KJEE 55(2): 132-144 (2022)
https://doi.org/10.11614/KSL.2022.55.2.132
ISSN: 2288-1115 (Print), 2288-1123 (Online)

Original article

° 5 gl 2 = =1 =
2l ol1Ql JElZ ol X YU A 07 TR ASIHH Het
O[MZ' - A’ uixfe) - ZHU® - 027 - QEA’ - AFH - KBS - oI
et o geatel, et asetd T
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Abstract  The fish community in the Seomjin River-Seomjin River Estuary-Gwangyang Bay coast conti-
nuum was investigated three times from March 2019 to October 2019. The collected species at the eight sites
during the survey period were 49 species belonging to 31 families, including two endangered species.
According to Bray-Curtis similarities, observations were divided into four groups based on the fish community
composition; two groups (group 1, 2) and two uncategorized groups (group 3, 4). ANOSIM based on spatial
and temporal groupings indicated that the spatial differences in fish communities (R =0.398, P=0.001)
were relatively more important than the temporal differences (analysis of similarities, R=0.273, P=0.002).
In particular, there were significant differences between groups 1 and 2 (analysis of similarities, R =0.556,
P=0.001), and similarity percentage analysis revealed that Argyrosomus argentatus (9.4%), Favonigobius
gymnauchen (6.9%) and Konosirus punctatus (5.9%) contributed to these differences of fish assemblages for
each group. The fish fauna distributed in the Seomjin River-Gwangyang Bay ecosystem were spatially divided
and the number of species and number of individuals showed seasonal differences. This study could be a basis
for understanding changes in the fish community and implementing conservation and management strategies
on major species within a continuous environment of the river-estuary-ocean continuum.

Key words: Seomjin River Estuary, spatio-temporal variation, river-estuary-ocean continuum, fish community,
non-metric multidimensional scaling, similarity percentage analysis, analysis of similarities
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5 14 T Q8 shte FA AR 1o (Park
and Gwak, 2019), skt5-2 319 3¢ 59 gt &
713 Ge3tE QIEf 7]|E shtdol AAlstd AAFE
(zoobenthos)Z HAMA|Z #Tt ofe}t SHEAYEA 7L 744
= ohFR At 7152 AHASHA gtk (Lim and Choi,
2005).
= sHAAEA W F4B|AE (Moyle and Cech,
2000), o+ AERRTET AT BA 9oy, AT
Ao FETF IS HESTL & 4= Uth(Baek et al.,
2013). o S8 AAFQ g WsETr ofyEl Q1413
o] UsHA WkSsl] gl o7 d FRHENE T
o A AAAN ARYSE THHCE S 5
(Lee et al., 2014). T3, o= Fol b &AL A4
&, A 29 (ecological niches)7} A2 Th2 1 P 9
517] Wl ohFet AlSHA oA 8 e Br1e
4 9= Agst A EZ LA At (Gonzalez et al., 2020).
SEuete] 8 dishde 34 e WA 9 &4 &8
fste] Hef st S Bl A=<, A 59
&/do| Bt HR7F2 ol A F43tHA skl ¢l
FxEo] AAHA g2 HepHorA, FFuyt A2
Hof g3 AEA Y AV fAHT Ao 15
AR} A= 394 oF2 29 (Plecoglossus altivelis)
7} 22 38313, A (Eriocheir sinensis)$t A3
(Corbicula fluminea) 5 Tt AAE =S50 F53}
o AAF SR E w9 = Q3ch(Baek et al., 2013). E3 =
2 IFF N=e BAR A HEL7] oI E 5o
A= = AGAZ (Acheilognathus somjinensis) 2
FEH7] oPIE IF 22 AAE e FEHAFA.
majusculus)7t 2= 5 AHHLE 22 Aol B
E4 A Holt}. FgutE AN FdEE FY F3F
O 2 oot 4719 2480 fYEIL o] wE 749
BALE 7|2 o] WL Eol o7 ZFT A4
AR = A Qlof (Kwak et al., 2012), o 39 2
I B E g A7 2asi
AR7} skt ofF F3o) #e A3 A7t= Huh er al.
(2012)8] AR7} stFool A4ete o7 23 A+ % Kim
et al. (2012)9] AR7} st o|/A 2 T8 WAL AH
of] 3t AL, Baek ef al. (2013)9] 7|4Yo] ER 5= A
729 ol 24 AF7F AAH U FAT ofF Lol =
3t A<= Huh and Kwak (1997)9] 3Rt Zujdof A4
st 7Y T2 9 AE HE A< Park er al. (2019)
9 27 ARAYE o] 8% FUYH olF T2 L I W
AFE BIESl o AHETE o835t ol AT £
of gt A7k AP e, A D AT 59t
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B ofe] 24 A%Aol tit ATE REsi 3
7h-at-alof A4A] ol H QB o] E (Bruesewitz
et al., 2015; Richoux et al., 2018)3} AEZHIE 3 ¥
3}t (Arhonditsis et al., 2007; Dalu et al., 2014; Wang and
Zhang, 2020) 5| AFET B 54 % 51 FA
AEo] gt A3 Aol Blsf, o 74 R EEZof iRt A
& "lu|e Aol

ol

& Aolde LT s AR s B4 9 7]
&, g A W o7 2 729 Al Heker 92
AL GolR 1, ZHM= 2 o]FL mpotste] Z-al -5
& AEA Y A A EQS AYstaA stk doprt £
A Aol 7Rkt A7 - A5A W
o) o} F Al B2 54 B0, S A Wl ol F 2
Ao A B8 PehE =kt

o|™ (Hong et al., 2017), X7} 3 2]
A I, titE e go] glo] 43 AdErt vl gt
A2 F7FEth(Yang and Choi, 2003). 3ZoFghe daflat
o] 4=9te Afolof YX|gh vt #H|H ke &2, uhe] F& I}t A%
78] Zdoj= 27km, $EIL ££] 2 15km¢l BHYF L
2 oA Qlth(Kim er al., 2018). 47 +99] 715=
walieh Sl $1AIste] AAEQ1 T~997HA = HE et
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11.82°C, Q¥+ 792 1,400 mmeo]d, oF 67%7}F oS3
o AZE 1 Yct(Yang et al., 2009). A7 sH LA
HAE HRS A AT Y FFEe o FAQF o=
=2 o¢o] 2EEE Yoz 20059 EFTTFHIer
A= St
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serely] eistel & 87 AW HAY B WA 57 37
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o} (Fig. 1). E3F ohFet AI71& 28ste] At A9 Y &
Zot= oA kS 94l 330 24 A 2ARE 3
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Fig. 1. Map showing the sampling areas in Seomjin River Estuary and Gwangyang Bay in Korea.

