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Presenter
Presentation Notes
There are about one thousand bat species in the world and in many ways they rival birds in terms of ecological diversity.  In the tropics and subtropics there are many species that feed on the nectar and fruit of plants.
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Presentation Notes
Others are carnivores.  This is a fishing bat gaffing a minnow out of water.



Townsend’s big-eared bat
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• Long-lived and high survival
• Reproduction low and slow
• Limited population fluctuation
• Slow to recover from pop. impacts
• Seasonal torpor
• Ecological dimorphism

Presenter
Presentation Notes
But where bats really stand out is in their exploitation of insect prey in the temperate zones.  In the continental U.S., nearly all of the bat species that occur here feed primarily on insects, which are only seasonally available.  It is among these temperate zone insectivores that we start to clearly see how bats differ from other groups of small mammals and many birds in several important ways.  First, bats are very long lived and have high rates of survival.  There are records of myotis bats in Europe being found more than 40 years after being banded, and several in North America have been captured more than 30 years after banding.  That is impressive for animals that weigh less than 10 grams.  These extreme longevity records illustrate how, unlike most other small mammals, the general reproductive strategy of bats is to produce a small number of young and invest a lot of time and energy into taking care of them.  Most bat species have only one or two young per year and it takes a few months to get those young to a point of independence.  Because of these life history characteristics, bat populations do not fluctuate nearly as much as other small mammals, and their populations are slow to recover from rapid changes in population size.  Most temperate zone bats, and certainly most here in the U.S., also have the ability to shut down their metabolism and save energy and water if they want or need to in the physiological process of torpor.  Hibernation is an extended form of torpor.  Nearly all of the insectivorous bats in the U.S. use torpor, even the migratory species.  Temperate zone bat species often exhibit ecological dimorphism, or male and females show both habitat and social segregation during the spring and summer, with reproductive females occupying completely different areas and doing different things than males.  This happens because in most species mating starts in late summer and autumn, then continues through winter and into spring.  Females are capable of storing viable sperm in their reproductive tracts for several months before fertilizing themselves when the time is right.  These are only a few examples of the many ecological differences between bats and birds, and they illustrate how we are dealing with very different groups of animals interacting with wind turbines.



Extent of Impacts to Bat Species

• Available information on bats and turbines
• Species known to be impacted

– Geographic distribution and movements
– Similarities of affected bat species

• Protected species - unknown impact
– Available evidence of risk
– Geographic distribution

Presenter
Presentation Notes
In the first section of my talk, I am going to go over the extent of impacts of wind turbines to bat species.  In doing this, I will show you how much information is available on bats and turbines, which species are known to be impacted, and then I will review the bat species of conservation concern in the U.S. and what we know about their likelihood of being affected.



Species of bats in U.S.
Species name Common name Species name Common name

1 Mormoops megalophylla Ghost-faced bat 23 Myotis ciliolabrum Western small-footed
2 Choeronycteris mexicana Mexican long-tongued bat 24 Myotis evotis Western long-eared myotis
3 Leptonycteris nivalis Greater long-nosed bat 25 Myotis grisescens Gray myotis
4 Leptonycteris yerbabuanae Lesser long-nosed bat 26 Myotis keenii Keen's myotis
5 Macrotus californicus California leaf-nosed bat 27 Myotis leibii Eastern small-footed myotis
6 Antrozous pallidus Pallid bat 28 Myotis lucifugus Little brown bat
7 Corynorhinus townsendii Townsend's big-eared bat 29 Myotis occultus Occult myotis
8 Corynorhinus rafinesquii Rafinesque's big-eared bat 30 Myotis septentrionalis Eastern long-eared myotis
9 Eptesicus fuscus Big brown bat 31 Myotis sodalis Indiana myotis

10 Euderma maculatum Spotted bat 32 Myotis thysanodes Fringed myotis
11 Idionycteris phyllotis Allen's big-eared bat 33 Myotis velifer Cave myotis
12 Lasionycteris noctivagans Silver-haired bat 34 Myotis volans Long-legged myotis
13 Lasiurus blossevillii Western red bat 35 Myotis yumanensis Yuma myotis
14 Lasiurus borealis Eastern red bat 36 Nycticeius humeralis Evening bat
15 Lasiurus cinereus Hoary bat 37 Parastrellus hesperus Canyon bat
16 Lasiurus ega Southern yellow bat 38 Perimyotis subflavus Eastern pipistrelle
17 Lasiurus intermedius Northern yellow bat 39 Eumops floridanus Florida bonneted bat
18 Lasiurus seminolus Seminole bat 40 Eumops perotis Greater mastiff bat
19 Lasiurus xanthinus Western yellow bat 41 Eumops underwoodi Underwood's mastiff bat
20 Myotis auriculus Mexican long-eared myotis 42 Molossus molossus Pallas' mastiff bat
21 Myotis austroriparius Southeastern myotis 43 Nyctinomops femorosacca Pocketed free-tailed bat
22 Myotis californicus California myotis 44 Nyctinomops macrotis Big free-tailed bat

45 Tadarida brasiliensis Brazilian free-tailed bat

Presenter
Presentation Notes
I would like to start by introducing you to the species of bats that occur in the continental U.S.  There are 45 species that regularly occur in the country.  Most are insectivorous, three feed primarily on nectar and pollen of desert plants.



U.S. Endangered Species
Species name Common name Species name Common name

1 Mormoops megalophylla Ghost-faced bat 23 Myotis ciliolabrum Western small-footed
2 Choeronycteris mexicana Mexican long-tongued bat 24 Myotis evotis Western long-eared myotis
3 Leptonycteris nivalis Greater long-nosed bat 25 Myotis grisescens Gray myotis
4 Leptonycteris yerbabuanae Lesser long-nosed bat 26 Myotis keenii Keen's myotis
5 Macrotus californicus California leaf-nosed bat 27 Myotis leibii Eastern small-footed myotis
6 Antrozous pallidus Pallid bat 28 Myotis lucifugus Little brown bat
7 Corynorhinus townsendii Townsend's big-eared bat 29 Myotis occultus Occult myotis
8 Corynorhinus rafinesquii Rafinesque's big-eared bat 30 Myotis septentrionalis Eastern long-eared myotis
9 Eptesicus fuscus Big brown bat 31 Myotis sodalis Indiana myotis

10 Euderma maculatum Spotted bat 32 Myotis thysanodes Fringed myotis
11 Idionycteris phyllotis Allen's big-eared bat 33 Myotis velifer Cave myotis
12 Lasionycteris noctivagans Silver-haired bat 34 Myotis volans Long-legged myotis
13 Lasiurus blossevillii Western red bat 35 Myotis yumanensis Yuma myotis
14 Lasiurus borealis Eastern red bat 36 Nycticeius humeralis Evening bat
15 Lasiurus cinereus Hoary bat 37 Parastrellus hesperus Canyon bat
16 Lasiurus ega Southern yellow bat 38 Perimyotis subflavus Eastern pipistrelle
17 Lasiurus intermedius Northern yellow bat 39 Eumops floridanus Florida bonneted bat
18 Lasiurus seminolus Seminole bat 40 Eumops perotis Greater mastiff bat
19 Lasiurus xanthinus Western yellow bat 41 Eumops underwoodi Underwood's mastiff bat
20 Myotis auriculus Mexican long-eared myotis 42 Molossus molossus Pallas' mastiff bat
21 Myotis austroriparius Southeastern myotis 43 Nyctinomops femorosacca Pocketed free-tailed bat
22 Myotis californicus California myotis 44 Nyctinomops macrotis Big free-tailed bat

45 Tadarida brasiliensis Brazilian free-tailed bat

Presenter
Presentation Notes
There are four endangered bat species in the U.S., shown here in red, and three endangered subspecies belonging to two species -- their species names shown here in pink.   I’ll talk about these more in a few minutes.



