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Abstract  Sampling gears for collecting fish are diverse, and the community of fish varies according to
the selection and characteristics of the sampling gears. The present study compared the characteristics of
fish communities in Yedang reservoir using four sampling gears (kick net, cast net, gill net, and fyke net).
The kick net and cast net were inefficient in collecting the number of individuals. However, they increased
the species diversity of fish inhabiting the waterfront. Although not many individuals were collected, the
gill net mainly collected large fish. The largest number of individuals was collected in the fyke net, and the
dominance was high due to the high species selectivity. Through Self-Organizing Map (SOM) analysis, large
fish were collected in the gill net, whereas small fish were collected in the fyke net. The characteristics and
efficiency of the fish differed depending on the sampling gears. It is expected that researchers will need to use
it appropriately according to the characteristics of the sampling gears when investigating the fish community.
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ARE Ta f At JA off +8E A ¢
3 ook WS 71eS AHEStY A E Adste %
t}(e.g., Jackson and Harvey, 1997; Whittier et al., 1997;
Mclnernyand and Cross, 2004; Clark et al., 2007). Jackson
and Harvey (1997)2 437]] S04 t}Fat o3t (minnow
traps, plastic traps, fine- and coarse-mesh trap nets, and
multimesh gill nets)E ARE3te] oF - ZABIES
o o7t FA F FHRE=NA AolE H e, Clark
et al. (2007)2 9] 4HXH (littoral zone)o] A &3}+= o
F 2AE Y3 AAT (Fyke net)@} Z5 15 (Shoreline
seines) 7+ o T3 F 24| d=2A AP E= 2HE
=E5gnh ol2dt AHE F3l off &S ¢Hs] Wy
a7] 18] chaket ol 7o) ALg- AAHATh B4 AEA
oA of o] WE ofF A% Fafel] Pt F ATE &
& A2 (5 x5 mm, 20 X 20 mm)3} AR (15 X 15 mm,
50x50m) 7t o} 78] F2Q3 23 549 Aol Jang er
al., 2006), 6712 o (T, A, AFAE, Y, S,
ThHE ofF 3 54 CPUE &&4 A+ (Han and
An, 2010) 5°] e, E3] Kim et al. (2020)2 E43}
A o3 ol F 23 2AME T Y aedH A
AR B4l gt AEg A e oS AA
SFATH(Kim et al., 2020).

tlolg molid oyt J1FAIEE 7ol WEstHEA &
ZF HolEHE A& ARSAY o2 25 AT
9 Bl AbesAn ke e B8 ZURA W
Hol] AWE 1 QIch(Fayyad et al., 1996; Jain et al., 1999;
Lu et al., 2006; Arribas-Bel et al., 2011). 1% FAAE &
A 2% ARES B85t aeFor 278 oF
ofd 4= sl AHo] deu HAdF A FHE Hole &
A didole AR @2 @lo] EARTh(Liu er al.,
2006; Reusch et al., 2007). 0|2 Q3| 7|&£2] FAE EA
o] tjote 2 2}7}2 2 34| = (SOM, Self-Organizing Map)
EAo] tiete 2 AAEI ot SOM 42 H|wAStE
(unsupervised learning)& &-83l= ATAAY 719 F
stz A4Y A2 S ARHe s el & glon, o
o] 4 A=rE 71ds| AlA3tsto] Yez]of ui- §o]
sto] Aejstol A g2 o] &I = &4 olth(Kohonen,
2001).

oA 2 AT dEzolA JRAE=FEE YHE of
FE Hlasta, Y=o i JEE ATt sH3
ok olE Hdl dFE W AHETE off F 24 v
ShaL, 3 24 o] 83t o2 AR EH= HES
wate] Y=o gk A4S AlFstaA} gk
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Fig. 1. Sampling sites in Yedang reservoir. YD-I: Yedang Inflow
region; YD-M: Yedang middle-flow region; YD-O: Yedang Outflow
region.