24 M) AR The T 2.
ES1 :35°04'41.88"N, 127°43'44.40"E
ES2 :35°01'41.52"N, 127°46'26.40"E
ES3:34°58'41.16"N, 127°45'46.80"E
ES4 : 34°52'03.00"N, 127°39'14.40"E
ES5 : 34°55'00.12"N, 127°4724.00"E
ES6 : 34°5224.60"N, 127°46'33.60"E
ES7 :34°47'43.44"N, 127°46'37.20"E

ES8 : 34°47'54.24"N, 127°49'08.40"E

2.

o F= sh <ete] 4 Hate] HX7 sl
ES1~30) 4= AP (gill net)} F% (dredge)s ©l-&3HL, F
oFal ¢¢kel ES4~8o A= M- (beam trawl) S ©]-&3}
@E} e Zo] 100 m, =°| 1.5m, 42, 13 mmY +2

= AHESke] 2447 o) A F % ‘%}3}%‘1 o, e T
Z 1.5%0.5m, = 10mmE A3t 7 ,;m 28R
926 m*l|A o175 AHATE A=Y CBE
30mme| FHL 2, ARAY oS °l%6¥°4 ;‘ AT 2kt
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AA|8H T
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om ARA Tl ofHE MAY H AST H Ice
boxol| WA A jste] AHARE 28 & FAFI T o7
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71&2 2 3t on EFAAlL Nelson (2006)2] ERAAS
wtth A A QY AE 7|2 B A4S wHetsh|

Q&) thalE 422124 7] (YSI, Professional Plus, USA)S
L3t EF £ (WT), 344 (DO), &, pH,
= (EC)E &5ttt
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ZAF A R AL A7 Wb Y 2ET 2y 72
B3] Yl 54 (cluster analysis, CA)& 343}
Ak CAE 39 &3 F5ol w2t ‘' ‘022 FAJS o]
Z18}ste] Jaccard AP S 4HEFE ¥ average AE WS ©|
&3t Y5ttt Y5 A AAZIE dolHE |
ssrgon, 271 09 252 W] 918 1L UE F 4
23 W|Es sH3th CAd AREE FUE HlolEE H]
A% Y 2 =Y (non-metric multidimensional scaling,
NMDS)ol| #-gsto] A Z3}stgitt. NMDS 9| 2|5
A= AN FY48S 2A5H7] Y8 Monte carlo
randomization test (n=999)E £33} o, olF £F F+
29} 2 22l Abo]9] WA= ‘envfit’ FE ©]-&5Fo] 999
WY ¢ AR vige R FoAs 2 &S otst
R, T A A= B7HES Y Sith NMDS
ordination® &2 TR IF 7+e] Zpolof gt fodS 1t
o}517] ¢l ANOSIM (analysis of similarity) %412 999
Ho £d AAS B3 AASgon, SIMPER (similarity
percentage) £A4& F8 ZF 1EE oF A ol 7]
ot RS golsiginh o] Auj A EAREA] (two-way
ANOVA)Z o]-&sto] A X H9] AHY ofF 24 &2

=
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Zpo| & mhelslYth Two-way ANOVAE Kruskal-Wallis
test2} Bartlett testS HIEF 02 B A3}9 1 Bonferroni
correction < B2 A A4S Hstqich

CA, NMDS ordination, ‘envfit’ $4*, Two-way ANOVA,
ANOSIM, SIMPER &4 9 A]Z}3}= R program (ver. 3.6.3,
RS Team, Inc., Boston, MA, USA) W ‘vegan’ (Oksanen et
al., 2019) ¥ ‘ggplot2’ (Wickham et al., 2011) 7| A& A&
st

2 i,

1. ZA AIHO| 7|24 E4

A} QA HAZN R AYASE 9B
o] A} &l s17e] EHE myon, Adden 1

o=

Fol FAketA Uetth A27 ES1el4 0.6 PSUZE A+
o] 7F¢ @A Uelgd=d], a9l gaFo] AL u|X|A] Y=
g4 g oz gotE ES1HET) 5o 9X]3 ES2, ES3
o] B82S Z+7+ 9.8, 13.7PSUE UEl} ES2HE| ES3714]
=] FgFo] mR)7] AFsHe 7149 Aol ES4HH
AR O R Tpo] o] W2 AdY A goz YTt
AR17Fe] F3S AR 71 A A W= ES7, ES8OllA]
FEol 304PSUR 7HY =T 422 ©492l ES1of4]
P @k om, ES5olA 7P =Th §E44 0] A9 74
ol ES26l4 9.2mg L' 22 713 &okow, gty A3
ES59lA 6.9mg L' 22 714 Wit AdY 7)252
HEL 5~6Yol| 0] Bt 21.2°CE 7P =3¢om,
ZEAb29} pHE ZH2E F 9.7mg L7, 8.12 390 713
QFth(Table 1).
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I 49F 5,67870A|7F S@SHATH(Table 2). 2AF A7)
S@MNA = 38l 11870A), 5~6el 1,820744], 9~10
ol 3,74070A &&ste] 9~10€ AHYAMAE=7L 7t
& okt T (Family)d £dAA¢ v&L 52T
(Leiognathidae)®] ©15&F7} A& = (Relative abundance,
RA) 81.3% 2 7}& =9kom, gloj1}(Sciaenidae) 10.9%, B
2} (Engraulidae) 1.3% <22 UETh o] ¢ H3loju}
(Congridae)E H|Z3% 287H= 1% v|Rte] RAE B4tk A
A 2AF A- W £8FL 354 (Nuchequula nuchalis)Z
F 46157047} = o] RA 81.3%= YEhgen, ohe-4
F2 B3| (Argyrosomus argentatus)= & 3657147} A&
o] RA 6.4%2 LRt} (Fig. 2, Table 2).

