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ite-nose syndrome (WNS) and
the increased development of
wind-power facilities are threaten-
ing populations of insectivorous bats in North
America. Bats are voracious predators ofnoc-
turnal insects, including many crop and forest
pests. We present here analyses suggesting
that loss of bats in North America could lead
to agricultural losses estimated at more than
$3.7 billion/year. Urgent efforts are needed to
educate the public and policy-makers about
the ecological and economic importance of
insectivorous bats and to provide practical
conservation solutions.

Infectious Disease and Wind Turbines
[nsectivorous bats suppress populations of
nocturnal insects (/, 2), but bats in North
America are under severe pressure from
two major new threats. WNS is an emerg-
ing infectious disease affecting populations
of hibernating cave-dwelling bats through-
out eastern North America (3). WNS is likely
caused by a newly discovered fungus (Geomy-
ces destructans). This fungus infects
the skin of bats while they hibernate
and is thought to trigger fatal altera-
tions in behavior and/or physiology
(e.g., premature depletion of energy
reserves) (3, 4). Since February 2006,
when WNS was first observed on bats
in upstate New York, G. destructans
has spread west of the Appalachian
Mountains and into Canada. To date,
over one million bats have probably
died, and winter colony declines in
the most affected region exceed 70%
(3). Populations of at least one spe-
cies (little brown bat, Myotis lucifu-
gus) have declined so precipitously
that regional extirpation and extinc-
tion are expected ().
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At the same time, bats of several migra-
tory tree-dwelling species are being killed
in unprecedented numbers at wind turbines
across the continent (6, 7). Why these spe-
cies are particularly susceptible to wind tur-
bines remains a mystery, and several types
of attraction have been hypothesized (6).
There are no continental-scale monitor-
ing programs for assessing wildlife fatali-
ties at wind turbines, so the number of bats
killed across the entire United States is dif-
ficult to assess. However, by 2020 an esti-
mated 33,000 to 111,000 bats will be killed
annually by wind turbines in the Mid-Atlan-
tic Highlands alone (7). Obviously, mor-
tality from these two factors is substantial
and will likely have long-term cumulative
impacts on both aquatic and terrestrial eco-
systems (5, 7). Because of these combined
threats, sudden and simultaneous population
declines are being witnessed in assemblages
of temperate-zone insectivorous bats on a
scale rivaled by few recorded events affect-
ing mamimals.

Insectivorous bat populations, adversely
impacted by white-nose syndrome and wind
turbines, may be worth billions of dollars
to North American agriculture.

Economic Impact

Although much of the public and some
policy-makers may view the precipitous
decline of bats in North America as only
of academic interest, the economic conse-
quences of losing so many bats could be
substantial. For example, a single colony
of 150 big brown bats (Eptesicus fuscus)
in Indiana has been estimated to eat nearly
1.3 million pest insects each year, possibly
contributing to the disruption of popula-
tion cycles of agricultural pests (8). Other
estimates suggest that a single little brown
bat can consume 4 to 8 g of insects each
night during the active season (9, /0), and
when extrapolated to the one million bats
estimated to have died from WNS, between
660 and 1320 metric tons of insects are no
longer being consumed each year in WNS-
affected areas (/7).

Estimating the economic importance of
bats in agricultural systems is challenging,
but published estimates of the value of pest
suppression services provided by bats ranges
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The worth of insectivorous bats. Estimated annual value of insectivorous bats in the agricultural industry at the

evel. Values (x$1000 per county) assume bats have an avoided-cost value of ~$74/acre of cropland (12).
zoology.up.ac.za (See SOM for details.)

