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Research on bats as bioindicators in forest ecosystem
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The purpose of this research is to assess the relationship between forest environment and bat assemblage,
and to propose appropriate forest management system considering the bat conservation. In addition, I also
aimed to establish a general framework for environmental assessment using bats. First, the echolocation
calls of bats were collected at the University of Tokyo Hokkaido Forest, and the acoustic database was
constructed. Based on this database, we constructed a classifier by deep learning using convolutional
neural network. Subsequently, acoustic monitoring was conducted in four different forest types in the
Hokkaido Forest. As a result, the response to the forest type was guild specific, which could be explained
by wing morphology and roost characteristics of each guild. This study suggests that bat assemblages are

effective as indicators of forest environment and have versatility.
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VEAE, HUERBUB CARE R DM E L ARBEDS B HIC L L TH Y, IERNIH A DIRIEB L 225 TV A ERRY —
CAMETT A EHMEIN TS EREEA 2018). FOEELRFERE LT, FEEHICHE ) LHAHOZ LA
ZFFoha, L 0blF, FMFIHICE 28 EEYOL BT OWEL, AWML IEERYEIERICKE 28 %2 KT
FTEEZOND. EEORDVEOHFMRENEIL, HBAAEWOER - AFEREE L CORKERRADENZILZ ZLEIC
AN [RMEELZFARELZDD] 25, [HFROSZTHNWEREL R ICRIESE2 0] ~Nefiit L7z 4
2, BAAMLREREO 2L T 22, FRAERREICEE L 72 FRMIEA—EER SN FCdH
% (BREFIT 2018). FRAMFIH OB A EmAICEHM L, RIS & BHAERBRREOM V2K 5 2 &1k, Fkin bk
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DRI D, ZOHT, REGEIO BN E LR LA L RO REBORISHAAT I, RN E
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FEBOWENEZ1T) LT, BFLLINAEEEL v, $72, TROOSEBEHELART S 2HEME L GRIZ
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AW E LT TERITH B BEEDRE S TWwb (Jones etal. 2009). FEELAMIZE L 7205880, WS
RYEMEBRN B A RATTEREEA P VAR FICEETH Y, ABIEITOEMHEZREL T, MEWELIEEERT
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DZAIZEE & 72 2 BRI OZLE KL L T 5. BHHEEIE <, BREEMICKT 2 &M, F72, Hitkae
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Fig.1. A spectrogram of an echolocation pulse of bat. X-axis and Y-axis mean time and frequency, respectively. The shade
of color indicates the sound pressure.
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Fig.2. Data Augmentation Flow. As a result, four images are created from one original image.
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Fig.3. Sonograms of echolocation call of each guild.
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Tablel. Number of captured bats.
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Table2. Number of sound files used to create acoustic identification algorithm.
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Table3. Number of pulse images created from sound files.
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PE=onF—%~_X—2%, MobileNetV1 IZATJ L ZNEFNTHEHEZITVBIGEEZBREAE L 28E, T VF

T =& RX— Z D3 F-value A% 92.7%,
X =323 22X 5T F-value 252.7% Im) L L7 (& 4).

F =T A= g YT 5 RX—=ZDFY F-value 7% 95.4% &,
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accuracy Tlt, V) YV F VT —=FRXR=ZT96.5%, F =7 XA =33 VF—FRX=ATI981% & EH iz K L 7.
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F<4. MobileNetVIIZ & 2F BB DO EZEDREAEE (F-value)
Table4. Identification accuracy after deep learning by MobileNetV1.
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S, FEMTFT =7 2R LT BRENDH L. 29 LEEEORWHEO P Id by I AER L Tw AR D
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Fig.4. Overall bat activities in each forest type and month.
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DTROENTEY, flidsWIEF )V FE2HHT5OEBR A TIEATETH 5.
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Table5. Bat activities of each guild in June.
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Fig.5. Bat activities in each forest type in June.