AR5 A (ES1~3)9] o7 & 153 23F 399
AA7F S5kt 39 63 65 37704, 5~6Hel 123
14% 3087)A], 9~10€¥ol 83t 12F 547HA4] E&3lo] 5~6
dof| 7P B2 50 A7 2AE U 28 @
Ao Bl&2 =X o177F RA 732%= 7H =9%keH,
¥50l7} (Gobiidae) 5.8%, BA I 4.8% =22 UEYTH
ARZF-AARZE s A9 8FE FAE T 292704
7t A =] RA 73.2% 2 UEHHAL ofdEE S
(Favonigobius gymnauchen)©] & 227§A17} A& o] RA
5.5%= EFTH(Table 2).

FIT ALA Y (ES4~8)9 AR F 263} 37F
527970417} @3tk 39l 123 13 81714, 5~6¥
o 223 28%F 1,51270A, 9~10€e] 123} 135 3,686 714
Edsto] 5~690) 7P B2 T57h 9~10¥9] 7P w2
A7 ZALE T 3 E@AA S vEL 5219
oJ27} RA 81.9%2 7}4 wqkon, wojat 11.7%, B3}
1.1% «2 2 eyt Fgut At 99 £4F52 +5
A2 ZF 4,32370A17F A= o RA 81.9%= YEHAL, of-¢-
AZEo RIAIZ £ 3657047} QA= RA 6.9%= UrE
YT} (Table 2).

Table 1. Values of water quality measured from each sampling station (average + standard deviation).

Sites WT (°C) DO(mgL™) Salinity (PSU) pH EC (us cm ™)
ES1 13.6+4.2 9.1%+1.0 0.6+0.7 7.5+0.7 827.8+882.5
ES2 16.4+3.2 92+1.1 9.846.9 7.8+0.4 13,128.0£8,717.9
ES3 17.1+3.6 8.7+0.7 13.7£10.6 7.840.3 17,808.0+1,1797.6
ES4 18.1+4.8 8.3+2.1 29.5+2.0 8.3+0.3 39,464.7+3,588.9
ES5 19.7+3.7 69%1.5 30.0+ 1.4 7.9+0.3 41,328.3+1,906.2
ES6 183+4.8 72£20 28.6+2.4 8.1£0.1 38,302.7+1,591.7
ES7 18.0+4.7 77%1.6 30.4+1.8 8.2+0.1 40,408.0+3,315.8
ES8 17.8+4.5 83%1.0 30.4%1.7 8.2+0.1 40,2543 £3,058.2

WT: Water temperature; DO: Dissolved oxygen; EC: Electrical conductivity



136 0[N - LA - IR - Tl - O[22 - QEHA - UFZ - KIFS - ZolA

Table 2. The list and individual number of collected fishes in Seomjin River Estuary and Gwangyang Bay.

Sites

Scientific name and Korean name Total RA. Remarks
ESI ES2 ES3 ES4 ES5 ES6 ES7 ES8 (%)

Congridae Aol 3}

Conger myriaster H2o] 5 2 7 0.12 Sea
Muraenesocidae AAo] 1}

Muraenesox cinereus ZAALo] 1 1 4 7 6 2 21  0.37 Sea
Clupeidae olx}

Konosirus punctatus o 8 7 27 1 43 0.76 Pe
Engraulidae o 2|7}

Thryssa adelae Exlkyo] 6 2 5 5 1 6 25 044 Sea

Thryssa kammalensis A 8 3 11 8 16 5 51 090  Sea
Cyprinidae 9Joj3}

Acheilognathus majusculus Z2E29AF 2 2 004 Pr,En

Hemibarbus labeo =X 2 2 0.04 Pr

Pseudogobio esocinus B EZ 3 3 0.05 Pr

Squalidus chankaensis tsuchigae =7 1 1 0.02 Pr

Tribolodon hakonensis 3lo] 1 1 0.02 An
Lophiidae o} 3}

Lophius litulon ol 1 1 0.02 Sea
Mugilidae Zo]3}

Mugil cephalus %0 2 1 1 5 9 0.16 Pe
Osmeridae v}yl o 3}

Plecoglossus altivelis Lo 1 4 5 0.09 Am
Apogonidae A=Y

Apogon lineatus d=7EE 1 7 3 1 1 13 0.23 Sea
Carangidae 730l 3}

Trachurus japonicus Z7§0] 1 1 0.02 Sea
Gobiidae 9Eol3}

Acanthogobius flavimanus EALE 1 3 4 0.07 Pe

Amblychaeturichthys hexanema — =3V5% 4 5 9 0.16 Sea

Favonigobius gymnauchen L= 3 17 2 22 0.39 Sea

Cryptocentrus filifer AE 1 1 002 Sea

Ctenotrypauchen microcephalus 87§ 0| 2 2 004 Sea
Moronidae xola}

Lateolabrax japonicus 0] | 0.02 Pe

Lateolabrax maculatus A5 1 2 3 0.05 Pe
Leiognathidae FE=23

Nuchequula nuchalis F5X 1 163 128 2,885 326 927 120 65 4,615 81.28 Sea
Pholidae i Rt AU