Published by AAAS

1 APRIL 2011

41

.org on March 31, 2011

.sciencemag

Downloaded from www



1102 ‘L€ yotel uo Bio Beweousios' mmm Wolj papeojumod

B10"Bewadusios Mmm

99€ETOTT 32U3DS/9ZTT 0T

1IATY/SZ09/2 EE/MNIAURIU0/62/610 HRWIBIUBLIS MMM
1eusjey aurjug buiioddng

€0T00T/068T 0T
*(0T02) '9T Uo4iAug 03 U0l |0 JANBUIY 3 "SZ
*(6002) £LOT ‘€L "abouoy Ipm [
‘Reppieg "y "W "y JSPIOH "W ‘Ayriomp3 °[ ‘Plemizeg 373 “¥C
“(1102)
68T 'ST "Joig nasuo) ‘uBPRINW 3 'O ‘WejeH 'O L €T
*(TTOQ) €22 'ST 'j0ig Aasuo)
‘PIRASO °S "y ‘ueA1) d ‘ajIsed N ‘poyud “a Aetod [ “zT
*[AWOIPUASISOUSILYM
/AOBSMMMM ‘DILAIDS BJIPILM PUB YSId °S'N T2
*(0T02) T92 ‘2T 3douy) oy “jo 12 113pRY °[ "02
"(8002) L9 'vZ 1023 “doj [ "o ja usbuniung 'S 6T
*(6002) §8 ‘52 1027 “doir [ 'ha%ey "V 'd
“yupus *y ‘uisbuoy) °| ‘efesoedus -3 ‘usbuniung 'S 8T
+/610"qaM@aay Mmum
‘AjIsJaALpOLg pue SWa)sAs0d3 4O SHIwouod3 3yl LT
*(986T '0D ‘uapjoo ‘A6Jau3 jo
uawiedag “§'n ‘aInisu| YJeasay ABIaug 1ejos) sanis
pajiun ay) fo sopy 32inosay A6Jau3z puip ‘Aysnpues 4 "M
‘91004 4 "H ‘12Y2seg "y "M ‘Aepejlon "9 ) o3 1°0 9T
*(8002) 928 'S8T ‘1ddy 033 “)0 32 0OU3p34 d ST
“TTI-68 dd
(6002 'SPUBLAYIAN ‘UIINOH "elpIW 19buLIds)
'sp3 ‘uemey( ") Y PUB UlYsaq 'Y ‘ss320.d Juawdojanaq
-uoypAOUU JUIWSBDUDYY 1534 paipsbajul ul BjUaUId "a YT
"(600Z 2@ ‘uoibutysem ‘vasn ‘15-v-L0-DV)
521135 DAy 21ydp16039 T "\OA ‘DI 210IS pUD Aowwng
saJ0}§ paju 2y nouby fo snsua) £00Z '¥aASN €T
*(9002) 8EZ " U0AIAUF 037 Ju0 “|D J2 pUBlRAI) (D ZT
< *(0T02)
26 '8 U0aIAUF |03 Ju0I4 ‘SUIM ¥ "N D ‘saikod D [ "TT
*(686T) ¥08 29
1007 "JoisAyd ‘zuny H "L ‘ABeN v ") ‘1128 d 'O "Bun) ¥ 0T
“(LL6T) SLL '8S AB0joo3 ‘zuny 'Y °L ‘Auoyiuy 413 6
“(S66T) 9VE “WET JON TPy twy "I 13euym o [ "8
*(L002) STE 'S vosiAug 033 Juos{ "o jazuny ‘H'L L
(6002) OEET ‘06 Towwoyy [ ‘Aeppreg "y "Wy ‘UeAD "W 9
*(0T02) 6L9 '62€ u3LS )03 PU4 4 "M °S
"(0TOT) SET '8 "Jotg dowd
‘Yayalg °s @ ‘saikog o *[ ke N D ‘UeAD W d Y
*(6002) LTZ '€2E€ 2UabS "D 33 WY1 'S A "€
'(8002) 0L ‘0Z€
JIUIIDS JB3UIBPUEA ‘[ ‘0193134 *| ‘UBNIND-SWenM N 2
*(8002) TL
‘0Z€ UaLS ‘1Y AN "3 YNWS Y Y 'BXIeY ‘e W T
ECRIESETEN|

