for wind turbines.   
 
The fact that there are no guy wires on modern wind turbines is of critical importance, because it 
is the guy wires of tall communication towers that account for almost all of the collisions.  The 
literature does not reveal many fatalities at free-standing communication towers that are as tall as 
475 feet (Gehring and Kerlinger 2007a and 2007b).  These studies were conducted at 400-475 
foot tall unguyed communication towers revealed between about zero and two birds killed per 
tower per year.  No published studies have revealed collision fatalities at freestanding towers, 
including freestanding meteorology towers at wind power sites (W. Erickson personal 
communication, Kerns and Kerlinger 2004). 
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The last risk factor that has been implicated in collisions of night migrating birds with tall 
structures is lighting (Kerlinger 2000b).  The lights of communication towers and some other 
structures (smoke stacks, cooling towers, and tall buildings) have been demonstrated to attract 
migrants that then collide with the structures. On the 1,000-foot tall communication towers 
where large fatality events have occurred, all have been equipped with up to twelve steady-
burning red L-810 obstruction lights as well as several flashing L-864 red flashing strobe-like 
lights (often incandescent lights that do not go entirely black between flashes).   
 
The lighting on a vast majority of wind turbines constructed in the U.S. is very different (see 
FAA Advisory Circular).  Wind turbines almost never have the steady-burning red lights (L-810 
obstruction lights) that are present on communication towers.  Instead, a subset of turbines has 
single flashing L-864 red flashing strobes.  A few turbines at Buffalo Ridge in Minnesota have 
steady red lighting, as do all of the lighted turbines at the Erie Shores Wind Farm.  
 
Research by Kerns and Kerlinger (2004) and Kerlinger (2004a, 2004b, Kerlinger et al. in review) 
has not demonstrated any large-scale fatality events at wind turbines, nor has it shown any 
difference in numbers of fatalities at lit versus unlit turbines.  Similar results from wind plants in 
Washington, Oregon, and Minnesota have supported this finding.  At the Mountaineer Wind 
Energy Facility in West Virginia, Kerns and Kerlinger (2004) reported a fatality event involving 
about 30 night migrating songbirds in May 2003.  That event occurred on a very foggy night at 
an electrical substation involving 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 turbine) and the substation infrastructure.  Almost no birds 
were found at the 41 other turbines at that project, despite 11 of them being lit with red flashing, 
L-864 strobe-like lights.   
 
At Buffalo Ridge in Minnesota, a smaller fatality event involving 14 migrants at two adjacent 
turbines (seven under each turbine) at Buffalo Ridge in Minnesota was probably the result of the 
steady burning red lights on one of the turbines.  At Erie Shores, turbines with lighting (in all 
cases steady red) had more night migrant fatalities than unlit turbines.  For this reason, 
Environment Canada has requested that the lighting be changed to flashing red.  This suggests 
that steady burning red lights (L-810) can attract birds. 
 
The fact that no large scale mortality events involving night migrating birds have been 
documented at wind turbines anywhere, combined with the fact that there is no difference 
between the numbers of birds killed at lit versus unlit wind turbines at sites across the United 
States, strongly suggests that FAA obstruction lighting for wind turbines (red flashing, L-864 
strobe-like lights) does not have the same attractive effect as the steady burning red lights (L-
810) that are on communication towers (Kerlinger 2004a, 2004b).  Furthermore, the FAA does 
not stipulate that all wind turbines be lit.  Research by Gehring and Kerlinger (2007b) and 
Gehring et al. (in press - 2008) at communication towers in Michigan has provided the first 
evidence that L-810 lights are far more attractive to birds than flashing L-864 lights.  Tower 
fatalities studied in Illinois and elsewhere have consistently been 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 towers have all been equipped with guy wires and a 
combination of flashing red (L-864 type incandescent) and steady burning (L-810 type) lights.  
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Some of these towers have been equipped with more than 12-15 lights, staggered at various 
levels from just above the ground to more than 1,000 feet above the ground.  Overall, the 
structure and lighting of these communication towers is very different from that of wind turbines. 
 