Pholis nebulosa H = 2}2] 9 1 1 11 0.19 Sea
Sciaenidae oz}

Larimichthys polyactis Hz7] 52 6 113 82 253 446  Sea

Argyrosomus argentatus B 3 161 112 41 48 365 643 Sea
Sillaginidae LRk b

Sillago japonica AR 11 21 11 43 0.76  Sea

Sillago sihama 2ag 1 1 0.02 Sea
Sparidae Tog

Acanthopagrus schlegelii A= 10 7 17 0.30 Sea
Sphyraenidae R X 37)3}

Sphyraena pinguis gl 1 1 2 0.04 Sea
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Table 2. Continued.
Sites RA.
Scientific name and Korean name Total Remarks
ESI ES2 ES3 ES4 ES5 ES6 ES7 ES8 (%)

Trichiuridae ZA %

Trichiurus lepturus FaoA| 3 1 6 3 13 0.23 Sea
Zoarcidae SR X3}

Zoarces gillii S7HA A 1 1 0.02 Sea
Cynoglossidae A g3}

Cynoglossus joyneri A 1 1 0.02 Sea

Cynoglossus robustus A 1 1 0.02 Sea
Pleuronectidae Z}Apa) 2

Pleuronichthys cornutus g 8 5 13 0.23 Sea

Pleuronectes yokohamae B X 7}AHA] 5 1 1 7 012 Sea
Hexagrammidae Hif o

Hexagrammos otakii Fx=dn) 25 3 28 049 Sea
Liparidae =2 3

Liparis tanakae Al 1 2 3 0.05 Sea
Platycephalidae ok 3}

Platycephalus indicus oFel 2 8 4 1 15 0.26 Sea
Scorpaenidae Dl =)

Sebastes koreanus el e 2 2 0.04 Sea

Sebastiscus marmoratus Z-Hjo] 4 12 16 0.28 Sea

Inimicus japonicus 27]u) 1 3 3 7 0.12 Sea

Hypodytes rubripinnis u] & %] 2 2 004  Sea
Triglidae A

Chelidonichthys spinosus A 1 1 0.02 Sea
Bagridae =27) 3

Leiocassis ussuriensis 578 0] 1 1 0.02 Pr

Pseudobagrus koreanus ==270 3 3 0.05 Pr
Siluridae o)) 7] 2}

Silurus asotus | 7] 1 1 0.02 Pr
Tetratodontidae ZHE 3}

Takifugu niphobles Z4 4 8 1 13 023 Sea
Rajidae Zolxn

Okamejei kenojei 39 3 8 5 16 0.28 Sea
No. of individuals 22 226 151 2,972 646 1,122 315 224 5,678
No. of species 13 12 11 16 23 18 13 13 49
Primary freshwater fish (%) 59.09 - - - - - - - 0.23
Peripheral freshwater fish (%) 18.18 487 596 0.10 4.18 - 1.90 - 1.06
Anadromous fish (%) - 044 - - - - - - 0.02
Amphidromous fish (%) 455 1.77 - - - - - - 0.09
Sea fish (%) 18.18 92.92 94.04 99.90 95.82 100 98.10 100 98.61

R.A.: Relative abundance; Pr: Primary freshwater fish; Pe: Peripheral freshwater fish; An: Anadromous fish; Am: Amphidromous fish
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=
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2

2
[e]
A 81l

2O A}
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4L Hol: ES1~9E A|Qstn
, NMDS2 &2 A|7H3 a9l

20 AYHOR £E 5L 0|2 5~6

dAElgod (+*=0.66, P=0.001), o}
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W uresnesox cinereus
I <onosirus punctatus
B 77ysso adelae
| [ Acreiiognatnus majuscuius
B Hemivarbus labeo
I #seudogobio esocinus
B souaiicus chankaensis tsuchigae
W ugi cephatus
I Frecogiossus attivelis
I Acanthogobius flavimanus
B Ablychasturichtiys hexanema
I Favonigobius gymnauchen
I Lateotabrax macutatus
[ Nuchequuta nuchaiis

o .| [ Pholis nebulosa
[ warimichtnys poiyactis
I Argyrosomus argentatus
I Hexagrammos otakil
B wivers tanakae
B Fiatycsphatus indicus
I :eiocessis ussuriensis
I Pscudobagrus koreanus
B siurus asotus

I others (RA < 10%)

Fig. 2. Map of the study area indicating fish community compositions observed in (A) March, (B) May~June, and (C) September~Octo-
ber. Pie charts on each map were composed of relative abundance of fish species.

(A)

B)

Pseudobagrus koreanus
2 2 Leiocassis ussuriensis  Lateolabrax japonicus
Silurus asotus Pleyronectes yokohamae
Cynoglossus joyneri
) Chelidonichthys spinosus
Season [Lanimichthys polyactis Trachurus japonicus
® Sebastes koreanus
o Plecoglossus altivelis Zoarces gilii
A May-un Lateolabrax maculatus
M Sep.Oct.
' A, AWT t e
EST=5 Tribolodon hakonensis ] Apogon flasatus
A SA 4 N Takifugu nl{:ﬁo{ss. Sebastiscus rarmoratus
A ,ﬁ’ 5 Muraenesox cinereu!, ‘Sphyraena pinguis )
ES2-5 fi E;is»e Trichiurus fepturus—___ | '/ Z‘/”"'Wsllﬂ,ﬁ"’cﬂs L
£45-10! Konosirus punctatus— & 1~ femronlohithys cormutus
@ Conger myriaster
ES7- 10l [} Mugil cephalus ——® / .«
58— Sillago japonica
2 EP6=10 ES6-10 Nuchequula nuchalis 2 9%
Qo ESSL0) 0 Argyrosomus argebtatus - Okemejei kenojei
2 [ ] £93-3 » ES4-10 Favonigobius gymauchen Acanthopegrus schiegeli
ES158 a 5 ; tocentrus filifer
Ef5-3 = | e Crptocentrus fi
P ES4-6 Amblychaeturichitys hexanema SHuce dhania
ES2-9 ®
ES8-3 . Ctenotrypauchen merocephaius
- Lophius litulon ! d
g & A & Hgodymsataphnls @——————— Acanthogobius flavirranus
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Fig. 3. Non-metric multidimensional scaling ordination of fish communities displaying (A) sampling sites and (B) species in the Seomjin

River Estuary and Gwangyang Bay.

