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ABSTRACT

Geochemical as well as trace metal and benthic foraminiferal analyses of surface sediment conducted in an
abalone farm to understand the degree to which the farm facilities installed along the channel sea affect the
benthic environment and ecology. Surface sediment composed of a fine-grained mud sediments, had a total
organic carbon and total nitrogen content of average 1.34% and 0.12%, respectively, which were lower value than
the surrounding area. Dissolved oxygen with average 5.06 mg/L and ratio of carbon to sulfur with average 5.28
shown a good condition in the degree of oxygen saturation within sediment. In benthic foraminiferal assemblages,
Pseudoparrella naraensis-Eggerella advena-Cicides lobatulus assemblage with very low abundant frequency and
E. advena which are indicate a bed habitat condition and eutrophication, respectively, is broadly appeared in the
centre area with many abalone farm facilities. These may be not related to the geochemical data of surface
sediment but the distribution in the centre area of planktonic foraminifera with low abundant frequency indicating
the very slow flow of seawater. Therefore, a bed habitat condition and eutrophication appeared in abalone farm
between Bogildo and Soando may be caused by the very slow flow of seawater formed by many abalone farm
facilities.
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Fig. 1. Distribution map of abalone farm (dark gray color) and
seaweed farm (white gray color) between Bogildo and
Nohwado, Soando (modified from Choi et al., 2014).

oA wo] g3iE|o] gkom (Schafer et al., 1995; Scott et
al., 1995; Angel et al., 2000; La Rosa et al., 2001;
Kalantzi and Karakassis, 2006; Sutherland et al.,
2007; Vidovic et al., 2009, 2014; Ellis et al., 2014;
Thornberg et al., 2014) A%, & & dF F2E5o 2
gk Qg wol dA A

U AEFAL2 1960H] At ekl FEAA A
THE] AlE]gl o) 2000 Hell o] 2] AYate] A=t
3t} (Song and Kim, 2013). AREA] AAF 5 A&
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1987; Christensen et al., 2000; Pearson and Black,
2001).
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Fig. 2. Sampling station and bathymetry map of channel sea
between Bogildo and Soando.

(Kim et al., 2011, Kang et al., 2015). wehA g 2=
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W Aol 270 —20 mel Deha, BE ARpAe] RE
Sl BAES} 2ekE Aol shele]tt (Fig. 2).
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AERAA Bl AR x5}sr 24 W AN L= x4
9 FASAE Fetsbr] g8 2AW W ¢k s 15709
A7 (Fig. 2) °IA 5€ E2FHAES A8tk 254
22 AY”] (van Veen grab sampler) & |83} A5
AF st ZFEHAE AlEe AFH 5 FA A7) el 2
S oliE Wk, 29 T T HAVE g4l T
= i@' 2FOF EVJ% WA 2 emo|He] AlgE A
%5 2 FAEHAE ARdA
= 1E| A frET

ik (HCH= AH71ste vhibeds hAs] Al ¥ 0%4
ikl (Ho00) & 2718k 24417F o] 4 bk /‘]74 )&
<+ A3 AASI Y. SAdT sl AAR HAEL 4
@ (63 1m) AE A3t FAAA (wet sieving) ©f 23
24 HAEN ARA HAEE Heleigith 294 HAE
< AzxT)elA AxAZ] F ZEAE o83t AR (dry
sieving) ¥ ¥ =87 FAS SAsKA AHA HAE2>
AR WAE S8k 0.2% dAbERRIAVGER &
(sodium hexametaphosphate) & %7}3t ¥, X-ray A%
=847 (Sedigraph® 5100) & S8 WE&S 73yt
) B BAe 294 AL HAEY Q% SR
FA) MEEE o]-83le] Folk (1968) < ®hyel we} =4
o] slexAl, EAA (sediment facies), T UE (mean
FX% (sorting) 5= +A3}Ich
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Ml a%

grain size), -
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HAge A S48 skl Sl Az
(Ignition Loss), pH, &f7]¢t4 (TOC: Total Organic
Carbon), £24 (TN: Total Nitrogen) L8] Z3} (TS:
Total Sulfur) ¢] = FAsleh 4842 F2470x
o] ¥435= EHAHE AEE PP Tubed 92 H IN g4t
HQ) = A7bste F71das ARl F71das A7
3 B AE ABE= AxT|oA] oA g W 22 A A 5
Elements analyzer (EA 1100) & ©|-$3}s TOC (F7|&t
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matter content) & #4131}t pHE 4L EAE] A
o4 pH spear (Eutech instruments) & ©]§3}e] 24

27315k

F3to] FH3}ste] 2 (He)
< AQg 2594 (Al Fe Mn Zn, Cr, Ni, Cu, Co, As,
Cd, Pb) B¢ Ax7]6l4] 105CE thAl 515 Eet 2547
e A5 ASG. olF HEE 47104 AR o
0.25 goll &3 (HNO;:HF:HCIO, = 3:1:1) & 7} ¥ »}
o278 JlpEalAx]  (Microwave Digestion System;
IT/ETHOS Touch CONTROL) ¢4 EA=& #3513}
A7t 2 HAE Nee 2R A5t A2AY &
gl=n} AR 7] (ICP-MS, Inductively Coupled Plasma
Optical Mass Spectrometry; Perklnetmer CA Nexion
300) & 433k

T SAS S EEsE AxAE oF 20 mgs HEE
&7l gaL A4k (HNOy) 2+ 44k (HCI) & 71 § 7Fd#
oA 120CE 447k 7}8lgict. o] 7kddt A es ¥ o
gste] AR A wE At As 7 7] TA

A & olx& SnCLE w5 F22o% 35} TZL
Ao TAE 3 A2 FEA7] (Tekran 2500) & =
St} (Smith, 1993).

