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Abstract: This study was conducted to investigate the fish fauna and characteristics of
the Carassius auratus population in the Boryeong Reservoir in Chungcheongnam-do
from October 2017 to June 2018.The collected fish were identified as 3,506 individuals
of 15 species from a total of nine families. The dominant and subdominant species
were H. nipponensis with 1,706 (48.6%) individuals and C. auratus with 1,021 (29.1%)
individuals, respectively. The biomass of C. auratus (246,130 g), R fulvidraco (50,610 g), C.
cuvieri (14,730 g), S. asotus (11,560 g), and C. carpio (10,930 g) was analyzed. The results
of the community analysis showed a dominant index value of 0.87 (+0.2), a diversity
index value of 0.78 (£0.5), an evenness index value of 0.47 (+0.2), and a richness index
value of 0.99 (+0.5). The length-weight analysis of C. auratus showed a regression
coefficient b of 3.06, and a condition factor (K) of 0.0004 with a positive slope. The
frequency distribution of the total length analysis of the C. auratus population inhabiting
the Boryeong Reservoir showed a high distribution of lengths between 140-160 mm
and a low distribution between 230-280 mm. The normalized difference water index
(NDWI) was analyzed over the Boryeong Reservoir water surface from 2013 to 2014
using Landsat 8 channel data. The areas where the NDWI was decreased were located at
the inflow site of Ungcheon Stream.
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5 50] Aelol] AAehe ol 4NE Ae 9 1
At of ol 2424l o

A2 o]-gshH, o]2Rt 4-91] 7
P A= Ao R LA JUTH(Kim et al. 2002).
FHEE BYA nlaE goale] 9% Hegme

T FEE B o7 1992 6o ZHE5te] 1996 10%3
of ¢h5H thEA o), B W2 0] 50m, 2] 291 m,
Z A

F 19 1,7000 =2 2 A HHSHS] (ICOLD) 7]
= "9l (Large Dam) ]| ittt £5] K o= HEA| 4
FAN} Fojgh ghpito| A dhdste] AMdlle FdEE &
Ao e d 22 % ST AEF 2 87 Al-
O] ) L]’(Boryeong—si 2014,
2018) 8313 FAlE HPH & shtol] A4 FARTEA
= Qlsto] 2&2 02 QU9A QI W7} o] FolA £
th. E5h 2014WHE 20179714 HE T U] 24221 A
S AR QIste] 2016 2€0 =25 74530,

£ &0l 19 P ARl FAI7F o] R AL ATt (An et
al. 2018). THIRY BEw- F ol'5/do] A0 AAg o |
AsHA BEgSte ol S AHAIS] 4B Aol ¢
Akl Qlom, 4ol A A4 0 = o] A2l
o1F A LA E FTFEO HA T
= oll—/]'(Son et al. 1997). A BP0 AAsH=
o= AAHE APAT= B =249 4L
T ZAF (Kwater 2001), B ThEA #4=3]
o AEf2HH Z A (Kwater 2006), 2745A19] S4
A ZAF(NIER 2008), 8T o] 23§ 9]of o5t
Ef A 2 =2 FF A+ (Kwater 2011), EH T Y= o]
A7t Oq?‘(Boryeong si2014) 59 A7 A=l ot
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Chungcheongnam-do
Boryoeng -si Yongsu-ri

|-12640
Pungra-ri

Ungcheon Stream

St. 1: SHEE HPA| vl4hE &
126°3926.22")

St.2: TAHE KA ul4bH Hetbe] (N: 36°14'11.43", E
126°40'9.72")

St. 3: THHE HEPA| ul4bH 842 (N: 36°15'1.87", E:
126°40'3.95")

St. 4: SHHE HgA] njibd 852](N: 36°16/5.02", E
126°40'38.57")
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0 Y Y 5%

=3
o] 79| YL A nh.j—-xj 6’8 AE A (Trammel net,
W= 3% 3 cm) 270, 48 A2 (Trammel net, ¥ $X 5
em) 170, & 3708 A4t F 150m 172 2447 & &5
Asto] o] 7S RISk AATY ZARE flo 74
= AFgSkleH, B 71 1mQl TS ZAREE &
50m (& 507H9] vhs) AA|sHlek +99] n7]l= A7

