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ME OE BAE 23 Qe A AR f7 15 A=, 3l ?jx}/\j vit= xﬂ/\ﬂ R P =1 s
M w718, H8971E 2 AAM FHF T2 (Nuttallia olivacea and Nereidae)ol] Tt ABETS It 2 A

T EAL F& ¥HA 7pRA | WhE Nuttallia olivacea®}l Nereidae2] Ho]gd-& A sh= Aot} S22 (8"°C=-
26.6+0.76, 8""N=2.7+0.31) Z} sk YAV F718(8"°C=-25.5£0.13, §'"N=5.240.46)> AA] F-2} W] 12Z27(8"C=-
16.3, 8""N=6.2)2} 3% A 715 (5"°C=-19.6+0.08, 5""N=8.9+1.70)%] &1 A4 59 P4H] B} St
BAEC] ' P E A Bl -27.4~-22.8%0 LFERH O, SlrellA] sk WEko . AgE uhe 'hA QMY
A2HE Yepith, AX FH3 550 ghaAdh PE9dan]s 27 222.8--18.4%, 8.1~11.9% HHS e}
vtk olelgh Anel tio] 3 RaE o] g8l AA FAHF T=e Holde 7|oE&S S Ay s YA
Tr7]EJJr AA F2 AR 71038 AN, SR s AM 1= 710 ES vl skt o]

efet AN PR Brel o] slofi= 7} gawht AH W B4 87 eno] JB Wi=cha Al

Abstract — The spatial variability in the food chain structure of an estuarine environment(Nanakita estuarine,
Japan) was investigated using stable carbon and nitrogen isotope. Potential organic matter sources(TP:Terrstrial
Plant, MPOM:Marine particulate organic matter, BMA:Benthic microalgae, EPOM:Estuarine particulate organic mat-
ter), sedimentary organic matter and benthic invertebrates(Nuttallia olivacea and Nereidae) were sampled at four
locations with different tidal flat types(e.g. sanddy, sanddy-muddy and muddy). The main objective of the present
study was to determine food sources of Nuttallia olivacea and Nereidae along with small-scale spatial variability
within the community of benthic invertebrates. TP(8C=-26.6+0.76 and §'°N=2.7+0.31) and EPOM(5"*C=-
25.5+0.13 and 8'°"N=5.2+0.46) were isotopically distinct from BMA(8"*C=-16.3 and §'°’N=6.2) and MPOM(8"C=-
19.6+0.08 and 8'"N=8.9+£1.70). 8"C values of sedimentary organic matter showed a distinct gradient in the range
of -27.4 to -22.8%o, with a declining trend from the upstream to the downstream stations. The stable carbon and
nitrogen isotope values of benthic invertebrates in the study site was -22.8 to -18.4%o for 3"°C and 8.1 to 11.9%o
for 8N, respectively. Mixing model(Isosource) calculations based on stable isotope measurements showed that
benthic invertebrates of Nuttallia olivacea and Nereidae were found to be dominated by MPOM and BMA in sta-
tions. Whereas, TP and EPOM showed little influence to benthic invertebrates. The current result suggests that the
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different contribution for benthic invertebrates should be affected by both seasonal variation and physical factor

among stations.

Keywords: Estuary(3|7-), Feeding Mode(3d2]%2]), Food Chain(%©]<14Y]), Benthic Ecosystem(A1A1 3 ElA])
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71&o] %, F4E 1 SlE X2 A4S 2t Qi) o]#3h A
2] A3l o3t the] f71E 7)) thede AA A
T2 Y Hol 7hsAdE AARBKL it ol7 o] &, AA
T2F 50| 243 Aeds)] Holdo] tlokde ~

o) Jeks v]E 7ls/de] =th(Doi[2005]). B
A FHE 55 Skl "ol 7jdxe] AwdS AR g

A AR AEA P 2ok AR A vo
chas) Hje] 2% T3 RO A8k A ofusle
&, o] AEAS! el iAol APk FE, A& 5
Ant Az 428 olol AR 2 QM 1k 71 7)Kkel] A
s S48 e AR S F gle 21o]ThSauriau[2000]).
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Hol ol st FF-0]F7te] Hold o] & EE olFroEM,
sH- AT HREUe 2458 ouA] 5l st & o T
AR olall 5 35 =oiE Flolrt.