A% T25 AEAe 474 Al = 0.005 rg/kg, Fe
= 0.0003 rg/kg, Mn = 0.00007 g/ kg, Zn = 0.0003 /«
g/kg, Cr = 0.0002 pg/kg, Ni = 0.0004 pg/kg, Cu =
0.0002 g/kg, Co = 0.0009 xg/kg, As = 0.0006 1 g/kg,
Cd = 0.00009 rg/kg, Pb = 0.00004 /1 g/kg, Hg = 0.0003
rglkg °lt.

443l 23 BAE slelel vl BPAS] HAE o F3
4 7lo]l=gelel ER-L (Effect Range-Low) % ER-M
(Effect Range-Median) ¢ sx7|&3 ®|m 36t (&
III-1). ER-L7} ER-M2 A= 4 29549 5= S/}
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&

st

o, o}ﬂ_,

el e vAs TS SAdE dLsigis o
77t 8ke 10%2F 50%°l dlgsh= #telv}t (Long et al,
1995).
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ﬂﬂu LH«] '9‘-—‘—/\1"\ (DO: Dissolved Oxygen) = &7
A E&E A5E AF 3t Picoammeter PA2000 (Oxygen
Microsensor, Unisense A/S Company) & AH-3l¢] EdE&E

% 57 1 mm WellA A ZA43sich

5 MM 735 4

AMY reEs A 98 &
emelA 20 mLE EekiE Wl g2 § 24 9 2as 9
sl Isoptopyl alcohol= 7))t} 1’3%
alcohol (1 L) o= AolglE= 742} é
3le] 2 go] 2=97 (Rose bengal) &
9t} (Schonfeld et al., 2012). AFA
m) 2] J:-TX]E o] g3to] 7 =73} A =
5 w2 AlmE 60T ©]3ke] x4 Az ’\]7;31‘4. Azxs A

mﬂ
_Hl
2

d

B fEFol 300 Al oAd  wE=  mERte]s]
(Microsplitter) & AH-3lo] A|55 Fe]3t & AAd0A
(SMZ1000, Nikon) 2.2 #3%& #&39c. 3% 54

(classification) & =73 £3S F3l F& Flgich
AR A 55 S ol st 4o A4
3} Fxo] w2t A (agglutinated) 553 A3 f2d
(calcareous-hyaline) 253} A3]|% 2}7]4 (calcareous-
porcelaneous) 73552 % 573} 7.} 1——-515] 52 Axtslel

o P FEes T E5E A 4, A AAMA
T T3 AA AR 1]’*]5]": v&S Antst
Sk 2 ZF AAleA "PEE}*‘ AR F3ee] EdEF
S) ¢ 20 mLF S3NAFE T35} Sk (species
diversity) ¢} 755 (evenness) & AAER A £
tofs =442 Sahannon-Weaver  information
function (H) & A3} ¢} (MacArther and MacArther,
1961).

s
—Y)PIn P, (Shannon and Weaver, 1963)

i=1

%’4 Ao H'E & vk Ageld, S& 3% &, P
gl etk A Fo %3431%013}. 2E AT
2 Tl £ AF Hag 05 7Y, 2E AV U2 F
o7 FAE A% F ook HE InS2 ﬂuﬂﬂ At 2y
2L o Fo 74«1 oM witElE A W o] &
5 3H viEEE Ade] A vl H' gk 7HA1A Sk
oA F U s 54 Y TTEE (evennsee, J)

A A
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)

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

T3 gtotdl 55 TAol A HlellA ofw £ Fe
£ 7HR=A] getslr] ¢Jste] FAEA (cluster analysis) &
AAskgy, EAEAL PRIMER 5.0 (Primer-E Litd.,
Plymouth, United Kingdom) & °]&3}3it}

IBM SPSS, #]¢j¢= (Pearson) A#A5E o]43le] 37
L4 ExA, AzExA) & AETH (5% 4D A}
ol9) ARRAE shetelr] SIoke] ThZEA (Multivariate
analysis) & AASISITh AABAE o] &3] AR W7
g FolF+= FAFE ¥4 (Principal Component Analysis)
> 23159 tEEAAdel ot #AIE A & 5 Sl wiE
2 (Varimax) A& o|83te] 2914191l 4% 7"5]'
o el di A FALES o] s
£ 242015 24220 o SALA Regrossion
Analysis) & AA3Ch

38 2

o

2 o

1. XFFAE AL EH

BAE ABFA 167] AAe] 25EAE dexdE 2
(Appendix 1), A2 &2 0.00-1.29%= A4 13} 9wl ol
uk wju)shA] Yehar, 2= 0.19-31.56% (BT 6.08%), A
EX 34.12-47.83% (BT 39.86%), HEE 31.90-63.66% (4
T 53.97%) A, F& AES HEQ xﬂfﬂﬁ HAER A
o] i}t HFYUEE 8.20 ¢oli, FFL HF 246 0=
w5 EFshA Uitk HA2 YA, AM’% LT b o)
Yol 37 gAtes AR, AA 2 FEAA HAak
- 2% Q1A sioks vt EEeha, YAHALS BAw e}
AQkE Abola Fakioll WAl 3 (Fig. 3-A).

