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Habitat Use Characteristics and Possibility of Bats as Indicator

Species of Farming Methods
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Abstract

This study was conducted in organic and conventional farming areas to understand the activity and habitat use patterns of
bats according to farming methods. A total of 521 bat sounds were recorded, of which approximately 90% sounds were of
Pipistrellus abramus. The activity of bats according to farming methods was significantly higher in organic farming areas. Bat
activity was the highest for approximately an hour after sunset, and gradually decreased. Buzz calls in bats were also
significantly higher in organic farming areas, and buzz calls were identified only in Pipistrellus abramus. Our results suggest
that the activity of bats was significantly higher in organic farming areas, and the differences in activity and habitat use of bats
according to farming methods show that bats can be used as an indicator species of farming methods.
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2005).

9] ofe] Ate] W= A Al A ARES F
et 572 WA F7tet 54 AR Q1 A417] o)A
A7 B TR Ao =8 golo & 7h=E|T 9]
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Table 1. Basic data of survey site for organic and conventioanl arable land

No Farmland Type Location Mean Area (n)
Sitel Rice paddy Palbong-ri, Seomyeon, Hongcheon-gun, Gangwon-do 132,291
Site2 Rice paddy Hwajeon-ri, Yongmun-myeon, Yangpyeong-gun, Gyeonggi-do 120,000
Site3 Rice paddy Deoksu-ri, Danwol-myeon, Yangpyeong-gun, Gyeonggi-do 179,500

TstA] etk (Micleburgh et al., 2002).
9§75 2 A Aol Q)Esto] ARFS

A 5 Sl dRo s Baledor QAR 57
ALt AAaE Fathdd 3ES ARt dite s &
HATEZ HIRS B2 =7kt A ol A A== §)
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A F2E 7 §loH o= & /7, 2R, 47
7, AE, 17 5 Ot e 2R oS 571
Al7lE Ao2 d#A thWickramasinghe et al.,

2003; Leksono, 2017).
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=
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0] Al SR TR} S RAne
Jare Bl e o] A3 AAe e
59lQla} Sl 50| $ARA B5e] AAH o Fold
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9 okl o]t TRlE FESHE ZARTHO 3
7H A7t 53] niER] g2 AdgolH, “sdwoF A
Hebd 2437t 718 9 wiRERb)” (Ministry of
Agriculture, Food and Rural Affairs, 2020)°] AA|
= QIR TR ERT AEE EAS §EgskA
= ok Sl Aol

= &4 715 A 7F-E sk}l = 7
2= 259 Aol St ', 954 Bt shie
FAEA FEE FASEE 2™(Chung et al,
2010), 2.9 2]H 9] 2] 2|2 EAlf mapA] Azt Q17
Stof Sl & T Thet AEiAI DA SHA A=
of It} 22|11 o]2fjt = A& A= 59| WA AN

A= FA el 27441 wedo] Qs dFolA ot 8.
a7t e =2 o851l JtKChung et al., 2011).

U= 25-& T oks A2 TS ot &
%9 R4 2Z-(Mikula and Cmokova, 2012; Jeon
etal., 2018), E-& th4lehA] A& 42282 B+ <
2HJeon et al., 2018), FFAE ZS Ao Bkt
22 Aeiets A 5 A 9] o} B2 FaollA
Za3%t A¢E ot AR deA UHCastle et al.,
2015; Jeon et al., 2018). &L E°1A4] o]zt v <
A At 2] 9= 1 587 =N =414
02 M} e TS W QlthWickramasinghe et
al., 2003).

Sl AAleh= BHH ] Ae F= AF-AY, &
A2, 18] AR E ok LA R o] gshd] ofF
AurH(Pipistrellus abramus), B2A9H(Hypsugo
alaschanicus), WE225 A (Myotis aurascens),
2|9t (Myotis  petax), BEF(Rhinolophus
ferrumequinum) 5 TR B Fol Ud, AAA], =
A T 5 7] AR elel Wriste] A5k ik
(Chung et al., 2011; Chung, 2020). ©I% H4tF2] 4
T =& o] 8okx] FaL A% e o 2 E QF
TEES o] 85t ot A EFS Sh=t = F& Aol
A o] ZE R} A217] 0]-8-&o] ofF ETHChung et
al., 2011).

O =& LIt A XA 2] 9 739 8FF 2] " o]
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2hA] i R29] A EA HHEe] 7P A ook 2417
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o)A QlojA= A QAR S F shz o] &=L
IHChung et al., 2010).