*S)STIUSLOS PUE ‘SISMETT
-Korjod *orjqnd oy Suotue syeq SNOIOAT}OLSUL
JO SjyaURq oY) JO SSoUSIRME PraIdsSpIM pue
pasealoul Aq JoUUBW 2AJUBISANS B UL Pajeny
2q Ajuo [im suopnjos Suik[dde pue ‘Sunen
-upjsqns ‘SUIAJIIUSPI INq ‘SIBOA MIJ IXaU oY}
ur sjqrssod a1e sanI1oe) AZIoUs-pulm WO A3
-[e110W 3Yj 20Npal pue SNAA JO syorduir uoy
-gndod ay) 2onpal [[14 JBY} SUON[OS “UOT
-urdo INO UuJ "$9IWOU0Id [BUOLEUISIUL PUE
JeUOLIEU (30q JO 1S2191UL 1§99 S} UI PUE SUIS)
-$A5099 0 A3118eyur 9T} 107 JUBIIOAMII ST UOLJEA
-ISSUO0D II3(} PUE “BOLISUWIY (JION UI S[eWIUE
pareonsawopuou “uelroduul AJ[Ed1IOU09
10K ‘paYOO[I2A0 JSOUL 31} SUOWE SIe sjeg
's1eq Aq pap1aoid se91ATas WaISAS
-023 3y} 1NoQe s1ayew-Aorod pue orqnd
Suneanps 10J SPOYISW SANIILS IO SN pUL
do[aAap 0} $}101J8 Pa}190U0D SEW OS[e P[NOTS
$ISULIOS SE 9p) eoueliodwl [0150[009 pue
JIWOU022 119} TUISSISS. B PUE S)RIY} MIU JO