FZ2EAE2] pHe} DO 18] ILLS 747} 6.96-7.64 (T
7.22), 3.95-5.96 mg/L (FT 5.06 mg/L), 5.88-9.29% (HT
8.45%)2] M E Yelyth DOE AntEe R sy AY
of ZX 5 mg/L A%e F LEE ®eltt (Fig. 3-B).
TOC, TN, TS: 77 1.13-1.96% (T 1.34%),
0.09-0.14% (BT 0.12%), 0.22-0.40% (BT 0.26%) T
W= depdol TN 7892 552 (F4 49: 0.13%)
o RAxE EEaet (AA 5H: 0.09%) o= ¥slo] A=A
o7 Yolx: A3S ®elt} (Fig. 3-C). C/NI C/S H]‘g-—
27} 10.63-15.97 (B 11.65), 3.00-8.85 (AT 528)94 L
T H9E HolH, S+ BAE 55 AAsetellA va v
Uehh} 1 9] slde AubEog 56014k *Jtﬁﬁ.ii =
2 H&EEE ®Bar} (Fig. 3-D).
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2. B3EHAE FEH
BT ﬂi"“‘ﬂ-ﬂ E—'?EW% Fa5 ¥4 2
= 747} 3.17-5.20% (3
T 4.16%), 2.86-4.47% (Jéﬁ 3.75%)0]313, Mn# Cod %
=9 27 307.36-502.13 mg/kg (BT 380.54 mg/kg),
6.44-9.82 mg/kg (3T 8.37 mg/kg) ©F JEPgT) Zn, Cr,
Ni, Cux 77} 54.95-85.04 mgkg (BT 74.05 mgkg),
31.79-48.75 mglkg (BT 41.23 mglkg), 16.44-26.01
mg/kg (B 22.70 mg/kg), 8.60- 13.28 mg/kg (H¢ 11.52
mg/kg) & M9 2t} As, Cd, Pb, Hg= ZH7} 4.18-6.68
mgkg (HT 5.28 mg/kg), 0.04-0.05 mgkg (H 0.04
mg/kg), 6.79-9.29 mg/kg (BT 8.16 mgkg), 0.02-0.03
mg/kg (H1 0.03 mg/kg) ° HHE 2ok Nie A4 14
7} 9HE AlLgk kA AR elA ER-LETE =] vyt
Nig A<fg Yz 9452 25 ER-LET} otk

L.ESHAE AL rET 2A R 2

A% ARFAG TG 2FHAEY T 14719 AA
(87 139 ght EX) oA F 535 72F (AHA 7, A3
A-fA 595, A3)A-A714 65) o] EFE STt (Appendix
2). EA% 20 mL @ £338l= AA4E 518-20,0327) (T
5,1737H) = A4 6 (5187) 7 4 8 (8167H) <A 7P =
- AleE B33, AA 1 (20,0327H) ClA 7P =4
Elyiet o] 5 AHEHlE 23 E ¥ (Fig. 4-A), A79 54
oAl eF 1,000-3,0007] o]3ke] v FE WS Houf B
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Fig. 4. Distribution map of total number of benthic
foraminifera in 20 ml of sediment (A), percentage of
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foraminifera in 20 ml of sediment (C), abundance
frequency of Eggerella advena (D), abundance
frequency of Elphidium advenum (E) and abundance
frequency of Pseudoparrella naraensis (F).

A% 3ok Fste] AAFrE 543 Tl FEE Bl
& AR 3.2%-20.8% (BT 9.5%) °] WAE
%]j 6 (20.8%) ¥} 8 (18.6%) °llA =] vehdr} o]
B (Fig. 4-B), T4+ Eﬂd"ﬂ/ﬂ =7 vYeh= 7
F& 2otk ¥4 755 28 WA 1491 BANA H
AE 20 mL 9 140-2,43271 (HH 10297H) 2, A4 69
(1407H) 2+ 891 (2727H) oA 7P S A4 19l A 7} =
A Jehdtl ol £EE ¥4 (Fig. 4-0), 739 52
oA 30071 o]kl vhe X W E Holuf BA® Eﬂ‘ﬂ“a‘
sto] JAl7E 5438 Sk FEHlE ®elth
3.02-3.439] X HSE ZA+ TUSE A HT 3.21
2 a7 Adel AA 5571] "]"4‘4’1 N
7+ ﬂﬁtﬂ X]/ﬂ/ﬂ gz o ﬂvj_ 17H X%ﬂoﬂ/q Nl
=71 10% o1l &) 2, % 7@ 12 Elphidium advenum
(12.1%), A4 2, 3, 4= Pseudoparrella naraensis?} 27}

= Ew
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13.3%, 16.3%, 16.1%% $AFToE A&tk Ad 5&
Elphidium advenum (20.8%), A7 6< P. naraensis
(19.3%) Eggerella advena (13.1%) 7} $HLo = A&
o} AA 79 $AHEL P. naraensis (19.1%), 37 8& P.
naraensis (15.1%) 3]- E. advena (13.2%) °|t}. AA 10,
11, 12, 14, 1594+ 2% P. naraensis Wto] $4F0 2 At
30 I ¥)&2 15.2%, 21.1%, 15.8%, 13.3%, 22.3% ©|
o} & 1470 AANA $-HEL E. advena, E. advenum, P.
naraensis 308 ol& EIE »d 23 2o E
advena< ATHNS FdHodA A4 el (Fig. 4-D), E.
advenum< BA% 55 jotollA =4 £33k o} (Fig.
4-E). 281 P. naraensis = 2% 5= dokS A3t o
-T’-Z] AdeA =7 vepdar ld (Fig. 4-F).

