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SUMMARY

I. Title

Preliminary study on the methane flux through the macroinvertebrate
burrows in tidal flats

II. Objective and necessity
[ ] Objective

O To understand function of macroinvertebrate burrow on methane cycle of
tidal flats.

[ ] Necessity
O Necessity of research for greenhouse gas of tidal flats

- Greenhouse gas concentration is essential for climate change prediction
with evaluation of carbon cycle, ecological dynamics and chemical processes.
- Greenhouse gas concentration can be predicted in the model with
combining climate change model and earth system processes.

O Insufficient research data for methane flux of tidal flats

- Only a little information of methane in tidal flats is known. Especially,
there is no research for methane fate

- Methane production/consumption in tidal flats is influenced by oxygen
utilization. There are various burrows on tidal flats and oxygen
environment of inner burrow is influenced by ecological characteristics of
organisms.



-  Thus, research for methane flux quantification through the
macroinvertebrate burrows in tidal flats is urgently needed. Furthermore,
methane flux quantification data can be used for estimation of greenhouse
gas production in natural wetland.

O Recently, each country has used accumulated carbon quantity of nature
in international negotiation with the effectuation of the climatic change
convention. However, there is a little domestic information of accumulated
carbon quantity for international negotiation due to lack of research data
on greenhouse gas production/consumption.

O Although greenhouse gas emission is decreased, the effects and trends of
climate change are expected to last for centuries. In this respect,
understanding for greenhouse gas fate of nature is considered important.

M. Content and scope

O Effect analysis of the macroinvertebrate burrows for methane production

- Consecutive observation of oxygen concentration of inner burrow.

- Analysis for changes of methane flux of burrow/reference site in the
sediment-atmosphere interface.

- Quantification and comparative analysis for stable carbon isotope ratio of
methane/carbon dioxide over time in closed chamber on burrow/reference
site.

O Understanding for effects of the macroinvertebrate burrows on
community structure of methanogens/methanotrophs

-  Comparative analysis between methanogens and methanotrophs
community structures of burrow and reference site.



IV. Results

O Oxygen fluctuation and flux of Laomedia astacina burrow

- Oxygen concentration of Laomedia astacina burrow was fluctuated
according to tide. Shortly after submergence, oxygen concentration was
rapidly increased and then gradually decreased.

- Oxygen flux of Laomedia astacina burrow was varied with depth. In this
respect, activity of methanogens and methanotrophs can be different
according to depth.

O Methane flux of Laomedia astacina and Macrophthalmus japonicus
burrows and reference site

- Methane production of Laomedia astacina burrow was higher than
Macrophthalmus japonicus burrow and reference site due to higher
proportion of methanogens than methanotrophs.

- Produced methane at the bottom of burrow was temporarily released to
atmosphere through burrow.

O Stable carbon isotope

- Produced carbon dioxide in Laomedia astacina burrow had three origins
as follows

1. Atmospheric carbon dioxide

2. Biogenic carbon dioxide

3. Carbon dioxide by methane oxidation

- Laomedia astacina burrow likely conducts methane
production/consumption.

O Methanogens and methanotrophs community

- Methanogens community of Laomedia astacina burrow was higher than
Macrophthalmus japonicus burrow and reference site.

- Methanotrophs communities of Laomedia astacina and Macrophthalmus
Japonicus burrow were higher than reference site.

- There was no trend on methanogens/methanotrophs community with



depth.

V. Application

O Application on development of biogeochemical model and methane
emission technique for methane flux fluctuation assessment among the
land, the ocean and the atmosphere with climatic data.

O Application as learning tools for function and role of organisms through
visualization of the macroinvertebrate burrows.

O Application as a baseline data for GDP loss assessment according to low
carbon green growth and greenhouse gas reduction.



CONTENTS

Chapter 1. Introduction
Section 1. Objective of research
1. Understanding function of macroinvertebrate burrow on methane cycle
Of tldal ﬂats ....................................................................................................................... 19
Section 2. Necessity of research

1. Necessity of research for greenhouse gas of tidal flatg e 19
2. Insufficient research data for methane flux of tidal flatg -eeeemeeeeeeene 19
3. Economical and industrial aSpeCtS ......................................................................... 20
4. SOCial and Cultura]. aspects ........................................................................................ 20

Chapter 2. State-of-Art
Section 1. Domestic research trend

1. Research on burrow architecture ............................................................................ 21
2_ Research on burrOW function .................................................................................... 21
3‘ Research on methane ﬂUX ﬂuctuation ................................................................. 21
4. ResearCh on methane biOgeOChemical .................................................................. 22
Section 2. International research trend

1. ResearCh on bioturbation ............................................................................................ 22
2' Research on burrOW architecture ............................................................................ 23
3. Research on methane production of marine environment e 23
4. Research on methanotrophs e 24
Section 3. Precedent study

1. Research on methane production Of tldal ﬂats ............................................... 24
2. ResearCh on biogeOChemical Of tldal ﬂats .......................................................... 25

Section 4. Limit of current technology
1. Necessity for application of stable carbon isotope and advanced
analytical technology ................................................................................................... 26

Chapter 3. Contents and results of research
Section 1. Materials and methods
1. Consecutive observation of oxygen concentration of Laomedia astacina
burrOW ................................................................................................................................... 2’7



2. Collection of samples for methanogens and methanotrophs «weeeeeeneees 217
3. Collection and analysis of samples for chlorophyll g e 28
4. Methane ﬂU.X measurement ........................................................................................ 29
5. Stable carbon iSOLOpPE Analysis sttt 29
6. Methanogens and methanotrophs community structure analysis = 29
Section 2. Results of research

1. Oxygen fluctuation of Laomedia astacina DUTTOW =i, 35
2. Chlorophyll & CONCENEIAtion e wewsmessrsmssesisiisissiiti s 35
8. Methane ﬂuX ...................................................................................................................... 3’7
4. Stable carbon iSOtope AnalySis s 39
5. Methanogens and methanotrophs community structure analysis === 41

Chapter 4. Evaluation for target goals and contribution index

Section 1 Evaluation fO]f' target goals ......................................................................... 50
Section 2 Quantitative achievement ............................................................................ 51
Section 3 Contrlbutlon lndeX ........................................................................................... 52

Chapter 5. Application plan of research results

Section 1 NeceSSity Of further reS@arCh ..................................................................... 53
Section 2 Application plan ................................................................................................ 54
Chpatel" 6 Refel"ences ............................................................................................................. 55



List of Tables

Table 3-1-1. List of samples for methanogens/methanotrops analysis = 28
Table 3-1-2. 1% PCR primer sequence and 2" PCR index tag sequence for

NGS ANALYSIS rrererereersresersessssesstt et 33
Table 3-2-1. Oxygen flux of Laomedia astacina burrow at 15 cm oo 36
Table 3-2-2. Oxygen flux of Laomedia astacina burrow at 25 cm e 36
Table 3-2-3. Read number and length of NGS analyzed samples e 42
Table 3-2-4. OTUs number, Goods coverage and Diversity index of samples
............................................................................................................................................................ 43



L.ist of Figures

Fig. 3-1-1. Observatory for consecutive observation of oxygen concentration

Of LaOmedja astacjna bUITOW .............................................................................................. 2’7
Fig. 3-1-2. 1% PCR, 2™ PCR and DNA sequencing of NGS weereeesessensenees 30
Fig. 3-1-3. Genomic DNA extraction by Powermax® Soil DNA Isolation Kit
............................................................................................................................................................ 31

Fig. 3-2-1. Oxygen fluctuation of Laomedia astacina burrow at 15 cm - 35
Fig. 3-2-2. Oxygen fluctuation of Laomedia astacina burrow at 25 cm - 35
Fig. 3-2-3. Chlorophyll a concentrations of surface sediment samples of
Laomedia astacina and Macrophthalmus japonicus burrows and reference

Fig. 3-2-4. Methane and carbon dioxide fluctuations of Laomedia astacina
and Macrophthalmus japonicus burrows and reference gite weeerrmemenene 38
Fig. 3-2-5. Methane and carbon dioxide fluctuations and fluxes of
Laomedia astacina and Macrophthalmus japonicus burrows and reference

