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ABSTRACT

Geochemical and benthic foraminiferal analyses of sediments (core and surface) were conducted in an abalone
farm located at Pyeongil-do, Wando-gun, to understand the degree to which the abalone farming affect the benthic
environment and ecology, and relativity to sedimentary environment. The C/S ratio of surface sediment was 8.24 in
average (6.77-13.01), and abundance and species diversity of benthic foraminifera were 10,470 individual in 20 ml
of sediments and average 3.4, respectively, in the surface sediment, although OM deposited by farming was about
7-19 cm in thickness. The effect of abalone farming on benthic ecology and geochemistry was not distinct. In the
northwestern sea of Pyeongil-do and Cheok-do (Zone A), the sedimentation rate was very low (average, 0.23
cm/year), the C/N ratio was high (St. No. 9: 18.50) and Elphidium advenum known to inhabit in the entrance sea
area of bay was dominantly distributed. In the adjacent sea area of Pyeongil-do and Cheok-do (Zone A), however,
the sedimentation rate was very high (average, 1.73 cm/year), Epistominella naraensis known to inhabit in the
open sea area was dominantly distributed. It is consequently thought that abalone farms of northwestern sea of
Pyeongil-do and Cheok-do are influenced by the fast flow of Deugryang Bay, and abalone farms of adjacent sea
area of them are influenced by the open sea. As mentioned above, these coexistence of various sedimentary
environment in farm is thought to be caused by topographical characteristics with irregular coastline of Rias type.
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F 3o F3E v|x]= g9le 7 #8317 ) (Boyra et al.,
2004; Pereira et al., 2004; Thornberg et al., 2014; Lee
et al., 2016a, b; dJeong et al., 2020).
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196045 o1 F AHE 25 o83 DA sk A7)
oot Ha, AActellA FAEF EI G W 771
HeJgmoz QA A FAe o dFgFE VA= HoR
o4& A v} (Bouchet et al., 2007; Tarasova and
Preobrazhenskaya, 2007; Ellis et al., 2014; Kalantzi
and Karakassis, 2006; Lee et al., 2016a, b; Thornberg
et al., 2014; Vidovié et al., 2014; Jeong et al., 2020). #
A 535S AFRAAA S wE choke, ABUE, B
& AAF) D B v Ng FomA, 59 ao
87 W5E A7she o QolA 8% =2 94 gt
(Alve 1995; Culver and Buzas, 1995; Sen Gupta, 1999;
Murray, 2006; Ellis et al., 2014; Thornberg et al., 2014;
Choi et al., 2018; Jeong et al., 2020). LHFA o7 A
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29 5ol #FAe] &o}#tl (Gowen and Bradbury, 1987;
Christensen et al., 2000; Pearson and Black, 2001). =-
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Elgo] 3=l 9lt} (Jeong et al., 2019, Choi et al.,

2018). ) AE] oF 93.1%7} AAtEle gE, A4 F4
A 452, £ XY 5 kAR FHE o A4S s}
A L ko] ARFA 9 s 2R oFAe] TS i
2= o] glet. o]#gh FAE Al FAlA], LA F -
A% 3oz qls) sl 35 74 (Choi et al., 2014) ¥
HoJokslrl kAl (Kim et al., 2011, Kang et al., 2015;
Lee et al., 2016a; Jeong et al., 2019) glow, AL Pk
& A3l YR AFEL glvh o]F 4] $ste]
717b &= AEFA ol digk AiA] 9 Aula] ol vk oFA
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Fig. 1. Sampling station and bathymetry map of abalone
farm sea area between Pyeongil-do and Cheog-do,
Wando-gun. Star mark: core sample station.

7 slekEk #sle] ojgt A7) A= e} (Choi et al.,
2018). wfebA] A FAFo 2HE FEEE S9AY fF,
AR AAA) JeFL w2 FAAe F44E =HATA
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dx el St 7 FEE Abolel %11‘& 'o%l
(Fig. 1-A). hsajole 524

£ 3.5 m olfo|H, 3HA A 2, AE LAP*E Xzl
15.19-24.97C, 32.41-34.04 psu ¥ 7.40-9.14 mg/L °|c}
(Oh et al., 2008). ‘Faladets, dvhdF, &l A S34
ok 5o Aoz Aol whet vl E4ek sfgto] g€}
(Lie and Cho, 2002). S3uke wk qlFolld E5ZKow 7
Al wslebe, 3 )FE FlA] sligradte] o] el A= it
A& ERE JpAE sPo A, uk Q1T Al oF 90 m, 1t

W52 oF 5 m o3t &2 Falo]l FAH v (Kong

%23 ElEhs %i— ol HEIL A3, BA B (5
T o) 22 44 oF 5 mo] Fo] FAH] Ylu, 5F
ub slgR Fste] AR ZAolA Aol of 25 mel @t
(Fig. 1-B). Bd =2} A=
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1. A =243
golx x| ABoFAA EAAL welslr] 95t B

SHAE 9 FINEE ABFAA cage AsHollA AF 3
Pk B5EHAES z]M 7] (van Veen grab
sampler) & AM23le] 9709 AANA A 1, A=A
EA% (PVC pipe, Y7 7.6 cm) & ﬁ%oﬁ% (*éfd 5 6
W) oA ¢ Fo]g] (Gravity corer) & o]&3le] x|3]5}3]
t} (Fig. 1-B).

