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A Study on the Population Fluctuation of Wintering Waterbirds on Wonju-Stream by the

Temperature'

Yung-Wook Park’, Hwang-Goo Lee’, Jun-Kil Choi*"

o O
L —

20159 1095E 2016 4€7HA] 5= 13] P34 2F/FE Tt 2 =279 =g vj2|= 7|29 24&
duz; skt AFH Efshs E2FY WAl 7129 #ke} whalgste] 7]o] Wop| whal A=
S7helaL, HA 7] 2l 162H27-Jan) ZALOIA A RS 7| 5383ck7t 7]20] sl wheh Zrasksich
HFH 279 AA A= A AR 5P 9] AWEol Hleste] AHE&o] obdaR A7 S7FskaL
o4& asiqich 7l 2¥ste] w2 FH WA S dobiy] ke 13KH(15-Oct)of| A 272K(18-Apr) ]
ol2e dE7] AA FBIA(1-274hE HIESt] A7 2S 7153 1625 7|22 12K(15-Oct)ol A 162}
(27-Jan) 9] 5 ARE7|9] ATIA(1~1673), 162H27-Jan)ol| 4] 272H(18-Apr)o]l |2+ & FHE7]9] AaatA
(1627435 YotHth HiE HF 27 720 el 29 434S B oy MW E(Egretta garzetta),
WE7Vat Q- X|(Phalacrocorax carbo) X N7}(Ardea cinerea)= 92| AL HSth A5 2 T(4nas
poecilorhyncha)7}t 7]2-0] Watol] djat 714 =& AFHA(1-1641, TD/H3A, (r=-0.960, P<0.000000001)2 .0,
AR YE SREL BE AFTREA(1~274THr=-0.942, P<0.01), 1~16A}2Hr=-0.947, P<0.01), 16~27A}7Hr=-0.958,
P<0.01))0llA] 4D/LAYY 7H =& AdS Btk Z42bo] 2 7el 7)o gt S ottt 7](AT, HT,
LT)Z} 7]ZH(1D~7D)&] 27of sl 2t2t th=A yvebslth tifite) Fo] ar| 2Rtk 247|219 Aol
T ASRE YEston, 7]20] spsks Y ARt7]ol= 49~749] 7|29, dE FH|ol= 19~-3U9] 7|20 =2
S Btk

F20|: 2R, oHM, d2EA, 7|28} 2Y, st X2E

ABSTRACT

Waterbirds were surveyed once a week from Oct. 2015 to Apr. 2016 to study the conditions of temperature
of staying waterbirds on Wonju-Stream. The population staying on Wonju-Stream was in inverse proportion
to the temperature change; birds increased as the temperature went down, and showed the highest peak counts
on the 16th(27-Jan) survey, which was the lowest in temperature. decreasing as the temperature rose. The total
population of Wonju River water birds increased with increasing freezing rate in proportion to the freezing rate
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AR A} Corresponding author: jkilchoi@sangji.ac.kr



136 ulo

2 - olgT -

B

%7 S s A 31(2) 2017

of nearby reservoirs and tributaries. To clarify the relation of the numbers of the birds to temperature fluctuation,
the correlation of the first period of wintering (1st~16th) and that of the later period(17th~27th) as well as the
whole period was surveyed, based on the 16th which was the lowest in temperature. While most wintering

waterbirds showed a negative correlation to the temperature, Egretta garzetta, Phalacrocorax carbo, and Ardea

cinerea were positive in temperature relativity. Anas poecilorhyncha was in the highest relation to temperature
fluctuation showing (7D/H3A(r=-0.960, P<0.000000001)) at 1-16 correlation(Cor.), with the whole wintering
waterbird species showing the maximum correlation at 4D/LA in the every correlation(1~27Cor.(r=-0.942,
P<0.01), 1~16Cor.(r=-0.947, P<0.01), 16~27Cor.(r=-0.958, P<0.01)). Each waterbird showed the correlation
to the temperature variation(AT, HT, LT) and th duration(1D~7D) depending on the species differently. Most
species demonstrated a bigger correlation to the lowest temperature rather than to the highest temperature.