Wind turbines essentially lack the major risk factors implicated in large-scale mortality events 
involving nocturnal migrants at communication towers.  In contrast, wind turbines: 1) are 
relatively low in height when compared with tall communication towers, 2) lack guy wires, and 
3) have FAA obstruction lights that appear not to attract nocturnal migrants.   
 
As explained in Section 3.2.1.1, studies strongly indicate that nocturnal migration above the 
Project site would occur on a broad front mostly at altitudes above the sweep of wind-turbine 
rotors.  A small percentage of migrants would fly at rotor height and be at risk of collision.  
 
At dawn, migrants over Lake Erie gain altitude (the dawn ascent) to survey their surroundings 
and reorient themselves toward the nearest landfall.  Given the ProjectÕs location at least two 
miles (3.2 km) offshore, it is unlikely that birds descending into wooded habitats along the 
lakeshore would intersect the rotor-swept area of any wind turbine.  Conversely, birds ascending 
from the lakeshore at dusk during spring migration would mostly be above rotor height at two 
miles offshore.   
 
Overall, it is likely that collision mortality will be similar to or slightly greater than the numbers 
and species composition of migrants killed at other sites.  If turbines at the Project exceed 500 
feet (152 m), the FAA may request the installation of L-810 steady-burning red lights in addition 
to L-864 red flashing strobe-like beacons.  The L-810 lights would likely be installed at the mid-
height level of the turbine or the tower.  If this lighting is used, the fatality rate would be greater 
because the L-810 lights have been found to attract night migrants.  In addition, the taller height 
of the turbines (about 100 feet [30.5 m] taller than most existing turbines), would also likely 
result in higher fatality levels.  Therefore, turbines in the 500-foot height range that have L-810 
lighting are likely to experience fatality rates that are greater than those reported from most 
turbines.  But, even at the highest recorded fatality rate (7.7 birds/turbine/year at Buffalo 
Mountain, Tennessee; see Table 5.2.2.1-1), collision mortality is unlikely to be biologically 
significant, because it would be distributed among many common species with low demographic 
vulnerabilities and with low abundances at the Project site (see above discussion of DesholmÕs 
sensitivity index).  Based on the fact that the Project would erect a small number of turbines, the 
increased fatality rate caused by 500-foot tall turbines with L-810 lights would not likely result 
in biologically significant mortality. 
 

6.3.2 Collision Risk to Waterbirds 
 
Waterbird mortality at onshore U.S. wind farms has been demonstrated to be relatively low.  In a 
review of bird collisions reported in 31 studies at wind-energy facilities, Erickson et al. (2001, 
cited in NRC 2007) reported that 5.3% of fatalities were waterfowl, 3.3% waterbirds (mainly 
rails and coot), and 0.7% shorebirds.  It is interesting that waterfowl and shorebirds are nocturnal 
migrants, but they do not appear to be attracted to lights (FAA or other types).  HŸppop et al. 
(2006) demonstrated this in their carcass searches at the illuminated FINO 1 platform in the 
North Sea, where they found no waterfowl and only one shorebird (a Dunlin) among 442 
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carcasses.  Waterfowl and shorebirds are also known to migrate mostly at high altitudes 
(Kerlinger and Moore 1989, Bellrose 1980).  
 
At offshore wind farms, avoidance and other behavioral adjustments appear to decrease collision 
risk.  As related in Section 5.1.3, Desholm and Kahlert (2005) found that the percentage of flocks 
entering the Nysted wind farm decreased significantly over pre-construction levels.  When flocks 
did enter the wind farm, the percentage of birds flying below the rotor-swept area was greater 
than outside the wind farm.  When flocks entered at night, they were found to increase their 
distances from individual turbines and fly in the corridors between turbines. Desholm and 
Kahlert modeled flight data to determine collision risk.  They found that less than one percent of 
ducks and geese migrated close enough to turbines to be at any risk of collision.  For Common 
Eider, they calculated a collision probability of 0.022% in fall migration (47.1 birds, or 0.7 
birds/turbine).  Compared with the annual hunting 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 continental populations of Red-breasted Merganser and 
BonaparteÕs Gull stage on Lake Erie in fall.  Both species may be considered as having moderate 
to high demographic vulnerability.  Therefore, the potential for population-level effects would 
exist if these species were prone to colliding with wind turbines.  Data from Europe, however, 
indicate that neither species is prone to collision.   
 
