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Degradation of marine organic matter in seawater
of the Suruga Bay

Mamoru HINO', Tatsuya IWATA?, Yoshiko SHINOMURA?, Rumi SOHRIN?
and Yoshimi SUZUKI

Abstract Dissolved organic matter (DOM) plays an important role in biogeochemical cycling
within marine environments. Recent studies have shown that DOM consists of three frac-
tions with different turnover rates: Labile-DOM and semi-labile DOM is degraded by bac-
teria within several hours and days, respectively, while refractory DOM is not degraded over
thousands of years. The purpose of this study is to estimate the amount of semi-labile
DOM and to detect a seasonal variability of that through degradation experiments of or-
ganic matter. The experiments were conducted using filtered and raw seawater samples col-
lected from the depths of 20 m and 800 m of the Suruga Bay in April, July and October.
After 21 days-long-degradation, decrease of organic carbon in the 20 m raw seawater
reached to 26.2% as for the July sample, whereas it was 16.8% and 13.6% as for the April
and the October samples, respectively. On the other hand, the corresponding value of fil-
tered 20 m seawater was accounted for 24.7% as for the July sample, whereas it was 9.4%
as for the October sample. Primary production was highest in July and the surface water
was well stratified in this period. These results suggest that semi-labile DOM was accumu-
lated in the surface water in July rather than in April and October. No significant changes
were found in filtered or raw seawater collected at 800 m, suggesting the low contribution

of semi-labile DOM in the mesopelagic zone of the Suruga Bay.

Key Words: semi-labile DOM, microbial degradation, organic carbon, primary production.

"E

HWIREN EOREDORAD ) Y —N—-LHBETH 5.
FOREOFERIIFIZN0GICTH L EHESINTH
3 (KT, 199). T/ Z2oFTHLIEEWEDSE
BWTCHEN02- 1 umD T+ VY —5BRBTHLD
700 GtCHTE L TV 5 (Headges, 1992). ZDiF &
AMEBBEEBOEMEEIZERTHHDTHY, B
HREEBW(DOM) & EFE XN T35 (Meyers-Schulte

et al., 1986). DOMBEICRBREOHEFLIZ X
DFIRENSGH, TOBBEZHRERETHEMIZLS
ERMFIRORNEMEH NV — TS L L (Azam et al.,
1983). M HRINDZ EIZLD, MEHNV—-T I
BROBYWHBIZ DN DT 0, BEICEITSR
YWRICEV TER2REEZE > T 5.
BEOBEFREBKE(DOC) DHES ML, FHIC
LH5EMIH S0, FETO0-90 pmolC/1 & MEH
&<, BEIZT<ICRVWAI 40 wmolC/l ZTERA L.
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F OB 2B ERRTRD TEEIZ NI WO, 2001).
—F, IEREEZEMR BT ADOCOERAEE TITFEH
& U T#94000-6000% & W5 EA RS X TV 5 (Baver

et al., 1992). ¥KOFEHEERM A 15002 (/M)
2000)THBZ EEEzNIZ, FOEBRREIBEOR
MHroEBMEERWOFZIEMAEI/BEL B EEX
5%, oV, ZoERIZ. DOMOFIZEFELOD
B2y — VTOBENBRVWEIVRFETAZEEZE
RLTWA, —&iC, BTS2 P ViZk - TERE
THEEIN-EHRDIIHAEEOMEYHRIZLIDER
NI NBZEBFBENTHA, LaL, Zhnb
EEIFELOMRINTICEKDIZBET 2 HEY
DI RREEDRNESZREITEROVWTRRAEZT
BEOEMIENTWEEN, FOEX XL 2HIZEE, K
DI BBREBEXETHEIC LV EEYLIBEINZ D
EHDBZENDLETHS.

SEEE, MBI X9 BOZITBEIIZLVEBKFDE
BYWE2X 4T3 ENRBEN, SBEZITROTWVIE
IZ %49 Mtk (Labile), #59#2M (Semi-labile), #5f#
tE(Refractory ) Bt & @& X41/=(Ogura, 1972), &~
DOEBYOEERMEILE 2 EEE S B D - B,
W EEESLEE - BE, BoRENRTEELE
FEINTWBUNI, 2001), BOBEEIIEIT I/ B
RHEBER L THHEBEIN TV S (Amon et al.,
2001)A%, AERICAETHEMREETITHD, B
EORRBER TIZDOMO TS —NVADZORERY RE
HBZEEATEEEIN TS (Kirchman et al,
1993, Carlson et al., 1995). —J5, B MEEEK
W3 FORIERBOEI M SBKPICER - BXXN
B ENTHERYD, BoREERYIIHEXTXIYA
HEHE CHBEOREBERIIAZ LEERXEXTCWEEE
Zbohn5.