S Ao 2] AX FHF FES A7) o2 2xkel BH
E AAZ Rt 53], o2 Aaks F Hoerth AlE ERA
Eow aeiA gt 2o AT Ayt A9s B, ojud 4
A 2E SHAER o} AMYARFE Fad Holglo
2 o]gx a1 gl5o] ¥l AL Qlrk(Stanislas[2007]). o171 AT}
s et EAE Ao F Holol AA B-AFzF[FIL o7

ARG ARG B AEAAT W QS AFeAE A2

B ATeAE, B3 HAE, A §7185% Bl A

4
A% FEO) PPEANNE SYulL). o BUS B

2.1 thid oo 2

Y7 [EPS A& o]zl AltfolA] B85 AA kel
Ze] Soj7l= EA] o ahtollM AR <k 20 kmPEoll A
g % °F 17F m’/day®] sEAEPdERE of g} sl @ Sfijt
o= Xz % oF 509 m¥/day?] S Ee] 3o, Fe]
Z A3 oF 500 me] fA| eI o m skrAElE ek
Stk o]9} o], & ZALE AAISE a9 539 FakdE 7t
A= 54 7 AL oleH, tee] hplebde] 2 skt
oM AR oF 4 k] EAERL Qltk. sHM1e] AL 0.4~1.4 m
ot} mgh, Ve {3 dlolEl= mlopr]d skl FellA 3t
TolA & oF 30 kme] A ©e]epzlEl)ellA v Algtelch S7a)
€ dlolg @17k 20074 1€ 195H 12€ 3197 E <8318
HH(Fig. 2). A% A(0.23%; Grain size(<74 pm))= = 22 A
o] FAdE o] 9o, X3 C(61%; Grain size)y= A4z o]
o] Qlth. 18lar A B(16%; Grain size), D(25%; Grain
size)= A4 A, Co T 545 Helvk(Sakamaki[2007]). 2F
AERhAaE o83 EARTEY s 3 Aol iEH
A A AR oM = T2 AA 2w R} 9 s POM
el f71=e] B4 FTk(Shin[2008]).

(<0

Nanakita River

Stn.C)

§ Pacific Ocean
Sendai, Japan 0 500m
(38°15'N,141°00'F) —t—
Outflow

Fig. 1. The study site and sampling points in tidal flats of the Nan-
akita River estuary.



FgERlele NS ol&st syt el Slor] A FHF FEe] e 7199 33

250
— Streamflow

200

=

S 150 F

&

3

[=]

Eloof

[}

=

v

50

0 - N’Jl
[ S R N e S e S e S S B e S Y e e B S S S o
S 333 T T8I e
— O 0 I~ &> O W T N AN = O 0 I~ O WV o< o
AT YT T Qg TP Qo
— = & O o0 T T v O O > > X AN SO~ —~ A
O O O O O O O O O O O O O O O ™ o= e -

Fig. 2. Temporal variations of streamflow on the study area.

22 S W MM 2% S0l OESAL B

ZAF A7 Q B 7 Q) 4% (Fig. 1, Stns.A, B, C, D)S 2008
W 29 A 12 emZlx3=0] 20 cm?] ol AN FoMAEHE
o]l M EZF HAE(0.5 em)? HAES 374 1 mm AHE 0]
g A F2F TE5 FEUZMN(Nuttallia olivacea) 2} 370
220 (Nereidae) 2 ANFZTH AHH T2 T2 o2z}
Q1 Nuttallia olivacea®t ¥18&E 2JA}Q] Nereidae® w75+ T}. E
A& A2k= M2} 7o) oJE 9] Nereidae= YERH L, AT X3
o= EAE AR Hediste 0] $AFCE B ¥ gt}
(Sakamaki[2009]). E|ZE3) AA F2HF Fw2e] AFHA FIHA
=g oR A% exkE Eol7] Asl, ZAF AFel o3l 33]<]
AZH S AAIBIATE AFH S AR dSHAE o]83)] AP

5, el BAS R AR
Kol
=

S B B PESIA W(EUC, 8°N) F o=
94 A= F2%] (Finnigan MATAL, Delta plus) & ©]-8-3l
SR w3k, FAEd AN FH5 s 9 A f71E
C/NH] 7L @Ako 7 A 2] 3, Y4 74 “X] (ElementarA}, vario

EL DS o]g3l #48 Aot o, BHE2 771 AaE 2

A2 QP E A 18 gk T A (1) ol 2lsl AR
85C, 8"N(%o0) = {(Ryz/Ruznz)-1}x10° @))

A7IA, Ry 5 W AlES BC/PC E PN/“NHE, Rizaz
+ Al ¥ A E(PDB: Pee Dee Belmnite) 2] BC/C ¥ 5712
PN/UN 8IS YER L Qlet. BEeh, 27 e} AlEAS vhael
A 217} £0.2%o.