1. AL X|IH

2 A7 A AFEE SHEE Akl fAs
o, A#o] o 9.9km’2 FF 5ol £3ThH(NIER, 2017). A
E54Y A 9 F7FAR (NIER, 2017)°] whet f-97
YD-I), 545 (YD-M), &5 (YD-0) 37} AHL 2 U
ZALE APSETH(Fig. 1). A A7) 20213 49, 7
4, 1099 2z AgPsiglon, 7 AHLE 784 E49
wat 34 o7 JLEETHME, 2013).
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2. HUST U ZAH

2 gAY 7 2H 7 SHL setsb) o BEE
A ZA7] (YS], Professional Plus, USA)E AHE3lo 4=
2 (Water temperature, WT), £2&At4 (Dissolved oxygen,
DO), pH, A7] A& & (Electrical conductivity, EC)& &%
STk o7 AWL Ao 2 FHY SARAA Sryol
FUe Agsrgon, 44 o 3m ool B3 A
Azl ALgash B3RS 49, 44 (HET, U5
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45%x45mm, ¥°| 1.5m, Z2°] 50m)& 124 (459, T&
12X 12mm, %¥°] 0.9m, Zo] 50m)& o]ojA Ax|atge
o, A2 (S 4x4mm, FET £°] 24m, 2] 20m, 3
Aol EA)S Agatel BE A FU FAS A
ste] o} AW WATHATE FFHA 2AE A3 Z)

£ 30~608, £ 208] /202 £AE ARG, A
Wt g ABEHY 24 % H7HKH (NIER, 2017)
o ahet 18A17H©F 42 W 24 84 Bk 44 F A
WE o7 8 2AT

¥

AT oAf= FRANA T4 H —F_#Frﬁ}o“l FTE= AR
O.1mm)¥} FA ()& ST F A YRR, AH

W F9l v A (Micropterus salmoides)?}t SFZ (Lepomis
macrochirus)& 47 & A3t o]F e AL Kim
et al. (2005)°] wgtor, EFAA ¥ -2 Nelson ef al.
(2016)3} Froese and Pauly (2022)°]] @ttt

3. Hlojg 24

AFzo|A LHFLE 2ETT EFZY AR £
AF = 90% WollA SigmaPlot 10.0 software (Systat Soft-
ware Inc., San Jose, U.S.A.)& o]&3}to] ZHA31H L)

AdFzoA o7 Y EAAS wstr] Qs HA=

A1As)| 2 2= 519l Self-Organizing Map (SOM)& £33}
W& 2439 th(Kohonen, 1982). SOM &2 & W

= ZAF FH (YD-L, YD-M, YD-0), A+ A7), A%, A
Z A= (EY, 8, AT 9 A4hE &8sqth
SOMY] AFE AN F= 852 64F FH Y 4x5

2 4" S9AAE AHESHlT ol SOM9] e5a2
27] 0.05914 0.017}A] Z4A3sHY, AA| 5314+ 1,000
32 Qelsie. HEH2 SOMS Sirat F 2ol 7}
$21% o194, ks A1) Ak rpshoa s
SOM-& Bray-Curtis A 2|9} Ward AZ2WHE AMLS A%
2 313} (hierarchical clustering)S E3f A& J”EQE
TESHTH SOM 23 153 Ho|§ £4]& “kohonen”
1} “vegan”& AHE3}tH(Wehrens and Kruisselbrink,
2018; Oksanen et al., 2019).