U.S. Species of Concern

Federal Register 61(235):64481-64485

Species name Common name Species name Common name
1 Mormoops megalophylla Ghost-faced bat 23 Myotis ciliolabrum Western small-footed
2 Choeronycteris mexicana Mexican long-tongued bat 24 Myotis evotis Western long-eared myotis
3 Leptonycteris nivalis Greater long-nosed bat 25 Myotis grisescens Gray myotis
4 Leptonycteris yerbabuanae Lesser long-nosed bat 26 Myotis keenii Keen's myotis
5 Macrotus californicus California leaf-nosed bat 27 Myotis leibii Eastern small-footed myotis
6 Antrozous pallidus Pallid bat 28 Myotis lucifugus Little brown bat
7 Corynorhinus townsendii Townsend's big-eared bat 29 Myotis occultus Occult myotis
8 Corynorhinus rafinesquii Rafinesque's big-eared bat 30 Myotis septentrionalis Eastern long-eared myotis
9 Eptesicus fuscus Big brown bat 31 Myotis sodalis Indiana myotis

10 Euderma maculatum Spotted bat 32 Myotis thysanodes Fringed myotis
11 Idionycteris phyllotis Allen's big-eared bat 33 Myotis velifer Cave myotis
12 Lasionycteris noctivagans Silver-haired bat 34 Myotis volans Long-legged myotis
13 Lasiurus blossevillii Western red bat 35 Myotis yumanensis Yuma myotis
14 Lasiurus borealis Eastern red bat 36 Nycticeius humeralis Evening bat
15 Lasiurus cinereus Hoary bat 37 Parastrellus hesperus Canyon bat
16 Lasiurus ega Southern yellow bat 38 Perimyotis subflavus Eastern pipistrelle
17 Lasiurus intermedius Northern yellow bat 39 Eumops floridanus Florida bonneted bat
18 Lasiurus seminolus Seminole bat 40 Eumops perotis Greater mastiff bat
19 Lasiurus xanthinus Western yellow bat 41 Eumops underwoodi Underwood's mastiff bat
20 Myotis auriculus Mexican long-eared myotis 42 Molossus molossus Pallas' mastiff bat
21 Myotis austroriparius Southeastern myotis 43 Nyctinomops femorosacca Pocketed free-tailed bat
22 Myotis californicus California myotis 44 Nyctinomops macrotis Big free-tailed bat

45 Tadarida brasiliensis Brazilian free-tailed bat

Presenter
Presentation Notes
In addition to endangered species and subspecies, about half of the bats in the U.S. have been identified by the federal government as Species of Concern.  These are former Category 2 candidates for listing under the Endangered Species Act, but for which there was not enough information to warrant any kind of decision.



Species DiversitySpecies Diversity

Presenter
Presentation Notes
This map shows species diversity of bats in North America.  The warmer colors represent high diversity, with red showing areas of 25 species or more, and the cooler colors represent areas of lower species diversity.  The Southwest has the highest species diversity, but there is also high diversity in the Rocky Mountain West, and in the mountain, karst, and coastal regions of the East.  In general, the more structures you have in a landscape that are good places for bats to roost such as trees, rock crevices, and caves, the more likely you are to have higher bat diversity, particularly at warmer latitudes.  My main reason for showing this map is to try and get everyone thinking about the idea that not all areas are created equal when it comes to our interactions with wildlife species in the landscape.
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Presentation Notes
I am here today synthesizing information on bats and wind turbines, and I would not have anything to synthesize if a lot of people had not done a tremendous amount of work over the past few years.  The problem of bat fatalities at turbines is totally unprecedented, was unanticipated, and, caught us all off guard.  This is a list of a few of the people I have been in touch with that have been out there helping contribute to the growing body of knowledge I am going to present today, and there are many more.



Bats and Wind Energy Cooperative (BWEC)
Bat Conservation International
U.S. Fish & Wildlife Service
American Wind Energy Association
National Renewable Energy Laboratory

AES Wind Generation
Binary Acoustic Technology
Boston University
BP Alternative Energy
California Dept. Fish and Game
FPL Energy
Freilandforschung
Humboldt State University
Illinois Natural History Survey
Leibniz Universität Hannover
Northeast Ecological Services
NY Dept. of Env. Conservation
Oregon State University
Pandion Systems
Pennsylvania Game and Fish
PPM Energy

Swedish University of Ag. Sci.
Tennessee Valley Authority
TransAlta Wind
U.S. Bureau of Land Management
U.S. Forest Service
U.S. Geological Survey
University of Bristol
University of Calgary
University of California
University of Erlangen-Nuremberg
University of Florida
VA Dept. of Game and Inland Fisheries
WEST, Inc.
Western Michigan University
WV Div. Natural Resources
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Presentation Notes
Another remarkable response to the problem has been the formation of a collaborative partnership called the Bats and Wind Energy Cooperative (BWEC).  The cooperative was formed in 2003 between Bat Conservation International, the U.S. Fish & Wildlife Service, the American Wind Energy Association, and the National Renewable Energy Laboratory.  The cooperative aims to find solutions to the problem of bat fatalities at wind turbines and currently includes a diverse group of partners from government agencies, industry, academia, and non-governmental organizations. This is a list of some of the partners that attended the latest meeting and workshop of the cooperative in Texas last month.  BWEC has made a lot of progress toward identifying and researching the major issues, and moving toward potential solutions.



Wind Energy Sites - 2007Wind Energy Sites - 2007
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Presentation Notes
An important starting point for any information review is a clear understanding of the information on which the review is based.  Here we have the distribution of wind energy sites in the U.S. and Canada as of 2007.  Development in Mexico is not shown.  The size of the circles is proportional to the capacity of each facility in megawatts, with the smaller dots being 1-100MW and the larger in the 500-700MW range.  



Sites with Bat Data - 2007Sites with Bat Data - 2007

Presenter
Presentation Notes
The purple circles on this map show the number of sites from which we have, or soon should have, information about bats.  The information varies in quality and comprehensiveness, but at this point in the game we are taking what we can get. This represents about 10% of existing wind facilities and there are still large areas from which we have almost no information on bats.  Bat fatalities have been noted at every wind facility where rigorous post-construction monitoring for bats has occurred, worldwide, so there is undoubtedly more going on than we currently know about.
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Presentation Notes
[previous map of existing turbine sites superimposed on map of bat species diversity]



Species involved in North America

Data: Arnett et al. 2008; J. Wild. Man. 72:61-78

n = 3,974

Hoary bat
Eastern red bat

Silver-haired bat

Eastern pipistrelle

Little brown bat

Free-tailed bat

Big brown bat

[copyrighted photos removed]

Presenter
Presentation Notes
Thus far, about 4,000 bats killed by wind turbines in North America have been identified to species.  Among these fatalities, strange patterns have emerged.  The first pattern is that certain species, which we refer to as migratory tree bats, are killed far more frequently than any others.  Migratory tree bats stand out from the rest of the North American bat fauna in that they roost in trees throughout the year and make long-distance, latitudinal migrations.  These species include the hoary bat (Lasiurus cinereus) which currently makes up about half of the kills, eastern red bats (Lasiurus borealis), which make up about a fifth of the kills and a larger proportion of fatalities in the eastern states, and silver-haired bats (Lasionycteris noctivagans) which make up about another sixth of the kills.  Interestingly, this fourth species, the eastern pipistrelle (Perimyotis subflavus), which is currently not considered a migratory tree bat, also relies heavily on trees and may be a latitudinal migrant.  We see smaller numbers of common species such as little and big brown bats, and Brazilian free-tailed bats, although in certain places free-tailed bats make up larger proportions of the fatalities, like at a couple of sites from which we have data in California and Oklahoma.  None of these bats are on those lists of species of conservation concern that I just showed you for continental North America.



Hoary bat 
(Lasiurus cinereus) 
Hoary bat 

(Lasiurus cinereus)

Presenter
Presentation Notes
I am going to take a few minutes to talk about the distributions of these migratory tree bats because I think that understanding their seasonal distributions and migration patterns is crucial for assessing the current situation.  If you look at a range map of hoary bats, you will see that they are one of the most widely distributed mammals in North America, but the species is not in all of those areas throughout the year.  In this case the range map is exactly that, the area in which the animals range.



Animated maps available for viewing at:
http://www.mesc.usgs.gov/BatsWindmills/_animations/HoaryBat_Migration.wmv

Presenter
Presentation Notes
What I am going to show you now is the monthly distribution of occurrence records for hoary bats to give you an idea of how their seasonal distribution changes throughout the year.  The blue circles you see are records of male bats, the yellow triangles are females.  These records come from scientific specimens housed in about 127 North and South American museum collections.  As far as we know, the major wintering areas of hoary bats are in California and Mexico.  As we advance through the months into spring, you see evidence of pregnant female bats migrating about a month before males, and apparently abandoning the wintering grounds in California for summering areas in the eastern half of the continent, so that by mid-summer, the vast majority of records from the Intermountain West are of male bats.  This habitat and social segregation during mid summer between the sexes is common for temperate zone bats, although it usually doesn’t occur at this grand of a scale.  As summer turns to autumn, the sexes start overlapping in distribution as they disperse and return to the wintering grounds. Running through the sequence again, the records indicate that some of the female hoary bats coming out of the California wintering grounds probably circumnavigate the Rocky Mountains during their annual trek.  Clearly, these bats are not in all parts of the continent throughout the year.

http://www.mesc.usgs.gov/BatsWindmills/_animations/HoaryBat_Migration.wmv


Red bats 
(Lasiurus blossevillii & L. borealis) 

Red bats 
(Lasiurus blossevillii & L. borealis)

Presenter
Presentation Notes
This map shows the areas over which eastern and western red bats range.



