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Abstract

This study analyzed the relationship between environmental factors and the temporal changes of the bird populations
during the every January from 1999 to 2016 (18 years) in Donglim reservoir. "Winter Waterbird Census of Korea' data
by National Institute of Biological Resources were used for the bird population data, and principal component
analysis and cluster analysis were used to analyze the changes of annual population. The average temperature of
January and the average storage rate of the reservoir were used as environmental factors. According to the results of
the study, the population changes in the study area can be explained by the increase and decrease of two water bird
groups and a mountain bird group. The average temperature of the years when the population of water bird groups
increased was more than 1.4°C in comparison with the year when mountain birds increased. On the other hand, the
influence of the water content was not clear. The visiting of Baikal Teal affected by temperature was a factor affecting
the other group of water bird and a mountain bird group. The results of this study suggest that the temperature
change affects the global spatial distribution of birds and the migration of large population species such as Baikal Teal
affects species composition and populations of birds at local scale. Therefore, understanding of environmental
changes at large scale and spatial distribution of species and flock contributes to understand the temporal variation of
the bird population at regional or local scales.

Key words : Baikal Teal, Mountain bird, Population, Storage rate, Temperature, Water bird

o AeiAz 49 o

1.M 2 =Eg B4

o
=
)

CEREE

XA E dEtAHo g ‘ol AEo] QAsHE X EE A
o7t Z7FE WRItHME, 2011). 1% &$A+ mj¢ =8

" To whom correspondence should be addressed.
Division of Ecological Survey Research, National Institute of Ecology
E-mail: kentish@nie.re.kr

40% ool 2F77F MEFA A Aot Aoz A
A cH(Burger, 1985; Kirsten and Brander, 2004). 53] A
A2 oA EM= Fad FAH8AL0H 5 FHES} o
ol thet A2 B2 313y shx)ef REje] At
UAsH] #HHAH}H(Wetlands International, 2012). E37F

A S8 Al A5 555 olsishe A2 =7/

Journal of Wetlands Research, Vol. 19, No. 2, 2017



224 SUAMAM HESZF A2

9] o]F el digh TeH WA B4Holw UF HA
|z A 712 JA91E 81(AAA] §g 7%
224 59 918)S Tajot=tl vi¢ Fastoh(Brouwer er
al, 2003; Green er al, 2015). 7RA 271+ FF 7]
DUEgFoA 58T fFolA T B2 5= FolA Hgst
Al &35 += o]Fdth(Seber, 1982; Lancia et al, 1994).
Jeu gutdor 2R BIX SN HE od 7
(Class) 2ot F4=2F WA S Aol =7 4 7Hsde &
o] Atk(Bibby er al, 1998). 2HER [t 37]9] 414
2 URkAQl =43 AGZ AHEoto] HolHE g]lste s

= 1=
W AAE] 3RS T 4 AT & A AR AAR

I 9 ABWEE I & & AoH(Williams er al, 2002;
Kim er al, 2015). £3], F8& J4ot= AFS 4= &
e T AV AFEA RUEFS 2 4ot

FA AHAG A} A%k dg &5 ARE AT
tH(Wetlands International, 2012). AJejA1¢] #7|7F =Y
B2 T Aol il Ao AdAl w3t
7} 8rgEts] Ao BA Abeo] A Hsle} o 28 8 2
= AERE AT S wEbA AT A 2UE
g2 nlH JRAE WY =27 54 A8t 2 5 Q)
(Monaghan er al, 1989). TS A7|7te] BUE I} A4
218 EAE 8 279 AT IIx 7HeoH(Kim er
al, 2016). = 199995 E =9 ALE X7/

:L

gel SAMALE AN A0E TN BFok 4
2R Ay Rust WE, FH NS BES AT 4

QITHINIBR, 1999~2016). oo B A= ZHPEAAT
o] 1999E R 2016E7H2] FHAFR ] ZAMEATE o]&

skl 27| AT Wstel g alle] PAE whefsto
dE2R WA =55 olsistarar AAIE i

2, A4 YY

B ATelAE ALE ZRANL ARE TEs] g
18W3H(1999~2016) FHASANA BEE 279 A
2 WSt SAHo R Bstdnt. ot 1A A4
o] Afolo] g mAl T4 2e1E olafstnA 7t sl 7]
o} 4489 o2 HI-BASYT. B AFe] AT 7]
o, Abg Am, 93 FA B4 dEe geat 2o