Site .................................................................................................................................................... 38
Fig. 3-2-6. A)§13C-COy fluctuation and B)carbon dioxide fluctuation of
LéZOmQC]J'a astacjna burrOW over tlme .............................................................................. 40

Fig. 3-2-7. Correlation between §13C-COg value and inverse concentration
Of Cal"bon ledee ........................................................................................................................ 40
Fig. 3-2-8. Rarefaction curve on Laomedia astacina and Macrophthalmus
Japonicus burrows and reference Site s 41
Fig. 3-2-9. Taxonomic composition on Laomedia astacina and
Macrophthalmus japonicus burrows and reference site «oeeeerrree. 44
Fig. 3-2-10. Heatmap by phylum for samples of Laomedia astacina and
Macrophthalmus japonicus burrows and reference site «oeeeerree.. 45
Fig. 3-2-11. Heatmap by species for samples of Laomedia astacina and
Macrophthalmus japonicus burrows and reference site e, 45
Fig. 3-2-12. Methanogens taxonomy on Laomedia astacina and
Macrophthalmus japonicus burrows and reference site - 46
Fig. 3-2-13. Methanogens on Laomedia astacina and Macrophthalmus
Jjaponicus burrows and reference site with depth s, 47
Fig. 3-2-14. Methanotrophs taxonomy on Laomedia astacina and



Macrophthalmus japonicus burrows and reference site «orererrre..
Fig. 3-2-15. Methanotrophs on Laomedia astacina and Macrophthalmus
J'apOHJ'CUS burrows and reference Site Wlth depth ....................................................
Fig. 3-2-16. Comparative analysis between methanogens and

methanotrophs Communities Wlth depth .......................................................................



1. Ao veraddAoa AXTE A2Fo 93 (source or sink) O & e 19

A2 A AFEe] 284

L 3718 29200 AW 28 7h ATAFY] T QA v 19
D W EF Z A QAP ELO] FLE e 19

3. A+ AFQ A 2 e 20

4o AFB] « BEEPA] Z T e 20

A1 A FUY &F

1. A AA T T A A E TJEZ O Th e 21
2. A HAEE A AT 7]5 QT e 21
3. W EF T HIIEA] O L e 21
4. UJEF AR BFBE O TL cooverrrvemsseeesssssssseessssssesssssssssse s 29
024 w9 5

L. ADEEDLEE G Th ceeereeeseeseeseessessens sttt 29
D0 K] AL TE TJEF O Th cerererseetser e 23
3. BIOESF A 0] HIEF HFAIEE ©F Jh e 23
A, T ERAESE H] ABE cereerieeieeiseeie e 24
A3 A e ARAT B4

1 7R O] BEE HFAIEE O] 55 woerevesneissenssssesiss s 24
2. FNHI O] AW ] BFBF AL @F JL ervereererieeisei et 25

A 44 A7) A 24



=0

H,

_7_

B/
el

A1

27

27

28
29
29
29

=K

il
B

i

o)
_E_l
<]
T
]

gm

]

6. vl A3t/ A4 v A
I B <

35
35

B

,_lﬂ_yl
T
0
;él
£
mr
Hl

my

39
41

5. Wl Aksh/ A A

2|

A1

51

52

o

53
54

A1

olo
o

XM

Al 2

55



==

3-1-1.
3-1-2.

tag A4

=< =< < <5

3-2-1.
3-2-2.
3-2-3.
3-2-4.

=5

gk Ash/ 8 mAdE BAS 93 AF AR 55

$NE 9% A

NGS

ZHAEol AaE UH
ZHAEol Aa=E UH
NGS 4% A5 Read

Z+ Alg¥ OTUs 4, Goods Coverage

R

....................................... 28

12 PCRY primer A€3 22 PCR9 index
..................................................................................... 33
Z2) o B AT (15 o) e 36
Z) o B AT(25 o) e 36
T ZIO] s 49
‘;_l Dlverslty lndeX ................... 43



- = = ZF

O 3-1-1. 7FAlEo] AAZE Ul AAEE AEHZS 93F AE T s 27
% 3-1-2. NGS¢ 1 PCR, 22k PCR ¥ tl§%2 DNA sequencing 30
a7 3-1-3. Powermax® Soil DNA Isolation Kitoll €8 Genomic DNA F5 - 31
a9 3-2-1. 7ZFAEe] AMaE Ui AaTE A5 S ZAI (15 cm) e 35
T3 3-2-2. JbEe] AN Z WR SRR A% 24 AIH2E om) e 35
a9 3-2-3. 7HAIEC] A=, A AMAE 2 gz 329 HAEY FE22d 4 4
ZLT ereeeeeeens e 37
a% 3-2-4. B2 F H ARl AA) HA A A W W' (CHl)H o]
/&5}%5\_(002) 15:_5:_ i"ﬂﬁr ............................................................................................................ 38
aF 3-2-5. HAAE 9 A Z (A Eelg A YA elA WlE(CH. 2 ol ibshera
(002) %:E_ %5]_ 1:711 %‘_‘/H.i H]jﬂ .............................................................................................. 38
a7 3-2-6. 7HAEe] AA= AdelA A) AlRte] W& §13C-CO2 &4 W39k B) Al
4ol WE O] AFBFEL A 35 T0 XFO] wrrreereeerteen s 40
a9 3-2-7. 7HAEo] M= Ao gHE §13C-CO, #tH o|atdeth vx g4 3t
O] AFTFTEA] cooveevresssseresssmsssssesssssssssesssssss s 40
a9 3-2-8. AW MAZF, v AAZF @ X T A2 Rarefaction curve e 41
a9 3-2-9. A" A=, v EF 2 2T Taxonomic Composition -+ 44

Y 3-2-10. AY A= Alg 2 v FE AlE E(phylum) ¢ Heatmap - 45
a9 3-2-11. A¥ A= Alg 2 v A23F Al F(species) 2 Heatmap 45
a9 3-2-12. A A2aE 2 v A2 Zod A9 Methanogens ¥4 " AE taxonomy

............................................................................................................................................................ 46
2% 3-2-13. AW AAZ D A Zo)| A9 2o Methanogens - 47
a% 3-2-14. 0 A2z F B2 =AM Methanotrophs #¢d P&

taxonomy ........................................................................................................................................ 48
a9 3-2-15. A" A2z 2 v Fo e Zo]H Methanotrophs e 48
a9 3-2-16. A A2 B vA2F ] Z o] Methanotrophs/Methanogens
T—E‘;Q H]E’_ .......................................................................................................................................... 49



HMoa M e

A 1A AN 52

1. Ao HeEsta ol A FE A2]=9 98 (source or sink) ©] 3l

A

O AMAT AHF YR ArFE A&BS
O A ANTE (hAlRol, 2A)
ek Eelzo] A7E W Fo] #4
O AWAT AN B HANFe] A
Q) (9C/7C) A 9 vl
O MAE FTol uhE WEEAT e b

Al 2 A dFde] 2.4

L =7b4 akle] A 247k A A

_,d
2
i)
fo
oX,

O AF7kAle] Aol ostd, 7|9 FLH Fss Aodd e A2 s} o]
A ] of 2T Fs7HA S

O 1T AFE AANE ATA 2P FaAY Ghed, YU D ey
52 stotste] AR SAls WAFEE YA, N FRRRD] ATFA =W
5ol A HW FEAEY AREA BAAANA SUNs FEE 5T £ 9

O 2247t~ WEe Abxol 7Fg of¥o] ulz} 7% A3} (Anaerobic Oxidation of
Methane, AOM) &= 37|14 AFsA S AXA Hed, Aol dH Al ARk

<
delA don, 53] Aw AYES T vld As A7 A5 2AAd

O dnbxom dotadgolM = g BT =2 Aom I oy, AHo uma



L w2

ol

2l

—

~

=

—_
fi%e)
KR

1

B

ZAE 27,

Z
&

33}

T
o

o)

ek WA/ E

A ol A

©)

