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How are the Spatio-Temporal Distribution Patterns of Benthic
Macrofaunal Communities Affected by the Construction
of Shihwa Dike in the West Coast of Korea?

Jae-Sang HONG, Rae-Hong JUNG, In-Soo SEO, Kon-Tak YOON,
Byong-Mee CHOI and Jae-Won YOO
Department of Oceanography, Inha University, Inchon 402-751, Korea

Changes in the benthic communities have been studied to investigate the environmental effects before and
after the construction of Shihwa Dike in the West coast of Korea. It is suggested that sequential changes in
macrofaunal assemblages progressed in two successmnal dlrechons in the Shihwa lake under the influence of
organic enrichment. First, the appearance of “azoic zone” or “grossly polluted zone” developed in the area of
less than 6 m in depth resulted from the severe dlssolved oxygen depletion due to the eutrophication from the
increased organic loading. Second, the “polluted zone” characterized by the proliferation of the opportunistic
species in organically enriched area, was found in the vicinity of the industrial discharges and nearby fluvial
inputs.

This benthic community succession in the Shihwa Lake seemed to be caused by the various ecological events
such as an eutrophication in this organically enriched environment after construction of the dike and other
physico-chemical parameters like salinity and dissolved oxygen in the bottom water, which may be influenced
by the irregular surface water discharge and dilution by outer seawater inflow through the water gate of the
dike.

On the other hand, the benthic communities in the outside of the dike showed that the species richness was
more than doubled and the abundance increased almost seven times more than that before the dike
construction. This may be a typical characteristics of the initial phase in benthic eutrophication, suggesting that
an increased organic input area may have been reponsible for this faunal change in the study area.

Key words : benthic macrofaunal community, opportunistic species, organic pollution, oxygen depletion, succession,
Shihwa Lake, West coast of Korea
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Position of sampling stations in the study
area.

(Refer to Table 1 for the sampling dates and
stations).

Table 1. Sampling dates and stations in benthic sa-
mples collected before and after the Shi-
hwa Dike construction

Sampling dates Stations
1993. 3, 5, 8 1,35 8 11, 13, 15
1993. 11 3,5, 8, 11, 13,
1996. 11, 1997. 2 7,9, 10, 11, 12, 14, 16, 17
1997. 2, 4 2L, 4L, 6L
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Fig. 2. Similarity between the benthic macrofauna at
various stations inside and outside of the
Shihwa Dike.
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Fig. 3. Number of macrobenthic species in the Shi-
hwa Lake collected before and after the dike
construction.

Y 199390 Bt 286 WA /m>E 71E3 o Wz
9T F AL 3 Ux g fA13 e 29 6
199739 BT TRE 2680 HAl/m? 22 ¢ =& 9
EE V&89 o] AVde AEe] HFHA %L
Aol glo] AEo] AE AFUE oz I HF
U95E 4020 M4/m® 22 gL & Y= B



NehgzAS AAE ANFEEAY A - B T o|iF JFE uAEA? 885

Table 2. Numerically dominant taxa in the benthic samples collected before and after the dike construction

in the Shihwa Lake

) Rank Mean density (ind. - m™?) % Composition
Species
Before After Before After Before After
Pseudopolydora kempi - 1 2,880 + 602 72
Heteromastus filiformis 1 - 108 + 250 - 38 -
Polydora higmi 2 2 39+ 125 453 £ 172 14 11
Corophium sinense - - 444 *+ 578 - 11
Tharyx spp. 3 - 23+ 45 - 8 -
Neanthes succinea - 4 - 233 + 227 - 6
Sternaspis scutata 4 - 12+ 25 - 4 -
Mediomastus californiensis 5 - 8+ 17 - 3 -
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Fig. 4. Mean density (ind./m?) of macrohenthos in
the Shihwa Lake collected before and after
the dike construction.
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Fig. 5. Species diversity (H’) of macrobenthos in the
Shihwa Lake collected before and after the
dike construction.
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Fig. 7. Species richness (A) and relative abundance
(B) of major taxa outside the Shihwa Dike
collected before and after the construction.
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Table 3. Numerically dominant taxa in the benthic samples collected before and after the dike construction

