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- Bird and mammal diversity can be effectively identified using camera trapping in urban wetlands where biodiversity is

in decline.

- These results suggest that camera trapping can be an effective methodology for biodiversity monitoring.
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Abstract: This study applied a camera trapping method to investigate species diversity
of birds and mammals in Jingwan-dong Wetland located in Bukhansan National Park,
Seoul, Korea. The objectives of this study were to (1) verify the efficiency of the camera
trapping method through a combination of literature and observation surveys, and to (2)
propose it as an effective monitoring method to assessing changes in biodiversity. From
February 2022 to June 2022, a total of six cameras were installed for 121 days to conduct
camera trapping in three aquatic environments. As a result, a total of 14,742 videos were
obtained with a data acquisition rate of 59.2%. Analysis of the data identified a total of
20 families and 47 species of birds with 7 families and 8 species of mammals. When
previous field observation data compiled from the past 10 years starting from 2011 were
analyzed, a total of 33 families and 90 species of birds with 5 families and 6 species of
mammals were identified. Camera trapping in Jingwan-dong Wetland recorded species
list, including 3 families and 3 species of bird and 2 families and 2 species of mammal
not observed in the past decade. Thus, camera trapping, which complements temporal
limitations of field survey, can be an effective monitoring method for rapidly changing
biodiversity if spatial limitations are improved. Resulting species lists can serve as a
basis for future restoration and management plans.

Keywords: camera trapping, biodiversity, urban wetlands, biological monitoring, National
park
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TAYEAZE S EA] ETE e a8 5
7¥sHal o] 5 Hos7] QIjt WiekEo] AAE AL et =i
WL A H A A1250] LAk AEThd/dol
FoHAY 2T FAE flske] Hdo] Wagt A
o= AH - AUEAA G o= 274 9l Fefstal Itk 2022
| 129 7] R A7 97142 (248,029 km?), Al - EA]
A 217 237042(37,905 km?) 2 & 3270 A|o] - A
HHZ21H9 08 27 =]o] QITHME 2023). A€ - A HE ]
o AHH 329 A F EAHAL] 5L A
T 9 & % 14w BF AL vl AAs 9le
B 0% wlat BARI0] ARk olga AgH e
EAGAL ek 87 AL ol e RS
HGelT F1 W) gs], Aol 4, £ A3 5 FR
St A A A HAE AlFSHH (Barbier 2011) EA] Q] 2471
5/3& @45h= d Z42Ql A Rtk (Alikhani ef al.
2021). Ly A= QI91AQ1 Gkl FofshH Ho]
e Aor dHA Qlo] AAZQ B E S HovtE
85}t (Fraser and Keddy 2005; Erwin 2009).

AN glof ot FErheFA o] Wst= A=A
774 H7E 2 BEjAlE 9ol B4A 712 Abmoltt
(Laurila-Pant et al. 2015). 5], W27 #H3lol= TAIAY
EAl= g7l WA HHEohe 78 A FE:Fo] digt 2
e o] B4Aolth(Kim et al. 2020). = 5= H}E*
o7 Ho| 2 I ARz EAof o&AHQ] 2R/} 8=
+ AEiA 9] Hste] REEotH, thE ERwe] w2 A
TAE Hol Bathdd A 7= ol &85 3t (Aslan
et al. 2015). WehA] Oig2] W ekt AEttdd< B2t
Sk7] fleliA= €7 2%19] HISHE HHde BUE o] A
7|H2 4s)x|ojoF gt} (Jarvinen and Viisinen 1979;
Steele et al. 1984). SIATF AEA Q1 7 Ei= Ixybew)
Alo] A& HUE -2 A7 AR A H[-§4 A= <l
stof HlofE] F5o] AlgtHolzte ©do] Qi o] & Het
517] flsto] Al917al, £74DNA (Environmental DNA,
eDNA), 7H2} E2 7 (Camera trapping, CT) 5 A=
HUEE WA o] Eqjo] o] Foi2| Al glrk(Rowcliffe ef al.
2008; Larson et al. 2020; Choi et al. 2023).