T, AMBEIBERTORE D BEFHWDE)
EAREBEMOICEL MITAIZEXHEE LT, B
BORMBIUTEKIZEEZNIBE oREERTHRDO
REEHEEZRD, TNOOEHEERNZNT LI,

[
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Fig. 1 Sampling point of the Suruga Bay (St. 2).

F&
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BKITEEMBIZ B\ T20001FE D4 H26H, TA12H,
108168 m3ME], FFEEKERBRE OB ALIZEAM L T
-7, LIZKH SR THDSt. 2 (34° 51" N,
138" 38" E, KE#1500 m)DLIBERLI-.

BB LB DB T, KE MEOBEIZETIE
HEIZEL FORESRIX2245 miZZ L, 1000 mEUED
BERAABONSERTFE CRILIZELZDEW
TEHRE LTS, KRB BIEWEEOERE T
BEANIKR, BOPREH» HEDIZNT TIMER
ERBROBAKEAERER KIZ2TON, 2L T
KER100 - 200 mTIIAFER KEFER, 200 - 1200 mT
BHEEHRBEK, 1200 mUR TR KFEEFEBE KR
ALTWBEBREINTWAH(BRBEFSERE, 1985).
T, FEKEBERKOBE LB ZITTWAEN
SR H D (BRBEFLMHE, 1985).

BAKIZIZCTDF » v a— V< NV F ¥ V7 F —(Sea-
Bird Electronics, INC)IZ12 £ D= X ¥ ViR K% H
DT DEFRLE. BKIEZZAF VRPN
R H—FREr— P BEBICOBR LA BRI I—F3—
FERIZZF R 5 UMA-02(Merck Japan, LTD.)iZ8
BERILL BT L < KW % L, ANHEEgE MK Tk
BLELOEFER L.

HBKFE DB D 53 RER

20 m, 800 mD#K%ETFH540 C, 4B THRBEM
B L-H> Ao «+ V¥ —GF - 75(Advantec
MFS, INCHOTAEL-dDEABLEVWSDEIZEH A
20F21Z 0, BV —RR—  EBIZSELE A
WK E RABEKE TIEY, WHTSS5 0 b,
HMEROEEREAEBBKOFLL VDT, 2059
BARICLEVWADDIENTHEIND., FEKL
HRREDOKBIZELS 5L 4 VF 2 X—% — %#20m
DEKIZOWTIE20 C, 800 mDEBKIZ DWW Tidd T
ZEREL, R FVEREL CEREGET CHRHEBMENE
BIZIXDBRKFOEBYWSEERZISHEE (AAD20
mEE) FHF218M (FNLUADRER) 7o/ F
BREIEIH, R bEiic EHBERE G mD) &
L2ENA G0 ml) OV TH N EE 22K THORE
L. BERIXERMBE»S—EAMIEBE, ZOKkIE—
EMBEIZfT - 2P0, 2EBBOY TSN
DOEFULITA E10B DERKIZENWTDOIRIT - 7=,

S

R ELEERRE(TOC)BE DAIE X S5 A1 ES
1t (Suzuki et al., 1992)iz & W TOC-5000 (Shimadzu
Co.) R L TiF-7z. HEEREL THZHES ml%x
BEIZIVER L%, 2NEBZ0.5 mliinz THEZ
L, BKPIZEENIERKFELZESMEERTION
MBRTA &I EVBRELLE AEL: RER
W Z VEEKEN) 7 LEEERHETRAOTERL, #
D& ETS VN EBRKEFREXZEL LK. 73
VIOEZMAERBICAELCEBRLOEFERAL,
TS5 DREZIFHFIZEVE LT - Aeon
FOBVEBELBEIZIRINS S EIORET2%UNTH >
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Fig. 2 Seasonal variation of distribution of sigma-6# (Fig. la), concentration of chlorophyll-a (Fig. 1b) and
primary production (PP) (Fig. 1c) in Suruga Bay (St.2).
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LBEBDY VS Vix25%glutaraldehyde solution T
Z L, 1 ug/md4, 6-diamidino-2-phenylindole
(DAPL) KEBHETHREET /2%, ABIZXVHE2
emDRA YT VYT 4 vF— I EE L THE
FEPSR T3 B % 1T - 7= (Hobbie et al., 1977).