Based on life-history information (Mcintyre and Barr 1997), Common Loon certainly qualifies 
as having high demographic vulnerability.  Its relative abundance on Lake Erie is somewhat 
uncertain, but it is probably a small percentage of its source population, estimated at 500,000-
700,000 birds.  Given that data from Europe indicate that loons avoid offshore wind turbines, the 
potential for population effects from collisions appears to be minimal.  
 

6.3.3 Collision Risk to Migrating Raptors 
 
Risk factors for raptors are well documented at the Altamont Pass Wind Resource Area 
(APWRA; see Section 6.1.2 discussion).  Table 6.3.3-1 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 mortality is generally low at U.S. wind farms.  The combined average 
raptor mortality reported in fourteen U.S. studies analyzed by the National Research Council 
(NRC 2007) was 0.03 birds per turbine/year and 0.04 per MW/year.  Given that the Project is 
offshore and will be intersected by raptors infrequently during 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 
(APWRA) 

Comparison of Risk Factors 
Proposed Project 

    Large concentration of turbines (about 5,400 
in 2002) 

10 turbines  
 

    
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 
feet] apart) 

Widely spaced turbines (~500 m [1,640 
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 
feet) from ground 

Turbine rotors sweep down to about 40 m 
(131 feet) above the lake 

    
High raptor and susceptible species use of 
area 

Raptor use would be nil, only during 
migration. 

    
 

6.3.4 Collision Risk to Special-Status Species 
 
Any endangered, threatened, or other special-status species that transits the Project airspace at or 
near rotor height may be at risk of collision.  Section 3.4 analyzes the likelihood of occurrence of 
special-status species in the airspace of the Project site.  
 
Among Ohio listed species, only the endangered Common Tern is likely to feed in the waters at 
or surrounding the Project site.  Use of the Project site is unlikely, however, during the nesting 
season because no breeding colonies are located within foraging distance.  This species would be 
more likely fly through the site in fall migration, but the frequency of visitation would probably 
rate as occasional, because the Great Lakes population is small and foraging opportunities are 
better closer to shore.  However, if the wind farm were to create a reef effect that concentrates 
schools of small fish, it is conceivable that the frequency of Common Terns at the Project site 
could increase.  In Europe, Common Tern mortality has been recorded at coastal wind farms 
adjacent to nesting colonies, where birds transit turbine strings on frequent flights between 
nesting sites and foraging areas.  This high-risk condition will not exist at the Project site. 
 
The Ohio endangered Osprey and Northern Harrier and threatened Peregrine Falcon will 
occasionally migrate directly across Lake Erie, but their chances of intersecting the Project site 
fall (when raptor passage along the north shore of Lake Erie is notably high) or spring migration 
is limited.  If they were to come close to the turbines, they are likely to maneuver to avoid them, 
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as has been demonstrated in studies at raptor migration bottlenecks (see Section 5.2.1) and at 
offshore wind farms (see Section 6.0).   
 