Zi|et Egg2 72l A4 ZHEtE o] 89 e 2y
B i or, Q4 F9 2 48 552 Foko] A ¢

] AHE 2Rt AE dlolEE FET & AUth(Rich et al.
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2017). Alkhet @A glol IR dolEE Soto] F2
S oy B T B BEAYA 5
e WG % glom, 951 BUEHPE Foto] B%

PEZAE A AR AIE Hebeh 4= Itk (Nichols
and Karanth 2011). 7H42 E &

A% Belel A7kl G HaToHe A4 2y
1=k HJ%‘E?—._(Rowchife et al. 2011), -5 (Tobler et al.
2008; Espartosa et al. 2011)2} 7 (O’Brien and Kinnaird
2008; Roncal et al. 2019), %A - T+ (Hobbs and Brehme
2017) & THgRE BRtoll A-8H ol fasdol AFH Uk
Ul A 3P het Ed A e IR Ee 1%'
s b Rkl tiste] M=l e w2 a&
22072 7t 22fE]= o] 2] & -85S Th(Chung et al.
2014; Kim et al. 2018; Choi et al. 2019). ©|"| A& &3
7Hi2} EfEL ZoE L7190 AE 22 o
H7]of oy 8T} Uold 4 Qo HEAHQ] &
DA 0] ZAe B4H 02 FEHE B 2
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LT DA
[ Study site, Jingwan-dong Wetland
@ Camera point :

A’F{EJ i

@ Study site, Jingwan-dong Wetland

FHe AETFES v O 2002 A - HEEAA]
oo 2 2= .2t (Seoul 2003), =327} obd 7H A}
FAR ol BAR o] =Tt HaE 43 #e
7} o]F0]2]7] o] &2 2| o}, 74 Al 9 AFEfA W
PAlZol o3t S8} 19 5 yE579] 8 Wl A
&2 07 AR T Q) O™ (Kim ef al. 2016), ATFZQ] &
UE g v o2 3t BT fejdjdo] @ 1 TH(Hwang
et al. 2014).

2.2, A/EE 72t E2ig

APEHA 9] ETtdds a4 o8 Ak
o F21 AlA] 7} 2H(BTC-6PXD; Browning, USA
g 7t EdfgE Jegstlth. 279} X575 TSt
7] Slote] BE0] BEo| Bl 23S SR I
oL ot 58 (Lotic) I &2 <487 (Shallow
lentic), 7<= 35273 (Deep lentic) 2t Zo] 3712 2 &
SRS IR F et <1 AlA HetE A
SHATF (Fig. 1, Table 1). B2F29] 5 ZF& 2436l
fIste] 30m o]Fe] FHA o= AAE 7= A=) =
S HAA o S o 102719] FIFS FJotes A
e, g g2 A= Z26H] flote] #Y o]
T A == AZE glo] 24413 55T

AFEHAY] A2 ZUERES 9i5te] 2022 2
4 1695 H 69 1647k 7|2t EFjES IPsHAL,

-
fi

Table 1. Type of aquatic environment and coordinate of observa-
tion cameras at Jingwan-dong Wetland

Type of aquatic environment Coordinate
Zone
Lotic Shallow lentic Deep lentic X y
A o 126.94455 3765503
B ¢} 126.94473 3765534
C 0] 126.94453 3765575
D ¢} 126.94373 3765597
E ¢} 126.94371 3765635
F ¢} 126.94396 3765604

Z 52 (20229 29 1697} 39 169, 4¥ 20¢, 59 59,
69 16¥)9] @FxAe i e 7 9 7hlet HHS 2
Psct FET g2 FEFo| 9 I G
2] 2 oz RSt Y G, Al BES
el

7|55t BA-E ZdYsttt. 27 Lee et al. (2020)