2.1 &+ Y

SAASAL AARE 17 9
5 nagol zusel Ad. @7 A99l 917
o ehgct. o] fode 2 o
AAE Ao Yol we
A8 A%A9} B, 42 Sol W] glE 4
22 382 haol 1 EA%e
9,946 FEITt, Qo] 9AF AASA e} A%
Z)9] g AL ZFzF 279 ha®l 58.6 hao|th. A4&A]2E
H AE7A0] 4472 oF 10 kmoltt,

flo o
HT
-0,
i)
i
o
2
_{
Y
1o
o)
o 4»
(g,

SREAIEE A19A AH2Z, 2017

' Myemgcheevlt Index map ]
Pongjingang

Korean Peninsula

o Study area

A= TR e AR 277
T o] Ho] EAEY FAAE AFsta,
2 FAAY APL 2FE0] Hol FE5= F
= AlFst7] wiwel B2 S AAA g9
Park and Kim (2013)9] oJ5h#
o] AL 70| et A7lo] ASEAMQ 7L

tu
o,
o
HHI

FYASAL F

31 9= Aoz mobw] 7 9ok

THAFAE HA EEE olgoly, e THAS
22 olEo] WA 1y oHs] e AxAET}
A AE] s FEASAZ Beln 9] W] £

#A g

AL E AT AHPe TAAS2| 2 AHEstATt
22 AR 242
Aol AFRE 22 AR el ZYYEAAT] ALH

Z25 SAAANA A= (NIBR, 1999-2016) 5 1€ At=92 &
=g Zoltt. o] Azol ofsha FASAAE A 1833

66521 %7} AEI o] £RE T AAGH R NAF
of Mab7h 9, 24 63 o) WaH 2052 AT o=

AdAgstainh AIAGA Al 4] Het FAlols s (E
WA/ hE Aol e, HEArTt 09 T2 AAIEH 2
2 5= o 7 ol et gle s Aol Alefstaint.
ole} Z2 7]l ofsf A 205] H5-2 Table 13 .
71 AT Ao gy 7P ool A5 Fotul 4
= 71EHelA 48 ARE Bdste] ARgSHATh T
A7E 714439 713 A RN EY (data.kma.go.kr) 2HH
IS5t Aeg AAmE dEsolETAY] TGV
A& (rims.ekr.or kr)9] FJFe-AredY-TH
H7] Au|2z2RE 25st3in

r-lN r

_l_a

ANAGH o2 Zd Aol FAE TES 153 oF7] 9
s #4240l 8 Aloli= R9| vegan
libraryE ]85ttt 4 7t Zo] AAGL
B3R & ARgoleh AHAITEO] FR7F Fol whet o2
o, °l5 —7-13}1?-— ARESE A A Aol o] WY 4
7] "loltt. A& 9] EF3lel= vegan libraryol] WAH



oo 225

Table 1. Species occurrence data used in this study

Scientific name Korean name 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Anas formosa 713 g 110,000 | 150,000 | 150,000 250,000 108 1 200,000
Anas platrhynchos | 3522 11,030 | 13,800 | 5184 | 754 | 1451 | 216 | 403 564 | 252 79
Anas poecilorhyncha 508 950 3,500 756 128 546 49 296 563 186 248
Anser tabalis 271817 732 36 4 43 938 755 180 650
Anas crecca 294 398 162 8 8
Anas acuta aHe 1,358 56 42 11 7
Cygnus cygnus 211y 72 258 236 43 4 78 106 72 72
FEmberiza elegans ey 54 14 14 9 17 13 13 16
Passer montanus A 37 16 18 8 33 8 8 10
Anas penelope R R 161 39 24 23 14
Streptopelia orietalis glHE7] 9 12 6 7 7 6 19
Pica pica el 3 42 8 6 5 3 4 4
Cyanopica cyanus ST 24
Emberiza rustica A
Mergellus albellus x| 2 g
Paradoxornis webbianus | 522 2 20| 10 8
Larus crassirostris o)zl 7] 18 6 3 22 14 10
Microscelis amaurotis | 28LE] 5 3 5 3
Parus major gAY 1 3
Ardea cinerea Q71 2 11
Table 1. Continued

