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ABSTRACT

A= S B o E A 2o @AM EER Al-SH £ 9 T E2E gefstal, @ el whe A
H5-& gobk At sttt @ FARE 201613-2017'd 0l A E 2 97) A ol A ZHF (13 em x 22 om x 30 em) S 0|85}
Auleh 38 vk A7 st och. HAgA-E AN o= U sherol 60% ol Aol gL or, §712 Seke g 23%01 %
HAAEEL F 7950 EA5IHT, AN EEE611 ind/m', B EFE 64.1 gWWem'o| Utk 9] S8 F-2 YA A
Ast= I WS ARG ol(Heteromastus filiformis), DA (Macrophthalmus japonicus) 2t Z(Upogebia major)©| ™, A4 U .
297 ind./n’(48.6%), 62 ind./m’(10.1%), 42 ind./m*(6.9%).2. 2 WEpTt My EH o2 HFgH 3719 A2 =2 5tehd
82l Hrp= AEAT 283 @ 4F SdH& 525 =520 0H, nMDS 240 % AW A 5= +H-2 A
P 2

This study was carried out to investigate temporal and spatial distribution of macrobenthic community and elucidate effects of
environmental factors on change of community structure in an intertidal flat, Hakseong-ri, Boryeong, Korea. Field surveys were
seasonally conducted to collect samples of sediment and macrobenthos using can core in triplicate at nine stations in 2016 and 2017.
Our results showed that sediment had high mud content (above 60%) in most samples and mean content of loss on ignition was 2.3% in
2016. A total of 79 species was collected in the study site during the study period. Mean density and biomass were 611 ind./m* and 64.1
gWWt/n’, respectively. Heteromastus filiformis was the dominant species (48.6%, 297 ind./m?) followed by Macrophthalmus
Japonicus (10.1%, 62 ind./m*) and Upogebia major (6.9%, 42 ind./m?). Three assembly groups resulted from cluster analysis were
more distinguished by interaction between organisms and frequency of dominant species than by physical and chemical environment
characteristics. In addition, macrobenthic community in the Hakseong intertidal flat showed seasonal changes based on non metric
multidimensional scaling using species abundance.
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stal Itk Hong e al., 2010; Koh and Khim, 2014). -$-2]u=F A HA-2-2018 7] 2,482 kiro], 19871 tH] 2F23%
HH A o] ZH4SIATHMOF, 2019).

7k 22 A)| 778 5] ZiE B9t A AT EA Ol 2 TR Q] Gk rl A et Helet o] = QIgh 2|y WS}
9 x212] 874 WH3FE opr|shH 254 0 &2 FEThd ] HEkE 714 @A Hok(Shin and Koh, 1990; An e al., 2006; Hong
et al., 2010). E3] Z7H) ZAdo]| A AleH= A A58 T -5 o] 5o] A|gtd 0 2 A1X] sHAHMep | A 55 B W 1
2174201 kS F7 Itk Hong et al., 1997; Lee et al., 2004; Koo et al., 2008).

2000 ATHE = ZAH O vl W 7P R k= B 9 Bdof tfgl Q14] ¥tz ZNHAFE) A ] 7Ex| e A4t e =4 B7 st

2
WS 2 AASHE 2™, 2009 FES|UH2] TTHEAEA] B2 et AL FA7A

el A L] B 2 o] ¥Rl

o], 1 o] % N Eof tieh A=2]¢l o] Hgho] o] Fo|FTh(Nam er al., 2015). FlZol= sl 20194

N Bl T R 0 2|47 et e Eelol wRl Mg o RS AlFgste] thelet 2 HAjio] ARt
S AL 2 dizAt g o) 24 2Fg.0 = Qlsto] 31 A2 AHS0] AHAfjs] e, o]2{gt o] AAlste tdA]

MEEol TR, wRTE B g a]lvke] A it A7} Eol ARYE AT (Koo et al., 2005; Jung et al., 2013;

Shin ez al., 2017). 3'& A4 A7} A4 o2 == opiket, 7t= 4k Bieha 5 W Hpah 5ol AFE 3o H,
H A7 HQ1 By 7o o gt L= 1] 55 A7 o] th(Chungnam Development Institute, 2007; Park et al., 2014; Kim et
al., 2015). TRt g A A 520l thet St o541 8]) = AFFE @) = @717t 28 A7 Eetow, 477k =
= 21&2 0] A= ¢ n]H]et 5o th(Lim er al., 1997; Hong and Yoon, 2000; Kim ez al., 2015).

