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South Continental Shelf, Korea
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IHS TSt S ADFSIoI A Abstract : To understand the distribution and formation mechanism of benthic
2 S LSS .. . . . . . .
TS SIS = . foraminiferal assemblages, grain size analysis, '*C radiocarbon dating, and benthic
'Fisheries Science Institute, Chonnam National .. . . .
University, Yeosu 59626, Republic of Korea foraminifera analysis conducted on eighteen surface sediments collected from the South
2Department of Ocean Integrated Science, con- tinental shelf, respectively. Surface sediment composed of sandy mud~muddy sand
EZSDBE?O';‘;ESZ? University, Yeosu 59626, facies with an average of 42.54% of sand, 18.20% of silt, and 38.20% of clay. Sandy
and muddy facies are relict-palimpsest and modern sediment, respectively. Benthic
*Correspondence to Yeon Gyu Lee foraminifera are classified into a total of 71 genera and 150 species. The species diversity
E-mail: lygé342@jnu.ac.kr of benthic foraminifera is 3.0~3.8 (average, 3.6). Dominant species (production rate 10%
Received November 27, 2023 over) composed 5 species: Bolivina robusta, Cibicides lobatulus, Eilohedra nipponica,
Revised January 9, 2024 Pseudoparrella tamana. In the result of "C radiocarbon datings and comparison of habitat

Accepted January 9, 2024 environment, Bolivina robusta (2,360 %40 B.P.), Cibicides lobatulus (2,518+33 B.P.),

Eilohedra nipponica were the late Holocene fossil species. Pseudoparrella tamana was
modern species. In the result of cluster analysis, four assemblages composed of C. loba-
tulus, C. lobatulus-B. robusta, E. nipponica-B. robusta assemblages distributed in the
palimpsest sediment of 80~100 m in water depth and P. ramana assemblage distributed
in the modern muddy sediment were classified broadly. Therefore, species diversity and
distribution of benthic foraminiferal assemblages in the South continental shelf may be
affected by the water depth change due to the sea level rise in the late Holocene, and the
sediment facies change due to the sedimentation of muddy sediment inflow from Yangtze
river and coastal area of South sea.
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4352 320 AEH (Kingdom Chromista) f-&%& 2 §3=2 88314 O]-“‘E]-(Scott et al., 2001; Gooday and
(phylum foraminifera) (Pawlowski et al., 2013)] =A37 o Jorissen, 2012; Ellis et al., 2014; Murray, 2014; Lee et al.,
MASH= TN E SEZ2A], ZEFol7|o &@sle] 2 & 2016a; Lee et al., 2016b; Jeong et al., 2019; Schoenle ef al.,
AHE AA @die] o]2&= Folth(Murray, 2014). Aejof o 2021). 53], @A/AA S 55t o lolA AAA &

g B84 338 AL 3322 roldth A4 359 =2 T U= RS BExs f-88 AEE g8
T2 J)|po e As|A HFEATIA] A 25 (Murray, th(Nguyen et al., 2023).

2006; Murray, 2014), 553 & tF4% AA+E 72 fSEe A AAZCR oF 150009 A AR sjH R oF
AR 187 Aol thFsA 851 th(Gooday and 150~130 m RSt e 7] 2o =2530d F= 45}

Jorissen, 2012; Murray, 2014; Schoenle et al., 2021). £3] 20 7] (LGM: the Last Glacia Maximum)-‘g— Ay 2k 10,0008 A
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(ZF2A, Holocene) ¥ @Ajof o|27|71A] Ws}7]7h Euba
717} AEol MATAH R 723} Seto] A5 A
712 4 A At} (Chernicoff and Venkatakrishnan, 1995).
ZA iS58 AKX G55 AN E Tt T2 2 &
e FA5H = Aoz dEA th(Cronin et al., 2019;
Ranju et al., 2019; Buosi et al., 2020; Pavel et al., 2021). 71
AU et def iS55 2FERHE E2sk= AXAL #

3% Aol B3 A= F3] mH|EHA A= ATk (Woo,
2007; Jang et al., 2009; Lee et al., 2012). WetA E oA
£ G 5% 25 HHEA AEshe AN