Animated maps available for viewing at:
www.mesc.usgs.gov/BatsWindmills/_animations/RedBat_Migration.wmv

Presenter
Presentation Notes
This will show the monthly distribution of occurrence records and what you will see is the expansion of eastern red bats out of the Southeast, and movement of western red bats out of Mexico into southern Arizona and New Mexico.  We still do not know if western red bats migrate out of California or exchange with bats from Mexico.  We see less evidence of broad scale differences in the distributions of the sexes, although differences are observed at smaller spatial scales during summer.

http://www.mesc.usgs.gov/BatsWindmills/_animations/RedBat_Migration.wmv


Silver-haired bat 
(Lasionycteris noctivagans) 
Silver-haired bat 

(Lasionycteris noctivagans)

Presenter
Presentation Notes
The silver-haired bat is interesting in that its distribution shows it is clearly a temperate zone migrant.  Although there is a single report of this bat from Mexico, its distribution mostly falls within the U.S. and Canada.



Animated maps available for viewing at:
www.mesc.usgs.gov/BatsWindmills/_animations/SilverHairedBat_Migration.wmv

Presenter
Presentation Notes
The monthly records of occurrence show that the range of silver-haired bats generally shifts north as summer progresses and by mid-summer, you have quite a bit of sex segregation, with female records more prevalent at northern latitudes, whereas capture sites in mountainous areas of the West tend to turn up males. As autumn progresses the records shift south and disappear into scattered wintering grounds across the continent.

http://www.mesc.usgs.gov/BatsWindmills/_animations/SilverHairedBat_Migration.wmv


Currently Affected Bat Species
• Not widespread, but wide ranging
• Large seasonal movements
• All probably concentrate in certain areas 

during migration periods
• Seasonal habitats different
• Important wintering and summering areas 

for each species occur mostly within the 
U.S. and Canada

Presenter
Presentation Notes
To summarize those distribution patterns of the most heavily affected species, they are not necessarily widespread (individuals simultaneously occurring across large areas), but rather wide ranging (concentrated areas of distribution that change throughout the year).  They all make massive seasonal movements, they all probably concentrate in certain areas during periods of migration, their seasonal habitats are very different, and important wintering and summering areas for each species occur mostly within the U.S. and Canada.  Unlike migratory birds that spend half the year in subtropical and tropical countries where we have little influence on their conservation, ensuring the welfare of these bat species is primarily within our hands.



Protected Species 
Unknown Impacts

Presenter
Presentation Notes
Now I would like show you information on bat species that are protected under the U.S. Endangered Species Act, but for which the potential impacts from turbines are not yet clear.



Indiana bat 
(Myotis sodalis) 

Indiana bat 
(Myotis sodalis)

• Endangered
• Caves in winter, forests in summer
• Turbines in range
• Few data available
• No fatalities found
• 10% of fatalities in NY, PA, WV 

involved congener M. lucifugus 
• No evidence of range-wide impact
• Possible local impacts (colonies)

Presenter
Presentation Notes
The area shaded with red on this map shows the distribution of the Indiana bat (Myotis sodalis).  The Indiana bat roosts in caves during the winter and then disperses out into forests during summer where it relies heavily on trees as roosts.  There are several turbine facilities within the range of Indiana bats, shown here by the white circles, but we only have information on bat fatalities from a few of those sites.  Fortunately, no fatalities of Indiana bats have been found at any of those sites.  However, approximately 10% of the fatalities recovered at wind facilities in New York, Pennsylvania, and West Virginia were of the more common little brown bat (Myotis lucifugus), a congener of the Indiana bat. Given the presence of other species of Myotis beneath turbines, we cannot rule out the possibility that Indiana bats may be affected in some areas.  Thus far there is no evidence of an extensive, range-wide impact of turbines on this species.  In some situations turbines may have local impacts on Indiana bats, such as the construction of a wind facility near a hibernaculum or maternity site.



Gray bat 
(Myotis grisescens) 

Gray bat 
(Myotis grisescens)

• Endangered
• Inhabits caves year-round
• Turbines in range
• Few data available
• No fatalities found
• Congener to M. lucifugus
• Possible local impacts (colonies)

Presenter
Presentation Notes
The gray bat (Myotis grisescens) is another endangered species that relies heavily on caves throughout the year.  Wind turbines occur at a couple of sites within its range and to date there have been no fatalities of this species reported.  As with Indiana bats, the presence of the more common little brown bat (M. lucifugus) at turbine sites within its range suggests the possibility of future impacts, particularly near major roost caves.



Ozark & Virginia big-eared bats 
(Corynorhinus townsendii ingens & C. t. virginianus) 

Ozark & Virginia big-eared bats 
(Corynorhinus townsendii ingens & C. t. virginianus)

• Endangered subspecies
• Rely on caves
• Turbines in small part of range
• No fatalities found

Presenter
Presentation Notes
This map shows the respective ranges of Ozark and Virginia big-eared bats (Corynorhinus townsendii ingens and C. t. virginianus, respectively).  These are endangered subspecies of Townsend’s big-eared bat, which rely heavily on caves.  Turbines only occur in a small part of the range of Virginia big-eared bats and, to date, no fatalities have been reported.  



Greater & Lesser long-nosed bats 
(Leptonycteris curasoae & L. nivalis) 

Greater & Lesser long-nosed bats 
(Leptonycteris curasoae & L. nivalis)

• Endangered (U.S. & Mexico)
• Inhabit caves year-round
• Long-distance migratory pollinators
• Turbines not in U.S. range
• Fatalities reported from Mexico*

*personal communication, R. Medellin, UNAM

Presenter
Presentation Notes
Here are the distributions of two endangered nectar-feeding species that occur in the Desert Southwest, the greater and lesser long-nosed bats.  These are migratory pollinators that come into Arizona and New Mexico each summer to feed on the flowers of desert plants, mostly columnar cacti and century plants.  Both species inhabit caves year-round and so far, there are no turbine facilities within their ranges in the U.S.  Fatalities of long-nosed bats have been reported from wind turbines in Mexico, so the potential exists in the U.S. in the event that turbines are built within their ranges.



Hawaiian hoary bat 
(Lasiurus cinereus semotus) 

Hawaiian hoary bat 
(Lasiurus cinereus semotus)

• Endangered subspecies
• Inhabits trees year-round
• Seasonal movement on islands
• Turbines on Hawaii and Maui
• No data available
• Mongoose and rat scavengers 

Presenter
Presentation Notes
This map shows the distribution of the endangered subspecies of hoary bat that occurs throughout the Hawaiian Islands.  These bats live in tree foliage year-round. They do not show evidence of migrating between islands, but there is evidence that they make seasonal movements on each island.  There are turbine facilities on the islands of Hawaii and Maui and more are planned.  I am not aware of any data available from post-construction monitoring studies for bats.  I think it is going to be extremely difficult to do post-construction monitoring for bats in Hawaii because of the very high densities of introduced mongoose and rats on the islands, which may learn quickly to scavenge the carcasses before searchers can find them.  Hoary bats make up about half of the fatalities in North America, and I think it is probable they will be affected in Hawaii too.



Degree of Impact

• Direct mortality
– Patterns of fatalities

• Spatial
• Temporal
• Other

• Indirect mortality
– Habitat impacts

Presenter
Presentation Notes
In this next section I will talk about the degree of impact of wind energy development on bats.  First I will review the direct mortality that we know about, including some of the patterns we see, and then I will talk about possible sources of indirect mortality, such as habitat impacts.  



Bat Fatality Estimates (per MW)Bat Fatality Estimates (per MW)11
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Presenter
Presentation Notes
Going back to our map of wind energy facilities, fatality rates of bats have been calculated for a number of these sites.  These values, rounded to the nearest whole number, come from a review paper recently published in the Journal of Wildlife Management by Arnett et al. (2008; J. Wild. Man. 72:61-78) and they indicate the number of bats estimated to be killed per megawatt of installed nameplate capacity per year.  For example in West Virginia with 29 fatalities per megawatt at a 132 megawatt facility, there are about 3,800 bat fatalities per year. Because these fatality estimates were made using different techniques and thus subject to different sources of bias, they are not directly comparable, but they do give us some idea of the general magnitude of kills, by geographic region.  We see consistently high fatality rates in the East, with relatively high rates also in southern Alberta, Canada and a couple of sites in the Great Lakes region.  Many of the sites investigated in the western U.S. report lower fatality rates, but it is important to realize that fatalities are occurring at all of these sites, indicating a consistent impact that varies in magnitude with geography. For all we know all wind turbines in all of these localities might be equally likely to cause fatalities and the differences we are seeing could reflect different densities of the affected species across the landscape during the period of susceptibility.



