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Abstract: Unmanned aerial vehicles (UAVs) such as drones have rapidly gained popularity and are being used to study various

aspects of ecology. This report summarizes the utility of UAVs and discusses their value and potential for future development,

based on eight research examples from different fields, including animal, marine, and plant ecology. This report is a collection of

contributions from presenters at the symposium ‘Emerging Ecology using UAVs,” held at the annual meeting of the Ecological

Society of Japan in March 2024.

Keywords: Drone, remote sensing, LiDAR, large-scale analysis, technical advances
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UAV (unmanned aerial vehicle, fEAfTZE) (&, fli4
DOFMFH (Vv A Ot 2=k v — /Nl
b Ny 7)) — O EL&EEOIE, ATkIA R A
AT LADOFHEAEER L. A KRR EI L DES 5 EE
) 12X FMEEDSTREERICH B L. e R TR
HUZER L Twb, EEEIIBWTD UAVIZ AR 20
TR E L TRA I THHESINTE Y. COFHM
Sats A PRTHZ ENTFREINL, APEETIE, £9
UAVOFMEMEZ G L 7206, EREFETORAGE L
T8 ODFEHBI 2 AT 5o

FERESAIZ BT B UAV OFMEMEIZOWT, BEIZE KD
G L CIRR 5TV 5 A (Anderson and Gaston 2013; Sun
etal.2021), EZELmE LT, DTFOTHEZETF S, (1)
7= 5 ORI ORFEAL D UAVIZ L D, RO %%
TR TEDL, TIZLD, EROB LT
WBEATRETH o7z, WO T— 7 2 HTE 5, )7
72 ALIZ WEFTTH FATRE ¢ B SRR
BP0 1L HuIE, VAR, fERR 7 B 0 A R S
ES NHEDE AL DD L WG THRAETEET
Hbo 3)EMEEEFIC X 5 FEMBEHRONS - HmE
BIZHARZ & UAV IR I RHEEE DY < ARG E 720
T, ERIREREON G 2 ETRRTH L, 4)E
=) YRR EM A L) FEIER
FEWZAL 25l C & 50 72 M 22 BHANIC <,
HHOHE T, BUIHHE Z REICRE T 20D
Do (5)ZAM : ALZERRBANI 1R THE MU Lo
MDA LT 55, VAV IZ LA & O TRETTH» 5 AF
TE, FAMBUBELENT 2D TE 5, (6)F1k%
= RUGEHEAC K B IG T RENE ¢ — %Y 7% RGB (red-
blue—green) # A T DM, =<V H XTI X HIERE
FH, < IVTFINY BH A TGRNAIN—= AT NV AT
W& BMHEZZT TIFR A S WEREFHL LiDAR
(Light detection and Ranging) 12 & % 3Itilll= 7% &, +
Y —TERAHIEILY) . BHRARFHNATTREIC R 5o
Tz =PAMHI b BRI 5 7% Eoi R
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NAHTAZEIZED, AT 7B ATELRWEIPSD
AEHF D W RECTH Do (AT =T v 7 UAVIZ &
LEMT— 5k, BHFEET -y cmEBNT -5 0
FRRICAEE Ly Y — AL AIS, Bl A o — b & IR A
F—=VIATr—=IVT o TThHIENTE S,

e HB DA

UAV 1, EREFEREERIIBWTH. k4 &
THEHEN TV D, RETld, FHEODVERICED -
TW58ODEMEN LR ZMATLHILI2LD,
UAV OATEFAIZBIT A2 HEHAMEEZ BIRA Lzv, £9F
B2 EAEREZICEDL L L OT, (1) ILE I
BUFAUAVEZFA L FH VDT VF 7L X b
=&, QUAVE~NA 7074 »&2FIHLZRE K
BIEO Y AEEBORETH B RO 2FZIRE - #E
HERERICADLHDT, 3) 7Y —r L= —UAV L i
B UAV IC & 2835 0 B FE ) OFFl, (4) 288 o — >
LI Va v ER—= b HCERBITH S, BI04
FFRARAEREZZ B 5 B DT, (5) UAV-LIDAR & i1
BT — 2O EHMO N A< A7 v ¥ 7, (6)
UAV 12 & B IR AR L KIS, (7)UAV L —H—%
7 TR N ZEBR AT, (8) UAV OBl 7— & #FIH L
EHRROREEDY I 2L —3a rTh b, MADOEL
I HMEY 7 OEBIEFNL DI o TWADS, #H
ZELAETIH L. LD FER SIS 725 T EHTE
HEDIILe FRE MYy 72 TlE, 5HBOUAVIFSE
DFBYEIZONTOHER L DT
WEMBICE TP UAVEFIALAZS V4T LA MY —
(& T&. &kBEhk)

