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A COMPARISON OF ACOUSTIC VERSUS CAPIURE TBCHNIQUBS 
FOR TIIB INVENTORY OF BATS 

M:law!l. J. 09FMULL AM> WII.UAM L GANNON 

o•Fll17dl lJiolop:al ~ 2912 N. Jona.,,._,.,,_ ua Veps. NV 8910B (MO•FJ 
Mw of Soadlwatena llioloa, Vawarily a/ lkw llaico. Al6Nt•19aw. NM 81131 (WLGJ 

1b erl ; die e:llic&y of die Allllllat D alilwaaic due c:t■■ -and m1Jsia SJS1em far use• 
a 1IDGl far c-_.. •;• •~••-. W l""M◄....-,d nalla of acW1-k w:nacaplUi..- k I ·pr.a 
iD ta w6w ■ Ulliled Slales. We sampled 'rl loclllicms 11Sing se•nPI IDdbods (mist 
nets aad ~ Imp traps} and eiJDPJt•-..J.y with • allruoaic detccta■ (Aaabat 
Il) • .Anoming 1Dlal WPllbcr of are irs obcai■MNI by -bodl mclhods cqaeled a conqletc in
tealOI), captmes KCCAH*d far 63.5'1, md amastic sampling 86."1 of tbe comhiwcl spe
cies paem.. Acoustic sampling was capable of sampling hats dual ruatinely flew outside 
the sampling capal-nties al DelS and ..,._ We ·follad _, 11111istical difl'eaeace bdwrm 
Ciijlbile ad llaJll8tk umping wida n:apect ID ..,, ies dllll me low-i + aity erlaolorMian 
Acoustic .... ,.;. - hat UMld+a■Miies ill • poweafal IDOi bat should be ase4 ~ various 
capblie te-!■;..,.. to· ptd'&lil die IIMJll wwwate immtmy . 

. Key wmds: . • ·bats. licaastic manitming. ~ b:dmique compmison.~ 
methods, , ilnmtmy, ecbolocatioa 

. . 

Mada of GIii' bowledge_ - _Ille 1liology . 
of bals, ~ fmiii RIOll.sites..hes been ob-
laiwl frma ..;,;,,;..., tµep91iial . in ... ad 
1DlpS. Oftea, -ea;L efi.Jlt of p: = r ■ ce - af a 
lpN ies of bat -- pi+-~-by tat,cuae. 
IOOll5, waler .............. fwiciug ·fty- -
ways (ltlmz ... Kllda, -.J918);:bill ...-e ~ 

· c:eady, .bialogills bnc .-t,~:--"M••C m 
a bal1cetal -calls~ (Bell. .:::1980; · Cmne md . a., -. 1911;·Fe1121a,1ft2;·1ta11m, 19'5; 
o-Pam:11, 19'7).. &»wwi:i. aat' al(fipeciea 
ad not an iiilli~~-of a _ -~ies me 
eqaally ilaeiAible -~ _cidlcr ~ ;-~ --delec
.... piaw,ily ·-- -~ ID ~ -cll8e of ..-=e ... varm.- ial eity Clf YO!ie1ii4i-ans 
.,......,,,_;;,g · 1bco.■ipl ddlce,ehg 
...... • .. aawity at. site ca wry dra
nwliceDy ~ I nigbt to 111e· amt (llayes. 
1997). wl a giftll .loi:alMJII -JDay IIOl he 
.... rmy lligbt by * --- •i ncblaF 
of species llowcvea. eact, lrchniqae bes in-
....._ polr'l!8i•Jly NWiew biaaa (ICmizad
~ 1918; 11lomes ad La~: 1988).· 
Under all but 1be most restndffe _ coadi- . 
lions. ... w1 1D1J1S ....,1e - eaeaeli 
small ma n:laliYe to that med by fme-fly-

iDg bals. Alm bats. padiculady. those ac
ti~ foraging. appear to ~ and awid 
such devices. Such devices actDally sample 
a small popodion of_ the cbiiop1t:ra1& fauna. 

-and some species are missed c:ompldely be
cause dim DOIJDlll fligllt activities are out
side 1be sampling nnge ·ot die c:iqoipmmt. 

· Acoaslic detrctms permit' sampling - larger 
area than tnps or: nets bat may not sample 
adequately species that use low-intensity 
wcalmdiom. 

