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£ A7 SAAFZ dBAATE vIXE 9 gelslr] 91519 2013d%E 20173714 AP} 389 A5E
o] &3t EA It dHAAMTES] F FAFTTE 579F, BT A LEE 1,478+845 indivm?, B AAFLE
39.6+53.2 gWWm? 0]l o, =7 F o] FFAYur) 28T, AT 2 FUI=AG7E Aoz 2 3 Y
ER S ThHp<0.05). THeig £4 27 g SAAF B2 At dizT e} JFG oz FEHGOHAALE :
R=0.528, p<0.01), 53] Y& 2H 9 7]19FL 713525 BIERA o7 (Mediomastus californiensis)= 1}
St FAEA =30l whE AFFT W ABAMTE 83 e AuiE Ay, AA5 Bl did dEE ATE B}
& Qo 53 Feld ST © A= FadelA 7RG o3 02 F2 g HERISTHp<0.05).
EF FAE 7 A AALE ARGES NNBAFAFA M californiensisc 433 T2} (Gammaropsis
(Segamphopus) utinomii, Siphonoecetes spp.)2] & F718h= A S Yep . wekxs EAAFE Tk
A7]elle RAMTETHS B AEE BAARL SAAFH7L TEEE FAdols B & o4 Rojut
£ ¥3lE Holx 3l e Yepdt

Abstract — The overall aim of this study is to provide information on the potential impacts of marine aggregate
extraction on benthic macrofauna using data conducted from 2013 to 2017. The total number of species, average
density and average biomass were 579 species, 1,478+845 indivm? and 39.6+53.2 gWW.m? respectively. Significantly
high values of species number, biomass and species diversity were observed in control station (p<0.05). Multivari-
ate analysis showed clear differences in macrobenthic community between control station and impact area(Abun-
dance : R=0.528, p<0.01); the main contributor in impact area was a capitellid polychaete (Mediomastus californiensis),
an opportunist. Although the nature of seabed recolonization by benthic communities following cessation of dredging
did not show predicted and steady recovery over time, species number and abundance of macrobenthos community in
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specific dredging zone during cessation of dredging were significantly higher than those during the extraction (p<0.05).
During the cessation of dredging, whereas a capitellid polychaete M. californiensis decreased in the dominant rate
of abundance, some amphipods (Gammaropsis(Segamphopus) utinomii, Siphonoecetes spp.) increased in that. Our results
showed that marine aggregate extractions might act as disturbance preventing benthic communities from developing to sta-
ble states, but several features indicating recovering communities were detected following cessation of dredging.
Keywords: Marine aggregate extraction(Z #] | 3]), Sand mining zone(Z A | 5] %7*), Macrobenthic community
(NFAAFET4), Benthic recovery(A4] 5]5), Opportunist(7] 2525
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Fig. 1. Map showing the station used in the review.
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Table 1. Amount of aggregate extraction for the years 2013-2017 in each the EEZ sand mining zone

Year Zone 3H Zone 31 Zone 4E Zone 4G Total (m”)
2013 4,529,406 4,744,485 - - 9,273,891
2014 - - 4,227,545 4,574,825 8,802,370
2015 2,673,773 5,209,228 968,691 1,152,782 10,004,474
2016 - - 4,903,068 5,721,359 10,624,427
2017 39,778 36,759 121,909 105,309 303,755
Sum (m?) 7,242,957 9,990,472 10,221,213 11,554,275 39,008,917

EEZ SAAF DA 3% ARE F3lo] SAAHZ A o
BAMTE A Wst A B AFFT 2 FAGA =l =
€ 35 AF-E velsturt d.

2. M=

2.1 =AY 7HE

T3l EEZ SAAFER] 2] 9 35 3H, 31 4E 2 4G ©]H, 471
F5-2] WAL 10.96 km® ©]tHFig. 1). SAAFH A= 2008 d
FHx7F A=, 200935 201737HK+= 3H, 31 372} 4E, 4G
FelA AdAZE AF s

20134 2017714 A= SAAHZE AR, 2016390
7 g 201730 71 AgloH, 4G 771 11,554,275 Mo =
FHo) AHFE 8oy, U230 F 4E, 31, 3H FT £02 Ve
TH(Table 1).