J|
=
R
N
)

7
=

oE
ok

¢+

o] o
AT .

el wet ZA ded

E
=

BE] Yes

0|
T

83

o)
=

B

o
o

X
<]
T
]
<]
ot

~

mu

bl Lhobsh Aol e Fb Al shs

oﬁ

R

¢

WY
olo
T

N
=
J_/NO
%

=
o

o}

-

T

A AdAel %41

o

bal glou), Sujel A

°

-

}
o °o]&

°

)

Fol e} 7

2
H

=7

1Lt Al A ol

=0°

A e G EA

9

ke

AG Aol 24
°, olst prelste] AUAow AeAA LAz A% shofol

=

=

-

A A A o] L7 )
O eAtrY MBS BEFHUSE ]

O 7o 1A
= o4y

LA 7k

Z]
Al

ojp
R

=

s}
A=y

=

j=2

CO9| 28%0°l

COz9 1/200 A r=olrt 7]

[e)

we

3}
=y

O th7] T e

o

e
o
¢
B

o



M2 & =de 7[e/d 3

A1 A SUsd

L AW ANEE AAF 72 AT

O ¥ AAMETE A2 ZF A5+ Lee and Koh (1994)9]]
AR A AR AXNFE F27F HWeson, 53 42z
FE) Wl ol HAE .

O olF AR SAEe| o A4F Tx BAT AT/ AEHYoL & $E} A%
24 439 ol g oR 9 G T sl Adstel /RO YA 2F

O 20051 el] ¢}AoF Koo et al. (2005)°] &l Z3ste AMe AArswm A= 72 AT
7 ANADE. o] ATFAAE BY F WANE MAE TR BRA (=FAL,
2%, 4g)el wek 2719 wfolsk ol e,

O 4719 ATE Baf AFAA WA ANER AHF TEE 109 F JEY,

2. M ANEE AAE % AT

O AMEs= M= Y 7ls3 dd3t A4 Tl A o] Fo|AA &Fgkom,

T (2009)e oJF] Ao AT AP #HSS T AAF dFo a2 Jdd A
sol B A4 AHH. obe o ﬁ?‘ﬂ M 7FAlR el (Laomedia astacina)®) 7|

(irrigation) €50l 9|3t A= 34 wgdF AF7F .

- w4 st T AHY FXZ2EH 233 H(closed chamber technique)& ©]-8-3}
of Asbd A7 vlgk S8 2= oF 195 pmol/m2/dayel™, &2 &2 2(¢F 540 umol/
m’/day)= A& Bd] Bls) 10-100v) FEo= e Al ﬂ 18] ol5H 2% F
Zhell & edrst m A E AsaAo] e mEd ¢S F= A= B3, 2007)

- Zd AHY Al A WE S¥sE -01647+0219 mg/m¥hre] W R wWE(H3 F



E Hole Aog wusglod, 7 vFd #dsks AMAEE] 2F 5 UAF @
T7F S, 2013)

re V

- BEe Gl EddA s AR ARE o] 8 dutw T Ao AdH U
BV AFE T3 AP A g 3ol Uit V| xATFE TH T

- AN A= ALFEA I (MIMS: membrane inlet mass spectrometer)E ©] &3to] <Ak
& oA & ve Byl FAEZEES v ZEx Ad Wl 248 78 g

4. gt A s A

O Wgt B AAAE BAS 53 v Asy oAT +F TF A

- gt AAHGIY, A, dFEE)NA vAAZd ot wete] AAdY|HY EAFS uof
st7] 98l F= A Ee] APAAAL FAS F8l wee] Ax st s S o]

HE o mE Aol Heh A Wsl Thedo] A R AAS
S8 Bad (R 5, 2006)

- ghozyE 294 MYIYNAE FHSA de RLYH F, 2010
- aE AdelA dEds e Wedy vgse UFY d3E glor, Aue )
BE GPP e AT AN WEAs Y LT EAS Bud AdEe] U4

O AEo] wE MA# (burrow) Charles Darwin (1831)0 28] Ao 2 g2 Ht
°] ANEHAS. 2= vpA A A<l “The Formation of Vegetable Mould through the
Action of Worms with observation of their habits”ol A A &o] XA =& Pt IA
¢l WHETT (bioturbation)d] AEZ F AL HSow <AFAS. 19708t SojAH
A AE ol dA HAE A A4S Tiedd ol AEude] digh AT
7} o] Foj A 7] AlFglon ) Htole HAE Wl At A 94Ee FulE WPA L
Hold, wpolejz whHg]ol, FHAGES] EAet o T Al EEAT]E ecosystem
engineering’ ] 3 o2 A AEwgo] ¢lAy o] A YL (Meysman et al. 2006).



O 3¢

Al

N

B
i

s
o

—

~
ZO

Mo

74 Al (sediment-water interface)ol A 2]

=]
=
<

B

A
8
ze]
N
o
3

o

ol

B

|

]

O
= "

aF

&

2 A 20

3L

a4

Aol A 5}

1% (Rosenberg and Ringdahl 2005).

R4

[e))
=

]
=

o

Aol A 9]

3lo

Aow 3

1=

e

olp
R

=

—_
fi%e)

el
Ho
ol

2. A= = A

o

iy

el Au A%

e

9|

O Kristensen and Kostka (2005)] <]

&

S

o

T

=

3T

[e)
=3

o 1% &

<
=

75%7F Ak o]

]

==
o

3k 7

of o

=

babA 2 Sdel A dEke] Aol s 24 53

11-18 10" g/yr, ©|

off Al A

=y
R
=]

o
=

T

ek
g 8

gl A 712 mEs s v

3|

=13

=
=
K3

=

il ol A v &

o} Ao} 7}

bsh

d|

A A AF7F 2R 7] o

AT

R

fei3
=

=

©)

= ¥
o A
-5

%

Holl wE

oL
[¢}

SREEERS

m

Nlo

ol
3

3

o} tiHEBW olLieh 9

7 (Pearl River)

s
3l < el A

=]

ofp
,_._mo

L
i

(236)H.t}h

WEr %2

%)

M By wow, 7tg EEw

o] wE Ze
7 1.3-366 H¥Y 2 ZAFE(Yang et al.,, 2010; Zhou et al., 2009).

S

3

-
T

=
<]

Kol
=

B ¥ (Static chamber or Closed chamber)

A

p—

;01_
i

@)



- AETZ 7ME AE 35 (pneumatophores) B Al AAlFe] fFFo] ulE o]4k3tE

A% e FYa AT A oibsteAe Aee AlE 2 AETERI DG 2

IS FH, WY A o]9 HzetHA 53] Al AA=o] vk Tl % o

oz xAlH (Kristensen et al., 2008).

- w3 AT} s A A E M 21A] (marsh site) oA E AE A wWigk v EEe o
A 71 Aol wet FElEkA FrFek AR, vl A A A o] B Aol wE sink7F ¥

=49 (Wang et al., 2009).

O wetslel Fedste] 714 wekiksl mAarel] oigh A7F thetst Aol 43
- 53l German Bightol A= wlgh #3329} AJiEsfjol] mx]= S ol gk A57F 3
= (Osudar et al., 2015).

- 20109 VR APl oa) oG o] §3to] v
= 983 (Ettwig et al, 2010). ©]

- vge] Aey B s S dAT I Mg Exe A3AAS T4
o7 A7 1.

- TS Bl A wEAkE ARt e B4 S fd e daE wAE vds
Rl 6}% A7t o] ol .

)

- AENNLE ol gate] vEES PAeRA ALY BHEe ATFHE

LoAge] e B

O 2= AMsfieh Biet &vte] A werts RAE 54



- HAE stadREY g712 wWE (») #F 548 F5 (0) 282 (mg/mYhr) o At
A wgk +0.067+0.60, o]AFstERA +58.457+95.58, AFA -0.027-0.20 2 A [T
= -0607+0.665= XA,

- HA87 295 F vewEd 24 adont HAR ARAEL £dd =4
oA 7] wlEo] kg

- Zt2Eu A™ (2ulE])el A 20149 8€¥ 31¥79Y 19 (2d7hel txu =¥ Ade)
e Z8 2 (mg/m%hr) HYE -0.027+0.03 & 59l

- 29 AXWEAN ARYW AW B4 AR-mE Azdste] me AN

2. el AXEA AT

O AAAAAZE ol &3 At A FHA Zol| A2ste mAEES] Asets 54 <
.?