Many Ohio-listed species may use the Project siteÕs airspace as nocturnal migrants, but these 
migrants derive from northern populations that are relatively abundant, not from Ohio breeding 
populations.  Piping Plover and KirtlandÕs Warbler, two federally listed species, are accidental in 
the Cleveland area.  Therefore, collision risk would be virtually nil.  Nonetheless, shorebirds 
show little susceptibility to turbine collisions (see Section 6.3.2).  Regarding KirtlandÕs Warbler, 
collision mortality has not yet been demonstrated at tall communication towers, which have more 
risk factors than wind turbines (see Section 6.3.1).  Gehring and Kerlinger (2007a, 2007b) did 
not find a KirtlandÕs Warbler carcass in more than 2,000 searches of guyed and unguyed 
communication towers between about 475 and 1,000+ feet in height within the warblerÕs 
migration and nesting range in Michigan.  This further supports the assessment that the risk to 
KirtlandÕs Warbler from Project 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 Section 5.2.2.1).  In a recent literature review, mortality 
estimates were similar among projects, averaging 2.51 birds per turbine per year and 3.19 birds 
per MW per year.  Rates have been slightly greater in the Eastern U.S. than in the West, 
presumably because of denser nocturnal migration of songbirds in eastern North America.  No 
federally listed endangered or threatened species have been recorded in any of the studies 
undertaken, and only occasional raptor, waterfowl, or shorebird fatalities have been documented.  
In general, the documented level of fatalities has not been large in comparison with the source 
populations, nor have the fatalities been suggestive of biologically significant impacts.   
 
Except for waterbirds, these conclusions should hold for the Project.  Fatality numbers and 
species impacted at the Project site are likely to be similar, on a per turbine per year basis, to 
those found at Eastern and Midwestern U. S. projects that have been studied.  These fatalities, 
when distributed among many species, are not likely to be biologically significant.  When 
compared with the Altamont Pass Wind Resource Area, 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 migration is generally above the sweep of the wind turbine 
rotors. 
 
Regarding waterbirds, a review of bird mortality at coastal wind farms in Europe has 
demonstrated that all groups of waterbirds occurring on the Great Lakes are fundamentally 
vulnerable to turbine collisions offshore.  But, collision frequency at these coastal wind farms 
was directly related to abundance and propensity to fly at rotor height, with common species of 
gulls (particularly Herring Gull) recorded most frequently (see Section 5.1.3).  It should be noted 
that many of these coastal wind farms were located adjacent to nesting colonies and on flight 
routes between nesting sites and foraging areas.  Therefore, collision risk was notably high.   
 
Given that the Project will be constructed more than two miles (3.2 km) offshore, bird abundance 
will be significantly smaller than along the Cleveland lakefront (see Section 3.0).  The only 
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common colonial nester in Cleveland is Ring-billed Gull, which nests on large rooftops, but the 
Project would not be located between its nesting sites and prime foraging areas.  
 
In Europe, where wind farms have been constructed on heavily used waterfowl migration routes, 
flocks usually detour around the wind farms.  The small number of flocks that fly through the 
wind farms, including at night, generally do so beneath the rotor-swept area.  These and other 
behavioral adjustments markedly decreased collision risk.   
 
The Project site does not appear to be on a heavily used migration route for waterfowl or other 
waterbirds.  Large numbers of Red-breasted Merganser and BonaparteÕs Gulls stage on Lake 
Erie in fall migration, but they are more likely to fly inshore of the Project site to roost or forage 
in the Cleveland Lakefront IBA.  Should migratory or local movements take waterbirds in the 
vicinity of the Project, it is expected that birds would detour around the turbines, or cross the 
wind farm below the rotor-swept area.  Therefore, in all cases, collision risk to waterbirds is 
judged to be low and unlikely to rise to the level of biological significance. 
 
Confirming these predictions at the Project site will be challenging, because carcass searches at 
offshore wind farms are probably impossible.  Real collision rates at offshore wind farms 
probably can only be obtained by direct observation, including the use of remote methods.  At 
least two remote methods for quantifying collisions have been developed.  They should be 
evaluated for deployment post-construction at the Project site.  In addition, it may be worth 
experimenting with drift nets to conduct carcass searches below turbines at the Project site. 
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7.0 Recommendations 
 
The following recommendations for the proposed Great Lakes Wind Energy Center are based on 
literature and database searches regarding the Project siteÕs avifauna and what is known about 
the potential risks to birds from wind-power development in the United States and Europe. 
 