AAFT 2= I Y] W] i 7575 &
ol F, ®9 2 em oJdlelA HAE A&E A 744
B A F Lol v w= HAE S8 AlErt AFHE
& Gk el AR Az sH-E weske], A
Az N F RSyl 15 HAww FAEHE AE
A = AR 2SR 54, AME Fes T B4 A
Alstgle). FAA B Zold HAES 2] sl 210Pb

HAE YEFAS 98 Ingram (1971) 9 E—Zr*“i:
uje} Agslgich g4k (HCI) 0.1N & ARg-sle] hA
A= ARSI, FiErAa (H00) 10%E 371eto] -F’r
o] A8 A|A & wjrhx] 2447k o] WA ZT WA
F71E0] AAH EHAEL 40 (63 pm) ZFAE AHEE
AAA (wet sieving) & =HA I AHAL HAHEZ £
ok 234 HAZES Ax § ZFAE ARESte] AAAA
(dry sieving) 3te] gl=o we FAE FAskGeh AlHA
HAE  01%  ArpERAER &
hexametaphosphate) & A3l S
X-ray QE#47] (Sedigraph® 5120) & 53¢l
55 LAskn AT Qme EARAS
AR A4S s Eel B 3o BEEE A8l
Folk (1968) 9] #Aihye] w2 HAE slxx4,
(sorting), EAA (sediment

_1—1}_‘

@ N L orE

w&mmeé

(mean grain size), &
facies) 5= EA3}3itt)

2) EIYE AL
HAE W9 A3 542 dolrr] sl s & +
A, pH 54, £77]8t4 (TOC: Total Organic Carbon), &
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4 (TN: Total Nitrogen) % %3} (TS: Total Sulfur) <]
T Btk A4S HE H4E AEE A
L 3 QAE 9ol FUIERE AlsIsid FoldAe

AAg HAE Aas AzrldA FE& AAT H
Elements analyzer (EA 1100) € ¢]&3}¢] TOC, TN, TS
£ #A8klth TOC, TN, TS| ¥4 475 AHg-8o] g}
Ao & (C/N ratio) 282 gl 3o u]& (C/S
ratio) & ¥4}

7y47}3F (Ignition Loss) & EA& $25 AA% F
712 F o]&3te] 550TCellA] 4417t 52t 7]‘°ﬂ?ﬂ' 7t Zd .
F A AelE: Al HAE W9 'rr7] 3k
(Organic matter content) = 4]3}3it}

pH 342 =HAE9 AHFelr pH spear (Eutech
o]&3te] A4 FA43l3lrh

) mx

instruments) &

3) EIXE BEML

A= 4 £24k4 (DO: Dissolved Oxygen) 5742 4]
= ABE AF 3 FAolA Picoammeter PA2000 (Oxygen
Microsensor, Unisense A/S Company) = ©]&3}] E|4&

o B2 1 mm YellA 57 A}

ol

4) 2%p 2
AEFAE Az A5 H3lgt A5 A sl A
& Aol AFHE FFARAA 2 em HH R A RS A
F3k *°PbE A3k *OPb A2 a7 2 A A
oA =gl 22 2Ph A dfs] CRS
(Constant Rate of Supply) 52 (Appleby and Oldfield,
1992; Appleby, 2001) = ©]-83to] AhE A4l

5) MMM R3S
AXA fr5s EAE A3 R A 25EAE AR
m WollA AFAEFE ARE3te] 20 mLE A|F g
147} 235 $13}o] Isoptopyl
alcohol~ 7‘47]-6}‘*“4 TAE 93 Isoptopyl alcohol (1 L)
ol Aolgl= Al F2 AANE FEE] Ysle] 2 g9 =
=wZ (Rose bengal) = 4ol H¥AEL Ao
(Schonfeld et al., 2012). 982 24 % 4 & (63 £m) Al
£ Al AlEA HAEY 2=972E AT F 60T o]
ste] 2xellA Zxsigin Axd AEe FE5] 300714
ol 7% mEFEeE]7] (Microsplitter) & ©]-83}e] A|5E
ek 2= A8 AA™ERA (SMZ1000, Nikon)
o7 sl e FEL, =4 wYs T8
%5 54 (classification) 3}3it}.
AMA 552 7] Aol wel A (agglutinated), A
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Table 1. Grain-size composition and geochemistry analysis of surface sediment in sea area between Pyeongil-do and
Cheog-do. Note, dissolved oxygen (DO), total organic carbon (TOC), total nitrogen (TN), total sulfur (TS), total organic
carbon/total nitrogen ratio (C/N), total organic carbon/total sulfur ratio (C/S), organic matter (OM), mud (M), rocky or gravel
bottom (R/G), slightly gravelly sandy mud ((g)sM), sandy mud (sM)