- gt A AHEE A FAAYAAEZE crocetane®} PMI (pentamethylicosane) O] Ao
H, S5 Bty Sl AtE] AMoA] o5 AAAE vEv AT A Ue AH
A JEo] mE B fUE FFH FROEEEY EAR Ay HATAA ﬁi"é‘
st dhelgole] ke sl Eo] sl o] FojX 7] Wi oz wEg A
&3} crocetane@ PMI 5 %7F S5

- vl Ee] g AT AAG A Hol EFel o3 AE HAE o
71& AAZE AL (Al POC 45%, PON 40%, 943 A POC 33%, PON 36%)

O wetats}l v &



g} (Lee et al. 2013).
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Zo| A burrow water, burrow sediment % sediment sampleg i3 3¢ ch

(3% .
ZhAEol AMA =S A A@F WFg JHAEe] AA=E Ui HAAXE A st
burrow water sample= 5 ml® AFeA L, AHA/2E A 29 %
sediment samples 5 g AAFA3FATE A M2=e] A5 HAAAE o] 8319 burrow
water sample2 5 ml¥ AF3 P, ~uiEE o] &3t
g¥ AFsATH dx=T B FolE o] &ste] o=

= AAsEA

jon

urrow sediment samples 5

z}7} 5 g® sediment sample

%311 e gAY AR 2R A A0 AR 28
Date Location Sample type Depth (cm) Label
0 D0-0-S-B-1-2
2016/08/20 | 7FAle] A A= | Burrow sediment 20 D2-20-S-B-1-2
60 D3-60-S-B-1-2
Burrow water 0 MW-0-1-1
HA A= Burrow sediment 10 MS-10-REF-B-1
10 MS-10-B-1
2% Sediment 0 MS-0-B-1
2016/10/14 0 S-0-REF-B-1
0 S-1-REF-B-1
o =+ Sediment 1 S-2-REF-B-1
5 S-5-REF-B-1
30 S-50-REF-B-1
EIEE Sea water 0 seawater—1
2016/11/01 Aol A= Burrow water 20 burrow-1
20 LW-20-5-1
Burrow water 0 LW-0-5-1
15 LW-15-1-1
2016/11/02 | 7FA1Eo] A&z 15 LS-15-B-1
. 25 LS-25-B-1
Burrow sediment 20 1S-20-B-1
0 LS-0-B-1




Chlorophyll a = 11.82(Abs 664) — 1.54(Abs 647) - 0.08(Abs 630)

= W z7] 71&7] 3 (AZre] mE wg s2WE) & FE A
Abo] o] Fol Mt AW W W % RUgHES AA (diffuse CHY/CO, flux meter,
Westsystems) & AF&3tdon, wxz tFdo=z 25 FHE a7l Aol Hrh
(Fridriksson et al, 2016). @3 #we] W Hui= 12968 10° m? 22la v WL
564 107 mPo]lwA F93 ofad AHZ AZE Aot dF A 20161 102 7F
Aol AA AMaE oA e} A E oA digF 2A12F o] A o W eyt
ofye} o]itstetsr FERE RUEHYS HAAEATh

mgkal o]atslel o] Bk =Y (8YC) A4S Y3 AW W A RE A
Hol F2sk A} on-off 29X E &3l vacutainer(10 ml)oll =3 3} th.

§B¥C BAS TG-IR/MS (Trace Gas-Isotope Ratio Mass Spectrometer) A2~
(Isoprime 100, UK) & o]&3sle] A&stAtlh 7F2AR (250 u) & AHA o2 FAV|E
& B47)7)10 F9& &9t =522 [AEA NBS-229 USGS-24 2% A}%
S SR, BE EALS HA 33 vy AHAYS Sttt (BEE 0.1% WINh. EgH
UN1956 CHy (=699} -45%) #F CO. (-39, -25 X 0%) EZES TAAT (44}
0.1%0 m]%H).

NGS(Next generation sequencing)+ -8 DNA sequenceE 3+ Wol 4 7153
7% o)t} ZF Algol A FE3 DNAZHE 12 PCR (Polymerase Chain Reaction)% 5
3 A Y&l EFo] o]&xE EAulr el 16S rRNA (ribosomal RNA) FAAE Al
BE FEFY]) Y8 Eolx Tagd adapter’t 28 & U+ taild EAA FZ 7)1 2%
PCRS &3l taildl TagE &< s NGSEAS oW B2 A5 vAE ddAds o

3-

|



Sap LI ! 1% round PCR 1o amplity region-otanienest [ROG shEn :F:l &0 rours PLE 1o aded inshees & ssinpiem

Seap (1) Pood mnd seguence on MiSsg

19 3-1-2. NGS¢ 1# PCR, 2% PCR ¥ & %2 DNA sequencing

of

Lo

o] 2 A5 mAE tdAdS BLAST #4& &8 $22 sA4H o

Hate B4 ANt AN B obdst Lo,

il
M

(7}) Genomic DNA F3
O Sediment®] Genomic DNA FZ
Y HEH AR 1go 25 EH DNAE FE399 0. DNA FZFo&= DNA 3 4&o] -
3 Powermax® Soil DNA Isolation Kit (MoBio Laboratories Inc., California)s ©] 83}
o AA HAL FEH kit AR wzt (1Y 3-1-3). F=F°] 4 DNAE
Optlzen POP #3433 %4 (Mecasys, Korea) & o] &3l =2 =A3s3c}.
O Seawater?] Genomic DNA F=
HEN (FolAE 20%) 5 mLY} 34 5 mLS &35 o] YsHE=HAY JsHE

AlEE AE 47 mm, 02 g Membrane filters ©]-&ste] oJFHATE A Alg=
Qiagen DNeasy® Blood & Tissue Kit7} ©] &% o] DNAZ} FZ5 2t}



PowerSoil® DNA Isolation Kit

Prepare Sample

Cell Lysis

Inhibitor Removal Technology®

- Add soil sample to PowerSoil®
Bead Tube

- Add Solution C1

- Attach to Vortex Adapter

- Vortex

Centrifuge

- Add Solution C2
- Incubate at 4°C

Cenfrifuge

- Add Solution C3
- Incubate at 4°C

Cenfrifuge

Bind DNA - Add Solution C4

- Load into Spin Filter

Centrifuge

Wash - Wash with Solution C5

L | =~ &

Centrifuge

|{n——-n-

Elute [ - Elute with Solution C6

Alternate Protocol
for PowerVac™
Mini Spin Filter

Adapter

Vacuum

Centrifuge

Elute - - Elute with Solution C6

1% 3-1-3. Powermax® Soil DNA Isolation Kitoll 2|3+ Genomic DNA F=



(1}) 1= PCR

FEH dA diolA EAMPAR o] §EHE 16S rRNA FHAE SH317] 98t 2
gnAE FHA FFHE W8 primers? 3M4IF  (5-CCTACGGGNBGCASCAG-3)
primer®} 805R (5-GACTACNVGGGTATCTAATCC-3) primer’} PCR HF$-o A&
2t} (Takahashi et al, 2014). PCR Wk$-ol zA S 1X Buffer, 0.8 mM dNTPs, 0.5 pM
primer, 1.25 unit DNA free-Tag DNA polymerase® FA ¥ CellSafe kit7} A& % A
HAA FZ2 MSES 20 gFo] HxE F4s¢th 3 DNAE 1~100 ngS 6’—01—7“
t}. PCR 4F3-ol+= GeneAtlans ThermocyclerS ©]&3F1 o 95Co| A 587F HHg
94Tl A 60%, 55TAA 60%, 72TClA 234 303 wHE5 a1, vpx]dtel] 72T ol Al 10+
Y WS Al Y HEureE S AMPure XP beads (Beckman Coulter Life Sciences)
£ o]&sto] AAsEATH