% % vy 0 FUEEE Toeln YATIAE ofshelant
st
| o1 x|

Gl fE 62 AESRE oo &2 E FETaet
AHeH, FHLZE Y3t gat dAEE gz et
AE 729 Ate] ot =24 ¢F 150 m ©]8+e] HEF &
&5 dez A A2 giAIZ oz sfjetxat Hayst &
AAS Ao, ‘aLé ko2 Zag Zojx 1 giste @l
o2 A= 4 1 V*Oﬂ olEt}. FFE duptHel &
Ao o3 = l S e AGo 2 A, guptFE
FAHE et %’%POPEVP 592 St 55 Adset
EEstHA BT A2 Alo)E B3 gigtege = fidnt

(Fig. ). A7AGL2 AFE BF 3oz 3= daljot d&
T4 Abolell f1X|3aL, 242 50~100 mo] T},
| = 2wy

1. A=

a3l HSe 1870 3 (SH-1~SH-18)°| 4] ¥~ 50f (box

coren) g 0|83t EFEHAE U 435 ARE AWt
(Table 1, Fig. 1). &A Foj& 35 HHEY nHL WAE]

st} ARG A

2. E|lX= giE EY

E| 2% ARE Ingram (1971)9] E44 o] mat 0.1N g4t
(HCDFF 10%2] ﬂ*}ﬂ)\i-’.‘—(HzOz)i 2447k o4 HhgA]
A BT {715 S8 AASAT ©]F 40 (63 um) &
TAE o] &3t A*‘Xﬂ” (wet sieving) 2 2Z AT} APA2 B
Z5l1, 284 ABE A% T FZRAE A T grEe
BAE T3tk AEA ABE 0.1% 228N (sodium hex-
ametaphosphate) A7} &, X-A AFY=E £47] (Sedigraph
51002 B4310] Qo] MEee Tt YEo] FARA
< Folk (1968) ]l whet El&E9] =24, 584, B
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Fig. 1. Map showing bathymetry and the sampling sites in the South
continental shelf of Korea.

Table 1. Location of sampling sites and water depth in the South continental shelf of Korea.

Site Latitude (N) Longitude (E) Water depth (m) Site Latitude (N) Longitude (E) Water depth (m)
SH-1 34°13'52" 127°53'12" 67 SH-10 33°57'30" 127°32'46" 85
SH-2 34°11'00" 128°00'00" 77 SH-11 33°53'43" 127°39'34" 92
SH-3 34°07'30" 128°06'48" 86 SH-12 33°49'30" 127°46'23" 98
SH-4 34°04'12" 128°14'37" 93 SH-13 33°42'00" 127°32'46" 93
SH-5 33°57'00" 128°00'00" 91 SH-14 33°45'30" 127°25'57" 90
SH-6 34°00'00" 127°53'12" 87 SH-15 33°35'00" 127°19'08" 100
SH-7 34°03'48" 127°46"23" 84 SH-16 33°39'30" 127°12"20" 100
SH-8 34°06'56" 127°39'34" 60 SH-17 33°49'30" 127°19'08" 85
SH-9 34°00'00" 127°25'57" 79 SH-18 33°53'43" 127°12"20" 80
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AR 35 B89 AT FFEHE A Ee AF 1emol
£ AFst, A (Hexamine) 22 F3+(pH 8~9)

A1 5% E2RE (formalin) 84 H7bste] @A 14
AFT AR 28F 5 24A17F ool 40 (63 pm) EEAZ
FAAE F, 40~60°Co] =04 AZRAIF T H2E A=
FE3ol 300704 o]4d W= mFE 7] (Microsplitter) S
AHESt A RE BEg & AAARH O R 335 FET
T 82 = 28 B9t AAslaL 89 &
T5L AAFAFA R (SEM; Scanning Electron Microscope)
= ol&ste] &Y, vAlFEE wetsto] 4o &85ttt

9 A 5T S gotir] fsto] Z4 A&
T-2of w2t AH (agglutinated) 353 43 #2143 (cal-
careous-hyaline) 551} 434 Z}7|A (calcareous-porcel-
aneous) 5322 HFsto] A& v]&S A4St 284
oS & Ta2 ofA g1, BT A fresE =%
she A AR EE AAse HEE AL 221
7k ARA AHEshe A 733 E8F(S)S 20 mL
T SNATE Foklch TS A4 (species diversity)
(Shanno, 1948)¢} £4-5 = (evenness) S FAFHEZE AAII L
Z}2E4-& PRIMER ver 5.0 (PRIMER-E Ltd) 2 ©] 83t}