i P 00O gy e O ® S e
Gravel Sand Silt Clay Type © ng ©
1 178 743 685 740 157 018 022 858 714 000 287 4477 5236 M 864 266
2 1388 730 640 815 154 014 021 1080 728 000 256 4568 5177 M 850 270
3 RIG
4 144 741 715 709 154 015 028 1018 677 001 107 4569 5323 M 872 256
5 84 732 617 770 152 015 020 1046 754  0.00 173 4538 5280 M 874 262
6 161 752 68 772 161 015 022 1087 731  0.32 951 4279 4738 (@sM 814  3.02
7 154 748 646 713 149 015 018 1003 839  0.00 L7745 5374 M 864 260
8 82 737 68 729 156 015 018 1067 847 000 549 4622 4829 M 830 287
9 161 742 618 1201 250 014 019 1850 1301 000 1577 4345 4078  sM 769 331
Min. 820 730 617 709 149 014 018 858 677  0.00 107 4279 4078 769 256
Max. 1780 752 715 1201 250 018 023 1850 1301 032 1577 4622 5374 874 331
Avg. 1378 741 661 806 166 015 020 1126 824 004 510 4481 5006 842 279
3)A 84 (calcareous-hyaline), A3]& 2}7]4) (calcareous- F3F oty f-32F FAo] 2AAY YolA] oWl X 3E
porcelaneous) 5% 2 +F3l] 479 AEv| &S A4t £ 7HAEA Fetelr] flEke] TAEA (cluster analysis) =
sl B8A uF 2o BEalA g, BeA AN & AAskget BAEALS PRIMER 5.0 (Primer-E Ltd.,
% AA ANAFA AAEE A H] &= ALk Plymouth, United Kingdom) & ©]&-3}-3it}
a2l AAE AT AXAY fEEe] Edske T () o
20 mLg 33k AAIFE ANl %“4"&‘?_ (species A 3
diversity) 9} ¥5% (evenness) 5 AAEZE A &
tefs £33l Shannon-Weaver information function 1. EZHAE A3 2 D B
(H ) & 2313t} MacArther and MacArther, 1961). E2EAE drxAde medEko] 1.42-15.77% (BT
5.1%) = AA 67 9HeA thih =4 Jehtz, AES} AE
&l e A7)k 42.79-46.22% (3T 44.81%), 40.78-53.74%
— i;PilnPi (Shannon and Weaver, 1963) A7 50.06%) 2.2 A AAA A Ve 3tk (Table
1). Y5+ 842 0= AA AEo|H, ¥52 F 2.79
A AelA H = F ok Aol S& 23859 4, Pi o7 vl$ EeFa Ao w Yehgx gl EEARe YA b
© FEIAMAG g A Fo Svgolth ¥ Y, =AY W ool B gl 47 HEAew FAHE
EE AL 22 T AT ekl 02 A, BE EF ok Hxel Hdx oF sigel e F2 AP YARAYE
A e £ 5 ORE B £ AL A A 5 o] Rz $Es, o A A el 2ede) A,
o] Fo) A] FEeA WEHE AT} B Fol FRES o] el APAY, T 3 oht w0 Ha
WiEE = Ade] A v H g 74 Hh ol# g £o] FEgT} (Fig. 2-A).
°lE F HFET SAY AT TTTE (evennsee, J) EZHAES] pH HF 7.41, XU 7.30-7.52 o]w,
3 SA % DO HFL 6.61 mgll, +¥H$E 6.17-7.15 mg/Le|t}

J=H'/In(S) (Pielou, 1966)

(Table 1). OM 332 FF 8.06%°]", 7.09-12.01%2] +
¥ HYE Eo]uq A 9o A ko] 12.01%E 7 =4
vehdt} (Table 1). L% ok sfellA] 8.0% AF-2] g+
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Fig. 2. Distribution map of sediment facies (A), organic
matter (B: OM), total organic carbon (C: TOC), ratio of
carbon to sulfur (D: C/S), total number of benthic
foraminiferal in 20 ml of sediment (E), species diversity
(F: H'), abundance frequency of Elphidium advenum (G)
and abundance frequency of Epistominella naraensis
(H).

2

¢

Rolx, vz Fu FAleEo s HojAle| ule} F7}
oFAFS ®elt} (Fig. 2-B). TOC, TN, TSS| Hpateke
27+ 1.66, 0.15, 0.2%°|9, $=FE¥E 747F 1.49-2.50,
0.14-0.18 ¥ 0.18-0.23%°]c} (Table 1). TOC ¥2= 1w
(Fig 2-0), BY= o sFellA 1.5% AF I=FEIEE Hol}
Exkare g WojAle upe} Fefo] T ks Belrh

W’

N
=
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Fig. 3. Depth profiles of grain size (A, B), organic matter
(OM, C), total organic carbon (TOC, D), total nitrogen
(TN, E), total sulfur (TS, F), total organic carbon/total
nitrogen (C/N, G), total organic carbon/total sulfur (C/S,
H) in core sediment station number 5.

C/NS] 7 v]&L 11.260] 1, 8.58-18.502] ¥ HYZ ¥
oleh. A 9dlellA 18500 vif- HE wES Holdg
(Table 1). C/S2] H¢ ¥]&2 8.240|1 6.77-13.01 v]&FX
£ Belth Hodw gk #qelA] 7.04F v]EEEE Kol &
Aupeko 2 dsle] AAH o7 Zrlel= ofAS Ml (Fig.
2-D).

2. FAEAE A AR 24 2 i3t

AR 5 FAEAE (Zo] 52 cm) & JEFRAAE B9 (Fig.
3-A), Rel= 3k 3.0%24] (0.96-5.35%) =3 w]u|s}A)|
Yehty, F2 7 §ko] 48.21%9 ALE (42.09-51.31%) sa}
HaEko] 48.79%9) AE (43.58-56.37%) 2] ARA =H
F AR, sHell A AR gslte] FEldh s UrE}
U] o=t} HElsEE FE 8.11 9 (7.65-8.63 @) 2 2A,

- 191 -



N A& =5 =28 2 g2 XNss ZH0lA UEL=
Sediment o
compositon (%) Mean(e) OM (%) TOC (%)

0 50 100 7 8 9 5 10 15 1 15 2 25

0 1 1 n 1 n ] n 1 n | Il 1 ]

4 4 4 i

8_. - - -

Clay
T 12] . i 4
o
=
a
[
Q 161 1 1 .
Silt

20 . g .