K

oo 32

(th) 2% PCR
17 PCR #H4< S8 % ¥ A4 165 RNA 447 9dd] Ans Fua7] 9
@ Tag (X 3122 27 9leko 24 PCRE AAehlth. PCR W89 24& 1X

Buffer, 0.8 mM dNTPs, 0.2 pM primer, 2.5 unit DNA free-Taq DNA p lymerasei T
AE CellSafe kit7} A} &E 3, AA ZZE W2 50 §Fo] HE2 At F
3 DNA 17100 ngS F7Fste] wEgS A AT 23 PCRS Tages ®oF+ Aol &
Aol7] wiiel whg 3lgE AA st AU FHFOE QA 2{HE Y F UEE I
2t PCR2 GeneAtlans Thermocyclerol]l 2]8f] 95TCo| A 5587+ ¥F3- & 94To|A 30%,
55Tl A 30%, 72ColA 14 83] whR¥glar, wpA]dte] 72TelA 103F ¥ BH&-H U
o} HFWSE2 AMPure XP beads (Beckman Coulter Life Sciences) & ©]-&3te] A
Astdh. A7 g5 PCR AEe BZFEAE o|&3te w5 A3 7479
S 5 o

ARERE fests DNAZK 5% B & UES E@stel & 9] ARE WS F

At



1% PCR9| primer A4 3} 22 PCRY index tag A4

Sample Name  Index_forward Index_reverse Forward Primer Reverse Primer

MW-0-1-1 CTAAGCCT TCATGAGC cctacgggnbgcascag gactacnvgggtatctaat
seawater—1 CGTCTAAT GTAGAGAG cctacgggnbgcascag gactacnvgggtatctaat
burrow-1 CGTCTAAT CAGCCTCG cctacgggnbgcascag gactacnvgggtatctaat
LW-20-5-1 CGTCTAAT TGCCTCTT  cctacgggnbgcascag gactacnvgggtatctaat
LW-0-5-1 CGTCTAAT TCCTCTAC cctacgggnbgcascag gactacnvgggtatctaat
LW-15-1-1 CGTCTAAT TCATGAGC cctacgggnbgcascag gactacnvgggtatctaat
D0-0-S-B 1/2 TCTCTCCG TCGCCTTA  cctacgggnbgcascag gactacnvgggtatctaat
D2-20-S-B 1/2 TCTCTCCG  CTAGTACG cctacgggnbgcascag gactacnvgggtatctaat
D3-60-S-B 1/2 TCTCTCCG TTCTGCCT  cctacgggnbgcascag gactacnvgggtatctaat
MS-10-REF-B-1 TCTCTCCG GCTCAGGA  cctacgggnbgcascag gactacnvgggtatctaat
MS-10-B-1 TCTCTCCG  AGGAGTCC cctacgggnbgcascag gactacnvgggtatctaat
MS-0-B-1 TCTCTCCG CATGCCTA  cctacgggnbgcascag gactacnvgggtatctaat
S-0-REF-B-1 TCTCTCCG  GTAGAGAG cctacgggnbgcascag gactacnvgggtatctaat
S-1-REF-B-1 TCTCTCCG CAGCCTCG  cctacgggnbgcascag gactacnvgggtatctaat
S-2-REF-B-1 TCTCTCCG TGCCTCTT  cctacgggnbgcascag gactacnvgggtatctaat
S-5-REF-B-1 TCTCTCCG TCCTCTAC cctacgggnbgcascag gactacnvgggtatctaat
S-50-REF-B-1 TCTCTCCG  TCATGAGC cctacgggnbgcascag gactacnvgggtatctaat
LS-15-B-1 TCTCTCCG  CCTGAGAT cctacgggnbgcascag gactacnvgggtatctaat
LS-25-B-1 TCGACTAG TCGCCTTA  cctacgggnbgcascag gactacnvgggtatctaat
LS-20-B-1 TCGACTAG CTAGTACG cctacgggnbgcascag gactacnvgggtatctaat
LS-0-B-1 TCGACTAG  TTCTGCCT cctacgggnbgcascag gactacnvgggtatctaat

(2h) NGS t-&#2] DNA sequence 2|

AAE 22 PCR AHE
Agelx e F4S &

o] DNA sequence w212 () ol o Fslo] =3t A ). (F)
okatH vty zkth o FE DNAQ 2x A @ =7] el

AE AX A 9 v5, AV ZAE ] 79 denaturation LS 7 A
NGS #Hlo] A8E5 &dr. &% sequencing®l = Iluminatle] Myseq GA platform®]
o]

A8 th Sequencing #
(Reads) & AlAst+= A4S A

Taile] ¥3%¥ primer A<ES A7
database®] A<}

browser2 & 4 JLEE 7}& 3T

#HAY Fdol £X
H Reads&E<
15 BLAST methodE

[e]
=
Fsta ol

L 3 HOE:],J
Tag% 7]%2§ "v‘-rro]- Tagf)]—
o] 83lo] EzTaxon-e

CLCommunity™ (Ver 3.43)



(o) AR FRAFE B

HAExHow FHHd AFREo that EAS (F)HANA A FdE= CLCommunity ™
(Ver 3.43) ZZadllo A o]§ste] Fa=Ar)y WA Z2ade] 7]E27]|5& o] &3t

22X e AARAAMS #Hrbstr] 93+ Rarefaction 413 Fast UniFrac €ad&
(Hanmady et al, 2010) & o]&3lo I A5 4 & FYdsch o= Alm
ZF B EA 0o X2 Fol7] 9ste] 2 AEEHE 10,0007 ¢ ReadsE F2H9FE38t=

$4e AR

(2) vig As/ A mAdE vl 24 Uy

A E NGS A= 459 e A4 v A= (Methanogens), 62 W& 4kst n| A&

(methanotrophs) ¥ B]asl¢ o, 95% FAIEE 7M=& £33 97% FAERE 7HA = &

o w2 s



A2 A 723

ZhAEe]l AAE WE AtAhwE AE5E34 23 15 em (¥ 3-2-1) ¢ 25 cm (L
A

=3

3-2-2) F 7ol mEolA 2Ad wa Axswsl 24 Wses Ao Jeyt A4
7 AAEE A UR A5t 986 Hel Aasest FAaA 248 ¥ dA
2REE F4e gehlon w2/)gdE Axe] wF glo] shRols} vgEe] BB
of o8 2tart AEHow xwHoel Win AHE §AeE Ao vEgt Aol
/;1'

&y A 2 ZA A AEo] A

AhwmEe] Wsrh A9 gle o E vEhyTh Ed AEo] A
#7185 (Bioirrigation)ol] &3] A Eo] A

100v) A% =2 Aox Yetylth ol A AAXs= A4

3T -
Hzol FHUE Aad G ML FoF 2092
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(a)

0.8 -

0.6

04 - (b)

Chl & cone. (mg L)

0.2 -

0 il
ZIE0| MAl=z5H HAMA=EH
T 3-2-3 AbARe]l AAE, AA AAE L gET EW ¥

3. e =

{3
B\
o

23}

AW W vgbs e JhAEo]l AMA = flX|elA FHW 25 ppme®, T tE AA A2
=AY 22 ppmI H] A A= A oAl 2.1 ppmEtt =okth 53] A= XA
EAAORE 15AIZF & FHaskes 43S BHAadv (29 3-2-4). o4t

stebae] A U sEws= ZA A E XA ]/\19} Hl M2z fix]el A v A3 A
% 1_

b FoF 22 ol dAAALY BHEE = Ao ® Holt (Migné et al, 2002). 18
A RE ZhAEo] A A= XA AW ] o] Ji}%i FTEE A9 27] % (450 ppm)
ol HA MA=E A A AlZte] whe} A2l 250 ppm FE=7FA 7

o] &% WY FH2E AR AAE fIHA 0.02 mg m”?

hr'el WA, ZAA AAZF Ao A= 0005 mg m? hr! 283 HAAZ x| ofA=
0.007 mg m? hr'& Axte]l HYUth (19 3-2-5). 1 A7 7HAEo] AAZF Yo A 4
Al o FrE o e ZEA gEolt HAEZYE v @S e

ulg 2] o} (methanogenic bacteria) ¢ #A|gtt} (Kristensen et al., 2008). ¥ v & +F
EA A3 WetdAd vtel gtz Tt Ee] A= dE FolA =gk Eg 123 g
oA wgkakst wbegotrr wWgEAd vhE glol H & %Eﬂz—igi =okrt. whebA
A& 2 FolA vetd g vregotel o5 whEoixl wWigke] AA =S Fd AAA
2 QU2 wEEHE Aog Heltd (Kristensen et al., 2008).