ZF AP e mE ofF -9 EAEZ 45 4
5to] SOM¥} wpt7kA| 2 Bray-Curtis A2 & A& %,
Ward 942 & o] &35le] AZE F3 EA (Hierarchical
cluster analysis, HCA)E $831tt. /A4 HolE &
o]7] fl3 =g Wsgon, 21 09 E5S oL
A Aol 15 Hote] g AuE &85t ol %, A
E 2-Y AFE Holgt A E Y=ok
AE EAH7] st “vegan”g ©]&3dt A HE

N~{>éa

Table 1. Values of water quality measured from each sampling
sites in Yedang reservoir

Month Sites WT DO Ph EC
YD-I 18.5 12.2 8.8 295

Apr. YD-M 17.5 113 8.2 289
YD-O 17.7 11.6 7.6 289

YD-I 33.1 8.6 8.8 268

Jul. YD-M 313 75 9.0 300
YD-O 30.1 8.1 8.9 303

YD-I 17.6 8.6 6.8 245

Oct. YD-M 17.2 7.7 8.7 229
YD-O 16.0 7.9 8.9 249

WT: Water temperature; DO: Dissolved oxygen; pH: Potential of hydrogen;
EC: Electrical conductivity

H (Non-metric multidimensional scaling, NMDS) &2

4393519t (McCune et al., 2002). ZE 242 R studio
(version 2021.09.1)& o|-&3}o] W3Ys}tHct.

d
1.71%43 54
ZAANEY £ e 24 A7) Dol A- 7 7

ol A Yken, AL A7) wet Aol7} vrEbgTh
(Table 1). AEA £/ wet 7Hol| B+t 420] 31.5%
1.5°CE 714 =4 Uehgten, 490 11.7+0.6mg L%
9 P DO 793 109 22 8.1+0.6mg L™, 8.1+
0.5mgL™'2 Zr4stgth

2. 0etE ol x4

2 dAolA A olRe T 45 87} 155, 9,113714,
82,013.8 g0 A= ATH(Table 1). ZA} 7|7+ 2= 714 wo]
ANYE T2 EFLE 841070A (92.3%)7F A= 7}
Z -5t o, o2 02 X & (Hemiculter leucisculus)7}
464704 (5.1%), WA7F 109747] (1.2%) 02 235+g
3l 11 9 R EL BT 1% u|Fte] At EH T (Relative
abundance)E E Tt FA= EF79] 32,484.6 2(39.6%)
2 7M=& ATl SAEHY e, §5 -0 (Carassius
cuvieri)Q} -] (Carassius auratus)y= Z+Z} 127041<} 35
AA o] YA PO, 13,764.0 g (16.8%)TF 13,2947 g
(16.2%) 2.2 =& A SH = U
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Table 2. The number of individuals and biomass for fish caught in Yedang reservoir by each month

Apr. Jul. Oct. Total
Species
N w N w N w N w

Cyprinus carpio 2 2,193.0 1 270.0 3 2,463.0
Carassius auratus 16 5,388.4 8 3,030.1 11 4,.876.2 35 13,294.7
Carassius cuvieri 8 9,423.0 4 4,341.0 12 13,764.0
Acanthorhodeus chankaensis 1 0.8 1 0.8
Zacco platypus 1 34 1 34
Hemiculter leucisculus 16 341.5 197 5,082.8 251 3,337.0 464 8,761.3
Pseudorasbora parva 16 91.3 32 170.7 48 262.0
Hemibarbus longirostris 4 232.0 4 232.0
Pseudogobio esocinus 309.2 7 309.2
Cobitis nalbanti 1 7.4 1 7.4
Misgurnus anguillicaudatus 2 8.1 2 8.1
Silurus asotus 2,550.3 4 2,550.3
Micropterus salmoides 18 3,783.3 72 3,118.3 19 967.8 109 7,869.4
Lepomis macrochirus 328 9,460.7 5,685 16,127.3 2,397 6,896.6 8,410 32,484.6
Rhinogobius brunneus 12 3.6 12 3.6
Total 421 33,780.8 5,977 27,642.9 2,715 20,590.1 9,113 82,013.8
Number of species 11 8 7 15

N: Number of individuals; W: Weight (g)

ZAF AI7IERE 499 63 11522 7P W2 471
Z@stgon, 799 53 8%, 10¥€0] 53} 7 ¢<o2 A
= %At} (Table 2). B 7HA4== 44l 42174 A7te]
A=A, 78 5977042 F43] F7hst 7MY
W& A7 iﬁélﬂ"* oo, 10 2,71570A|7F A=
ATt A YA FL 4Yo] 33,780.8 g2 2 A|S djH]
w2 e E%“;E}.

