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Cycling of organic carbon and nitrogen
in seagrass beds at Aburatsubo Bay

Akari FURUTA!', Yoshio ISHIKAWA? Takahiro HAGAWA!,
Yasuhiro YAMAMOTO? and Yoshimi SUZUKP

Abstract Field survey, chamber experiment and decomposition experiment were carried out
in the seagrass beds at Aburatsubo Bay, Misaki, Kanagawa Prefecture for understanding
cycling of organic carbon and nitrogen. Organic carbon and nitrogen in dissolved and par-
ticulate forms were determined in seawater, sediments and seagrass. Concentrations of dis-
solved organic carbon (DOC) and nitrogen (DON) in October were lower than those in
April and July. April and July are productive seasons, while October is a season when con-
sumption of organic matters exceeds production. DOC/DON ratio in seagrass beds in Octo-
ber was higher than those in April and July. The high C/N ratio in October was caused by
microbial decomposition, while degradation of seagrass litters and/or suspended organic
matter might be done more effectively in April and July. Decomposition process raised up
the C/N ratio of seagrass leaves during the degradation process. Moreover, the C/N ratio
in sediments is higher in deeper subbottom. Suspended organic matters were decomposed
rapidly, whereas seagrass leaves were refractory. The difference of temporal change in C/N
ratio between suspended organic matters and seagrass leaves may be due to the different
decomposition processes. Contribution of dissolved organic matters (DOM) were greater
than that of particulate organic matters (POM) for remineralization.

Key Words: seagrass beds, dissolved organic matter, C/N ratio, decomposition process,
Aburatsubo Bay ‘
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ZEOBRBREEEME LTEMNTFET ) Z AT
IEEFIZED TN EHBELTNWS, oy — (H
YhR) BHEDIZE > THRAIZBEEN, THFIFZ R
BEIZEL S>THEYAFENS (Fenchel, 1970; Harrison
& Mann, 1975). - Z0OBETHHBINIBHERES
By, MEPN— T B> TX D BERDOEEEEA
FlIAEh T Z&raontnwd, (Azam et al.,
1983)

EEWORRIZIT, BEEEERLO SToxdid
5, MBENTREREHRDNEY - WEBERAICX ST
BEREOY A X (Z#Ti3045umlTEENTWS)
FTEIFILTHEBRBEHELTWS, HHIIEY, &
W, MEMELEHPORBMERIZ X HEBENDER
L, FRICK - CEBARKFIZREINRTHWS., Ih
¥ THMEHEE I Wahbeh & Mahasneh (1985)*%°Peduzzi
& Herndl (1992 &k - T, BEODEDHER, KE-
ZEROBLIOORMEONTNWS, LHAL, Zon
EEZFE > T, EEINT-FHRENRENS BV
ILREEL LTEUREENI 2R BE, FHY
FRELTORFREBRECEEEERRREEL LT
BoTWAo5ERUIRWEDAKFMIZARD, 0
EDPOBEBRBPBORFEEEEEZRMD 3720121,
EFRTEBCEETYADILENDS. EHROEBHD
—=1l3, Brylinsky (1977) IZ& > THBINIHERK
ZHESBHE, FEREEIOGOBELELIZL > THEE
NORBEINIBEREERY (DOM) EF )P 2B
SUVEPRFE2ECRBEERY OO RERLEZH L,
L, OB EEZRETHZETHD.

T/, BEPTO—REERZLUIEIUEXRBIEORKE
ZE->TREINDZENRDBHD, BB L-BEOE
NOMEINIBRETEBELINIZER, ThiHE-
TWAAEEMEA P D (Hemminga & Duarte, 2000).
ZFITEMRTCIERBENEBEE LTVTA 2V
EN3BERERELNITHI0, MTFREBIUVUBFERE
HERYORBIZ LA RIRD. INETHBEDC
/NHATAERE - RBREDOIVWHEETHIEBEINT
W3 (Atkinson & Smith, 1984), &£B % Tix, BIA
LI-BHREERMO I BREE - BE8HOES—VDC/
NEIZX T, BEEBCBITIRE -BEOHES
oM LT,