24lelsand ) ) 7

28 - ol 2l

N (%) TS (%) CIN cis
00.1 02 0302 04 06 5101520 2 4 6 8

E F G H

Fig. 4. Depth profiles of grain size (A, B), organic matte (OM,
C), total organic carbon (TOC, D), total nitrogen (TN, E),
total sulfur (TS, F), total organic carbon/total nitrogen
(C/N, G), total organic carbon/total sulfur (C/S, H) in core
sediment station number 6.

Zo] <F 19 cmelA ¥ AHAA L
(Fig. 3-B). OM (3¢ 706%) % Zlo] oF
2 Fale] FEigh kst
el gt} (Fig. 3-C). TO (Js& 1.24%), TN (J§

0.14%) 2|2 TS (T 0.32%) 2 3k H3ls v TN

7lo

A

| 2F 21 cm¥-E] 3P0l v]sl ARZ FFslo] Aol dA s}
Uehta 9le} (Fig. 3-E). TOCE F 21 cm 3¢ tha #
Ao} sHZel n|E AR FFslo] tha Mg A L

o} (Fig. 3-D). C/N ®&L 825-9.70 (HT
8.80), C/S B]&2 2.99-6.26 (HT 3.98) o ¥ HYE
oleh. CIN Zo] 17 emiHe] A= Frelo] F3igh w3l ¢l
o] 79| sl vehtar gtk (Fig. 3-G).

44 611 FAEAE (Z0] 26 cm) & R H ol
11.09% %A ( 4.59-16.85%) Tha A Yehga, F7 ¢
ko] 46.70%2] (43.51-51.01%) ¢} @3 sko|
42.21%3) AE (38.71-47.82%) 2| AEA HAEZ FA4=
t} (Fig. 4-A). BN E+ 8.11 @o]H, Zlo] oF 7 ecmeolA A
52 geto] Fradhes AYE B]ltt (Fig. 4-B). OM 392
A 8.44% (6.95-14.52%) ©]™, Zo] ¢k 7 cm¥E] AFE
Fale F7let (Fig. 4-C). TOC ¥ TN Ho3de
1.70% (1.49-2.07%). 0.14% (0.11-0.29%) o)™, Zo] <k 5
cm ©]FFE AF-E Fete] 33 S} ke Bel (Fig.
4-D, E). TSE 373 0.35% (0.25-0.46%) ©|=, Zo]
°F 7 emellA FH AR Fete Fleke AE 2y
(Fig. 4-F). C/N ®]&2 7 12.95 (6.97-18.31) °]x, C/S
H&2 HF 5.12 (3.5-7.09) °& C/S ¥]& W3l Fo] Y
EluA] 9ko} (Fig. 4-H), C/N& Zo] ¢F 8 cmel|A AH=
gato] hashes Aol T3] Yeht gl (Fig. 4-G).

ME

27}

3.5HE

FAEAE A4 517 6ol digt CRS ¥4 27} (Table
2), A7 5He HF FHEL 1.73 cmlyearZA FAHANE
195237k Yelyi), A4 6wl ¢ B4 E0] 0.23 cm/year
o, FAAh= 1864714 velyith H EAEC] AA 5
ol 44 el wsf of 7.50) & ZoE Y.

4 AR FEFT TR LR
Hdx AEFANG 2AAH 97 F 1}7;} 9 qhito] 23}
3HS AlLdE 87 AA BSHAENA AXA
= (AHE 105 13%F, /‘—4.51 e 484 11,
A7 3% 5%) o] EFH (Tale 3). HA4= 20
mL T E383= AAA 7559 T MASE 4,192-18,240
N (BT 10,4707H) 2 AR L FAE A =)
ey glc} (Fig. 2-E). $t}eF% 2|4 (Species diversity)
£ 3.3-3.6 (@ 3.4 = A 2AAANA B4 Jea glct
(Fig. 2-F). 2 AANA 10% o)A AtE3l=
Epistominella naraensis 7} A7 14 (11 2%) & AA 441
(11.8%), AA 71 (17.5%) A A3} Ammonia
ketienziensis= A7 29 (12.8%) <} AA 64 (11.7%) A

.T'_
T o

43
L

(<) ;<4 .x___.
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B

Fig. 5. Cluster analysis using Bray-Curtis similarity (A) and distribution map of benthic foraminiferal
assemblage (B) in sea area between Pyeongil-do and Cheog-do.

A3t AA 8WlolME E. naraensis (11.6%), A.
ketienziensis (10.2%) 7} A3z, AA 9dHAA=
Elphidium advenum (16.0%) °] $-7gch A% 5¥lelA&=
$AHEL Yela] ko E. naraensis7} AFEHIE 9.3%F
A v gtk RE AANA =2 AEEE Hole
E. naraensis®} E. advenum®] AHEMlE £¥XE ¥y E.
advenum-> 7| QAR A o2 H FAz|H oz sl A
Ao 7 FolxE AeS Rl (Fig. 2-G). E. naraensis
= 9oz 4 dFHgozRy BAsges Fsle] HA
Aoz AElEr}t GolAl = AdE ®elt (Fig. 2-H).

AR e TA= dotry] S 2 AACA 1% o)
AEdhE T VIEeE b AT FAEA (cluster
analysis) & AAlekglct. 2 A3 A 7535 TA 270
) 2% (@F 1, 0) o2 JYebgd (Fig. 5-A). 25 1S 4
A1, 2, 4, 5, 7, 8427 FA= E. naraensis-A.
ketienziensis-E. advenum T-%°]t}.