& 01FE 3¢9 A} A7]e] AVEAL(*=0.48, P=0.002

£ 3 ARIAE BYhe?=0.02, P=
0.792). AR o2 Ee 227} ATE FAES 3]
o Aol Q= AN} (Bagridae) o1Fet 27 (Lari-
michthys polyactis), W=3t L0 Ho|&B%ES 3517] 93|
doto g Lt »oli}(Moronidae) o5, AAZ 34
£ k= BR|7ER] (Pleuronectes yokohamae)$t -2 o1&

o

| REspgom, Adgog Fe f2u AfE SHT
EWFY 0| (Thryssa adelae)E HIEst &o| EH 5433}
AZA 35 st= & (Platycephalus indicus)$}; 2
ojF=°] £EXFth(Fig. 3B). 94 ES19] o7 &3 &
SRR, 32 (Hemibarbus labeo), 23 F-A] (Pseudogobio
esocinus) 53 22 1x} @40 (primary freshwater fish)<]
2902 02 A9 U 24 7|9 ulmete] SYHA 74
S B 7|t AR 2 Ao 2 UAHE(Fig. 3A).
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CA 23}, 7} A3 o 239 frAkzdl wehA F 4719
IFe2 YN Sith(Fig. 4). 24 1,2 F 749 252 48
Hu, £ I8 Y &3k 9= 2719 A @B, 4TF)e R
e, 1252 g9 AT 7o Aol =2 74
Hol 9lom, 2752 FFT At Q) ES4~8ET
AE U o] HIFeE F7HAQ] WMok AFHA W
2 o]g5to] ANOSIM #4128 2Fe 23}, 473
AEA 9 ofF E-2 AFAHL 221 (ANOSIM R=0.273,

=0.002)2] Ffo]BT} £7Hl 22l (ANOSIM R =0.398,

—0.00)8] Aol Aoz o Fathe & 4 Ak
TEE IFE FAE 1258 23F Ttoll F-23t Aol
7} 235192 (ANOSIM R =0.556, P=0.001), 23|
(9.4%), SNE%(6.9%), Ao (Konosirus punctatus, 5.9%)
7 o £ 259 Holo] =7 Flelsh Ao2 ekttt
(Table 3). 7|&} 18 = 3182 29, A% (Lateolabrax
maculatus)$t T2 34 oFE0] 8 FO=2 UEY
1, 4352 BAYE (Acanthogobius flavimanus)S A<
e 2o FE0l 1A ol Yt ol d I1F 7t
o] ztoof 7]ofdk= BFTE &elsty] $Jsl SIMPER &
A& AASH AL ZF vlw 289 average dissimilarity=
83.9~100%2] W2 Lehdtt. 1387} 2329 2fol7} 7}
S0 e, 134854 428691 A} 71 S
WoH(Table 3). 2t 548 H] FAMIO] 7]oghe 2 135

ol ENEET Aol 2aFNA EAA], 31-501]’1\1 29,
578 0] (Pelteobagrus ussuriensis), J&0°], 4154 &
EYAE, A=W (Squalidus chankaensis tsuchigae), X2}
22 13 G507 5 o] F3ith

G 71 gk ES1~33 Aol st
ES4~85 F&sto] AEE o7 F9 /MAls WsE oot
o A3, folgt AEA Zol7h BEAE T (Fig. 5). ES1~3
oA Ade] ¥sto] whet 393} 5~60¥ 28 T4 HEQ3
4, F 5 5~6¥, F )7k 39T 5~6H (3, A 5~6
4, AAS) D 5~687 9~10¥2] EIMAT(5~64Y, A
T 9~104, 7iA|l5) W37t SARCE FosHA Uege
o, ES4~8 A FofA 393} 5~699] & £5+3Y. £+
5~64Y, & e EAMASGE, A 5E, A #st
7t SAXLE Fo5HA UERTHEP <0.05).

o
oF TR AFIHQ HE B2 AR 3T, Y
T Agke] Z-h-sake] BAdo] & Vet §3 dva
22 7)124d B4 Ang vigoR 1Rd g4y 8w
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ES25
ES29
ES33
ES39
ES-13
——————————ES43
L Es23
ES63
ES53
] ES83
ES73

ES-8-6
4{ I: ES-6-6
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ES-7-10

ES-6-10
ES-4-10
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ES15 |
ES-19 |

r T T T T 1
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Similarity

Fig. 4. A result of Jaccard cluster analysis of study sites in the
Seomjin River Estuary and Gwangyang Bay.

7149, dokel W] o 24 EAo] TEE YT £ A
ol AtHoR Wae] AR 71 wol W 3 ES
o) A% 24 717 F ARSI THE Aol vl ue

9lm, YR 1% Boole] FHo| 72 ol 29k 53,
ES1A] @A SHAE AA B2y PR 1Fo2 7
Helo] Qe 2EPAFT Fdst] NS 4AE Slat A

34 MR B5 7t Fastctn BHETh(Jier al., 2021).
7o 28 ES29F ES32 Ao, &l (Tribolodon
hakonensis), %1 (Mugil cephalus), 2°] 59 344 %
o Zstel WA sjeelo] Bxol 2 et 1%
Lol 2gvE) AYo) Bxst= AR ol—,—:q;;] 9o} A
u} El )\Xl_q_:g Tog /\1/&1 x]do] E01 I‘; Alxqo]
o, 95 A HAE R 2ole] A4 8 AeA2
e ot dFe sHe 20 A o), BA A
2] 157} o] FoAoF g},