F249) Aol 71231 RS TR Holo] W3
4 (Cluster analysis; CA) ¥ T2} =5 (non-metric Mul-
tidimensional Scaling; nMDS)<& A A3}t 2 2242 ] A
A F55Y A AEFe LR siglen, Ad 1 A=
A4+ Bray-Curtis similarity (Bray and Curtis, 1957)& AR+
st A EA 9 osff FREHN 72+ IF 7+ FAMIl 719
3}+= & (discriminating species)2 Ie}57] ¢l SIMPER
(Similarity Percentages Species Contribution) £4-& A3}
At}h(Clarke and Warwick, 2001).

EAE d= 24T AL F55HY AAE hetst
7] $J8te] A48 EA (Principal component Analysis; PCA)

S AABHs
4.1C A=

AXY G559 AAAZIE Tretstr] §ste] Ats H oA
AHEE 94 & FESIY MC AdEAE A e d
th&A L u=o] Beta Analytic Inc.ol|A] 7}&7] Ak BAY

il
o xR

ol

(AMS: Accelerator Mass Spectrometry) 2.2 =3 =1t}
|z =
1. 53 EIME XY Y 2%

2 B REL BA3NEF 42.54%9) B} BH3EF 38.20%

o] HEZ} 44 HAECY, AEZ HHEF 18.10%2A4]
2xgth B A7adY £5% A SH-1, SH-2, SH-7,
SH-890|A 1%2] Z3] u|efst 25 Holuy, GARSE I
£ Az} Z7}sto] SH-14, SH-153 A0l A 90% ©o]Are] X th3t
o2 yepdtt(Fig. 2-A).

A4 U2 M), AHEY (sM), GUHE (gM), YEAHmS),
FEYAAL((2)mS), GUZEAHgmS), AHE(S) 2 FFHAH(2)S)
o] g7/i2 Yeiyttt FHFYEE Hd 565004, EHEE ¥
T 29602 "¢ EFS A0 Yehdth EE) EXZE B
(Fig. 2-B), 47399 5552 Aldde U4 g3l
o|F 1, FARe A AL B ARE T
AL EF@Ao] BAsha, FAEL YA A4S Fagt
4 gF@go] £2 Buditt J, AFE EF dAGolA T3l
5T R AEste s S Bl

1B N
o =2

N
=

r—?d

gl g5 E3F 1871 AN AXAE 358 F 7IA
120,0797020 mLZ, ¥ 714 150%-& EF3H9 ) AEnle
HEl oA w1 dedge R FafiA HoRle A=
ot (Fig. 2-D). #AFE AHE 13% 6% 145(03~14.7%
Hat: 6.8%), A 55 584 1183 (68.9~99.4%, Ht:
85%) W A7 5% 74 18%F(0.3~16.5%, Bat: 7.5%)2
2 A 755 & BE ARA s, M w2 A
=g Bt A §383%L Textularia foliacea, Textularia
conica, Textularia sp. 5 Textularia 42 3 Fo] Lo, A
Fr E5dfYolA o E2 AENEE Eh(Fig. 2-0).

FTHI=H)= 3.0~3.89 Y (H: 3.6 2 AFE 553
oA FoMAle BEe EUth(Fig. 2-B). #74 35 A=
HE (RRAFES/ERTT BT 24924 AFE 55
Yoz tha gopRl= AFS AT (Fig. 2-F).

AT 1871 2APH T 24 170 o] AH-AA 10% ©]
Al AbZESlE £ YA S 2 3192 W, Bolivina robusta, Cibi-
cides lobatulus, Eilohedra nipponica, Pseudoparrella tamana
2 F 4% 02 YeYth B robustas AAEB|E 2.9~12.3%2
Bt 9.6%0IH, FE EZHFS Ho|A| P=T}(Fig. 2-G).
C. lobatulus= AHE8& 1.1~17.9%2 Hd 9.6%= HE3HH
ATz Essiger A&ul&o| 71kt (Fig. 2-H). E. nip-
pnica= AFEH& 0.3~17.6% 2 B 6.4%= BE31H AF=
EFdgez Aauleo] WolAls A3ks Elth(Fig. 2-1). P
tamana’= AHEH & 0.0~33.5%2 B 6.5%2 EE3IH AT
3 H o] FEsHolA 30% old ¢ w2 AEEEE HY
ot (Fig. 2-)).

