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SUMMARY

[. Title
O KIOST long-term monitoring of marine environment and ecosystem

II. Objectives and Necessity

O Find out the changes of the seawater physical characteristics, atmospheric
input, ocean acidification, toxic material input (radionuclide, micro-plastics.
heavy metals), the changes of marine organism species by using the
physical/chemical/biological/ time-series data obtained in the East and South
Seas

. Content and Scope

O Analyze the status of the long-term monitoring techniques in the domestic
and foreign countries

O Determine the study area, monitoring items, sampling methods, analytical
methods
O Find out the maintenance methods for the long—term monitoring systems

O Economic analysis of the long—term monitoring systems

IV. Results

Monitoring method for the seawater physical characteristics
Monitoring method for the nutrients and trace elements

Monitoring method for the carbonate parameters
Monitoring method for the seawater CO, partial pressure
Monitoring method for the atmospheric deposition

Monitoring method for the atmospheric radionuclide deposition

O O O O O 0O O

Monitoring method for the phytoplankton composition and biomass
O Monitoring method for the zooplankton compos

ition and biomass



O Monitoring method for the fish egg

O Monitoring method for the benthos

©)

. Applications

Use the basic data for evaluating marine pollution in the Busan new port
Use the basic data for predicting the variations of marine biological resources
due to the global environmental changes

Find out the changes of marine environment and ecosystem by climate and
environmental changes

Find out the trends of the ocean acidification in the East and South Seas

Find out the trends of the marine toxic material input
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ALSHKim et al, 2013).

K,
calcite)oll et E3tL=7} w9 vrol = sty Ao AFHlen, oju pH

FEE S Gge. ol B X3 4EIIAE WHOE 47 /1%
del Ao

g 17, ZIsH8 BE20 A= sffo| EHAMZEE(aragonite) ZESHe, 1 O[5}
S5 MEJ(Kim et al., 2013)
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F.A ‘0\./."; -
= N el R Nt
3 LS ' o
L 1
2 |/ L
0 21251 \/
! .
2000 L o e e b R e e e e v v Bt P B e e e e e e e e s e e e
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O 19, (0] A 2[H(Scheldt)OllA Q| sl BS O|4LtatEta ZQf &
Z & B2UIetA9| A|AE H3H(Borges et al., 2008)

- AU AR Qickel A BEE uhe] mEw ek X whel HP-tr] o)
sheba maberol AAl BEdl UEwten Aos Ade] mE wEe] ue 2

Aoz BIHAS(Evans et al, 2012)
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48°N
3
H
:
% 20, Ao TE SH-CH7| OfAtStErA Wstef 23

(Evans et al., 2012)

- 1] )¢ 7] (National Oceanic and Atmospheric Administration, NOAA)
ol = 1] AdeAl FolE o]&3 g A A7 EUHAS 73 S0l
H FQ Aa= AATFOR SHo|Xo FEFH I HES AHE £ U=
=

sl

Large pH & CO, Variability in Coastal Waters

NOAA Coastal Guif of

Maine Ocean 2010 2011 2012 2013 2
Acidification Mooring

MaySep JanMaySep JanMaySep JanMaySep Jan

21 21. NOAAZ} Gulf of MaineOlA 28 QI i
Adst 20|19 AAIZE 2= 2=

- "

(http://www.pmel.noaa.gov/co2/story/GOM)
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4.

Juan de Fuca-Puget Sound, Feb. 2008
Adlmlirall_v
nlet

Main
Basin

South
Sound

Juan

de Fuca

0 |

N B
100 |

100

200

Pressure (db)

100

100

200

1] 20 40

Distance along transect (km)

60 30 10} 120 140 [1]

130 0

Juan de Fuca-Hood Canal, Feb. 2008
Juan Admiralty Hood
de _Fuca Inlet Canal

SO == ——
me koo =taleki

20 40 o0 B0 100 120 140

Distance along transect (km)

