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1804 WRK30AFE10H21H | AFIoc4-10H 25 H | 8266 GPS 1 i [B] UV 7% A
1901 SFITAEI0H 238 | SF24E5 A 1A 3788 B

@ TEHEEHE

R B DY I OBEFEI TH HIA D H10H OITENE A RO 7=, EIRIC XK - TIBA i~ B #h %
BItA L TV AEAR S B Y ITEIEEAIIHE 2 Th 72, 2018FE OB I BHI O T & 7= 4HEAK T,
fER18021X BB A 1T - T iz/o o, F A P A HUIRIC SITHIE RN BRI LTz, £ Ol o3 R1X
e o R ZATEN BRI AT S v, £ D 9 bbb REWITEIE Z TR L 72 D IXEIK1804 TH v |, MR
1%361. 6had 7o o7- (F4.3.3) , 72, WA TIZX HBEEEHETE 2T - & ZFH L O E R
fEAR1803D A Th - 7c, 2019FDBEFMIZIB VT H | EERI804IMAMOBE ZBis L CTH Y | 2
RO FIZ S RE RITEIE A B L TV, [EER1803I DV TIX2019F b HEMRE U A 7 O E H
BOUATENE 2 TR L TR Y . £ DO EFEIE269. Ohak 72 - Tz, AEIEEE L-HED 9 H18011F £ A
fEHECTH O, TNUNOERITA AEERTH D, A AEROITEIE O EHEIT20184E H 20194 H FHIK
L VITEBRNKRESHESINTBEEREOEELZRS &, FEALERITIAOND Z 1T R0 o
77,

#4.3.3 W (9~10H) OfT#EEFA (ha)

& {8 14 a7zl 1T A

20184 | fE{A&1801 ;T5 45.8
H141802 | 1125.9 6801. 7
fE {41803 | 61.9 247.9
{E{£1804 | 57.8 361.6

20194 | {41803 | 50.9 269.0
{E{A1804 | 814.9 4546. 6
{E{£1901 | 66.8 410.8

® BEHEH

ARBEEZHTET H-OICBEIREEZ 5 Lz (£4.3.4, #£4.3.5) ., BEVREEX1IRFM S L oM
M OHBEZGISTHRIN L, 1H BN CEF Lz, BEVEBIIZHBHNEZ 210 ICEL R EAN
Rohi,
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#4.3.4 IEZLDIA BT OEHBENEEE (n)
Ga H fEA&1801 & A&1802 fE 141803 fE{K1804
SRR 304 | 7 1864. 6 614.1 0.0 0.0
663. 0

8 1686. 4 663. 0 0.0 0.0

9 1783.7 760. 5 0.0 0.0

10 1674. 1 1953.0 3276. 6 959. 9
SRITAE | T 1798. 1 656. 0 756. 4 658.0

8 177.8 378.5 664. 4

9 1151.7 1397.6

10 1232.3 2475. 2

#4.3.5 BHFTETH~10HD1IAH7- 0 OEHBEERE (n)

H 1A H7= 0 O ¥R B ik
7 793. 4

8 497. 1

9 955. 3

10 1909. 8

@ BEREY A THE

HERE 7 A 7 13 HET T D &EAIC mmx//;%wmb FTDA a2l EIZIARE L, RiE
BEIE33E Lo T, FER2MEEIIREMBNE N2, R SN ZEHIT DA< 65280 L 72 o

ka(%4&@o‘ik\fﬂk%xém®uﬁ£ﬁ®w%ﬁék\ﬁﬁ%%#wﬂ®ﬁtot$
AR29FEE1T0.66 & A ADIE I NEL o TN, VRSB0 E LS IcHFEEITENEN1.36, 1.89&

2o TR, FAUNOHERK T OEENEL Lo T\, SFITEEDOTANS10H T H 3%
WCONTARADEIEN TR AR NA LN (F£4.3.7)
#4.3.6 FEIZBIT OIS S Z L ORI E AR EZDOMOMEFEX 5 D L
A F A A A ek A & it F A% A A Y EDEFO
TRE294EE | 280 159 26 187 652 0. 66
R0 | 1138 979 566 830 3513 1.36
SFOCEE | 1523 2161 713 1366 5762 1.89
#4.3.7T DRICEOMHERX S Z L ORI L AR L ZOMOIEFERX 77 Dk
H | A AA | U | R | &5 FAXA AL DO EFH D
7| 14 147 | 57 62 | 280 14. 57
8 | 63 | 425 | 179 | 231 | 898 9.59
9 | 265 | 622 | 174 | 358 | 1419 3.00
10 | 1140 | 953 | 300 | 695 | 3088 1.10