AYEA R HAZA LA =ES T A fE35
=3 24 23 (Fig. 3), FAHE A= 65.47914 371 S22 &H
(A, B, O F&#5°131, B 2T LHe FAKE A5 66.4590
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Fig. 2. Distribution map of the rate of sand (A), sedimentary facies (B), rate of agglutinated foram (C), number of benthic foram (D), species di-
versity (E), number of planktonic foram (F), Bolivina robusta (G), Cibicides lobatulus (H), Eilohedra nipponica (1) and Pseudoparrella tamana (J).
Note, M: mud, sM: sandy mud, gM gravelly mud, mS: muddy sand, (g)mS: slightly gravelly muddy sand, gmS: gravelly muddy sand, S: sand, (g)
S: gravelly sand, foram: foraminifera.
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Al 270 (BL, BIDZ AlZ&Eo] F 4719 S22 FEEHH]
th A 2 AHNNE C. lobaulus (14.1%)7} A8}, T
O 2 T foliacea (5.8%), Cibicides refulgens (5.0%)7} $=HF= T},
A 2B 2E & C. lobaulus - olth. BI S AHA 4%
2 E. nipponica (11.7%)°]", B. robusta (8.1%)%} C. lobaulus
(6.4%)0] £4HtEIth Bl 8|AE¥E E. nipponica-B. robusta
+3e g2 AR Bl S8&H £HFL C. lobaulus
(10.7%)°], L th22 2 B. robusta (6.1%)2} Paracassidulina
neocarinata (5.6%)% YEGTE BIl E2|2EH= C. lobatu-
lus-B. robustadRA 22 AAERE C EA2EHE P ramana
7} 33.5%2 7V =& v|&2 S A0, Athe 0 2 Ammonia
ketienziensis (1.3)%2} Pseudoparrella naraensis (71.0%)7} At
Z3tt}. P tamanad-3 o]tk

AIEA AT, C. lobatulusT-3, E. nipponica-B. robustaw
A, C. lobatulus-E. nipponica@3T} P. tamanax-3 9 & 47H
o] ZAlo] AAE LY. C. lobatulus? A AFE BSa)|d £3
st Ao 5552 ¥l A= C. lobatulus-E. nip-
ponica@3, E. nipponica-B. robustax-3} P. tamanaw-3 0|
Ex35it}(Fig. 4).

3.C grfsy

AXE 755 28 HEF T 7H 22 AEHES Hole
B. robusta®}t C. lobatulus®) 93t “C A=A A3k B. robus-
ta= 2,360+40 B.P. C. lobatulus= 2,518 +33 B.P.o] A&t
Aoz venith

| = =

1. BEEIXE X0 HME R35 Z B2

lé AT ESHAETS AH (B 42.54%)% UE (B

6.4%)2 A=, APE YA FHALS 55399 At
% et F2 x5k, I 99 SR 9 FAsgolA= A
AY 9 YA Y] &3 HEAdo] Bt HatiSe
HEZ $4 80mE FAR WEE T gdsses i
o, Y552 2 @4 U NGAEHE 14T, ods
B2 Tl sl Al FA4E 2UEY AR BH

= (Bmery, 1952)3 @4 UAEZEN 7Y B2 &
B2 &2 palimpsest (Swift et al., 19712 TS A2 &
2] A IH(Choi and Park, 1993; Lee, 1997; Lee e al., 2008).
HAE 243 ANY §359 4BBAS Bt 9
& FAHEEAE AT (Fig. 5). AlIFAAES A 24
o T8l 52.02% 2 EAE QJwo} AmAo] =1 ApRgEe
31.52%9] 7|6&2 £3% 24T AFAo] =& AHo|th
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Fig. 3. Dendrogram of cluster analysis (CA) and ordination of non-
multidimensional scaling (nMDS) to benthic foraminiferal collected
from 18 surface sediments of South continental shelf, Korea.
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Fig. 4. Distribution map of benthic foraminiferal assemblages in
South continental shelf, Korea.

