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Flow-cytometer determination for meiofauna
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Deep submersible platform for high performance camera system
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processing of image data
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Framework of biological survey by imaging data.

High resolution imaging data is a powerful tool for morphological classification of community composition, and for
measurement of population size by individual counts. The flow-cytometer is a sophisticated tool to measure individual
counts and images of microorganisms and meiofauna. The submersible platforms installed with high quality camera,
e.g. video plankton recorder, holographic camera, 8K/4K video, provide various information on mid-water and benthic
communities, and produce the distribution maps. The seafloor observatory with bite trap is a useful platform for survey
of predators and scavengers in demersal community in deep-sea. These image data were recorded on the research cruise,

MR17-03C and KM18-07C, on the Okinawa Trough.
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Gordes etal., 2018) 72 EMMERHILEINTW5B, £/, UV E—
b v T ORI B IR O S O #TH 2 B B
T FIENRBA STV 5 (Yamakita et al., 2019) ,
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genetic data for determination
of phylogeny and population
genetics, etc.

accumulation of neutral mutations in
progenies without the natural selection

IATG AAT AAATCAAGAATC ATATTA GGT|

Progeny 1 Met Asn Lys Ser Arg lle lle Leu Glu
substitution of DNA neutral mutation
Parent |ATG AAT AAATCA GGAATAATATTA GGT| PNA
Met Asn Lys Ser Gly lle lle Leu Glu | amino acid
substitution of DNA -
* natural selection
P > IATG AAT AAC TCA GGAATAATATTAGGT
T09€NY 2 |\iet Asn Asn_Ser Gly lle lle Leu Glu

[ change of phenotypic function ]—b[ progeny suffers to adapt the habitat condition

Fig. 2.  Principal of neutral mutation and natural selection.
The neutral mutation by DNA substitution occurs with a certain
frequency, some of them are free from the natural selection, and
accumulates from generation to generation. These substitutions
produce the taxon specific signature in the genomic sequences.
In case of Progeny #2, the DNA substitution alters amino acid
sequence at the position of negative effect of protein structure.
The natural selection is capable of affecting the phenotypic

function and decide the fate of progeny.
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2) functional potentials
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Fig. 3. General procedure to determine genetic information.
The microorganisms and meiofauna require the sample-
oriented procedure. The environmental DNA extracted
from water or sediment samples contains various genetic
information of virus, bacteria, archaea, protista, meiofauna,
and even clue of megafauna trajectory. The sequence data are
used to reveal phylogenetic tree, network image of genetic
connectivity, ecological relativity. Metagenomics is commonly
used for multiple-taxa identification, and for classification of
physiological and ecological functions in whole community