g 23, 0|2 M&E9Q| Juan de Fuca sHEO|A Puget Sound sige| A&, At
£, pH, O2tLI0|E EX % (Feely et al., 2010). B4t Q722350
O|5t Of2tAILIO|IE 3t HHIE A= & US.
FHF ol EAE B AAYE EYHEFH
O &l o]atgtelAa Eot =4 A= 90dth =k A FE Qo At AxE
underway AlZ=®lS o] &3] A wE 13 st sl tir] olitsiEr A
2 #2315 A5 £EFVIHAs d4E B4 9FE FIEHA
o
O olojx | gFHe7| A9 AFE At FEAFE &5 o|iksteErsA Bt
ZHS AEE 45 A=S Sy o TS A E7|7ko] AUy or Foko
w FFAFE An] 54 71719 H-2Ao] oee dHo] IS
O e HHSFA G} A NM = 20119 5FEH NOAA PMELJJr TEOR
Chuuk®] atoll oA Atz %8y #H=A|28<Ql Chuuk K1S 93t L.
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g 24, 2011HEE NOAA PMELY 35

620

570

520

470

420

370

CO = Concentration (xCO = dry, pmol mol-1)

320

o=

CO:z Concentration at Chuuk K1

L L

1 |
2015 2016

2011 2012 2013 2014 2018
® Real-Time Seawater xC0:z  » Real-Time Air xC0:

—— Finalized Seawater xCOz —— Finalized Air xCO:
a2l 25, Chuuk K19 2=Z1}
2Rz BE71A A FAA MAPCO2 Al2=Hl 95 A=t ot Al2~g &
Ae g0l TEHAeH, A HJHEAE AT FHE JPYT.
B SFH7 A Aol A 2017 7TEFE 1871€EF MAPCO27F 425 &
Z Rolg £9g Bd BE A5 Y gl odsgs B AL &
HEY A8E 53 olzdFol A BEFE Yol 9 -]
A9 glol tdHor RUHYS AP & e FHH Gl AL
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sasy A0 7O amssa
BeZIR ), YA

fCO;, (natm)

hin

a3 27. pCo; 0|01|A1 =5 BE ofiet oY ti7| O[Lfetia
= AlAE 2UEE

O &4 o]atsteta E¢hel AAY EUHHLS %7] underway Al2~ElS A<k

HAA Ao AA g 5 FHIFE Tojgo] F4& Hdstd o, 20045

=+ 3 %714 (NOAA, National Oceanic and Atmospheric Administration)

& %3+ A2 (PMEL, Pacific Marine Environmental Laboratory)ol A

o 2 8(GOOS, Global Ocean Observing System)®] U&=

A Y ARHSS AFEHA Hds. MAPCO2 (PMEL moored

pCO2 system)z} &&= Al 28-S 2009 #=7]7| A FALR 7] &0l Ay o] A
&3t HAAS

O #A NOAA PMELAIA = vz F5o AR Atafqel 1670, thdol=
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TAO (Tropical Atmosphere Ocean) Array= 77§, WHOTS (WHOI Hawaii
Ocean Time-series Stations) & 1171, €] A& x| 11719 o] tsieta

AFdS=

Ti0

660

610

560

510

460

410

CO: Concentration (xCO = dry, pmol mol-*)

360

A skal 9l

E2018 $10| %] NASA

s

Data sets with links to data archives and more information:

Data Setd Ohbs. Type Information  Data Archive  Synth. Frod.
Ala Wi B Mooring link MNCE SOCAT
BOBOA B Mooring link MEE

BTM W Mooring link NCE!

CCEt B Mocring link MCEI

CCEZ B Mooring link MEE

CRIMP1 B Mooring link NEE

CRIMPZ B Meonng link NCE

Cape Arago W Mooring link = SOCAT

Cape Elizsbeth @ Mooring link MCE SOCAT
i B Mooing  link NECE! SOCAT
Chuuk B Mooding link MNCEI SOCAT

Ché ba B Mooring link MCE

Coastsl LA B Mooring link =

Coastat MS B Moonng link NCE

Crescent Reef @ Mooring link NEZEl

Dabob W Mooring link NCEI

First Landing B Mooring link — — -

NOAA PMELOIA 23S O|LtatEra

CO:z Concentration at TAQO (0.125W)

II l|
N
il
| {
.|i |
|
T T T T T T T T T T T
2003 2005 2007 2009 2011 2012 2015 2017
® Real-Time Seawater xCOC: Real-Time Air xCOz
— Finalized Seawater xCO: Finalized Air xC0:

a2 29. NOAA PMELOIA EfHY HEO|M 2HS

b of

5. 471 13 ZEYHH

O SdW, Mad
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+(Kang et al., 2009, 2010, 2011).