Sites with High Fatality Rates

Photo: R. Barclay

Maple Ridge, NYMaple Ridge, NY

Summerview, AlbertaSummerview, Alberta

Mountaineer, WVMountaineer, WV

Photo: NREL

Photo: J. Kerns

Photo: E. Arnett

Buffalo Mountain, TNBuffalo Mountain, TN

Presenter
Presentation Notes
In 2003 when the problem of bat fatalities at turbines first showed signs of being serious, it appeared as though the highest fatality rates were occurring on forested ridges in eastern North America, but in the past few years new turbine facilities in flat agricultural lands of upstate New York and the prairies of southern Alberta also have been reporting high fatality rates.  Studies within sites have not found any consistent relationships between landscape features and fatality rates either. We do not yet have a clear picture of the types of habitats where fatalities are most likely to occur.



Timing of Fatalities

Data: Johnson 2005, Bat Res. News 46:45-49
Cryan and Brown 2007, Biol. Cons. 139:1-11
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Presentation Notes
The other clear pattern we see is that most of the fatalities are occurring during late summer and autumn.  This graph shows the Julian day of the year on the x-axis and the number of days that fatalities have been observed on the y-axis.  Although we do see fatality events in spring and early summer, they start climbing during late July and peak during August and September. However, it is important to realize that most of the sampling thus far has happened between June and September, although a few studies have gone year-round and the pattern holds up.  There are also probably some differences in timing between species.  These samples are dominated by migratory tree bats and other affected species may show different timing patterns.  For example, in Oklahoma, Brazilian free-tailed bats were killed at a turbine site during mid summer near their maternity roost. In general, this seasonal peak in fatalities suggests we are dealing with a seasonal phenomenon and susceptibility.



Timing of Fatalities

• Highly variable
• Periodic
• Spatially correlated

Data: Arnett et al. 2008; J. Wild. Man 72:61-78
Kerns et al. 2005; BWEC 
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Presentation Notes
This graph shows a fatality index of bats killed by turbines at two adjacent wind energy facilities in West Virginia and Pennsylvania over a 40-day study period.  Day of study is on the x-axis and fatality index is on the y-axis.  You can see the correlation in the fatality rates over time, indicating that fatalities are a highly variable and periodic, yet spatially correlated at these two sites, which are about 50 mi. apart.  This suggests that things are happening at the landscape scale that are bigger than unpredictable, site-specific, bat-turbine interactions.



Other patterns
• Most fatalities occur on low-wind nights
• Bigger turbines killing more bats
• No effect of aviation lighting on fatalities
• No evidence of collisions with 

meteorological towers or stationary blades
• Bat fatalities more clustered around base 

of towers than bird fatalities
• Evidence of non-collision decompression

Kunz et al. 2007. Front. Eco. Env. 5:315-324
Arnett et al. 2008; J. Wild. Man 72:61-78 
Barclay et al. 2007; Can. J. Zool. 85:381-387
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Other patterns we see include most fatalities occurring on low wind nights.  We have consistently seen at a number of sites that the majority of fatality events happen on nights with wind speeds generally less than 6 meters per second, and we have evidence that other weather conditions might precede fatalities. There is evidence that more bats are dying as turbines get bigger. There seems to be no effect of aviation lighting on fatalities. There is no evidence of collisions between bats and the meteorological towers or turbines with stationary blades. Bat fatalities tend to be more clustered around the bases of turbine towers compared to birds.  And recently there is evidence from both Canada and Germany that bats may be dying from barotrauma (tissue damage caused by differences in pressure between an air space inside the body and the surrounding air) after flying into low pressure zones created by the rotating blades and not necessarily colliding with them. 



Indirect Mortality
• Loss of foraging habitat?
• Loss of roosting habitat?
• Loss of migration corridors?
• To date, there have been no focused, 

quantitative studies on the impacts of wind 
energy development on bat foraging, 
roosting, or migration habitats

• Busy trying to understand direct impacts

Presenter
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We know much less about sources of indirect mortality associated with wind energy development.  It is possible that there are indirect impacts from loss of foraging habitat, loss of roosting habitat, loss of migration corridors, and similar habitat effects, but to date, there have been no focused, quantitative studies on the impacts of wind energy development on bat foraging, roosting, or migration habitats.  Overall, we have been focusing on understanding the direct impacts of turbines that we have not given attention to these issues.  However, bats are very opportunistic creatures and there are no alarm bells ringing among bat biologists yet in terms of these potential indirect impacts.



Cumulative Impacts

• Estimates of cumulative impacts
• Other human-induced impacts

– Habitat loss
– Contaminants 
– Disease
– Collisions with other human-made objects

Presenter
Presentation Notes
In this section I am going to review the projected cumulative impacts of turbines on bats and review the information we have on other human-induced impacts on bats.



Estimates of Cumulative Impacts
• National Research Council. 2007. Ecological 

impacts of wind-energy projects. National 
Academies Press, Washington, D.C.

• Kunz et al. 2007. Ecological impacts of wind 
energy development on bats: questions, 
research needs, and hypotheses. Frontiers of 
Ecology and the Environment 5:315-324.

• Assumptions
– Variation in current fatality rates representative of region
– Future changes in turbine design or placement will not change 

fatality rates
– Abundance of affected bat species will not decrease due to 

turbine-related fatalities or other factors
– Projections of cumulative fatalities for other geographic regions 

differ

Mid-Atlantic Highlands

Presenter
Presentation Notes
Estimates of cumulative impacts of turbines on bats have been calculated for the region of the eastern U.S. shown here in red, the Mid-Atlantic Highlands.  These values were reported in a couple of different publications, listed here.  Before I show you the numbers I think it is important to know the assumptions behind them.  They assumed that current fatality rates are representative of the region; that future changes in turbine design or placement will not change fatality rates; that the abundance of affected bat species will not decrease due to turbine-related fatalities or other factors; and that projections of cumulative fatalities for other geographic regions differ.



Cumulative Impacts
• 2,158 MW by year 2020* • 3,856 MW by year 2020**

*NREL WindDS model, **PJM grid model

• 9,500 – 32,000 hoary bats/yr
• 11,500 – 38,000 eastern red bats/yr
• 1,500 – 6,000 silver-haired bats/yr

• The crucial issue is whether these impacts affect whole 
populations of certain species

• 33,000 – 62,000 bats/yr • 59,000 – 111,000 bats/yr

Kunz et al. 2007. Front. Eco. Env. 5:315-324
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Before the authors could project the cumulative impacts from turbines, they needed to first estimate how many turbines there would be out in the Mid-Atlantic Highlands in the future.  Two models of wind energy development were used, which produced estimates of about 2,000 and about 3,800 megawatts per year by the year 2020.  Under conditions of the first model the cumulative impacts to bats by the year 2020 are estimated at 33 to 62 thousand bats per year. Under the second model the estimated cumulative impacts by 2020 are 59 to 111 thousand bats per year.  The National Academies Report raised the point that the crucial issue is whether these impacts affect whole populations of certain species.  Cumulative impacts were also calculated by species, which resulted in estimates ranging between about 9 and 32 thousand hoary bats per year, 11 to 38 thousand eastern red bats per year, and 1 to 6 thousand silver-haired bats per year.  We don’t yet know how many of these bats might be out there, but these numbers were surprising to those of us who know these species.



• Known declines of cave bats
• Anecdotal evidence of  fewer tree bats
• No recent observations of flocks of tree bats 
• Why?

– Habitat loss?
– Contaminants?
– Disease?

• We do not know
• No evidence that other human-induced impacts 

have caused rapid changes in populations

Other human-induced impacts

Presenter
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What is the extent and magnitude of other human-induced impacts to bats?  In general, we know that slow population declines have occurred in cave bats over the past century and there is anecdotal evidence that there are fewer tree bats in the environment than there were in the past.  For example, there are several historical observations of large flocks of tree bats during late summer and autumn, but most of those observations tend to be from before the 1950’s. What might be causing such slow and long-term declines?  It could be habitat loss.  Loss of undisturbed caves has impacted several cave-roosting species and deforestation in the eastern U.S. over the past century might have impacted tree bats, but those are very hard things to assess.  We don’t know.  However, there is no evidence that other human-induced impacts have caused rapid changes in populations of bats in past decades, particularly at the continental scale.