22X 8 U B8 AHE
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FAMFE AL Smith-McIntyre THETEE: 0.1 m)S o8&

Table 2. Review list used in the analysis

Sampling
Ref
R Year Month
K-water [2014a] 2013 1,8 11,12
K-water [2014b] 2014 3,5,9,11
2014 5,9, 11
K-water [2015
water 2013 2015 1
K-water [2016a] 2015 1,5,8 11
2014 3.9, 11
K-water [2016b] 2015 111
K-water [2017a] 2016 3,5,9,11
K-water [2017b] 2017 3,6,9,11

Table 3. Characteristics of each station used in the review

C-1 I-1 I-2 I-3 I-4 I-5
Impact Area
Zone 4E Zone 4G Zone 31
Control 3 =
station Dredging from 2008 Dredging from 2010
Non-dredging Non-dredging every
every odd year even year

sted, 374 2314 v ARSScH Y HAES T (mesh
size) 1 mme! A= AMPES B §F, v|FE o] 8314] 7hset
F T FHs FE AL E 2 PAFE SASA

3ol AAE 22 3A F AAIE Hete] TFs s AES F o7l
Aol o, o] F 7] AFL FAAFZ AT FTL ] gk
=7 A4, 2 8 570 AELE FANFE Qe JIE e Jg
sl o= HAsIHFig. 1).

=T P02 QAT C-1E AFHERA ASel A8t gloH,
e H oz AT v AR F 113 2= 4E FT, -39 45 4G
el 1Az Ao E 200830 AFAE AlFE] EFAR] £
21 A, 15 31 37l AXg FFHOE 20109 FREFE] AHE
AlFsle] BAedke] FAGEAE =Y 53 vepia gl
(Table 3).
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3 EF3)e} A3} FAYPS At FELE QAR AF
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7]&(World Register of Marine Species(WoRMS, 20181)2 Z 7]
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AT ARl FRTS, AALUE R A digt =T 3
A3 SRS 3 AR WE B4 9 I Ul 719 74
d 31 3 iF BA4E meteigith

©hHg 2)5= 9 FORFEA(H)Shannon and Weaver[1963]))2] &
A F8E setabr] flgte] 2 A9 B4 % (Normality
test) F, 95% A2 FHE 7150 A REE OEE ASE
EFEAR S]RE T34, v87H A v|E5E4%] Mann-
Whitney 78-S 3315101, FAE42 SPSS ver. 185 ]85t
k.

dRANTETHE Al-37HE 59& Tl flste] A
2(Cluster analysis) 3! ThxH4 2 =3 (MDS, non-metric multi-
dimensional scalingye AA13H3t 8 A4 U% A=+ square
rootZ M3l 0|5 vl o E AF I FARZS] 7% (Bray-Curtis
similarity) ¥, FAIE A5 FE2RH ZF 25& AZ (growp
average method)3}3]tH(Bray and Curtis[1957]). 7€ @79
SAF 0191 Telsl7] #1814 SIMPER(similarity percentage)
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Fig. 2. Temporal fluctuation of univariate index (a, b, ¢) and species diversity (d) on the macrobenthic community.
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Fig. 3. Spatial fluctuation of univariate index (a, b, ¢) and species diversity (d) on the macrobenthic community between control site and

impact area (mean + S.D.)
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Table 4. Percentage of dominant species using abundance data between control site and impact area
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Phylum Species name i
" R Control Site Tmpact Area Total
Annelida Mediomastus californiensis 3.1 7.9 7.0
Annelida Spiophanes bombyx 0.4 1.7 6.3
Annelida Onuphis spp. 6.9 39 45
Annelida Maldane cristata 6.3 24T 35
600 Control Sit 600 Spiophanes bomb Control Site
T 7 ¢ e === Lontro ite = I
Mediomastus californiensis 77 S W Sos e " —Impact Area
T 400 { £ 400 1
=] =
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Fig. 4. Temporal and spatial fluctuation of each dominant species using abundance data.
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B 39.6£53.2 gWW m™]9l o], =7 A7) AT A
88.1+78.7 gWW m?, G A2 Ht 29.8+40.5 gWW m*
o3 2T F3e] PR} folF o 2 BAFE B
THp<0.05). THITEATE 2.36-4.249] FZ B 3.59+0.46°]
glow, =T A8 H 3.90+0.20, FFNS L HF 3.53+0.47
2 2T A dFHGET} feH R 52 FUYEAFE
B th(p<0.05)(Fig. 2, 3).