sua 74 va (Chl. a)B K UERAEEE (PP)

Chl. aX PPOBIRE 3 #E KR # 8 L 7= BRIZAT - 7=,
Chl. afiDEKIZIEEO mH»HKE20 m TTHOTHE
MHHIRELL, M ETEBIZEKI mlxFH540 C, 4
BRI CRENE % U-E&E2 mmDGF -7 1 V¥ —
ZABLTHEINTERTENN-PAFIVRIVAT I
F T L7-t%, 308 EEETRF-5300PC(Shimadzu Co.)
EREALTRIE L.

PPRIEHORKIZHEIFTIZA L100%, 50%, 20
%, 10%, 5%, I %XDEREDL6E,r ORI LK. &
KIGE L RETERBICHLREY, KU —FKx—
FAE28IZ500 mIoEL, bL—H—& 1 T9.9%C D
NaHCO; 100 mg( BB @4 ) # K10 mI THRE L -8
WE1ImlGm Lz ORfIDY Y FIVIE + V—Y—Em
BT CIZGF-T57 4+ V7 —TABL, BAEE THER
FlL BOORBIBARERKL-FEOKXEIZH
LB TELR, REKEEICRLZKEIZAN
TKREBKT C24R5M12% U, %%, HEB%EGF- 175
T4 NV —THBLZ ABULE74 vy -GS
ENVIEANTEMBCTERL, BREZETHES LR
BRERE T BREREI S -RIIEERUAREZHIE
L. HEBAMEHEORIZEIZEICERELIZKE L.

"R

BBRIE/INT A — ¥ —DOFHED

R2iZ4A. TH, 10BIZHBITHEKFEE (Sigma-6)
EChl. a, BEUTA 108128\ APPORE D % T
L7-. Sigma-60 O9% (K2a) »H4813TAE10R1Z
HRXTRAB M50 mEEL, KOBERAIZXBT
NODORBEOHBIERTCH-1EBL1bNA, —
FH, TREI0BREFNFNKEHO mE& 100 mIZEE
BErFEL, RELCRE#BEIZXVIBIZEXRTE
B bR BEOHBENDV NI EXARBI NI,
Chl. aDBmAWEIZ4A T1.26 wg/l, THTO.70 ug/l,
0ATLT wg/ITHY (B2b), 10AXRLEL 2o
2. ZOBRIIPPOFEHELEL KL, FEOPPIX
10AT34.0 ng/l/day®R L, TADO0.53 wug/l/dayiz
EXTH60EE» -7z (H2c). ZOFEEELT, H
HOBNEFIZZBRAAECIVEFOREY S5 2
F U OBERNMY RSB E, T, TARIIRESE
PEIZERS (H2a) EE CHREBEORENELTW:
TEREZONG. ZOEZIX THIZPPOENTIZG
RiIEBL kERAERL (B2 ), 49mTHRADIA.
4 ug/l/daymLI=Z b E/RINS, —FK, 10
A ®DPPIZ16 mIAET0.44-0.09 ng/l/day& EVVE (K
2¢C) FolzZehb, 10BIIEBTORERT—®
EEIMTHONTWIZZ ERBE BNt - 7=, 108 OChL
ABEITAR ETRIZHALI0 mUBTEVWEAE%RR L
M (K2 b)) PPOHLESFH H10H D16 mLIZEADChL.
aAliEEI L CWhW WSS o VU ERIZEN S S
J Y VORBIZEICERA L TWA Z EARBI N,

BKE DB D 53 B
BRKPOERMERBEMEYFRIZIBIL-ER
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Fig. 3 Time-dependant response of organic carbon in
seawater from decomposition experiment for July.
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Fig. 4 Time-dependant response of abundance of
bacteria in seawater from decomposition experiment
for July.