B
JAPAN/EAST-SEA '.,
304

C Utle
RIO ﬂ |
ol \G H %D
S. Korea

T T
128 129 130 131

1'[32 1;33 1:13-6 135
12 30, S5 A U Y 71 BE AY

(Kang et al., 2009)
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2, Boprlo} 719le] e GB Aol Y

[e)
— 5 O O
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T o]s] Ao} Science Aol WHEFHAS(Kim et al, 2011, Kim et al.,

2014, W4 2 A7kA] HE e
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Grain boundary region ‘

T

- (-

'ﬂ ice crystal _,

- ice crvstal

O 33, IFA[Y0M Ls ddof| 2fst
2T 20| 7| Y 2
Al (Kim et al., 2016)

O Hol oA, A A7F 2AFHAT] wZol, ool ol Ao A=
AT7F SEskA Be A4, dAlE GEOTRACESSE 22 wAdgzZ=z
2 2 SOLAS (Surface Ocean Lower Atmosphere Study)®9} #2 38k} &
Aol Fag AFFAR AAst] 7 T84S AXxstar don, Ao A
TAES WA E R8st A FF ASHQA AT St oddE.

O SOLAS® A& 2015-20251 7]17F s<ke] mlef 109 AFAIg A 7] 3 A o]
e FE A sFetol]l M A= FEF, MEF-thY] olojR2F] BHd ATE A
Hlrt2 d7gste] skl

)

EMA (&) tf7|1-4A, (2
His=dE: ZshHo| 2ost 7| oof==0| 0O[x[=
(http://www.solas-int.org/)
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A2ES ATE Ro| Y ATFA Fo| shhal.

INTERFACES INTERNAL CYCLING
A A

2 Contimental nunof! 1. Armcmchers

3 Bedirerty

2 35, GEOTRACES H+H|0F (www.geotraces.orq)

O SOLAS®} COST (European Cooperation in Science and Technology)+= 3l
& F24 2 A HY A5E AFStY sEe €5 FEHoE Hgsta
ool E Hofe] Ao 53 GEOTRACESS 7140w gHstn

o2,

® o g

32 %

DMS concentration. Annual mean.

Latitude
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13 36. SOLASRt COST7t &5t
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O =49 GEOMAR 974+ SOLASS COSTE A ofg] “Halocarbons in
the Ocean and Atmosphere (HalOcAt) database project”S Z 3 o AL
o] ZZAEE EFA FUo 2ot TH 3IE =AH AHAHE FHsn 9

S
T .

SIGN IN

GEOMAﬁf HalOcAt

WELCOME INITIATIVE SUPPORTED BY SOLAS AND COST TARGET COMPOUNDS HOWTO SUBMIT ACTUAL SUBMISSIONS
LT ———
HALO P Target compounds
—_ Current target compounds of HalOcAt are
Viclcotma « Iodomethane CH.I
Initiative » Diiodomethane CHaI>
Supported by SOLAS and Cost « Iodoethane CaHsI
rge
Target Compounds s Iodopropane(s) C3H;1
How to submit
— « Iodobutane(s) CqHgT
Actual submissions
s+ Bromomethane CHsBr

3 37. HalOocAt EH[0|| & S8 =2 2[AE E5&

12l 38. ti7] £ Z£°9l(total phosphorus)?| &= Az 21 & s

O Martino et al, (2014)= AMEjH Ao A A 2l Ho Ao ALruALE =
sty o] Ao AEAMNES F7AZE S AT RS o] AF 1
E (University of East Anglia®] Baker and Jickells)& A 1009 o] A+¢] 7]
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b EQE el trl A
TaAS W vugd d7ZEdE 2R

al., 2003, 2006a, 2006b, Baker et al., 2007 &)

ﬂ

— I—«J\.

f""‘\

2 39, (2}) Baker et al.,
al., (2014)9] EH%*%k AR

(2003)2] CHM S A= 2|

3} S (Spokes et al.,

A ATE AEHow o|Fo] gtow I

2001, Baker et

3! () Martino et

O University of Maiamid®] Propspero n42¢] 158 el 2 tha ko
A4, & e 7d st A9 55 19809 FRbH el gk
(Prospero et al.,, 2003 5 U4 =),

O &9 Uematsu A7 1w s xallolA 7] Aoz Qg sfjFo=r
Argagel Fmgd oF Fa@Ent At ATARE BEPor
(Nakamura et al, 2005), o]§-°l%= HAjEF 2 HFFs ddate AT
EAA )% B9 AFor B4 Boso B A7ANRE 05 BEHY
S (Jung et al., 2011 and 2013).