S]] ¢ ol=iet v o] et Fa4dE 1w
stof "] o] A Eg 5/ Fto] it ARE I
Z Aol gk AgEA 747“4 2|82 &85V & sk
ol o] 2F-E T8 Ho|do R of= AFA vHE



o] W2 w9 447 o]-§ 54

>,
B
ofN
lo
u
*x
lo
el
oo
N
ol
o
bl
it

687

Table 2. Total number of bat passes for organic and conventioanl arable land

Total bat passes recorded

Site No Sampling time
Organic Conventional
1* 60 min 76 59
Sitel 2" 60 min 56 41
3% 60 min 18 3
1* 60 min 33 17
Site2 2 60 min 23
3™ 60 min 9
1% 60 min 47 31
Site3 2" 60 min 34 45
3% 60 min 11 8

(Chung et al., 2011).
J2u @A {7153 Tl s 2Fek, X184 A
2o gt =2 FESHL gle

w2 wshre AurdoR WK 4 gl wAE oy
o= §7) 53 B ok

2§54 Aol2 wetstn
FF o8 Bsto] el ME ARA Y A W7
S} §:71% 2| o] Tt BIAAE Aol Bag Az
%2 Slofel Saystaint

2.1, 472
QATE 20224 79 T U] B} 5571 5
7 R BE 434 27

712kl dhstol ZUE FHT 1) A9, A%

18

% 3779l oo 4519

7t7ke] ZAR| S e ARAAZALENN §71%
AZ9 He thA e AAstglon, qle] s 7
e grgor A4 £ 37) A9 6/ AdL o
Ao %85 9{rh(Table 1).

8] uHH10) BEA W BE FAE AUZAE Fotol

Q1 /4] gelo] g x| ojof gtet, whafa] &2 Aol A
= WA AAA 9 ARG FARGE qFe
289 24014 x5 §5FE gelstelen, 251t
7Fd¥E71(D1000%, Pettersson Elektronic AB,
Uppsala, Sweden; sampling frequency = 384 kHz,
resolution = 12 bits)E ©]-&5}ko] BF5 2] A A& AP
o] Elstirt. ZAE=] 9] WAL Hd 140,000 nf
FoH, {7150 Bhse A A= B+ 500 m ©]
W2 AAste] SHEA g H4E 2438} statt
(Fig. 1).

2.3, 93 BS54 VIS

Z7k0] AR WellA 2] WiRe] v 254
B7FE SlolA BA] S4Fet 7P IFRE = 7R
217E& AAst] 257 A5 5582 (Bioacoustics
recorder, Songmeter SM4, 16-bit PCM WAV, 256
Sample Rates(kHz), Wildlife Acoustics, Inc)E 4
25t 251} 25 55719 AX= AHAA 1.5
m =olo] A E o]&sto] A5t o 230t 4
A= B2 8] FYRE Fote= dAste] 44A

o2 A2 WH-E v MAE AR & 5 s
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Table 3. Differences of bat activity by bat species between survey site and farming type

Sitel Site2 Site3
Species
Organic Conventional Organic Conventional Organic Conventional

Rhinolophus ferrumequinum 3 1 1 0 5 2
Pipistrellus abramus 135 95 62 24 82 77
Mpyotis petax 9 5 0 1 1 2
Myotis spp. 3 2 2 4 3
shoich. H1o] B5-S 7 Aol (0T HFS] o (Table 2).

5 355 Altote] F=st 5192 ™ (Fenton, 1970),
959 ol s Sl @A A A A s ol et

S wA5P7] sl 250 23 A Ao s i
5 buzz call®] 5 7 Z45IAT

N
ke

4, 93 54

Aol =35 v 9] Wk 9l 2442 Ag A
A Batsound 4.0 (Pettersson Elektronic AB,
Uppsala, Sweden, sampling rate of 44.1 kHz,
with 16-bit resolution)¥ Kaleidoscope Pro V5
(Wildlife Acoustics Inc., Maynard, MA,USA)E ©]
&sto] EAskth. & 5742 S5kl Chung(2020)
o] A= st =3H FFode] disiA ztzt
spectrogram peak frequency 5 &45}%ct =
W A &stes 9HF 7FHl Myotis 49 739 25119
o] B2 FM (Frequency Modulated) BE <]
Z50HE Wibey] wj ol d&7 F-2 HERt 574 0] of
2 7497t Itk wheba] Z47ko] 23 gFE Ao
T £t o] ol S & FE7HA] st