During the first half period of the wintering with the temperature falling it showed a high correlation to the
temperature at the duration of 4D~7D, While it was for D1~D3 during the next half period.

KEY WORDS: AVIFAUNA, RIVER, CORRELATION, CHANGE OF TEMPERATURE, FREEZING,
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ol AIgE 2| epitol A 2
o, SHAH, B, A1H o) Asio)
Ak B
AEle ATl AR mASHoIt: sHo2e Aot
(1,282m), YZ oz J AK1,086m)o] 91|53k 9lo] )
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2 2R ARE ARe Aol

I N ot
Jof
<

O

&2 1o|r
_q n

_4

o =2 T~
o rlr_I(TFEF

-

Olvk-;]

XN lo o @ g o >
o2 Olﬂ ol 2. rlo >
. 1o

52

.\

2, ZAUHE

ALANE o579 UE/Nol S 20154 10Y

N

*

Wonju sewage

treatment plant”
37740° o

O«— Gwanam-ji

s

\

Heungyang-cheon

- south
Korea

13.5km

. Wonju-stream
Wonju City

Daepyeong-gyo

1277507
1

Figure 1. The map of research area

159 5E o535 20164 49 18U7HA] W 18] UFH
Au7iel YA BBl YT fF I A 5

Abelell AR FkazbA] oF 13.5 kmtztol] dfjste] 2ARE
*‘/\]O]-Oﬂl:]—(Flgure 1). ZAATE 229 o]Fo] L&
L 104178 25 4A]of AL 2.1 (Shin ef al., 2016),
TALE 7R A wel et EE olFs,
- ZAPH(Point census)?} A1 ZAPH(Line census)S 134
5t Z*}ﬂ Atk ZHAAET} A A= A (Leica 8x20)
3} - 7g(Field scope, Swalovski 85 mm 20~60%)2 ©]-8-5}
selstoich. & 2APATY BAoE SERTS Ao R
stglon, B 9 3y, oS Howard and Moore(1998)
o] B2 A2} The Ornithological Society of Korea(2009)
o] dxzRa wt Ao +27 42
Lee et al.(2000), Park(2014) 52 Zrash3ict

o= u

Sgo 11194(www kma.go.kr) 57|
1 25 39 e
A F S AEske] A9Ae
PﬁP@‘htﬂ T3 QA ool g HebA|eh
AFH o] XAl ToFHol AH AwS xAlsIIh FA
g 27O WAt AW S tshr] flst
%C’ 1~78 Utpo] AR AE5H3=t F59 9
o o AHLS 1, 1~20%%= 2, 21~40%2 3,
41~60%= 4 61~80%2 5, 81~99%L= 6, 100% < o] 75
Lo 22t #7186k 0m, ARk mE 279 o]t
TS Yot 7] flste] dpHof =gt =25 AA| WA
ko] S B4

259 Zefje} 7]2uke] S dotir] flske] A
FU(D) 9] 7] H|Eslo] 2AMLS 3% 29(2D), 3
2(3D), 4U(4D), 5YU(SD), 64(6D), 7U(7D) F<t9] 7]&
= BA7(A), 7] Z(HA), A7 HLA)LZ T35}
Ak E3F =AY 23 799 Fav)2H)T A7
(L1) 9 A 23} 79)(7D)Q] 71L& & M7 7|23t
391 399 Fa17]29] HFgh(H3A)T} 9] 49 27|
BHAA), 2[A7]1S 7|53 549 39 2 A7]29] 3
TEHL3A), 319 4U 2 A7]29] HAGHL4A)S AH=E51o]
F25 A W] AUEAE 245