2% I+ AA 6, 91z FAE E.  advenum-A.
TAeltk.  E.

naraensis-A. ketienziensis-E. advenum T2 &4 7V7}k

ketienziensis-Pararotalia  niopponica

o] ¥-¥3l1, E. advenum-A. ketienziensis-P. niopponica
TALE FAY Fell 23k 9t} (Fig. 5-B).

E E

1. 284 A48 A% 295 AT

ABepg Aol AT A 5] FAHARE A

e

2]
Bl Ao w st Ao A= AFgE 2elo (Fig.
3-B). dutH o7 HAE At £¥ 4 Hshe 3 e 34
H3lE sHed 8% AR 289t (Aguado-
Giménez et al., 2007). Thornberg et al., (2014) ¥} Kang
et al., (2015) ol |34, PABES] QAghe z salse o)
23 $ol 9AF dAse] JFL A Roz delA 9
th. OM (3T 7.06%) & Z°] 24-22 emS 7|50 % 3195
2 FA At wE Tl WsE Bole wh, A
FEo® st 7|9 dAsA Yehd itk (Fig. 3-C). ©]
#g W3} el TOC (Fig. 3-D), TN (Fig. 3-E) o4& 2
o] 22-20 cmell4], C/N (Fig. 3-G) 18-16 cmellA] F&o] 1}
el glth. OM, TOC, TN 59 718 &% A4Ee] 74
A& el 2 st §lo] A dASH Yehs A
FAZE (HolF5: 7Y, sludge 5) o 9 77122 A%
AQl 35, 40 71918 Aelzt & A Slvh (Jeong et al.,
2020; Kang et al., 2015; Lee et al., 2016a). 53|, TN 3"
F& Hol2 FEe T widES 2L s 7
" (Hanisak, 1993), 553 ™o| (Undaria pinnatifida)
ZHE 17.8-22.5%2 WA Eo] AT Aew dHA ot
(Park, 2005). ©|9lz-e BAke FAAE A4 69 FAAR
423 HAZ (57 8.6 cm¥E] AR AR s
et 9ok

C/S vl&E F4A8 A4 51 H 3.98 (2.99-6.26),

o
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Zd0lA LIEHLE

1:m
ofj

A4 6Wle BT 5.12 (3.5-7.09) & Helth TZEHEY<
AbAE 3} 7]———75" 4 9= C/St= (Berner and
Raiswell, 1984), 33}4 wheejolol] 23 f7]& L8 vl&
A AbasEr) Yold o C/S o] FHasla, 3.0 olskd
u ksl o2 okejA it} (Berner and Raiswell, 1984:
Tsujimoto et al., 2008). FAAE 5, 69 C/S v]& #X &
B (Fig. 3-H, 4-H), FA% =459 A58 244 k4]
Z5el 3 = T8 VA kL gl

A8 FA HellA FAEE Az 345 771E @@
o] %Z]"Jzé 3 (A 5, FA: F 21 cm) I FAFY
(A 64, FA: 7 cm) oA 2 Ao]E Holi girh o]
+ A4 7t CRS =H4% (AA 534 3t HHE 173
cm/year, A7 69: H¢ EHAE 0.2 rn/year) 2}o] (Table
E%ﬂﬂ 5oy 232 R
F= AEAL Y
B FA A=

S
=
“

Bxg

oy o)
gk 5

0

L % s, °%z}°l°ﬂ

= X

— .

t}\l

=

[==Re]
=

—
i

y7hslc) olAk} 7o), Ax st %l
AEoFAAL A=A EAEZE AW,

% 28t AEFAA w} B A Fo)
e et 2 A, AR A

1}017} i?ﬂ ‘JrEMtﬂ L A5

=]

oo

[°)

-

néi M\-r U
(3

(@)

o]

o3

U

=

e
bt
4z o
> Jz

A= ‘oif 10,4707H§
Ik W A vehda glen (Fig.
2-E), & = A5 B 342 A AAANA 24 4
Rt ltt (Fig. 2-F). sikolA #7159 Fo 359ex
A3 FAANA F3Fe] T ks Y AR Il
oFABE G| o4& ofr|® AAWIS welsl= Hx 7 delA
2™ (Angel et al., 2000; Lee et al., 2016b; Schafer et

al., 1995; Vidovié et al., 2009), AMA F2F $H 2

Table 2. Comparison table of sedimentation rate between core sediment station number 5 (C-5) and station number 6 (C-6)

Total 2'°Pb Inventory Accumulation Sedimentation
Depth (mBg/g) Excess*’Pb Date rate (g/cm/yr) rate (cm/yr)
(em) C-5 C-6 C-5 C-6 C-5 C-6 C-5 C-6 C-5 C-6
0 97.3 84.0 2017 4.6 5.9
2 96.0 80.1 2014 0.52 0.60
4 114.0 100.3 162.5 81.7 2014 2008 2.3 0.35 2.8 0.43
6 93.5 77.2 2000 0.27 0.31
8 123.1 92.1 181.7 77.3 2011 1990 1.6 0.22 2.1 0.24
10 78.3 53.4 1976 0.18 0.19
12 112.7 64.3 160.5 27.8 2008 1960 1.4 0.15 1.9 0.16
14 64.2 26.8 1947 0.14 0.15
16 115.1 54.8 158.0 79.0 2006 1926 1.3 0.13 1.7 0.13
18 54.3 8.2 1914 0.12 0.13
20 114.3 54.1 157.9 8.1 2002 1898 1.2 0.12 1.6 0.12
22 52.1 4.4 1864 0.10 0.10
24 114.3 152.3 1999 1.1 1.5
28 110.7 146.7 1996 1.1 1.3
32 106.0 150.8 1991 1.0 1.3
36 112.7 152.9 1986 0.9 1.2
40 105.4 143.5 1981 0.8 1.1
44 102.5 145.7 1974 0.8 0.9
48 98.6 145.0 1965 0.7 0.8
52 106.5 163.3 1952 0.6 0.7
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Table 3. Numbers, relative abundance (%), and statistic data for benthic foraminifera from surface sediment of sea area
between Pyeongil-do and Cheog-do

