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unmanned aerial vehicle (UAV) remote sensing technology has been widely used in the field of ecology,
however, it is still a lack of developed methods for its application in bird survey. In this study, a micro-UAV
(DJI Mavic 2) equipped with a visible light camera was used to conduct a waterfowl survey in the West
Dongting Lake National Nature Reserve in Hunan Province. Four survey areas were selected inside the
reserve where the target species were concentrated. With flight routes in each area planned and the flight and
shooting parameters set appropriately, remote sensing data were collected (Fig. 1). Meanwhile, the birds’
response to the disturbance caused by the shooting process was ranked and recorded (Table 1). Subsequently,
the image splicing software PTGui Pro 11.0 was employed to splice the collected images and adjusted their
color balance. Finally, based on the synthesized remote sensing image, the classification and annotation table
of waterfowl was established and the waterfowl in the image were manually interpreted. Also, the disturbance
ranks of the investigation to the waterfowl was analyzed statistically. We conducted 11 flights in this study, of
which the largest flight sites had an area of 18 hm? and the resolution of 0.012 m/pixel at the flight altitude of
75 m. We successfully obtained data from ten survey flights. We tried to identify and count, in our obtained
images, six main waterfowl species with relatively large body size: Ardea alba, A. cinerea, Anas crecca,
Mareca falcata, Cygnus columbianus and Vanellus vanellus (Table 2, Fig. 2). The results showed that the four
target species can be identified and counted accurately with the remote sensing images, however, the A. crecca
and M. falcata could not be distinguished from each other. Alarm rating records show that the drone
investigation had a minor impact on waterfowl. In conclusion, it is feasible to conduct rapid remote sensing
monitoring of large and medium sized waterfowl in wetland based on micro-UAV equipped with visible light
cameras. In order to achieve relatively higher accuracy of interpretation and prevent excessive interference to
waterfowl at the same time, parameters such as flight altitude, flight speed and image overlap need to be set
appropriately.

Key words: Unmanned aerial vehicle; Wetland; Waterfowl; Monitoring; Wintering grounds
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. B RmAREI B, B S A 2 R R A
Rl G ERH 20E, DS s E A A 3
BKSFR RR S K e 1), e SRy T
TEF TR Sy (FRRHESE 2016). 415
e IEZNT RN SN PV ER2T RS YN
TWEFR, JRRMEERHFERFES), EFf
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SREER AT, IESE NS s T SR &
S I 7 545 2018).

A8 FH i 2 o R AR AT S 2R A ) R

7E 20 HAE O GBS 1982, BAUEESE
1985, ZAHHESE 1999). T ANLIEIRAE Jy—Fb
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FEAEN) 22 FEPE I T B BRI ) (Kingsford
etal. 1999, T {52 2018). HAE W % (Elephas
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(T BT RN 54, Diaz-Delgado %5 (2017)
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W HH T U 7 RS 41 ( Chrroicocephal us
genei) AP S| Hs Chabot (2009) i
SN ARIX IS E (Anser caerulescens) Al
I KB HE (Branta canadensis) #HAT R, It
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PRI SR E WA E AT S IRES SR
223 (Wilson et al. 2017, Shafer et al. 2019).
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FE ] WICAHLIC AL b 7K 5 K5 R s
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FTEE 2011,
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Kim BAS R VEAEAEIERS, DRI AR FUA e e 45
HA DU R RHAE R AT O AT AR
BEn it HERRENE, %om T
AIEEGRME VPR . KRS (2019
PR S RARRR N BRI o, KBS, — R fAk
KAE 80 ~ 120 em 2 [f]; LS, — Ak KA
40 ~ 80 cm Z [i]; /N 5, — AR K /N T 40 em,
P (Ardeacinerea). K (A alba).
/N K # (Cygnus columbianus) . R 3k 1%
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VEELE] (Iv et al. 2006), [RHEAEE4T B 2K K
HH R AR N 23 FH T PR . BOR BENAT
M /NS RAT 88 o A IRAE 9T FH X8R Mavic2
I EERRTE ML HEFESHCN: X A 2l
#H 354 mm, ZEMHA 1A 31 min, /%28 R 1/2.3
in CMOS, KU #8% 4 000 132 x 3 000 1%
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Fig.1 Samplesitelocation, route planning, picture synthesis effect diagram

a. PUIFEEBI R X R e X AL B R s b, Bl REMAMBIREE: o SR HHE R BERADNRIENME.