Scientific name Korean name 2009 2010 2011 2012 2013 2014 2015 2016 SHA
Anas formosa 713e8 200,000 75,000 2,150 53,000 25,000 70,000 210,000 | 420,000 | 1,915,259
Anas platyrhynchos A 114 1,820 1,200 840 342 79 520 778 39,426
Anas poecilorhyncha SlwEA% 0 7] 312 520 795 187 65 122 88 9,311
Anser fabalis 271817 305 2 36 192 215 320 4,408
Anas crecca 2] 48 628 120 11 40 209 1,632
Anas acuta He 8 47 4 1,533
Cygnus cygnus 1y 84 145 19 28 7 40 14 1,342
FEmberiza elegans LA 11 32 35 35 18 8 35 14 338
Passer montanus A 14 20 72 32 32 15 323
Anas penelope S| ez 18 17 296
Streptopelia orietalis WH]-E7] 17 8 14 15 36 37 6 26 229
Pica pica 7k 7 7 21 30 16 26 195
Cyanopica cyanus E7H] 35 15 12 7 29 17 139
Emberiza rustica A 5 7 6 4 56 25 103
Mergellus albellus slu) Q7] 16 4 27 2 43 2 94
Paradoxornis webbianus | &2z 2 510] 12 17 30 16 93
Larus crassirostris o) Zuj7] 73
Microscelis amaurotis | 282 5 5 2 2 7 5 7 49
Parus major I 4 11 4 2 25
Ardea cinerea 7] 3 2 1 4 23
scaling function (Oksanen, 2017)& €85ttt 2 5l K-means €11 ~7\“41(Hz;1rt1gan and Wong, 1979)&

7} 1go] BT Aol S Holt dhE BRG] ASHE  TEoHIC K-means ATEEL 2L AEAG
THEAN 0] FEE T FHEANE 4 el &3 TEY o|th(http://clusteringjl.readthedocs.io).
WA Hato] ARSEISIA, o] o} A= A AAE BESt A9 FAE Fol A AHollA 2/ F FAFel ZFolg
H A3t AR ESIH. FEH o R S 7|He HQl &2 EEsiah 4 & s &84< Aol 7]
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Table 2. Clustering based on K-means with populations of 3 groups

Cluster Years Cases
2001, 2002, 2004, 2006, 2007, 2008,
CWB-1 2009, 2016 8
CWB-2 1999, 2000 2
2003, 2005, 2010, 2011, 2012, 2013,
CMB 2014, 2015 8
CWB-1: Clustering of water birds—1, CWB-2: Clustering of

water birds—2, MB: Clustering of mountain birds

Table 3. Mean temperature and storage rate of reservoir by clusters

in January
Cluster Temperature (C) Storage rate (%)
CWB-1 -3.7 66.7
CWB-2 -4.2 85.6
CMB -5.6 58.8
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Fig. 5. Differences in temperature and storage rate in January
between CWB-1 and CMB.

]_

o

Moz Rl BHHo] 9ee FAT 4 ck. bt A
o= CWB-19] Hugh 9 Al 341251744 CMBe]
e g
oI,

(=3

2]

jus)

| o BolAu HAZES CMBe] Hls) A U
et 7)ol £ Aol CWB-19] @
o8 Z7sHe AFE Table 39 BF o] of
S QAT Ag-go] &E 1 WB-19] @] 4
2 Z7lsle AL Byel] 9o Ao ek

=
i
ol

T
I

L2 o
loﬁﬁ—é
2

ZF
=

I
fJ

WB-19] F8 %91 7Ped o 19 =dx]7} 7]2<] 9
3 FFS T=rt= 72 Park and Kim (2013)9] A+ 2
T A glgt 4= ik, 154 oJstd 1Y 7|20 At
Howr wid o 7Pe = |45k e sHASTA
A F2 PR, 7]R0] sH S e ol HE A
oA TEHE 2 Ae] At
A5 A 9HQl oA F

S HojEot 7Pge g7t gol

%*H%ﬂ AAEE] A7 A

4
ox,
lo
_>|~1_‘
)
il
o
e
S
i)
fr
ﬁi

Eefah dol of
o Fasd7] e
PSS A 2 A e Qo] ohje Aol

Journal of Wetlands Research, Vol. 19, No. 2, 2017



228 SN HSZF M2 AIAEH watel #F 20

Azl F ZAel ofsf AR At 7 Sl o]
fre 279 MAS Aol EA1eE ARAfolA ate] 7t gl
ZALe] BA-o 7]915}7] wjRo|tH(Gregory et al, 2004).
aeBEg ASE 2% SAAALTE BRE FE U eR
SHAE 22 FOKEE) SHO AR 7]t Ax=
warEnh B3 EARTE ASshks 52 A4 SRR

