Journal of Wetlands Research ISSN 1229-6031 (Print) / ISSN 2384-0056 (Online)

Vol. 19, No. 4, November 2017, pp. 409-422 DOI https://doi.org/10.17663/JWR.2017.19.4.409
Ol X > =] A2 o] A=d 2|l= S o
AT 32 F 240 G2 0|2|= SFe Ay

A Study on the Environmental Factors Affecting the Population of the
Wintering Waterbirds in Wonju-Stream

Yung Wook Park-Hwang Goo Lee -Kyung Ho Won" +Jun Kil Choi"”’

Department of Environmental Engineering, Sangji University, Korea
‘Department of Biological Science, Sangji University, Korea
“Wonju City hall, Wonju-si, Korea
(Received : 02 August 2017, Revised: 01 October 2017, Accepted: 01 October 2017)

fo

OF
=

YES2F] 2] GES T BARE Tlels] lste] AL 670 Uro] 270 2 U she] 27, 71,
52, AAYRHLEE, oS ARk AFAN $2R] 2] FFL wXE 29l o] 22 U sje, Solglrt,
sHe] 72 3 YErERe] Lol Y 2 9% uXE Q0e A5R Ev} s2t Bl Holol §%0= 1 Yolrt
HeGE BESRRY F5e A Hgkon], £A19) Sol Hold A42e] Zih B Fobdig At Hslt 571
712 sk s710] FHOR olojxBE SRl el e nlFon] AslA oR ke 7120 skt Akl ot
2719} a8 BYCE $U2A P2 3 pH, 52, COD, BOD, T-N, T-P, Srfie] £71= 52 248 Z7ijo] B54252)
AR F710h 52 TS Bt shael SXe skl Gz S60] A WRe] 27t A ehte
SRR AR BT 7P Bol B, S shEFE S00) 4PT G vIAE A0E Holbd] T-NS
HEste] ofd] G5 S| F7Me she] JUBIE FAUAAIL o] 2 ) H7IBAY At HHYBY FAL AR
o] Hollog she WEEFO] 37} 9elo] P 4 ke RoRE oA AN YT AFERS FH ol 2HS
A7 BE P04 A0 e A0 Uehtort BEHRRO| Tl ATE Holx gtk

MARO| © Jle, EASHY, AHIsH, 4, sHAA, A g

Abstract

In order to understand the environmental factors affecting the waterbird community in winter, we divided the watershed
into 6 sections and investigated the size of the stream, the water quality, benthic invertebrates, and fish including birds.
The influences on the community of water birds in Wonju stream were river structure, temperature and water quality.
Among the structure of the river, the factors affecting the waterbird community in winter were the width of the stream
and the width of the flowing water. The wider the width, the more species and the number of the winter waterbirds were.
As the width of river water was wide, the smaller the width and width of the waterway, the fewer the population. The
temperature changes of the wintering season affected the community of water birds because it led to freezing of rivers.
The sections that were not frozen showed a significant increase and decrease in the temperature drop and rise. The values
of pH, water temperature, COD, BOD, TN, TP and total E. coli increased with the increase of the downstream waterbirds
population in the water quality survey. The water quality of S6 was affected by the downstream sewage treatment plant
The number of wintering waterbirds was also highest. The effluent from the sewage treatment plant seems to have a
considerable influence on the water quality. The increase of several items such as TN promotes the nutrition of the river,
which leads to the accumulation of organic matter and the proliferation of aquatic organisms. This may be the cause of
the increase in winter waterbirds as a food source. The benthic macroinvertebrate communities and fish communities did
not show any correlation with the wintering water—birds communities.

Key words : Ecological river, River design, Sewage treatment plant, Temperature, Urban river, Water quality

" To whom correspondence should be addressed.
Department of Biological Science, Sangji university, Korea
E-mail: jkilchoi@sangi.ac.kr

Journal of Wetlands Research, Vol. 19, No. 4, 2017



410 Uz Ho| YE42B 2

v EMElA F83 ols AR EEA]Y qF
2 G35t 9Joj(Li er al, 2009) AsHere] AH(Lee er al,
2003)°]t} A (Yoo et al, 2008), 2735+ (Lee et al,
2001, Kang et al, 2010), 9*2%(Kang and Hahm, 1997),
FEAEA], dE7dstt(Hong, 2004), 3 (Kang er al,
2008) 5 ot S oA B o 2R/ AERiTh
A9 LAk E3F 7] 2 49 277} Zfiste] Y55
= Aog dHA QoM (Kim er al, 2010; Park and Park,
2012) A Y] A9 ER] e 72 729 S Hol
He derzFoA 2 2527 dokPark er al, 2017).