EAEAS 95} spss EAZZIIBM SPSS

Statistics v21.0)2 AFE3SF o A4 A 9 448 o
A(Exel 2016) ZZ 732 /\}—9-6}011:} 7} 22zEo] AHE
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AAUA S ufelslr] ]81e] Pearson’s correlation 242 20159 1095E 2016 4€971X] 273} 24 45715
A8 T oF B 2R S 8 31 o= ARy
391270 A9tk Ht £4= 15.3F(SD=£2.6, range=11~20,

z a} n=27)0]9l o, HWAMHRE 1,8167HH(SD=770, range=

544-3,189, n=27)3]CH(Table 1). £47] ZA7|7HEQr THakgl

1. 8% £x89| zafsig 2252 R By 98T} 155 3202704(81.9%), =1

obe|d} 2F 6471 A(1.6%), 272} 15 1744, =83 3%

Table 1. Waterbirds on wonju-stream. Oct. 2015 - Apr. 2016(27times)

No. scientific name Korean name obls\i:l)'.va(gon cl\(flil:t.s cl(\)/fllrrllt.s Average Dom.% peak
1 Aix galericulata Lok 19 18 56 0 14.4 1.4 19th
2 Anas acuta 4o 7 6 1 6 0 0.6 0.2 16th
3 Anas clypeata S H g 1 0 1 0 0.0 0.0 5th
4 Anas crecca crecca aleg 27 133 573 34 261.6 14.6 18th
5 Anas falcata A e 11 1 5 0 0.9 0.1 16th
6 Anas formosa 712 g 2 1 0 0.1 0.0 17th,19th
7 Anas penelope Tl e 7 0 0.9 0.2 16th
8 Anas platyrhynchos A5 27 226 743 1 223.3 19.0 16th
9 Anas poecilorhyncha WA= Q7] 27 451 1739 265 1038.9 44.5 16th
10 Anas strepera ig=te il 17 5 13 0 4.0 0.3 18th
11 Anser albifrons &]7187] 1 0 1 0 0.0 0.0 2nd
12 Aythya ferina 5] 8 1 4 0 0.6 0.1 22nd
13 Aythya fuligula W78 =3 1 0 0 0.0 0.0 12th
14 Mergus merganser H] .2 8 12 51 0 4.7 1.3 15th
15 Tadorna ferruginea ged 1 1 0 0.0 0.0 8th
16 Podiceps nigricollis AL B =Holg 1 1 0 0.0 0.0 18th
17 Tachybaptus ruficollis ~ ‘=%o}z] 27 16 63 4 26.7 1.6 13th
18 Rissa tridactyla A7tz 7| 1 0 0 0.0 0.0 5th
19 Actitis hypoleucos AEQ 7 1 0 0.5 0.1 Ist
20  Gallinago gallinago ZFe Q 21 0 4.4 0.2 3rd,5th
21 Tringa ochropus W e Q 25 0 2.6 0.2 4th
22 Charadrius dubius TrulEE A 4 18 0 1.3 0.5 25th
23 Charadrius placidus I EEGAY 27 12 41 1 14.1 1.0 11th
24 Fulica atra 54 13 8 0 1.3 0.2 16th
25 Gallinula chloropus HNEH 6 1 0 0.2 0.0 4,6,78,11,14th
26  Phalacrocorax carbo W E 7% 10 27 0 2.9 0.7 22nd
27 Ardea alba alba el =2 26 39 0 8.3 1.0 14th
28  Ardea alba modesta 2| 26 51 239 0 30.7 6.1 10th
29 Ardea cinerea Q71 27 63 195 11 68.2 5.0 25th
30 Butorides striata ALsgr|sfestr] 1 1 3 0 0.1 0.1 Ist
31 Egretta garzetta A2 26 12 54 0 11.9 1.4 25th
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Figure 2. Waterbirds on wonju-stream. Oct. 2015 - Apr. 2016

207 A)(0.5%), w2} 2% 597)R)(1.5%), S+ 7]} 2Z 97
A(0.2%), 7hake 2|1} 13} 277021(0.7%), W21} 5% 5307)
A(13.5%)2 a7t 7 w2 JfAl=E 7155k o

(Figure 2), @2]1}o] 27 FollA =HA] 2 2]F(Dabbling
Ducks)= 102 3,14470 A, #4428 F=(Diving Ducks)

3% 56704, 71871 5(Geese)= 1&F
(Shelducks)= 12 174 %/c}.