ree TA= g flste] 2 AR 1% o]
71&E2o2 7ZF AAHTY cluster analysiss A3}
Aok 2 A7 AR 79.3%CA AAA 3 TS 2A
2749 2F o FEHAY (Fig. 5-A). 1F 12 841, 5,9
2 745 E. advenum-A. beccarii TRt} 1B 1&
0= P. naraensiss WEFOZ 3= IFOZ2A, IS
82.53%°4 3719 &FA (II-1, 2, 3) °o& AE=, 1%
II-12 AA 339 72 F4% P. naraensis-E. nipponica T
A, 2% 1125 A4 2, 4, 6, 8, 10-12, 14, 15 AHo =2 F
A= P. naraensis-E. advena-C. lobatulus 77, 1% 11-3
14014 Yehl= P naraensis-Valvulineria
sadonica TA°lth 2t TAE2] 2 21 (Fig. 5-B), &
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Ay

sloke- e} E. advenum-A. beccarii T-30] +X
FAQell= A s (FA 3, 7) oA vehie P
naraensis-E. nipponica T3& A|sla, thi- sl
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g BA% WA AA 14eA P

Valvulineria sadonica T7°] ¥¥ 3t}

O{N

naraensis-

X}

1

2+ ATAGelA AXA

55 8L E advenum-A.

beccarii 3. P. naraensis-E. nipponica 7%, P.
naraensis-E. advena-C. lobatulus T3, P. naraensis-
Valvulineria sadonica TR2.Z djEs). o5 74 ¥
£ w9 (Fig. 5-B), E. advenum-A. beccarii T3 RA%
F2alcr B4R At Lxekn glm, el shele

P. naraensiss UREEZTLE TAE FAE] £x3lu it
BAL F5HLE AT A sFelM L AEHlES Ko
< (Fig. 4-F) P. naraensist F% g3l 3k, fl=580] o
3312, Slaiee] e 0 dele] BEIE FozA 47
lﬁ«] dxFer A4t 2u P naraensis 78 1A
Z, AERAA o] 2] B ¥ o g 8 E¥35)

= P. naraensis-E. advena-C. lobatulus 7732 E. advena
Trochammina hadais} 37 7bmE 2 A& ¢ Ap7ute)
ks A dE FoE dEA Aok (Lee et al.,
2012, 2016a; Tsujimoto et al., 2006, 2008). E. advena2]

rir

a2k s AA ezt oA 27 13% o)Ak
e B¥E wolt} (Fig. 4-D). EdF o] 9L AAA

Ry
AERlET) 7P S Yeide Aot} (Fig. 4-A). dik
o7 AT MRS ddsked lolA TAEAA
T Fuekee ARt 78 Aer dEA o
(Armynot du Chatelet et al., 2009). ¥ T-A| oA Zr}
FET AT 32184 A sgelA =4 vehi, Aeils
& 5,1737l) = AA 6y sHoARE 5187 W 81671%
A oS gl deha gl Rders) A AFe] ¢4 Exa)
44 ez} 8dlo] wEdh= A Tt AXA
T ARz A F4] o2 Zlex A7

Tl T AE oFAAe] WA= Xlﬁ_iﬁ x5
=2 T2 ARAY JAFAER 745 9, DOE
5 mg/L AFoln ofFstA] yeha glvt. a2u 7713—"4
okal |7} 7]30] ®E= TOC, TN 3% (Armynot du
Chatelet et al., 2009) < Zt7 - 1.34%, 0.12%% Y&}
u, A5ck gl o3l HAE 2ol Adeitka Al
r3te mjEe] AE R 23EHAES TOC, TN H
1.835%, 0.25% (Kang et al., 2015), Z¥2] 1.44%, 0.3%

R O{)l'

o

oH

4o 1
3 -

)
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(Lee et al., 2016b) Eo} v~ w7 vepa glck FAEu
F71Ee] F5E F4E 5 E CN F3= (Twichell et
al., 2002; Tsujimoto et al., 2008) A 11.652F A %
7192z A= AW AtrEst ARE Ve 5 9l
+ C/SE (Berner and Raiswell, 1984) F9}sl|<el|4 5 o]
o] 2 EEZ Roln (Fig. 3-D), kst AeS melr)
Tus5 A AdelA Feiet sFE AR A w2
£ Hol Zlo® 44l Ni (Lee et al., 2016b) & #19]3F
A Aa5E 25 ERLE S vepdt 5, #elz vo
(Undaria pinnatifida) & 333+, 533 17.8-22.5%%
ER wEshs Ze® dA e (Park, 2005) & A+
A o] ABFA FA gl gk A3kt £4 A, A7l
ZFF-oA P. naraensis-E. advena-C. lobatulus 7% ¥+
o Sfl FA= st B 3 ARAE) A2 ot
Holl digk Al T3] yehA]l 4 Sloh dubAes
o\ PRI BT Ho] BT % AT ol 54
Qoll weh 5% 240] Weky, $71% wego] Z7bel, of
of g} wlakAd, Tk} FAEH (Smaal, 1991; Grant et
al, 1995) 7213 Zn, Cu $9) 3% Gl 27l
(Burridge et al., 2010; Brooks and Mahnken, 2003,
Dean et al., 2007; Smith et al., 2005), 2= A A& A o
s wxE Ao ade#A 9t} (Kalantzi and
Karakassis, 2006; Sutherland et al., 2007; Vidovic et
al., 2009, 2014; Ellis et al., 2014; Thornberg et al.,
2014).