YTV T - XMEE
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BWE)IR=ZHH=W, HEFEOMEOBEERETE
HEfTix-7- (M1) AENRE L -BEEBIZ, B
—% Zostera marinaCEERENT W35, BE Zostera
marina (SHWKEDHMERMWOBHERTHY, TEL
FAEAEHOBVWREEERLTCWS (lizumi &
Hattori, 1982). ®#l, ¥ Y 7320014 A 26~
278, TR1~7H, 10A24~28Bm3EfT7x-7=. N
Fhov ) v I7BoBEESBOKIE S TRHEM %
F1IZRT., b, ABOBRARITEHEAR, 78X
BEEM, 108 0BABIETNLIBTIZATEREARE L
==, BEEDEEFMIZH-5. BEESBOERIIH
330ef, 40cm X40cmDREH/AL, FOFOHEB
BLUTRDI-BEEIL 1of B7=V#658TH - 7= (200
1#10H). 2001 ETACRHEL-EDEZIZT1£17
cm (n=101) 725 7=,
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Fig. 1 Index map of the study area. (after Takayanagi
& Yamada, 1999)
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5, 2~4BMIZ &I TR o =R LT BRI EES
HOHRIEKEITRV, 2001FETH4 B ##I & 72 518:0007
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BE LY VI VIZE BIZ500C TLE BB BENE &
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7=iZ50mlDBRSE R, RBEEH/NNA TV (T a—
FENETAR, PhVIxy o TTEHR) BT TA
N, BEEEEE -2% (DOC-DON) BEAERIZ
SEREF LT,

FlobTEiTANC, BEEBNNTS AT 8K
250ml%EFRAK L T, BREEAGEF/FTCABLEZ. 7+
=R FRERKRE - 2F (POC - PON) BEORIE
BIZEEERE L.
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Table 1 Water temperature and tide during field ex
periments.

YT R KIRITC] ¥y

4.26 13:00 17.5 F#
4.26 16:00 16.3
4.26 19:00 15.9 bt
4.26 20:00 15.8
4.27 1:00 15.5 F#
4.27 4:00 15.3
4.27 T7:00 15.4 o]
4.27 10:00 16.1
4.27 13:00 17.1. F#l
4.27 14:00 17.3
7.1 8:30 23.5 F#
7.1 9:30 23.8
7.1 10:30 24.5
7.1 11:30 24.0
7.1 12:30 24.8
7.1 13:30 25.8
7.1 20:00 24.2 F#
7.1 21:00 24.2
7.1 22:00 24.1
7.1 23:00 24.4
10.24 7:00 21.0
10.24 9:00 21.2
10.24 11:00 20.7 T4
10.24 13:00 21.0
10.24 16:00 21.3 Fi
10.24 19:00 20.8
10.24 21:00 20.9 opi]
10.24 23:00 20.9
10.25 2:00 21.2
10.25 5:00 20.3 F#
10.25 7:00 20.2

3&XDaATa, b, cEWMY, BEEBI»OLBDHNK
2mZEiZa7d, e, fEW -7 a7%F3emI &Iz
BT, BBELTSTZAF v 25 —RIZ AN, &
BRE -ZERAERIZAERE L.
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Ziegler & Benner (1999) AT - /-BABEKMETODOF =
YN—ERESEIZL T, ZHOMEEIZHT2001
FETRE10A1Z, FHTIBIUCEMEDI~6RFEIDF = /3 —
ERET o Fx UN—IZITEZEOem. BHX45em.
EENIOT7 27 IV NVBMOBFHERA W THOERTIIE
BEBNMNIZEZNENIF T D82 FAfZ, 10A1I2iE
2 DB AT FRICERB Lz, F= 3 —E#IZX %
S, vVarvFa—T%FBL, 74—V FBHALH
BIZERK, A8, HE%L, DOC - DONBEZHIZE L
7.

ERN I RERER
10A26H, F#BSOFAT0:00ICBEEBHOWEKE,

BRI RIEA20 1 R —FRF— bR FWVIZEREL 7=,
DI HI01 #ATmmGF/FTA8B LIk, BEHRES
WIR) =2 — RNV (ZNEBEDOMS #2F +
WVEIDVIZERY 2T, BYDI01IXAB%T kbt %
DEEFBERNIZOLIARYV I —FKFX— LR M
(POM+DOMZB &R b )IZ# Uiz,

AR IVEENEFNNCHERETHE L TERET -
=. 283 b--REZ0HBE LT, TNy bdl, 2,
3,5, 11, 18, BRI ENEFNOZREE FNVE VLT
DEIIZEIKEFT -1, It BKIZBW:-2TON
SRR EIIMRE, R L, 2BE, AZII3EH®
AR OR Y 3z LAY

DOM% &R v 5D0OC - DONBE, *EEAIE
AIZ100mI N1 ZPIVERICE®RKL, FvavymIinik-d
LRRETNIF» vy TTEHLT, AEEFEL.
POM+DOM%BFER b VD 6DY v P NVIZGE/FT 58
L, RFREFERKE - BERAIEDD, ZD7 4V
7 —I3EHEEREFL, APERLDOMBEAR CNVOY VTN
EEBRICAMEL, HF L