W4, 71593 ge detdon 7RE ESA~82 5
]2 ZHYET} 95.8~100%2] HIEZ j$ &=gktt 1%
AN ES4~67tA= B 9 7IedET o g2 F
A7 £83R T A= 505 (Perciformes) 64|

o &3he olRE Seluet Asleh B, YR S, &
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Fig. 5. Seasonal variations in the number of fish species and individuals (abundances) in the Seomjin River-Gwangyang Bay continuum.
Eight stations were classified into two groups based on fish communities. (A) The average of the number of species collected from ES1 to
ES3, (B) the average abundance collected from ES1 to ES3, (C) the average of the number of species collected from ES1 to ES3, (D) the
average abundance from ES4 to ES8 were displayed. Different alphabet indicates statistically significant differences (P <0.05).

ojgh, T 59 Aol F2 Exsh= AR dEA e
™ (Kim et al., 2005), 973 o1F=Z shA S E Aol &
gote] BESIA|TE, & 1 A ohFst At Akt
s o 59 AT A dold 7He A= EAFTH
(Jeong et al., 2015). ES4T} ES6o A= 2 Ao HHH
FEAY F AT F 82.6%7F 28T, ES4S FF
T ool FFT Uigtel] $IASHHAL, ES62 B 559 ¥
G Yol AL Qlol frEEHE 2FEEY FAHHA
FEFE e Adoz Amgnt FT ko FYH= T
8 2| YAsk= A (ES6~8)2 A= wE F&
o2 3| EHE FHEE S5 ol AR 4
< & ANE AdiF o R deH v el ES4oAE ohF

& 534 0dU] =EF] HAE | F2o] Aot 5
QIeh(Kim ef al., 2019). whebd, Aok §73] 0 G} o]
2 % 249 JFS setsty] 9, AAHCR 2ol
SElE Aot X 99 3 W ol 249} %A my
geo] Basic

AR A W ol 2HE FHoz Fadt
A FREG o, BIH, DATE, Fol7h FIHA Holo]
805} 7]0d3H= A o2 Vel Jeon ef al. (2020)S
skl AAlSHE BP9 o] 4& olgate] A W AL
sfetstn A4 ASE AR Aoz Baxe) A A
£ 4% Aol wmags, 4% %ol dolxm, A
¥ o] Z7heks A mo BTX 4o At E
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W A ASH= 7FAY= (Pseudoblennius cottoides),
&9 (L. japonicus), 7’35 (Acanthopagrus shlegelii), 57
o (Conger myriaster), ¥ =2 0| (Hexagrammos otakii) 52
24 Holgloz wngl v glol, Yot ofF AeAe] o
O AteIA] AR AHlASH T AuAE A AATE o
A1 9 (Huh and Kwak, 1998)& 3t a3
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Rout BT 6 A Al7] g AERE JRE A SHA| 9L
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FAIE IS Bo2 Mo T ) aloF G4
W Z7HRQ o] 2ALe] 2jo]2 Bholdt 2 99t FhATF B
AFoA oF +H 2AS Fo5h] 8l AHEE
A2 Moot T2 K94 A7 Qo AT EA
CEREREPEEEETE PEEPS P
=g

2 A9 AaolA vt AA of
(Muraenesox cinereus), A0, 29, AL,
lepturus) 5-°] Yebg o, yutido] 7t
A 2 Adel @t 3] (migration)
2 Ugyt FAAY 52 28 T 2 A7, A A
A7 ZolE Ho|H, 3¥o= ATt 5/4A EdstAA T,
5~69ol= BAtolel Aol 367HAIE HIES) 6F 607447}
S8, 9~10900l= 45 4170A)7F @33 o F A+
Ao BALE QM= AEE Bx 3l ]
of & T g Aol 9t} Kim et al. (2012)01] =i AR7} 3}

292 Aolr] ARAOR o $E oFE ol W
ARE, FA, E7HA] (Kareius bzcolorazus), g7]-7\]—tl]
(Eopsetta grigorjewi), ¥H] 522 Yelgtt E3 357
si7ote] ulmel qlo] 8 S50l glol shrelol Ar

= =
2,

=R=S
'\L“!T‘E_

Xﬂﬂo}

2 o5 o

= [e]
35 2

2AAE AR} w0, EALE, UEFEYSE (Tridentiger
bifasciatus) 52 774 A4 (condition factor) ko] T2

[9)

E2 go 2 yehgtha B sttt shA| T B 1970
dd A shehgdar] 248 AFe R godd) FgAE
2 BARA, 00t &2FHTA EA2Y To=
AEE Y=, TR WEA T 39 S2FAL
7} AY=E 1 QJch(Park et al., 2019). oj¢} Z-& ti & wi Y
AT FAbE 27 2 BE 3 5 BT -F8hE 8
W3t 7| 21, o 7o) AL d AR Q] Shtol = g FFF

°ﬂ I‘JW E‘J

l"_8.
o 2
1)

©Q Am
moox I r

3

é_'.:o)"ﬂl

7‘]0]11] o]_‘: ﬁxﬂ}\-] 01&31]_ }\gl:,HX-] x]g&.g_
£ AF % solsately 4Rzl 288 4 9

b |

o
— el

1

Fu

-3t AEAE AN 7 Ak ela o
29l 5 A F shtolth olfe AL A4 &
A2 A7 A2 g2, FHLish] diiel 1% %
Gt AT RN & HHE B
F A& ABEoth 20199 3URE 109714] 335]9] 2A
ALY B AL QA Yl 248
29071% 222 T3t 313} 49F 02 Uehgt)
Bray-Curtls FrAtmol whet 2709 1 (1, 228 F 1E
U &3HA g 2709 A G, 42522 FEEHAEE, |
I§L B4 AET 715 PSR FAHLS
okl ot 2| AHE9Q] ES4~8ETH :,L/Hg]oh:].
522} A|7FA Q] HE4E 0]-8351e] ANOSIM 4
o Ak %R A 0% FHe A
82921 (ANOSIM R=0.273, P=0.002)¢] z}o|Ec} &
821 (ANOSIM R =0.398, P=0.001)¢] z}o]|7} A+
2 ¢ F83515t 2 IFE SoME 53] 1
& 2ol o3t Zbo|7k EAHH 2 (ANOSIM
R=0.556, P=0.001), E7%] (9.4%), SN H%(6.9%), A ]
(5.9%)7F °] F AF9| Aol AA 7|dste ERTELE
Urebstth 4317 %‘*”P AEA W 2E8k= AR 3