Species Sample No. GI1 GI2 GI4 GI5 GIle GI7 GIS8 GI9 MIN MAX AVG.
Agglutinated Foram

Ammobaculites agglutinans 1.4 0.0 0.0 0.2 0.5 0.0 1.2 0.2 0.0 1.4 0.4
Ammobaculites cubensis 1.7 0.5 0.4 0.2 0.3 0.0 0.9 1.1 0.0 1.7 0.6
Gaudryina sp. 0.0 0.0 0.0 0.3 0.0 0.0 0.6 0.0 0.0 0.6 0.1
Portatrochammina pacifica 0.0 0.0 0.0 0.2 0.0 0.0 0.3 0.2 0.0 0.3 0.1
Reophax sp. 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.2 0.0
Sahulia conica 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.2 0.0
Sigmorlopsis moyi 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.5 0.0 0.5 0.1
Sigmorlopsis schlumbergeri 0.3 0.3 0.0 1.3 1.4 0.0 0.3 1.6 0.0 1.6 0.6
Spiroglutina asperula 0.0 1.1 0.0 0.5 0.5 0.0 0.0 0.9 0.0 1.1 0.4
Textularia agglutinans 0.3 0.0 0.0 0.0 0.3 0.0 0.0 0.2 0.0 0.3 0.1
Textularia earlandi 0.0 0.0 0.4 0.2 0.0 0.0 0.0 0.5 0.0 0.5 0.1
Textularia mariae 0.0 0.0 0.4 0.5 0.8 0.0 0.3 0.0 0.0 0.8 0.3
Trochammina hadai 0.9 0.8 0.0 2.2 1.4 1.7 1.5 0.7 0.0 2.2 1.1
Verneuilinulla advena 2.0 1.6 6.4 1.1 2.4 5.2 1.2 0.9 0.9 6.4 2.6
C.-H. Foram