5192 ™ (Xeno-canto Foundation 2024) ZE--7+= Jo et
al. (2018)= 55| £+ TS XSGt o] ¢ At &
Mg 9t =2l 279 Eofl A2 Lee et al. (2020)9] 7|
2 w2t S (Res)F AZEA(WV), AFZ2A(SV), H
T (PM) & F-E5FAT
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AT Y] BUEHE T8 A5 A
= mefstr] fiste] WA FAZXARRY ZAZXALE 2
At B AREEAE WFe R PEXAE A
242t Hwang et al. (2014)2} Seoul (2014, 2022), Kim et al.
(2016), NPRI (2019) 9] Z=E FHgsle] FdPst59.om, o]
£ HI o= 2011WHE 2021 97H] Js5A9 A=
A2 TrelotSth (Table 2). 201192 Hwang et al. (2014)
3} Kim et al. (2016)2] A7, 2013192 Hwang et al. (2014)
T} Seoul (2014)%] ATE FH st 7|5H F2f A
A& WEGsHATE 201612 Kim et al. (2016)2] AIE
g5k3lom, 201992 NPRI (2019)9] 23} 20212
Seoul (2022)9] AVE RFFsITE A XA b= 2 <
TollA Mgt HAXAR} ZH|et Edg Ate] R84
Aol &gk

20229 APF5A] 9] BELS Tofstr] flcte] X3y

(

0|

Table 2. Taxa and reference of literature review at Jingwan-dong
Wetland (2011-2021)

Year Taxa Reference

201 Bird Hwang et al. (2014)
Bird Kim et al. (2016)

2013 Bird Hwang et al. (2014)
Bird Seoul (2014)

2016 Bird Kim et al. (2016)

2019 Bird, Mammal NPRI (2019)

2021 Bird, Mammal Seoul (2022)
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3.0, AZE 7Hui2t E2fE Za

20224 297 69714] 1219 5 ABHFHAA 7
w2t Edfj S st A, 5 14,742719] 94 FHASSH
Qo IF AEFo] FYHE I 8,72870= 59.2% 2]
tlole H5ES HATH(Table 3). ol & 24 4} 121
A R F 207} 4750 2/} F 7 8F S ZHRUL T
E| Q1T (Table 4, Fig. 2). Al we Lai@go] g2t
ZF 29ol 123 215 0] WEE S, 39oll= 1294 23
, 480l = 137 26F, 5900l 177 26%, 6€oll= 779
o] Tt 1% BAE 147} 24F 0 7 51%2 2}
A, ASHMN7T 63 9F O 2 19%, ASHAE 61} 85
O F 17%, YIUM7} 43} 7502 159% 02 EAE ]
o}, e Ado] 27kA] 2 vebd a8 (Periparus
venustulus)©] 73-%-, A4t Aol 5% x3ts
of AitstAnt. -5-F= 290l 53 55-0] TEE L, 3Y
o= 53 5°&, 49olli= 73 8F, 5Y€oll= 63 68, 6€oll=
53t 550] TEE ST

O ofN ofN rlr M

Table 3. Number and rate of videos that filmed bird and mammal species by camera trapping at Jingwan-dong Wetland (Feb.-Jun. 2022)

Observation period

Zone
22.02.16.-22.03.16. 22.03.16.-22.04.20. 22.04.20.-22.05.05. 22.05.05.-22.06.16.
A 888/1,273 108/135 102/203 807/1,969
B 373/747 885/1,639 65/104 17/97
C 665/832 494/634 52/70 70/114
D - 82/174 177/179 864/1,760
E - 688/800 - 793/1,846
F - 1,207/1,472 29/47 362/647
675% 71.4% 70.5% 45.3%
Total

59.2% (8,728/14,742)
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Fig. 2. The part of bird species living at Jingwan-dong Wetland captured by camera trapping (Feb.-Jun., 2022). A, Accipiter gentilis; B, Aix
galericulata; C, Anas platyrhynchos; D, Sciurus vulgaris.