P4 e AEE $3E 29 (Fig. 4-0), T4 3
Aol AEl=r) wom, £3] AA 6T gHA FElo]
veha Qlck dwkA o g ejsfaellA] wo] AbEshe 4
s Addel AEuls v webs f35 A o
g ool dF Axs ddsted A=t (Uchio, 1962;
Chiji and Lopez, 1968; Lee et al., 2016a). % 9>
A4 ewld} S FAlC R Jsle Qg AA e AL
7 yehta ok F, JsfellA rilEle sl dEet
A e A Ao2A diesge] FHse)] vjs) =
27 Aoy 9lel= Zle|t}. Choi et al. (2014) ol <J3}4,
4 1 m, 3 m (cage Z°)) oA cage 9= 452 11
cm/sec, 19 cm/sec ©|4}, cage Y& 52 0.9 cm/sec, 1.1
cm/sec A 7HRE] FAAEE cagert S-S EE Rl e
7 d¥A Sk &, AR o] WA H ] B2l e B
T 35 g2 U2 AE of4] EF2F W2 biodeposits7}
sk 7], cageoll o3 g Bgo] oA F-esbt
AT 227} v =) deliclelA] tiB Aoz Fojekst |
fo] Wsh= Zow Al Zphe A uteeAx g
kgt sl go] F-adokst €19 sEA 4 A Qv (Park

-

s

o>

(
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Fig. 6. A principal component analysis (PCA) ordination
diagram based on selected geochemical parameters
(grain size, dissolved oxygen (DO), total organic carbon
(TOC), total nitrogen (TN), total sulfur (TS), total organic
carbon/total nitrogen (C/N), total organic carbon/total
sulfur (C/S), IL (Ignition loss) and benthic foraminifera
species (Eggerella advena, Elphidium advenum,
Pseudoparrella naraensis, total number of benthic
foraminifera (Total B.F.), total number of planktonic
foraminifera (Total P.F.), Agglutinated foraminifera (A.
foram.)).

et al., 2017; Lee et al., 2016a). wWehx] S ool £3
3= P. naraensis-E. advena-C. lobatulus T3 AE-9F2]
5 v 2R A R TR AGEI P
Aol 2J3lw (Fig. 6-A), E. advenat P35 7 TNZ =
positive #AE 7IAY E. advenum, Total B.F.¢} Total
P.Fel= negative & #FAIE 71Ach. P naraensis-E.
advena-C. lobatulus 7730 F¥3h= FofEal|d-e AEF
2] Zgol] 71918k o3kl A &= ol

E. advenum-A. beccarii T3 3% FZ3eke] A
= A (BA 1, 5, 9) oA EEstr ok o]
advenum-2 = 1ot FR AaEFo g A slunt
T 5ol F2 UAs Az F2 @] A&} (Lee et al.,
2016a). Ammonia -2 e Ak vjnh, 274 £ 7]
g 5ol & UA E¥3= £ 24 (Hayward et al., 2004;
Murray, 2006), &3] A. beccariiv $-2|ue}l 7719 4 ofak
1}k (Chang and Lee, 1984; Woo and Lee, 2006) % 23}
Ak (Lee et al., 2016a, b) o d2] +E3= 2102 UdeA

ot} E. advenum-A. beccarii T3 d|l45S0] gf5dt 4+
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FAolc}. Choi
et al (2018) o &J3hH, o] gL 20154 Xd A 71
o % A3 oldxl FewA, slqsgel Fobiel wet 54
= dxxAe A9 gk Fr18l9, E advenum-P.
naraensis T3] +E3= 202 I A gtk E Qe
+ E. advenum-A. beccarii T2 F e = Ao 7 Hol
old F AMAEAI} F o HA3E sl = AR
Bojzl), oFA 7HFe] ol F AXAEY o] 3] Eel=d)

2

=549 7t 482 #9223 (Keeley et al., 2014), AAA
$2% 20 Yt AR ol Qe A4A 1
o] e Zole Wzterk

7 s
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Appendix 1. Numbers, relative abundance (%), and statistic data for benthic foraminifera from surface sediment of channel sea
between Bogildo and Soando.

Heavy Metal Content (mg/kg)