A WB-19] g% AASE 53,2020]13 WB-2% 4500]
o|A ¥ EA(WB-13 WB-2)2] B2 <l
WAL 27100 vl A MB)2] HAS Z7)17F 22 At
7} ol& Surdeitt. Jeu 4o 2AF ApRe] EJtE| o]
A2 4 A= "Wk (bias)o] dAFEY B 1F WB-13}
AR vehd A2 2N F 7P Rt
Z Mol mait o2 FEC] e 2 Ao JFe
FAeS AAreit.
S WB-27F Aid o wol k| A7]9] A
% she =2 Aegolth. FEASACA 2000
7442 2](110,000 744D, H522](13,800 A, 3
223,500 7HA) SolA BE W JHASrE T
Holdct. o] uf FHAFA 9] HHFAFE-2 86.9%°]%
, ©l+= 1999~20169] 7|7t & 2001 2] 93.9%¢°| ©]o]
A2 =2 Zhol2lth. Moon (2010)-2 2171 A4=A1¢]
Q3 Eote 27O MAG A7)l Fo] dHEAt
o, ol HAH FAS fIg 379 SR 5 o
ALt F& +8T 4 7] Wil Aoz FH51e
L AES] AR AH} A dutEoz oo Ak
Al AT Kim, er al, 2011). WA S 52 o)A
200040l et heket T4 A AL SR S
AT 48 14 7 AftEo] & 7Fs Ak Ut of
29k 2 AfollAs Aggit F HAIG] S Aol &
g3t o] ettA= ekokth(Fig. 6). Ag-&o] 7ot
EA19 gy #EE SO0 HH0] Frlsloe 71 24
o] TrEoA] o EjuEt DF AT T Bd ToEA
M2 AERE EEote spgeest mas s ol

N rlo oX

ul

ol

Ej—l

N

]

230 g 4 o it o2 rw Jm

o lo

5

g

-
i

500

_| y=1563.5x + 7678.2
= R2 = 0.04 .
c 400 —
(4]
u) —
2
2 300 —
it
< _ .
2200 - . .
5 . .
= _|
Q_ L ]
o 100 —
o ® o

— L ]

[ ]
[ WY & Y hd
0 T T |
40 60 80 100

Storage rate (%)

Fig. 6. Correlation population of all birds and storage rate during
1999~2016.

SREAIEE A19A AH2Z, 2017

WolzithPark and Kim, 2013). o]&3t sj4e B 2o

mef F A9 ApolE Hols HIRAAE 21T 4 Q)
tH(Hyrenbach and Veit, 2003). o] EA A48}
o TAZE ol AL E ZHo|wtoeR A4 HIE
Argst=dl A Ad5S ouigith. & A7t @Y A
21X AAEH F4E FPstthe A Hludd F
ZHeA 7]1E&Moon, 2010) Aot th27] dige 2 4

A

To) Ankg )z Avet APH unE sl
7 gtk Dol 2753 B AT ATE HlZkof

o A5A A0 M F TH, 270 AHE 5
olsfshizd GlolAl A 443 SmA 5
A} g F1e0] ABA WskE B 1o
28 A,

oo e o
30 Jm o mo

e, Mo
o O
iy

7

—_

o AFolMe FHALAY 19 27 Aol AAL
|

Moz Wakg P RSk o] Wil GFS A B
3 29l ete] nAs A7 AR 279 A
A WL S B TET A 1F 149 FRoR
A S Ax, B 15 F7PE FRAAE A 1
4 B7leo] Fekt A7lsh ApElol g sk

o 7Pge 7t 7120l Asske Al7lel AR F
Tttt 82 71E AFelM= A71E B /lew,
A Ay QA I A7 2HE A Yot o]
T 7PEed e = 57t Feede dwdsed
e 2Ms, 223 e A 540 99 £
AE sk 7L 7 Rflste A7l HE
Al I A 250 AT AHAer dashe
Fol Atk & AFolHE 712 & otz Aee] F
ol WAl EFf nAE FFl e e AmEEA]
FEE AE A7) oAU

ol A7 A= A&E EF A7Iel 71 et ofsf 7t
geejel gol /Aol F Fol olsstA HE, 54 A4
Aol A H A Q1 T3 Aol "sht ARt A
= HoFolt ol €F2Re] 94 30 x4
2l RO L] A S5 Atole] BAE H HoF
A=A oul7h et ERE, FAHR] PR 2
Hsket Tof whE F ols it Z29 ®iste] tigt ofsi7t A
AA Y PR 27 AT AALEH 25 olsfshe
b Eee Ethe Ae AR

ol M rjr o rR rlr Hu

LN

=

fr 2.

References

Bibby, C, Jones, M and Marsden, S (1998) Expedition Field
techniques: Bird Surveys, Royal Geographical Society,
London.

Borcard, D, Gillet, F and Legendre, P (2011) Numerical Ecology
with R, Springer.