B O ZERF L, WS DERER FEMIC TR L, A H
WAETIARE - FHT 5 E TR WERIERTH
Do WWHEHIE TIZ, WM LD, B R
ZEM A — )V CH S ERSE - RERE R EOARAFAL S,
SO, IHEISIEIS L 728, BRI SR
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WIEREZEETLS VI T LA MY —Id, BHIERE
D/NEUEAHEA TV D 720, NS B OME % 2 H 5
S8 HIZbhbz DB CX 28V % WFETHLH, La
Lo, kDT V4TV A M) —=Tld, BEZERE
ENKRT VT F 2T TH o 2 AW THAEHERRDE
WatEd o0, BB A DS 8 72 1L g 7 & T/ gD
YWoEBHAHEZ oIl E i M T 2ol 22T,
KRR TIIUVAVICEREZERE, ORT Y7 &) b
WIRTOMRMET v 7 aile, BEBEHRTESEL
TeEN ORLE & 227 HHEET B HIEO BRI A7,
&AL, BENVERICET A BN SAE L
TV AWM E L7z BRI ILIF 7RI B
WT, M0S6 gD BHEEEMREAEE L=k exy
IV (Bufo japonicus) 44K (139254 g, 1) &L 72
(Yamato et al. 2023), ZD%1 » HEIZ3 » HH. §136
THOTRATHREEE NI > TUAV ZIRIT L 720 1 EORAE T
FLHBIIR A L5 km', EEZE00mEETHY . &
TRATHRE I 1249 2043 B T 150 m X 200 m DFEPA % 77 73— L
72 (M1 o OB OBENSHTA S5 S Bk, Al
EREICXVMET L0, FioEd »2o2ELICL
VW, ZO7®H, UAVEZERT 528 1) OJHISRIT S
&, ZETAMEELY LIF7,
ETOMEMEIE. WML T2 51-60 HDRIZE22 0.
RARKTLTIkmBE L T/, R DSIRATHEBAN 12V 72
R b H - RATREOMAGLEDNLK S 1318 ) OB
AIZBWT, AFF55EIUAV 2 AT S 72855, 89.7+
14.4% (n=13) OMERTEE*ZE L7z 13EF 1200
AATICBW TR, 2RORITTLTEBELZE L. 5D
D 1FRAT T3P 1 RORITCTEE L ZE L7z 224+
21.0m (n=48) OREETHNEZHEETE, F TP
HAF20ecmiEL . HOTF, BHHO35 cm B2V 58412
by HFRICWBEE L RKE (LD S R WIFE CE & 4

4
2EFYTT

ETEDLIENWOLENI o720 LBARIIETIE, UAV
WX DFHAMCe F T TVOMELHEE L72HE. 30
SUPICHER DB ZERRE AKT v FF 2 F b+
% R & Pl T & o,

RPN HIH O/ NI BT TH o F
72 IREF AR NCIEETE D0, BEKREES L
BURDITH DG H 5% R DR ZRR LS5, 2F .
RPN, BIHBEDSHWELR I V4T L A M) —%
MAT AR L. ILHARBRICBIT A/NE o4&
BRI HERE ORI E S5 2 LI s b, 720 K
FHETIIEMEEOME L FRICHEETE 2, 2F 0., it
e X )\ BIEBEARI B L CRIZG I 2 vz
O, M- EEEE - &5 IEBEE OB Z2RI A O F-iAS
FEHTHRMENH L5, HESALTHIRIZ. =vTF0%E
MY - B L - ERAFM T2 LR EI2E D, IR
I BV B EW SR ORI ETL D725 9,

UAVUE—bEI2T7 - BB 707 4 2F&IC
SRy FREDY HEFBOHEE G —H)