3.2 LB NSUEE

@3l EEZelX 283 dFAATES] AAEE /&S 19
3lo] 455 AR 0H, 45 BF P FE S dEF
o] %1tH(Table 4).

o Fol &8h= WSAA o) F(Mediomastus californiensisy’}
7.0%, R1GZ72]| 0| (Spiophanes bombyx)’} 6.3%, A7AXHe|F
(Onuphis spp. )’} 4.5%, D& tUF7AR] & o] (Maldane cristata)’}
3.5%8 A& et

iz B3elX Onuphis spp= T3 w2 MALEE
om, M cristata= 2013 1185 A2 F 20143 98°f 430
indiv.m?7kA] F718k o) §43] 743, YA FARE
FES B3AtHFig. 4).

Gkl ol M californiensise oi'd WS¢ 2 HE &
HQ vbA, S bombyx= 20154 8€¢]] 7P 2 AAULTE HQ)
o]F §43] Zadhe 4TS UEISITHFig. 4).

3.3 iEMMSERE AISZHE 7=

A7 2o R T4 40709 tiEAMEE TR A
£ sekalr] $i3te] FHEA A =S A 43151 J9
4 Ax, A THL FAEE 71FE 42% oA 3718 2L

HGE - o)RA ot -

=Y - 98N - &

Table 5. Results of a SIMPER analysis using abundance data showing
the characterising species from each group accounting for 42% of the
within-cluster similarity

Group Species name(%)
Onuphis spp. (5.6%)

Maldane cristata (4.0%)
Kalliapseudidae spp. (3.3%)
Mediomastus californiensis (3.9%)
Onuphis spp. (3.1%)

Spiophanes bombyx (2.5%)

Byblis spp. (4.1%)

Onuphis spp. (3.6%)

Cheiriphotis spp. (3.2%)

Group A

Group B

Group C

2 TR Fig. 5, 6). =T AFL iR A AdHglel
3kl 152 FAEAT(Group A), BT 94 dhte OF
(Group By o]5:%lom, 71 8] &kl d-2elr Uiz 1§
(Group C)°. & TEH|F{t}

thAgEA oA ERlE 4] fAlE 7l¢f8ke F 2 714
& volst A9, Group AE $HFE THEF2] Onuphis spp.o}
M. cristata, 2R & T2l E°] F(Kalliapseudidae spp.)7} 2}
Z} 3.0% 139 7193&& Yl Group BE 85 E TEFH
o] M. californiensis, Onuphis spp.$}+ S. bombyx7} ZH2} 2.5% ©]
A9 719988 JeR:. Group C& ZA|5E 25 Byblis spp.
8} Cheiriphotis spp., &85 E GEF2 Onuphis spp.7} 22+
3.0% °13e] 719942 B R{th(Table 5).

AMAYE 7)1 @3l EEZ ¥AMFTE TR AR 24
o] FAAF ool we} tixT FH Y P 0w FEHH
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test R=0.528, p<0.01).
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Fig. 6. MDS ordination plot using abundance data.
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Fig. 7. A comparison of univariate index on the macrobenthos community from 2013 to 2017 (yellow box : dredging period).

Table 6. Percentage of dominant species using abundance data between dredging and cessation of dredging period at each dredging zone
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Dredgi ; %

Zoling Foylum Fnevitaname Dredging  Cessation of dredging Total
Annelida Mediomastus californiensis 17.0 5.9 12.2

Annelida Spiophanes bombyx 4.4 73 5.6

31 Annelida Onuphis spp. 4.7 4.5 4.7

Annelida Poecilochaetus spp. 6.3 2.0 45

Arthropoda Siphonoecetes spp. 2.9 4.7 3.7

Annelida Spiophanes bombyx 7.0 11.6 9.9

Annelida Poecilochaetus spp. 6.8 49 5.6

4E Annelida Mediomastus californiensis 83 38 54

Annelida Onuphis spp. 5.7 3.9 4.5

Annelida Maldane cristata 5.9 33 4.5

Annelida Mediomastus californiensis 17.7 3.6 79

Annelida Spiophanes bombyx 53 72 6.6

4G Arthropoda Gammaropsis (Segamphopus) utinomii 1.5 3.5 2.9

Annelida Onuphis spp. 32 2.6 2.8

Annelida Poecilochaetus spp. 3.6 1.9 24

3.4 7 E RALH =20 ME cIEMMSETE 7= st
201395H 201797HA] B ¥ SEFTE 3L FTE B
TRE24E, AR Y= W 73120%, 4G G Bt 69+1850] =
WETE YeEglon, 37 7 f204Q Aol AUTHp>0.05).
FT A A7) RS A 31 B9 20144, 4E, 4G 3

T 2013l 7F =300, 31 3 2015', 4E FTE 2016\,
4G F= 201439 7 e s EEFTE YEMISIGHEig. 7).
RE FFeA FAAAE FE435 A7) AF7 R ddiEo s
¥ SUFTE Hol1 oY, 4G Bl AT BAHCE #
oA Aol7} e A o= EAHUTHp<0.05).
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Fig. 8. Temporal fluctuation of percentage of primary species (Mediomastus californiensis and Spiophanes bombyx) using abundance data

(yellow box : dredging period).