EET G

3.2 o

71U 250 5SFAE o gd S0t
U2 F5877MA 0, ol = mhdg A Rt ¥ 54
o2 27" SF2 771 A9 F 3079, e Al
o T 21482 F 52109 771 A3 Eds A
ajof] thisto] A& - AIZHHE =] €] o] F RI=E vl
g 23 A O] B2 AR BF R A0
TAs AQEG A U (p0.01). EF Hl=e
ULE 308 F A 6027 7HE w2 EEde 2o,
AZre] AageE Hxh daske FHE 2o

S B St B2 W (RAinolophus
ferrumequinum), BYF(Pipistrellus abramus), 5
9 (Myotis petax), Z5A S (Myotis spp.)
o] gRIEIeH, 717+ 123](2.9%), 37121(89.0%), 18
3(4.3%), 1631(3.8%)= HHrF <] vl-&o| ¢F 90%= 7}
=7 A1 UtKTable 3). ZAF A vh5 o] A
A3t vlES Rt A3 {715 JEE Aol
Tare, 4y, EautFg Fo] S Aol
E Holz] QIfo} oF 90%2] Hl&-2 2A|gh ZurF <]
73S sl et 549 {94 Aozt FRIE Tt
(p<0.05).

55 ghF &l tiste] buzz callE EA4%H A1t
= buzz call 22 EFF ARt gl o] ZukH
o] AAARI ozt A A E-Fo] = AR oA o] FolZ]
= o] FRIEAH, FH o 541 nriz| 2
feeding buzz®] ¥k E3t §7]5 A 9Go] h5 A4
Hop =2 Ao 2 YeldtHTable 4).
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3

SEugte]] AAlehs HHFs B 252 Holgo
2 Sk AFA v R A =] o] Qi webA] e ot
gt AP o 2 JFS TS 5= e FAELSS TS
oSt 25 Fote] AEEAIE e o SR &
5733} oftF A A7) o] gof tigt AtrE RV EHAY
O] 27 7t 4 5 vFHRO] AAR] B fIsliAl
T o 385 Atmetal & &= Qlok. AF7HA] 1St
T 219 oA sH ol e e Zfo] AE 2,
=%, AE 5 TS Boplla] de] o]Folx ittt
(Feber et al., 1997; Chamberlain et al., 1999;
Letourneau and Goldstein, 2001). 2134 /-7 7t
<t 59 &9 ZR{F9 H$ HoldAA g4 =
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Table 4. Differences of feeding buzz between organic and conventional farms. Buzz ratio = number of feeding buzzes per

passes of Pipistrellus abramus

Sitel Site2 Site3
Organic Conventional Organic Conventional Organic Conventional
Feeding buzzes 37 23 18 6 28 20
Buzz ratio 27.40 24.21 29.03 25.00 34.14 25.97

2 B 9] A AHA 26T ZAA A
o BPSIIL, o] o] 85 A7 Ao
T tHMacdonald et al., 2000; Salamolard
et al., 2000, Michel et al., 2006; Fischer et al.,
2011; Coda et al., 2015).

ol - B 9] E5d 3 WSkl Wickramas
inghe et al.(2003)< %7152 #al-sof gt v <
A A7) o] g 5442 Bt AY} 775 A 9o] wels
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I =2 O
ZHFF G G715 AGo] &g Bugh o)

-|~
o
42
o o2

O US-II'

=9 =55
o 2 At WE frAre A7t skl E Y] B o
Sz ZA9 F 521700 ARE AT A f7]
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Aoz gl= it

2 Aol gheld B wErE, EE, o
g, 2autFl&o g v 2E e o

A ool 7Hg A Uepgeh. o

90%2] & Bl MES 1ol Furzle] ofd Ao 5
Folu} AT} AAlshe ur7Iet v mste] 9B F 74
B9 Sl JULES oioh, 4F el Ag
52 oh i) uHleh gl el T 3, 7
A4, 94 B2 u el AL o B

At

Z Eo|Xo] @2 ExS
(Chung, 2020).
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ztolet TAIGlo] AAH o2 {75 A H w2 ol F
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Fig. 1. Numerical map of study sites. (Yellow : Organic farms, Green : Conventional farms).