a. Location diagram of West Dongting Lake Reserve and sample area; b. Data acquisition route planning diagram; c¢. Composite image, original

image and Cygnus columbianus individual in the image.
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FRINEE, AT LA I (8 M3k AT o S i 35
RN EEES R (RSB B e
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Tablel Alarm ratingtable

£ 17h
Alarm rating Behavior
0 JEATAT [ 8 No discernible response
VERLRAT A, (AR IE R B, BRSEAT
1 Gaze at the aircraft, but it does not affect the

normal feeding, grooming and other behaviors
VERLRAT A, 19 1R IE S BE A AT 9 B i 2

2 Observe the aircraft, stop normal feeding behavior
or avoid dissociation

3 15K Flight response

23 HEEmLE

231 FWABESSEFE  AREE AL E
H—&HY 78 mtkfE T/E4, CPU Intel Xeon
Silver 4116 *2, & Quadro P2200, P17 64 GB
2666 MHz DDR4 ECC, f##% 1 TB PCle NVMe
SSD, #4E &%t Windows 10 Professional .
232 BEGgHE LAV ISR IREL
P GRS, Hok B DU o5 RN FEIX,
DAL 75 4 IR X ) 22 7K 18 IR B P A B — 1R
AR (P2 2017). BT AR
FrfE A PTGui Proll.0 XA KI5 3H1T
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EHL. BT E S HARATE 2 A 2Dk 4
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i, ERIEFRKE, KEE YL, Dl
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H Google Earth Pro 7.3 3R{34% ] 5528 25 B AL b
FHIN ArcGIS 10.6 Fftrh, AFaKIE A2

W TAE (BEUBEE 2005). ASHF KRR %t
BRAN B, Q. RO ARHE, 45

AT 34 SRS S, KR & 2R R )3
24 BEMEE B, FMRIRER (R 2) M KbRREE
AR 6 A L P R SRS B AR L TV (B 20, BT S s A 2 oo ig 7 18 2 Hog
Hf s @ S, &M TKSRMNYE  EXGIR/N, MERUX 7y, I3,
R2 SREBRHEFER
Table2 Classification labeling table of bird images
o oA 55 (R S SO JHSE
Species Size (cm)+ 15cm  Classification Color and texture features istribution
characteristics
g 90 Pl R E, FHEAL, BORE G, RERESEAK, Kt hor, RER
Ardea cinerea Big-sized 21301, MIAAMERKEYL 75 4% Independently
The body is grey, the neck is white, the beak is yellowish, the distributed, not
adult and the neck are long and slender, the aspect ratio is about ~clustered
3 1, the individual length in the plane is about 75 pixels
PNEE 90 itk A, R, Bk, KERS 201, BT AA SRANEFESL
A.alba Big-sized K EL 758K Set small group
The body is pure white, the beak is light yellow, the neck is long ~ distribution or
and slender, the length-width ratio is about 2 : 1, the individual 1r_1depen§ent
length in the plane is about 75 pixels distribution
NREG 110 PNt AT E B, B, BRI A, KERA 32, BN
Cygnus Big-sized FiR N MEKEZ) 130 8% Set small group
columbianus The body is pure white or light gray, thicker, the beak is deep distribution
yellow or black, the aspect ratio is about 3 : 2, the individual
length in the plane is about 130 pixels
Rk Z2 05 32 /N figkts, HEEbPe, kMika, KERS 201, WA BOUBRAR N
Vanellus vanellus Small-sized R EL 308K Relatively loose
The body is green, with metallic luster, the head is white, the distribution of
aspect ratio is about 2 © 1, and the individual length in the film is small groups
about 30 pixels
Bl e 40 ALY, kR, WERRG, HUM, REMYGEE, KEIA3 2, ERHN
Anas crecca or Medium-sized i /i WAMAKE L) 35 5% Set large group
Mareca falcata distribution

The body is dark brown, the mouth is black, the neck is short, the
body is thick and fusiform, the aspect ratio is about 3 : 2, the
individual length in the plane is about 35 pixels

Ardea cinerea

Cygnus columbianus Anas crecca/Mareca falcata

INKAG

Sl gl Rk 2

Vanellus vanellus

B2 ANLFEHRIFER
Fig. 2 Manual interpretation of classification label diagram

KA

Ardea alba
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31 JBEREIEIREL

AR AT 11 4%, FREL 10 MREX 3T
it 40 GB £l (£ 3). 11 H 24 HERH (LiHIxt
— AR AT SIS AT SRR, RER
HORE X0, i ISP 3. HAM 10 KK
IR BRI H R 0 A 1 (A 3 W, MW
MEH N 2 AAE 4 K.