A =ERE AP AFE AHE 23, SoA A
AE oJFE 337 4F 22870A](1,455.7 9) 2L, FFoA=
57} 8% 294714 (8,312.4 g), AFoIAE 43 9% 653744
(51,342.6 g), AZrdoll A 73+ 9% 7,93871A] (20,903.1 g)7}
A2 =] 2tk (Table 3).

AgzoA AHE oF 5 10704 n|vt Y& F& A
Qg A FFH == Fig. 2a0] Vel ATt 48 A
AE AFE F 40270A 92, 3287A 7t EF o] AR
o] JHFRE 81.6%% UEHT o|F 7de EFZ
o] AA47t F23He 5,68570A7F AAE o, A=
HEEE 952%2 F¢-F3ts 2345 YeEith 10890 =
EF40| 239770A7F AR 7P 8% FolleH,
FHEFRETt 88.3% % YEMHT ddZolA 7P B2
AA7F AP HeHstdd EF4 AFEZE AL
BAAEE U] Bkt (Fig. 2b). AFEEE 449

B 7244249 mmZ MR =9ron, 790 HF 57.
39.8 mm, 10299 B 42.6+30.1 mmZ H xilﬂ—‘:# }
ZholA & AeE B At

3. of 720l IHE ol

2 MY olRel s

TFxo|A A SE Yo, SOM ZF S 284

E38 & 3719 cluster2 % ’3}55\\3]—(Fig. 3).
< SOM Aol A o8] EAJS wtgste] F3st
ik

SOM 23 9| Jrpoa AR, A 7= 2+
clustero]] §-2J3+ G 71X A FAh(Fig. 4). sHA|RE, A
o] & o= SOM A =9 f|Fof YA|5Hon, A% o]
e o R ofdBe) RESO] AT oI 7t HOI% B
A7 e AL Tkt 2 o2 SOM &4 A3}, &}
FollA AAH o} FE HEE cluster 22 cluster 39 $1#]
o Wb Eofol Aol A AP E ofF+= cluster 19 5
2 2235l A= itEE 43S YEydt

Hierarchical clustering 23}, ZAA 7] AFSSE A=
2o AYE olRS AZ 2 BUANE S0, B 3
Aol FlsHA FRE R, H4A4ES EE cluster
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Table 3. List of fish species caught by each sampling gear in Yedang reservoir

Kick net Cast net Gill net Fyke net
Species
N w N w N w N w
Cyprinus carpio 1 270.0 2 2,193.0
Carassius auratus 33 12,966.9 2 327.8
Carassius cuvieri 10 11,145.0 2 2,619.0
Acanthorhodeus chankaensis 1 0.8
Zacco platypus 1 34
Hemiculter leucisculus 28 467.4 271 7,471.9 165 822
Pseudorasbora parva 4 27.4 11 64.7 6 26.9 27 143
Hemibarbus longirostris 4 232.0
Pseudogobio esocinus 7 309.2
Cobitis nalbanti 1 7.4
Misgurnus anguillicaudatus 1 4.7 1 34
Silurus asotus 4 2,550.3
Micropterus salmoides 2 2.5 82 5,604.5 10 641.6 15 1,620.8
Lepomis macrochirus 210 1,422.2 169 1,890.3 310 16,356.1 7,721 12,816.0
Rhinogobius brunneus 12 3.6
Total 228 1,455.7 294 8,312.4 653 51,342.6 7,938 20,903.1
Number of species 4 8 9 9
N: Number of individuals; W: Weight (g)
@ (b)
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Fig. 2. Relative abundance of fish (a) and comparison of standard length distribution for Lepomis macrochirus (b) caught in Yedang reser-

voir. Standard length defined by a lower 90% confidence limit.