2 AT GRI e e A2 H ol IA]e AE 2= S EE A% E ot A et Ato] APHARI T
Z]91 RHFRZA|(HH D) Q1o YA]5taL 1of(Chungnam Institute, 2016), T A0 A E-A A| P A A 5= H]
F8F QI SYAENA Wk AT 4 Sl A9 02 A7) 2 At Alslictel §AIgh B shde] 2 7ol A
NFAAT= Al HA] 2 9 P25 mefotal, 28 R 1o wheE w5 a5 otk vAF S, TRt 1t
£ 5ol B xA] 9 sl el £ ok @A s= wH5doll it AR-S Algslal o A H-elo] s A 4714
?l HUERS 9ot 7|2 m 2 8ot} ottt

2 ATE SAEE Aol SRRt obd] A 23t|ofl S dshke A EE o] As{H HelE dotir] ]
A

o 1

sjo] slehile] Wt R0 R 2 37K HAT 7, 2 Aol R, S, s1RE Eslel 3He Ayl
(Fig. 1). AP 9.2 Jeb 4l Wk 42102 0F 600 m, A1} 3 9F 1,200 m TH29] W 4P F2E Holo] 2 F



FEF o/ 2 o A 20 @AM EE 2EFE 24 o 169

126'2:3'00‘E . STy e |23I(|Il E

Boryeong
/
3 ~ Hakseong
/4’ s ,
%_ T2 4 8 i
% T3 7 \ BORYEONG
T 2 1 i = 1

Fig. 1. Location of sampling stations at the study site in an intertidal mudflat in Hakseong-ri, Boryeong, western coast of Korea.

O = 75 70 25| ¢lofsio] Ha A| FRoVd mizli= x| So] EAfeh= Jo|th ZAP Y- A A RS 7eo e
ZAl F2)7F glis A1 S-S obi- A 0= Aokl S/ ZF 37 AR E 100 m 7HE 0 = A7515]. o™, ZF ZARATES] A
21300 m ot} @FFTAR=201692 %, 5€, 7, 11972017902, 52, 8%, 109) ALHR F 830 AA A 519k
OFAAEE B ERE Als AR AR ER THE ARRS 710 & SAe AR i = o ssto] AATskI. o
AL A HA0] 0.024 m*Q rectangular can corer (12 cm x 20 cm x 30 cm)S 0851 2+ A¥uict 3514 B E-S
HHE Zﬂﬁo}oq(*‘— ZHFHA: 0.072 m') FdolA =71 1 mmeI Aol A2 A 55 A8 Azdstalet. ARt thd =14
2 10% F4 T2 fol0 2 1Aste] AR sl S a el BAS SRt FAE A= 20164 1A](4’§J)9}
2017Lq o5, 7 ZAFA] ZF ARttt F35004 5 em 710177}1] EAES e F A-S fRIe A A= sk
FAR| ] AAZT | 0] 2] B3-S mefslr] ol A FS5TE2016'd0] TSI O H, A|FS57-2 VRS 1A 1S o855It

I‘l[‘

E

2.2 AI3A 2
AFAR S fPAAE L TEAS AISH] Slol B AH T F B RaEE Adshic Mg A
FE2 Yokan| gt sRAn AL ol §ote] Aeke 5 4771 Fskel Ashglon], BelAR () IS Tk
of NAUEES Palgick. E5H AR LE ol §5t] THR ABHEZTHE 0,001 7] A5
w2k A2 SR AE/IEMOF, 2018) 51 F510] Y 24 U 4712 FF AR AR G54
o 52 okl BEEAE U BAL §71BS A T LA S o) §alglor] RIS ol §3le] B
e

2 E, S, 9% (gravel), AF(sand), AEZ(silt), Y& (mud) T 5= 75T Folk and Ward, 1957). 57|22 7
e (Loss on Ignition; %)& o185t o190t AE4 a s B ElFE0A oMEC R HEAE FE01L 28