B 5 - BRI H ARKOIREE L LCaISn
TBY ., BEPEESITH 5 10004F LI EDOF H 5%
BLTWEEnbILTWwb, RBIEICIZEE YR
WEF L. PR ITHEIIE T 29 — VS B8R o 8
FENTWD, T2, 5~7 A ORIFEHY O FFCE %
Y= 7R 30~40 T NOBUOLEin b 2 &0 A%
VZWgS < & 0 HERBRES - fliA: O EATTED ST b,
— )7, 19904 LD 5 T ARSI N D L H 1Ak
0. HIRWAAND D HI12 L BB L, ERERAN
DT W) 72 LD & SN TV D,

INFCRIEOY I OEBBIZET 2 EE LT, &
12X T4 e ARAC L B HEHOZEL) E b T
&7 LL. 94 bV AFARIIZEDOHORSRSEM

1. BEREGEREEE L=k rexd v (),
etal. (2023) LV 5IH] - &2

Fig. 1.
over the study site. Redrawn from Yamato et al. (2023).
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WefEl L2 Fo— > (h), REF7ECHIZR L 2% () o Yamato

(a) Japanese toads (Bufo japonicus) fitted with transmitters, (b) unmanned aerial vehicle-based radiotelemetry system, (c) flight tracks
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RV OB EIELEEEZZ T L0, T— 5 O
ENRKEL R LMERD 5o ZOM. T DEBFEED
/i LT, HEMED A 7 OB & GPS HinH
DR NI REEBE 2 TCICHETE S 5 T D % 0597 )18
Wb Fio, FIERA, TREE, KELZ 0 H 5
B INHOFEFRBRLOR &R EZ0) > hRZD
EAHET L W) FETH Y. AL BN L <
WA CHDIRIED L 5 ZBEICIEE S v, BIE, RIE
DWEHNIMZ BT, ¥ OIEFEE S LT 5 D5,
PO R E Z IR X B 720\ LB A R B R
ENTIHES T TWE, TOZ s, B0 X
I TRIREIE T D AEEDSE TN 5 R WEERETF

(a) & S Mz HXFEE (4530)
7 RO—>748 (19188)

2019/09/27

FEhRO LN TV 5,

AL, UAVYE—bbro v rbkvxAf 707+
HL B X B Y R EFE AL, T
5ORBER IEMGF L. A7 710 —FI12 X 5D
LWREIIC BT 2 ¥ ARG R 2R R L 72, |
2a £ D UAVZEHIE, 74 Py HFAFETIEIRZ 20
WO Y h BT 52 EAMEETH L I L 2R LT
5 (BiZh 202000 F 72, 2bl21X20194F9 A 26 H~
28 HIZF €, A ) L) ICHE L7z 7RD~ A
707 4 YT &NV DB ETFT—F 2T v h
DOFrE & HEE L7252 7~ L7z (Salem et al. 2021) 6

UAV E XA 2707+ VI2X 5T OMNESA & Lk

2019/09/28

2. (@B CHDOUAVE T A by A (EROEAEDE) LK, HHATA MLy A, REPUVAVICL DITEI N7
DREEH. BEFEY T OBNOEERLTWS, (b) 7RO A 707+ ¥ TRl N T I OB EFEF— % 2ICI23 7 O

B2 L 7o
Fig. 2.

(a) Comparison of unmanned aerial vehicle (UAV) measurements and a conventional light census of deer performed on the same day.

Blue and red symbols represent the locations of deer detected by the light census and the UAV measurements respectively. The numbers next

to the symbols indicate the number of deer in a herd. (b) Location estimations based on vocalization data recorded by seven microphones.
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L7k 2A, UAVIZ X B EMEECIX. 2 P
WMoY OMERIEE & Z470~696H & HEE S, <
42875 2L 5T WEREHEEX. B X 25399~
66TATHLHEE ENI2o UAVERA 27T T 4 L IZE DY
B OB EIFEIITECEHIZOEDL S FIIIZE
CHEEREEDPE S, ENENOTHEOENEIREN
72o TNOEOFTED, SHROBEICBNUEHSNS Z
EMIEE NS GhEH 2022) FoADEWCTHAE
179 2 LW RO I TORE S RAT N5,