of 12A EEZ3IFch(Fig. 5a). EFEL ZE A=
A ALEE 272 2gon, yjaet M2 Bt A
o 2 AP=E AFS Atk NMDS B4 A3t o
ToA AHE offe AP =T weh FEH UER
o} (Fig. 5b). 27, w2 4 2]2l= NMDS9 9 9

A8t BE AHETA AHERH AdHRE YEF
At} 53], AgolAwt QY= QA kA (Hemibarbus
longirostris)?} T2 F-A] (Pseudogobio esocinus), ZT)| ol A
W APHYE Lol 5 AU 4 of7 7 TR
o
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Fig. 3. Clustering through data learning by the self-organizing map. KN: Kick net; CN: Cast net; GN: Gill net; FN: Fyke net. V1~20 means
each neuron. Each neuron is V1~4, V5~8, VO~12, V13~16, and V17~20 from the bottom row.
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Fig. 4. Component planes display the contribution of each variable to the classification of sampling sites, gears, and information of fish
data. White represents high values of each variable, whereas red is for low values. The values were calculated during the learning process of

the network.
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AN gt QHEFE B3l dgsel A48t
7 F2AL woteta, AP =TER QYR EHE of

ghebstglet. P s W BE AYETo A
2 w2 AT AYE 2 2RIt £242
F27F B §&0] =9 oy 34, AR Foll A4
ato] olup ApA|ofA g2 SAEE YEE AR
&2 A Qltk(Schneider, 1999). A odFLo|A Z3PH of
2 27 A3 (Kim er al., 2019)94 201393} 20149 =
At A= EF4o] SdsHA gem, 201790 24174
Al 4.2%)9ro] AF= A AT 2 AFA EFEL
8,410704 (92.3%)7F A= o] 7HAI=7F F53t= ALE

SUodu e
Am
X o
o

Btk 53], EF49Y MAe= 40 vl 7€ 54
3| F7ket =, ol EFAY F A7 4~69E 4
7171 4w, gl oF 20,0001 &) €& ¥= EALE
3l A7 FEE AR AtREHY

F A A A QA=A wet ofgE = o7 F
z2Aolv 23 EAol t2A Ushu= 3ol dtkJang
et al., 2006; Han and An, 2010). & oA A3
A== S, B9, A, AAFo 2, St T
= HE A=A B AP EHE o7 A7 A
om, Apzhito] ZH W2 JhAITE AP E AL, BAFS
Aol A 71 A Vet S FEE falo] &
st F2 AMEAEE S A A= e ofF
Hesl7] 93 HE T8 Wo| o] 9lth(Meador
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Fig. 5. Hierarchical clustering analysis (a) and Non-metric multidimensional scaling (NMDS) (b) of sampled fishes according to the sam-
pling gears. The abbreviations of fish species are as follows: CYC, Cypinus caprio; ZP, Zacco platypus; CN, Cobitis nalbanti; HLO, Hemib-
arbus longirostris; PE, Pseudogobio esocinus; MS, Micropterus salmoides; HLE, Hemiculter leucisculus; LM, Lepomis macrochirus; AC,
Acanthorhodeus chankaensis; RB, Rhinogobius brunneus; MA, Misgurnus anguillicaudatus; SA: Silurus asotus; PP, Pseudorasbora parva;
CA, Carassius auratus; CC, Carassius cuvieri; 1, inflow region; M: middle-flow region; O, outflow region; K, kick net; C, cast net; G, gill
net; F, fyke net. The number indicates the month in which the fish was sampled.