members.
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WIS & Heffe 7 — 2 & U CUNEE L, AR 2 Mg L C
DU RE L, £OH5FRita b EIZHELFFNHI
L7 R N e R &L T 7= (Kimura and Ohta, 1973;
Hori, 1976; Woose, 2000; Cavalier-Smith and Chao, 2003) .
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(2T DL TORARF RTINS ERTE D L D125
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&P R A AT T D RIS WOME AR B B AR L O F]
H~EBITL TV D (Walter et al., 2017), ¥ — 27 = A
DEIFIERBHNTE Y, HErile—r o 3— (]
Z X, NanoPore) MBHFE IN7=Z & T, FABILGICEW
THEEBTOFPTAFREE 720, WPk & iR B L
HEAZ LTV D,
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ENEEL W, £ ZTRRIOMHBEY 2 SITEEN DL RAEY
B L 72 BREE DNA & 2 WM B RNA O 3 KL 5
EONTTABEEA XS ) AN SN, ZDOFIET
%, T RTOHEERSN & G LT IIRIET S % D
MR OE WA Z N EIIZER] L CERT 5 (Xu 2006;
Takami et al., 2016; Gojobori et al., 2019), Z DOEH: A X /7
J ADFENER L= 2 8T, BIREREI DR R
FEROFN 72T CIREDMER SN A REEHR O FHEN S < 5%
RENIEO T, FRIZ, AR ORERCZ TR~ 7o 3i )
HIX, A OAEY N E BN OAT 5D &0 D REEN
Wz L #iE X7z (DeLong et al., 2006; Labadie et al., 2015;
Walter et al., 2017), = O FREfEAH O & HIBL ORI %t
LT, WHEFOMAMICEH &S0z TH OBEEE
BV RWRILC S D, Z Db EA Z T
BB T O R RS 2 5851 7- & U CTEMBEE D 2Rk %
Lz~ % Tk (reverse taxonomy) ASJFUAZAEW)FS OV AH
faDERAEME L OMERE 1 mm LT O8I (meiofauna)
2 E bbb d 7~ (Markmann and Tautz, 2005; Janssen et
al,, 2015), MEFEEREECTO R 25 7 JZOWTE, dEHE
Bno7 — 2T E COEART 7 ha— 3l £ &
DAL, AL CIIAERELE S L COE & LTV 5 (Gojobori
etal., 2019),
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D, TR RACE VN E LD Z I BT AMERD S,
ZAUIHAN EORE TR L, BWES T E L ToRE
LFEMMBED ZENDHALDLEG THDH, DNA (LA
FOREARFGFH & UTRAEEDR & <, MNEATHE
N T 5, RNA TN TO ¥ 37 Gl colh
WREICBD Y, EEIEKZ D EHOTSLTL
£9, ZOMWHEMND, RNA TN LIZHAICIZIERIC
TEEI L TV A a0 ME S L, DNA TIXRIEFR 2 HEH
DVIFER L TOWIRIMZ SRR BHELN D, ZOK
PR PRl U7 O 2 COMTRE R 2 AT L CREM L 722 3 v
AN
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3.3 EYHEDBEEHMTROBEN
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HT DN TED, ZOMITTFIETIE, EWoleE
EIZHDLBGERRDFNTE D,

KA DIBARII AN A TR DT R R BB E T
L5 har RUTOBGBINASEHIN TS, BR
MNEDFERET 2D 2 & THUISEM A b OB
DA HHMAL L CTOotrT 52 LN TE D, HETOE
FLAEFE 13472 X2 (haplotype network) (2 W AR 4L
LCW2% (Fig 3), HARJELOEEDELE TOEMBH
R A AT HHI T, R OBOKIEBIRIC AR 5 H
A O BHE I I TR B R AR B i, TOER
OIARZITAE B O BREE & KD L T 2 EAA A
LT E W STV D (Watanabe et al., 2005; 2019)

AR B A FE D RRGE T, BEE DM Sy r—
(MIGRANT, BEAST 2 72 &) ZBEICH LK L THY (Beerli
and Palczewski, 2010; Bouckaert et al., 2014), % < OHFZEHE
Bk L OBREREOMmGFHI DIV WD, 7221, '
T I AIERSAL VHEHIC L AT TH Y, HETH
REEER] COBBHIZIMOBE 2 HEE LI2IC T E 0, 2
DOHEERE R A AT B 720I2IE, Aoyt & 5 & B
T HUHEOYIIMR AR D MNEN B D, ZHUTONT
4B TR T D,

4 FEFILELZIaAL—avIZkBER

4.1 EYMHTOHE

TR H 1T 2 B OFRAENL, MRl & REE ORI
R AT D720, JRIRCORET — & & +431213U
ETERNIERZ, REMIEO THIRAZBA D Z
SIEFELVWOT, ZOTF—HRREMTET S0, NE
Zy b~y 7 EIlT =2 FERGDOE TERT L Relk
D3 D HIROHETE 2 LT\ D, FERAYRFIETIL, KE,
WIS HE, 7R & O R TINAE T & DK O L
(L5255 2 AR 4Z (surrogate variables) (2 L C, JHI#R
b WEIRERTOEMHAT — 2 L OMBEMEZ H L1
L CIERN AR AT T2, ZoFikEE, o a1
MOEERE T ORENRICB O TR Sh T
7= (McArthur et al., 2010; Brown et al., 2011; Harris and Baker,
2012),