JU—>L—¥—vaAv &BERBUAV (EISMESR)

KEH CO,OWIE & L C4EFEH ZED TV LD
EHAERERTH D L LBAS. ZOWIE % EH
LR TV B IRARN R ED 1 DA%, W=D S
R Z L THDLH, FNWR., CO,MINEZ EBHIZH
WTHIET LD SN THELIPCCOHTA RT A
YT, WIREOBEEFHIONREE LCTERBRNTO
eI B OB | = KR —ERERR co, 5cHim | & &
L., HERANTOREEZOMBZHET L L IEDT
% (Hiraishi et al. 2014) o

FIPCCH A KF 4 > Tld, ARERNTO e FER
wA, e | NRAERROMA (ha)) & [T
B (AT Y 72 ) O A RERN O e g (b >~
CO/ha/4F)) D2 O DHEUEDRET/RT Z L1Z7% > T b,
Foizo, EREREE, AR, HDVIFERRM—K
A PETRIE (NEP) O IEHE 2> DR FE 0 7 5HIAS. CO, WX
SIEHTEDOREE 72 b (L3 2019; KEZE - EEkE
HE 2023)

EMARE R B F N2 M R0 R O THAR 552 12
. THLES A TSRS N UAV BRI SN D
£ HoTEs LOLLGHS, filidEEm WAEDIK
JCI 7R 22404 ) OFHINE, KR L L CRRFIARSEIC X
LBGBISIRGE L CB Y, ILHEEFHINCIZZ KB
R EET 5,

COL) BRENFE OB AT 720, N
7)) v FEIIC K 2RI 7 5 4 N2 RE7% UAV IZ 7
V=Y L= =2 F v FHEW LRI AT 2 %25 L
72 (M3)e COYATAZEY, BEHE (>3558,
<143/ha) OB (Z2MFRZEN B em) ©. EHED
LSRR TOKBEIZBU L M7 — 2 NS RET
B (I3 KR, HHET— 5 OITIC LD TR
WA D54, BIEZE, BS2HETES (K3),

R OB R EE S EORA . RN R ERE DO
WERNZCEIET 2 EDHIHRE 2D LOD, EBEO
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Fig.

| R2=0.93

(8)

L
4.0

1.0 2.0 3.0
Observed (m)
(@7 ) =Y L—H—=AF v F2EWLNA T v FEIT)
ZEOUAV E (b)Y A7 2258 LANAL 7Y v FE)
T %FEOUAV (BUERRSL R ) . EIZBIT 5 (o) 1THbL
E (D7) =2 L= =12 X BRSO3 RKICEHIR B,
LD L7 =2 L= —DFHEBEDE L R
TRLAZFEVKEICGA LTV LEEOMETCE TV,
() HEHEEE AL 727 A b ¥ — ZADFEWHIHZRAIZL S,
) 7)) =y L= =% PR S (o) OFHIE L,

3. An unmanned aerial vehicle (UAV) with a green laser

5.0

scanner and hybrid propulsion (a); a UAV with an eddy covari-
ance system and hybrid propulsion (under development) (b); 3D
measurements of macroalgal beds in harbors using visible light
(c) and green lasers (d); the green lasers had greater penetration
than the visible light and detected deeper macroalgal beds, as
indicated by the red circles; deployment of test pieces (f) and
measurement of vegetation heights using green lasers (g).
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FMERERIZB W T, BB 5 O RETA S RIIAND
FRFEFEHDTEE TH L 720, MENLETIIEIRE LR
FREEDFHRIN TS, L7zd3> T, HAEGIZIZRIED
IR O EEEHIAE E N5,

KA CO, D WIH BE % S5 19 2 A 8 CE a5
LIEOHEIMHEETH L EEbNE, LA L%
Mo, WHBEEOBEHICH o TiE, ¥ 7 —0i%E (il
H5~30m) RKREAEAM (A D) Evio/FKET T v b
T A= ADVVERI LR E BT AT ADKAY T
FHRBHH 05 & LB ORI H 5o