WIS RAKEIL 1, ATA SN 2R IEA
WA WSS N 2 i, AN IEER S
RAFERIL, (EAm AL R . AR
PR R 2 HUE LT AR 7K 38 B™ E A
32 EREMER

PL 3 SEEHUAS. 78 75 m R R A
TR HIE A 1728 m?, FLdAHE 237 B, &
B A58 SR AN 94 669 m?, BUR LK 1c.
33 REGER

AL 3. 4. 5 SR IR Rk T N TR
B, RIEK 4,

4 ik
4.1 TN GRS

T AR K TRRE X BHERS, 52 /AT
T AMGIE K /NFEM AN [F) H H A7 1E KA 1R I
)22, BRIHESRAEX A HARK S 7E it
AATHIKIEFE RS, 750 2238 ™ E i
T ER IR )

BT Rl R0 28 AR I, BT TR AN
SRR — BAPERCK IS (RK 2016).
MOl AT ELJE R (2019) HFFH) 2019 442 [
BFEGG LR TAE LTS S BRI, “ BREl
WS Rk &S, A B AN,
AF LI 9 A B AR 2R34T W, T
I IEF W EEs) . 7

J7/NREE (2017) 452 280 PR B Y
&R 32, MEHERER (FRERHAE MR B
MRS SREFHRE EFL. &
BUFNFEAR /NGO UL 54 £ 38 A DG IR R 3% (ol
BB 7 [ FE FESE s IkAh, STkt mT
AEfii B 2R KPR 45 %H . McEvoy %% (2016)
W T AFERB BT AN AR 64T 77 o0 7K

#3 FEXHEERERRERGITR
Table3 Sampleareadataand alarm level statisticstable

FEIX 5 (EE AR E X HIAR N TR
Sample (E-H-ED Site Sample plot The main species Alarm
plot  Date (Year-month-date) area (m®) P rating
1 2019-11-20 *:141] Banbian Lake 179243 K%, /~NK#S Ardea alba and Cygnus columbianus 2
2 2019-11-21 :1/175] Banbian Lake 63954  ZHHNG, X'LY Anas crecca and Mareca falcata 1
3 2019-11-21 217 Banbian Lake 94669  /NRHE Cygnus columbianus 0
4 2019-11-21 2113 Banbian Lake 179242  HH#RS, 4019 Anas crecca and Mareca falcata 1
5 2019-11-22 J2 T Longwang Lake 39606 £y B 4HS, 4%, KL
Anas crecca, Mareca falcata, Ardea cinerea and 1
Vanellus vanellus
6 2019-11-22 21175 Banbian Lake 182975  £ENS. %409 Anas crecca, Mareca falcata 0
7 2019-11-22 JeFi# Longwang Lake 127345 Gy, Bgiy, HE ., RELEXS
Anas crecca, Mareca falcata, Ardea cinerea and 0
Vanellus vanellus
8 2019-11-22 #1117 Qingshan Lake 65 940 K% Ardea alba 2
9 2019-11-23 225K Anle Lake 83452 L% Platalea leucorodia 2
10 2019-11-24 #1113 Qingshan Lake N/A KA Ardeaalba 3
11 2019-11-26 7 1L1i#4] Qingshan Lake 78 714  /NRHE Cygnus columbianus 2
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F4 3. 4 S TRXETATHRE RAHK
HXAKEMRRERE (B R
Table4 The speciesand number of waterbirds
in samplearea 3, 4 and 5 wereidentified
through manual interpretation (ind)

FEIX S gmy/Tamy 55 K INREE RkFEN
Sample Anas crecca or Ardea A albi Cygnus Vandlus
plot  Mareca falcata cinerea columbianus vanelus