outside the Shihwa Dike

Soeci Rank Mean density (ind. * m™2) % Composition

ecies

peae Before After Before After Before After
Heteromastus filiformis 1 1 85+ 1984 427 + 691.8 325 229
Ringicula doliaris - 2 - 197 + 4125 - 105
Minuspio japowica 2 29 20+ 379 9t 345 7.7 05
Chaetozone setosa 13 3 3£ 79 108 + 1731 11 58
Mediomastus californiensis 7 4 6+ 131 104 + 1832 21 56
Amphicteis gunneri - 5 - 93+ 261.1 - 5.0
Moerella rutila 54 6 1+ 20 88 + 188.0 0.3 47
Tharyx spp. 3 13 12+ 324 32t 357 47 17
Macrophthalmus japonicus 4 39 10+ 364 6+ 239 38 0.3
Theora fragilis 22 7 2t 68 68 £ 11.0 08 3.7
Mandibulophoxus mai 5 - 8+ 189 - 32 -
Glycinde gurjanovae 11 8 4+ 78 59+ 609 14 31
Sternaspis scutata 6 9 6 17.7 56+ 48.0 2.2 3.0
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Fig. 9. Schematic dendrogram summarized from the
Fig. 2 showing differences in macrobenthic
communities before and after the dike const-
ruction.
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o] G HigZEo] ¥ E¥E Holx ¥ ¢EH upg
o] zlol7t Y 1E FXE BT oHT AHE



AstzA e AELE AAFETHY A - T EXd oHF 4FE viHeTH?

E g o] A9 Ao Fd 244 F9
B Fde Fao] FAH e 4F 2719 19809l
T AXMTE Tl 4743 9% T YA %Y
A ook oy A3 x4 A4 & A3tz U9
LA 2 AxE e vi @4FY Coro-
phium sinense7} 1980 10€% 1981 29 wigdw
& BF (A 13 2L AoDolN 27 4735 A A /m? T
1,190 /A /m2e) =& A5 283tq o] A 7dx dX
F9- 83 dF4o] dojut Y5 ¢ F gtk

58 JHRY AN Jepd A 13 AlstE g4
£ 35 U9 FF39 & fAEE NIE 34 ¥
2 UCE Holn 23 AUIELY ARFon ¢
87 Polyodra ligni (Reish and Winter, 1954; Tulkki,
1968; Watling, 1975)¢} Capitella capitata (Bellan, 1967;
Bagge, 1969; Anger, 1975; Wolff, 1973; Gray, 1976; Reish,
1959, 1971; Hong et al, 1982)7} 1993'd FA] A3 194
Ee Ux2 24937 gFEo g olu A3 gy oF%
gL 2go] 4sHol JAAEE HAF 9t

oj9} & F39 & B} A FF st 7pAEHE)
A8 w9912 FH WY (Rank-Frequency Diagram
method)& AH4-3t0 e} SHNIET L 2H9) 7)1&7]2
29 AoAAL A & glon, 49 FAY &
Hi e AREF 93 #HY AP F £ 4
g @ #e gEsA FEsFe FEo A9 (Fron-
tier, 1985; KORDI, 1993; Lim, 1993; Lim and Hong,
1994). £9-¥% F4E 199399 3 A (FA 1, 3,
53 199739 21 AH (A 2L, 4L)9) AL A
7t 949 39 AY oL 4L WS s Vg
718 Ho AsA 2dE FHYEL HoFz 9o
(Fig. 1D. 19933 #39 dele JAE49 A #
ZNAZ BA 10] A BEF M MRE BALE Bo
o, 19979 T AP vs=d FHE Jehy 19939
T8 F M 290 AAH Ay Aoz vehygrh
TSP AT A 30] FU4 FEY €15,
a8 M uEE ] A 57k 7MY 43 AAE By
19939] T el ugEMEY JEFoz dg
5 o9d #5YE BT 9 o) E e dFL 9
e FoEd NI A HEo TAGF 2 4
Hee v AN FAdEL e v 9y &
oo} hFol BFFo2 8 AZHEH 2go] A
L GE ALz Mo, o]fFe 299 AL 1980
i 2= oln] AFHAT (KORDI, 1981).