A5 AR Aol a3t 7]5-& E3otal o]
St 5 29 o] ofgf sk A= &5,
, 2k 59 Y qFE AFTer EeLrt uf¢
E ot AA 24 HYPEe} AAA Ero=
E9] o] H=] grobr] TAspHolA DEst=

S 2 JFS n|Foh TSt 252 Fs) B2
AAY 285 2= 5 AP S 7ites
o7& gt o] FHstE Qg XF
o] HslE Hol=d|(Kim and Koo, 2003), Aefsld =
Aol o2t Tt A7 S8E & e B=Kim er al,
2003) tAAHQN =7 +H 2 oMY F=
X = 7 8%1E &4t

op
e

4
0%,

rr A

=1

o

olt
s

qu oft L 1> nidt

2

#2134

e o r@ BN Mo B Job o
BN

o
2

= el & sty
AER A SRE 9 TTEF S QST T2 AAA FEY
(Weller, 1999; Moon et al, 2010)21d], =A]5Fd

Sao] wawat ohlet shle] FUst dlste] sy 7=
S} A1go] Best Hlof 9T, EACIA SeE
QIsfe] 580@9] §1go] £OOR, EASAS $EF o
B Aok 27 ek 24ske e Ak
of wefsts 27wt ohe} Aol AT 42 S8 v
Z0% Alolet o ALk, AR mAISHAS A Est o
o glojA 719 BE sH1e] A AAAERY B
7} 25 AAle] $31e) GFE v 5 918 [Kim and
Koo, 2003) oPB5-22] SPR2I) A4 SHaE WSE A3
Rejste 245 Slat 718 A Aast Wag Aol
et B @7t YESEFO D) 9L nlAE ol
73 291 % sPe] 27, 712, 57, HelelR, AHAHE
DAFER) 5o ZAE B} AT oBYFES ANARA
SASHAY AA B B9 N|2ARE AT Bk

rlr
to
uicd
o
i)
A

A

2. A18H

2.1 RARR|S

Zopatol A st FAE TtRdY AFer §9
i EAshEel 9FEe AR shglth ZAETRS
UFA] W F2] guolA TAH 4] o] F4tuo] o]2=

SREAIEE A19A AH4Z, 2017

Wonju sewage
treatment plant

Hagseong-bo

WonlJu City
Bongpyeong-bo

Daepyeong-gyo

Fig. 1. Location of study sites in Wonju stream, Korea.
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Photo 1. Study area in Wonju-stream.
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Fig. 2. Fluctuation of species and population of wintering
waterbirds according to the survey area in Wonju-stream.
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Fig. 3. Fluctuation of species and individuals of wintering waterbirds from S1 to S6 in Wonju-stream, Oct. 2015-Apr. 2016,
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SREAIEE A19A AH4Z, 2017



sei2- 0|7 65 22 413
Anatidae @ 2|1} Podicipedidae =& Of 2|11} Podicipedidae =3 OF2| 1}
20 3000 2.5 30 25 30
2 2
15
2000 ;¢ 20 45 20
10 1
w00 1 10 10
5 05 05
0 0 0 0 0 0
S1 52 S3 54 S5 56 s1 S2 S3 sS4 S5 S6 S1 S2 S3 54 55 S6
No. of individuals —s—No. of species No. of individuals —s—No. of species No. of individuals —s—No. of species
Scolopacidae = 21} Charadriidae = [ Af 2t Rallidae &% 711t
5 20 4 40 2.5 10
4 15 3 30 2 8
3 0 2 / . 15 .
2 1 4
1 5 1 10 g5 2
0 0 0 0 0 0
S1 S2 S3 S4 S5 S6 51 52 S3 54 55 56 S1 52 S3 54 55 S6

No. of individuals =e—No. of species

Phalacrocoracidae 702 X| 1f

No. of individuals

——No. of species No. of individuals —s—No. of species

Ardeidae 2 2 10}

15 30
6.5 600
1 20
6 400
55 PN
05 10
- 200
0 0 as 0

51 52 53 54 S5 56

No. of individuals —e—No. of species

s1 52 s3 sS4 S5 56

No. of individuals == No. of species

Fig. 4. Fluctuation of species and population according to the survey area in Wonju-stream, Oct. 2015-Apr. 2016, Oct. 2016-Apr. 2017.
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Fig. 6. Comparison of river size and population of wintering waterbirds by section in Wonju-stream, Oct. 2015-Apr. 2016, Oct. 2016-Apr. 2017.
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Table 2. Average of water-quality analysis rerult in Wonju(10 times), Nov. 2014-Jan. 2017