® EFXFEIZX D EEEHE

BRI DOHEEIT MBI NT A —H 2 F4.3.8L F4. 3. QI L=, BNV A 1T
H RN A XEE I Le, 70, BENEEIXA ELER L -GPSRk A k0T — X 2 9
TERBERE Lo, FR29FERE R CIXCPSHEHDEEN TE T\ o lolzd, BEAEVBTA L
TWAH=R VI OBENCET A6PSEEROT — % #FIH Lz, FR2ED BERE I A T 217785
TWAHIMPICHRE#MELZFH LW A EIRIZ2EIERY . 2OF =21 b1A 570 OBEN R
0.937kmThHh - 7z,

INHOT—F &I, AREELZFET S L, ER29F X8, 2988 /kn®, SF-AL304FE FE1E8. 535
/km?, AFFITCAEFEIT19. 4458/ km* & 72 0 | SERRSOAEE IR WA BEE L 72 o T e, A EIOFRE o

R SN B R

12



4-1706

L2, 66kmTdH D Z LD, FAEFPHN OHEE £ BT, FRk294F 1348, 6958 /km?, TRk 304 i
1%22. T188/km*, S FIoC4EE 1X51. T58H/km* & 72 o 7=,

BRICAETA~10A %2 A Z L ICHEE LS, THIREEME» o728, 8H, 9A L EENREL 2o
TW, ZO®%RI0AITIED LEEN FR- Tz,

Z OfEEZE FAVTLI0H O R » FUE L O HBRIRIC A BT 25 E2HE Lz, SEHEEONGE LT
FRAROMEFEIL30. 14km’ D 7= FRARPICAER L T D EAEE362. 288H L i Sz (X4.3.9)

#4.3.8 FEEZLOHTEEBE

G BNV A X | BELEE R | HEEE | #HELEEK HAH
(g) (km/ H) (v) (y/t)
SRR 294 FiE 1.23 0.94 0. 166 18. 29 48. 69 10H4~26H
SRR 304 i 1.24 1.71 0.14 8.53 22.71 6H30~10H26H
B FoTAE 1.33 1.43 0. 25 19. 44 51.75 TH8H~11H2H