7V e 2o swg S o a2 oAl 1,7397)
A2 LH == 44, S%O]O*E} QA3 =& 14%21‘-4& 2
A TA3NAN (- == 19.0%) 3o, 4 e2jo] o
MAIT= ST3AA(FH = 14.6%), ST =2 Zch7iA|4
+ 23970A($- A== 6. 1%) 7t = F7iAIG= 195704
(5 5.0% 59| 0 Soielct A 27 5 2
BeiEod, Haod, 407 A 26l AAHL WEE 3
A 59%272hel| Al 2t} 93%(63h9] o] 2 T(Figure 3), 7
Al el 5 AR Bl Bt 99%01H 24 96%0]
A A 100%E 7] =K Figure 4).

73] AL F 27 BE BRE SRRL 6RO
& @2 (4nas crecca), A5 22 (4nas platyrhynchos), 3]
WA= © B)(dnas poecilorhyncha), = ot2](Tachybaptus
ruficollis), VM Z(Ardea alba alba), H7}e|(Ardea cinerea)
ojm, A7 &S 7|53 163} A A 7 w2 A4
7} BEQ) o, 162104 18X174A] 71 W2 Z(20%)0]
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1A, SReloe)s

N

Az 2L

Figure 3. Population change of the dominance ducks
with sum of waterbird in Wonju-stream,
2015-2016 winter
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2. 7|20 2 SE ZHHS

AZF7IAY A 7o whE 20153 109 9U2E 2016
49 187K o] Ht7] 22 5.1CH o A7
-187C, Ha17]2-2 26 C 4t} 547 A2 7]28sh= A
A3 At Atk et Vi HA4S Boow
FAHLZ 19809} 712 sHFe] EF2 TXH26-Nov)
A HA7]20] 0Colata HojH o, 122K31-Dec)of| 4]
Hit7l2o] gate] 7]1(-1.9C)& 7|5at9 e 133}
(7-Jan)o| A G4Fe] 7|20 2 &g o1} 14xK(14-Jan)o]
A ThA] Gtz W7t 182K(10-Feb)7HA] o]ofH Tt 162t
(27-Tan)ol| A= dFU9] 712 F XA 7| ATD/L1)(-18C)#
gt oket Bt 7| (TD/AY-7.8°C)3t, | a17] 2 HTD/HA)
(-32C)% 952 7] =5}% tH(Table 2)(Figure 5).