Given that this Project will be a first for the Great Lakes, it would be extremely valuable to 
conduct post-construction studies to gauge how waterbirds react to the Project in terms of habitat 
loss, barrier effect, habituation, reef effect, and other factors.  Such information on a species-
specific level would inform avian risk assessments for future offshore wind-energy projects in 
the Great Lakes.  Another important consideration is collision mortality, but it remains to be seen 
if a cost-effective remote method or carcass searches for quantifying collision mortality can be 
deployed. 
 
These recommendations are made with the knowledge that they may not be economically 
feasible for a small, pilot project.  If these 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 significant and proactive step in the development of clean-energy solutions. 
 
Further Pre-Construction Studies Not Needed 
 
The results of this avian risk assessment do not indicate that the need for further pre-construction 
research, as it would not improve precision or confidence levels regarding prediction of risk to 
birds at the Project. 
 
Construction Guidelines 
 
¾ Disturbance of bottom habitat, and ship and helicopter traffic to and from the site should 

be minimized.   
 
¾ The onshore installation of any new above-ground electrical lines should follow Avian 

Power Line Interaction Committee (APLIC) guidelines for insulation and spacing.  
 
¾ Lighting of turbines and other infrastructure should be minimal to reduce the potential for 

attraction of night migrating songbirds and similar species.  Federal Aviation 
Administration (FAA) night obstruction lighting should be only flashing beacons (L-864 
red or white strobe [or LED], or red flashing L-810) with the longest permissible off 
cycle.  Steady burning (L-810) red FAA lights should not be used, although if turbines 
exceed 152 m (500 feet), the FAA may recommend them.  Sodium vapor lamps and 
spotlights should not be used at any facility (e.g., lay-down areas or substations) at night 
except when emergency maintenance is needed.  If steady burning lights are needed for 
maintenance purposes, the use of green or blue lights should be investigated as a means 
of minimizing bird attraction.  Navigation lights (steady red and green, 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 constructed, studies of avian interactions with the 
turbines should provide valuable information to help assess avian risk from the much larger wind 
farms that are likely to be constructed in the Great Lakes in the coming decades.  Stakeholder 
participation in the post-construction study of the Project is recommended.  To this end, a 
Technical Advisory Committee (TAC) should be established as a means of reviewing the scope 
of work for each of the following recommendations, as well as reports that result from such 
studies.  Members of the TAC should include the USFWS, ODNR, Cuyahoga County Board of 
Commissioners, a representative from the wind development community (i.e. juwi) , the Great 
Lakes Energy Task Force, and other relevant stakeholders.  This approach to post-construction 
studies has been used at more than a dozen wind-power projects across the United States. 

 
¾ Carcass searches should be investigated as a means of determining the number and type 

of birds that collide with turbines.  The potential for netting deployed on buoys should be 
tested as a means of finding and gathering carcasses of birds that have collided with 
turbines.  
 

¾ At least two remote methods for quantifying turbine collisions have been developed (e.g., 
TADS and WT-Bird; see Section 5.1.3), although they have not been shown to be useful.  
Each should be evaluated for potential use, with particular attention paid to the number of 
units that would need to be deployed to generate a statistically valid sample.   

 
¾ A study of waterbird reactions to the Project would provide valuable information to 

evaluate avian risk at future offshore wind farms in the Great Lakes.  Sampling 
techniques to consider include direct visual and, possibly, radar observations from the 
Cleveland Crib, as well as boat and aerial surveys.  This study would look at habitat loss, 
barrier effect, habituation, reef effect, and other factors.   

 
¾ Results of the fatality study should be compared with cradle-to-grave (life cycle) impacts 

to birds from other types of power generation now supplying electricity in Ohio.  This 
comparison would facilitate long-term planning with respect to electrical generation and 
wildlife impacts.  The study should seek information from USFWS and ODNR on 
existing energy-generation impacts to wildlife.  If information is not available, as our 
preliminary review appears to reveal, these agencies should consider providing financial 
support for such studies.   
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Appendix A.  Next Generation Radar report.  Available upon request from JW Great Lakes 
Wind, LLC. 