AT, 19943 199 3" AspEAY 8= A3
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Fig. 11. Rank-frequency diagram of macrobenthos at

each sampling station collected before and
after the dike construction in the Shihwa
Lake.

T AMezREH Y502y 29E4Y sxvt 2
g&e BEFIHNE BAdU3 A719 (Park et al,-1997),
o2 EFME 4EEFAE F4E dodlA
oy, AAZ HEZHIAEY FSFL 19939 3
5008 A% F7h3tdon, o]f AAY 49 JEEFA
29 dFae B2zA A4 T g3 WM 1d W
A& @Aath (Lee, 1997). o1 2A AXEY §9xH=
T AZd HAHY, o]z F7|3A 4EH YS9
YRLE A8t AFFy Fa4s E AYgYss 4
AA ANEE T4 dIFHAE F¥stn o A 4
Aol wat FAETY (azoic ared)d FL9Y (EFHY
1, Grossly Polluted Zone)® U¥ ¥ AFFTo] A
A3EA FE2 52 UL F¥XE Hole A¥FHY &
H9 (75345, Polluted Zone)ol vrebdt), ot g3t uh
ZA B2 AANAT BA A w539 Al
hE 4ot o] & AN ANFETY A&
Fse Aoz yehya Qo

2) 4zA 4F T AEE Bl ANTE 49
HolBA

wzA 4Foz s sy H& LFo] Agd
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F ASAHQ vidFaa AgEey 395, 92 A
do] ZMuE, TA RS, A2 XHoz BEY P4 &
Y 528 A3 WY f7EHL AL Frtete 24
o]t} (KORDL, 1997). Al3t52 §49E 29840 &
7t 28 @9E HE oy R9es 2 452y
<9 AYHAE dodA HY, ojFA AAY F719
e A AR AT AFF FAL YAE
i 4840z HAALD (Park et al, 1997).
3 A&AQY FAASd EAEE, A9 93 g
Y22 AT g8 Yo N&HT o} o9 Zo
AR oddlse FAA AMNEE TR HoFRFL =
A 31317) 943 Lee and Cha (1997), KORDI (1997), 1]
2 SNU(1997)¢] AR E o] 43l Ho|BAL AFA 8}
Aot (Fig. 12) .

AlgRzA Y AE-& AFd Ajzte W3l g A
MEE 240 #4897 #AZ A7) ARE EU=
FHAoz ENstd BW A3z WM AMFE
ZA9 Hole F wgoz APHYLL & + g
(Fig. 13). A¥A= AN EEo] 4A3 Agd FHEA
g9 @0t FAE XNFe AzpizA 4F & A9
A 485" BEAFoz Jeurs] A&Fc (KORD,
1995). 28} o]d FAE Ao £¥ e uhxA
A4 &% F A 9 1998F e gE e
Ho|x Sit} 1994 9] BAE AAL Alg] Yte 743
& I AT FHEA T Ho, d4)
de BxA %9 £4 5m o4 He AGo] TS
AQo2 Hata] 1 Wt s Ao} (SNU, 1997). o