RIFFETIX, TS A4 T T 2GR TN FICE o TRRELZEDPHLRIC R 7. 2, £F)V FOREE
ABBLIUORCOLAEREZRMLTWS EEZ LN,

T, B EREROEB RS KA E ATHRICHARTERr o Rt ey avE YR TH L5 HIE 1L ICBW
ThEEFEERTOELPHER I N e ravyE) R, eAksteraye), »7¥avE), EEYH
avE), F=ARY YAy EYThHb. Zh6DHH, bAFRFTFavEY A7 avE) 3ELRAILH
BHAT, EEYuavEYE F—XRYMrayE)IEELZROHNHRTHAS (Ohdachi et al. 2015). #FFE 1128
JARMMERMICE D E, AANETHALEEYOITEY EF=RY rayEYIE, HEKOITL 8 (Biie o
) TORDHE SN TV B DORT, KEDIBHAEO Akt rayE) A rYavE)ThHb O
JLHEFEEARNTRBL Cw bRt e FBI v EY OLHBHIEO e A F X av ) EA 7Y TE)TH
2LEZONL. ARICBVTHREF Iy E Y EDOIEBEARAM L JURMKIZ BN TR 5 2B O —2 1,
RCHLBEWFRTHDEEZOND. Thbh, R ETEARTIEIBHHATEE S NPT WRERDPE {FK-THD,
CHDFF T avEYRBICE S TIEDRREREZDL 2L LTWEEELZONEL. — T, HAROWBRZ2 S IG
BEICEEEZRIFLTOLUREELSDH L. eXRFeravE) LhrYavE)Rnind, BoBEDSHig
AR EmME LTHAL, BEYDOLWEHRPHKREMEISHEVMHAL2VwEEZ 515 (Norberg and Rayner
1987, Fukui et al. 2011). AbiEE#E RO R & PRI KERDS <, P OBHE T2 HEKYIE W22 2K S
NTVLOPHEMTH L. WIS, KR AL TIR/AMERDEEETERZTWAEZOIC IS 2 FiARMT
REZ 2. ZORE, WEHERMETLTWw2b0LEZ 5N,

WIS, A esrayE) BRI E FURMROTEE AR & A THRICHRTE P72 FavE) /Y
RAVEYTHL. INH2HOITEVIIHEELRAISHLE LTS, LTI TEVERREZRAIHET LS
EXHE D DS, WAL TRREICA LSS ON 5 7261k %\ (Ohdachi et al. 2015). 2 F ), BEM & IREE
MTIIBHHZTER S NPT WRBEANE Lo TEBY, SRty ayEYEFARICIRS 2H/ICE 5 TED
MEEDZSLTWAEEZONS. —), IhH2MIIEOEENS, BEWA L WM ZRMT 5 LTl
&N 5 72% (Norberg and Rayner 1987, Fukui etal. 2011), FHNEEZFIH T2 L3P e Ez 65, 2F D,
ML EIROBIZER 2R L T D720, FHROWHEPZEBEEICIOWTIE, IS 2OV TIIRE (HEBL
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ZRCHELTHMTAZ M5 TWS (Ohdachi etal. 2015). 72, BOEEDL S, BEMOL WHHRHNEZ
72 AN 5 L P E N5 (Norberg and Rayner 1987, Fukui et al. 2011). 2% ), TIN5 2fIZE > ToHRL
LEWIIFMRD Y 4 T2 b b TEEIHAET S EEZLNE. K bAXAT, BEYWOLZNDLVII2bLT,
Bex e 5 4 TOHFMNBEFHATRETH L L EZONL. Lz -T, IS 2HMIIHIM®S 4 712k 59, ek
Bt CIHEI DS CTH % 72 0I5 M OFER L o7z L WS NG,

wRIZ, R TR IEFHROR N o72FF 7 ITENIZOVWTTH AL, Kk, TOEENILEALEDYI-T
WHRWHET, RESDOFBERIZOVTE, KT N ¥ RV TEL L TOAIEERDHES > TV A, JLiFET
BB T CTIRELTW 20031 flED %> TV A DA TH % (Ohdachi et al. 2015). EOIEIHEA HITHHARI Z 1T
LEZOND, ZOLHI BRI END, GEFTURRTOWERRATE D 5 7202220 TTb 25 2 wn s, RO KR
HOERES R L KIZTL TV LR RE V. 4%, AR OLERLR Y, ABENIIZEL ED T { LEND
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ST HADEBENALNT- 00, FURHEEDT S - LD EEVN S P72, 2F ), LiFEHEK CTIrbLTWw2
RRPUERZEDS, BB I3 2 AN S WHISE L TH L T 2R T 5. 72, AWSEICL 5T,
) BHEPHFMREBOREL LTHEMTHY, IVBIFRARSEIGA LTS 220 EZALTY
b EHIRIBEI NI,

SEODREZE
AWEOTT, BHTRERODOL LT, 1) LifFEEEKO Ty ) M SilE cE N7 VT
VALDKESE, 2) T~9HOFNFITLOHNKSY 4 THOEHEOENEHLNIZTH I L, 3) HEEIIHL
TR RATT L0 A 2B R (e ik, MR, BIRRER, BIARZ MM MskrmtE, Srose, e &
B, FHEAI SRS T TICEMEA) ORBEEFIT L, ZERBTFONRD. SHiE, IS EERT L
ez Tnd. T2, MOTEHRHIEMBEZITo TV AL CREDE=Y) ¥ 7 &2fwv, IOV T
EHICHEEL T L.
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