Contaminants

• Sporadic die-offs attributable to organochlorine 
pesticides prior to ban

• Effects of modern pesticides unknown
• Poisoning at mine cyanide leaching pools
• Mortality at open sludge pits associated with oil 

and gas drilling
• Unknown effects of toxic metals in environment

Presenter
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We know that contaminants had detrimental impacts on insectivorous bats.  There are records of sporadic die-offs of cave bats that were attributable to organochlorine pesticides, like DDT, before they were banned.  The effects of modern classes of pesticides on bats are poorly understood, but we are not seeing large die-offs associated with them.  We know that bats are poisoned at cyanide leaching pools associated with mining operations, we know that they get stuck in sludge pits associated with oil and gas drilling when they come down and try to drink from them, and toxic metals in the environment may be poisoning bats too.  Although contaminants have likely had past impacts on bat populations in the form of organochlorine pesticide poisoning, we have not seen evidence of population impacts from any of these contaminants in recent decades.



Disease
• No evidence of epizootic diseases
• Bats show unique resistance to disease
• Submissions of downed bats indicate low mortality

Source: Mondul et al. 2003.; J. Am. Vet. Assoc. 222:633-639

Species Avg. No. Per Year (’93-’00)
Hoary bat 32
Eastern red bat 65
Silver-haired bat 71
Eastern pipistrelle bat 15
Little brown bat 715
Mexican free-tailed bat 84
Big brown bat 2,614

Presenter
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I included disease in this section for a few reasons.  First, there is very little evidence that epizootic diseases affect bat populations.  These are disease outbreaks, where infection spreads rapidly through a population and quickly kills a large number of animals.  The single exception here might be some alarming observations associated with the so-called white nose syndrome that is hitting hibernating bat colonies in New York and surrounding states over the past couple of years, but the etiology of that syndrome is still undetermined and the situation is unlike anything we have ever seen.  In general, bats show unique resistance to many different diseases, and I think the downed bats that people in the U.S. find laying on the ground and submit to local health departments for rabies testing give us some indication of that.  Although these data are extremely biased, this chart shows the average number of bats reported to the Centers for Disease Control and Prevention over a 7-year period. These data come from 37 different states, and they show that relatively few bats are found each year, particularly for these species most frequently affected by wind turbines, the first four listed.  My other reason for showing these data is to point out that if the species of bats affected by turbines were dying in large numbers anywhere in the landscape, at least some of those carcasses would find their way to state rabies labs and we would see much higher numbers here.



• Buildings and tall 
structures

Collisions with human-made objects

Photo: wikipedia.org

Washington Monument, D.C.
– Autumn 1935

• 246 birds, 33 species
• 2 eastern red bats
• 1 little brown bat

Overing 1936: Wilson Bul. 48:222-224
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We know that huge numbers of birds collide with buildings and other tall structures like communication towers, so what about bats?  Appropriately, I can start that story right here in the shadow of the Washington Monument…and this historical event really typifies the differences we see in collision patterns between birds and bats and suggests that something really different is happening with bats at wind turbines.  During the autumn of 1935, a whole bunch of birds and a few bats were recovered at the base of the Washington Monument.  As with many other similar incidents, there were much larger numbers of birds than bats, and unlike the bats, bird fatalities were spread among many different species.  In this case 246 individuals of 33 different species.  In with those birds were 2 eastern red bats (Lasiurus borealis) and a single little brown bat (Myotis lucifugus).

http://en.wikipedia.org/wiki/Image:Washington_Monument_Dusk_Jan_2006.jpg


Collisions with Buildings
Long Point Lighthouse, Lake Erie

– 9 September 1929
• 600 birds, many species
• 3 eastern red bats

– 24-25 September 1929
• a “destruction of birds”
• 1 hoary bat
• 1 silver-haired bat

Photo: Carl R. Josker

Empire State Building
– 6 October 1954

• 123 birds, 23 species
• 4 eastern red bats

– 19 October 1955
• 156 birds, 18 species
• 2 eastern red bats

Saunders 1930: J. Mammalogy 12:225
Terres 1956: J. Mammalogy 37:442

Photo: Henri Silberman
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Other published observations of bat collisions occurred during autumn at the Long Point lighthouse on Lake Erie in 1929 and at the Empire State Building in the mid 1950’s.  In both cases, hundreds of birds were killed during these autumn collisions, and only small numbers of migratory tree bats were affected.  Mostly species of Lasiurus were affected.



Convention Center, Chicago, IL

• ~ 1,500 – 2,000 birds per year
• Monitored 8 years (1979-1987)
• Daily search: Feb-Jun & Aug-Nov
• 79 bats recovered

– 50 eastern red bats
– 27 silver-haired bats
– 1 hoary  bat and 1 little brown bat

• Almost all collided during autumn

Timm 1989: Bull. Chicago Acad. Sci. 14:1-7

Presenter
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At the convention center in Chicago, Illinois there are overhangs and dark windows that are regularly struck by birds and bats and it is estimated that between 1,500 and 2,000 birds collide with those windows each year.  This is one of the few buildings where bat collisions have been reported in the literature.  The site was monitored for bat fatalities over an 8-year period, during which time they found 79 dead bats, or about 10 per year.  All except one of the fatalities were migratory tree bats, and almost all of them collided during autumn.



Collisions with Towers
• WCTV, Leon Co., FL

– 25 years of monitoring 
(1955-1980)

– 54 bats of 7 species
– 87% species of tree bats
– Most in autumn

Photo: Paul Schmidt
Crawford and Baker 1981:J. Mammalogy 62:651-652

Presenter
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What about communication towers?  We know that large numbers of birds die at these each year.  The best data we have for bats comes from a 25-year monitoring study at the WCTV tower in Leon Co., Florida, which is among the tallest anthropogenic structures out there.  During the 25-year study, they found 54 bats of 7 species, or about a half a bat per year.  The majority of them were tree bats, in this case eastern red bats, hoary bats, and their congeners that occur in the southeast, Seminole bats and northern yellow bats. Most fatalities occurred in autumn. 



Tower kills – birds versus bats

Site Birds Bats
Topeka, KS > 1000 5
Nashville, TN 336 2
Colombia, MO 658 1
North Dakota 561 5

•About 6 other incidents in the literature
•All eastern red bats
•All during autumn

Presenter
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There are about 6 other incidents of bat collisions with communication towers in the literature.  All of them involved eastern red bats, all occurred during autumn, and few bats were killed relative to birds in each case.



Collision Patterns
• Large numbers of birds of many species
• Small numbers of migratory tree bats 
• Collisions of tree bats with wind turbines 

and non-turbine structures coincide in 
seasonal timing, but differ in magnitude

• Tree bats interact differently with turbines 
compared to other tall structures

Presenter
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To summarize the collision patterns large numbers of birds of many species are killed, whereas small numbers of migratory tree bats are usually involved.  Collisions of tree bats with wind turbines and non-turbines structures coincide in seasonal timing, but differ in magnitude.  This suggests that tree bats interact differently with turbines compared to other tall structures.



Other Collisions

• Military aircraft
– About 20-30 strikes 

per year*
• Automobile collisions

– Very sporadic**
• Barbed-wire fences

– Very sporadic

Photo courtesy of: S. Peurach

* Personal communication, Suzy Peurach, USGS/ Gene LeBoeuf, USAF
**Personal communication, Dale Sparks, Indiana State Univ.
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What about other collisions?  The U.S. Air Force has a program that tries to identify the unlucky birds and bats that happen to get in the way of its jets and each year they see roughly 20-30 bat strikes per year in the continental U.S.  We know that bats occasionally get hit by automobiles, as you can see with this red bat on the grill of a fire truck, but these events are very sporadic.  Bats occasionally get snagged on barbed wire fences, but again this is anecdotal reported infrequently in the literature.



There is no evidence of human- 
induced impacts to the affected bat 

species that are of similar 
magnitude to mortality at turbines

Presenter
Presentation Notes
There is no evidence of human-induced impacts to the affected bat species that are of similar magnitude to mortality at turbines.  Simply put, we have never seen anything like this before.



Methods, Metrics, and Effectiveness
• Visual Methods
• RADAR
• Acoustic monitoring
• Radio telemetry
• Capture surveys
• Assessing population size/structure
• Assessing geographic origins
• Pre-construction surveys
• Post-construction surveys
• Mitigation measures

Kunz et al. 2007; J. Wild. Man. 71:2449-2486
Arnett et al. 2007; Wild. Soc. Tech. Rev. 07-2

Presenter
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In this next section I am gong to review what is known about methods, metrics, and effectiveness of assessing the impacts of turbines on bats.  As you can guess from this list, there is a lot of information here, most of which comes from a couple of really good publications listed here and other citations are included where appropriate. 