#4.3.9 SFIETH~10H OHfHEE A B

A By A X | BEH#HKE s HEwE | HEEEK
(8 1.29 0.79 0.07 4.75 12. 64

8 A 1.29 0.50 0.15 16. 56 44. 09
97 1.31 0.96 0.33 19. 08 50. 80
10H 1. 36 1.91 0. 40 12. 02 32.01

) L
AX 7T

ABAR

Ba
2045 m

REETAN

O R E AR AT SR

ERE 0 05 1 2km

ARG

MR

260

44.3.9 HETE IS T FRARHEDH & BB R 0 A T PRA P
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7=,
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5. AFRICE VB ONTERRE
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B~ A 7075 X0 hOBEFEEZBRIL, TOT—Z 0O TIEICELY, V0%
At & AR R A RN T 5 FIESRE SNAMRO BENZER SN, ZiUd, 2HOANOTOREE
MO BHABEOREL TN 2225 “HDITANR—F 4 —R” 2EEO7 +—L K (BH#E) 12
BEEHx, VIOEBEERTET HE VO APMAINTH D,
B DX D7 EENRG TG TOY IORAESFIC, VY—Fh A THFH e — 128D
K D2 REE OIAGH1E LA HEDORRBERFEZ BIEIZ, 2RI OV THF Lz, £0
R, WERETHDLTA P BV ATERBERNERGTICWD VIR R I L, 61
BENCHIRN S 25T CHLIRIMOBLHINFRETH D Z L NHR I, PIRNR T IDE=4Y v
T HEO—DTH DI ENRB I,
AWFEITEEOMEEEATEY, T TIREFTHHbRLHLTWS, LnL, £ DEAIEY
W OBEVEE A FHIT 256810, thoHBOBEEE R C42BIELELHETEL TV D, SR
%Emﬁﬁyﬁmaﬂéﬁ%ﬁﬁb\%n_i@%6nt%ﬁﬁg7~&%ﬁ01wé_kfi
DEEINDIBERHEICRoTWnE EEDbNE, £/, Y IOTEIZEW CTHRETEZZ L
ENIZBNTETHRTRIENZRVMATHDL EEbND, ZNHOTF — X IFAEREFRNIZEH &
HTHDIN, VHIDOEFEBIZBONTHHEY T TV D AREMEN RSN, L ZL offikice T 4
HATHEEFETDHZETUTOARBATHNEIZHH I TS DE Bbivd,
B~ A7 a7 x N KDHEY I OMNERHEFIEO/KREE L LIZ, 77—~ (3) OHBIRE
AT ORI CTHONTZHEY I OB L OREY BT T M2 B &SmO EZ
T (R A+ FEOHFMIE) O OERBEBIE LR, £OME, BlaEk O+ F Rk
B) O OBEBUTE X E539.9~667. 4B HEE S N, ZhE. BT T —~ (2) DFr—r
L INETOTA P BV RADERLEDERIZEY, Fe—VBERICEDHERE A MY
PALORROBBREHLMCL, TNETOTA U ATROLBERENSZVEH OWEF4E
RoEEEEHE L, Y77 —~ (1) OFREOLKIZED, TORENZYTHD Z L1
RINARIEO 2R EFENER S Tz, BB CHO TUH OFEEREZ M Lz TRZ
WWEEPHDEWVZ D,

(2) BREBOR~DORM
<ATEDBEICIER Lol R >

GPSHEZ 28 Ly I OB B2 BB & 2 HIMIIITBICB W THIEM STV D, v 0 OFHZAT 5
LT BCFHBHPH 5 THNIT L DOBBEERET L Z &iE, v OFEHZHRITAT
LIZORND, TDD, ETETCPSERDOIEHNNLEEN D,

<ATEHPEATDIZLHRAENDRE>

xﬂ%@aﬁﬁbmiﬁ\Z$Hfé%éhk@ﬁv4ﬁm7wymié@%ﬁﬁiiﬁu\yﬁ
USOE OB X FEA2FT —Z =2 L TEL Z &1LV, & DHZH O D4 BELH T
ZRFPETE DA TN IE S . EWZERED 4y }_» ofﬁﬁﬁ PEREWEWZ D,
WREDTA YA L OEBHRER, BHRO XD f;L EMRBATZBAT T Fe— 2 & iz Ze
wRoOBFDHERHER I N, RBICEAIND Z LRI D,
ASEIOTHATHEOPSERREZIGEH L, TOFR T, HOEBRIIEILLZE ) RIFRLEON
Tk@\4@@%%%#<Hﬁﬁé_&Té%@xwéﬂ@¢fﬁméh1w<_&#Eﬂih

Do
%%$E®Eﬁﬁbméﬁénkv47u7wybié/ﬁ@%ﬁ%mfi AR D> 1 D
MAEIL, BL#539.9~667. 4FH L HEFE SN, Fo— I X 2EEIL. B L F470~696FH & #

EENTZ, ~A7a7xrb Fa—yr cié/ﬁ®@%@®%mﬁﬂi <EIIZHLEDLLTIF
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XA CHEEMRRPEONL, TNENOFEDOENENR RSN, 5%, BBICBVNTINALDOF
EOEMPHfFEND,

6. WFEMRDOERFERIRT

(1) ERFELER

<ERifT &I >

1) BOHERE, BATIEER, M ARV E— PR RS L
FA4 by RE R —ZEBRICK D OB BRI FRER RO g

2) [ EEMESIC ¥R T Salem Ibrahim Salem, Kazuhiko Fujisao, Masayasu Maki, Tadanobu
Okumura, and Kazuo Oki : Ecological Indicators, Detecting and tracking deer positions

using sound recordings. (minor revision)

< AEFAT FR SCITHE T B Al R A & >

1) #h—E. SRR, ATk, Salem Ibrahim Salem: HAU F— FhEr v 7543k 39(5) 384
392 (2019 L - VE— BV UTICK DRy FUBFIZK T 5 2 W EEREHEE FIEDOB%E T
Y- k.