Syvv Aq paysijqnd
IDONIIDS <EE TOA

90®} 9Y} UL S}eq I0J SUOLN[OS UOHBAISSTOD [BD
-roexd Surpraoxd je paunre AJ[njeIed yoIeasal
JIJIIUSLOS WO J1JOUaq [[L1A SeNSSI 253y} UO
uonoe oy10adg “(§z ‘#7) SOUI[EIR] SPONpPaI
Apueotjiusis syeq 10y sporad YsL-Y31y Sur
-mp suoperado surqin) purs SulIs)[e JEY)
SMOYs 0SB yoIeasal MaN ‘(£7) 10702 103
suorido 9[qelA SB PISSIUSIP PUB PISSTNOSIP
A[op1m Usaq 9ABY SYBq PIJ0SJUL JO SUI[[NO SE
yons ‘sayoroidde 1eyiQ (¢ ‘7 ) voIssrusuel
pue juowdo[aASp 95BaSIP 0} AIONPUOD SSI[
9I% JBY} BMORUIS]TY PIYTPOW JO [eIofIIe JO
U01BAI0 ST YONS ‘UOIEOIPOLU B1qeY YSnoy
0oUR]SISal 9SEOSIP Sursesioul pue sngung
373 JO [OLUOD [BOTWSYD 10 [2J130701q IO [en)
-usjod o3 SunESISIAUL [SWSIUBYIAW SSBISIP
Suruyep USUILOIIAUS Y} Ul LONNqLISIP [e5
-uny pue SUOIOYUL 95.IS-A[IES 30939p 0} SO
-souSerp pasoiduw Surdojaasp spn[our SNM
70 S)09fJe oY} SUNRIONSWE PUE SUIPUEISIOPUN
105 suonnjos sagoeoxd 1eyQ (77) (s1000301d
UOIJBUIWIEUOISP [ESUTY PUE SIINSO[O U
pue 20 “§-9) peaids orneSodompire Suprwi]
premo} Aqrrewrid pajoallp Ueaq 2ABY SN
JO peaids oy} JOLIISSI 0] SUONOE JUSISTEUEW
‘a1ep o ‘suonerndod jeq Uo SIUIQIN PUIM 10
SN Jo syoedurr oty uronpal A[[enueisqns
10 spoyeut a]qeorjdde A[[eeusd J0 pajepl[es
Aorenbape ou axe aat)) ApUaLmy) “[[€ Je JI ‘SaLL
-MJU20 USAS IO SSPLOP 10J AJSI[UN ST AISA001
worjendod ey} UBSW——S3]LI SALONPOIdSI M0]
puE satn uopeleuss Suo| 4q PozLISIORIEYD
—S[PWIUEW [BUMIO0U ‘UIK[ 93T} JO S2LI0)
-SIY Sf1[ 9y} 9sneo2q uondo ue Jou SI suone[m
-dod jeq jo sauioep pes1dsapim JO SnssI oY) 0}
yoroidde sas-pue-jrem © 18y 15935nS oM
“WAMOSUN ST PJIoM 373 Jo syred
10710 03 peaxds 03 SN 10§ [enusjod sy pue
“(0z) adong ur senifere] 1eq SuIsnes os[e oIe
SOUIQIN} PUIA “BOLISUTY [IION 03 Jussaid je
pauLuoo 9q 03 readde SNA\ YIM PJeIOOsse
$12q JO AJI[eiIOUT SSBUI JO S10BdUll OTUIOU0d
oy y3nouyy (67 ‘gr) sdo1o 3y s[qenyea Jo
vorreurfjod oy ur syeq Sunisia-jueld jo aoue}
-1odwir oy} smoys sura}sAsoods [eordox ut
yoiesser Surresuord ‘sjduwiexa 10 “BOLISWY
[JION] O} POIIUI] 10U 2T€ SAIWOU0IS UEWNY 0}
S)yauaq Y} PUE ‘OPLAPLIOM SIIAISS WISAS
-099 [enueisqns apraoid sjeq "siaew-Aorjod
pue orjqud [e12usS Y} Y4 (30 S)EUOSaI
[ ansst s1y} SurssaIppe jo soueiLodulr sy
PUE S2)BWI}SS INO JO A[BOS 3y 1Ry} 2doy am
‘reo8 sty yim Surdesy ug *(£ ) orjqnd oy pue
s1oyew-Korjod 01 A11SI9AIPOLG JO SM[EA S}
9]BI}SUOLUSP 0} ST SUIURIZOIJ JUSWUOIIAUT
SUONEN PaYIU[) oU} JO 803 PajeIs A[3usdal
forod

‘SIBaA € 0] $ JXOU U UI INJ[NOLISE UBJLISWY
1I0N] O} S3SSO[ JTWOU00S S[qRIVLIOU 303dXs
UBO oM PoIJRQEUN SSMUNUOD SIUIQIN} PUIM