AMAYEE= 31 B B 1,669+717 indivm?, 4E 75 B
1,456+722 indiv.m?, 4G 375 H 1,264+609 indiv.m=2] 42
IxE velgled, FF 7 7232 2ol gisith(p>0.05).
AU A7) 2 HEAS Au R, 31 39 201395 201439
11, 4E, 4G 37 201339 718 $30T). 31 B9 20159, 4E
FTE 2016\, 4G FTE 201480 7P B2 FHFE AAUEE
YERASITHFig. 7). BE 37l FAGAIE F8% 217171 A
715tk AF o2 2 AAUES B30, 4G BTt B
Ao Fol4 Ao)7} = A o® FAHITHp<0.05).

AL 31 F= B 19.1+11.8 gWW m?, 4E F7-= Ho
26.3+25.6 gWW m?, 4G BT HT 38.7440.0 gWW m22] A
AFE Yepdigior, 35 3t F2F11 1ol AATHp>0.05).
FT U] A7) 3 EEAS 31 B 201449, 4E, 4G B 20139
of 71 =9k} 31, 4G = 20174, 4E F7= 20153 7%
32 JF BAFE JeRAtkFig. 7). BE F7lA AH719
FAGA] WE {4 2ol7t Qe A= A HATHp>0.05).

FTE FAEA 29 T dBAMTES] ¥t AES b
oksl7] $1sled MAUE BR8-S 12 3] 557 +FFS W
SA%L BN Table 6). 25 FoM 28 A4S Uel
A E5FS 352 3k tERollen, A 55 &3
@257 468 31 Bl 2 13 8IS ol 8%
9] RS FEE 22.6-30.7%= FA|EISITH

T2/ M californiensis®} S. bombyxc B5 F7-olA =&
BAREE 7155921, M californiensis= AF 71 5.6-17.7%
WO & AFE, S bombyx= FAA0l 72-11.6% WA= 5
2 AREE 23 @R/ &3k BAdEEL RIS

(Gammaropsis (Segamphopus) utinomii)®} 52 1g] DA $-&o)=}
T (Siphonoecetes spp.) =¥ ANF 7|18t FAdo) o4 52 H
£& BATH(Table 6).

EE BTN 2 ARES 715 M californiensis %} S.
bombyx2] A71'8 AHES AWEA, M californiensise= AF A
Af-go] F71e W, 8. bombyx= F21d el Af-&o] S8R
AdLS JeEPISItHFig. 8).

T 371 A AN T dsks flod AE
71l whE ¥ ARE2 Xol7} vehs ZoE B4 EHSI0

4.1 &

3l EEZ 12 |96l SX8 SAAF DX SAAFHE
& dFAXTE vX= S Fefslr] fske] 2013d5-H
201747HA] dizTe} SRS FTE TEsle] Al-FHARL W3t
A% selsigint.

SAAF FTelM 2T AIAMTES T D AR o
27 ARE 242} 78.3%, 33.8% R ghE YERISITH(p<0.05).
M. californiensisS} S. bombyx?t GEGeA 2& HH-E&S HolH,
A71Ho 7 Mg ZS BTt M cdliforniensis= 139 22t
g FAelA 94351, 298 3¢ izt 23] vy F&
718F 0% ¥ =E 2 g2 dslo] g 5 A4
NS Hol: FOF UejA 1t (Jung ef al.[2014]; Pearson and
Rosenberg[1978]). =&t S. bombyx= MBS FAo= ESEAE
222 5] FAYo] AN (coarse sand)ellA A1 AH(fine sand)Z v}
A MM 3381 Fo= deiA AUh(Desprez[2000]).



W3l EEZ SAAAGA I SANF7T ABAMTE TR vAE= ¥ 271

duiF o2 AL AN A9 HARAE HEE 9oA, 1
xol A2t 3l dBAAEES 24T, AALE, YA,
ey T2 A= 2o E LA lth(Newell er al.[2004];
Boyd et al.[2005]; Simonini ef al.[2005]). =3t §H3 wle] AL
A AXEE AN E AT B2 AAFE Ad FEERA
gho| A5, W2 mdte] A G AT B A
2 Ad F-AEhe] A5k 534S Holes 0= d7A U
Th(Pearson and Rosenberg[1978]).