100 120 140 160 180 -160 -140 -120 100 -80 -60
l 1 | |
— ! E i
60 — fSubarcilc Western North Pamf c| >
A e
— f : P
g 29 | \ __C iral North P:acif’i:L?D"'&_ 20
= 8 | en :
15,5’ 0 = \\\ i Lo )ﬂ%‘_a
= Subtropical Westem -
2 North Pagific . ° - \ /Tahit |
=) ™ N/ ! -
= -20 - ) e Va_lparaisr)‘. N .~ 1]
S ) \ N
-40 15 1 H— .40
-60 - i i ! South Pacific l_ - -60
O Aerosol sampling start point | Coast of Chile
€ Rain sampling site ) —— S i y
100 150 1‘;0 1[!)0 15!0 4160 —111&) ~1|20 —1:]0 ‘BIU -60

Longitude (degree)

2! 40. Jung et al.
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6. th7] &3 WA

EUE

olr

O FudAE S-359 B-7 FAAE o] &g A5 71d & F B o8 #d

H Ad(Kim 5. 2005 Cho &, 20117} 3oy Al w5 vt s

i, FH E"H oot 947 (Chae®} Kim, 2018) % 7] & H-3 (

XoF AAC #HEE AF7F Ao Y Al water vaporet S

Ao s OP—T’— o B 7] &xlel st ti7] 71 AA WA F4

2ol #HE AF7F AL o] Fol A A %S

< Pb-2109] & #F2l Po-2108 =AY (M2) A =43t A9

A 7149 ﬂ@.?jg (coal burning) WZ&3 7]Y9< vt AT7F oA

FPEA o} (Kim 5 2005, Yan &, 2012) 9GA] | FollA] o2& 2L 7]

TS e E Be-70l4 Phb-210S FA3 AT+ obF §l&.

AE WAbs Fo A9 d=dAy hd 7= (KINS) A wid 157] A,

Aol 4 G = dfr] T ATHAS CS TS A7 EYUHHES L o

vl waE AbEE ob4 §le

970 d 58 Be-7, Pb-210(+ Po-210 *%) ©o]&3F tj7] #3x % 7%

% 3 =49 wd#, d7] ZJ]E/\VP 2 o2 AV]d wE Asol

HEE AT Ad FA 9 dE, v Qs v, fHed T,
e

/\
29z, 29d 5) SANA 2 olaé—ovﬂoq ERE R
[e)

=
K3
d

WARY FA 2 o] &3k ool &9 A FAIZE B 2F

T2 &e] o] Folx o} el v
|7 Chesapeake Bayell4l 4 ¥ (Duenas -5,
2005, Kim % 2010; Duefias 5 , 2011; Lozano %, 201)ZA e} A thd
(FoAd 2 Sefg o2l Pb-210 23} (Cochran %5, 1990; Arimoto &
1999) <l

:I:‘4
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- @A FPHT Q= zR2aPo 2= CLIVARS 2L g #= 221
Rom  tFarEe] A sty F3 A 2H1E 2E ATEE

IMBER, SOLAS, GEOTRACES, BIO-GEOTRACES &°] 2l

T4 g AR e 2 AEA A (Integrated Maine Biogeochemistry &

Ecosystem Research, IMBER) ¢ &%+ %9 Fo A 34 =3 A

A el o] 59 A AV A A2 WEte mAl= 43 % s AA s

tat A AZE 15 Ao Ao 3 5L o]gstE AY.