Visual Methods
• Light tagging
• Night-vision imaging (reflected infrared)
• Thermal infrared imaging

• Effectiveness proportional to cost
Kunz et al. 2007; J. Wild. Man. 71:2449-2486
Horn et al. 2008; J. Wild. Man. 72:123-132

http://www.bu.edu/cecb/wind/video/

Image: Jason HornImage: Tom Kunz

Presenter
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Starting with visual methods, or ways of seeing bats in the night sky, there are three general techniques that seem to offer the most promise when we are talking about bats and wind turbines.  The first method is light tagging, essentially sticking small glow sticks or LED lights on bats and watching where they fly.  This method gives you a very good idea about the flight paths of individual bats at a site and is a great way of studying flight behavior.  The limitation is that you have to be able to see the bat.  It works well in very open habitats when you have a lot of observers, but is very difficult in closed habitats like forests or when you have few observers.  There is also a lot of promise in night vision imaging.  Night vision devices image reflected infrared light that either comes from the night sky or from supplemental light sources.  Night vision imaging is as good as the light being reflected, but diminishes as you get into turbine heights.  It is often hard to tell the differences between moths close to the camera and birds and bats farther from the camera because of depth of field issues.  Many of those problems associated with reflected infrared are avoided with thermal infrared imaging.  These devices image temperature in the environment, so heat produced by animals or retained by objects in the environment makes them easily discerned from the night sky.  Here are some thermal infrared images of bats and wind turbines.  Thermal cameras range much farther than night vision devices and it is often possible using thermal cameras to tell the differences between birds, bats, and insects at turbine heights.  Thermal cameras have been used to study bat turbine interactions, and there is a recently published paper and associated web site that details those observations (Horn et al. 2008; J. Wild. Man. 72:123-132; www.bu.edu/cecb/wind/video).  They saw bat collisions with moving blades, bats chasing and investigating moving blades, and bats landing on stationary blades among other things.  I do not think these types of observations would have been possible with other imaging devices.  But this effectiveness comes at a cost.  Thermal cameras currently run in the tens to hundreds of thousands of dollars.

http://www.bu.edu/cecb/wind/video/


RADAR
• Weather surveillance radar (NEXRAD)
• Portable radar

– Marine radar
– Tracking radar
– Specialized radar

• Birds + bats = “targets”
• Need ground truth
• Best combined with other observation 

methods
Kunz et al. 2007; J. Wild. Man. 71:2449-2486
Larkin 2005; Radar Tech. for Wild. Biol.

Presenter
Presentation Notes
Radio detection and ranging, or radar, is an effective tool as well.  There are different types of radar that can generally be grouped into what we call weather surveillance radar, and finer resolution portable radars.  Surveillance radar such a Nexrad weather data you see on television during weather reports, gather information at huge spatial areas, with the smallest unit of resolution being in the hundreds of cubic meters.  Portable radar systems, such as marine, tracking, and specialized systems like vertical profiling radar, provide much finer resolution.  These systems can detect individual small animals and provide detailed information on their size, flight paths, and other characteristics.  Marine radar systems are the most commonly used at turbine sites, because of their commercial availability.  The biggest problem with radar is that in most cases, it is not possible to differentiate birds from bats.  We do not yet know enough about the flight behavior of migrating bats to separate them from migrating birds using radar alone.  These differences can be determined by combining radar with other methods, such as night vision or thermal imaging, and that kind of “ground-truthing” is very important.  Radar is most effective when combined with other observation methods. [click on photo for more information on using radar to study wildlife]

http://www.fort.usgs.gov/Radar/


Acoustic monitoring

• All U.S. bats echolocate
• Bat detectors widely used
• Bat species differ in their echolocation call 

structure and intensity
• Many species identifiable by their calls, many 

species are not
• Bat detectors allow the passive monitoring of 

species presence without having to see or 
capture the animals

Kunz et al. 2007; J. Wild. Man. 71:2449-2486
Arnett et al. 2007; Wild. Soc. Tech. Rev. 07-2

Presenter
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All bat species in the U.S. echolocate to some degree and detectors that sense the ultrasonic echolocation calls of bats have come into wide use in the study of bats.  Bat species differ in their echolocation call structure and intensity, making many species identifiable by their calls.  However, many species are not easily differentiated using echolocation calls alone.  Bat detectors are very useful in that they allow the passive monitoring of species presence without having to either see or capture the animals. 



Acoustic monitoring (cont.)

• Detectors measure activity (commuting & feeding)

• Detectors do not measure abundance
• Detection probability differs among species
• Cannot provide demographic information

– (e.g., sex, age, reproductive condition)
• Effectiveness depends on question being asked, 

but very good at assessing species presence 
and activity if deployed properly and if bats are 
using echolocation

Kunz et al. 2007; J. Wild. Man. 71:2449-2486
Arnett et al. 2007; Wild. Soc. Tech. Rev. 07-2
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Bat detectors measure activity levels of bats and it is sometimes possible to tell whether bats are commuting or feeding based on the calls alone, but bat detectors do not measure abundance.  There is currently no way to associate the number of calls you hear on a detector with the number of bats flying in the area around the detector.  Detection probability differs among species.  Some bats are very loud and some are very quiet.  Some calls travel farther through the air than others.  Acoustic monitoring cannot provide information on the demographics of the bats being sampled.  Calls cannot be used to differentiate between sexes, ages, or reproductive conditions.  Overall, the effectiveness of bat detectors depends on the question being asked, but in general they are very good at assessing species presence and activity if deployed properly and if the bats being studied are using echolocation.  Echolocating bats do not always echolocate, they sometimes fly on memory or other cues, but more often than not they are probably calling.  Bat detectors are being put to extensive use at wind energy facilities as a means of trying to gauge pre-construction bat activity.



Radio telemetry

• < 2 g transmitter
• 1-15 km range
• Ground stations
• Pursuit vehicles
• Aircraft
• Best way to follow individuals
• Easy to lose signal

Kunz et al. 2007; J. Wild. Man. 71:2449-2486
Cryan and Diehl in press; Analyzing bat migration

Photos: Mike Bogan

Presenter
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An effective way of tracking the movements of individual bats over short distances is radio telemetry. Because most temperate-zone bats are small it is necessary to use very small transmitters, most weighing less than 2 grams.  These small transmitters only have a range of between about 1-15 km depending on conditions and topography, which isn’t really that far considering that some of these tree bats are migrating across the entire continent.  If the bats are remaining in an area, telemetry from different ground stations situated throughout the a study area is often very effective, particularly if those stations are up high on mountains or hills.  Animals can be tracked using antenna mounted on cars and trucks from the ground, but in those situations you are at the mercy of roads.  Bats can be effectively tracked using aircraft, but a lot of safety and logistical issues arise, such as flying at night with no pre-determined flight plan and not knowing where you will end up when you start running low on fuel.  The strength of radio telemetry is that it is probably the best way to follow individual bats and subsequently determine their behaviors and fates.  A drawback is that it is very easy to lose the signal of a tagged bat.



Capture surveys

• Mist nets, harp traps
• Species identification
• Demographic info
• Relative abundance
• Small sampling area
• Susceptible to many biases

– Availability of surface water
– Flight abilities of each species
– Weather conditions at time of sampling

Kunz et al. 2007; J. Wild. Man. 71:2449-2486
Arnett et al. 2007; Wild. Soc. Tech. Rev. 07-2

Photo: P. Cryan
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Capture surveys are a straightforward method of learning the specifics of who occurs at a site.  The most effective capture techniques involve the use of mist nets and devices we call harp traps.  Capture surveys are a sure method of species identification, as acoustic methods are often unequivocal.  Captures are currently the only way of assessing the demographics of bats occurring at a site. And if you incorporate simple marking techniques into your capture surveys, you get some idea of relative abundance of bats in the area.  The drawback is that mist nets and harp traps cover small portions of the available airspace, and capture samples are susceptible to many biases.  For example, availability of surface water, flight abilities of each species, and weather can all have a strong influence on capture success.



Population Estimation

• Estimating population sizes
– No current estimates published
– Mark-recapture studies not effective
– Genetic methods most likely (DNA)

• Effective population size (Ne )
• Required molecular markers being developed

• Estimating genetic variation
– Are populations highly structured?