AEEY a8 YA RHES FE) AL P amana™ £&
AYE Holn, A 9| JIFA AHAE| A2 B. robusta, C.
lobatuluse} AL Bolth A=A A3l B. robusta, C. lo-
batulus'= Z¥Z} 2,518+33 B.P,, 2,360+40 BP.22 T2A &
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Fig. 5. Distribution of the factor loading by PCA in South continental
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ifera, P/T foram (%): Planktonic foraminifera /Total foraminifera).
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Fig. 6. Schematic diagram showing the formation processes of ben-
thic foraminiferal assemblages in South continental shelf, Korea.
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2. el &S XM Y

om=
733 =4 48

X84 AT, C. lobatulust-3, C. lobatulus-B. robustad-
A, E. nipponica-B. robustaa-3 D P. tamanav-F 22 F 47}
o] Exgith

C. lobatulusv-3,

ica-B. robustaa-73-2

C. lobatulus-B. robustaw-33}+ E. nippon-
2 A 9F 80~100 m2] 39 relict~pa-
limpsest sediment®]] £X3}31, P. tamanav-3< 44 70m 9|
ste] A YA E|Z Ao -5': 3ttt (Fig. 4). B. robusta= £-55
oA L] FIFE W= HEFoE A A UrH(Zhao
et al., 2018). C. lobatulus®] AXAEE= oF 40m= L3 A (De
Nooijer et al., 2008) J2ou, T3 FAAE =4 80~100m
oAl 4hEstH, MAHETE oF 0~15 m=Z Y2 A (Costello et
al., 2001)l+= E. nipponica. Q73| G| A= 70~90 moi| A
A3} o]t AMAA RS ASAE Aol BEA 7] 3
- Alo] 7]213t Aolth P tamanaw= AT H o B5=0
A 30%2] A& Hol, B Akita A 285 29 &

A Ao 2 A4 A Itk (Matoba and Fukasawa, 1992).

&l NEEQ C. lobatulus 3, C. lobatulus-B. robustad
R 3} E. nipponica-B.robustad- 32 B5F E2A &7 #3 L
2 ol Y EAQ 22 Ho} O]% THES EEA ¥
7] gl Aol & 22z A=, P ramanaF B
SSM| i 2402 ST Fig. 4). Tk A4 $55
T HE& E2A 37] AsjeH7] sfjgHe] Yok Al7]ol Al
o ARG C. lobatulusT3, B. robustad? S0] T2A &
7] siRlol 93l o] Aol what sigk F Aol o3 <
g E5oA A= eH, YWEEdis @ Ud EH=
A P tamana@-3 0] GAH AL 2 W HT}(Fig. 6).

|7E*E

gl &5l 224 7] 3 & AXE F352
Ao 72X C. lobatulusa-7, C. lobatulus-B. robustad31} E.
nipponica- B.robustaw-3 0] £3x311, A SSM] tE 3
© 2 P tamanaw-7}0] X3 E2A] T7] A FE AAA
FEFTHEY 7R E2A £7] dledo] Aol 719l
&k, P tamana=-3 o] 344 WAEZA @ UYHAEHE
Ao w2 A 213H4 #iste] 7]l

I Q OoF

= g3l Hi5e2 XNH f5% TN A 2 225
sfetsty] fiste] wal tisg 187] oM ESEHAES A
FshaL, A= 24, HHAY, AR f5E 2dEY L Cd

24 AN E2HARS A, AE 9 HES T
el ARRU~TUZA gRAe = dETh 2P A9 AF
A EHA relict~palimpsest sedimento] ], A|H2 9] YA g
A& A UZ =0tk A 352 T 715 150F
o] EREeH, FoYE AeH)E Bt 3.622 AlFE &
FAHGAA FotA= AFS Btk $HL(10% ol 4+
2 Bolivina robusta, Cibicides lobatulus, Eilohedra nipponi-
ca, Pseudoparrella tamana 50|t} A2A17] D A2|Z|<} At
ZX] &7 v|n 23}, B. robusta (2,360+40 B.P.), C. lobatu-
lus (2,518 £33 B.P.), E. nipponica= E2AZ7] 34F0|H,
P tamana= @AZ o2 AZET AN £33 2A-L C