A st AAF2FY WAlg= 7129 ¥t
oF ghajstoict. 7|20 Wopdle| what F7lshglal 24 7]
22 23l 162H27-Tan)o]| WA F 715k 7]
20| A5l et Fol=3ich(Figure 6). 47| 4 7N
A4=2] H3lE gotr 7] Q3 -HF o= et 5E(AW
Ao, ded, Aeed, SNz, frie)S 7123
% TD/A, TD/HA, TD/LAS} vl gt A3} Fulct ok oA
< By W E 0 e A4 Il 7)o gk =
Sgt whalg] 3A4S ek A7 7153t 1630 A
7V w2 JNAeE 715kt 710l gl whet
A8 F7Fskgl o, 7)o] Seigte] whet ZRAl47E Eol
Ee P2 HAKFigure 7). 2= d¥Hso 2|9
Hgk Al s diEE BYoy HAr|g 7153
162} o] ol = JhA| =7} F7Fske] 18%fof| | L7)A|4(573
AANE 2L Bt 7]A(TD/A)°] FFe= Sept 19710
A t3(38.7%) A48k A th(Figure 8). 5222 7iA|4
H3h= Ht 7] 0Cof uf$- 52 A4S HolF9le=r|
o]i= Lee er al.(2006)9] gHFxAtollA] Bl Ak} FUs)
Atk Hat7]20] 0C o]A4Fl 112K25-Dec)7HA &= W14
7F A& Wk ofy et A4 WEo] Hlou i)
(7D/A)0] 0CE 7|23} 12213 1-Dec)ol|= 414714 2 o]
L 112} ] o =2 A5E(1871%)& K3t} o] 7]
29 a7kt A WAL FTvete] HA7|2E 7SS
162K27-Jan)ol| A LW A ~T437HANE 7155 2H,
Ht7](7D/A)°] 0°Cofl 717k X 18XK10-Feb)ol| A= A
A7} F3Fste] o] & | 57.3%9] HAE Bk 449
262H6-Apr)oll A A7t 1470A = Eoleqlom, 273}
(18-Apr)o| A= 17§A|Tt 7] 55} tH(Figure 9). FTH =9
MAe= E5271Q0 1A5E 9x7EReE D537l 222t
FE 2727t Aol A AL 5 B YA THmax=19, min=0)
102K(17-Dec)ol| Al AW A23970A)E 715513 aL, 2]

7] &0] Gl 7|=al 217 A=) 2 HEE B
CHFigure 10). j7Fe]o] 7HA|l= HA7|&E 7153 163}
(27-Jan)7}A] 7] 2-31k0] AAJo] Holz] ekgkoLy, o]F 7]
o] 27Nt wet AAGTE 234 278kt 399l 21
2H2-Mar)oll= G443 A5ES E 3 ckFigure 11).

3. ZYEn £x7 ZH9| M1y

A 9] Aat s FATH HIkE HQl W s
GAAR AW siHS Hok AeA|Y AW 13k
(15-Oct.)~102K17-Dec.)7}A] 2HS 1S Rolthrb 113}
(25-Dec.)ol| Z2H-< 70] Eo] 192K16-Feb.) 7] LA 21

o A= em 202K24-Feb.)oll W& 3& 7]

Ju
> o
12 2 it
i)

dafol 2o Aol SdAo] ol 113
(25-Dec.)ol| 2H& 2& 7]535}o] 122131-Dec.))7HA] ©]of
RO, 132K7-Jan.)ol| A& 3, 14xK14-Jan.)o] 2=
5, 1534 (20-Jan ol A& 7% 712510l 163419 2727
A oloj o, 172H2d3 U)ol A& 6, 182H2L10)e]l
2AWE 4, 1922416l A& 3, 202H2H24 )<} 21
AH2-Mar.)ol| Z2H& 25 7|53} th7t 222K8-Mar. )l £+
A W=t Table 3).

A2 9 s e] Arjo] MeHe| uah =27 A<
MA= S7FekelaL, b a9 =9 of A==
ANEsgom so] AREHA Are] 2o et
(Figure 12). o|&} Zre £z279] A4 HELS A2t
ShHel AW ST £ ATAS HYOw, S0 HgA
Z4)(r=0.860, P<0.001)5c} 51219 Au)(r=0 880, P<0.001)
9 A AREol mi¢ =2 A (=0 880, P<0.001)<
H Y tKTable 4).

HAFA | =t 4250 tfjs}e] Kolmogorv-smirnov
e AARE A 123(YY, 4, Feed, dds
27, &2k (Anas strepera), «=Hol2], ZF= Q(Gallinago
gallinago), ™™ %= Q(Tringa ochropus), 3L N(Charadrius
placidus), O 2, 7}2], AW Z(Egretta garzetta))©] A
THEES TSITH(Table 5).