Dike construction

1st Ecological event

- A2

gA QA AMEEL A3 YoME GZ7 uiz
FAlo] e A9 Fatste] X3 Aoz yEhgdd,
Aoz NgE P4 T 19943 140 HHE 58
o WEoz 9s)Fele] sFuto] o= A% o] Foly
o, 7 ggko] ¢4ENRAE BA A Ealo] GBRE &
% LgoE QF 2244 AWOR A ZTHETL
do] PA7] Alae Aoe welth ®3 e BA
g 79 49 §9& 443 A9 199595 &
F37} Q7] A Fste] BzA 9 Euto] FA & A
Zo 23Ud FEpoge "xAo 9% UYxAS
(BERB)Y 3422 A& B30 EFo] o]Fo
AAA g defol A gt %o §71F fgeg
3 AFY RArxs (EERE) O 9§ Adoln oA
= 199630 EojAEA YatEs 28 AA3
da) oHd B ¥ FFES JFoR WA 3
FE fddte AFL EIUAE AL FAHE Ao
2 Azhdr,

FHAE AXMFE 230l A% FAHT e AEY
2L 4LE ETFEe BRA 2A 9 Fe F£A40 M A
NEE 39 ool (Fig 12). 19949 19 w24
Euto] A &5 F 3974w AMEE 249 $32
o 24 lojA 1993d9] ZAHE & xolE Holx|
gokon, 19949 6¥3 129 Alole] $HEo wslel
A F49 OdgEe ZA7 HAAG s 93 &
147h2 Wi¥g 29 oz ANFE 3o AL
FAHE BxA A Ao FrEg §EALY)
HH% Thv #ASA ggedy, 42 A7 g

2nd Ecological event

v v
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Fig. 12. Faunal succession on the basis of the densities of six opportunistic species in relation to salinity and
dissolved oxygen fluctuation of bottom water in the Shihwa Lake. The shaded areas correspond to
the ecological events. (Adapted from various sources)
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Fig. 13. Schematic representation of the various environmental factors affecting the distribution and

abundance of macrobenthos in the Shihwa Lake. (Adapted from various sources)

wEol ZFHA f71E 2490 JMEHe Ao,
olZ A& SAFH AMFE £ Mozt AFH A
o2 B 1 F 10049 129 FAYel® BT
A HE 2747 Badhe Aol yehyr) A%
dgo, ol Wl Polydora ligni7t F% 3+ 3,000 7} A /m?
ol 49 & URZ £} TR F4HAL. 2 ¥
SNEZLE Hud ge 243480 A&HeH, o
717v5 < P. lignist Capitella capitata’} 38 3
o FAHULH, P. ligni} C. capitata THL GE=7}
Fase A7 AR 3% 19959 89 999
A&AQ] G5 Zavt AP, £2MALAE E
#Ahdte gl Tk 7kE B4 g WEY
o] FEE A9 AEo] FHI}A g, o 7]
e AAEA vi BDRA &3l ddFY dF
Corophium sinense 022 $3F Aolst AU C
sinense™= © ¥ MY AAY 95% o4& A=
HeAZo|gdan, o A7 B¢ dEEE 10% °l%
o ve dREE A FAHULY, AEFe £EA
22 g A7l Hd & $=E B 2y
Atz e +AS A7) A8 19961 299 TR
e fdol gen, o2 <3 AZE W dREE
BA7) Frtetgon, AFse LEHLFLE FhiE
19953 9] 7~8¥ 3 #& 73w} & thA] dA ST
oMY FAY B wstE B 19969 397 499
€ C. sinense®] D=7} F73F 19953 9] 8~9¥ T #&
AEo] A9 gl eyl wrEEHJ o ol HeE A

o}

K

A% P ligi% C. capitata2 ] 2017} thA] dojitt}, 2
T Az £22 A7) A3 thA] 1996 49 FH
e Wi 2 e fF90 AMHA 2 19
96'd 549 o|FEE d&H AETF fov, 1996 8,
19979 295 499} AR E T3 FA8 B, o] 1996
d ¥ FEHT AHd $£3FTOE JEA 499
Pseudopolydora kempi7t 3339, C. sinense, P. ligni,
Neanthes succinea’t & IEZ 28F0oz2A $3%9
Z40] £ o tfsld = g $HFY 2L HAF
1 glon, 53] Aj2o] $HF O JEIS P kempist N.
succineat 1 V=7t BF S48k FA9 ok debA
1996 E5EH d& 9 otz 5 FEYol
Ags W AXEE 2 AHAA 4TS F Hog
Bt}