CH4 ppm
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,2 T e — 0 Max: 2.1 mi

::7 | | E mi\ I
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B e — Max: 2.2 o 4

B = ey TN O o —

18 bl U 200 T T T T

. S ——— Max: 2.5 o

- E ® T ®
Time (sec) Time (sec)

29 3-2-4. v A= B Y= CEAEol ok AA) Al AH o v eH(CHy)
o| Ak} A (COy) = W3t

HIAAZ

2 AA=

JHHE0 MAl=

800 - 650 - 640
-’ ; -
700 iy 600
g 550 1
S 600 ] %0 -
O s00 1 520
& o ) 1
400 M% 400 N\ 480
300 T T 1 1 ¥ — T T T 1 40 M TR ENE R
0 500 1000 1500 2000 2500 O 1000 2000 3000 4000 O 400 800 1200 1600 2000
210 - 23 -mo 25 - oo
205 - 24 - (-X-]
E il 22 4 @
S 200 4 »
< N 3 —{ooeo
T 1.95 - 4
o -4
P T 0.007 o 0.005 22 0.02
L mg m~ hr mg m2 hrt mg m~ hrt
185 T 71 20 +—— 71— 21 4
0 500 1000 1500 2000 2500 4] 1000 2000 3000 4000 0 400 800 1200 1600 2000
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4. &g -5

o

=]

TR0l A Fe] AMu AY Hote] §¥C-COp e A WA} F WA A ZESdlA
b -17.2620.26% % -17.912047% 2 ZAIEQon, o]F 7aste] A WAl v WA
2EAE 27 -20.18+0.39% # - 20.63£0.21% S YEFHATH (2% 3-2-6a). E3] A
Aok vl WA ANEEAA ¥C e BAFOR Zol7t flvt (p=0.15). WHAE F AR
9 6%C ol e dule HAEqA wEod §¥C-CO.E YErdtE Zolth (Mora
¢} Raich, 2007). 7}A2o] A zol|Ae] o]italets el AA A wore olatslet
A TR 7 AolE Aol wEr FhetEA T oA AR AFH AITE (4,000%) o] A
T AT HS Bty 3-2-6b). o] o]itEtEtAao FYo] tES W)

TP Rel AAE fAelA AW Ul o]ibstEtae] 719S dolry] g8, 2A Ul
ANZE §¥C-CO, & 2 AREY olatstttsr Fxo 94 e FARAE dotr
UTHZH 3-2-7). 1Y 4o <t Arsler 2o 3k §%C-CO, #h3t o] 4k3}et
A TR 9 FEE A JERJY (39, 2014). 1 A ARl M= A9
o A o] xkateto] 3t NPLe A AAE T 5 A

N

TorE 2>

D 7] olxtstetaR, F®E 377 ppmel WA §°C-CO, & -83% S ZETh o
Ao A A 1991 20119744 55 oi7]e] Faiges wa grel sl

e =Y

ol

2) A=719 olibstet A2, biogas-COxt 2 5 SIATh A 19 3bell A E 30
A ooldel 7HE = olabster A FE, 452 ppmdt olw o] §¥C-CO, #®e -17.9% =

ol
H

| 7o 2= gk Abste] o3k ojqbsterAo] WA o]t} biogas-COqell H] &
A oolatgtet s sEE tha W 435 ppmeol WA, §UC-CO, #he -20.6% = ©lS #Aadt

A Al WA Azl A §BC-CHy #e -5859% = ol d A golA e -60.49%° Bl&] T}
& Z7bE AR nath B ARl AgelA ek sl tiek AAH ek Fa
e - 0016 mg m? hr'2, %A ¥ & Wl 0019 (20.02) mg m? hr!d W
erow, Aol A4F 29 F
AAE} Zor, 55 ANZL

L E
o w Hrtg o A
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5. g kel AR TARY Az

=

(1) Pyrosequencing At=.2] 54

NGS #4 A=z 21273 ~2,170,4827] ReadsE LA F&st A2 HFe
14,188 ~1981417) Wel= 10wje] #folE YeLUT ZF AR EA F7IALe] Ht Aol

T 41294 ~421.40 bp WHIE Ko AEAY A= dHoR F5e

H w2 Zo o] Al@ A7 Ao L, rarefaction A4 OTUSFE 10,0007 A1~
NA Ak F7Fske o] Solx Al o, Fg Alme olHth v Al oA OTU
F7F o weE kg stEdet (1E 3-2-8),

Rarefaction Curve [CD-HIT ]

13000 e

— bumoe-1

12500 = O00-5-8-1:2
12000 e 012204548412
11500 - D300 5B 1.2
LR LED-B
10500 LS 15-B1
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G000 LW-0-5-1
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8000 — L2051

; 7500 [FE N
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0; €500 WS- {0 REF- B

g 8000 AN 18
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3500 S50-REF. 61
2000 soamatar-1
2500
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3 3-2-3. NGS 4% A543 Read + B Z0]

Sample Number of Read . - Read Length
‘Whole Resampled Valid Minimum  Maximum  Average
D0-0-S-B-1-2 540,203 10,000 137,197 315 462 417.17
D2-20-S-B-1-2 113,465 10,000 37,873 380 460 421.40
D3-60-S-B-1-2 2,170,482 10,000 14,188 382 449 414.85
LS-0-B-1 688,283 10,000 198,141 302 478 41754
LS-15-B-1 921,882 10,000 174,296 301 471 419.07
LS-20-B-1 954,342 10,000 183,500 308 461 418.69
LS-25-B-1 953,930 10,000 182,925 309 462 418.53
LW-0-5-1 21,273 10,000 30,966 382 461 419.85
LW-15-1-1 26,340 10,000 22,755 382 461 417.72
LW-20-5-1 27,759 10,000 32,232 382 460 415.43
MS-0-B-1 616,507 10,000 154,176 303 467 418.18
MS-10-B-1 940,366 10,000 170,073 335 467 417.66
MS-10-REF-B-1 759,985 10,000 142,431 310 462 417.92
MW-0-1-1 85,274 10,000 89,444 382 481 417.56
S-0-REF-B-1 820,136 10,000 159,676 315 480 417.30
S-1-REF-B-1 751,898 10,000 137,462 336 481 418.07
S-2-REF-B-1 715,221 10,000 137,468 302 461 419.20
S-5-REF-B-1 514,882 10,000 113,493 308 482 420.33
S-50-REF-B-1 695,737 10,000 180,994 300 481 418.56
seawater—1 44,756 10,000 59,005 368 456 412.94
burrow-1 38,464 10,000 40,415 331 461 413.02
(2) & ¥ % (Richness) ¥ t¥4 (Diversity) <
Zt Alad dojd OTUY v HAEAAE 209~1221872 32l 256~1026
=

N BEok gtk (3 3-2-4). /\]Eoﬂ/ﬂ dojzl @7 Lol aF A= TEFEES drb
P EE=AZE JERHE Good's Coverage: 3FAl ZolAE 99.861%~99.920% 0.2 E A
Lo+ 99.514/)“’99749/&‘:} ok 7F mokow HlwA HAAHQJA tFAHS st el
AlE 29 7 FES Aow yelyy, & $HEE YEl = ACE (Chao and Lee,
1992) ¢} Chaol (Chao, 1984) A%+ D3-60-S-B-1-25 A3t tlF 7o HAYE 01]7\'1
T 4A~40u) 74| ol HAFolA iy =& T FREE e ZoE FAHHS
™, Shannon Y%A 249} Simpson T34 A 4% D2-20-S-B-1-29F D3-60-S-B-1-2
Aol B HAEqA & IS 2e o2 YEYT (i 3-2-4). HA &0 A
T2 YA AA & A 1%RIRe] @2 HF{&S Holi= rare species®] ¥