eRH AT 2R3 2 0 EE T LTI, —RIE#R
BET N, —BILIEET L, BEXA XET VX
Y Random Forest 7 & Ok 728 % G et 7 v T
ALPEDN TN D, BT /L ORFIZ LV HEEOREIC
EWRBNDZ LD, B UEBIRALETH S
(Vierod et al., 2014; Kenchington et al., 2019) , {#Fl]72 J77£T
T2, MG LRDEMTEDIE | FET —F DFER
(T 2 BREET — % OREEE g & DHEE OIF R I8

HZEaBEELTHAT L2 NETHD (FE,2017),
ZONARHEEET VL, MEOAEERE R B &
By T e SIANE | oy (N QAT IR S 7R: X 1/ Ql = &
HARVEY Y TOAERAERAET H 2 &2 B L-sidar
FEIZRBWTHIH & TV D (Leverette and Metaxas, 2005,
Rooper et al., 2017; Lauria et al., 2017) , & 7= %05 IE Bl
TOEMDAHEEIZ SIS TE D ZENEESNLTND
(Takeuchi et al., 2019), EEEHL SR BHIE T D BREL BT
& 4878 L7236 Tk, SEAGRA OB L OREX
HEFXBME LI-FRAEICSW AR FIETH D,

4.2 EMOREREEFEDHR

I E TERBIC L D BB O ZHRIEL, AilBTRL
TEMBERFOFECLIVHETHZ &N TED, Z0
HEEFE B A TRET H71-0120%, EWoBTdH 5\ IR L
AL SN AR OMR, S LI AEMRFESBE)
EAFE OB RN R EOTF =2 PNMETH D, W
WECH ANTEDS B WA R EREE C & 5 i L SPEUKIS B 72
EDEWBEICONTIE, BRI 2 AMAR L FTk
FENRBIEDR A 2D 5 K& 28K 72 % (Yahagi et
al., 2017; Watanabe et al., 2016), L72>L, EER=IZCHEH
L CAMBEL MR CEREAEMIETLE DTN TH
D, BEHECONEE EEOHETE TlE, BRAASHE & ik
FRIE & DIRFTIZ R E <ARFFL TW DR TH 2,

BB & 1F 0 7 T O UK EE) O & 751
&, T Te = NMIEABHT -2 b v a L —
AV EO R = EHRBTHIENTED, TO
O CHREBKIEIIEOER LV k20 L, #Eiz
BIRIZ B L T as T & DM & WG L 72 BFZE T,
BAS T2 COHEEZ BT HERDPHERINATND
(Mitarai et al., 2016), = D43 E & E & O KM DO RFED
5, EHELROEDFEDEITS) (resilience) ZHEET D
EBTVERBERE L, MGEOOEEICET 2R THE TS
Va2 lb—ya YOFRENHEIN TS (Suzuki et al.,
2018),

AW DT I 2 b— g 1%, BERORF B
Il IE 22 (R X O HEPH 2 P 5 72 DI R A K 2255 Bk AT BE
PR ONE ARt T 5 Z LN TE B, FIXIE, HEH
WrE TR OBAFE L ORE DM X & BRI R O D YT
EEREHT D ZENTENE, FRITHEICRBO TR
BEHA & FEh L CRkRI O E 2 MR T H 2 LN TE D,
S OITEMRENEEICE T 2884 TIT 52 & T,
BhRH) 72 RN & BRBE R 2 A B B LB A O R
WCHRAZERE Rt CX D,