Ammonia beccarii 5.7 5.5 5.1 4.1 6.5 4.3 6.4 5.9 4.1 6.5 5.5
Ammonia faceta 0.0 0.3 8.5 1.0 0.5 0.9 0.9 0.0 0.0 8.5 1.5
Ammonia ketienziensis 8.0 8.0 0.0 7.3 5.4 6.1 9.0 8.4 0.0 9.0 6.5
Ammonia sp. 0.3 0.0 0.0 0.0 0.8 0.4 0.9 0.7 0.0 0.9 0.4
Anomalinoides sp. 0.0 0.5 0.0 0.3 0.3 0.0 0.9 0.5 0.0 0.9 0.3
Astrononion sp. 1.1 2.7 0.4 1.7 1.1 1.7 2.6 0.7 0.4 2.7 1.5
Bolivina asanoi 0.6 0.0 0.0 0.0 0.3 0.0 0.3 0.0 0.0 0.6 0.1
Bolivina robusta 2.6 5.2 6.4 4.3 3.8 4.8 8.2 3.4 2.6 8.2 4.8
Bolivina spathulata 0.9 1.6 0.0 1.0 0.0 1.3 1.2 0.5 0.0 1.6 0.8
Bolivina striatula 0.3 0.3 1.3 0.8 0.8 1.7 1.5 0.5 0.3 1.7 0.9
Bolivina sp. 0.6 0.5 0.4 0.6 0.3 0.0 0.3 0.2 0.0 0.6 0.4
Bolivinella seminuda 0.3 0.0 0.0 0.3 0.5 0.0 0.3 0.0 0.0 0.5 0.2
Brizalina subspinescens 0.0 0.3 0.0 0.2 0.3 0.0 0.0 0.0 0.0 0.3 0.1
Buccella frigida 1.1 1.1 0.9 0.8 3.0 0.4 0.3 1.4 0.3 3.0 1.1
Bulimina marginata 1.4 1.1 2.6 1.6 0.3 0.9 1.5 0.2 0.2 2.6 1.2
Buliminella sp. 0.0 0.3 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.1
Cancris auricula 0.0 0.5 0.4 0.3 0.8 1.7 0.0 0.2 0.0 1.7 0.5
Cassidulina carinata 1.4 0.8 2.1 1.1 1.4 1.7 0.6 1.1 0.6 2.1 1.3
Cibicides refulgens 3.7 3.0 3.8 3.3 3.2 4.3 3.5 2.5 2.5 4.3 3.4
Cibicides sp. 0.0 0.5 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.5 0.1
Cibicidoides lobatulus 3.1 3.6 6.0 2.5 4.9 2.6 4.7 5.7 2.5 6.0 4.1
Cornuspira involvens 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.5 0.1
Cribroelphidium excavatum 4.6 3.6 6.4 4.8 2.4 0.9 2.9 3.0 0.9 6.4 3.6
Cribroelphidium incertum 0.0 0.3 0.4 0.8 0.8 0.0 0.6 0.0 0.0 0.8 0.4
Cribroelphidium subarcticum 3.7 0.8 1.3 2.5 2.2 2.2 1.2 2.5 0.8 3.7 2.0
Dentalina sp. 0.0 0.0 0.0 0.3 0.3 0.0 0.0 0.0 0.0 0.3 0.1
Discorbis vilardeboanus 2.3 3.0 1.7 2.2 1.9 2.6 1.7 1.8 1.7 3.0 2.2
FEilohedra nipponica 4.0 6.6 6.4 5.1 3.2 7.4 4.4 3.0 3.0 7.4 5.0
FElphidium advenum 6.9 4.9 6.0 4.8 7.8 3.9 6.1 11.6 3.9 11.6 6.5
FElphidium crispum 0.6 0.8 0.0 0.0 0.5 0.0 0.0 2.3 0.0 2.3 0.5
FElphidium Iimpidum 0.0 0.0 0.0 0.2 0.5 0.0 0.0 0.5 0.0 0.5 0.1
FElphidium reticulosum 0.0 0.3 0.0 0.2 0.5 0.0 0.3 0.0 0.0 0.5 0.2
Elphidium somaense 3.7 3.3 1.7 4.3 0.8 7.8 1.7 1.8 0.8 7.8 3.2
FElphidium subincertum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.5 0.1
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HAE ST8 28 L SN2 Nas LM UELE 3224 25 98 U SRAN Ay
Elphidium sp. 0.9 0.3 0.0 1.7 1.1 0.9 0.3 0.5 0.0 1.7 0.7
Epistominella naraensis 15.4 14.6 132 11.1 8.6 17.0 13.1 4.8 4.8 17.0 12.2
Epistominella tamana 0.0 0.3 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.6 0.1
Epondes sp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Favulina melo 0.3 0.0 0.4 0.2 0.0 0.0 0.0 0.0 0.0 0.4 0.1
Fissurina laevigata 0.9 0.8 0.9 0.8 0.3 1.3 0.0 0.7 0.0 1.3 0.7
Fissurina lucida 0.0 0.0 0.0 0.5 1.4 2.2 0.0 0.2 0.0 2.2 0.5
Fissurina marginata 0.6 0.3 0.0 0.0 1.1 0.4 0.6 0.0 0.0 1.1 0.4
Fursenkoina sp. 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.2 0.0
Globocassidulina subglobosa 0.9 2.5 2.1 1.9 1.4 0.4 1.2 1.6 0.4 2.5 1.5
Guttulina sp. 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0
Gyroidina cushmani 0.0 0.5 0.4 0.0 0.3 0.0 0.6 0.0 0.0 0.6 0.2
Gyroidinoides nipponica 0.6 0.8 0.0 0.5 0.5 0.0 0.3 0.2 0.0 0.8 0.4
Hanzawaia sp. 2.3 0.5 0.4 1.1 1.1 1.7 0.6 0.0 0.0 2.3 1.0
Hoeglundina elegans 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hopkinsinella glabra 0.0 0.3 0.0 0.5 0.5 0.0 0.3 0.2 0.0 0.5 0.2
Hyalinea balthica 0.0 0.5 0.9 1.0 0.0 2.2 0.9 0.0 0.0 2.2 0.7
Islandiella sp. 0.9 14 1.3 1.3 1.4 0.4 1.5 14 0.4 1.5 1.2
Lagena elongata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Lagena perlucida 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.3 0.0
Lagena spicata 0.0 0.0 0.0 0.0 0.5 0.0 0.3 0.0 0.0 0.5 0.1
Lagena striata 0.0 0.3 0.0 0.2 0.0 0.0 0.0 0.2 0.0 0.3 0.1
Lenticulina sp. 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.6 0.1
Melonis sp. 4.3 4.4 6.8 3.7 1.9 3.9 4.4 2.5 1.9 6.8 4.0
Murrayinella sp. 0.3 0.5 0.0 1.3 1.4 0.0 0.3 0.2 0.0 1.4 0.5
Neoeponides sp. 1.4 0.8 0.9 0.6 0.0 0.0 1.2 0.0 0.0 1.4 0.6
Nonion sp. 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.9 0.1
Nonionella globosa 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.5 0.0 0.5 0.1
Nonionella stella 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nonionoides turgidus 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.2 0.0
Paracassidulina sagamiensis 0.0 0.5 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.5 0.1
Paracassidulina sp. 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.2 0.0
Parafissurina lateralis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pararotalia nipponica 0.0 0.8 0.4 0.6 3.8 0.0 0.3 5.7 0.0 5.7 1.5
Pararotalia sp. 0.3 0.0 0.0 0.6 0.0 0.0 0.9 0.0 0.0 0.9 0.2
Poroeponides 00 00 00 00 00 00 00 16 00 16 02
cribroconcameratus
Pseudononion japonicum 0.0 0.8 0.0 0.8 0.0 0.0 0.3 0.2 0.0 0.8 0.3
Pullenia quinqueloba 0.3 0.0 0.0 1.0 0.5 0.4 0.0 0.0 0.0 1.0 0.3
Rosalina australis 0.0 1.4 0.4 1.0 1.6 0.9 0.9 1.4 0.0 1.6 0.9
Rosalina bradyi 1.7 14 0.0 1.4 2.7 0.0 0.6 1.8 0.0 2.7 1.2
FRosalina sp. 1.7 1.1 1.3 0.8 2.7 1.3 1.5 0.7 0.7 2.7 1.4
Rotalinordes gaimardi 1.7 0.0 0.0 0.6 0.8 0.0 0.6 5.2 0.0 5.2 1.1
Siphogenerina raphana 0.3 0.3 0.4 0.2 0.8 0.0 0.6 0.0 0.0 0.8 0.3
Siphouvigerina proboscidea 0.3 0.3 0.0 0.3 0.3 0.4 0.6 0.0 0.0 0.6 0.3
Trifarina bradyi 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0
Uvigerina nitidula 0.0 0.5 0.0 0.0 0.0 0.4 0.3 0.0 0.0 0.5 0.2
Valvulineria sadonica 0.6 0.0 0.0 0.5 0.3 0.4 0.0 0.7 0.0 0.7 0.3
C.-P. Foram
Cycloforina contorta 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.9 0.1
Quinqueloculina elongata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.5 0.1
Quinqueloculina lamarckiana 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.5 0.0 0.5 0.1
Quinqueloculina seminula 0.0 0.0 0.0 0.5 1.4 0.0 0.0 1.6 0.0 1.6 0.4
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Quinqueloculina sp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.2 0.0
Spiroloculina sp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.2 0.0
Total No. of Benthic Foram 350 364 234 629 370 230 343 440 230 629  370.0
Total No. of Planktic Foram 134 122 74 292 57 77 109 73 57 292 117.3
Species Number S 51 57 38 73 63 39 58 62 38 73 55.1
Percentage of A. Foram 6.6 4.4 7.7 6.8 7.6 7.0 6.1 7.0 4 8 6.6
Percentage of C.-H. Foram 93.4 95.6 92.3 92.7 90.5 93.0 939 89.1 89.1 95.6 92.6
Percentage of C.-P. Foram 0.0 0.0 0.0 0.5 1.9 0.0 0.0 3.9 0.0 3.9 0.8
Species diversity H' 3.36  3.42 3.09 3.68 368 318 341 3.52 3.1 3.7 3.4
Species evenness J' 085 0.85 0.85 0.86 0.89 0.87 0.84 0.85 0.8 0.9 0.9
Total No. of B. F. in 20ml of sd. 5600 5824 7488 10064 11840 3680 10976 112640 3680 112640 21014
Total No. of P. F. in 20ml of sd. 2144 1952 2368 4672 1824 1232 3488 18688 1232 18688 4546
No (% of tota. of B. F. in 723 749 760 683 87 749 759 88 683 867 768
20ml of sd.