C-MORE (Center for microbial oceanography: research and education) =

291e 2006 8ol WF w et A Avrol wety] & AE ZE e

2 AAE. ol TR 2L e NGBS Frsa gt HEvlA
WESY e 2gel da olalE FYAIEE Jlelstn Fastug s
A9, ATWE BAYA 28 L BP2de] FA/EATH BH 5L ¥
o R/ BANS N2 F AG AR GA gL AR 4T F
o] X3H. & A ndgGH C-MOREE AwS AFALYHOR AAs =
ATE FAFE AL F AT d0; T F AL

A AT AFEEA2HGO0S) D FeE, F=, Ao, Ao Folsh
AW MEAD nearGOOSE FAWY BEA2Y 759 BayS vt

2141716l HolEHA g AejAl= Ao A s #=33 7|5 24
of AARA JLE ok AAstel Y AEY oY (Fx, Wt
dynamics)ol W3t AATF FRe FAFH T aWo] AIPHYS. 2000 9
FH4¥ Census of Marine Life (CoML) Z=213S 33l 8071 2,700¢1 4
9] Jﬂrﬂx}ﬂ 1004 o AA 5403] o]} BALE F3 F53 A3=o] 2010
Holl B o] 3|k AEo] 257 Fof o2 Aoz FakEglon, 7} §
F AEo AH Exo e ¢ dloEjulo]~ 2 DNA vlEZY HARE AF

o

TP ~S 33 350 1269 37 Fold Tara Ocean Expedition
H 52 200995 AA7HA iR S FAFE Ea A 24

sz AEAY A= Y AsE AMFH EAst, A= sk, AEA ols B
S ®Wgto] ogt AHA FF dF Tl EEstar A

AYALERAN N FAY AVE wolt dLRBAN e STRYY A8

el A OS_?L dFMe daady, A, Ax, sdddst 5 A
e Al TastAY gl Wstel RAR Vs aEe ukd B AEA
SAS A7yl A% AV S fEdste] 2is d4E AW 7
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9] plastid-encoded 16S rRNA F## A4 HH o=z 33t
AES YA E A7 & d& 7IHo] JEE o], XG4 qf Bl A
E Y Fxd gigk A+ AyE S (Kirkham et al

A= (2" 41)

=

A wWskE olsiatrlflsl 19319 HEH  FadEH 2
(Richardson et al., 2005).

n=e 19743 RE EZAH o7 HABs 97 ZR2AE #53te] HABs A
A A =TT Al tigk Al A= A, AsehA, fd4, 53
EA4S dsl7] 98] Az wnk deje] o4iks £9 ECOHAB (The Ecology
and Oceanography of Harmful Algal Blooms)?] Z2ZAEZS £ F9.
MERHAB (The Monitoring and Event Response for Harmful Algal
Blooms) ZZ A E = HABs ®YHY S §3 HABsZ 13 F=r9] s,
MR R AF = s gotetar, e FHA 97 3 F
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[  1-7 months sampled

Il 8 or more months sampled

2l 41, 1946-2003E Continuous Plankton Recorder (CPR) survey
Of ZAF FE L AT

AE ofulf{F Aol DFE AEUTAAE 1960d AbdEg o] FgF
3 8 daBPow Qs wWwelAl WAS: HABsZRH of iR %449
Ade A st ALBA L HHE= FHoR 19739 5E 4714 HABs
EUHES 538 St (2" >2% 42).
E 3000 | 34872
L) I I|
o 'I [
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a2 44 EF 1
H3}F (Kim et al.

o o Ix
Z-I Z-IZ-I _'_Jé-'l %EE

2017)

O L4 station
9 =re] Plymouth Marine Laboratoryol] A 19881 %
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2. ¥EEYIE BUHT
0 ZHsATEAe B2 AslolA 196193 E AL AARES AT 9
o, =9, 3t ¥ FFAE BAE st oW, FEEYAEY] AT
SFY} 4 BREQATF, S, 9AF, 2D AAFE FHow ¥
AE skha s
O KIOST+= &% MRC 1178 AAolA 2011958 dA7HA vid S5
2% 7q 722 wUggstn gon, 201195 20149744 A7A
=l Z E3FAS(d, Kim et al. (2017)).
£ saa8 s
— N Sampling sstm%a”j
34044 ¢
3442 ° ®
128°18' 128°22! 128°26"  128°30
Longitude (°E)
J% 43 29 1Y ¥ 2YS2EYIAE 2UH 3
A (Kim et al. 2017)
0 Paracalanus parvis 5.1 . Oikopleura spp.
20 8 m 1 /\w
101 4 j\
. Dol A,
£ = Teadhtergaiting | 3 C Affini
_§ R vadne tergestina |, orycaeus affinis
e'é 10 ‘/\ A . ; A F\ M Kj\
2 et hensi ,/\.;x/L/\J“AU,\J‘J,\«
é‘a ’ Calanus sinicus i Oithona similis
2 3 N f
1 M\}Jh\l“f ZT‘,N \_‘
T WIS A VLY, W O
< 2011 2012 2013 2014 v 2011 2012 2013 2014
Year Year