5. BEE=4Y YUY

LD HARBRSE 2 A3 21K OKE, T iitd e &),
e (K8, ), & (R, EENMmRE), ARk
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% OEA A RER, LA A RER, LR R L) 1T,
RIEASOE=4 UV ZIZRPERVEETHD, Zh
HEDHL, HOMNTIERIKRL NV TEMICE=XD 7 X
NTW5, WERBIIHEY E— ey, #HT
E7va7e—bhoxy MU —27 3 BEVEIH AT T
D, INBICKY, EWEONERARE, KR, HEY
WG 7e E ORI Y TAH A MMCET=H Y 7 ETN
%, LinL, BFEEETOE=4Y 7 TlE, £KkL~X
NOE=EY T TIIE LS TR X RV RFT 7228
B ORERA NI/ D,

TR B VRN D BREEHEEL S FEAE L T 2 Mgk
WS, E I BREM IS D 2 & TREBIRDN D,
CORBEEE=S) T TORME LT, a7 Ty
FR—ADOFHABBREI SN TS, BIZIE, T—HOH)
Witk a ok D856 ClE, MREIZHGE Lc 7 — 7 V&Rl
L CEBAMG LT — 2 BENTE 280 27 2030 H
T& % (Kawaguchi et al., 2015), — 7, wHiERENITR D Z
UHE =R RIE, Bl ThH LT —Z OO
PEIZR DN DD, INBICEBOE=2Y) v 7Y A F &g
B L7 A2 FIRE T 5,

HAR T Fig. 1 IZ/RT X912, HT RERICEBRIA I A
T EHEWNE LIIEBH T T v A —4A WLF > 115
VRIS BRI ICHIE TE D L ICHBE L (Miwa
etal, 2016), X DHICEOEAREMAZILH L, HEREOILIE
EEMBH ERE LT T T v PR — A REL
TW% (Choietal, 2018), Z OFEMHIT T v FA— L4
W, ENEESRENRGE L TR Y, ENTOWKILYE
FRR 7 vy =2 MIERH I, & OICEBR A
(International Seabed Authority: ISA) CTI%, WFIEHLME IR
BHRICB T AT =4 U 7 OHESEEL & L TR S
nacTns,

BT, FRICEDEROT=2Y T RARFA]
RKTHD, il « KRBT ATIIRHIFF T LA T T A
73 & ORHRIZAE 5 ISR KNS 72 5 7o kil D e 2 &
ERLTWD, BIESEWEIRTIE, B Lz RR 7
K DEY DN FHTH D120, BIERHR~D
B8 & HEAALERIZ S IR E Y DRI 72 5 S fHE L
TW5, EBEOEMFTIILERIRETHLIBM ETD
IE ES EBESE T CIERARS BIAH L3 < 72
HZEMD, BN OHEYRE=ZY 7 OFIEDLE
L&z biviz (Fuchida etal., 2018)

BREDTHRICEHET DL v — 5 D WIS
IERREORIICENRLTW DR, BHOTRE(LEDIC
K DEMIEB O E AR T 52 LN LV, A
R LoD, WEDNABIGEI A FRERIZ L7 bAoA
T v A THD (Yamagishietal, 2018), it FERETH
IR T E A/ OBER A B L, JeB & 51
1295 2 & TR TTHEIFMOMNICUGEZ i+ 25 2
LIRTE D, M b ) BREECTIH il & s I i L

CHEUREHAE T 57201 AT 5, v ) BMICHE
L7ZFETH D, ST, B ETOREHRITE ORI
W EFHEERAFT v A ARG, R L IFTE
=XV TINTEDLVAT LAOBRENED SN TWVD
(THE A, 2019),

