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Big Brown Bat
(Eptesicus fuscus)

Eastern Small-footed Bat
(Myotis leibii)
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Little Brown Bat
(Myotis lucifugus)

Indiana Bat
(Myotis sodalis)

Northern Lbng—eared Bat
(Myotis septentrionalis)

Tri-colored bat
(Perimyotis subflavus)

photos © Bat Conservation International



Long-Distance Migratory Bats

Eastern Red Bat
(Lasiurus borealis)

Hoary Bat
(Lasiurus cinereus)

Silver-Haired Bat
(Lasionycteris noctivagans)

photos © Bat Conservation International



Background on Bats
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Bats are hard to study...

Fly, don’t leave any tracks
Active at night

Small

Calls are ultrasonic

Calls are hard to differentiate
Hard to tell species apart in flight

SCARY and ICKY and probably RABID

Roost sites often not obvious

Hibernate in out-of-the-way places

Migratory bats roost singly and never congregate



An estimated 600,000 bats
were killed by commercial

wind power in the U.S. in
2012.

photo © Bat Conservation International Hayes 2013



1) Deterrents — Devices mounted on wind turbines or on
the perimeter of wind facilities to warn bats away from
turbines.

2) Curtailment — Stoppage of rotor motion during certain
weather conditions/times of year when bat activity and
mortality at wind farms is expected to be high.

3) Siting — Location of wind farms away from major bat
flyways and habitat.






flock of “...about a hundred which
caught up with and settled on Mr.
Cheeseman’s ship...”

-Thomas 1921
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Strategies to Reduce Mortality

1) Deterrents — Is there a device that could function in an
offshore environment?

2) Curtailment — When, and under what weather
conditions, are bats moving offshore?

3) Siting — Where are bats moving offshore? How far out?



Strategies to Reduce Mortality

1) Deterrents — Is there a device that could function to
deter bats in an offshore environment?

Arnett et al. 2013 Nicholls & Racey 2009



RADAR

" . , - peak power up to 25 kW
~ .
' : - 17x17 horn antenna, pencil beam dish

TEStIng Rada as a DEterrent - modified Raytheon MK-2 marine radar
- pulse width .3 us,
" : antenna

o I - frequency of 9.41 GHz
bof \ . ! -‘:;"
- pulse repetition frequency of 1 kHz
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EXPERIMENTAL DETAILS
- fly-way to roost site for Mexican free-tailed bats

in Austin, TX
- 15 minutes with radar off, followed by 15

minutes with radar on, repeated
- 4 nights of testing. 16 hours total
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Microwave Auditory Phenomenon?
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Obrist & Wenstrup 1998

In a head the size of a
bat’s, predicted
fundamental frequencies
would fall within the
range of 88.5-117 kHz,
assuming an
unconstrained surface,
and 126.5-166.5 kHz,
assuming a constrained
surface. The true values
are expected to fall
between these ranges
(based on Lin 1977).



Other Mechanisms?

Thermal heating
Hotspots

Magnetic effects




Strategies to Reduce Mortality

2) Curtailment — When, and under what weather conditions, are bats
moving offshore?




Strategies to Reduce Mortality

2) Curtailment — When, and under what weather
conditions, are bats moving offshore?

3) Siting — Where are bats moving offshore? How far out?



ward I=land Cape Breton
Island

aDrummandville

uin Ottawa - Munﬂtreal Sherbrooke

[ Park i % !

Saint-Jean-sur-Richelieu

MAINE
VIERMONT:
NEW

F‘ﬂrt@ (@
HAMESH

NEW| YORK o e OMAgLEer
=}

Mashuac

MASSACHUSET-TS

Sprhglely F‘lmrldence

Scranton CONNECTICUT %‘-"“H@
(]

MNew Ha\ren

ISYLVANTA _ajientown  NEWYork
o

Map | Satellite

-

Halriﬂshurg 3
. Philadelphia aese
Lancaster -+ fv b
MARYLANDZNEW JERSEY iaus s0n
aColumbia - T
hington®™™ pE| AWARE assseane se s«
Gasesases s
+4+++ S 4
1SS0 08088 B
e EaE Gt
ases o
H:cthnnd -+ lagas ane

i [l
e — — —

! {
'
| ded L
. - b 4
—#— “ '4-~.—{~<.--¢.~,- -
- S | A<’\‘.".y
>4+ 4+ +
* 4 4+
H»t'of-i»+-;»»
—— P s
ot S e
4 l—‘-l—o- +++

.



La Pocatiere Edmundston

r.’;\] pichey Grand Falls
.|
+ Quebec
Presque Isle
D¢
St-Georges Baxter Houlton
e > Baxter
,:1‘”{‘ = F
rars e |
o
Millinocket
Lac-Megantic
ke
5 St Stephen
Stratton Dover-Foxcroft P
Skowhegan . Bangor
Machias
Rumford Ellsworth
Waterville Belfast
~
ol V‘.
Auburn Rockland. M1/l R :
- o Acadia
~Brunswick National
Park
Portland

Biddeford _

ncord Dover

* Portsmouth

Vanchester







e.-/9/12

’A dla 9/5.

1
:

@
Data SIO, NOAA, U S Navy. NGA, GEBCO




. .

;Blue Hill - 9/27

JAcadia - /26 )

Great Duck Island - 9/27 ‘

Image Landsat
Data S1I0, NOAA U'S Navy. NGA, GEBCO
© 2014 Google







MANY THANKS to Paul Sievert, Betsy Dumont, Jen Smetzer, Pam Loring, Sheila
Werth, Anne Stengle, Michael Smotherman, Steve Pelletier, Trevor Peterson, Dave
Yates, Carl Anderson, John Brzustowski, and Bruce Connery.

This work is partially supported by the NSF-sponsored IGERT: Offshore Wind
Energy Engineering, Environmental Science , and Policy (Grant Number 1068864).
Also, many thanks to the National Park Service, US Fish & Wildlife Service, Stantec
Consulting and Northeast Regional Migration Monitoring Network.



Arnett E,C Hein, M Schirmacher, M Huso and M Szewczak. 2013. Evaluating the
effectiveness of an ultrasonic acoustic deterrent for reducting bat fatalities at wind
turbines. PLoS ONE 8(6): e65794.

Baerwald, E, J Edworthy, M Holder and R Barclay. 2009. A large-scale mitigation
experiment to reduce bat fatalities at wind energy facilities. Journal of Wildlife
Management 73(7): 1077-1081.

Hayes, M. 2013. Bats killed in large numbers at United States wind energy facilities.
Bioscience 63(12): 975-979.

Lin, J. 1977. On microwave-induced hearing sensation. Transactions on Microwave
Theory and Techniques 25:7.

Nicholls B, and P Racey. 2009. The aversive effect of electromagnetic radiation on
foraging bats: A possible means of discouraging bats from approaching wind
turbines. PLoS ONE 4(7): e6246.

Obrist, M and J Wenstrup. 1998. Hearing and hunting in red bats (Lasiurus borealis,
Vespertilionidae): Audiogram and ear properties. Journal of Experimental Biology
201 (Pt 1): 143-54.

Omland, K, S.K. Pelletier, K.S. Watrous, T.S. Peterson. 2013. Information Synthesis on the
Potential for Bat Interactions with Offshore Wind Facilities — report of statistical
comparisons. Prepared on behalf of U.S. Department of the Interior, Bureau of
Ocean Energy Management. Stantec Consulting Services, Inc. Topsham, ME. 32 pp.

Thomas, O. 1921. Bats on migration. Journal of Mammalogy 2:167