A 0] S ST, Lorensn(1967)) RS Bl 7oAk

ruS:

23 222N
37 9 2] 7k0] 23] SALS sl Slal AR Z K-S ol 85k] 47 @ 2]91] FlelE A1 Shannon
]

and Weaver, 1963), w-5-=A|5(Pielou, 1966), B-5-5= A< (Margalef, 1958) % -2 = 2]4<(McNaughton, 1968)= 7-51itt.
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QEAAEE 27 240 AAE SAPIS FE3517] SJato] AT EA Cluster analysis)& AASIATE S35 A4S
Z AHER = AT 1% ol S oo s ’5]'0/,:112‘35', =4 NJAG= log (x+1)& Hsl5}o] Bray-Curtis similarity
index (Bray and Curtis, 1957)2 AT 7] A9k 15 HWATHS o] g5t £A =5 ¢HA5IITt T35 H] A
2 TR A & ¥ (non-metric Multidimensional scaling, nMDS )= 55l] A7)0 T A A 55 Q) 24 Hs
1 mjolall, 1270 A A Ajol2 vlwElr] sl -SAHE B4 (Analysis of similarity, ANOSIM)- A A5},
FSHEAS v W5 J5te] FAEEX(Principal component analysis, PCA)S AAISHAE HoBA], GAE B4,
AJElEHA] 22 Aol = PRIMER ver 5.0-& AF8519.0.0 H| AR ChaH] A ww} 24 B B o] = R (R Core Team, 2016)
7} vegan T|7] Z|(Oksanen et al., 2013)S A-&51%t}.

o
ey

tA
rol

o

100 5
& 807 4
c —
% 60 e—\u; 31
S s
(__; 40 9 2
=}
= 204 14
0 r T T T T T T T T 0 T T T T T T r T T
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 9
Station Station
100 - 5 4
¥ 80+ 4
€ —
% 60 £ 37
o —
g 40- O 2z f——%/”%
3
= 204 14
0 T T T 0 T T T
M L U M L
100 - Tide - Tide
$ 80- 4
€ —
% 60 S 3
5] =
g 40 1 8 2
3
= 204 14
0 T T T 0 T T T
T T2 T3 T T2 L
Transect Transect
100+ 5+
. 804 44
=
— 604 34
] -y
£ 404 S 2
o —
(o]
2 20 4 14
3
= 0
Feb.  May Jul. Nov. | Aug. Oct. | Feb. May Jul. Nov. Aug. QOct.
2016 2017 2016 2017
Time Time

Fig. 2. Mud content (%) and loss on ignition (LOI, %) at each station, tide level and transect line in the Hakseong intertidal flat.
Closed circles indicate mean with standard deviation.
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AR B 2k, ZARS] AR AR 3, 6,9)014] SHECRT 1, 4, 7) ZAIR 4% Sl AL ol zlo.
o, Ao s 271eje] ke A 1.7 m BEgick

1% SA20] YRR 60% oo = e HAeA S Heon, 53] A 1034 7,8,9)0) U et 75% o]
20191, 2] 3 AF(69.49%)01 SH(57.29%) 2 45 L Rge] WolAl Auke BT 7B UL BT 23% 2
78 Aol 4] gkt AR(2.29%)014 SHR(2.5%) 2 4% 5712 80] o B71oHe b Hlont B 7h A

ol= 2] ARItk(Fig. 2). T3t E= EFEC] YATTES 201610 AH-2(66.7%), 2(73.2%)°l HIsH 91E(51.9%), 7+
(52.3%)°ll B ePtom 22 Al7]o) Refiete S7lolal f7 =g Haohke Aldd 1}015 HAek sFx|92017
W LA 9 5(66.2%), 7H(71.41%) 2] YA TF| =7 LRt ZARA7|of] e 2ol & H S tH(Fig. 2).