Station
Al(%) Fe(%) Mn Zn Cr Ni Cu Co As Cd Pb Hg
1 3.54 3.12 307.36 61.86 37.19 19.49 8.97 7.16 4.75 0.05 7.78 0.02
2 4.82 4.17 394.92 82.83 46.50 25.22 12.87 9.72 5.57 0.04 9.29 0.03
3 5.20 4.47 501.47 85.04 48.75 25.83 12.91 9.70 6.66 0.04 8.80 0.03
4 4.42 3.87 368.07 81.96 45.82 25.03 13.21 8.66 4.98 0.05 8.24 0.03
5 4.13 3.83 390.71 72.96 41.77 22.12 11.04 8.69 6.05 0.04 8.10 0.03
6 4.08 3.69 352.83 74.15 41.60 23.37 11.11 8.35 5.09 0.04 7.95 0.03
7 4.69 4.21 381.60 82.87 44.85 24.63 12.82 9.20 5.09 0.05 8.55 0.03
8 4.60 4.24 502.13 83.88 47.24 26.01 13.28 9.82 6.68 0.04 9.13 0.03
9 3.17 2.86 325.26 54.95 31.79 16.44 8.60 6.44 4.68 0.04 6.79 0.03
10 3.87 3.46 351.60 65.87 33.99 20.99 10.07 7.26 4.80 0.04 7.32 0.03
11 3.96 3.60 319.88 72.97 39.71 22.28 11.95 7.96 4.18 0.04 8.05 0.03
12 3.81 3.51 331.39 70.21 38.04 21.16 11.34 7.64 4.83 0.04 8.09 0.03
13 Rocky Bottom
14 3.70 3.57 359.68 69.28 38.07 21.79 10.94 7.95 4.65 0.04 7.72 0.03
15 4.25 3.92 440.72 77.87 41.89 23.39 12.13 8.62 5.86 0.04 8.44 0.03
Min. 3.17 2.86 307.36 54.95 31.79 16.44 8.60 6.44 4.18 0.04 6.79 0.02
Max. 5.20 4.47 502.13 85.04 48.75 26.01 13.28 9.82 6.68 0.05 9.29 0.03
Avg. 4.16 3.75 380.54 74.05 41.23 22.70 11.52 8.37 5.28 0.04 8.16 0.03
ER-L N/A N/A N/A 150.00 81.00 20.90 34.00 N/A 8.20 1.20 46.70 0.15
ER-M N/A N/A N/A 410.00 370.00 51.60 270.00 N/A 70.00 9.60 218.00 0.71
Sediment Composition(%) . Sta. Para. Elementary Analysis (%)
Station Sedi. ———————— |y bo
Gravel Sand St Clay P Memn S"(l;l)ng mgl) 1, poc TN TS ON  CS
1 0.02 31.56 36.52 31.9 (2)sM 6.41 2.91 6.96 3.98 5.88 1.19 0.11 0.40 10.64 3.00
2 0.00 1.13 38.61 60.25 M 8.60 2.21 7.01 5.95 8.91 1.34 0.12 0.28 11.23 4.84
3 0.00 0.99 37.52 61.49 M 8.65 2.18 7.04 3.95 9.06 1.26 0.12 0.25 10.71 5.06
4 0.00 0.43 40.55 59.02 M 8.56 2.27 7.3 4.83 8.32 1.45 0.14 0.34 10.75 4.23
5 0.00 13.94 40.53 45.53 sM 7.53 2.89 7.64 5.64 7.48 1.13 0.09 0.26 12.95 4.37
6 0.00 4.09 34.12 61.79 M 8.82 2.45 7.26 5.34 8.51 1.30 0.12 0.24 10.63 5.36
7 0.00 1.29 41.3 57.42 M 8.47 2.32 7.09 5.48 8.19 1.29 0.12 0.25 11.13 5.12
8 0.00 0.33 36.01 63.66 M 8.96 2.26 7.5 5.74 8.94 1.30 0.12 0.26 10.82 4.97
9 1.29 24.36 40.35 33.99 (gsM 6.69 3.18 7.62 4.92 7.37 1.36 0.11 0.22 12.13 6.29
10 0.00 4.3 37.68 58.02 M 8.41 2.40 7.13 5.58 8.42 1.96 0.12 0.22 15.97 8.85
11 0.00 0.46 44.82 54.72 M 8.24 2.19 7.14 4.03 8.89 1.35 0.12 0.25 11.32 5.48
12 0.00 1.56 47.83 50.61 M 8.15 2.50 7.18 5.13 9.07 1.28 0.11 0.23 11.73 5.66
13 Rocky Bottom
14 0.00 0.45 43.88 55.67 M 8.49 2.32 7.13 4.28 9.21 1.33 0.11 0.23 11.87 5.70
15 0 0.19 38.33 61.48 M 8.85 2.34 7.04 5.96 9.16 1.22 0.11 0.25 11.21 4.95
Min. 0.00 0.19 34.12 31.90 6.41 2.18 6.96 3.95 5.88 1.13 0.09 0.22 10.63 3.00
Max. 1.29 31.56 47.83 63.66 8.96 3.18 7.64 5.96 9.21 1.96 0.14 0.40 15.97 8.85
Avg. 0.09 6.08 39.86 53.97 8.20 2.46 7.22 5.06 8.39 1.34 0.12 0.26 11.65 5.28
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Appendix 2. Trace metal, grain-size composition and geochemistry analysis (DO, pH, IL, TOC, TN, TS, C/N and C/S) of surface
sediment in channel sea between Bogildo and Soando. Note, dissolved oxygen (DO), total organic carbon (TOC), total
nitrogen (TN), total sulfur (TS), total organic carbon/total nitrogen (C/N), total organic carbon/total sulfur (C/S), IL (Ignition
loss).