(2) EROEBR (F2%)

1) e gesml [BAA L e %4 (2019)
(T~ A 7 a7 5 08 XD I EREHEE T OB % |

2) ESFEELF, BORERE, M. BATEEK : BARY E— b U U I RRETRIEINER S (2019)
[Z4 Mo 28 & bl Uz RIS BT 5 > W EEREHEE 0= 0 Fu— U BEigof
FH P FEA )

3) JAHERE . 25 TBpAEAM LA e (2019)
[ Re— % Tz o T RSO 7 - 15 o B %%

4) BOHERE . AT ARFEE2019FERF RS (2019)
(WD R v — 22 HiRmiG 2 72 B 7 R o > 7 B R H

5) BRFHREK : ZE250E] [EpAAEM bt e (2019)
e v v ZTHEME2ER L CEAEMERE21T O

6) Th—Mff : FEo4alm TBpAEAY L4 A (2018)
(T~ A 7 a7 5 08 XD I EREHEE T OB % |

7) P SRRSO - BT xR I —7 4 7 (2018)
Tt b - VE— bRy 7K DRy RIS 2 > 0 EREHE E 15 D B %

8) MMERE : FHoalml [EpAEAW L) e (2018)
[VE—her v ZHERIC LD 2 D EEREHEE TEOB3 )

9) ESEEL, BURERE, MlE. BERIIE  BARY E— by v 7 RA7E65EIE#ES (2018)
[ BB A2 BB & LIRS 0o D O BARGAE 20 L e — BVl o f H T
il |

10) BOHERE, ZeEi, ERNIE, Mf— : BARY E— by v 7R fEeaRlZii#ER S (2018)
[ B AR A2 B & U7z BARGALER K o — > BG4 M o FR )

11) BA G - F24m] T AEAY L ey o (2018)
MEWIZ BT 2 o 7 R & 06k FIEIC X 2 EEREHEE
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MFFEERE

i

— I
PPN AR TR EFRRE T, Mt G - et ) |
BUE, R RFAEEBINIIET FHEEER,. RWEmBAERETHEY 77 F a2z — X5 #ifx

WrgEsr R

1)

4)

Moo HERE

B KA S TR e R LR T, L GEE T

BUE, mERFEFHRETE WER

BT RSk

FORRFRFBE A AEMB AT R AL IR IR . L (B |
BIE, MRS B A B O R AT Uit AL & R &
st (BFIT4E6H ~)

FOR BB R R AP B e R LR e T, i (Bly) |
BAE, RSB PRFFTHEY T 7 F o= — 25T HHE
Vefg % (BFociEe H ~)

BROBE RFRFGE RS AT DZ2ERHE T, L (T
BUE, AV e RFEFTHEY T 7 F o= — ZHFIEET skl
Salem Ibrahim Salem Mohamed Salem (5 FniC4E6H ~)

FOR RSP RFBE LR ZE Rl LR E T, L (T |
WA, FEVEMBI 2 REF ) T 7 F a2 — XHFRFT i
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HRREE
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BT %, OH~1LAOK T AICH T CHEMZzL 2, RERBWVWFTHS ZENMLNATN D,
KSR (48F) OMEANEEOHEREICBNTX, ZOBRBEIFEF7—a 7 4—3 L Ebh,

19



4-1706

HIEY Z b OMNHEEEDOEDICHT REARE L EEINTWS, BIEHIT/A D L, HHEOBED I 3
WA EPORMIZT TEAEVWDOHFELZ TR LD O 72DIZ, TENETNOMEYVNTRERFETHEH O
EWVWORHEERED, ZOZ b, BEMORET I OEKEY, BEOREIFORY—VvERAGT L L
WX VHEERRE TH D E B HND,

WY I OMLEE, 3O EOBEHOMBIZBWTH—OFRZFH L, ThTNOF ORERINZES %
T2 LlCESNT, HEAREERD, TRNETENLRIALSLHDLRONTET Y TIZBWTITEK
DFEWIZ L 2RO EORFEILTRA LN TE N, BEO X 9IRS AR B W T, FRICHAEY
(HEZH) IZx L TRHRALN D DEFMAREENVZ D, I BT, AR TIEBES D OMEN ST T —
~ 3) oo iEHRE L LICEREARO L OB EWET D,