• Eastern red bats appear panmictic*
• Required molecular markers being developed

*Maarten Vonhof, personal communication
Nancy Simmons, personal communication
Russell et al. 2005; Mol. Ecol. 14:2207–2222.
Russell and McCracken 2006; Funct. & Evol. Ecol. Bats

Presenter
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Population estimation.  How many bats of a particular species are there?  This has been a difficult question when it comes to bat populations. There are no current estimates of population size published for the species most affected, like the migratory tree bats.  As you can imagine, counting bats is not easy and traditional methods, such as mark and recapture studies, have fallen short in meeting the requirements of contemporary quantitative techniques for modeling population size.  Currently it seems as though our best chances of assessing populations of migratory tree bats is through genetic techniques. Several researchers are currently trying to estimate population sizes of migratory tree bats, and their immediate goal is to determine effective population size.  This is not the total number of individuals in a population, but rather the number of individuals estimated to be influencing the dynamics of the population, such as population growth through reproduction—this number can then be extrapolated to estimate total population size.  Another way of inferring population information is to estimate genetic variation within a population.  Genetics can be used to investigate whether there is evidence that the population is well mixed or if there are certain areas that bats don’t get out much.  This gives us some idea of whether turbines will affect the population as a whole or only some of its parts.  Preliminary analysis by Dr. Maarten Vonhof at the University of Western Michigan suggests that eastern red bats are one big panmictic population…panmictic means that all individuals are equally likely to mate with each other.  There is work toward doing this for the other tree bats and the necessary molecular markers have been or are under development. [click on photo for more information about monitoring populations of bats]

http://www.fort.usgs.gov/products/Publications/pub_abstract.asp?PubID=21329


Geographic origins of fatalities

• Genetic methods
– If populations structured

• Geochemical markers
– Stable isotopes
– Trace metals

• Results will be coarse in geographic 
resolution, but may help assess impacts

Cryan et al. 2004; J. Mamm. 85:995-1001
Kunz et al. 2007; J. Wild. Man. 71:2449-2486
Arnett et al. 2007; Wild. Soc. Tech. Rev. 07-2

Meehan et al. (2004); Isotopes in Env. & Health Stud. 40:291-300
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Another thing it might be important to know is the geographic origins of bat fatalities.  Where did they originate?  Was it a local resident or a migrant?  There are several ways we might be able to do this.  If there are genetic differences between sub-populations of the affected species, we may be able to use their unique genetic characteristics to track geographic movements.  This will not work if their populations are highly mixed.  Geochemical markers might be useful.  By measuring the ratios of various stable isotopes or trace metals in animal tissues we may be able to relate those values back to geographic patterns of isotope or trace metal distribution.  I am involved in some of this work and I think it holds a lot of promise, but the reality is that the results are always going to be coarse in geographic resolution.  We are never going to be able to draw a small dot on a map and say “this bat came from there”, it is more likely that we will be drawing circles around regions of the continent. [Click on photo for more information about the use of stable isotopes to studying bat migration]

http://www.fort.usgs.gov/BatsWindmills/


Pre-construction monitoring
• Goal: to predict the probability and magnitude of 

bat fatalities
• Determine presence and activities of bats

– Capture surveys
– Acoustic monitoring
– Visual surveys
– RADAR

• Account for spatial and temporal variation
• Correlate pre-construction bat presence and 

activity to post-construction impacts

Kunz et al. 2007; J. Wild. Man. 71:2449-2486
Arnett et al. 2007; Wild. Soc. Tech. Rev. 07-2
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All of the methods that I have been talking about come into play in the realm of pre-construction monitoring at wind sites.  The goal of pre-construction monitoring is to predict the probability and magnitude of bat fatalities at a site before the turbines are built.  The first step is to determine whether or not bats are present at a site, and if they are, which species are there and what they are doing.  The most common techniques used right now seem to be capture surveys and acoustic monitoring, although radar and visual methods are becoming much more common.  It is beyond the scope of this talk to get into the details of how these techniques are being used appropriately, but that information is starting to roll in and, more importantly, be published.  As an example, we are starting to learn that bat detectors deployed high above the ground are detecting very different patterns of activity than detectors monitoring on the ground, and these types of issues will be very important to understand and incorporate into sampling strategies as we move forward.  Whichever technique is used, it is crucial that the methods account for spatial and temporal variation in use of the site by bats.  If you are monitoring in the wrong place at the wrong time, you are not going to be able to predict anything.  The biggest challenge to the concept of pre-construction monitoring is the need to correlate pre-construction bat presence and activity with post-construction impacts.  Thus far, this has not been done, but there are a few studies underway that will start to directly address this question in the coming year.



Post-construction monitoring
• Goal: to determine the number of fatalities
• Detecting fatalities

– Often difficult to find
– Can disappear quickly
– Every site is different

• Estimating fatality rates
– Mathematical estimation models
– Searcher efficiency
– Rate of scavenging
– Search intervals
– Other biases: sporadic fatalities, animals leaving search plot

• Consistency is crucial
– reveal patterns, assess hypotheses of cause, or measure 

effectiveness of risk assessment and mitigation measures

Kunz et al. 2007; J. Wild. Man. 71:2449-2486
Arnett et al. 2007; Wild. Soc. Tech. Rev. 07-2
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We have effective methods for post-construction monitoring.  The immediate goal of post-construction monitoring is to determine the number of fatalities that occurred at a site.  Although this sounds very straightforward, many things can influence these numbers.  To estimate fatality rates you need to first detect fatalities.  Under certain conditions, such as thick vegetation, bats are very hard to find.  Scavengers like small carnivores and crows often abscond with fatalities before you are able to find them, and these conditions can vary not only among different sites, but also among different habitat types within a site or over time at the same site.  Vegetation re-grows and scavengers probably learn that dead bats are an easy source of food.  To deal with these issues, methods of estimating fatality rates have been evolving.  This involves developing the necessary mathematical models, then quantifying searcher efficiency and rate of scavenging among other things.  Other biases that need to be accounted for include the influences of search interval, the occurrence of sporadic fatality events, and animals leaving the search plots before they die. One of the most important challenges facing us now, and a point I would really like to emphasize, is the need for consistency in post-construction surveys for bats.  Without standardized protocols that are based on the best available science, post-construction data are not going to be comparable among or even within sites.  Without comparable data we will not be able to reveal patterns, assess hypotheses of cause, or measure the effectiveness of risk assessment and mitigation measures. 



Mitigation Measures
• Goal: to reduce the number of bats killed
• Operational changes

– Increasing blade “cut-in” speed (e.g., wind speeds > 6m/s)
– Shut down under high-risk conditions or time periods
– Fatalities lower in German and Canadian experiments*

• Deterrents
– Ultrasound blasters to scare bats away

• Under development and testing

• Off-site mitigation?
– Not likely for tree bats

Kunz et al. 2007; J. Wild. Man. 71:2449-2486
Arnett et al. 2007; Wild. Soc. Tech. Rev. 07-2

*R. Brinkmann, personal communication
*R. Barclay and E. Baerwald, personal comm.
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The goal of mitigation is to reduce the number of bats killed by turbines.  Although we are still struggling to come up with causal explanations for why bats are so susceptible to turbines, we are beginning to see evidence that fatalities can be minimized through mitigation.  Simple operational changes to turbines might reduce fatalities considerably.  As I mentioned before, most bat fatalities occur during a short period in late summer and autumn and on nights with low wind speeds.  Programming turbines so that their blades do not begin turning until winds reach a certain threshold speed or even shutting down turbines under low-wind conditions during periods of high risk might be very effective.  Experiments in both Germany and Canada have shown much lower fatality rates for bats when these techniques are used.  There has also been a push to develop and test acoustic deterrents for bats.  These are ultrasound blasters intended to scare bats away from the turbines.  Preliminary tests have indicated bat avoidance behavior around these devices, but they still need to go through efficacy testing and show an effect when deployed on turbines before we know if they will be an effective solution of not.  People often ask me whether any off-site mitigation strategies would apply to this situation.  Can we somehow augment the survival chances of the affected species somewhere else in their life cycle to offset the detrimental impacts of turbines?  I can’t think of anything that might work.  This is going to be a very hard equation to balance.



Behavioral Aspects

• Why are so many bats of certain species 
colliding with wind turbines, but not as 
frequently with other tall structures?

• Why are the patterns we see in collision 
fatalities between bats and birds so 
different?

• What is unique about bats that might help 
answer some of these questions?

Presenter
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The patterns we see with bats and turbines suggest that certain behaviors may be at the root of the problem.  Why are so many bats of certain species colliding with wind turbines, but not as frequently with other tall structures?  Why are the patterns we see in collision fatalities between birds and bats so different?  What is unique about bats that might help answer some of these questions?



From: Barclay et al. 2007; Can. J. Zool. 85:381-387

Bats and Birds

Different causes?