1-bwwwts ·St:&Sili• to ~es of 
IM)gtdg _ -=d hy echolocating bats (bat de
tecton) allow iavestipbWS to bear or vi
seeJim these ~ttasolllc caUs (Featoa,, 
1988). Many species of bats podace echo
loadioa ·_calls lbat appear · dis•i•--tift (Sim
- et al, 1979). Some iaseclivomas bats. 
ill ·die ■ LIMB Unital S1aties ·hue been 
cbam: k-lized by 1be fn:qumcy-time SbUc

llile al .. searda ~ frediq calls. pm
Yidiag a basis for iecogmtioa of species for 
~ying individuals (Bell. 1980; Fenton 
and Bell,, 1979. 1981; O'Fenell. 19'J7). A 
similar attempt pnmded ·an 8COIJSlic guide 
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to the identification « balls of Buaope (Ah
lm. 1990). 

Intuitively, assuming tbe capability to 

identify species by call. ~ rn+•dl■• itt& 
generally should yield a IIIDl'C OM•ij~ ia
vmtm)' of bat species drm CiipbiieS alone. 
In Europe, ul1ruonic detecluis ~~to 
esaNish pl'! ! DCC 1111d in same CWS idm
tificatiml al apecies, bal ao eflart w ~ 
towdfy~dlilcd ·•wti.asallfc ies 
by capbde (Kapteya. 1991). Only aae pre-
u.s lllldy ,.,. •••• ed -- - .... alba
smdc ;LI !I! ctc,n far M • M i-g a:livity of 
bats (ltlmZ w1 Bmck. 1975). nae acoustic; 
sysaanlhllt111Dylllledwiar11-,t1eofdia
oi111i•icc lpft ire Im jiiowided mla Oil 

pn:mlCC of bals. They CODCIDdal dwt _.. 
and the ullnaaaic .... yielded --
iaults with 1apect to a8wity. A recent 
■ # N■■perisnn of Imp traps wl ac:oustic rm-
piing (Mills et al., 19%) mncluded 1hllt cer
tain species not smccptiblc to lnppiDg were 
dctec1ed .-:.oustica11y but that IIOt aD species 

· wae idm!iflablc .. 
Oar patparae W 1D AME4We 1p01 ies 

ricbness of bats obc•i•,ed bJ capllaea ftnUS 

JDODitoring of «hi ...... calla. We pie-

dieted that me species would be doca
mcotecl using acoustic rather ..... capbiie 
mdhods. We fadbtc predicll,d that bats. 118-

ing bigb-mtmsity ca1Js woaJd be me rm
spicuom to bat detecbas. vilaeas 1bose us
ing low-intalsity calls woald be det ected 
more coa,avmJy by capbile. 

We med bo1b acc,-dc ............ ___ -c 
(lllist _.. wl ... .... ) ID llll'w:J 57 la -►-
ill Arizlma. Califamia,. Newada. New Mrsicn. 
ad ~ (09Pamtll et al. 1999). iDcaapcaam.g 
dacD11Fafelcwlllicw_.ennri, 11w·e 
.tep1 1 •seiweafllle ..... Saa&linl::swaeea
---' ,-,Jtiple tim an diltiall:I __... a1 
sa+npting Bcceme ,-i c Mi Hif ,- t 1 
tempanDy (Haya. 19'7). eadl lli&fll of -
piing WMS Cll ■ F·· al - ... , hlf ew:al. 
Sita •114M IWllliple -imes wae ~ ia dif
faent rasms or years. 

Acousdc sampling was peaf'Ulmed using an 
Anabal II bat dm:ctor' (Titley Elc:droaics. Bal-

Jina. New Saada Wala.. AusUalia). lillb:d to ci
lha' • IBM-campdible laptop compma- • a 
c:alllCltlClt Rl0Dider (Cl'll-76. n.dy Caq,anlioa. 
Pall Wada. TX). Tats. tmllgbs. w-=awa,s. ad.,...,. wen: sai 4M ..... milt IICIS ma 

•· ieeofmiat_..lllldrdal 6wlllllp 
1lllpl (Allldlat Rae uda Equip-•• Lower 
Plmly. Viclalia,. APICDJia). TJpewl.,...aily of 
~ tlmccs wae itsl•- ed din:ctly by _ 
tlleplay • el !we ►·,.- s'J6adlb:eeioe Up 
ID 10 _.. (>2IO rr af collrni. -■dace) ad two..., .. (9 _, of mDecdng tllllface) ~ .,.Pjwll c.a--, ... _,_,; , ... wen: 
...... led - • •dJ. wily ..ail mid
lli&)ll ad ia mae caes all llipl. 