3 29 1 0 14 0
4 8264 0 0 0 0
5 1565 6 1 0 127

SRR, RSN, [EEE T AN
TR EHENE, HTFAREN TR
L, FHE s NIRRT/ T
FE S5 MR RK/NEE#KEL . Bech-Hansen 4§
(2020) {5 FH KEEAE R 4 pro 7 50 ~ 100 m 1]
e FEER T T AN FERGK & 1) FHLAE L, 7K
B TETC NI B 77 A e SRl = (1 AT
TR E K S EK T R R R, Y
A7 9115 55 1 LM 5 . Mulero-Pazmany 55
(2017) RLSCERHTIN TS, ERHITE AHLAN
BRI (BRsh ) ERSER T, JE
BT AN T A R (R S A e AL RSB
Jilib e

A ARAER AL R R, TN AT
FE. TRATRRE . TRATMRE DAROK S i Ak (49 5
AT E L ARG LA R I E— R B
TR AT A . AHAS YR A AR B AR X A
N, RIS T TR SEES,  AH G ) A e —
BT .

ST UL RJRE, FER TS AN K S AT
WA, A B AR AT = RS T R
TP R R, HEK SRR 2 Ah R
T AL, 72 DX IR G KL AT =
Ak, DL G K S B T
42 BREBIBESHINEE

N T AECRUE— & VARG FE A RIS, 38 G %o
BRI B, AR IR R T NETEA
MU EEFE S o FR R R s LA . (HAE

75 m fiifE s 0.012 m/A8ER T RAE (B B T
AT 5 5 45 L THD LI A A X 9 AL 1K 24
i, A ReHEATUERRAR R . R TIE RS AR AL
SUELFFAEAR LA o B OK 1, T G A0 20 S0,
HMELAIX 5, HBETE X 8 I — 2 T4k
BN EKANT 20 em) BI7K1S, HiliniR £ A
A EERT M E GRS RKS, U DEE.
Rt H AR EA /N TE AHLAEZK S 15 0 |
ISP 5 R EARTILE A R T LI A4 S B i
T R0 KA B K & AT s ANV X
THEBRAL . A SRR A (K & dn 2R
PSS 40 . S FKES (Grusgrus) LA K
H%. T A% (Ardea intermedia) fl/NAHE
(Egretta garzetta) 557K S LUE M, (HEEIEA
TR A B TH, semit- 3T E.

McEvoy %5 (2016) fff F## 4 ElEAHAL
7S ie AR ANEAT R A, S HrRLH
0.55 e/ %, LI T AT HA AR, EIRI R
WAELE A R IS . BB Bk g1k
IKSZWAT NINER . AR5 (2019) {§
F 5 AHE 58 AL /N BT A MK 5% Mavic2 Pro
X JURIRE /K S AT 40 5%, @ /AT R
K% 30 m £& 15 m, FoHREmET
0.4 m/"M& % . HEERFATSELRF, FikmE
BE T AT BEIE K 1%, R B Tk R i
BIESE/N, FEX AT BT 2R3 KRS,
AT (R RBT R R KRN, EVSRE KR
FENEEY = AR AE T

AR] e 1 43 R AN D AT I R ok
BRI, R AR RTEANLK S 75
(L ). PEERE SRR AR R . KR
PEIAHML, [FIBSF 0 AMLRIAMER RS, BE
I AT MR, B o M RS P RN B AT
T AR FLAN = I KI5 ]
43 FHAFLERARZAL

KW FAEALL W E S Hfis . S
b WREEII I DUEAT T AT A S IR KB
VT, MRSEAE R — Do, i
TN LEMH, A TANAF AT
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mEEL WATHE., WATRES. WITHEE, DK
S RAETEE L. WG S AT B S DR 2N S S
VRS T IR SES, MARRANIER . Ak,
AR FANERE T PEIR FEI X 6 Fhi WK ik
ITHAE, A YBELEARIE— D9 K P
F BEX AR, AR 2 X LU 2

BTk = T 3 A T K S W s R A
KT H, AT B A g L E AR
FRBERI AT, X P VAR SE B B A A7 AE
TAEER. MEMRMER S RSN S ik
EUR RN AR IRROR, Tk — P FRAR A 1k
A, PRERARCRAENRE, SCHE K S
PRI, AR AR R ) ] R

AW FEACHIITEHA BT TP, XI5
VERNC N EEL SRS, A,
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