™, 24A17F

=

100mm Ul2]2] vl eHA 2 o] g5lee % %]
ShTh A2 st. 4 Qtoll F7E= AA|5te] 24413 &
AT, 294 oI Al B L e S

T PRSI, 4 AU THS B8R T
7H7‘ﬂl_ 10% Formalin S0 2 TASH & AAz 2Ht
stol 54 R LHSHAE IR FHL Frflel A e

A E (Kim 1997; Kim and Park 2002; Kim et al. 2005) S
ol-goto] Aot EFANA= Nelson (2006)°] w2t
g sFaich
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QEAe AU olF e F5 0 AAE v 2
5to] -7 F (Dominant species), ©F--3-E (Subdominant
(McNaughton 1967), ¥ A4
(Shannon and Weaver 1949), 75 =24 (Pielou 1966), &
B 7] —r(Margalef 1958) & 4A1=5Hh.

r—LI

spec1es), LA 24

A AASHTE 24 - AlF A/ A= Anderson and
Gutreuter (1983)2] W=aL® (W =Total weight, L =Total
length, a and b= parameters)% o] 8353l om HTtE 2|4
Condition factor (K)+ Anderson and Neumann (1996) 2]
K=W/TL’ (W =Total wight, TL = Total length) & ©|-85}
o 42 AAISHAT

Fish fauna and length frequency distribution of the Carassius auratus

4) Normalized Difference Water Index (NDWI)

BE5 59HF0] ol ARl nXE G v
okt NDWI 2412 AAISHtH NDWI+= 2 &
o ME BFEAHS o] 85 EA OS2 NIR G99 vhAL
T SWIR 99 9] AL ZJo] & o]-835F X2 Markham
(2013)2 <1-85to] 4HEokTt. Bl AMEH A2 o
T} At
(Band 3 - Band S)

NDWI (landsat 8) =
(Band 3+ Band S)

ATE STt AFHEA G A 2013WHEH 2 2A
A17191 2018W7}A] Landsat 8 G4 ©]-85F T Landsat
8 AT 92 20139 28] 'HAE 91492 OLI AllA],
TIRS (Thermal Infrared Sensor) AIA 2 F/dE o] Ut
Wavelength= 0.53~0.59 (Band 3), 0.85~0.88 (Band 5)©] ™,
Resolution ZtZ} 30m o] AR E 0]-§oto] A& A A5t
Yttt NDWI 248 &4~ m g 730l QGIS (for win-
dow, ver 3.4.14) & AH&-51 31Tk 9172k = Earthexplorer®]
422 olgelgon, R 50| 29AES njoks}s] 9
Sl 7RIS B A A ' (WAMIS; www.wamis.

gokr) 2] AA=E o]-goto] AYH A4S Elotqrt.
Aa Y
BHHTO| oj7 4t
R o olA AAIGE o] 7 AL A3t F 93 15 3,5067H

A7t AT (Table 1). 8% o] /RE o= 1
TIE 24T A3 Jo]T}H(Cyprinidae) oA 7% (47.2%)
o2 71A tfeket £o] Felx]g) o u:] EZWHJJ((Bagndae)
|7 ]-L]'(Siluridae) , H]“:]'BJOL/]'(Osmendae) , AZ] J—]’(Coreo-
perca), 73213} (Centrarchidae), ‘5427 (Odontobuti-
dae), 7012} (Anguillidae), 7F=2] 2} (Channidae) 91 4 2}
2415 (6.6%)°0] SAHAT AERE 2HET 245
2 ® o] (Hypomesus nipponensis) 1,7067R7 (48.6%), ©F¢-H
Z-2 Bo|(Carassius auratus) 1,02170A] (29.1%) 2 A=

O, 2] 2] (Hemiculter eigenmanni) 341704 (9.7%), &
] (Pseudorasbora parva) 130714 (3.7%), Bl (Micropterus
salmoides) 89714 (2.5%), B-5-°1 (Carassius cuvieri) 55714
(1.6%), T 2] (Zacco platypus) 487HA (1.4%), W71 (Silurus
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Table 2. Fish community index at each site in the Boryeong Reservoir