ZZTC, MY AT AR UVAVICHERT 52 L2 &
LT —LA@HEY AT L] OffErAEHL, B
TERAR B & CO, IR FE O K FEMGE % M Td 5
(X3)o FAERERTT AN LR, N7 v FEj
N HHR S NS CO, MM E L 5 2 2 L%,
[ D 7 7 — 1 ZFRIE SN2 v A 7 202 X AW
T L FRREOHE TH - 722 E DR TETV S, b
LBAZEASII UL, GO R 7% 5T EICBWT D
A RER— KA O CO, 3 B O EHFHI T & LTk
IEHDPHIfEE NG,

TIRRKO—-> S50 K- MERWEBRER (KH
$1—ER)
WEOBINFHRICB T 28 L widsa s LT, iR R
00— (UAV) &K Fa— > (USV) Z#las b7
TTU—FEBNTEH (K4) . BEETIE. #oihT]
& REME R W AR ORI L0 HEO AL KL DR

ool

iR bO—>
Multi-spectral camera

e [PEl= 2

TOREA

M4, ZEfFo—r, KEFo—y ZLTEET T Y bh—
L& LCOMIH, 12 & T - P RN S 2 T 2

Fig. 4. Schematic of a three-dimensional ocean observation system
for ocean color, temperature, salinity, and velocity fields using
unmanned aerial vehicles and unmanned submersible vehicles

controlled from a boat.
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LT HETVICHEHET A Z & T, PRl b AR o
AR OMMBEZEO SNLOTIE W EHEL Tw
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UAV-LiDAR & REIBEMT — 2 2 AWV IR AGB Y v
E2J (hEERR)

VE—= DMLY UL DHEMOM EERNA A+~ A
(AGB) O ZEM A, HHORZEHE R AL
BT HERERY — EADFHNi % & BRERA. ARRE
FNFH TR O FE IR & L CEE R ER % FED (Dalla
Corte et al. 2020; Ma et al. 2024) o A F o — v A D
L —#— A% v F (UAV-LIDAR) &, #ERDMZERES
ANL#EE L) @ aEiEs b b, LK 2
NCOEMBTHETH L 2 EH 5, FTE, FOFMHIE
b L T2 % (Dalla Corte et al. 2020; Xu et al. 2021) o —
F. WETOERFET - HHEHSILDAGB I,
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UAV LiDAR
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TdH > 720 20224E8 H 12, UAV-LiDAR (DJIfL. Matrice
300RTK + Zenmuse L1) % H\WCT&di% H /8 —$ 5183
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A KN ZEARIC BT 2R T — & & AGB DM R, (a) RINBIZMADOAIE, UAV-LIDARIZ X A4 mE~ v 7

BLUGCOM-CIZLBAGB 77U ¥ 7 I (oA NIFZEMR IS T 5 5 A V). (b) LIDART—% % b & IZlFET
WTHFI E N7 AGB AR TIE S N7 AGBD L, (c) GCOM-C & UAV-LIDAR ® AGB It#%,

Fig. 5.

Data analyzed for the Tomakomai Experimental Forest. Left maps show (a) the location of the tree census plot (top), unmanned aerial

vehicle (UAV)-obtained vegetation heights (center), and the aboveground biomass (AGB) product of the GCOM-C satellite (bottom). (b)
Scatterplots indicate the relationship between the AGB values observed in the tree census and those estimated using UAV-LiDAR (top), and
the relationship between the UAV- and satellite-obtained AGB values.
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Fig. 6. A tree species distribution map based on unmanned aerial vehicle (UAV)-LiDAR data and deep-learning techniques for multiple forest

types and the surrounding secondary forests for Osaka Metropolitan University Botanical Garden. Redrawn from Onoda et al. (2024).
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(a) High-density unmanned aerial vehicle (UAV)-LiDAR point data enabled us to capture not only the forest surface but also informa-

tion on forest interiors. (b) Example of a conventional digital surface model, and (c) gap in the forest interior.
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Fig. 8.

Comparison of color photographs and simulated images of a deciduous broadleaf forest in the Tomakomai Experimental Forest,

Hokkaido University. (a) Orthophoto taken with an unmanned aerial vehicle camera, (b) reflectance in the near-infrared region simulated

using a light environment simulation model, (c) an enlarged view of the colored area in the simulation image (b) and the spectral reflectance

at the locations indicated by white circles.
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