-
pul

9]

==

=y

%

1
1_—1

ﬂJnEE?L'I,Lo,:o}n

r rﬁ r°i'

)
L.l

i
rIo

.u
O

) r:i

o2

e
b

S 2 e o

L Y ol
o e

u
7
)
(V]
N

Mo A FRE QO 20} ALl AFHQ 2jo]
2 Holb AHoZ L}E]—‘;,{'E]— B AL Za-s o d5A)
o] 4291 34 YolA Bxsh olF Lo W3} =a

oo B3 W BelE T 7|2
oI},

MRS o & (hdtheta slere-atetat oot %
A4 (Aot sheFg ekt ek UAY), M (A

2ARE 24E + 9 A



Sh GG ATl et A, 2R (AT St
AL AT, o] ¢S (AT S 4ot
Bh&ATIE), GEI4 (AHTHSHL SAbhshal T4 b}
A7), WEH (ATS AT ST
%), ARG AL AL AT A MhA 3 A7 9)), B
Q1A (AYTHSEL SoFg et 1)
XL |01 7N A4 2ol Wl e: Zelal, 94, o
o, 2@, 0|98, AR, AL, &
a7, ARAF: FA4, A=Y
4, 0|1, WA, AR,
A, S04, A3 B 9 AR Hel, ol4l
HpA9), EAY, 0|$HS, FEjA, THABe: Fell A 4
F: AL BE ARE =Re] Aol Foslel, 2w
43RS ARSI FSHEAT

OfshetA o] === olsieA 559 A7} 8=

ATH| B ATE FFATAT oEHATAY [NRE-
2018R1A6A1A03024314]7} [NRF-2020R1A2C1013936]
o AL wot 3= ATy,

b

o:
d

REFERENCES

Arhonditsis, G.B., C.A. Stow, H.W. Paerl, L.M. Valdes-Weaver,
L.J. Steinberg and K.H. Reckhow. 2007. Delineation of the
role of nutrient dynamics and hydrologic forcing on phyto-
plankton patterns along a freshwater-marine continuum.
Ecological Modelling 208(2-4): 230-246.

Baek, S.H., J.D. Yoon, J.H. Kim, H.J. Lee, K.R. Choi and M.H.
Jang. 2013. Characteristics of fish community in the Seom-
jin River and brackish area. Korean Journal of Environ-
mental Biology 31(4): 402-410.

Bruesewitz, D.A., W.S. Gardner, R.F. Mooney and E.J. Buskey.
2015. Seasonal water column NH4" cycling along a semi-
arid sub-tropical river-7-estuary continuum: responses to
episodic events and drought conditions. Ecosystems 18(5):
792-812.

Dalu, T., PW. Froneman and N.B. Richoux. 2014. Phytoplank-
ton community diversity along a river-estuary continuum.
Transactions of the Royal Society of South Africa 69(2):
107-116.

Gonzalez, L.A., A. Quigg, J.L. Steichen, F.P. Gelwick and L.J.
Lester. 2020. A new approach to functionally assess estua-
rine fish communities in response to hydrologic change.
Estuaries and Coasts 44(4): 1118-1131.

Hong, C., W.S. Kim and I.S. Kwak. 2017. Changes of benthic
macroinvertebrate community composition following natu-
ral temperature and precipitation increase. Korean Journal
of Ecology and Environment 50(3): 275-285.

2 OlF ZHQ AS A et 143

Huh, M.K., J.Y. Seo and W.H. Joo. 2012. Community structure
and species diversity of fish across spatial scales in the
lower reach of Seomjin River. Journal of Environmental
Science International 21(11): 1361-1369.

Huh, S.H. and S.N. Kwak. 1997. Species composition and sea-
sonal variations of fishes in eelgrass (Zostera marina) bed
in Kwangyang Bay. Korean Journal of Ichthyology 9(2):
202-220.

Huh, S.H. and S.N. Kwak. 1998. Feeding habits of Favonigo-
bius gymnauchen in the eelgrass (Zostera marina) bed in
Kwangyang Bay. Korean Journal of Fisheries and Aquatic
Sciences 31(3): 372-379.

Jeon, B.S., J.H. Choi, Y.J. Im, H.W. Lee and J.W. Kim. 2020. Matu-
rity and spawning of white croaker Pennahia argentatus
in the Southern Sea of Korea. Korean Journal of Fisheries
and Aquatic Sciences 53(1): 36-42.

Jeong, J.M., J.M. Park, S.H. Huh, H.J. Kim and G.W. Baeck.
2015. Diet composition of spot mape ponyfish, Leiogna-
thus nuchalis in the coastal waters of Gadeok-do. Korean
Journal of Ichthyology 27(1): 33-38.

Ji, CW, D.S. Lee, D.Y. Lee, Y.S. Park and I.S. Kwak. 2021.
Analysis of food resources of 20 endangered fishes in
freshwater ecosystems of South Korea using non-metric
multidimensional scaling and network analysis. Korean
Journal of Ecology and Environment 54(2): 130-141.

Kim, C.H., E.J. Kang, H. Yang, K.S. Kim and W.S. Choi. 2012.
Characteristics of fish fauna collected from near estuary of
Seomjin River and population ecology. Korean Journal of
Environmental Biology 30(4): 319-327.