3.2 tidAMsE 2

ZAP I 015 E-8-6194(0.072 m/ 7 A) obde] A 7oA AR E @AM =2 T 79801, SR EEE
FHE= 355, AATE 28F, Qe 9F o= SF6IE ZARPIERE 201649 7Y 3750 & 7 B,
2017 590 2620 2 7P Al oW, S5 FAP|TH 105 oA 5= AR HSItK Table 1). AMERZ = %
AP 1(558) 3 A 2(578) I A 3(43F5) Het A 22 tefel Fol skl 2 zE A (39%) oA
SHA(59D)E A4E E8F0| 7ok FdS BAth(Fig. 3). Bat AAEEE 611 ind./nio]H, R d2s S5 E

Table 1. Seasonal variation of a number of species, mean density and mean biomass by taxonomic groups in the Hakseong
intertidal flat in 2016 and 2017

2016 2017
Feb. May Jul. Nov. Feb. May Aug. Oct.
Species number
Mollusca 2 3 3 4 3 1 1 1
Annelida 13 13 17 10 16 13 15 15
Arthropoda 10 16 15 13 13 8 13 9
Echinodermata 0 0 1 0 0 2 0 0
Others 3 1 1 3 1 2 1 2
Total 28 33 37 30 33 26 30 27
Mean density (ind./m’)
Mollusca 14 232 9 19 14 20 2 6
Annelida 260 328 341 123 436 759 499 459
Arthropoda 110 142 190 185 173 132 177 215
Echinodermata 0 0 2 0 0 3 0 0
Others 5 3 2 8 2 6 3 16
Total 389 705 543 334 624 921 681 695
Mean biomass (gWWt/m")
Mollusca 103.0 23.5 14.4 9.9 15.3 0.1 60.8 2.5
Annelida 3.4 42 10.3 1.8 7.9 2.6 44 23
Arthropoda 35.7 78.3 61.8 77.3 50.7 76.5 484 514
Echinodermata 0 0 3.0 0 0 0.6 0 0
Others 1.5 0.5 0.0 0.6 0.1 0.1 0.1 0.5

Total 143.6 106.6 89.5 89.6 73.8 79.8 113.6 56.8
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Fig. 3. The number of species, density and biomass at each station in the Hakseong intertidal flat in 2016 and 2017.

01401 ind/m’'2 7P = th2-0 7 XWEE 165 ind./nt, A= 39 ind./m* =0 2 YEPGTE AR Z7|HE=2016
Hep2017 0] AR =T Lehgt o, 538(59) 0] thE Al R T2 AAIEE H Yl 542 0220161 599
= 047\1]%—4 AA (232 ind./m’)7F =7 14'15]' o o]= AMAIARI 2R X N (Laternula anatina) ] = =& 7]
o1t Z1o|th(Table 1). FAMIE AAIU L= 500~628 ind./m 2] HAS KO0, ZAME 2lol= Ql= 71 0 2 LRt &
TS ZAPA 30014 S EE(77.0%), TAA 2014 A 5-5(34.0%)0] TR AP v EA] Yelytch, 2 1d A4
T =AFE(436 ind./mr), S5(661 ind./nf), {737 ind./m’) £=0 2 =] eI THFig. 3). vt =2 64.1 gWW/m*©|
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_CH

ZA}

T= HAEE(63.7%), FAEE(30.5%), TF5=(4.9%) ol ek, A ZIE BE2F2 56.8~143.6 gWWH/
BHom, A WPt LEREA] eiltkTable 1). ZAMTERE 2AR 301 100 gWWym' o0&
Hop A or g2 At 2o 28 A2 oh 2ol 7 YERH. ols 24 39 9

] 22 A 7oA A71EE BERZN Ruditapes philippinarum), Z(Upogebia major), Z2°)(Callianasa
Japonica)®] 97 @] 7|Q1gt Aolth(Fig. 3).