) 77—\ SRR

Peduzzi & Herndl (1991) #2&Zi ¢, V¥ —1\yo
JIZEXBBRBTOIEEREZIT-=. F5cmDEXIZ
Yo BEOE2MMET A /MDD ) 7 =Ny 7 (A y
Va4 X 1mm) IZ, BEOENELRLRNL S 1K
TOFJRATRELTCHALE., V¥ —Ny 71318
IAEEIE T, BEESNIIEET AL OICERE L.
1»AtR&E3» ARIZEIRL, FHRE - ZEENEA
129V IV L=

NEHE

FBEIZ OV, WEEREY Y F I 7 ARTE,
EHMEREYIF L YOTIVE TUYEZTLAE
BEYA Vo= / =NV, V) UEE s A BRERE
AEVITFVIN-BTRHE L. kb, HZEIZZ
BRAN-+LUEBBE# 8 TRAACS2000% BV 7=,

BHEERRE - 2BEHEZFERE X, INEMTH1I%
AN, MK TN VI ULIRBESRELTH D,
BEEMELETRHE L. ARz, SEeamer
% —#BSUMIGRAPH TOC0%Hy, ¥ ¥ —F
HEDTAZ AW, 2BHERFRELILL2ERBER
B (s, FmEME, 7UESYLAERELYRRLE
HM) 51WT, BHEEREEREYHEB L.

NFREERKE - ZERBISEREE TCRAE L.
YU FVIIS0ETIEERI S, HIIERDIIERRE
BREEL(H,D, BURLIIERIE-%, FILoWH
v —#BISUMIGRAPH NC90-A% BV Tl L=,

X2 BEEOEX-HTREISINI2HARKE - BEE
Table 2 Concentration of organic carbon and nitrogen
in leaves and rhizome of seagrasses.

Ha Rt n  POC[mmol/g] PON (mmol/g]} C/N
43 * 5  25%2 1.6+0.2 152
N b 3 5 28.8+0.8 1.56£0.06 15.840.7

wrEE 5 27+1 1.1£0.2 2616
10 ® 10 29+1 1.9+0.3 16£2

HmFEE 10 2912 1.24£0.5 2648
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74—l FEAI
£k
T, BRIN-BEOEHKER ZFEE C/N
HEFR2IZIRYT. BEOEDEERIgM-VOEEK
FRIZIAXRIEL, FHEERT 10AXRLEN
Bizx-7. ULaL, C/NHIZIFEAEENRZLS, M
EEOBEDEHC/NEIZMIE6TH >71-. F7-, HE
BOBEOHTEOERRESRE, ELIZEALE
bonh, HFREZBESENEID RN ESD, C/N
HIZHTEDOHINKE L Iroz.
RBSHIZERMLI-HHE L TW:-E (n=5) OEEER
HEVOEBRKRERII24.7E1.6mmol/g, AIREER

£33 BEFRINIOBEEERIE - ERRE.
Table 3 Average concentrations of suspended organic
carbon and nitrogen inside and outside seagrass beds.

.. WHEMEB POCfumol/ll PON[umol/ll POC/PON
48 ) 44+3 4.0+0.4 10.9+0.7
& 43+3 4.5+0.4 9.5+0.5
7H " 59+ 7 5.4+0.8 10.9+0.5
S 6248 6+1 11+1
104 " 19+1 2.440.3 8.1+0.5
ot 1942 3.140.3 6.240.5

131.120.1mmol/gTH Y, £FLTW-E (F2) &
D IVMEE IR o7z Fz, C/NBZI9E1& 7420, £
ATCHLBEDELVEBL bEE1B LN,
BEEERE

RIZ, BEEBANICBIT2BKIbOBREEEERY
BT 55— %2KRIIZRT. 4ABXV0TAIRE
REBWORE - REREL, BEEEAANT, tBE
DR, AEZNiz» -7 10H, BREFRRKER
BRXEEE N, 720, BRHESRIBRREIBE
EPATIVEBVWERE &Y, C/NEBERIBEEBAT
SVBWEE -7, BREBEERIKE, ZFEBELE
RBEBEANEOIZTRAIZEDEL, WWAARLE, -

Fo. &7, C/NHIZ4A, TATIRIZE A EER WA,

TOC [mmol/g]
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Fig. 2 Distribution of concentrations of organic
carbon in sediments inside seagrass beds.
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Fig. 3 Distribution of concentrations of nitrogen in
sediments inside seagrass beds.
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Fig. 4 Distribution of POC/PON in sediments inside
seagrass beds.