YIE Hxs

AR & KIOST <A+l

AolA 2018 14979 wigd

e A5 =3 (Western



English Channel)®] 14 stationolA] w5 ZH3IE T4
e 935tal 32 (Ducklow et al. 2009).
- &9, g8t € AEAESIIIE, $EZTHIAE), 8407 & ALY
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= oI ==
H 4 Ys=523= &7 ZUEHEY =9| g

Program ‘ Start and end year Location
North Pacific
CalCOFI 1949-continuing(seasonal) California
Station PAPA 1956-continuing(3 times per year) | North Pacific,50°N 145°W
Newport,OR,USA Intermittentsince 969, continuous Offshore transect at 44° 39.1'N(Oregon)

sincel1996(5 times per year)

Vancouver Island Shelf

1985-continuing(annual)

South west shelf of Vancouver Island

Odate plankton time-series

1951-continuing(monthly)

Western North Pacific
(Kuroshio,Oyashio,and transition region
east of Japan)

Hokkaido University,Oshoro-Maru
time-series

1953-2001(annual)

Western and central Subarctic North
Pacific,and Bering Sea(mostly
along180°E)

Japan Meteorological Agency(JMA)

1967,1972-continuing(seasonal)

Several transects in western North
Pacific (all around Japanese waters)

National Research Institute of
Fisheries Science(Japan), fish egg
and larvae survey

1971-continuing(annual)

Western subtropical North
Pacific(including Kuroshio region)

Hokkaido National Institute of
Fisheries, A line monitoring

1987-continuing(5-8 times per year)

Western Subarctic North Pacific
(Oyashio region)

South Pacific

IMARPE zooplankton sampling

1964-continuing(seasonal)

Peru coast and continental shelf

Antofagasta zooplankton sampling

1991-2003

Northern Chile coast

IFOP zooplankton sampling

1985-continuing(seasonal)

Northern Chile shelf

North Atlantic

Continuous Plankton Recorder(CPR)

193 1-continuing(monthly)

North Atlantic

Helgoland Roads

1974-continuing(daily to weekly)

Southern NorthSea

Dove Marine Laboratory

1968-continuing

Central-west North Sea

Stazione Zoologica Anton Dohrm;
Station MC

1984-continuing(weekly to
bi-weekly sampling)

Gulf of Naples

Station C,western Mediterranean

1985-1995(weekly)

Gulf of Tigullio,Ligurian Sea, western
Mediterranean

Plymouth Marine Laboratory,
Station L4

1988-continuing(weekly)

Western English Channel

Icelandic Monitoring Programme

1961-continuing(annual)

Transect sradiating from Iceland

Emerald Basin

1984-continuing(twice per year)

Scotian Shelf, NW Atlantic

MARMAP and Follow-up
Programme

1977-continuing(quarterly)

NE United States continental shelf

Station 2

1972-1997; 2002-continuing(weekly)

Lower Narragansett Bay, RI, USA

South Atlantic

Cape Routine Area Monitoring
Programme,expanded in1961 to
Southern Routine Area Monitoring
Programme

1951-1961(monthly),
1961-1967(monthly)

Western Cape coast of South Africa,
South western Cape coast of South
Africa

Pelagic Fish Stock Assessment
surveys

1983-continuing(3 times per year)

Most of South Africa’s west and south
coasts

Walvis Bay Routine Area
Monitoring Programme

1957-1965(monthly)

Namibian coast, vicinity of Walvis Bay

SWAPELS Programme

1972-1989(monthly)

Namibian coast

Elephant Island

1977-continuing

Elephant Island region of the Antarctic

O W=9 Aadx AT At 1999 T E EATehe

0] =
AT

Peninsula
CalCOFI(California

Cooperative Oceanic Fisheries Investigations)”} &Ej3 ko] thx 2 ¢l A7 w
UE Y Z2a3d(29 3). o] TR M= AFE(A 43))d Ax A

Uol sjFel g 22, set, EFAE, o Sol fF 7w

o] o

AlBaL Q)+

[e)