Fish fauna and length frequency distribution of the Carassius auratus

St 1 St. 2 St. 3 St.4 Mean
Dominant species C. auratus C. auratus H. nipponensis C. auratus H. nipponensis
Subdominant species C. cavier M. salmoides C. auratus H. eigenmanni C. auratus
Dominance Index (D) 0.83(£0.08) 0.89(+0.18) 0.96 (+0.04) 0.78(+0.14) 0.87(+0.12)
Diversity Index (H') 0.92 (£0.30) 0.62(+0.65) 0.47(£0.22) 1.11(£0.39) 0.78(+0.45)
Evenness Index (E) 0.57(+0.12) 0.42(+0.28) 0.31(£0.09) 0.59(+0.19) 0.47(£0.20)
Richness Index (RI) 1.08(+0.26) 0.84(+0.81) 0.86(£0.48) 1.18(+0.45) 0.99(+0.50)

asotus) 43707 (1.2%) 9] =22 S5, 0.1% 1Tt
o] T2 73704 (2.2%) 7} SASIAT F=ALFFT> 4=
A+l (Odontobutis interrupta) 15 (6.6%)©] S&5H3.2H
o X AR TFL Heo], vl 2F(13.3%)°] £
ALEI ATt A7 ERFL 1, 22 AL A 63 8, 3
Zp ZAEA] ST 10, 47F ZAF AT 93 15F 02 43} AT
A 7P TRt Fol Sdsti o, ARIEERE HY
T AR A st 40l AHiF R ERAF0] 22 AL
B ZAE A 2] gaolie Afte fls ol
LAY E= 248 Y%= AR ez olFsto
Abgol= Ao R A A Sl (Hong and Son 2003; Choi
2005). HP 2 0] A%, FHdHo]l FUHE st. 4 ATo=
At 915l o] Fsto] T8 AFRFAIZIA 3, 43F ZARA] &
Aol Z2 St 1~8t. 39| Hlst] iAo r w2 Ed =
LR Zlo g mdEh Hyge] sk AR olF
= ez BARS 24T 23 50171 246,130g, 54
7N (Pseudobagrus fulvidraco) 50,610 g, B-5-°1 14,730 g, ™71
11,560 g, Y1 (Cyprinus carpio) 10,930 g, 27}2] (Siniperca
scherzeri) 7,930 g 9] &£ 22 AL G o, Fo7t B
< U oo 8 dd o A8t Qi ohE,
A AR TE HiAT} 7,560 g0 2 AJAFL 2 Fofl
Hsf| Aiaer WA S AR ZAF A] Bj 29
20|17} v SRt A o2 ZRlEo] Ko fY4 o]
T Agho] A&z 0= o]FojAL Q= A or weEnh
Hj A= HolARS F29] W5} A ovx] &5 9 A
Al A #3950 RAAQ G2 A= YA wet
Fo 2 A A 9lo](Carpenter and Kitchell 1993; Takaharu
et al. 2015) W o] o] AJRELL Ql= HP T of of£2}
Y HOE ofsf B2 Weke] nhd gl 2&AQ] #e|rt E e
o 7o & mekEr

ZAAHE FYTEE BA

<

<

i
N
i
(=}
P

23 ¢4

(£0.14, St. 4)~0.96 ( £0.04, St. 3), TFF A= 047 (+
0.22, St. 3)~1.11 (£0.39, St. 4), W5 =A== 0.31 ( £0.09,
St. 3)~0.59 (£0.19, St. 4), BHEATE 0.84 (£0.81, St.
2)~1.18 (£0.45, St. 4) 0] H9|2 EA %I (Table 2). 2
Ao R BT AT 2 st 404 hE AR -

=
47t 57 BAElo] Aoz A 2ATEE
J
il p

=
FAol= Aoz BAEQlon o= BoA of 54 4tgt
& 1) 0157 ol 47} IRl wet 2AAEE 2R
H A 9] Aol ke Ao = et
2, HPY 1 2¥ H|w
WA HYPSE o2 AAE o fA A |H A4
°lF BT o] Zo] BI|Heigt AL tifow
H359| o] 74 WSS FIstATH(Table 3). B3 =
AL Bvb 2o 171324 7] (Kwater 2001), £, A

N
i)