R
Hir
rlo
puc)
o

= Uehton, 259 SRS
o] ] &5} v 9] buzz call &
soll Hsto] FojAom o 2 Ao
ey At g o] A ) v o
F o §71 R o= o] o] Al Qlrh= A
o] &Fd= HlEst7]ol= 714l A

T

fr L

¥@ O Jf
o
s
1o,

i)

-

g
i OH“ o2 18
_O|L

)

il
0,
o
rJ
o2l
i

fa

S T

L
mO[l

A

> ot HuN,
4
iy

ol

N
1o

-
N
e
fo

.
Ju |o

o by

r‘ﬁ.rl
rid,
=

re
2
1
N
<]
|

]

2
Lo

_ﬁ
ot
NN oy
18 12 Ho

Fwoze v
9 A4
of a4 2
A5t 21 9fe]
T A A1 2]
EIE

]
oo
ifla}

F o] AR 2 o]
2Hgo] 244=] o] 9lrt,
& A|F9] Holzp FH
FHo= QI 4tdolt
o] 22 P s A Gl @2 &
S

upeba] o 77)5 0 Bl A Hofl 2 drF o] g
B7HE e dE o] AR E HES 4= e
HZ O] ZALAFA] A7t A A12] oA 9] o]
oz AdH oz Holdute] FuTAE et
= buzz call®] RIEE Hlwsh= Zo] gst
FrHH o2 T FHEA 9 F0 24149 {7

R )

Jo fr ¢

s
l.ﬂ
rr
N
el

o %2

i

4
)
e
N
haeh
O
i fol
rol

%
i
H
~

[e3

o,

> oX flo
o

rLoofn H mok ot 8T of

i
&

42 oA Aol & HYleH, 53

1 H 9] oF 90%+= A = &
12021 wo] 28] Sa} AHA ] A
uzz call &4 Ao A Q22 FakF|ut &l

of webA] 2 1517} o] 0] 41 = A Al 2] ok A
7] o -2 el sk o] Fol AT S Sl
SHelom, G el TE BEA ML W ARE A
A RS o G AR A7} o]zl
oF & 7105 ket

£ 280 IFS AT
al., 2015). Z1eivh, 1 93] A7)+ BRad 9 7
o] EA o wpabA] of2 A e 5= 2 tHBengtsson
et al., 2005; Coda et al., 2015). TH&tA] o]t &
= 18T o & AFolA FRlE FHe wE 9
5T A A] o] §-& 2tol= FHoll W A417]
7HA] R0 HE7L o8 4 e Holae=s A}
o g% FHol WE A 78S WA RE &
47 A o7 mrtHh

#Atel 2

B ATE Rl s Ao YA e oA T
= 2 7F%E7HPJ017103022023) S7AFES] A€

< ot = .
REFERENCES

Bengtsson, J., Ahnstrom, J., Weibull, A. C., 2005, The
effects of organic agriculture on biodiversity and
abundance: A metaanalysis, J. of Appl. Ecol., 42,
261-269.

Benton, T. G., Vickery, J. A., Wilson, J. D., 2003,
Farmland biodiversity: is habitat heterogeneity the



o] W2 w9 447 o]-§ 54

key, Tre. Ecol. Evol., 18, 182-188.

Castle, K. T., Weller, T. J., Cryan, P. M., Hein, C. D.,
Schirmacher, M. R., 2015, Using sutures to attach
miniature tracking tags to small bats for multi month
movement and behavioral studies, Ecol. Evol., 5,
2980-2989.

Chamberlain, D. E., Wilson, J. D., Fuller, R. J., 1999, A
Comparison of bird populations on organic and
conventional farm systems in southern Britain, Biol.
Con., 88, 307-320.

Chung, C. U., Kim, S. C., Jeon, Y. S., Han, S. H. 2017,
Variation in Echolocation and Prey-capture Behavior
of Rhinolophus ferrumequinum during Foraging Flight,
J. Env. Sci. Int., 26, 779-788.

Chung, C. U., Han, S. H., Lee, C. 1., 2010, Home-range
analysis of Pipistrelle Bat (Pipistrellus abramus) in
non-reproductive season by using radio-tracking,
Kor. Soc. Env. Ecol., 24, 487-492.

Chung, C. U., Han, S. H., Kim, S. D., Lim, C. W., Kim, S.
C., Kim, C. Y., Lee, H. J., Kwon, Y. H., Kim, Y. C.,
Lee, C. 1., 2011, Home-ranges of Female Pipistrellus
abramus (Chiroptera: Vespertilionidae) in Different
Reproductive Stages Revealed by Radio-telemetry,
Kor. J. Env. Eco., 25, 001-009.

Chung, C. U., 2020, A Field guide to korean bats,
Econature Press, Korea, 1-272.

Coda, J., Gomez, D., Steinmann, A. R., Priotto, J., 2015,
Small mammals in farmlands of Argentina:
responses to organic and conventional farming,
Agri. Ecos. Env., 211, 17-23.