=

Al
=

O 9= Plymouth Marine Laboratory®l*] Western English Channel®] 317
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A (Station L4)S oz 1988UHH s=Z# Ao gk 7] RYUHA S
F Aow ANste dn 9e(3Y 4). 53, o TRade A3 2 AF
Aol dote) mgy mUEY Zeadsi FREREYAEY B4 AR
AAHoE J5 v - JEFT (T 49,

U I E T L T ! T T
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e & oy
I o ® . . B
ol e > HYDROGRAPHIC STATION °
® - fog % ? eMonTEREY - NETTOW STATION <25m
frog e ® ® SCCO0S STATION AR Bt
- & b == DIRECTION OF TRAVEL
= ey > " — <som o
S - L_100km |
tc} 2% N
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TS 7 7H8AE 3= 2dAEHA RdE Ad® (Moore et al. 2002)(3).
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AAes Egare An gu Fde] FaaA gol Any TR} ol
g A9,
<A Sof DNAS TR AR 4830 DNAWEaY A1§0l 4551
N gAgEgase £ Ander Pida AU Tz e AT

gats] H (Casas et al. 2017(4), Penna et al. 2017(5), Yang et al. 2017(6),
Djurhuus et al. 2018(7)).

- T AR EI AN E 7 F 9459 DNAwWLZ =7} <+ H ¥ (Baek et

(@)

al. 2016)(8).

A SAAHANA S BRAANETH #AHAA  FEERH(Species
Distribution Model, SDM)¢| 7= o] A 2= W} AbghA] o5 HI T
A o &85 JS(Elith & Leathwick 2009(9), Jean—Christian et al.
2011(10), Gomes et al. 2018(11)).

- SDM& SR o] A2x W7k WEata, #4% ABFe] A4}

FEl B5ol 48 7hsste] o dFA=ol HEH Atdl= /15

<

- SDMe| ®He Az Py Frhel ARt TAHAY 259 AFAT

= o]
FEG = B

Environmental layers Paotential current distribution|
-—
= Statistical

> i‘/ validation
P s

- 'v»‘{ . i i

R

Spectes distribution

i 4 :
SDM in time andior - patential LGM distribution

Physiological requirements T
(Mechanistic approach)

Validation against
fossils, pollen, -—
phylogeography, etc.

J% 54 Z2EOUS 0|85 7ot S MAIR| Hat
HZ 24 23

0!

g, H HHolH A ZATF(HEY) 710l %“é"ﬂ‘?ﬂ’ﬂ R S R
FshEofo = o] 7ol HEEHA Ab&A] Wste] ek AT, AEf3HA o] o
st o= SoA AE2E B olsrt hesiA Mu(Hellgren et al.
2016(12), Thessen 2016(13)): FE¥X 22 (SDM)¥} 7] Ast5o] HE (Han et
al. 2017(14)), DNA wEeRntzd 3t 7] A8k H&Eo] Al=% a3 S (Cordier
et al. 2017(15)).
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P74 & 2YUEH
eDNA 4] Ab#

- eDNAR #2438 ojojx= s Faet7|A] FHo off tfd EAGE

- eDNAR 24 ojojle sjdastr]A] e Uy 7345 529
A(E 2)

- eDNAE o] &3+ Aol9 v A+ (Boussarie et al, 2018)

- eDNAE o] g3t Ay ole] wiaitoly] &4 (Lafferty et al., 2018)

- eDNAE °] &3 dfeid ol oo A A Bakker et al, 2017).
A AE o] &g o T 54 Al

- BAAE o] &3 o7k F ' RUEE (Lewis et al, 2015).

- oY FAREAHE 3 AYE Yol YR ETHY ofFo Abwrg
2 (Harada et al., 2015)

- ojgte] EAEAHS T3 it FuEsfedo] wAgolE ofF Aldt
et al., 2018)
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No. of species