DEZEORFELT, TAZEBBRLERKEANWZHK
BPoHERKRERE S HEROZERELERI &K1

ENRER LK. 72, R1I220 mORKERW

BERIZBITHSERIRFEOMRE -, R (0H
B»53HEBE-IZ4AEET) L4 (0BEMH15
HEE-II2IBESET) KBI2E#REOBRLIES
SUOMEBOKELBIENIZB T HEL S HIREIZ &
HEAEEEFTEDTRLE. 20 mOBKFOEHIKFE
WEIOMHMBERD 2 BELURIZKESBIL, £
DBIIBIr IR Lz (K3). XABEKRKOBE.
BHOAEMIZEB T 56 REREDBY &IZ14.3£15
umolC/1THY, ZHIiX21BMIZEBIT 2B E23.712.
3 umolC/LUZH LT60% ZE Lidhz (F1). —F, R
BIIZGF - 757 «+ V¥ —TA8% L CTHEEMEZDOMOD
RIZ L7-BAKPTERMWO4BMIZ9.9+3.0 1 molC/1
A%, 21 HIEITI220.6 2.7 umolC/103A L, m#ID4
AMOXRLRIZ2IBMOBLROBE E LD, K58
BRKOBEIZHENTEORIVEIZ/NE -7 (F1).
T OEAZIOBDRKIZHOWTLE SN, HWMD3AM
EHEIT>EBRREFORVE2IAMHOBLRIZED D
HE&IIXRDBRAETE3%, ABERORLIZERTHE
Mzt (F1), 4ADBKTIEIXABERTHLE

BET -8, RO 48 B F TTI.3+2.7 umol/1A3
BAL, ZhiZI5AMICET2BALEDI10.622.7 v mo
Iz L T82% % dihi- (1), BR@AICBTS
EEREOBRVENRLHBM OBV EIZT 2E 4 %20
mOR>EBKDOBEIZEHTHET D&, THH60%
EELEL, RTLIADS2%, 10BD83% & iz 7=
(F1), —H, 2HMTRL L-EERENMPRE
IZEDHBEEIRLBBEBRKOBEIZT ATHRLEHL26
BIZKHY L, 4BETRIEENTNITY, 14% EEL
Kol (F1). —oERZABEKTHLRN, 7TAH
D2B5% I UTI0RIX 9% EELS Ixolc (F1)., Fi=,
OHARSBENHOBLENLMMEHECTCOBL
Bz 5 3EE LA KARFBOHIABHE X
V&L I B ERMED SN

LEHIITRD20 mORAKOBE (R4), k588
KDOFRTERBERIZ6.0X 100 cells/mITH Y, HHERE
EREOBAVIZHONT2HBI21.2 X 10° cells/ml F Tif
MmUL7=doD3H BIiZi28.3%x10° cells/mlE T2 BIZH
LU, FNLUBEOEBIZIEBANI o7/ ZofERE
FABEIZOVWTH RO, FBREAERIZ2.5X10°
cells/mlT3h - 7=DH2H BiZ1.5x10° cells/ml F T3 o
L, 3HEIZIZ4.7x10° cells/mlE TRA Uz (K4).
ERHKREBDLERNAEBABIZERTERAEDREK
DF TRI2ESED > T=DIZR LT, mARDOEIXZDFE
DE%EY, DBBWRKFOFILABWVEEZRLEZ (K4).
ZOERE LT, 8B CIIERINICGF-7157 « V¥ —
THBULEZEZIVHEREO—ENHEINER
BItAR DL BNz SNz, FERICRBREEN
VWERHNF) g I N2, X580
NTHECHNT A 2HEENMEI > - AJBEENEZ B
=, FNINLT, 108020 mOBKEHANW-ERT
12, ABBKORTLEBABHEBIIRKE RV ZDHE
TRAEBUES LT AERERLEZDIZNL, K5
BOBKDFRTIIERMBROLERE L 4HEH £ THRA
LTCWE, THIVOHBEEREI s & E2RBR L.