SHde] A Z7ol A A @AM EE 5, 49 SHE 1082 5= 55, BASE 45, FAls= 150181
™, o] 52 A S23d71A14=2] 83.0%F AHA]otth Table 2). J—‘%@%‘—C"l 2SS AR O|(Heteromastus filiformis)= 5
E ZAA)7 o] E@oh BHA AU E =297 ind/m'E AAH] E3 7AH14=2] 48.6% S A}R]5HAct. £3], 2017 88 44 3
= Alefetar B= ol A A5 E] 0] 98.6%0] > SRR 5 KAl ZAMTE, 22018 AA L O] 5> 710 944
S| HERGTH(Fig. 4). 7 HA Tﬁz 7 ](Macrophthalmus Jjaponicus)2] BatAAUE= 62 ind./m’R, A S @A
0] 10.1%5 2FAI313E 0] T2 e APl 2 o] A3(83.3%)0lM S5t ZAMTERE= AR 20014 4
HHoR w2 s Halow, 4—'—‘?%§% S iﬂtﬂoﬂfﬂ L7} A et th3 0= Z(U. major), =2ZIN(L.
anatina), ‘FHHFAX]HO)(Nephtys polybranchza) &0 2 QA5 o, FAMAE, 21 MAU L= AASH] &35}
Art. B4 02 LRZINL. anatinay= THE $8F] ¥l EFAREIT A4 0] 8.3%2 WA Lrebg oLt 20161 5
U 47 1914 =2 W (1,736 ind./m) 2 ano}oq ZAIHE 7120 2 51 AFo] 0 Ao TaFE QL)

2016-20179 AP IRHERT 971 43 olA gaﬂéj DA EE] A A2 AFLslo] WaEAS AT AT, 23
7Ho] Tto 2 FLEE|II(Fig. 5), ©15 Al w7 ANOSIM £4] A} -§-ot 2fo]S H ¥lth(global R = 0.499, p =
0-001)- A1) 2A4E ol Wreldl e 57 }(}_ PAd, )R ZARA 7] 2 FEERS oS B 9TFig. 6).

Tt A 2470 AR 08 AR ZAFAR o mhE H| A ATA 0 2 2016 ZAPEH 0] Wol Zafilan(1785 > 7
é@) A3 B A4 3271 A F iFEe] 2017'd AP 0 = UETth984 < 2378%]). AT A @AM s &
SATT 48501 FHAAUE= 583 ind./mPolH, SF-E ARHEAXHONH. filiformis), Z(U. major), BA(M.
Jjaponicus)= 2= WERHTE 43 B A9 ¢33 A A HIS5I L o vt A A oA thax Zpol 5 B gieh. A5+
C=7F A& 770 7l o= A=l oH i A s Bt oM T 15 vl g2 H Stk Table 3).

B,
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i)
o 1o

r
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"

Table 2. Mean density, percentage of total individuals and frequency of dominant macrobenthic species in the Hakseong
intertidal flat during the study period. Frequency means a number of stations where species occurred among all of 72
sampling stations

Species Taxa Mean Density (ind./m") % Frequency
Heteromastus filiformis Annelida 297 48.6 71
Macrophthalmus japonicus Arthropoda 62 10.1 60
Upogebia major Arthropoda 42 6.9 35
Laternula anatina Mollusca 31 5.0 6
Nephtys polybranchia Annelida 22 3.6 37
Polydora sp. Annelida 12 1.9 20
Sigambra tentaculata Annelida 11 1.9 31
Glycera chirori Annelida 11 1.7 37
Acmaeopleura parvula Arthropoda 10 1.6 25

Metapenaeopsis lata Arthropoda 9 1.5 11
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Fig. 4. Mean density of dominant species at each station, tide level and transect line in the Hakseong intertidal flat in 2016 and 2017.
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intertidal flat in 2016 and 2017.
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Fig. 6. Seasonal distribution of three species assembly groups based on results of cluster analysis in the Hakseong intertidal
flatin 2016 and 2017.

Table 3. Comparisons of ecological characteristics among three species assembly groups based on results of cluster analysis.

mean = standard deviation. The numbers in parentheses indicate percentages of the species composition

Station group A B C
No. of sampling stations 24 32 7
Ecological indices
Diversity (H) 1.54+0.27 1.35+0.41 2.12+0.40
Richness (R) 2.23+0.49 2.02+0.76 3.36+£0.94
Evenness (J) 0.71£0.10 0.66+0.15 0.83+0.09
Dominance (D) 0.68+0.08 0.74+0.12 0.48+0.14
Benthic community
Total species number 48 49 41
Mean density (ind./nr) 5834248 669+410 504+88.9
Mean biomass (gWWT/m’) 101.5+£74.2 76.1x£110.6 201.8+325.3

Hetermastus filiformis (46.2) Hetermastus filiformis (56.2)
Upogebia major (19.5) Macrophthalmus japonicus (14.3)
Nephtys polybranchia (5.7)