[e]
X
Je =7} sl <kskA oﬂ/ﬂ dubx o 2 UEelES AAMSEaL Yt (Choi et al, 2014).

rlo lo
O

N



¥ 3-2-4. 2+ A)&¥ OTUs 4, Goods Coverage ¥ Diversity index

Good's Diversity index
Habitat  Date Sample OTUs Coverage )
ACE Chaol Shannon Simpson
(%)
DO-0-S-B-
6944 99.648 7130.911 6986.5 6.841 0.006
A 172
ug,
D2-20-S-B
2016 1o 1365 99.743 1403.924 1382.4 4.983 0.078
T8 p3-60-5-B
19 209 99.648 259.7868 2435 3.733 0.060
N LS-0-B-1 8866 99.740 9050.656 8900.6 6.959 0.004
ov,

LS-15-B-1 11797 99667  11999.26  11833.0 7.698 0.003
2016 1S-20-B-1 12218  99.690  12417.84 122512 7.650 0.003

L1 15-95-B-1 12213 99662 1243325 122482  7.856 0.002

MS-0-B-1 7960 99.695 8132.983 7993.0 6.900 0.005

Sed- 9% MS-10-B-1 12002 99683 1219173 120319  7.840 0.002
iment 2016 MS-10-RE
M-l 9758  99.632 9942983 97934 7.492 0.004
S-0-REF-B
71 10496 99.661 1068959 105318  7.460 0.005
S-1-REF-B
9625  99.666 9789422  9652.1 7635 0.002
Oct, -1
S-2-REF-B
2016 5 9182 99613  9377.04 92205 7513 0.002
(N10) 55 REF-B
71 6701 99514 6914599 67523 6.734 0.009
S-50-REF-
. 8832 99749 9000583 88620 7.140 0.004
Nov, LW-0-5-1 256 99911 2722693 2636 2,651 0.259
2016 1w-15-1-1 315 99861 3314731 3231 3,383 0.162
(L-1D 1 w-20-5-1 333 99905 3473634  340.1 3564 0.087
Oct,
Sea— 2016

MW-0-1-1 1026 99.899 1068.357 1045.1 4.623 0.030
water (M-10)

N seawater—1 528 99.920 552.5886 540.1 4.053 0.064
ov,

2016
(I-1D) burrow-1 457 99.896 478.2819 467.7 4.029 0.073




(3) vrellol #H o) AFRFHA A

NGS &4 23 Ald 29 Als #42 HHEY fFolr] =& IS 2te o=
e (¥ 3-2-9). 3 A|BolA HAx 5%ol4 $#H3I F&  Proteobacteria,
Firmicutes, Bacteroidetes, Acidobacteria, Verrucomicrobia, Actinobacteria,

Bacillariophyta, chloroflexi, Euryarchaeota, Ochrophyta, Cyanobacterias H o531, 53|
Y Proteobacteria®t Firmicutes”7t -¢Al3tAl  YElW T EHA &9 D2-20-S-B-1-2¢}
D3-60-S-B-1-2% #lelatyl HA &I s5o] vdETHe] £ UroldE HolE
o (29 3-2-10).

st Algol A FHA 5%olA H-3e &2 Beillus, Woeseia, Pelagibacter, planococcus,
Olisthodiscus, Phaeodactylum, Prochlorococcus, Luteolibacter, AVDB_g, AHBI g,
Carboxylicivirga . = UEE o™ Heatmap®l A HA4E D2-20-S-B-1-2¢}
D3-60-S-B-1-2& A EE HAEY ¢/t 29stA Urods HoeEt (1"
3-2-11). 2016Lﬂ 8Y 7IAlEo] MA=E xS HAE D0-0-S-B-1-22 A A E A &9

MAE T3S ®HolA W Zlo] 20cm, 60cme] E A E D2-20-S-B-1-2¢9F D3-60-S-B-1-2
<l mAE SHe Bola 9lem, o= 2016 114¥ 7HAlEo] A =e] mAdE A
I A e FEe Hola
o Phylum
I RSN ERERRRE . Tl
et B I E B || I I o i | |
90 I = E B .
8 || I
CH i i i i i B ETC( < 1.0%) [ Chiloroflex
75 B Gemmatimonadates m Rhodothermasota
o | | I B Acidobacteria W Actincbacteria
65 | | ! [ Eacillariophyta Verrucomicrobin
&0 I l I I | I l I I [ Firmicutes M Bacteroidetes
g 5 . . Protecbactsria B Aminicenantes 0P8
g o B Nitrosprae [[] Cyancbactzrna
e . . W Caldithnep B Latescibactena Ws3
o [ Chlorophyts ] Fuscbacteria
= B Euryarchaecta W Ochrophyta
30 .
. B Uinophyta B Mennimicrobia SAR406

a9 3-2-9. AH M FE v = W g ZT oA 9] Taxonomic Composition
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(4) Methanogens BHd| 2o} 35 2]

Methanogens®l]l #o¥ = vAE  A|Ex S5 F MoMME UEw o,

Methanobacteria, Methanococci, Methanomicrobia, Thermoplasmata’} 31, 1 & 42%

5 #}A]3}i= Methanomicrobia, 43%% **]3}+= Thermoplasmata’} $-#3staL At (29
3-2-12). E 4 EW Methanogens®o] HAEHAL 52 Methanogenst= A& 7 EH A
okttt ol= HAE 9 Methanogens w57} d|lFHT A or =28 HoFt)

E A E4U Methanogens &X+ L-11 7FAEo] A2a =3 N-10 H| A A Fo Al doj4 o
2 FASHA Yelst - E ¥F 0 cm @ olo A9l Methanogens X7} H| A2 =
S-0-REF-B-1_rso| A %F YER I, HA A E 55 HAEAA9 wg Ao Fdde=
gutstA AP JSS wRoFr (29 3-2-13). ¥Z Ocm ZHolE ALY
Methanogens w3+ L-11 HA & 7FAl&o] A2 =3 N-10 EAE v|A A=A A
o2 AEY Y. Egk Z o] Methanogens AlE 2~ & Adl¥o=z L-11 HAE 714
2ol AalEo] N-10 EHAE HAAAZEY ddes =74 Yewon, o 7HAZo]
MA Ao HeAY FEo] HIMAFET didor & 7|HAE Kol

o] Fofste WAE S L-11 7HAlEo] A=, N-10 ¥4 4=, M-10 2

:ﬁdﬂ

A A= com Al $AE BAL, ole AXE=S wehe] osf AAdE AA=
o] Methanogens w3 ol Juldo=z JIFS A v oz B},
v (L8)  (L11) (-11) (M-10)  (N-10) (-11)
: —+—Methanobacteria
120 ﬁ 60 .
ﬁ ‘i"r -#-Methanococci
100 ——— Fig ' 50 ——~Methanomicrobia

—

—~Thermoplasmata

-

A h * :SE)L;:TH(cm)
/ \_ﬁ\ )

10

SEQUENCE READS
g g
-z::‘.l‘.:"’h
y
&
(w2)H1d3a

=

40

E\l

o o e seawater
Bom G ol - Bl ¢ o b o R
2pop @@ oo B T R A ) i
gl S S R sediment
Hﬁﬁmmmmm'—immmcﬂ.—immmmng
L] =1
horh o octh e o ok B L B mm  7RRHE0] MA=()
PR o Pl TRTETETRCE -
oo d " UNUEEEZVi L LA hs BB  =HA MA=EM)
— u
o LV VAT s I O]
8 & % ) B HMHAZ(N)
2 I =
]

a9 3-2-12. AH A= 2 v A A =AM 9 Methanogens ¥ t A& taxonomy



(L-8) (L-11) (L-11) (M-10) (N-10) (L-11)