800 mOEKEZRAW-FER T LIEDER THBK
FOWMEIMEIT40 L mol/1—46 Lmol/IDEETH V),
fNOERTHLERKFEREDOHEELRELIIHETE
e of (M3). THD800 mOEKERHW-ERIZ
B A LEROEIXA BB KERWEBET1.534 X
10* cells/ml, KR AB#WKEH W= 4 T3.8-10 x 10*
cells/mlZR L, 20 mO#EwKEHE~SE1/10 - 1/100%8
EDETHH, BERBMELLEIRGN A,/ 10
A®D800 mOERIZENWTLLERICIITEELERE
IERRSNnleh -7,

%

BB D800 mDEKERA N HIEER TIIHBK
FRE, 2ENIC21AMOSRBERSIZRE REL
NELNE»P - (K3, B4). ZoRRIE, BREBE
D800 mDIKFIZFET ZHERMWEFIZ S\ THEH
FIACZ 2ES’EREZAE L TED TEWNWZ & Z2RR
LTWa, FBRFEE - St. 20KE800 miZBiT 58
KPDERREOEREZCORDL HRE LR, F
¥ & L TI1300 - 1500 & WS ESBE SN TV D
(+B, 2002MS). ZOREEEFFEDOER, D, B
D800 mODBWKFIZIZEL DRREFRWHIZTE A
EHEST, BOBEOERYLEXTE2ZLED TN D
ZENBZBHND.
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X1 SBERIIBT 5HERFEREOWIEL B EOFHEIC X 5 HEH(20m).

Table 1 Seasonal variation of initial concentration of organic carbon and decreased organic carbon during 21 days

decomposition experiment (20m).

Apl. 26, '01 Jul. 12, '01 Oct. 16, '01

Sample filtered non filtered filtered non filtered filtered
Initial concentration 67.5 90.5 83.4 76.7 73.2
of organic carbon
(®Decerease of organic 9.3 14.3 " 99 6.0 4.1
carbon (0O~ 4 days)
®@Decerease of organic 11.4% 23.7 20.6 7.2 5.7
carbon (0~21days)
Avg. SD® +0.9 £1.2 +1.2 £1.1 +0.9
@/@x 100(%) 82 60 48 83 72
@/Initial concx 100(%) 17 26 25 14 9
@/Initial concX100(%) 14 16 12 8 6

1) 0~3days decrease (. molC/1)
2) 0~15days decrease (¢ molC/1)

3) Average standard deviation for organic carbon (x molC/1)

X2 MEBIBILSBRBT -y (ruoyqVa, EREEERE 2EN 2FBRREOVRE) L210MOBERTHL L

- HBRFBEOFEHIC X HHE (20m).

Table 2 Comparison of in situ date (Chl. a, PP, Bacteria and initial concentration of TOC) and decrease of

organic carbon from decomposition experiment (20m).

seawater experiment
Date Phytoplankton Bacteria ToC Decrease of organic carbon(%C)
Chl. a(wg/1) PP(ug/l day) (1 O3cells/ml) (umolC/1) non filtered filtered
Apr. 26, '01 1.15 - - 67.5+1.8(SD) 16.8 -
Jul. 12, '01 0.70 13.2 6.0+2.6(SD) 90.5%1.3(SD) 26.2 24.7
Oct. 16, '01 1.57 0.35 9.41+1.5(SD) 76.7+2.8(SD) 13.6 9.4

—7, BAEBED20 mOBKER WD EERTIT,
SRR S 2 — 4 HEBICBWITERKREREDZ L
WEALHARON, 2EEEHB L4 20ERRDOA
SEITCHEMIICE T A2L2EROMEN EEZIN: (X
3, 4). ZoOERIZ, oREHEMTOERIKERE DR
PRBEBRRENDORE L EOEMHBRIZLZD
DT, HEBEIZIIEB B LOBREEC-Z &
FHRTRRL TN,

F2IZTHABE D20 mizBITBChl. alkfE, PP, &
HBIUOTOCHEDEE, 20 mO¥EKE21BMEA V¥ 2
N—FLTEOMIEBL L-EEREORE (F1)