10 ZEFNLVELS -7 (FK3).

B OERDE
BEEBANOHERYFTOERKEER - 25BIZHY
55— %2, 3, 412, BEESHOHERYTOD
EFNHIZONWTERS, 6, TIZRT. BEESEAD
HRRER  -BERIIEDICLEHICIEEIZONT
BOEBZRTA, BXFH10cmA Y 2 528
Ronsd (K2, 3). g/, BEESHOC/NHIZE
Bz THEmnds@Eaz2zRT (H4). —F, BEE
BHOEBRWFOERKRE - BEERII, RIBEES
IZHEWERALS VP TCEBRLUE-27dTCIEEEI»HEXH
5emDE ZATIRBMIZBL L, TNLAETIZHEMNL 7=,
27eTlE, EEILSMH5emDEZATHEAINESNT-
B, FNUBRIHFVAREL BB LD 2. 27T
12, EE>S6cmDBPEIETRIZEALERTLR 2 5
7=. 2B, HRYWEEDOEIIBEEE» S2mns =
&Iz, HHEERIZ0.18mmol/gd D, BEEIX0.009m
mol/g$H>EA+ 5 (H5, 6). C/NHIZEBEREBH
ZEWTHEREIZE > THEMMT 558, BEEBIZED
BEBWZ EARENE (FT) .

BREEEY

4R, TR, 10R 0BEEBHNIZBIT 2DOCERE,
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Fig. 5 Distribution of concentrations of organic
carbon in sediments outside seagrass beds.
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Fig. 6 Distribution of concentrations of nitrogen in
sediments outside seagrass beds.
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Fig. 7 Distribution of POC/PON in sediments outside
seagrass beds.
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DON#&E, DOC/DONHODEHEEFE 4125 LT-.

481ZDOC, DONEL L 2T BEEENIZ L
WTEBHLIVEVHEETH -8, BIZAFPOFH
BRIZIE, Z0ENAKEL ., BEEERTIESA LY
#7150 u mol/1&\VWWDOCHEE, #94 ¢ mol/1& VW DONIREE
e 5t

THA, BFROF#EEIZ, B\ DOC,DONEEMNE SN

x4 BEESHNOBHFHBRE  EXEBEOTHE.

Table 4 Average concentrations of dissolved organic
carbon and nitrogen inside and outside seagrass
beds.

DOC DON
DON
[ mol/1} [umol/1} boc/
A _WTEMEY 104115 92 111
471 WM 8110 7+1 11+2
TH O OWEEESN 11248 11+2 1+l
107 WHEMEBIN 9546 7+1 14+2
101 WEEMEBA 1038 8+2 13+3
APR.
150
125 .
Z100 =8 2R .op m
S & g ¢ =
o R
Q 50
25 |
0 1 1 1 1
12:00 18:00 00:00 06:00 12:00
JUL.
150
125 K
— n
=100 b " om iy =
=3
R
850-
25 b
0 1 1
06 : 00 12:00 18 : 00 00 : 00
OCT.
150
- L .
:}12.) m m E i
:;.100 . B @ = I & m B
S ol
o 50 =
25
0 1 1 i 1
06 : 00 12:00 18 : 00 00: 00 06 : 00
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Fig. 8 Diel and seasonal variations of concentrations
of dissolved organic carbon inside and outside
seagrass beds.

. El2, BRIZAEKNEAT DH#HEEROBOOHE
A%, DOCHEE390.9+0.5 £ mol/], DONMEEIF6.9+0.1
pmol/1& 72V, BEEBN I VED -7-. DOC/DON
HiZ13& Y, BEEBHROEHETHIIIIVEL -

108, BEESANTDOCREIZEEREZIZIRON
o720, DONBESBEESNH TCIVEL, EH
NREVERIZIZ 7=,

BT DFHEER3E, DOCHDONS4A
BIUTA LY, 10AREVMETHS. =, 488
TR £ V10A ODOC/DONKDOEIZ £ Az B,
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x5 BEES F= N \—HNOPHBFHRIRE - ZRME L DOC/DON.