A BEE WSS 1250l tiste] 72w}l o
T A S dotiy] fIste] 37HA 2 Lo
A8 12K(15-Oct)ol| A 272K(18-Apr)e]l 0|2+ HF
7] A 9] AHE(1-27 S BIEsk, AAeE S
3t 1635 7]& 2 & 1xXK15-Oct)o| A 16ZXH27-Tan)7HA] 7]
20| sp7kelel wE AEEA(1~1674), 162H27-Jan)ol|A]
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Figure 5. Fluctuation of temperature on Wonju-City, from Nov. 2015 to Apr. 2016
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Table 3. Freezing level of Gwanam-reservoir and HeungYang-stream in WonlJu-city, 2015-2016 winter

Freezing Level’

No. and date
Re/FL

Ri/FL

Sum/FL

Ist 15-Oct. 1
2nd 22-Oct. 1
3rd 29-Oct. 1
4th 5-Nov. 1
5th 12-Nov. 1
6th 19-Nov. 1
7th 26-Nov. 1
8th 4-Dec. 1
9th 10-Dec. 1
10th 17-Dec. 1
11th 25-Dec.
12th 31-Dec.
13th 7-Jan.
14th 14-Jan.
15th 20-Jan.
16th 27-Jan.
17th 3-Feb.
18th 10-Feb.
19th 16-Feb.
20th 24-Feb.
21st 2-Mar.
22nd 8-Mar.
23rd 16-Mar.
24th 23-Mar. 1
25th 30-Mar. 1
26th 6-Apr. 1
27th 18-Apr. 1

L I T B B B e e

1
1

N D W R A D N0 WD

1
1

2

NN R S S I ST S S S )

NN NN N W Wn

*Re/FL=Freezing level of Reservoir, Ri/FL=Freezing level of River, Sum/FL=Sum of Re/FL, Ri/FL(1=0%Freezing, 2=1~20%
Freezing, 3=21~40%Freezing, 4=41~60%Freezing, 5=61~80% Freezing, 6=81~99%Freezing, 7=100%Freezing)
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Figure 12. Change of the Freezing level and No. of individuals of Waterbirds in Wonju-stream, 2015-2016 winter

Table 4. Pearson Correlative relationship of the waterbirds by the Freezing level on Wonju-stream
Re/FL Ri/FL Sum/FL

No. of Waterbirds 0.860™" 0.880 0.910

**%  Correlation is significant at the 0.001 level (2-tailed)
Re/FL=Freezing level of Reservoir, Ri/FL=Freezing level of River, Sum/FL=Sum of Re/FL,Ri/FL

Hkok sk

Table 5. Kolmogorov-Smirnov Test of the waterbirds on Wonju-stream, 2015-2016 winter

N Normal Parameters Most Extreme Differences Kolmogorov Asymp. Sig.
Mean Std. Deviation Absolute  Positive  Negative -Smirnov Z  (2-tailed)

Aix galericulata 27 14.407 18.4501 217 212 =217 1.130 156
Anas crecca 27 261.593 135.0474 112 12 -.046 581 .889
Anas platyrhynchos 27 223.333 230.6938 170 170 -.168 .885 413
Anas poecilorhyncha 27 1038.852 459.1386 122 122 -.119 .634 816
Anas strepera 27 4.037 4.6532 225 225 -.193 1.168 131
Tachybaptus ruficollis 27 26.704 16.5525 167 167 -.085 .870 436
Gallinago gallinago 27 4.444 3.0926 174 147 -.174 904 387
Tringa ochropus 27 2.556 1.7614 216 216 -.115 1.124 .160
Charadrius placidus 27 14.111 12.6956 212 212 -.151 1.101 177
Ardea alba alba 27 8.259 8.2769 172 172 -.159 .892 404
Ardea cinerea 27 68.222 64.3365 302 302 -.187 1.568 .015
Egretta garzetta 27 11.889 12.0267 213 213 -.161 1.106 173

sum 27 1721.000 826.6280 134 134 -.088 .694 721
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