A...., .. we .... ID be C • o-•• 
weilt iic .1'f Ille Iese •• was_.....,_ pm
..._ csprrieDJ iD -- of ialallle IIClmly of 

· ... wllaa wr; laad ID 11:1111--. Neeilt iwg 1k 
ICleal of Ille C -t I WIIS impwW all ollecn
ilag ... D I rting t·at ■,,a:lit;,- &CJ ICI al calls 
(O•FaacD et al. 199.J). G: .a,. Ille 1h11: Ii■ 

.... placed • a CCllllnl Ill clD.W WIim. -ue4M◄ 
• ei8 ■Hi was_. pamhk., die Ir • ■ was 
.-CJtitiCAI • a 4s- angle .... . ct WWW time al
...... Ille rm af lllc, c • ..... .Wt! 
-~MaJ ea..a......-amawac ....... 

We kl · "ie,d ape■:iat a -•·c-ay Illy......,.._ 
.. calls willa - CCU i:zaaew& lilary of 'WO

C:Wii4" es TIie n6:amce Ji1nrJ c◄ .__,. -i:aDs 
ofbawr sprries akei-d by. ftlicty af w:dt
odl (09Pmdl ct al.. 1999). ie h'-■a 'lilaal RC

..-· • 1'J If atdigl•iec • fia.. 8ying blll. cap
lllle of a -.:aizillg iadividtiaL 1c:ua&c • 
--.oflauwwsprrirs.wlla:ad-l: I c ofill
ctiwidala wida ar witlwat ct,e,ww--+eHi cellt 
lap. We r1 • II • calls +i4 • :f dariDg 

«- •· 1 ad .... ca1y· dlGle Kj 'Cl 1bat 
Oill4 ·w,dafffq C cyaageaddt&laaldla-
► h◄i- s ..,.,_ ID be ...,1«-1'" a a sprrirs 
(o-Faaell Cl al.. 1999). If dime wat: cloabt OI' 

~willlodla'sprrirs • ..._ aecpee,a were ......... 
Far- awal las o ._ sprrirs we illilially 

--tdaea:e ~ oM•ine4 fmm adla' --■recs.. 
Calli fnlBl Ean,p: JlffOIU wae _.. . II Ina 
illdiwth I CUlillg ad fwagiag --·• IUOlt ia 
Califamia (C. Corbell. pas. ama.). Calls of 

. .&.loaa ...,,,,,,,_, wen: uk■iwd firm a Jo. 
calitJ ~ • laze pnp,Jelicwa of lbe species is 
bDwa ID oc:car ~ 1975). We teconlcd 
calls from im>8yiag individaals that cmittcd 
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locality. die tallll - .. of spcciea ddect
cd by bolh ....... aepeaentrd • OINLlf 1ctc 
iD~eutmy. Bwd Oil dllll £21 ,,.,,.... cap-
tales aa»+- ♦ II Im 63.51' wt acoustic 
sampling 86.9'6 of 1be coinhined spries 
PfJe• n: 

A petallei HMIN!N% of lpMirs were do-

leelm by aoomtic - tbaD by capbiie 
fer all -- caehiw,d 1.'lle HM 4a of spe
cies detrdal .,.. peau rm .,,...ic ..,._ 
piing drm caplUiea (U = 6053, P < 0.01). 
lhaeby llejr:cting the ..U h,r1'hesi■ of 
equality beta ea ~ .. Of die 73 .... 
piing evm1s. 39 I-ad~ ape, ies ddeded 
IIICOl•l:iGally. IS bad ~ by capbile. 111111 
19 bad die same hr by each metllod 
Althoogl- .acoaslic w ..,,. -=· -41■1111-:-1 ... 
IDDSe spee ies drm dime u,.,., led by~ 
11-re, die n+-M,,_.. of mdbods was me 
IUC('Cs■ ful in delr tine bat species 1ban ei-
1ba me1bod alone. 