(Kwater 2006), Z i, = (NIER 2008), A, 4 (9%
), BAY (Kwater 2011; Boryeong-si 2014) 5] o117}
o- g3t 1A F& Bl AT, 20019 637} 23 (Kwater
2001), 20068 63} 23 (Kwater 2006), 2008 77} 195
(NIER 2008), 20119 97} 135 (Kwater 2011), 201413 8
T} 11 (Boryeong-si 2014), & A} A] 93} 15%0] E&5t
Aok A EAF T 2 AN S5 g2 052
E117] (Pungtungia herzi), %12 (Coreoleuciscus splendidus),
=Z70 (Gnathopogon strigatus), 21=7W (Squalidus gracilis
majimae), }1-5 2] (Rhynchocypris oxycephalus), 2 (Zacco
temminckii), \=-& AF7H (Pseudobagrus koreanus) ‘G 24°5°] 2t
A=} o] F2 i ot T ARl AAst,
2 9 5o WISk Hgohs SomA HYd Hde

Q1) 4ol 2AEe) mret o] 4R E SRE
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Table 3. Yearly comparison of the fish fauna in the Boryeong Reservoir

Families and Species

Sampling stations

Kwater Kwater NIER Kwater Boryeong-si Boryeong-si
(2001) (2006) (2008) (2011) (2014) (2018)

Family Anguilldae WOt

Anguilla japonica 04 o o o
Family Cyprinidae A0{

Cyprinus arpio o o o o o

Carassius auratus =Yl o o o S o o

& Carassius cavier He0f o o o

Rhodeus ocellatus AEHEN o

Rhodeus uyekii ZtAIS 0 o °

Acheilognathus lanceolatus HAE o o

Acheilognathus yamatsutae Eg=INES o ©

Acanthorhodeus macropterus ZEXZ o

Acanthorhodeus gracilis ANI=INE o ©

Pseudorasbora parva e ° © © © o

Pungtungia herzi =17| o o

Coreoleuciscus splendidus 22| ©

Gnathopogon strigatus e °

Squalidus gracilis majimae =Y o o ©

Hemibarbus labeo =X °

Hemibarbus longirostris ZIORRE ° ©

Pseudogobio esocinus ke N o © o

Rhynchocypris oxycephalus HEX| ©

Zacco temminckii Z2A4 o © ©

Zacco platypus mzto) o o 0 o

Hemiculter eigenmanni xl2| o o o ° ©
Family Cobitidae 0|32t

Misgurnus mizolepis oje]| o o ©

Iksookimia koreensis BN o o

Cobitis lutheri 2SN o

Cobitis lutheri HESN 0 o
Family Bagridae SAH

Pseudobagrus fulvidraco SXH © o © o

Pseudobagrus koreanus T=SAN o ©
Family Siluridae ol 7|2t

Silulus asotus 7| o o o S © o
Family Osmeridae HFCH O

Hypomesus nipponensis 20y © ° ©
Family Centropomidae 24Kt

Siniperca scherzeri MIte| ° © ©
Family Centrachidae A™LHL

& [ epomis macrochirus =74 o

# Micropterus salmoides HiA o ©
Family Odontobitidae SAtE|zt

Odontobutis platycephala St o

Odontobutis interrupta A2 S A2 o o ° o © ©
Family Gobiidae US0{t

Chaenogobius urotaenia B o S

Rhinogobius brummeus E| o o ©

Rhinogobius brnneus EdEYs o © ©
Family Channidae 7R

Channa argus IVEX] o © ©
Total number of species 23 23 19 13 1 15

& Exotic species, NIER: National Institute of Environmental Research

672 ©2020. Korean Society of Environmental Biology.
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Fish fauna and length frequency distribution of the Carassius auratus

TW =0.00001(TL)3-0681
800 R?=0.9887
- n=371
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s
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=
=
S 400
z
300 7
(o]
200 &
100 o
0
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Total length(mm)

400

Weight(g)

25
Y = 0.0004(Postive)
R2=10.041

2 n=371
15

1
0.5

0

0 50 100 150 200 250 300 350 400

Total length(mm)

Fig. 2. Length-weight relationship and Condition factor (K) for Carassius auratus caught in the Boryeong Reservoir.