2. WFZEBEREER

AWFZETIE, BIFICRE SN EE Gl k) O~A 27875 0 CRFICBRI SN2 o X
FOBBEMOF AT D “T4—a3 7 4—37 LEWTLHLEED “Ex v LNWHREFE) b EZI
A HMAFAND D E AT 2 A BN T e —FIC L VLT 5, &blc, W7 F5—< (2) &
7T —~ (3) LH#EL, UAHEMREHEE FEORE L HEBRE L. &&ICRFRERIZBS T 285~
A7 a7+ Nl KD EEEHEE FIEORE ATV B AREEE B 8 7 B R EHE E 05 & OV )
IREFEOREICERT D,

By R R 2t g e U, M ERERO)E— o2 EHBICEYREL TF — % 25
L. 2OF—Z DM 2 eI OREROHET LI AL 52B¥ET 5, VE—FEUHITEIC, &
WA v ERFfole~vA a7l GPSIZE VRS D, GPSIZ, HENDLELNDES O HITH
D TEWIEEDORFH AT A—203H0 | JRHEHICRE SNt o P ToORBE#Z A EIZT 5, 2%
D, GPSHOLELNTELERMESTHIET S22 LICXY, ThERo~A 707 5 BN TENG
WS- Maxt 72 RE 2 EMEICHEE T A2 2 &N TE 5, 7 — X OBAFIZ OV TIX, 20174 O S FE
Br. & L C20184FE Jr 20194 EE D 24E RIS D72 0 | KFICENZNRSEE T D5 21T > T\ 5,

BB ERR TR SN HEY DO EHEEFIEE Y 77—~ (3) OB T/ O T-1EY 1 DR
BRIOHEY HITRT 2D T & YOO R E VTR » R0 > 1 04 BEOHEE % 7 2
7=,

3. WFZEBRFIE
INEEPHIC R SN B~ A 70 7 4 2 b OFFHINC RS < FWENLE O HEE
O A/NREOHE 5
TP, RMEICBOTEAFEIN E 2B ~A 7 07+ v O8E T — XIS FIFALE O HEE S
HBICOWTHAT S, HERMICIE, ~A 72T LAY AT AREICABRD EHIC, Bl i~A 707
NS DOFFALEHREE FIEIC OV T, BEICW L O OFEBIOREN 2SN TWDH R, AR O
BENKRO LI T B D,
A RXDENEROBRBEEOFFRICH L TCOMEITHD 2L
AR GOER (ZOLAETIDRBEFR) OFEOXATIv I L IR, ) A XOREEITT
R BRI E FIckoTETHRENWD L
— e~ A T T L AD~A 7 v T 4 CRIBEEEIE WO I0mRE TH D DICx LT, ARk
DA77 HOR=Z2T A4 OHBETEEA— ML EETHHERL TS Z &
B~ A7 a7+ KD EWNERELZ ERFIE & HI10, RFEEEA OB R L CofR 7k
R MY 1 DL EHEE TR OBS & I L7z,

@ Hi
ERBECRE SN B0 L D EHF— 5 20, L HORBEHET 5 FHEERET 5, 0%
BOEDIT, RO LD RFIECTT — X WBLZIT D,

20



4-1706

EIROTRAL

) A R BT BRI O T O X g o B B
3ODHFIRMTOR U I O x 75 QR IEIE O B #hik
IR AE (2 25D < > 1 DAL EHEE

N N

@ #EFT OO THONEDHBRHTE

~A7u 7 EREOILITICEEREL T, TOP TR O IOBEIFERRE I N-&HFET —
VNN @ﬁéﬂtﬁﬁ%%m&/ﬁﬁ%wtu%%%m#éolall CIREFIEOE R LB O
NERT, EFARHT, SEFRICEAT HAMME L | 3F I E X — R T T D5 HEE LB D BERE % 1%
Do