BOERBROBERKERRE (F1, 2) 245D 54
BEFEWMBILEEDTURLE., BESBEEERHOE

BRI+ A - E#EIN S (Kirchman et al., 1993)
ZEND, B2ILRLEEHEGZEE RS EEMOE
EERT. BESBEEERDOEEIIERSEDEKD
BETAN62% ERBEL, (RWT4AD16.8%, 10A
DI36% &L= (F2). £, ABLEBKIZON
THTAD24.7% & WS EIZI0B DA% IZHRTED -
7=. Chl. alBEEETHIZ0.7 ug/l T, 48 (115 pg/l)
E10B (157 pug/l) IZHNTED 4%, PPOEIL 7
AA33.2 pg/1/dayT108 (0.35 pg/l/day) IZHXRT
BA0fEE S o T2, F/-, TOCHKREILTAA905*+1.3 u
mol C/IT4 A (67.5x1.8 pmol C/1) &108 (76.7+
2.8 umol C/1) IZHERTEH» 57-. Chl. a&PPE LT
TOCO&ERIZ, TRIZZHWY TS V2  VORERND
BWHDODERT—REEIZHEWEBEEERYNS < &

EINTTOCHEBIZER L -2 5BH%R LT3,

FRIZMZ T, 2BREROERIOTRIZAAE10R 1
HXRXTHEIBEREMA IV EER U2 &AL
B5Z 7z 572, Carlson et al, (1994) ZDOCOHOE
REDOEHEIIOOENLLBIZINTTCE LM TS
VI RUDTIN=AIZEY, KEBIZEE o BESEERY
NERIND Z 2R LD, KHETIIDBRER
REEBIZTO I ETHH TR EEFEEHOEE
NEIZEL b2 & %F B L. Carlson et al,
(1994) IXERIZDOCOBE LI OBFOERMICER
LI-BHEBYIHEIIY < DEREIN, BUM
ZXFOBKOBEREGICIVEBIIBEINSETHEHE
R U WOROEGIBEEERHOEENT A
S50%IZHMT B (F2) EVWIERFEDOEBRIE, TBIZ
ERLU-BEOBEEERYOL TV ORNOB F T
HEIZ XD pBREINT-ZEEZTRRBLTNWS, Z0Ex
ZI0B DEEBHEMNTRICERTHENWZ b3 TN
5. Fh, THEI0BDOERTABEE (48%FH S UV'T2
%) KHNTERABEE (60%HX083%) THRE L
R OEIENE L ot (KL, 2) Z&i%, *
SBOEBIIEENIREEERYIBERTED LY
DEINZFVZEERLTNWDS, —F, BEHRES
BWoORN, SoRERBKBEI, 4B0ORIZREINS
HOMNISEMERIR2IBEMORIZGBEINS L DIZH
THEEILTATI8-60%THY, 48 (82%) &£10H
(72-83%) IZHRTEL 2. ZOKERE®S, 48
CI0ADEBKIZEEINHESPREBRYOESIITA
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ZHRTEI > DD, MEHEOHFERS IVE
HEARTRIZHERCED > - EESE X 6D (R2)
MR, T—F OV DESREDIIEREBH %
TOLENDS.

TED

BAEOBKEANWTEBKFOEED DT BRER T
T, BRREREOE LK) DBE HRIEEED D
REHEEZRMH =R, 4 AOXRABEKTIILIG
AMEIT11.4+2.7 umol/l (16.8%), TH DX A BigK
E10A DR B\ K T2 HENZ FNEN23.7+2.3 ©
mol/1 (26.2%), 7.2+£3.8 umol/l (13.6%)E =0, 7
ABRLBWHEEEZRLE ZOERIZIABEBKTD
Rboh, TBEO®wKTIZ206+2.7 vmol/l (24.7%), 10
BoO@@KTIE5.7+4.3 umol/l (9.4%) & 75 - 7=, &HF
ROZOERIZLD, BESBREOEEYOER L EA
BAEHHICEHTHZENPEERISMDHTREN
7. THRZXERMO—REENB EI0AIZERTEL,
Fi-, BEL-HE#ENRRON-Z206, HipS
SVo P VIZEKDEEIN EBHE B BB
BHHIIREENTIIREBCERECER L5256
n3. —HT, 800 mOBKFOERKEREIT2LH
BORETEIAL L o2 &M, BEEBOFEK
FOBE P REEEERDRESED TENWZ &30 -
7.

L

AWK ELEDBIZH-Y, BERKERREDKE
BRXA, AHREEXA, BANOMBOEIAR
HHRAOLTWERE&EZ LR -, LEEEIALR
FRAEDT —F RRPL T E S L L&D
R LET

SRk
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