=] = = ] 5 .
- wAEAE o] &3 dintal @ 9 ol 574 (Bingpeng et al., 2018)
=) = o = = =] O o]ls )=
- SRAFAEALNA AAFe TE AEA 7] B 9lg EAREA R o
==
@ F 44 .
HAS = 5 = S AHEI2S Sy e g
H 5 eDNAZ 2445t O|O{E=al a7 || FHO| OfF (St ety |sd OIZH
2t2)
Scientificname =24 2014 2015 Scientific name &t= 94 2014 2015
May July October June July May July October June July
Acanthopagrus sivicolus 581255 0 0 0 1 1 Larimichthys polyactis &7/ 1 0 1 1 1
Arctoscopus japonicus === 1 1 0 0 0 Lateolabrax maculatus &= 1 0 0 0 0
Callionymus beniteguri 0 1 0 0 0 Lestrolepis intermedia 1 1 1 0 0
Citharoides macrolepidotus =& 4/ 0 1 0 1 1 Maurolicus japonicus £50/ 1 1 0 0 0
Cubiceps whiteleggii 1 1 0 0 0  Naso hexacanthus 1 0 0 0 0
Cynoglossus interruptus & A [} 0 0 0 1 1  Oplegnathus fasciatus == 0 1 0 0 1
Diaphus garmani 1 1 1 0 0  Pagrus major &= 0 0 0 1 1
Diaphus sp. il 1 1 0 0 Parajulis poecilepterus £/ =cf.J/ 1 1 0 1 1
Encrasichalina punctifer 1 0 0 0 0 Parapercis multifasciata ZH St/ 0 0 0 1 1
Engraulis japonicus Z X/ 1 1 1 1 1 Parupeneus heptacanthus &=+ 0 1 0 0 0
Epinephelus areolatus [JZ2H}E/ 1 1 0 0 0 Psenopsis anomala 45 1 0 0 0 0
Epinephelus merra 10 0 0 0 Pteragogus flagellifer Of &=cH 7/ 0 0 0 1 1
Epinephelus septemfasciatus =& 0/ 1 0 0 1 0  Scomber japonicus 750/ 0 0 0 10
Erisphex pottii =0/ % &/ 1 1 1 0 0 Sebastesschlegelii =1/ =& 1 0 0 1 0
Halichoeres hartzfeldii 1 0 0 0 0 Sillago japonica & 22/2 0 0 0 1 1
Hexagrammos agrammus ‘= cif U/ 1 1 1 0 0 Sphyraenapinguis 2%/ 117/ 0 1 0 1 0
Hexagrammos otakii 7= i/ 1 1 0 1 0 Tanakius kitaharae Z'A10/ 0 0 0 1 0
Hoplolatilus chlupatyi 1 1 0 0 0  Tenualosa ilisha 0 1 0 0 0
Konosirus punctatus & 0f 0 0 0 1 1 Trachurus japonicus & 20/ 1 0 0 11
(=] = =10 = = = O3] = (=] = =110 = A
H 6. eDNAZ A%t 00|35 YISV |2 2HO| Uy Pz =2 (eH=sidater|=
o =13
2 D|LEAZ)
o 2014 2015
Saenst;;c;ame May July October June July
=L Occurrence (%)
Anadara kagoshimensis 0 (0.0) 1 (7.1) 0 (0.0 0 (0.0) 1 (50.0)
Architeuthis dux T 2 & Of 7 (46.7) 4 (28.6) 0 0.0 0 0.0 0 0.0)
Atrina pectinata 7| &7} 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (100.0)
Crassostrea gigas &= 1, (6.7) 2 (14.3) 0 0.0 0 0.9 0 0.0)
Crenomytilus grayanus S| 2 X| 1 (6.7) 1 (7.1) 1 (14.3) 3 (42.9) 1 (50.0)
Crepidula sp. 1 (6.7) 1 (7.1) 0 (0.0 0 (0.0) 0 0.0)
Creseis virgula 13 (86.7) 13 (92.9) 6 (85.7) 1 (14.3) 0 (0.0)
Firoloida sp. 0 (0.0) 4 (28.6) 0 0.0 0 0.0 0 0.0
Mytilus coruscus 23t 0 (0.0 1 (7.1) 0 (0.0 0 0.0 0 0.0)
Placida sp. 0 (0.0) 0 (0.0) 0 (0.0) 1 (14.3) 0 (0.0)
Quoyula sp. 2 (133) 5 (35.7) 2 (28.6) 0 (0.0) 0 (0.0)
Sakuraeolis sp. 0 (0.0) 0 (0.0) 0 (0.0) 2 (28.6) 0 (0.0)
Todarodes pacificus A 2 Z 0f 7 (46.7) 2 (14.3) 1 (14.3) 0 (0.0) 0 (0.0
Total reads 3 54? 7299 3491 26 36
No. of samples 15 14 7 7 2
7 10 4 4 3
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