=i &2 $%&3
-
EiRD3EL RIE D EARAL
S 2
INAIRRT4ILY
2.VhDBEEREOKRE /Al — 27 m‘;ﬁmﬁr% A=
RFE s 2 K FE
2RI b AT SLBEDOMBEENGE
S 2
B 74L9DERA
s 2
RIEICL DY HDBEEEEBNORE
s 2
SR NBERNONE
S 2
FLTU/AZXDHVEWYAHEENRE

s 2
2HNBETYVANBEEEZSDHRYE

-
3.6 MEIED A EHIR L mﬁm@gmwtyﬁm%* DBIERFRIDHEE

4. hEHE ZNTNDBEE O)Fﬁwz?fiiH#Fﬁb‘b1nE®%m

B3. 1.1 BEEIRIC X 2 ¥ B ONLEHEE FIEOF F LB O

@—1 HFHROML

BERICEENDVIOEFDOERE LIVIE, ~A 7 174 06 OERECME G - 1B 51T X
ST, BEDFAFT IV I LU INETHLREVEWVWIEERDHD, PHTOBXFIT, bR
BE. lkmZIE2NCBATILERIZBZEIIZTEOZLLH D, Fx OREFIETETHFLLIC
EEBINSLWEWIFIEARHY, ZNEENLT, $TEFL-ULE —ufb L TH A DL )E
7,

VAT THRESNAEF LULIEXS 1L.2I R T X ETHAEND T, ZhixERL
LCHIIEST 5, v 2727+ MEROS/NEBRICENWL_XLOESFLEENTEY, /A XEEED
BRELNXLVOENNEL, EBIC /A RARGE T ANEZ) T TENERED,

21



Sound Wave ( Rec3)

0.12]

0.06
25

Sample value [-]

).062 |

0.12

500 1000 1500 2000 2500 3000 3500

Time [Sec]

43.1.2

HARERE F D /A X1X500Hz L FOAKE IR N WDzt LT, v DF
2. By A7 AP A 1000Hz1Z
TANEZEEAL, YHOEFEBRFIRO ) A X &N 5, X3 141X, ESLEE

—INRLNS, TI T 1L.3IIRT LI

4-1706
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Rec 2 Cross Correlation (Rec2-Rec3)
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v (Lat,, Lon ): Deer call position
4 TI: Time of deer sound to reach Recl.
v T2: Time of deer sound to reach Rec2.
v

T3: Time of deer sound to reach Rec3.
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v TD, .: Time delay between Rec2 & Rec3.
v' TD,_,: Time delay between Rec2 & Rec4.
v. TD,_ ,: Time delay between Rec3 & Rec4.
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Q SAE: Sum of Absolute Errors.
SAE = z | TD; —TD; | O DT;: is the time delay from cross correlation.
O TD;:is the time delay from trial & error
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[Abstract]

Key Words: Microphone ground sensors, Unmanned aerial vehicle (UAV),
Light census surveys

The Ozegahara Marshland and Lake Ozenuma, both in Oze National Park,
are known as Japan' s largest mountain wetlands, and more than 1,000 years
have passed since their formation. A valuable plant community grows in Oze,
which was registered as a Ramsar Convention-registered wetland in 2005. The
natural environment and the value of its vegetation are widely recognized,
and the park sees 300, 000-400, 000 tourists visiting each year, peaking when
the wetland vegetation flowers in May—July. However, deer have been seen
since the mid-1990s, and their effects on the natural vegetation have become
apparent. There is concern about irreversible effects on ecosystems.

Until now, changes in the number of sightings from light census surveys
have been used primarily as an index for the deer population in Oze. However,
since the light census survey is strongly influenced by weather conditions
and the movement of deer on the day of the survey, observation errors in the
data easily become large.

Deer are currently being caught both inside and outside the Oze wetland
area, but the number of catches required to reduce vegetation damage in Oze
has not yet been established. There is need for a new density survey method
that can determine population size in places that are difficult for people to
enter, such as Oze.

In the present study, we developed a method for evaluating the deer
population in Ozegahara using microphone ground sensors and an unmanned
aerial vehicle (UAV). Specifically, we first developed a deer population
estimation method using a microphone, followed by a deer population
estimation method using the UAV. We then carried out a comparative
examination of the accuracy of these deer population estimation methods. We
propose these new methods for estimating deer populations in wetlands, which
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are difficult for humans to enter.

Our research results showed that the deer population estimated by the
microphone was 539.9 to 667.4 in the Oze area, and the drone estimated it to
be 470 to 696. Although the two methods for estimating the deer population
are completely different, almost the same results were obtained, indicating
that these methods are effective. It is expected that these methods will be
utilized in Oze in the future.
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