Kim, D.K., H. Jo, I. Han and L.S. Kwak. 2019. Explicit charac-
terization of spatial heterogeneity based on water quality,
sediment contamination, and ichthyofauna in a riverine-
to-coastal zone. International Journal of Envrionmental
Research and Public Health 16(3): 409.

Kim, H.Y., I. Han, W. Oh, J. Choi and K. Lee. 2018. Distribution
and seasonal changes of fisheries resources in the Gwang-
yang Bay. Journal of the Korean Society of Fisheries and
Ocean Technology 30(6): 2163-2175.

Kim, L.S. and J.Y. Park. 2002. Freshwater fishes of Korea. Kyohak
Press Co., Seoul, Korea.

Kim, I.S., Y. Choi, C.L. Lee, Y.J. Lee, B.J. Kim and J.H. Kim.
2005. Illustrated book of Korean fishes. Kyohak Press Co.,
Seoul, Korea.

Kim, J.Y. and C.I. Zhang. 2010. A study on the market-based
fisheries resource management for the sustainable fishery.
Journal of the Korean Society of Fisheries and Ocean Tech-
nology 46(4): 416-429.

Kim, Y.H., E.H. Lee, J.N. Kim, J.H. Choi, T.Y. Oh and D.W. Lee.
2011. Age and growth of whitespotted Conger Conger
myriaster in the Southern coastal water of Korea. Korean
Journal of Fisheries and Aquatic Sciences 44(6): 689-694.

Koh, E.H., D.H. Kwon and C.S. Jang. 2018. Basic reproductive
biology of Muraenesox cinereus in Korean water. Journal



124 OIAI% - ZIBA - IR - ZBHI - O]

of the Korean Society of Fisheries and Ocean Technology
54(4): 353-359.

Kwak, S.N., S.H. Huh and H.W. Kim. 2012. Change in fish assem-
blage inhabiting around Dae Island in Gwangyang Bay,
Korea. Journal of the Korean Society of Marine Environ-
ment & Safety 18(3): 175-184.

Lee, K.Y, H. Jang, Y. Yun, S. Park, J.C. Kim, J. Lee and J. Choi.
2014. Ecological diagnosis of the Gongjicheon water sys-
tem using length-weight relationships and condition factor
(K) of population of the Zacco platypus. Journal of Envi-
ronmental Impact Assessment 23(2): 137-149.

Lim, H.S. and J.W. Choi. 2005. Ecological impact of the dyke
construction on the marine benthos community of the oli-
gohaline Youngam Lake. Korean Journal of Fisheries and
Agquatic Sciences 38(3): 172-183.

Moyle, P.B. and J.J. Cech. 2000. Fishes: an introduction to ich-
thyology 5th ed. Prentice Hall, New Jersey, U.S.A.

National Institute of Biological Resources (NIBR). 2020. National
list of species of Korea. National Institute of Biological
Resources (NIBR), Incheon, Korea.

Nelson, J.S. 2006. Fishes of the world 4thed. John Wiley and
Sons, New York, U.S.A.

Oksanen, J., F.G. Blanchet, M. Friendly, R. Kindt, P. Legendre,
D. McGlinn, PR. Minchin, R.B. OHara, G.L. Simpson,
P. Solymos, M.H.H. Stevens, E. Szoecs and H. Wangen.
2019. Vegan: Community Ecology Package (R package
version 2.5-6.).

Paerl, H.W. 2006. Assessing and managing nutrient-enhanced
eutrophication in estuarine and coastal waters: Interactive
effects of human and climatic perturbations. Ecological
Engineering 26(1): 40-54.

Park, B.H. 1982. Current status and countermeasures of littoral
sea resources management. Journal of Korea Fishing Vessel
Association 11: 10-12.

hra

2. QEAl . USZA - X|E - TOIAl

o R = |

Park, J.S. and W.S. Gwak. 2019. Effects of estuarine dam on fish
assemblage in Danghang Bay of the South Sea, Korea. Kor-
ean Journal of Ichthyology 31(2): 83-89.

Park, S.B., S.H. Lee, J. Kim and K.H. Han. 2019. Species com-
position and quantitative fluctuation of fishes collected by
a small otter trawl in Kwangyang Bay. Bulletin of the insti-
tute of Fishing Technology 12(1): 53-60.

R Core Team. 2020. R: A language and environment for statistical
computing R Foundation for Statistical Computing, Vienna,
Austria.

Richoux, N.B., L. Bergamino, S. Moyo and T. Dalu. 2018. Spatial
and temporal variability in the nutritional quality of basal res-
ources along a temperate river/estuary continuum. Organic
Geochemistry 116: 1-12.

Wang, J. and Z. Zhang. 2020. Phytoplankton, dissolved oxygen
and nutrient patterns along a eutrophic river-estuary contin-
uum: Observation and modeling. Journal of Environmental
Management 261: 110233.

Wickham, H. 2011. ggplot2. Wiley Interdisciplinary Reviews 3(2):
180-185.

Wilson, J.G. 2002. Productivity, fisheries and aquaculture in
temperate estuaries. Estuarine, Coastal and Shelf Science
55(6): 953-967.

Yang, H. and H. Choi. 2003. Estimation of water quality environ-
ment in Youngsan and Seumjin River basins. Journal of the
Korean Geographical Society 38(1): 16-31.

Yang, J.S., N.K. Kim, D.S. Sik and J.S. Shon. 2009. Hydrologic
time series analysis for sustainable water resources supply
considering climate change effects in Seomjin River water-
shed. Korean Society of Civil Engineers 10: 3495-3498.

Yoon, J.D., M.H. Jang, H.B. Jo, K.S. Jeong, G.Y. Kim and G.J.
Joo. 2016. Changes of fish assemblages after construction
of an estuary barrage in the lower Nakdong River, South
Korea. Limnology 17(2): 183.