and Kelso, 1990; Stevens et al., 2006). 349 ~HE 2|3
2 o] S8 oA A0l 7] "ol Aol
U Abztap] uls E8Holx] Bagl oLt Apupolut Alzt
oA ARAEHA Z2 U (Rhinogobius brunneus), ) 2F
u] (Zacco platypus), EF 7N (Cobitis nalbanti)7} A F =
of T oS 58 EXETEN F83 Ae= Ug
st

AgE ofFE ASHA] Zatal 2Eo E3|AY ¢ 3
A skl o] FE HHsH= o= (Park et al., 2016), =W
oA oldist o5 2 ZALIA AP ABHE ofToln
(Yoon et al., 2015; Kim et al., 2020), =32 A ¢
wheh A s o5 2719t Foll Rol7} ek, Yk
2 Aol AREE= ofFe S 27 oY HF oF
2, 80mm ©|59] 27 o7 YL HA &oH (Huse
et al., 2000; Jgrgensen et al., 2009), 9152 AE, A=
2m] 7RA1 9] {7, A3 (body depth) R =¥ (girth)e] 2
o] g3Fo] & Aoz A& A lth(Reis and Pawson, 1999;
Carol and Garcia-Berthou, 2007). & oA AFEE 23
= (EY, B, Aol vls] Aoz RHPH o7
A A o] 2 o, T, §aol7t B or W

AR AR D oM, SH=0) F27 ERfote B
29 A9 Aol AWE Aol Aol AHHoz 7
.

A4 AR AHE o5H ofRE ARIE &

02 frdty Yot o R, B2 T AP 2zt
Zoln & A'Ao] At} (Kim, 1999; Fischer et al., 2010).
AFzoA A4S ol&s HHPE A7FY FH A2
= B2 7,72170A4), RA: 97.3%)3+ & (271714, RA:
3.4%)8 =& £ Aueyog °]'3H 2 H-E 47} 0.993L
2 AeHY EF4e 2 o7 fols0] &
FolA FEE Ao F95tt =TS Tt APE RS
2 Holo AR E9 A2 I8FE Qs WU &
S Aeg Bzt wabA S o] &3 A
A Uedes 22 & A9 off 23 A+ Al A
WollAl £4 olFo] st itk & F it
Ao g Pt

SOMelA Uehd AR = Aoty BA = A
o] 7HE o3k e 2ok 3] cluster 194 A2t
Tl A HHE o 7Y FEFol F FAlo| Aol FAL oF
7F 2323 wbH o, cluster 22} cluster 39| A] A& o] & of
FEol =2 Xk F /WY clusterol] AHgollA A3
H o7 HNAF7t B2 Aoz Hof o= thE F
A= tof vls A2 AG} Aol 2 MAZE A==

it Ao A B2 A Aol 22 JHAI7F A
A= E o792 F3H% EA Afo]7} Yebsitt.
A zoA PHETo| g olF 23 EAL HCAY

NMDSE 53} SHlstgich. ol %
sl FEEE 42

%, o] %
24 24 A

s T

WSt o, off
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e xamfg ¢ SIch Eat, AL AEE o7
Ol%ﬂ# 92 Ao Az 53, SOM B4 F
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Chebet ARzt 2
o 2 AeluctS A B2 Hol7} FRA it

< UEHH AT E3h, Sdiof B2 w2 HAIE At
% o A& E—T’-b o R gk, A 4] A oﬂ w2 2 thok
Ae Leid 443 Ao Uegth 2 A7l thergt
A JE?LA 45101 1H°ﬂ*1 AR AfdE e
3 5 9SS HolFT Sk mah, AT Az ofF
of A% %‘”«l Ao I% olFE A A7AIA o
FAEE AT 5 S Aol

¥ 2

olf A== T, P =9 A3} 40
w2t JHEE o7 2 Aol7k yehdth B A+
AFdzolA 47he) A= (EH, 7, AT # A4
g o183} ol 2UE ZATL HwsAT Ze =
e RS AU o BEHOIY Yk S
of AAakE ool % chabgol Rtk Aol B, A
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