Table 4. Result of camera trapping at Jingwan-dong Wetland (Jan.-Jun. 2022)

Observation period

Scientific name Korean name Migrant
status Feb. Mar. Apr. May Jun.
Nycticorax nycticorax osff2t7|° SV S
Butorides striata dedrsie| SV S
Ardea alba alba ZSCHEHZ (CHEEZ2)° WV D
Ardea cinerea ef7te|° Res LSD LSD LSD
Aix galericulata e Res LS LS
Anas platyrhynchos Hsez© Res SD SD SD
Anas poecilorhyncha SHAS L Res SD SD SD
Accipiter gentilis o *! WV L
Buteo buteo USt2| WV SD
Phasianus colchicus k= Res S S LS o o
Streptopelia orientalis SIH|Z 7| Res S o LSD SD S
Cuculus canorus b 7|° SV o o
Dendrocopos kizuki AECHE] Res o S
Dendrocopos major QM Res L L
Dendrocopos leucotos QM Res S
Picus canus Heoe Res o o S S
Motacilla cinerea SO sV L
Anthus gustavi SlSwELte PM S
Anthus hodgsoni SISM PM L
Hypsipetes amaurotis RSl Res LSD L LSD LSD LS
Lanius tigrinus VN SV S
Troglodytes troglodytes ==EM Res L
Luscinia calliope =S PM L
Phoenicurus auroreus AR Res L
Turdus hortulorum | Xt Y LSD o o
Zoothera dauma S| sV S
Turdus eunomus W ENL: | WV L L
Turdus naumanni L 24X WV LS L
Paradoxornis webbianus F2HELEE0] Res LS LSD LS SD LS
Phylloscopus occipitalis AHEARC SV S
Aegithalos caudatus Q=250| Res LS
Parus varius LEHO| Res S LD
Poecile palustris ENEIN Res LS LS L L
Periparus venustulus L 2R RIEEAY WV, PM L L
Parus major HEARC Res LS LSD L L LD
Emberiza rustica 2M WV L L
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Table 4. Continued

Observation period

Scientific name Korean name Migrant
status Feb. Mar. Apr. May Jun.
Emberiza tristrami S|HHHIAY PM L
Emberiza chrysophrys MBI PM L LSD
Emberiza elegans = =B N Res LS LS LS LS
Emberiza spodocephala =M PM L
Carduelis sinica SIS A Res D D
Fringilla montifringilla ZIM WV LS LS LS
Eophona migratoria kel =N WV L L
Garrulus glandarius x| Res L L L
Cyanopica cyanus =V Res LSD D o o o
Pica pica VI5N| Res L o o o o
Corvus macrorhynchos 22270k e Res o o o o o
Number of bird species 24 26 26 26 10

Felis catus 110 L LS L L L
Canis lupus familiaris 4 LS LS
Nyctereutes procyonoides H+e] S S
Sus scrofa =N LS LS LS LS LS
Hydropotes inermis ety LS LS LS LS LS
Mustela sibirica ZHH| LS LS LS SD
Sciurus vulgaris A L D LD
Apodemus agrarius S=7 L S S S

Number of mammal species 6 5 8 6 5

1. *, Korean natural monument; ", Endangered species category |l by designated by Ministry of Environment; ¢, Climate-sensitive biological indicator species

2. Res, Resident; SV, Summer Visitor; WV, Winter Visitor; PM, Passage Migrant

3. L, observed at lotic environment (camera A); S, observed at shallow lentic environment (camera C, D, F); D, observed at deep lentic environment (camera B, E);

0, identified by sound

EAZXAE 5dlo] =&3%H 20119} 201349, 20164,
20199, 202149 HBF5A]9] Y= 2 AFoA A
5 5ol E%‘:q%& 2E1 AT

659 TR AAlo] Zlx i%i&%zk} A,
Z5E 201190 297} 74°80] TEE AL, 2013 ofl+=
213 59, 2016 °ll+= 267 52, 20199 )= 167} 23,
2021990 187} 30, 20220 = 147 22550] T E
At olof whet A-E52]Y] 2F thefd2 Azl ot
2} Hadhs AFE Hole A2 g1 4 Slth(Fig. 3).
AGIEZAL A3}, LGF/E= 201950 437} 550 T E]
1, 202190]= 33} 35, 20220l = 23} 250]
=g

gl

S/ S/

224 (©2024. Korean Society of Environmental Biology.