lobatulus<3, C. lobatulus-B. robustaa-%, E. nzppomca—B
robustad L P tamanaA Q] & 47)2] fH o] AAE L
W, C. lobatulusv-3, C. lobatulus-B. robustaw3, E. nippon-
ica-B. robustad-R< 4 2F 80~100 m 2] palimpsest
sediment®]] 323}, P, tamanaa-3-2 4] 70m ©]5He] TAY
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Plate 1. 1. Textularia stricta, SH-13, 2a, b. Fissurina lacunata a: SH-2,b: SH-4, 3a, b. Fissurina laevigata, SH-2, Figs. 4, 5. Fissurina orbignya-
na SH-18, 6. Favulina hexagona, SH-18, 7, 8. Nodosari scalaris sagamiensi 7: SH-3, 8: SH-16, 9a, b. Lagena acuticosta, a: SH-10, b: SH-7, 10.
Lagena hispidula, SH-3, 11. Lagena striata, SH-6, 12. Lagena sulcata spicata, SH-9, 13. Lagena sp., SH-11.
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Plate 2. 1. Obliquina acuticosta, SH-5, 2. Lenticulina calcar, SH-3, 3. Planularia sp., SH-14, 4. Bolivina floridana, SH-12, 5a, b. Bolivina pseu-
doplicata, SH-1, 6a, b. Bolivina robusta, a: SH-2,b: SH-3, 7. Bolivina seminuda, SH-1, 8. Bolivina striatula, SH-1,9. Bolivina subreticulata, SH-
6, Figs. 10, 11. Bolivina subspinescens, 10: SH-5, 11: SH-6, 12. Bolivina sp., SH-6, 13a, b. Globocassidulina subglobosa, a: SH-16, b: SH-3.
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Plate 3. 1a, b. Paracassidulina neocarinata, a: SH-10, b: SH-3, 2. Stainforthia sp., SH-12, 3. Bulimina elongata, SH-1, 4. Bulimina marginata, SH-
16, 5a, b. Bulimina sp., SH-2, 6, 7. Uvigerina asperula, 6: SH-15, 7: SH-6, 8a, b. Uvigerina procoscidea, a: SH-9, b: SH-17, 9. Uvigerina sckencki,
SH-15, 10. Uvigerinella glabra, SH-2, 11. Trifarina bradyi, SH-7, 12. Reussella pacifica, SH-2, 13. Poroeponides cribrorepandus, SH-13.
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Plate 4. 1. Poroeponides cribrorepandus, SH-13, 2a, b. Gyroidinoides cushmani, SH-16, 3a, b. Oridorsalis umconatus, a: SH-16, b: SH-13, 4a,
b. Eilohedra nipponica, SH-3, 5a, b. Pseudoparrella naraensis, SH-1, Figs. 6, 7a, b. Pseudoparrella tamana, 6: SH-2, 7a, b: SH-1, 8a, b. Pseud-
ononion japonicum, SH-2,9a, b. Astrononion stelligerum, a: SH-6, b: SH-2.
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Plate 5. 1a, b. Astrononion stelligerum, a: SH-2, b: SH-6, 2a, b. Pullenia quinqueloba, SH-9, 3. Hyalinea balthica, SH-4, 4a, b. Cibicides lobat-
ulus, a: SH-18, b: SH-13, 5a, b. Cibicedes refulgens, SH-13, 6a, b. Ammonia ketienziensis, a: SH-5, b: SH-4, 7. Elphidium advenum, SH-3, 8a, b.
Elphidium clavatum, SH-2, 9. Elphidium jenseni, SH-6, 10. Elphidium subarcticum, SH-2.
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Plate 6. 1. Cornuspira involvens, SH-5, 2, 3. Spiroloculina elevata, 2: SH-12,3: SH-11, 4. Spiroloculina communis, SH-17, 5. Spiroloculina sp.,
SH-14, 6a, b, 7a, b. Quinqueloculina akneriana, 6a,b: SH-2, 7a, b: SH-7, 8a, b, 9a, b. Miliolinella circularis, 8a, b: SH-17,9a, b: SH-15, 10, 11.
Miliolinella sp. A, SH-14, 12. Sigmoilopsis schlumbergeri, SH-12.