No (% of total). of P. F. in 277 251 240 317 133 251 241 142 133 317 23.2

20ml of sd.

tFrs 3R (U < 0.9, 3 0.9-1.9, BE: 1.9-3.0)
TEE1, AN A 3AH7) A2 L=} (Dolven et
al., 2013). AAXA 355 Al d FokE AeE BH,
Hd® oF o] AEFA o] Ax A B w5
Fz3 Zow vehty gtk RZEHE C/S9 H v]E&2
8.240|H, = ok sdeA 7.04F v]EFEE Ho|T &F
Ao g Fslol AR o7 Flesle S Beltt (Fig.
2-D). wehA Hdx, ) 3 AFFAE 25E A =0lA
FAZF o3 HAE A3kt 24 W AA Ao 24| 9
g FA = Aoz Yehta gl

AXA Fee TAS Axe Hdr el FEx3k=
E. naraensis-A. ketienziensis -E. advenum 7% (B4 1,
2, 4, 5, 7, 84) T} EAHGo £X3= E. advenum-A.
ketienziensis-P. niopponica T3, 2718 +&o] FE3hc}
(Fig. 5). E. naraensist M= @3l <Jsijeddrs e $o
Z 4¥A 9t} (Lee et al., 2016a). L2 E. advenum+
7hekak gl el $AlsE Fo7 dEA Sldth (Lee et al.,
2016b). C/N ¥ (B¢ 11.26) ¥E5 HH, FA319 <]
Zoll $1x)8F A 9ol A 18.50L.% vl 3, 11 9] Y
o HE 8.58-10.879 H|EE-EE H3lt} (Table 1). C/N
e Fade FA%e AR 4HA Stk (Muller
1977; Sampei and Matsumoto 2001). C/N 1]&°] 15 o]
Ad AL F2 SA7Y, 5-62 A= LS AAgE
t} (Twichell et al., 2002). W24 E. advenum®] $-74%2
F FE3he Hdr A 7 SRS wol e X
° 2 St Qe sl 2832 E. naraensis?} -
Adhe Hdx, = ANGL 23] s e ez

1N
rhu

oF 2017F A E<kA] &

o A kAol 23t f71E AAL FA < 7-19 cmE e}

v, A A 2 H45 x|3ksteAdel digh ¥ =3
(e}

HEo] (Fd H4F 1.73 cm/year) %7 YepH, 23] <
S utdsl= E. naraensis’t 43l (Fig. 6: Zone B),
HUdx, Hx EAM#delr= EHE] (Hd H4E 0.23
cm/year) "5 SFowm|, f7lE FaolA FAGFF] Wid
A8 =& CIN vl&e] (4 9, 18.50) Yk, nt
Tl A8k T2 ¢eAl E. advenumo] 54, ¥
gt} (Fig. 6: Zone A). WebA Hdx, A= g4
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Fig. 6. Synthesize comparison map based on the
geochemical data and benthic foraminiferal assemblage
in sea area between Pyeongil-do and Cheog-do.
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