Jingwan-Dong Wetland

80

70

60

50

40

30

No. of families and species

20

2011 2013 2016 2019 2021 2022

Family e==Species Year

Fig. 3. Fluctuation of bird species diversity at Jingwan-dong Wet-
land by observation survey (2011, 2013, 2016, 2019, 2021 and 2022).
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Observation survey ('21)

Dendrocopos canicapillus
Passer montanus
Oriolus chinensis

6 families 8 species (A)
Hydropotes inermis
Sus scrofa

11 families 19 species (C)

Birds
Mammals

Eurystomus orientalis

12 families 18 species (B)

Canis lupus familiaris

Monitoring biodiversity in urban wetlands using camera trapping

Observation survey ('22)

Accipiter soloensis
Parus ater

Anas platyrhynchos

Felis catus

Nyctereutes procyonoides

Mustela sibirica
Sciurus vulgaris
Ipodemus agrarius

Camera trapping ('22)

A B
0s('21), CT ('22) 05('21), 05('22), CT ('22)

c
CT (22)

Butorides striata Anas poecilorhyncha

Ardea alba alba Phasianus colchicus
Dendrocopos kizuki Streptopelia orientalis
Dendrocopos leucotos Cuculus canorus
Phoenicurus auroreus Dendrocopos major
Aegithalos caudatus Picus canus

Emberiza spodocephala Hypsipetes amaurotis Pica pica

Eophona migratoria Turdus hortulorum
Paradoxornis webbianus

Parus varius

Poecile palustris
Parus major

Emberiza elegans
Fringilla montifringilla
Garrulus glandarius

Cyanopica cyanus

Corvus macrorhynchos

Nycticorax nycticorax Zoothera dauma

Ardea cinerea Turdus eunomus
Aix galericulata Turdus naumanni
Accipiter gentilis Phylloscopus occipitalis
Buteo buteo Periparus venustulus
Motacilla cinerea Emberiza rustica
Anthus gustavi Emberiza tristrami
Anthus hodgsoni Emberiza chrysophrys
Lanius tigrinus Carduelis sinica

Luscinia calliope

Fig. 4. Venn diagram of biodiversity monitoring by observation survey and camera trapping at Jingwan-dong Wetland (2021 and 2022). The
observation survey in 2021 is result of Seoul (2022). The camera trapping and observation survey in 2022 are results of this study.
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Appendix 1. Result of the observation survey at Jingwan-dong Wetland (2011-2022). Results of 2022 were from the survey conducted in
this study, while others were from references

Observation period

Scientific name Korean name ’\gltlgiigt
201 2013 2016 2019 2021 2022
Nycticorax nycticorax SH2t7| SV 1 2 1
Butorides striata dedrsiee| SV 2 1
Ardea alba alba SCHEEZ (CHEY2) (c) WV 2 2 2 1
Egretta garzetta NI Res 3 1
Ardea cinerea f7t2] (c) Res 2 1 3
Aix galericulata ek (¥) Res 4 2 2
Anas platyrhynchos 522 (c) Res 2
Anas poecilorhyncha SAS Y Res 6 2 6 2 2 2
Aegypius monachus =g 2
Accipiter gentilis ZHOR(*, 1) WV 1
Accipiter soloensis E= ] 1 1
Accipiter gularis AZ20| 1
Accipiter nisus AHOH 1
Buteo buteo UETHE] WV 1 3
Falco subbuteo ME2|7| 1 1
Falco tinnunculus 2HEXE0| 1 1 1
Phasianus colchicus =} Res 8 1 16 2 2 1
Charadrius dubius ot 2
Charadrius placidus SI=SHM 1
Tringa ochropus el e Q 4
Actitis hypoleucos UAREQ 1
Streptopelia orientalis SiH|=7| Res 46 7 82 7 5 4
Cuculus canorus B2 7| (c) SV 5 1 5 1 1 1
Cuculus saturatus & 0{ 2]t 7| 1
Cuculus micropterus H2SHT7| 1 1
Ninox scutulata £590| 1
Otus sunia AT 1 1
Alcedo atthis =M 2 1
Eurystomus orientalis AR 7 2 3 4 2
Dendrocopos canicapillus Of= A= 1 1 2
Dendrocopos kizuki AT Res 17 1 5 2
Dendrocopos major QAR Res 13 1 7 4 1
Dendrocopos leucotos SQMECtE Res 3 2 1 1
Picus canus e Res 4 1 7 2 1
Dryocopus martius e 1 1
Hirundo rustica HH| 3
Motacilla cinerea L=l SV 4 1
Motacilla alba EEEE 1
Anthus rubescens SrECH| 2
Anthus hodgsoni SISM PM 4 1 2
Hypsipetes amaurotis eIl Res 102 13 84 15 8 15
Lanius bucephalus 774X 2 1 2
Troglodytes troglodytes =M Res 2
Luscinia cyanura S 2 1
Phoenicurus auroreus AR Res 5 1 3 1
Saxicola torquatus A2 2 1
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Appendix 1. Continued