0|9} £ ARE vFo & o ¥zA s} A4HY &
7t FAE T 713 93 ATl FAH A -
= 19 ARY 7i7ke] 2850 n, o] NZHES AA
TEY 2d%Fe MM AT (Lee and Cha,
1997). Lee and Cha (1997) & ©] Al7]9] &dZ49 7
A8 BEAY F22 A% AHEAEY F/0t 2 F
AEY Ao A3k 2t BzA dd F A
33 Waxe vrg 2 A5 389 2fFd J2 AR
o2RE EHPEE 29EEY 55 & g5t

243E FY%¥s A71H (Park et al, 1997), o] E ¢
3 EFoAE AEEFAE UYFAg dod 1 8=
F& 199399 Hla) 5008 H= FUheten, ofd 4
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A A4 3 ASE YA 1
(Lee, 1997). o184 A44 #71
o E3] dEHd s xS
2 ol3le &4 FAk4s € $943E 3
AZig, a1 2% AF wHMe FRETY (awic
area)ol} 4R QGAEF o] HAIIHAM FE T2
9x BYE Hole 299 (44, Polluted Zone)o|
Uehde ol&u AFAA /718 294 9% <39
Holddez HE Aol Bo ¢ AYPY Agez A7
el

39, s iR £Foz FAYE 7|8F TP A
Hog 5~7 N FAHNeH, #HY Hole &
=9 A 244 wge dfo] ge A2
ettt H2E dREIF B3 £E334LF] ¥ A7)
ol P ligni® C. capitate?}, 2832 22 FE=} F
A §&2¥4%F0) & A7|NE C sinensed] T3 ol
AU =8 239 Holve gEx #3 ¥ aig
AT AY AEo] £AsA T HNBEA I (B4HEs
E AR 2 A& 7|gE029 Hoj7l ol g s ¢ ¢
et 19949 4EREE WAEA R sl
o] o]Fojzlon o] ggor ) 1996\ 8E o] F
9 FHEL B} B3 £3%9 FRTRE Ve
d Aoz HztEd,

ot xS rE nfd
3
lo rr
i
)
ofj
=2
Rl
)
i

A3t Br2A 7 FAEO Y 1993d A 4F ¥ 39
Be7 A 1996/97d TR 74 E Aole F59
9z e) Zrtolt), Hit 2EESE 199339 HlE 2.6
Ar, AFYee 74 AE F718tEh 19939 19 5%
& H3lgle] 43 249 9yt 33 o Wl 2 2
o] Hooz o9 F49 W W3y} A d
ojiton ojEA WIYeAE Loliy| As AHAL
o] ANFE FHE A Koh (1996) 8] A7 8 F
B A7A9% dx5te 57 A4 AdE 259 A
o #3e waaAt (Fig 14). 2 2% A 9 9
7L B AF9 ta zolrt Qo £49 dxT dHA
2l 19943 8o FF3tRLH, o] AVIRH Lx9 F7t
Zo} 249 F7 F& wrhslgeH, $A 19959 2
Yo Tae dx G384 Jehkd. A5 Ags
gL WzA 4Fo2 AguRe FHFiFo) A
¢ & 48 60U AE7 Ad £ 1994d 8L A E
8 A9 F49 F7t8A 0] YEgton, Un e 471
A} SAS 2o vdate e 1d A% 23S
£ ¥ £ 3l o] A7 dUk AFx wF 7t 8