Feber, R. E., Firbank, L. G., Johnson, P. J., Macdonald, D.
W., 1997, The effects of organic farming on pest and
non-pest butterfly abundance. Agri. Ecos. Env., 64,
133-139.

Fenton, M. B., 1970, A Technique for monitoring bat
activity with results obtained from different
environments in southern Ontario, Can. J. Zool., 48,
847-851.

Fischer, C., Thies, C., Tscharntke, T., 2011, Small
mammals in agricultural landscapes: opposing
responses to farming practices and landscape
complexity, Biol. Con., 144, 1130-1136.

Fuller, R. J., Norton, L. R., Feber, R. E., Johnson, P. J.,
Chamberlain, D. E., Joys, A. C., Firbank, L. G., 2005,
Benefits of organic farming to biodiversity vary
among taxa, Biol. Lett., 1, 431-434.

Jeon, Y. S., Kim, S. C., Han, S. H., Chung, C. U., 2018,
Characteristics of the Home Range and Habitat Use of
the Greater Horseshoe Bat (Rhinolophus
ferrumequinum) in an Urban Landscape, J. Env. Sci.

ABFORN TG 7F5H 13 691

i)

Int., 27, 665-675.

Leksono, A. S., 2017, The effect of organic farming
systems on species diversity, Proceedings of the AIP
Conference, AIP Publishing, 1-5.

Letourneau, D. K., Goldstein, B., 2001, Pest damage and
arthropod community structure in organic vs.
conventional tomato production in California, J.
App. Ecol., 38, 557-570.

Macdonald, D. W., Tew, T. E., Todd, I. A., Garner, J.,
Johnson, P. J., 2000, Arable habitat use by wood mice
(Apodemus sylvaticus), A farm-scale experiment on
the effects of crop rotation, J. Zool., 250, 313-320.

Michel, N., Burel, F., Butet, A.,, 2006, How does
landscape use influence small mammal diversity,
abundance and biomass in hedgerow networks of
farming landscapes?, Acta. Oecol., 30, 11-20.

Mickleburgh, S. P., Hutson, A. M., Racey, P. A., 2002, A
Review of the global conservation status of bats,
Oryx., 36, 18-34.

Mikula, P., Cmokova, A., 2012, Lepidopterans in the
summer diet of ZEpresicus serotinus in Central
Bohemia, Vesp., 16, 197-201.

Ministry of Agriculture, Food and Rural Affairs., 2020,
Evaluation Criteria and Manual for Ecological
Environment in Agriculture. Korea, 1-98.

Racey, P. A., 1998, The importance of the riparian
environment as a habitat for British bats, Zool. Soci.
Lon., 71, 69-91.

Roschewitz, 1., Gabriel, D., Tscharntke, T., Thies, C.,
2005, The effects of landscape complexity on arable
weed species diversity in organic and conventional
farming, J. Appl. Ecol., 42, 873-882.

Rydell, J., Bushby, A., Cosgrove, G. C., Racey, P. A.,
1994, Habitat use by bats along rivers in north east
Scotland, Fol. Zool., 43, 417-424.

Salamolard, M., Butet, A., Leroux, A., Bretagnolle, V.,
2000, Responses of an avian predator to variations in
prey density at a temperate latitude, Ecol., 81,
2428-2441.

Schuler, J., Sattler, C., Helmecke, A., Zander, P., Uthes,
S., Bachinger, J., Stein-Bachinger, K., 2013, The
economic efficiency of conservation measures for
amphibians in organic farming-Results from
bio-economic modelling, J. Envi. Mana., 114,
404-413.

Wickramasinghe, L. P., Harris, S., Jones, G., Vaughan, N.,
2003, Bat activity and species richness on organic
and conventional farms: impact of agricultural
intensification, J. App. Ecol., 40, 984-993.



692 agAl -

N,
%,
%
A
mal
Ho

* Doctor. Young-Shin Jeon
Department of Life Science, Dongguk University
bigboss369@naver.com

* Doctor. Sung-Chul Kim
Department of Life Science, Dongguk University
tlrgkd01@naver.com

* Doctor. Chun-Woo Lim
Department of Life Science, Dongguk University
4spaceward4@hanmail.net

* Adjunct professor. Chul-Un Chung
Department of Life Science, Dongguk University
batman424@naver.com



	농법에 따른 박쥐의 서식지 이용 특성 및 지표종으로써의 활용 가능성 고찰
	Abstract
	1. 서론
	2. 재료 및 방법
	3. 결과
	4. 고찰
	5. 결론
	REFERENCES