Hetermastus filiformis (34.1)
Dominant species (%) Hemigrapsus penicillatus (10.3)

Macrophthalmus japonicus (7.6) Alpheus brevicristatus (6.0)

SEERETEN

MA|Hol(H,

FAEES] %‘ﬁo & = 719155 ntefstr] 917t SIMPER 24 A}, K Aol S 523 ae]H
H. filiformis)7} =& 719] =2 Hth(Table 4). FH7 AQ] B -SANE=51.5% 00, 2} 9= 7]0457}
-2 F-2-E(U. major), % 71](M Japonicus)z=C| T}, ©] 5 Z(U. major)S TF2 A3t 7HO] vl g A oA I 52 7]o4&
Hof - A Bk 2 0= Uil A3 BO| Bt A= 47.0% 0™, AT 2HESZAX-H O\ H. filiformis),
A(M. japonicus), FEMIZZARZONN. polybranchia)= 77871 7101 w9} At 7HBIGAE o] tsA] 5% 7]oi w7}
A YRt % M- HAlpheus brevicristatus)2] - 7|97t 112
SARIHONH. filiformis) Thar 2= A LERE O™, Bl-FARE o] thieh 7] o ke & 2ot A 3lva ke &0 & LEHT
NEAA s e 2ol Fahe = 8 81 S A27te] AdS mfelsbr] Qo @ 891 +4 AF=7F 9L
= ZAAI7]9 tsl] T4 EEA(PCA)S AABE o m B4 A} SR (PC-2 ZA] E-4tof] il 30.1%2] 7193&-2 B

I dijn

H‘ ™ e H

S8 C= E7(Hemigrapsus penicillatus) 2} =

L
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%ﬂ'(Flg 7). AR HERN EAH. penicillatus) 2t SEM-HA. brevicristatus), TFFEA|THe] 22 ATAS H
o YRl 9l ARHEARIGONH. filiformis)?t FHEATTH] Aol 2 o2 Uerh F4%
2(PC2)% 27 Z4toll tisl 18.8%2] 7|otas Bl o, MAE Lot EAFS, ARHSAXHONH. filiformis)= 7=
FEo] 22 APES Bt F822(PC2)= S84 02 AAI LT 20 SAFTE S7I5ke 2 0% Uepkith 5
*é-ErB(PC3)% A Akl tisl 12.9%9] 71ote2 KA o, frledde T35 Al JapomcuS)Q‘rlE =
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Table 4. Results of SIMPER analysis for species assembly groups of macrobethos in the Hakseong intertidal flat during the
study period

. Average Average Species Cumulative Overall average
Group Species s N S s
abundance similarity contribution %  contribution % similarity
Heteromastus filiformis 19.3 19.8 38.4 38.4
A Upogebia major 8.1 12.3 23.8 62.2 515
Macrophthalmus japonicus 32 7.1 13.8 76.0
Heteromastus filiformis 27.0 22.1 47.1 47.1
B Macrophthalmus japonicus 6.8 11.7 24.9 72.0 47.0
Nephtys polybranchia 2.7 42 9.0 81.0
Heteromastus filiformis 12.3 15.4 32.8 32.8
C Hemigrapsus penicillatus 3.7 7.5 16.0 48.8 46.9
Alpheus brevicristatus 2.1 44 9.3 58.1
4 0.4
R
: AB [ ] A Mud(M)
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2 e o - *a 0.2 4 A Lzzs of ignition(LOI)
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Fig. 7. Score and loading plots of principal component analysis (PCA) based on environmental and ecological factors of
species assembly groups.
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Table 5. Results of ANOSIM and pair-wise tests of the macrobenthos community composition among collected seasons in the
Hakseong inertidal flat, 2016 and 2017