1T
O
[
N
ng

229

Brouwer, J, Baker, NE and Trolliet, B (2003) Estimating Bird
Population Sizes and Trends: What are The Hard Data,
What are The Unavoidable Assumptions A plea for good
documentation, Wader Study Group Bull, 100, pp. 192 -
196.

Burger, J (1985) Habitat Selection in Temperate Marsh -
Nesting Birds. In: Habitat Selection in Birds, Cody, ML.L.
(Eds.). Academic Press, Orlando, FL, pp. 253-81.

Green, DJ, Whitehorne, IB, Middleton, HA and Morrissey, CA
(2015). Do American Dippers Obtain A Survival Benefit
From Altitudinal Migration PLoS ONE, Apr 23; 10(4):
e0125734

Gregory, RD, Gibbons, DW and Donald, PF (2004). Bird
Census and Survey Techniques, Bird ecology and
conservation, pp. 17-56.

Hartigan, JA and Wong, MA (1979) A K-means Clustering
Algorithm, Applied Statistics, 28, pp. 100 - 108.

Hyrenbach, KD and Veit, RR (2003) Ocean warming and
seabird communities of the southern California Current
System (1987 -98):
scales, Deep Sea Research Part II: Topical Studies in
Oceanography, 50(14), 2537-2565.

Kim, BS, Yeo, US, Oh, DH and Sung, KJ (2015) Status of Birds
in the Nakdong River Estuary Bird Sanctuary before the
Four Major Rivers Project, [ of Wetlands Research, 17(3),
pp. 264-272. [Korean Literature]

Kim, WY, Bae, SY, Oh, SJ, Yoon, HN, Lee, JH, Pack, WK and
Sung, HC (2016) Distribution of the Kentish Plover
(Charadrius Alexandrinus) Based on the 3rd National
Ecosystem Survey and Its Adequacy as a Bio—indicator,
Korean /. Environment and Ecology, 30(2), pp. 155-164.

response at multiple temporal

[Korean Literature]

Kim, WY, Park, CY and Lee, DP (2011) Relationship between
Bird Diversity and Forest Area and Adjacent Distance. The
Korean /. of Ornithology, 18(2), 149-163.

Kirsten, S and Brander, L (2004) 7he Economic Values of the

World's Wetlands, Living Waters, Amsterdam, pp. 8—11.

Lancia, RA, Nichols, JD and Pollock, KH (1994) Estimating the
number of animals in wildlife populations, Research and
Management Techniques for Wildlife and Habitats (ed.

T.A. Bookout), pp. 215-253.

Lorenzo—Seva, U (2013) How to report the percentage of
explained common variance in exploratory factor analysis.
Technical Report, Department of Psychology, Universitat
Rovira i Virgili, Tarragona.

ME (Ministry of Environment) (2011) Research for establishing
guidelines for creating alternative habitat for major species
in environmental impact assessment, KEI (Korea
Environment Institute), pp. 13. [Korean Literature]

Monaghan, P, Uttley, JD, Burns, MD, Thaine C and Blackwood,
J (1989) The relationship between food supply,
reproductive effort and breeding success in Arctic Terns
Sterna paradisaea, /. of Animal Ecology, 58, pp. 261-274.

Moon, YM (2010) Environmental Factors Affecting Wintering
Waterbird Abundance and Species Richness in Reservoirs,
KyungHee Univ., pp. 64. [Korean Literature]

NIBR (National Institute of Biological Resources) (1999-2016)
Winter Waterbird Census of Korea, National Institute of
Biological Resources, Incheon. [Korean Literature]

Oksanen, ] (2017) Design decisions and implementation details
in vegan, processed with vegan 2.4-2 in R Under
development (unstable) (2017-01-16 r71994) on January
17, 2017.

Park, J and Kim, MK (2013) Correlation between Spatial
Distribution of Baikal Teal and Environmental Change in
the Western Coastal Area of South Korea, /. of Photo
Geography, 24(2), pp. 111-125. [Korean Literature]

Seber, GAF (1982) The Estimation of Animal Abundance and
Related Parame—ters, 2nd edn. Charles Griffin, New York,
USA.

Wetlands International (2012) Waterbird Population Estimates,
Fifth Edition. Summary Report, Wetlands International,
Wageningen, Netherlands, pp. 25.

Williams, BK, Nichols, JD and Conroy, MJ (2002) Analysis and
Management of Animal Populations, 1st edn. Academic
Press, San Diego, USA & London, UK, pp. 817.

http://clusteringjl.readthedocs.io/en/latest/kmeans.html

http://data.kma.go.kr

http://rims.ekr.or.kr

Journal of Wetlands Research, Vol. 19, No. 2, 2017