Section S1 S2 S3 S4 S5 S6
pH 7.2(£0.5) 7.3(£0.5) 7.3(£0.7) 7.3(£0.6) 7.5(£0.6) 8.2(£0.5)
DO (mg/L) 11.8(%1.6) 11.2(%2.5) 11.3(+£2.3) 11.1(+3.0) 12.0(%£1.9) 11.5(£1.7)
EC (us/cm) 302.2(£74.9) 329.6(+85.9) 370.3(+£100.5) | 369.0(£116.3) | 397.0(+122.1) 407.8(£84.3)
Water temperature (C) 13.5(+7.2) 13.8(+8.0) 14.4(+8.8) 14.7(x£8.1) 16.1(£9.0) 18.3(%7.0)
COD (mg/L) 2.1(£0.9) 2.4(+1.0) 2.8(+1.2) 2.8(+1.2) 3.4(£1.1) 8.5(+2.5)
BOD (mg/L) 1.2(£0.5) 1.5(£1.0) 1.5(£1.3) 1.8(£1.5) 2.0(£0.9) 43(£3.4)
T-N (mg/L) 2.936(£0.705) | 2.602(+0.731) | 2.831(£0.734) | 2.999(£0.918) | 3.009(£0.689) | 6.802(+2.682)
T-P (mg/L) 0.029(£0.022) | 0.041(£0.021) | 0.052(£0.032) | 0.073(£0.070) | 0.096(£0.048) | 0.241(£0.249)
SS (mg/L) 1.7(£1.8) 2.3(+1.7) 3.7(+4.0) 8.4(£18.2) 4.8(£3.8) 6.5(+4.2)
Total Coliform (cfu/mL) 98(£115) 140(£57) 225(£264) 124(+140) 146(+52) 454(£510)
3500 85 3500 125 3500 500
3000 3000 3000 200
2500 8 2500 12 2500
2000 £ 2000 = 2000 £
75T 115 % )
1500 1500 E 1500 200 2
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Fig. 7. Comparison of water quality and population of wintering waterbirds by section in Wonju-stream, Oct. 2015-Apr. 2016, Oct.
2016-Apr. 2017.
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Table 3. Species composition of Benthic invertebrates in Wonju-stream, 2015-2016
No. of species by Order
Taxon
S1 S2 S3 S4 S5 S6 Total (%)
Non-insect species 12 11 10 9 11 7 20 20.8
Ephemeroptera 21 13 12 10 16 10 27 28.1
Odonata 9 8 2 7 4 6 19 19.8
Hemiptera 0 0 1 1 1 2 3 3.1
Insecta Megaloptera 0 0 0 0 0 1 1 1.0
Coleoptera 3 0 0 0 1 0 5 5.2
Diptera 6 5 4 5 7 6 8 8.3
Trichoptera 10 3 3 2 5 7 13 13,5
Total 61 40 32 34 45 39 96 100.0
Table 4. Number of individuals of Benthic invertebrates in Wonju-stream, 2015-2016
Taxon No. of individuals by Order
S1 S2 S3 S4 S5 S6 Total (%)
Non-insect species 477 641 889 658 128 68 2,956 29.6
Ephemeroptera 483 97 137 157 745 410 2,404 24.1
Odonata 43 13 3 15 9 10 118 1.2
Hemiptera 1 6 13 27 0.3
Insecta Megaloptera 0 1 1 0.01
Coleoptera 1 0 10 0.1
Diptera 620 701 315 440 659 301 3,208 322
Trichoptera 133 53 78 139 399 413 1,251 12.5
Total 1,762 1,505 1,426 1,410 1,947 1,216 9,975 100.0
Table 5. Evaluation of environmental quality in Wonju-stream, 2015-2016
. Evaluation of environmental quality .
Site ESB - — — - Saprobity
Environmental condition Area determination Grade of water qulity
S1 81.3 Very good Priority protection waters I Oligosaprobic
S2 46.0 Some good Protection waters I 8 —mesosaprobic
S3 35.0 Some bad Improvement waters I 8 —mesosaprobic
S4 38.3 Some bad Improvement waters I 8 —mesosaprobic
S5 53.8 Some good Protection waters I Oligosaprobic
S6 45.0 Some good Protection waters I B —mesosaprobic