£ AT A, FIAANFZT B3R TGN S/FT LA
Age] v PR R, 713FF(M. californiensis) T
HAEA BT A7]el S8 F(S. bombyxyso] S 2 oR
E o, ZAA57F A A 8748 B =07 245
AT ETH U3 dor)= F32Q ¥ v AeE ud
=}

B FAGA] TE AlFHE v #4E B8 SAAE F
A4 35 o5 molst A, A AE T 4uE FEFE
mpolsh = QAR 5 FTelA FAE A7]ex E8FT ¢
AT} FoH 07 F& Zh(p<0.05)E U= RS AT
T U eH, FAE A7)0 71855 M. californiensis] 7
Fr&o] RolA| 1, S bombyx2] Af-E0] Fe &= FFE VM)
Kt

UA AFT o] F F) A BA4S ae{shE, 7 UK =
SAAF 71310l 718F8F0] fAshs el FAHZoH, &
A7 SR FAdE 23 HE S AEE 395 53
£ 3}l 71eish=s 2102 U3 (Thrush et al. [1996]) S. bombyx
7} 45k AR AolE B

SAAFH FE F ArAAE0] 3B IR AQEE 7K F
ANABE=ERT L Ao}t FAZRA ¥t o] Mt 9T
T 072 4#A Qltk(Newell er ol [1998]; Hill ef al.[1999]).

1d Bt FAAF7E o] F01R FAelA A FTE F 44 o]F
A AElA BEC1EFF 4, 7 28 2 FE AR S7hel
Uep s 20 HE 3 31O H(Van Dalfsen ef al.[2000]), 37
3+ 2AE AT G AMAEA SE7A] o)t B Al
o] 209 Ao otala YITHHill er al[1999]). B3] EEZ =
AAF T F AHATH] AMAEA 5L njAH G v
AEd oF 2d ol ol EFFTTE 71% TF, BT AR EEE
61% F=7H E2% 202 B 15 JTHMOLTM[2009]).

@3l EEZ SAAHE 37 2 AFA7] 2 AFHFY 2ol
RA R BE FeN FFHoE FANH F o 1d T 7Y
A AEE =Ysigiow, =€ F4d 717k 34 AFE AN
AElA 35l Dog 2o v]XA] k= Ao metE gl

A%t @3l EEZ 3199 AAHE 71E $3AF I/ S0
A FAE AR FAAA 9T FRAIT 5 AT A HR=
FAGE B8 718 LBAEFR] M. californiensis A& @
oA 3 1o, F MAE TZlRFe] HR-E&o] oL Qlvks A
ojc}.

olE Ak FA el EAAAE TashEN SAMHE
Sjo] e g0l Yot B kg EQl o= ZUsky 3l
the 333 A5 wadc

JY FAEE 3 AAIE o E #dsp]ole AT
H AR Y SEA ¥l HER deel 2Es)ddle @Al
EAE wp SARH F AAH 35S wdsp] A
EFo Hg=E 2A AP B o3l o]E T 5T E4 2
H7F SAAF N w2 G B 25 gl F o Aol AF
ZQl o] 8012 AL k.

5.4 B

233l EEZ Q12 #Hell $xIet SAAF DAelx] AR 2
T P AXFEAA iR B el A3, s Ho] di=T
ARG FoF o e FEFF B AAFE Ve =3
BT B8R NA F983 718FIFU M. californiensisSt
287 dslel] 1stA ¥h8Shs S, bombyxZ} RN olM =2
e B3l ojgldt AMFETH SA0] W=, SAAH
FEE T o] FHE TS I B E Fde
o AT v BA S T3 SAAH F AQD I5F AR E
mjolgt 3, FAAFH7E FEE FAdole SAAFH A7)E A
@ o 7|3FF0] i, wdE sgelr s v
o 927 S7hRs 248 ERlsith. 293 o = AR 7}
AF G2 87 W3 E oA, BT AAxdE FAT
we}, AXFETR TR HIE dovls FEQ 93 v
Aoz woent, T3 IAAH7} FEHE AUCEE AXTE
o] M3k = Qe 7HeAE RIS 5 SAAF o
e 9 U 35 H7lol gt AuFo] FFH ARE FH
317] HsiM = Bt AA Aol A & BUHE D A7 2
2% Aoz Fgg

= 7

2 A7 20219 A Ao E Fatger|eRlE
A@sIE7 it sjo]- 89871 71&71E, 20210427)°] ¢S
who} =35}l Fe)
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