Ao g PeEr} 20119 ZAF A
Hi ko] (Anguillu japom'ca), =gd=M
(Rhodeus ocellatus), H©1, 27}2] (Siniperca scherzeri), 7V
A (Channa argus) 5 5&°| EASHAH, & FAF A| 7}

:
oA AYHT G A ol o] AT Z7HE 915 =
U8 Foz BeEth ] BY 0] 0S5 BYS olf
o] Z@E4 WSS SHIG A, 20064 ol F A|454] of
Fo] gt Sls|gl|, ol Be Ay 2 o) 7
of Zpole} HYT A olF HAE MBI 0% o]
5 9 240 w2 o2 BerEn

3. HY-HF 4

oxAUo) HehE violshe H Fad Jra delx
ol 0] A A% JeEAL vl A5k ol el A%
A 9 A% JEE BHA R sekg 4 glon], HAA
53,4904, %ol 01§58 5 gt A2 A E

S
(Anderson and Gutreuter 1983; Busacker et al. 1990; Zhang
1991; Ney 1993). A1 o|F & Ed-&°] =7 Uehd &
of ZNAIT-e] A5/ EE whefstr] fish AbAl7]of 2
9 AAE g or A - AT JUBAE 24k
(Fig. 2). A - A5 A= 3 AA1S bakel 3.0 o4
o] ZWAlE] 7ol sk, 3.0 oot o AAeE 9
37 AEi7t Bl EE%-2 LERATH (Han et al. 2007).
HTHE 2|4 kO] 7]-&7] (Slope) & ™ A4 7 &
T 22 OJHIRHTE (Seo 2005). BT o] AAsk= Bof 7l
Aol AT bA 3.0681 2 H| WA A2l 84S

AEALSE Ho]19] o] go] o] 2o} 1

Zhen,

= v g5 o] ExohH, o] FAd e
P 0= A% 1dof A%

140~160 mm, 21391 160~180 mm, 3] 200~230 mm7}
2] 47Fste] 300 mm7t = 7|7HA] oF 10d0] AR EE= A
oz odyA %E}(Lee et al. 2013). B ZAF Al Bol7t of
FHETOR ERIFloH, o] F 371/HAIE tde=m A
=R R 248 AASHY T (Fig 3). §EAe £de
I R] ghgrom, 2@ 08 2 %= 170~190 mm 7H
A o] o] o= ERIF T 2HH, 434 ol f o= 273
=230~280mm HAl= FE EPL Heom 10 o]

A AAA =A Edsta Slth FEdes gl
0~140 mm 7HAl= & FAA] Ed6HA] F2 Z o= &2l

AT, o= & Ao A AREE o] 9] o] ofF
I 9 A} Fuof] S E AP of gt JgFo s
TS E9F 4~s @A 0 2 FA 5= 230~280 mm ZHA]
o] 2Ago| ¥ A2 o] NAL HeE Az o
= 20133 HE 20143 27H2] Fo] 9] 4lgto] YghstA|

Axe)

7] 2] Ao )

O
e
2
2
2
5‘0
52
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Fig. 3. Length frequency distribution of the Carassius auratus population in the Boryeong Reservoir.

5. Normalized Difference Water Index (NDWI)

| =]
2y

)
T
G

o

& = He o]got AEH HFHE FE 5
Fe5 33 9 AFYdoR o] 8ot 9lom, olgt &
59] o]-§-2 o] F o] AtgHA|7| et FAFSHA| o] Foi It &
7190 BAdE Yo FYEE sHETdE FEFHE
ool wot Aol FastH, ol Ao A
= FRFHE 237l AoR delA ok (Kim et al

9lo 2 Z-8-3} (Choi et al. 2004). H T 0] ABdA4
2F 3tol A} 2013 76.6 million m 2014 20144 50.3
million m~2 FAT AYHFAFTF HIE HYlom o]F
2017Q97HA] A&H o7 HAshs Ao = UET (Fig.
4). o] 2|3t A 4==Fo] W= go] WAL Atgte] UATH

A FFE e AL

HE

thFet A AEO] BRI 9lo] ofF o] ARMgo R o]
|57 Qe St 42 A2 2 NDWI 242 535 A&
Hs}l50| & 2Hl5l Tt (Fig. 5). NDWI 24] Ax}, | 59
Hof LA SR8k = St 1, St. 2, St. 32 =9 HE
o FFE A WA Y= AR BAE|Q O St 4 Q1T

674 ©2020. Korean Society of Environmental Biology.

120

100 A
80 4
60

@ég

20 1

o

T T T T T T T T T T
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Fig. 4. Annual dam storage trends in the Boryeong Reservoir.
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Fig. 5. Water surface variation for normalized difference water index (NDWI) anomalies in the Boryeong Reservoir.
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