TIie diffaealial IapOMI to c:apllae 111d 
ac.ouslic ...,. by eada spcciea (D-IJle 1) 

pmvided insiglal 1--die 6-ai•••MW oE cacb 
tecbniqae. _Pov speciN (Co"7fl0rlmuu 
IOMlttncfii. Myom Gllriawlas. IL num. 811d 
JL WJall) weie-d t led by capbile me 
times 1ball a-wii4w:ally. IL Gllricalau, IL 
nod.(. ad M. 16,- :la t ½1 ID emit 
low ;,_,-Pl¥ c:a1ls-. bawl CJD oar obaea:
•H4i-NM. W1R dl'JIIUDd aaly Ill cil8 ea 
<IS -. ·Huweaa. IL _,_.. aed loader 
calla and ca■ld be <lira C'ed Ill disaN :es> IS 
a We ._. 111111 C toamsmcli t-f ·rte 
mosts ad ill lla-ld-Rleased situations 
(O'Pam:11 et al, 1999). iiiudaced low-in
t ey calla 11111 CIJllld ~ die:t ~ cled Glllly at 
t1ia9MH cs <S m. llowcoca. with ti-. cauea-t 
low saq,le aim, no signi&. Adi diffeatiace 
WN fuaDd ill fmp ey m del~mm- be
twrm capbae GI" IICOllllic MFF.diog ammtg 

1befomspeciea1balllledlow-i 2 sitycaDs 
(2-by-4 u•· J ~ table. G = 6.62. P > 
0.05). Fuaat ea spec;a ('Dible I) were de
tected arn,dirally me times dim by cap
ture.. n.o.e speciM ·•JNI high-iatmsity 
calls and, based °'1 oar oba:rnlicms, could 
be detccll,d at cislae►:cs >30 m. Moat of 

dime species also tended 1D 8y laigh. noid
in& c.apeme 

DISaJSSD1 

A JiJDitecl Jllllllber of stPdirs haw: been 

"~ ... calls to - arf::g ~ 
baviar (Bllday. 1912. 1911; P •• 1982; 
Fenka and Bell. 1979). 'The re!r-ma bc
twem deaip of calls 1111111 , .... helaavim 
... brm med ill a O,.NNNM,.. .. p:aJ c:Jl

MEEli---■.I of e,. ■--■e+iiilim af mlla (Aldridge 
wl Ke . MW II. 1917; Imp el al.. 
IWI; S-1 hs w1 Blln:lay, 1992). Gen
cal me of habitat ... fmaal II nblagps 
also Jane beat e1we-iwwl wida die aid of 
uJbMtwir: d I ca.as (Be1L 1980; Cmme and 
Ricbanla, 1988; Fa-tan el al., 19TI. 1983; 
1CaJ1m. 199S; O'PandJ, ·-1'97>- These sbld
ies ....,.. daat m+ei•-hc caJ1a of ecbo
Jocadng bats can be a Yalaab1c tool for de
fining structme of local faunas of bats and 
+. •-. we of fflDD hebilw8s 

As we )IRdictal, sia ·• ➔-Jy me spe
c:iea ~ delc~ ming &.11-Mllic sampling 
1ba-l c:aplliie-. Tllese aaalls am~ 11MJm 

..,.nng. giw:a dial die deae •• ...ny was 
pJaa:d in a CClllnl lo-;atioa, ..t ia my 
iastNrea. a&:OIISbe 1NHMi•1iug was Dlla'
d◄91;# • ., tbat lap wuohen of balls coald 
bfl 1e.HlllJW'd farm Deis. FaiJare lo detect ca-
tlliD laad .. ies (e.g..~ lllt.lCTO

-. Ladtau c:inen:us. and Epraicwrf,at:us; 
1allle t) daring an uenpliag eva■ls proba
bly adel ml oar iiwhlity ID WM♦+ -equip
meal O'Wl1a•4ly. • tbr:ae wl odaer species 
asiag bigb-iatalSity ca0s are d • c cled ca. 
ily. Of die 20 species ez-aiMCI ill cmr 
sbldy,aalyfourwaedoce Dime~ 
qaeady by capbiie than by acoustic meth
ods (lahle )). Two of 111ml (JL aaria,J,a 
ad M. aofis) ~ ..,__ to glean or at 
least forage in ~ bltive clDaa' and emit 
calls of low ietki-aity dud a4h C npidly 
(Paire and Barclay, 1994; Fealaa and Bell. 
1979). Similarly. oar ability to detect C 
townsellllii aoousticaDy was Ji-•■led by dis
taace. 1hcsc da:ee species ad M. d,ymn
otla forage in clutter (Blm:k, 1974)~ where 
low-i+IMMy calls are adaplne. M. l'Olans. 
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