LLOZ 114V L

PUB SN\ [3IM PIIBIOOSSE S1BQ JO AjI[RiIOUW
Ju sy, "(97) peroadxs aq UBd UOLSAT STy} Ul
Sa11[IR] JBQ POJEIOOSSE PUB SSNII0B] ATI9UQ
purm jo juowido[oAsp paseaIoul ‘edlIdWY
[ION Ul Ajroedeo purm 210YSUO 1SSUSIY AU}
sey uorgal sty asneoaq A[Jeuonippy "(3msy
o1} 995) [eHULISQNS 218 SIMINOLISE 0} Sjeq
JO onJeA a1} JO SIJBUWINSS 9U} 21U ‘SUTE[J
JB9I0) PUE JSSMPIA Y} U Pa101ap AJjuedal
sem SNM YNM pojeroosse snduny ayj jo
25U9PIAS ToASMOY] “(JNOS) (emSY a1 995)
$OJBIS PoIIU[) Y} JO YONW O} SALIR[AI [[BLUS
Kaaneredwods oq Aeul 1SBAYLION "S' 2!
Ul Syeq JO 9njeA [eIn}noude ot ‘uononpoid
doxo ur $30URISIP [BUOISAI JO asnedeyq 9[qe
-90[30U 9TU0J9q [[IM ISBISIP SIY] JO §}09)J2
9SI9APE Y1 YOoIym Ul ISIY Syl 9q ABW UOSEIS
Surmoid Furwoo oy ‘sny ] ‘(¢) s1eak i Ise9]
ye 10§ paisisiad ey 9SeasIp SLY} SIaYM ‘SjelS
PaIIU() WLISISBAYIION SY) UL S1Bq SURUISQIY JO
SOUI[03p SAISSBUI pUB pIdel pasned sey SN
‘UI90U09 WIS}-SU0] “OruoIyd 210w B 950d 0}
readde juetdo[aasp AS1ous puim Jo syorduu
‘Aprdex A[oATjE[2] Pa1Inodo aAry stonemndod
18q UO SN JO sioedwr 9s19Ape 4Snoyy
"A1)$210§ pUE I1M3[NoLISe JO Sol
-IOU093 S} 20USNYIUL 0} [e[Uaj0d STOULIOUS
aABY syeq MOy Moys A[1ea[d Aoy Pparsjienb
10 POA[BY SIE SJBUINSS INO JI USAY “Subyog|
aIe 15010 UI syeq £q papiaold s307AISS [01)
-u09-152d U0 BJEP OIWUOUO0ID 9SNEISq SWA)SAS
-009 1$210] Ul sjossur ssaxddns jeyl sjeq Jo 1ys
-Uaq 9y} SPN[OUL JOU OP SIN[BA PIJRWILSS INO
mngq “(z °7) syoesur 35910 Jo uorssaxddns umop
-doj 119%s ued syeq 10A0210JA "(¢7) sdo1d pay
-1powt Aj[eoneusd pue sepronsad o1 s30asuI JO
Q0UR}SISaI PAA[OAR J0F [enjuajod ot Suronpar
se yons ‘uonepaid Jo $1991J9 AIBpU0O3s 13(30
10 “(#]) renyurISqNS 2q UBD YOIyM ‘StSISAS099
uo sopronsad jo syoedwr  WBaISUMOP,, 9}
opujour jou op A1) ‘eAsmoH “(z7) s1eq Aq
pawnsuod s309sut o) ssa1ddns 03 pepasu jou
a1eyer suoneorjdde aprorysad Jo 51500 paonpar
9} SPN[OUI SSJBWNSS IS, “TBA/UOL[[Iq £5F
se ySIy Se pue Jeak/uol[[iq L €$ SB MO[ S8 3q
Kew syeq Jo anyea oy ‘(z7) e8ue1a[qeqord sy
JO SOWeINXS S} J& SONJEA SWMSSE 9 J] Teak
JUoriq 6'7z$ A1ysnox sy Ansnpur [eInjno
-11Se 2y} 03 SyBq JO ANJEA 9T} AJRWINSI oM ‘(£7)
£00¢ UL S9)LIS PSIIU[) [BJUSUNUOD 3} SSOI0L
puedo1o pajseAIeEy JO $3108 JO IaquUnu 3y
pUE ‘SEX3], Ul Wa)SAS009013. PIJBUILIOP-UO]
-100 9} WO} PAUIB}qO SIN[BA FUIUNSSY
‘[NOS) rewerew sutjuo Juntoddns ass]
Ansnpur [exynolISe a1 1S00 P[Nod sjeq Jo
souereaddesIp a1} Yonw MOY JO JUAUSSISSE
1SIJ B SB S)BIS PINIU() SI1IUS Y[} 01 SIEW
-13s 2591} 9jejodenxa am 9IdL] (7 ]) SexaL
[exueo-3nos ur odeospue| [eIN)[NOLISE pajeur
-TUOP-U03}00 B UI (9I0B/{/$ JO OLIEU0S A[dI]
1SOW B UIIM) QI0B/¢/[$ 01 Z1$ INOQe WOy

NNJOHADITOd &