Presenter
Presentation Notes
This is a graph from a paper by Dr. Robert Barclay and his colleagues in Canada that shows turbine tower height in meters on the x-axis and the y-axis shows the number of fatalities reported in the literature for birds and bats per turbine at various sites.  Birds are represented by the open squares and dashed trend line, and bats are represented by the closed circles and solid line.  To me, this figure indicates that aerial vertebrates are not interacting with turbines in the same way.  Fatalities of birds per turbine have shown little variation with turbine height, whereas bat fatalities have increased dramatically as turbines got taller than 60 meters.  These data suggest that either taller turbines reach into the airspace where they are more likely to kill bats, or they have crossed some threshold in size that elicits a risky behavior in the bats themselves.



Common behavior

Hoary bat Eastern red bat

Silver-haired bat

• Rely on trees as roosts
• Latitudinal migrants
• “Migratory tree bats”

Eastern pipistrelle

[copyrighted photos removed]
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One of the most intriguing things about this whole situation is that the bat species that are most affected share common behaviors, which happen to set them apart from most other bats on the continent.  They all rely on trees as roosts for much of the year, they make latitudinal migrations, and were collectively referred to as migratory tree bats long before the turbine problem cropped up. Common behaviors suggest a common vulnerability.



Species Involved in Europe
Sample from Germany; n = ~500

photos: www.fledermausschutz.ch

Data: Brinkmann et al. 2006; www.rp.baden-wuerttemberg.de

Noctule bat

Nathusius’ pipistrelle

Common pipistrelle
Parti-colored bat

Leisler’s bat
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Presentation Notes
Bats are also dying at wind energy sites in Europe, but there fatalities involve entirely different genera of bats.  However, they have very similar survival strategies to those killed by turbines in North America.  This is a representative sample from Germany, where all 5 of the species killed most frequently also exhibit very similar behaviors, which happen to differ from other European bats.



Common behavior

photos: www.fledermausschutz.ch

Noctule bat

Nathusius’ pipistrelle

Common pipistrelle
Parti-colored bat

Leisler’s bat

• Rely on trees as roosts
• Latitudinal migrants in 

some part of range
• “tree bats”
• Males defend mating 

roosts in late 
summer/autumn

Cryan 2008, J. Wild. Man. [in press]
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Like in North America, these species all rely on trees as roosts throughout the year, and they stand out from others in that they show the most evidence of long-distance, latitudinal migration, at least in parts of their ranges.  These are the European tree bats.  Another really interesting trend is that these happen to be the 5 species out of a European bat fauna of around 30, in which males establish and defend transient mating roosts in trees during late summer and autumn.  These similar behavioral patterns seen on two continents may not be coincidental.
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Here is another strong line of evidence that bat collisions with turbines are not random events.  On the x-axis of each of these figures are different wind energy facilities, and on the y-axis is the proportion of bats killed, by demographic group.  The solid blue bars are adult males, the solid red bars are adult females, and the corresponding striped bars are juvenile bats.  As you can see, adult male bats make up a good proportion of the fatalities at most sites.  I think these adult-male-skewed sex ratios are another warning that we are dealing with a behavioral problem.



Hypotheses of Attraction
• Attracted to high wind “corridors”
• Attracted to new clearings/linear features
• Attracted to insects at turbines or clearings
• Attracted to noises or motion of turbine blades
• Attracted to turbines as roost sites
• Attracted to turbines as gathering points
• Attracted to turbines as mating sites

Kunz et al. 2007, Front. Ecol. Env. 5:315-324
Arnett et al. 2008, J. Wild. Man. 72:61-78
Cryan and Brown 2007, Biol. Cons. 139:1-11
Cryan 2008, J. Wild. Man. 72:845-849 
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The patterns we have seen thus far suggest that turbines are not just haphazardly sampling the bat-filled airspace.  If you look at the explanations proposed for explaining the phenomenon, a disturbing number of them involve the possibility that bats are attracted to wind energy facilities.  Here are a few of those hypotheses of attraction.  You can save a lot of energy by migrating with the wind and bats are probably attracted to the same high wind corridors where turbines are most likely to be built.  Bats like foraging and commuting along forest edges and other linear landscape features and its possible that clearing land for turbines creates such edges and attracts them.  Bats may be attracted to insects that concentrate around turbines under certain conditions, or they may be attracted to higher insect densities in clearings made during turbine construction.  Bats may be attracted to noises or motion of the turbine blades, perhaps mistaking them for the sounds and movements of prey or other bats.  They may be attracted to turbines as roost sites.  Echolocation only works out to about 20 or 30 meters and bats rely heavily on vision to move across landscapes.  We know that many bat species like to roost in the biggest and tallest trees they can find, and they may be visually mistaking turbines for tall trees.  Similarly, they may use the tallest trees in a landscape as gathering points during migration and visually mistake turbines for the tallest trees.  Even more ominous is the possibility that migrating bats have behaviors that focus their mating activities around the tallest trees they encounter while migrating and that reproductively active bats are disproportionately drawn in to wind turbines.



If bats are attracted to turbines, 
risk might be difficult to pre- 

assess and turbines will have a 
larger impact on bat populations 

than if bats are not attracted.

Presenter
Presentation Notes
Whatever the cause, if bats are attracted to turbines, risk might be difficult to pre-assess and turbines will have a larger impact on bat populations than if bats are not attracted.



Major Areas of Uncertainty

• How do we stop or minimize fatalities?
– Mitigation methods need rigorous testing/development

• How can we better assess fatality and causes?
– Hindered by lack of standardized, validated methods 

and the short-term nature of most studies
• Can we predict high-risk sites before construction?

– Correlation between pre- and post- monitoring
– Better understanding habits of affected species

Arnett et al. 2007; Wild. Soc. Tech. Rev. 07-2
Kunz et al. 2007, Front. Ecol. Env. 5:315-324
Arnett et al. 2008, J. Wild. Man. 72:61-78
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I would like to finish up by reviewing the major areas of uncertainty we are currently dealing with.  We know there is a problem, so naturally the first question that comes to mind is how do we stop or minimize the fatalities?  At this point all of the mitigation methods, whether we are talking about operational changes or deterrents, need to be rigorously tested and new methods will probably need to be developed.  Another important question is how can we better assess fatality and causes?  Right now, we are hindered by a lack of standardized, well-validated methods for assessing fatality, as well as by the short-term nature of most studies.  We need comparable, long-term data, that captures variation and helps guide our actions.  Can we predict high-risk sites before turbines are built?  This is going to depend on whether or not we find correlation between pre- and post-construction monitoring results.  Currently, we do not know and it may be years before we try all of the different pre-construction monitoring techniques that are on the table.  Another way to predict risk would be to develop a better understanding of the distributions and habits of the affected species, but that too has been, and will continue to be, a difficult job.



Major Areas of Uncertainty

• Are bats attracted to turbines?

• Will the affected species persist?

Arnett et al. 2007; Wild. Soc. Tech. Rev. 07-2
Arnett et al. 2008, J. Wild. Man. 72:61-78
Kunz et al. 2007, Front. Ecol. Env. 5:315-324
Cryan and Brown 2007, Biol. Cons. 139:1-11
Cryan 2008, J. Wild. Man. [in press]
Horn et al. 2008, J. Wild. Man. 72:123-132
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We need to know if bats are attracted to wind turbines.  If they are, then we are dealing with an entirely new conservation situation and if we can understand the attraction, we may be able to do something to make the turbines less attractive to bats.  The final major area of uncertainty is knowing if the affected species can persist.  We simply do not know how many of these animals are out there in the environment.  These are not birds—we do not see them in our yards and forests every day and thus cannot visually gauge their populations.  Based on the available information, I think that contingency plans should include the possibility that we could lose bat species to turbines in the coming decades.  Let me be very clear about what I just said: I am not saying that loss of bat species to wind turbines is highly likely, but it is a possibility, and one we should take proactive measures to try and avoid while the opportunity still exists.



Photo: P. Cryan

Presenter
Presentation Notes
The problem of bat fatalities at turbines was a total surprise even to those of us who spend our lives studying these animals. What is truly remarkable to me is how quickly so many people have begun cooperating to try and solve this problem.  In addition to the many efforts of individual researchers, we have The Bats and Wind Energy Cooperative, the National Wind Coordinating Committee, the Western Bat Working Group, the American Wind Energy Association, the North American Symposium on Bat Research, and now the help of a federal advisory committee.  The challenges the advisory committee and the Fish & Wildlife Service face regarding bats and turbines are daunting, but rest assured that there are a lot of good people out there doing their best to better understand the problem of bat fatalities at wind turbines and try to come up with workable solutions.  While those solutions may not arrive before you have to make your recommendations, I would like you to know that the bat research community is willing and able to help in whatever way we can.
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