BREEA X7 ) ML G LB E S EFH L
TERBEA b L 253 D38 A TS 5 T FIES D
WCOBYEREICHA SN TWS Xie et al., 2017), 7E
HIMIZRBI 2 BRI L CBREE A 2 7 I X 0 BEEE ORERR
CABARROMEEE=X Y LTI LI, V-
U ARERR D/ NEE K = A MEIZ K0 FEBLRTRE /R B
BHD, BUERELTWD DTSR D Y ) AMEHRT
bHb, BIETEZRIETDHEOOREHT — & X— R\
FEEMOBBERPERBIND &, B2 & OER
B~ EIGHIIER D b0 EE XD,

e 5B 2 R U7z AR IR B TR < 3 &
LTWDHH, ELICEMSHIEICETIEAT 22 &M%
ZHITWN D, WEEIZIR S AT T B M OAF(5 % S8BT
XVE=H VT TENL, HATBELY LLED
T IENARRIC e B, BEIZ, W RS LB EO
ARG N T LGN BAMER O EEZFE L, WK
TOEMSIREZRNTT 5 TIESBTE STV 5 (Harris
etal, 2016), EMEHORAEIT, WEREOBN 77 »
A — ATHI 2 C AR RS E OB A TS
AIhuE, WERKRORy NV —27I12 X DEMSREE
=X U U TINARRICI D EBEZ BTV S (Howe et al,,
2019), TOFEBICHT CIL, EHEEL2FRET LS
T— X OERBNPBEETH D,

6. HBbHYIZ

ARGTH, B2t OBEAREA TNDHA A—T
TTF =2 B I OELTT —XIZONT, TRICHDLEN
EJRER ARG LTz, S RICBWTEE RN /2 DE
T=H ) T TORREMEIZOW T D LE N LT, i
DREBLR I X T — F T O FRIT, Frgeny e
REEOFIM, RECE P, IR BRI o E 22 A I
RAIRTod D, EEEEIEHRES BBNJ (marine Biological
diversity Beyond areas of National Jurisdiction) 27 & D[E
HERE A D TR R B O MR B & S O JEvE &
FHHNZ B3 2RI E T 0 & 5 SCEOIERIZ DUV Tidh
BFNTND, T b DOEBEAE L 22 580 & BE LT
BRELE BT 2 M UNEH T 2 I, [EEEERE L L
TRRA SN AR ORI & FIEAEAT HRETH
Do TTIZ, WL OO FEIXEEHRE & L TEERD
H#ATND, ZTO—FITBWT, BHREIROMEL &7
A ROERT, X 0ERIER L FIEEAELH LT
Do B lededl & FEOEAL, KV IEYREREE O
& R 2R B & BIROFIH 2 BT 5, [FRE
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& OIREER KOG 35 2 [EES R L 0S4
KR D Z ENMETH D, AT OB HEET
BB I T 28 T2 22 BB O —B) & 22 4UTEVTh
Do

# O

AT DI IE SIP 55 1 H D YR A JES B I A H i
TuY=l MBI OREAPZENTHES, v
7 MIZBISR U7 HEFERTJEPHFERRAS, [ESLBRBEMTIEAT, K
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Survey, monitoring and assessment of marine communities conducted
by new technology

Hiroyuki Yamamoto

ABSTRACT

The ocean has a large capacity for environmental changes. Recent anthropogenic effects overwhelming the marine
ecosystems may exceed the capacity and ecological functions to maintain its resilience. To achieve the sustainable
development goals on marine environments, the practical environmental management plan which consists of
standardized protocols for monitoring and assessment will be necessary. The techniques of environmental impact
assessment and monitoring for biota and ecosystems, which have complexity and locality caused by diversity of
species and habitats, are indispensable elements to operate the management plan. The advanced techniques, based
on the molecular genetics and metagenomics and the fine technology for imaging data, have made progress in the
methods of biological/microbiological study and monitoring. The application of advanced techniques will strongly
support the operation of management plan and sustainable use of marine resources. It must be indispensable in the
consistent environmental management for sustainability to understand the fundamental principles and technologies

of advanced methods and ensure the consistency of the existing data and the assessment criteria.

Keywords: Environmental impact assessment, environmental monitoring, imaging data, metagenomics, habitat

mapping
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