Table 5 Average concentrations of dissolved organic carbon and nitrogen and DOC/DON at seagrass beds and in

chambers.
DOC {#mol/1] ?ﬁﬁ@iﬁw WEDDF x> N— WEIRLFN—
7H 114 200 148
(105~127) (166~246) (122~180)
7H ®M 110 149 154
(103~116) (123~197) (127~172)
10A  5Fhi 94 102 1056 90 98
(85~104) (107~97) (107~127) (84~100) (84~106)
103 1&MH 98 113 116 93 103
(92~102) (111~114) (107~127) (88~96) (100~105)
DON [umol/l]  ME M WEBDF x> N— WERLF 2 N—
78 A1 10.7 11.7 13.5
(8.8~13.2) (9.7~13.1) (11.7~16.3)
7H &M 10.3 15.2 14.1
(9.5~11.1) (10.4~18.3)
108 & 6.2 8.0 7.8 7.0 5.9
(5.0~7.4) (5.0~12.0) (6.0~8.8) (5.7~7.9) (65.4~6.6)
108 wH 7.5 9.2 8.4 9.4 7.7
(6.3~8.3) (8.1~11.3) (7.8~9.1) (7.8~11.6) (7.3~8.2)
DOC/DON  WR#SA WEBDF x> )5— WERLF x 25—
TH OFE 11 17 i1
7H &M 11 7 11
108 4hi 15 15 15 14 15
108 &M 15 13 13 11 12
APRI'S Fr > \—EE
. F = VN—ERTH SN 7=-DOC, DON#&E, DOC/
S0 lm DONHODFE#HEE, #DORMICHY T 5BEEHBHNO
g =8 4 = - ENENOFHEEH 5 ITRT. DOCBE ZHEEH
z . [* o o e = 8 "e Fx VN—DHIBEILELF = V- & DB WEE T
a A%, DONBEIZIZFEF = Y A—RIDBWAUZEA L
0 \ , , R Ronizhstz, Fz/N—ORATHEEZERL TH
BHAOFEHEIVEVWERIZR -, 10 1lBEES
JULiS NOEHEE FNEBERDLL R, 57 TAESROBE
- HVF = V3—TDOC/DONH DO F#HEIL1T & 21,
EIO i - [ ] BEIZLF 2 /N—=RF 2 UN—DHDOEADEVE
3 . = 7zY, BHEZEVEL kot
Z
g°5r EHHRER
. . . BHEREE M O 2 DOM S 84 + )V Tid, DOC,
0= ) - = DON& & IZRAERAE D BN S (K10). DOCIZ -
062 00 12: 00 18: 00 0000 WTIZ R EEI umol/15 B 1 » AIEITI3 wmol/1 (%7
OCT. BMED#14%) 24 L, DONIZ-DWTIX5 ¢« mol/l1»
15 - 51 » AMIT2 umol/l (WIHIEDKIA0%) H B, L7z,
3 3 #12, DOCIREAD5 AR TEABIZBY L=d, &40
30r i . Z = g e bEraEla LR, KBI2E - —A,
z . lg &" = s = - DONi11H B L\BIZIZE URE THMEL#EAL. PO
8 5 @ M+DOM%##:X F VT ERRIZDOC, DOND B A
. . . . EAERS 5N B, DOCIZ I WA 95 1 mol/1n 51 »
0" ) . ) : A Tl1lumol/l (AMHMEDKI2%) »H4 L, DON#
06 : 00 12 :00 18 : 00 00 : 00 06 : 00 E@i 5umol/1/J\61hFJF'a'3’C°3umol/1 (WJK@{E@?@GO
[ = inside O Outside | %) WA L= (K1),

é BEEBPNC ST LBFEERERREDH - FHE

Fig. 9 Diel and seasonal variations of concentrations
of dissolved organic nitrogen inside and outside
seagrass beds.
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Fig. 10 Time-dependence of DOC and DON concentra
tions of unfiltered seawater sample from experi-
ments.
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Fig. 11 Time-dependence of DOC, DON, POC and
PON concentrations in unfiltered seawater sample
from experiment.
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Fig. 12 Time-dependence of C/N ratio in unfiltered
and filtered seawater sample from experiment.
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Fig. 13 Time-dependence of TIN in unfiltered and fil
tered seawater sample from experiment.
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Table 6 C/N ratios of seagrasses and seaweeds.

(k:after Atkinson & Smith, 1983)

L % % C/N &

TE Zstera marina 156  HETE

T EX Zstera marina 7.2 California

TIEX Zstera marina 17.8 Rhode Island

T ERK Zstera marina 14.2 Virginia

TE Zostera sp. 23.8 g R

VaF277<E  Cymodocea serrulate 189 EHEH

RZTVE Cymodocea rotundate 15.2 =47 -1

RINTE Syringodium isoetifolinm 11.8 B

vIVIY Halodyle uninervis 125 EBHE

LF4 X5 Caulerpa sp. 103 BEHE

AL IZXY Caulerpa sp. 11.7 EHE

EryrzyvvJyy Caulerpa sp. 10.9 Eh s

LY RF Y Halimeda sp. 11.6 EdE

IVFHRFT Y Halimeda sp. 11.4 BEh

HHRT Iy Halimeda sp. 20.6 Bt
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