Observation period

Scientific name Korean name l\ggiizt
2011 2013 2016 2019 2021 2022

Ficedula zanthopygia Bl EEM 5 4
Ficedula mugimaki LAY 1 1
Cyanoptila cyanomelana 222M 2 1 1
Muscicapa dauurica ESEN 1 1
Turdus pallidus SIH X | 1 2 7 2
Turdus hortulorum DAL o] SV 1 2 12 1 2
Zoothera dauma k=1= N SV 2 1
Turdus eunomus 745 K| bt WV 3 2 1
Turdus naumanni Ea=oNL | WV 7 1 8
Cettia diphone S| AR 2
Acrocephalus orientalis 7H74H]| 3
Paradoxornis webbianus F2HZE=0| Res 365 36 123 25 40 30
Phylloscopus inornatus LEEMEM 1 1 1
Phylloscopus xanthodryas | 1
Phylloscopus borealis ESEN 1 2
Phylloscopus occipitalis A A (c) SV 18 3 1 5
Aegithalos caudatus QE=0]| Res 25 14 16 7 4
Parus varius = =410] Res 40 3 4 3 4 2
Parus palustris AHEA Res 54 5 19 9 6 4
Parus ater EDN 18 2 19 3
Parus venustulus L2 RIEFAY WV, PM 1
Parus major Hf AR (c) Res 92 16 37 4 M 7
Sitta europaea S 14| 4 2
Emberiza cioides S
Emberiza rustica 2M 68 29 7
Emberiza tristrami SIHHSIAY PM 12 8
Emberiza chrysophrys MBI PM
Emberiza elegans L 2HETIAY Res 13 3 35 3 6 4
Emberiza fucata T EoIAR 3
Emberiza spodocephala =M PM 1 20
Carduelis sinica S A Res 3
Fringilla montifringilla =\ WV 19 18 14 15 13
Carpodacus roseus QUZI0| WV 3
Pyrrhula pyrrhula SO0 WV 2
Eophona migratoria BT WV 40 1
Coccothraustes coccothraustes =M WV 37 1 20
Passer montanus M Res 39 35 194 16
Sturnus cineraceus WEE: M 2 2
Oriolus chinensis nmme| SV 1 2 6 2 1
Garrulus glandarius (GPN] Res 15 3 18 1 2 1
Cyanopica cyanus =N Res 6 18 33 15 8 3
Pica pica TR Res 108 13 53 14 8 2
Corvus corone 7oy Res 4 3
Corvus macrorhynchos 22710t (c) Res 17 1 60 4 1 1
Number of bird species 74 59 52 23 30 22
Number of bird individuals 1365 303 987 127 180 102
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Appendix 1. Continued

Observation period

Scientific name Korean name ’\gtlg,zgt
2011 2013 2016 2019 2021 2022

Felis catus 10| ©
Canis lupus familiaris M o ©
Nyctereutes procyonoides e o

Sus scrofa | © ©

Hydropotes inermis ety 1o o

Mustela sibirica ENE] °

Number of mammal species 0 0 0 5 3 2

1. *, Korean natural monument; I, Endangered species category |l by designated by Ministry of Environment; ¢, Climate-sensitive biological indicator species

2. Res, Resident; SV, Summer Visitor; WV, Winter Visitor; PM, Passage Migrant
3. 0, Presence of species, Number of individuals
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