*81~100 : Very good, 61~80 : good, 41~60 : Some good, 21~40 : Some bad, 1~20: Bad
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Table 6. Assessment of aquatic ecosystem condition in Wonju-stream, 2015-2016

) BMI Evaluation of environmental quality
Site . . . — - —
(Benthic Macroinvertebrate index) Biotic grade Environmental condition
S1 80.2 A very good
S2 70.2 B good
S3 56.6 C nomal
S4 55.0 C nomal
S5 71.4 B good
N 71.8 B good
*80 = ~ = 100 : Very good, 60 = ~ < 80 : Good, 45 = ~ < 60 : Nomal, 0 = ~ < 45 : Bad
3000 100 30 100 20 100
2500 g 2% 80 o 80
2000 o P 60 60
1500 15 10
1000 BT I = I I 40 . 40
500 I I 20 I I I 20
o m [ | [ ] [ ] I 0 l 0 o I o
s1 s2 S3 s6 s1 s s6 ST Ss2  s3  s4 S5 S6
B Anatidae @ 2| 1 ESB ——BMI B Podicipedidaet= % 02| 1 ESB  ——BMI = Scolopacidae & 21 ESB  ——BMI
40 100 500 100
20 80 400 80
60 300 60
20
- 20 200 40
10 I I I I 20 100 20
0 n u 0 0 0
S1 s2  S3  s4 S5 S
i Charadriidae = H A 0 ESB ——BMI m Ardeidae®) 2 1F ESB ——BMI m Ardeidae® 2 1f ESB  —e—BMI
30 100 3500 100
25 gp 0% 20
20 2500
60 2000 60
15
40 1500 20
" 0 20
5 500
0 0 o o m H m = I 0
s s2  S3  s4 S5 S6 s1 s2  S3  s4 S5 s
m Phalacrocoracidae?FOF X TF ESB ——BMI = No. of individuals ESB ——BMI
Fig. 8. Comparison of ESB, BMI and population of wintering waterbirds by section in Wonju-stream.
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Table 7. Dominant, sub-dominant species and community indices of fishes in Wonju-stream, 2015-2016
) ) . 4 ) Biotic diversity index
Year Site dominant species /Subdominant species DI -
H E RI
S1 Nipponocypris koreanus F2AY / Zacco platypus T2tH] 0.52 2.00 0.81 1.97
S2 Zacco platypus T2H) / Nipponocypris koreanus 24 0.73 1.46 0.61 1.63
2015 S3 Zacco platypus B2 / Pungtungia herzi =117) 0.83 1.03 0.45 1.60
S4 Zacco platypus B2 / Pungtungia herzi =117) 0.86 0.88 0.34 2.20
S5 Zacco platypus S12¥0) / Pungtungia herzi E317) 0.75 1.33 0.54 1.87
S6 Pungtungia herzi €317 | Zacco platypus T2 0.56 1.97 0.75 242
S1 Zacco platypus T2 / Nipponocypris koreanus 33274 0.66 1.64 0.64 2.11
S2 Zacco platypus T2a] / Nipponocypris koreanus F2AY 0.82 1.11 0.43 1.91
2016 S3 Zacco platypus 32 1] | Pseudogobio esocinus 2 FA] 0.67 1.50 0.63 1.75
S4 Zacco platypus B2 [ Carassius carassius “5-°] 0.78 1.27 0.47 2.17
S5 Zacco platypus T / Carassius carassius “5-°] 0.79 1.17 0.44 2.06
S6 Microphysogobio yaluensis =92}y / Pungtungia herzi =117) 0.49 2.11 0.73 3.02
Table 8. Assessment of aquatic ecosystem condition in Wonju-stream, 2015-2016
Site FAI(FIsh Assessment Index)” Evaluation of condition
2015 2016 Mean Biotic grade Environmental condition
S1 96.9(+4.4) 87.5(+0.0) 92.2(£6.65) A Very good
S2 65.7(+4.5) 68.8(+8.8) 67.25(£2.19) B Good
S3 53.2(£13.2) 71.9(+4.4) 62.55(+13.22) B Good
54 43.8(+0.0) 59.4(+4.4) 51.6(£11.03) C Nomal
S5 46.9(+13.3) 59.4(+4.4) 53.15(+8.84) C Nomal
S6 62.6(+8.8) 68.8(+0.0) 65.7(+4.38) B Good

*87.5 £ ~ = 100 : Very good, 56.2 = ~ {875 : Good, 25.0 £ ~ (56.2 : Nomal, 0 = ~ {250 : Bad
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Fig. 9. Comparison of FAI and population of wintering waterbirds by section in Wonju-stream.
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