SEQUENCE READS
E
L
__________.-----"
| "1
T ——)
_.--‘-'--'_--
= — |
]
(wd)H1d3a

AViIEN
\\ A / l .o ——METHANOGENS
r w !{ 5 { ;; ( 5 ' -m-DEPTH(cm)
0 Lo

mowm o o o ulEaledie ow e oliEl 5 = = o= o Bl seawater

sediment
ZHHEOl MAl=()
A MA=(V)
H M A=(N)

L5-15-B-1
L5-20-B-1
L&-25-B-1
LWy-15-1-1

L -20-5-1
M5-10-B-1
MS-10-REF-B-1
5-0-REF-B-1
S-1-REF-B-1
5-2-REF-B-1
S-5-REF-B-1
S-50-REF-B-1
seawater-1
burrow-1

D2-20-5-B-1-2
D3-60-5-B-1-2

¥ 3-2-13. AW Az 9 v} ZoAe] Zlo]¥ Methanogens
(5) Methanotrophs ®Hd|g]o} % #+4

Methanotrophsell  #ol¥ = wAE A|Fx2 F=  F 2372 YEE o,
Alphaproteobacteria, Betaproteobacteria, Gammaproteobacteria’} 13, I % 42%S =}
A 8l= Alphaproteobacteria, 48%% 2}#|8l= Gammaproteobacteria’} $-5d3ta St
(19 3-2-14).

¥ A S Methanotrophs #Z %= ]2 o2 34U Methanotrophs 2.t At 2 o 2
S-AsHA YeErgth 35 0 cmolA1¢] Methanotrophs X% LS-0-B-1, MW-0-1-1,
MS-0-B-1, S-0-REF-B-1 ¢ 2 =t} 53|y A2 =42 Methanotrophs &AW =
7b v 2R A er A4 BAZith Z£F 0 cm ZHolE AL HAE U
Methanotrophs #+X+= AX =9 A2 {7 #Aste] F23 2 Holx FARt
lote] Hluw Aye FEler FHS Holm Q. HEd FUd AR A A9
Methanotrophs 3 H 3l Z3= L-11 7FAlEo] AA =3 L-8 7FAl &0 A 2= F5
gk Zfol& Hola 9
1

O>"

0 lo]ojl A ¢] Methanotrophs 37}
, 53] AXBEY] "1*—1% o] HA A= HU} Addoz 3

Hir

EH;@ o2 © %
¢ke HojFET)



SEQUENCE READS

9 3-2-14. AH M= U v A =0l A 9] Methanotrophs

SEQUENCE READS

=
w

w B &L B & 8 & &

(=]

70

L

- 40

- 30

(wo)H1d3aq

——Alphaproteobacteria

-m-Betaproteobacteria

(L-8)  (L-11) (L-11) (M-10) (N-10) (L-11)
| ‘
(L :\ |
il / I
[ {1 |

}I A \\/ ,«\ l/}\\ A\
=R b=

- 40

- 20

(L-8)  (L-11) (L-11) (M-10) (N-10) (L-11)
1]

i ; g
AN I\ |
[ [ [
L4 /8 A ||
VAR'a

A X pa ¥ | 1\

e e
a 4 o 3 Fon B2 S

L

r 20

——Gammaproteobacteria
—=SUM(READS)
=+=DEPTH(cm)

r 10

seawater
sediment
ZEHE0] M= (L)
2A M=)

H| M 2= (N)

" A& taxonomy

70

- 60

- 50

1d3d

T
30 ?—M ETHANOTROPHS

r 10

“8-DEPTH(cm)

° mmm seawater
B sediment
mm  HE0 MAZ(WL)
= A M2V
N HAMAZ(N)

a9 3-2-15. A M2lE 9@ v|A 2] Fo A2 Zlo]¥ Methanotrophs



(6) Methanogens/Methanotrophs BHE]g]o} w5 &4

Methanotrophs A2 $+ & 235702 54670 2] Methanogens A2~ R A A
o7 AANk wgitsl s AlE A F ol 3 HAE £F (0 cm zo]) oA
A WAE AEE FERY i oR $ATS Bdu =3 L-8 JhAEe] A=
HAZ3 M-10 24 A2= HA = W Methanotrophs 3 ©] Methanogens 35 XU}
Foides - AEgS HAth(1d 3-2-16).

Methanogens/Methanotrophs HrH|2]o} 3 H| & #24] Z3 L-11 7FAEo] A=
LS-15-B-1_rsel Al 155, LS-25-B-1_rsollA 7.4, N-10 H]A 2= S-0-REF-B-1_rsol A
6.7, S-50-REF-B-1_rsoll 4 53 o2 A% A4S veutt o= A= s
AAE Fo| Ao EAE Methanogens H°] Methanotrophs 3 HUt} %8 7|gA=
e 22 Methanogens/Methanotrophs BHe|E]o} 3 H] &2 W37t &S A|A}SHT)

J

140

(L-8) (L-11) (L-11) (M-10) (N-10) (L-11)

120 t
¢ 100 [\
0
2 al o
E a0 %

—'
Fitd A ] -
3. A A/ .
o \ =
bre f\ f
Y a0 .
[\ ——METHANOGENS
- -#-METHANOTROPHS
—+—DEPTH(cm)

5 = seawater
Rl s ol o ol B B sediment
Rl B S R i . I I B B e
I I R R B R T E0| MAl=Z(L)
D 90y 2 2 R o . = B e e e
eae 2R =L ol o8 g8 A MAZM)
S 2B 5 v B HAMAEN)

[ ]

a9 3-2-16. A¥ AMaa 9@ w2 FZo 2] Zlo]¥ Methanotrophs/Methanogens 3 H| il



M4 dPHY 2F 2ME

gl |70 &
AV ] =
A1 A AN 5% d4=
=g
dE | A7E2E | A7Us | ARATUE S & s
A A o) 7P el A= U
AdaEE A% | AawE 9% #3 92 100
Bz e
M2 3}
]
H A A e Aol AA M A=
ARSI BA e g
A e B I
A Ty aee w4y
AR | BT Ry
Mol wilgk A
AL e A
MR |
ol A
2 2] A = A2 = ot
2016 JEPSEDS PSRRI | A o]
o A Axze Ay
o] 3| (source A AR | €} /0] Ak S} EF A 100
or sink?) /ol Ak s} ek BF 2 0F & £ 9] 9 2]
BRAREALL | ooy gy 2 v
v (BC/C) A
O
ZERE
SEEDE ! on gz | AL A AN
i AREHT IS i wa
kA ot HAE AT N - 100
37 20 o ek AR
H
EE L I PR WAL
o] 3}




A 2 8 g g3
1. =% AA

O =9 =& AA 14
- A& Using high-level identification of macroinvertebrates for pollution
assessments: an example from Gamak Bay, on the southern coast of Korea (2016)

B.J.Koo. International journal of scientific and technical research in engineering
(IJSTRE). 1(9) : 18-24

O SCIE =% AA : 18 (Accept after minor revision, Ocean Science Journal)
- A& : Sediment reworking by a polychaete, Perinereis aibuhitensis, on a Korean
tidal flat.

O F=FA st - & 13] (2016. 08. 26)
I

CFESEA ARGl ARaY HEo % HAE ALY

O Z7FAlZo] MA= By 23 A 55 (55 S @ A 30-0898956 =, Al 30-0898957
)

fol

O gojudAx o] M= g 23 "Ad o5 (TS 0 Al 30-0898958 =, Al
30-0898959 =)

4. $R&F

O Foldn Hetel AW ANEE AN B ABAA] KAFA AHAR'E of
AL 714 AL (2016 08. 26).

O ojdolslgole] AE AAMEE A2 @A ‘O ZA! o BAAl A
b A59s Wetgl” 718 714 AA (2016. 10. 01).

O AlFl did tF7dd 13] « il A Axes A= a5 (2016. 09. 07).
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