Species Site 1 2 3 4 5 6 7 8 9 10 11 12 14 15

Agglutinated Foraminifera

Ammobaculites agglutinans 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1 0.3 0.0 0.0 0.0 0.0

Ammobaculites cubensis 2.9 0.7 0.0 0.0 1.2 1.5 0.0 0.5 0.0 0.9 0.5 1.6 0.4 0.0
Eggerella advena 2.6 5.8 0.7 2.6 0.8 13.1 0.0 13.2 4.2 4.6 2.9 3.6 3.1 1.4
Gaudryina sp. 0.0 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Textularia mariae 0.0 0.0 0.0 0.3 0.0 0.0 1.1 0.0 0.0 0.3 0.5 0.8 0.4 0.0
Textularia oceanica 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0
Trochammina hadai 4.5 2.5 2.7 5.9 5.8 6.2 2.1 4.9 2.5 3.4 2.9 4.4 3.5 5.5
C.-H. Foram

Ammonia beccarii 8.0 2.5 0.0 2.0 8.8 2.3 2.1 1.5 9.6 4.3 1.6 2.2 0.4 1.4
Ammonia ketienziensis 7.7 3.6 6.8 4.3 4.6 35 4.8 3.4 6.5 3.4 4.0 4.1 2.0 3.6
Anomalina sp. 0.3 1.1 0.0 0.7 0.4 0.0 0.0 0.0 0.8 0.0 0.0 0.3 0.0 0.9
Astrononion italicum 4.5 6.5 4.8 7.2 3.8 4.2 5.9 3.4 3.4 4.6 6.4 7.1 2.0 3.2
Bolivina alata 0.0 0.0 0.0 0.0 0.4 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Bolivina robusta 7.0 5.4 6.8 4.3 3.8 4.2 2.1 6.9 5.6 6.3 5.9 6.0 5.5 5.5
Bolivina seminuda 0.3 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 1.2 0.9
Bolivina spathulata 0.6 3.6 2.7 1.3 0.0 0.0 1.6 0.5 2.5 1.1 1.3 1.6 2.4 0.9
Bolivina striatula 1.0 0.0 2.0 1.0 1.5 1.9 0.0 1.0 1.4 0.9 1.1 1.4 0.0 0.5
Buccella frigida 2.6 1.1 3.4 1.3 2.3 04 0.0 1.0 2.8 0.3 0.8 1.4 0.8 2.3
Bulimina marginata 1.3 1.8 0.0 1.0 0.8 0.8 0.0 1.0 1.4 0.6 0.3 1.6 3.5 4.1
Cancris auriculus 0.0 0.7 0.7 0.3 1.5 1.2 0.0 1.5 0.8 0.3 1.1 0.8 1.2 0.5
Cassidulina neocarinata 1.0 2.2 3.4 1.3 1.2 1.2 4.3 1.5 0.6 0.6 4.0 4.1 0.4 5.5
Cibicides lobatulus 6.4 4.0 4.8 4.6 6.2 39 48 7.8 4.8 5.7 7.8 6.6 3.1 5.5
FEilohedra nipponica 2.2 5.4 8.2 3.6 1.5 5.8 9.0 7.4 3.9 2.6 7.2 8.2 4.7 5.0
Elphidium advenum 12.1 4.3 4.8 5.9 20.8 5.4 4.3 4.9 14.1 4.9 4.8 5.7 6.3 5.0
Elphidium crispum 0.3 0.0 0.0 0.0 1.5 04 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0
Elphidium excavatum 5.8 3.2 1.4 1.6 3.8 2.3 2.1 2.5 3.4 2.3 1.9 1.9 2.0 0.9
Elphidium somaense 0.6 2.2 2.7 3.3 1.2 1.9 2.1 1.0 2.3 2.9 2.4 3.0 3.5 1.4
FElphidium subarcticum 2.6 1.1 4.1 2.0 1.9 3.5 1.6 1.0 1.1 4.0 1.9 1.1 2.0 0.9
Elphidium subincertum 0.3 0.4 0.0 0.0 0.0 0.0 0.0 0.5 0.6 0.3 0.0 0.3 0.0 0.5
Eponides cribrorepandus 0.0 0.0 0.0 0.0 0.0 04 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0
Favulina melo 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.3 0.0 0.0 0.0
Fissurina laevigata 0.6 0.7 0.7 1.3 1.2 00 0.5 0.0 0.8 1.7 0.3 0.3 1.6 1.4
Fissurina marginata 0.3 0.4 0.0 1.6 0.4 0.4 1.6 0.0 0.6 0.6 0.8 14 2.0 0.5
Fursenkoina sp. 0.6 0.7 0.0 0.3 0.4 0.0 0.0 0.0 0.3 0.3 0.0 0.0 0.0 0.0
Globocassidulina subglobosa 1.6 1.8 4.1 1.3 0.0 1.9 1.6 2.5 0.3 0.9 0.8 14 1.6 0.9
Gyroidinoides cushmani 0.6 1.1 0.0 1.0 0.0 0.0 2.1 1.5 0.8 0.3 0.3 0.3 0.4 0.5
Gyroidinoides nipponicus 0.0 0.7 0.0 0.7 0.8 1.2 05 0.5 0.0 0.3 0.8 0.8 0.8 0.9
Hanzawaia nipponica 0.6 0.4 2.0 0.3 0.8 1.5 0.5 0.5 0.6 0.9 0.3 0.0 0.4 0.9
Hoeglundina elegans 0.0 0.4 0.0 0.3 0.0 0.0 0.0 0.0 0.3 0.6 0.0 0.3 0.0 0.0
Homalohedra acuticosta 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hyalinea sp. 0.6 1.8 0.7 2.0 0.4 0.0 1.6 0.5 0.3 0.9 1.3 0.3 0.0 0.9
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Islandiella japonica 0.0 0.0 0.7 0.3 0.0 0.8 0.0 0.0 0.3 0.0 1.3 0.0 1.6 0.0
Lagena hispidula 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0
Lagena striata 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Lenticulina sp. 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Murreynella sp. 2.2 1.4 0.0 0.0 2.7 0.0 0.5 0.0 1.4 0.3 1.1 0.3 1.2 0.5
Neoeponides sp. 0.3 0.0 0.0 1.0 0.0 0.0 0.0 1.5 0.0 0.0 0.5 0.0 0.4 0.0
Nonionella stella 1.3 0.4 0.0 0.7 0.0 1.2 0.5 0.0 0.3 0.6 0.0 0.3 3.5 0.0
Nonion japonicum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0
Nonionoides turgida 0.0 0.7 0.0 0.3 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0
Paracassidulina sagamiensis 0.3 0.4 1.4 1.0 0.4 0.0 2.1 1.0 0.8 0.6 1.3 1.1 1.2 3.6
Pararotalia nipponica 0.3 0.0 0.7 0.7 0.8 04 0.5 0.5 0.0 7.2 1.3 0.0 3.1 0.0
Pararotalia sp. 0.0 0.7 0.0 0.0 0.8 1.2 0.5 0.0 0.6 0.6 1.1 0.3 0.4 0.5
Pseudoeponides japonicus 0.6 0.7 0.7 1.0 0.0 0.0 0.5 0.5 0.0 0.3 1.1 0.8 0.4 0.9
Pseudorotalia gaimardii 1.0 0.0 0.0 0.0 0.8 0.4 0.0 0.0 0.6 0.3 0.0 0.0 0.0 0.0
Pseudononion japonicum 0.3 0.0 0.0 0.7 1.2 0.0 0.0 0.0 0.3 0.6 0.0 0.0 0.0 0.0
Pseudoparrella naraensis 7.7 13.3 16.3 16.1 3.5 19.3 191 15.7 7.9 15.2  21.1 15.8 13.3 223
Pullenia quinqueloba 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.5 0.3 0.0 0.0 0.5 0.4 0.0
Rectobolivina raphana 1.0 0.4 0.0 0.0 1.2 0.0 0.0 0.0 0.8 0.3 0.0 0.3 0.0 0.0
Rosalina bradyi 0.6 0.0 0.0 0.0 0.8 0.0 0.0 0.0 1.1 0.0 0.5 0.0 0.0 0.0
Rosalina globularis 1.0 5.4 5.4 7.2 3.1 2.3 8.5 5.4 14 4.9 3.5 3.8 2.4 6.8
Rosalina vilardeboana 0.3 1.4 0.7 2.3 1.5 1.9 21 2.0 1.1 2.0 0.8 1.4 1.6 2.3
Siphogenerina sp. 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.4 0.0