Hog HAEL AFE #Hasgrh o/AH
NzA &3 F 74 39 ANFETHAA 4=

o dajdols 34 AFL 32 9

dlo

< BoFe

2. Asigtzd Mol Alsts el ool ZE 0 a%dy WzA 43 F 49 9x, 281 gYE
Z dg Ag9] Z7p7h ujste AL FALT A7ldA, 9
NahizA Ade] Fusde AMFEZH A dA vehd An gz LA A4 3 o3 Fd3
Je Lolr 7] 8 HE2A FAFO Y 199339 RAF Ao AMFEZH] AdHo] gorAa 4FH T
AR Z AARN 2 FYUE T A oln] AstA & 2 wWdtste AQA, ol A ojgdE w2 EotHE 7
dd rdoz =g AF 18 A 19933 FAF  FHo= Wy gle st did A AVlEG. o™
urzA 9 Za g 1996/97d TR Hl LA A @371 9 ooy & #4o] shgdich
60 : 3000
2 i~ (Koh. 1996)
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Fig. 14. Temporal variations in number of species and mean density outside the Shihwa Dike collected before
and after the dike construction.
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AR, Aets ol 239 Hgel 099 FEE 3
e ALgstel 29 FEHE 2 dYse Ao Y
B £9ale FAE 19939 TRAF 1996/97d TR
A E vl wEtey H4stn, FHTY HEE F7 98
oln] AatA 2498 FHY AFYEAY 1F 1& A
At (Fig 15). €99 F4¢ 19 2% 31§
1Y P33 2ol & BolAE= AR 1996/97d TR
aE 39 71717} 19933 R I1E 24 wjE) Jlge
A el Bx2A &3 ¥ 24 ¢ 2k F7HERAT
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(1985)3% Lim (1993)¢] AA & 4 WA EF o
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1993 FRME GEF AHFEl 759%, HAFH
7t 207%E AAI}F oY, 199%6~97 THAME AL
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Fig. 15. Rank-frequency diagram of macrobenthos at

each group obtained from the cluster analy-
sis for total sampies collected before and
after the dike construction.
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1993 TR HlF] Yxr} EZ0F 718 Chaetozone
selosa, Heteromastus filiformis, Theora fragilisc ©17) 713
ZFog Z ¥EA don fU1ELEY HEAY AR
zog Yehte ZEoIt} (Kikuchi and Tanaka, 1976;
Hilly, 1983; Jung et al, 1995; Lim et al, 1995). A,
Y5 AFE F7HHoU B2 F5E AFE Fa
g, o7l oA AHEH ofug AHE I
871k FE5E Age 34 A9y H¥AA AMF
2 AU (Gray, 1981, £ #718 299 FuE o
= HYME iAoz I A5 FAS 3
F4S Uehle 2oz 23 Hi Qo (Pearson and
Rosenberg, 1978). ZL&]ut & zAbe| Al 19933 = ¢ 96/97
dro tepdASEY #5EATY AEHES vus)
B (Fig 8), 1993350l Tk Ao vja] A4
02 Egtoy 96975 E 9 dido] YERgT o .
AL 969739 AL TRL AFE 49 F7te) v
sto] ZUlstgoy, 8% AFE 298 Fasta 3l
e ol $8F9 $Hu o] FuFoE HaA A4
Autk 2 3o QAR gotAvke SARA ol 96/97
dro A7z Fud Wil 2Asg S R4
o2 Ye F& FA7 ddx drch

wuk oy} Pearson and Rosenberg (1978) % Pear-
son and Stanley (1979)7} 9=¢] 23 EHE Creram Al
do A F718 24T AMTE FAHY BAE ZAE
Az ot HAE &9 {718 FFo] FrIeEA
Z5, MASF, L YA Fo] YA FEMA F7teidst |
Aste A%E B dyen ol g ut
Ar9 Aole oy @A ddez Aysta Yo
weby B 2AA G BzA) 9F f YT 4L
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2 428 4 glon, mpx dFH T4 2
7be 2 AGA Rgsie g2 3 9AE AX
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