2016 2017
R-value p-value R-value p-value
Group compared Group compared
0.12 0.006 0.244 0.001
Feb. vs May 0.048 0.208 Feb. vs May 0.181 0.027
vs Jul. 0.208 0.01 vs Aug. 0.365 0.001
vs Nov. 0.143 0.038 vs Oct. 0.419 0.001
May vs Jul. 0.01 0.395 May vs Aug. 0.288 0.001
vs Nov. 0.108 0.059 vs Oct. 0.318 0.001
Jul. vs Nov. 0.215 0.007 Aug. vs Oct. -0.014 0.547
1.0 0.8
2016 . 2017
A Stress : 0.225 06 Stress : 0.216
IN - . =
0.5 - b . 0.4 - o8 .
v ooe = <o . 02 1 A vg g g
o~ A <& | o B
(2] v v
9 00 v oa W 0.0 - <
= o v a
2 a A =] o .
o svVa ® 0.2 1 A _V
v = S v Vv A
A AV A
1 a e v e
v May “ v May A AAV
= Jul. 061 m Aug. =
<& Nov. & Oct. A
1.0 . ; . . ; -0.8 ; : . ; |
1.5 1.0 -0.5 0.0 0.5 1.0 15 15 -1.0 -0.5 0.0 0.5 1.0 15
NMDS1 NMDS1

Fig. 8. Non-metric multidimensional scaling (NMDS) plot of macrobenthos community composition at 9 stations in Hakseong,
2016 (A) and 2017 (B). Symbols indicate sampling times.

RS 5ol s 27 A ] g A A& 32 At o whe g RTo] R Ehe 202 YER e
ZAZIFE iHEA 0 2 Ueh b= Al A B8-S HolA] (Sith ZA 7o thE 13 2/ I E SJo ZARIEEE
0] nMDSHEA1E AA[EI 01, o5 5ol ZF ZARAE Wellkls A7 ol wheh 23 23] 2fol & Holi= 2 o & vet
WthFig. 8). A3 zlo)7h Q7= ARt EAA7 |0 22 EHE&-S Hols SER Qlof sl 20 A RAR G2 of
FAMEE FRAZAL APER ZJolE A 24U, majoryS A2} 71 ZAMNA 2 MAUEE B O (Fig, 4),

Z20|(C. japonica) 2t FETRII AR GO (Perinereis linea)w=2017H A&3} & ZAA =2 E3ES UEHILE X
AAZ1HE T4 /8-S ANOSIM 4 AikE Foll 151l f-2oftt 2folE HGl.oH, ol2fgt 2toli=2016 1 Hrt2017d %
AtellA] B 2 Yt Table 5).
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S0 Y(Kim er ., 2015), 2 A0 G740} 24} S50l Hol7} Lot B Ao} lseh PO R Lt 2
= shfe] 0] 71 B A EE B} QL w, Kim er al.2015)0) 5t 0] 67 Bate B Avjof v
et ghe maltk

ZA ol A E5 P BB EFESE 79E, W AAUE =611 ind./nf, Bt AESES 942 gWWi/mro] Sl
o, Aol SRR B4E EAT AUUET} F7I5Re P BT Fig. 3). ARSI ulSst SR, f
7EeR)e 7 7= R ARk ﬂio} Tl A 27 oA ZAREIIE Shin et al.(2017)2] Aol ME 242 775, 825
o] P A M 5-2o] EFaIH oM, MAUEE ZH2F 354 ind./nt, 564 ind/m’ 2 B AATRR} FARRE 52 BT Kim ef
al.(2015)2 ZAFS Q11 S A 224 1671 Sl S T o2 A 13] ZARE A, @ A4 522 2F2 A4
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2 oM = Yol =2 2ok AAlshs A o= defxl TS ARGl H. filiformis)et BA(M. japonicus)
7HIH FHF R ST oH, o] T2 T AEEiere] YA A 23t o)l AAsheE tEAQ A s =2 4

q Ath(Frey et al., 1987; Koh and Shin, 1988; Lee ef al., 2004). -7 H]&-0] 24| £Q 750l AU =& 2} A|5h= 112
HSAR -V H. filiformisy= = R A AIA ALte] f71= Lol 73 s Te wihd AAggol w2 B s &
Aolto] A L FARAFC T2 A A] 91 O Li(Pearson and Rosenberg, 1978; Ryu et al., 2011a; Jang and Shin, 2016), A
207 ZglstH {78 gafo] W2 oA =2 UL 2 AAl5k31(Lim and Hong, 1997; Seo and Hong, 2004), ] A}t
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B A 27100} 35 2] R sideke 2oE Azt
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