Siphouvigerina proboscidea 0.0 1.8 0.7 2.3 0.4 0.8 0.0 0.0 0.0 0.0 0.3 0.0 0.8 0.0

Uvigerinella glabra 0.6 1.1 0.7 0.7 0.8 0.0 0.5 0.0 1.1 0.6 0.3 0.0 3.1 0.9
Uvigerina nitidula 0.0 0.0 14 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1 0.0 0.0
Valvulineria sadonica 0.3 1.4 0.7 0.7 1.2 0.0 2.1 0.0 0.6 0.6 0.5 0.5 7.8 0.9
C.-P. Foram

Miliolinella sp. 0.0 0.4 0.0 0.0 0.4 0.0 1.1 0.5 0.3 0.3 0.0 0.0 0.4 0.0
Quinqueloculina lamarckiana 0.0 0.7 0.0 0.0 0.8 0.8 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0
Quinqueloculina seminula 0.0 1.1 0.7 0.3 0.4 1.2 1.1 1.0 1.1 2.0 0.3 0.5 1.6 0.5
Quinqueloculina sp. 0.0 0.0 14 0.3 0.4 0.0 0.0 0.0 14 0.0 0.0 0.0 0.4 0.0
Sigmoilopsis sp. 1.3 0.0 0.7 0.3 0.8 0.8 2.7 0.5 0.6 0.9 0.3 0.3 0.4 0.0
Spiroloculina sp. 0.3 0.0 0.7 0.0 0.4 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0
Total No. of Benthic Foram 313 278 147 304 260 259 188 204 355 348 374 366 255 220
Species Number S 47 49 35 48 48 36 38 37 50 53 45 44 47 38
Percentage of A. Foram 10.9 10.1 3.4 8.9 7.7 20.8 3.2 18.6 7.9 10.1 7.0 10.4 7.5 6.8
Percentage of C.-H. Foram 87.5 87.8 932 90.1 89.2 76.4 92.0 794 887 86.5 925 883 89.8 92.7
Percentage of C.-P. Foram 1.6 2.2 3.4 1.0 3.1 2.7 4.8 2.0 3.4 3.4 0.5 14 2.7 0.5
Total No. of Planktic Foram 38 99 58 131 33 70 82 68 37 61 138 155 127 111
Species Diversity H(s) 3.25 3.43 3.11 3.31 3.23 3.03 311 3.02 331 332 313 320 340 3.05
Equitability E 0.84 0.88 0.88 0.85 0.83 0.84 0.86 0.84 0.85 0.84 0.82 0.84 0.88 0.84

Total No. of B. F. in 20ml of sd. 20032 2224 2352 1216 16640 518 3008 816 11360 5568 2992 2928 1020 1760
Total No. of P F. in 20ml of sd. 2432 792 928 524 2112 140 1312 272 1184 976 1104 1240 508 888

A. = Agglutinated, C.-H. = Calcareous-Hyaline, C.-P. = Calcareous-Porcelaneous, B. F. = Benthic Foraminifera, P. F. = Planktic Foraminifera, sd. =
sediments
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