AXN FHF TE S MR PYE9dAan] g2 sk
ol o] v gloll thaA] gk JUetA (trophic level) T §°CE 0.8
£1.1%0, 8N 3.4%1.1%0 B 7 ke &9l da 2aay
& YERATH(DeNiro[1978], Minagawa[1984]).
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E4&E(SOM, sedimentary organic matter)®] 7|02 = &
&A1 (TP, terrestrial plant), 3l 774 12<H22 (MPOM, Marine
particulate organic matter), 3732 FH4 YAHEZ(SPOM,
Sewage particulate organic matter), SF1-%1 F-4 YAHEA
(EPOM, Estuarine particulate organic matter) X A4 -2} 1A
ZF(BMA, Benthic microalgae)s A BT} -4, S/21ES %
A} 217 O] AN (Phragmites australisys 5735 A3}, Zt) 9]
8"°C, 3"N= -26.63%0, 2.79%0= LTt ©] AFe] P F9lea
HIE EdZ S 229 §°Cs 8PN gro= ARt 5g
MPOM Z7of| Slojxi= shle] Faks WA o= Aol de]
TTE oF 2L AFE0 o, AFT sl LE(GF/F)E o aet
&, 87C, 8°NE FHsI8 o, A7) 3 -19.62%0, 8.96%°]
Atk s e SlejAl BMAS] §°C, 8Nz El A8 %5 -
2} 255 Richard[1996]3 0l whe} wljeksl S43ct. 2 A7},
8°C, 8N = -16.3%o, 6.2%c= VATt 5, EPOM 574> A}
A7 29 shFE o Agker, Z47te] §°C, 8PN
-25.58%o, 5.20%otk= YEFHTE. SPOM 5782 Altto]A] HotiL
(A e Ay § A4 A5 Al tisiA
GF/Fol A & o akgt 21 418131 0, §°C, 8PNe| 72 22t
-24.5%o, -0.6%0= LFEF
matter)?] 3°C, 8N gh2 73S 21-8-315tH(Waldron[20017).
ol’del dlolelE o]g3l, MPOM, EPOM, BMA % TP {2l
71E 4709 719382 IsoSource EEIME o] L& A&}
(Phillips[2002]). ©17]A4], SPOM= 4-S S SHEE ofe) &)
Fow sl Q7] wiEell MPOMRERS: o83},

. IE3H, SDOM(sewage dissolved organic

3.1 EHA Ho || QP SLIR™A H| 74

A1 59) 171821 TP 9534 HI(8"°C = -26.63%0
and 8N =2.79%0)= MPOM(5"C = -19.62%o and 8"°N = 8.96%o)
o]t} EPOM(3"C = -25.58%0 and 8N = 5.20%0) ¥ BMA(8"C
= -163%0 and "N = 6.2%0) Rt} WSk tKTable 1, Fig. 3). 181
Ulva. sp2 P54 Bl 8°C = -15.81%0, 8N = 11.34%0
S vebdth. w3k, SPOMY SDOME ZH2} §BC = -24.50%0, 5'°N
= -0.60%o, 8"C = -21.40%o, 5"°N = 11.6%0> L}EFATH Table 1,
Fig. 3). 53] &9 vlzolA TP &4 nlst
MPOMS] FgF9e4 Hli= & 2lo]& Kt} o]e|gh A= A
A A FES AAERD Holde] FrHE s Pdselda
A0 HYAS #el & 9tk soMe] P E YA vl &
A ztelE vERTE WA s flatek 7R Tk 3ol 91|
T = A7 ABPC = -22.82%0 and 8N = 7.67%0)7} 7V &=
e vel, sk Wkl X7 C(81C = -27.48%0 and §'°N
= 3.03%0)°1A 2 Fhs HERTE 1 X6l fIXskaL Sl A
7 B(8"C = -25.69%0 and 8'"°N = 5.90%o), D(8"*C = -25.09%o and

o o
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Table 1. Carbon and nitrogen stable isotope ratios (%o) and C/N (mol/mol) ratios for the Benthic invertebrate, potential OM and sediment

Material station n S N(%o) SN(%o) C/N raio
A 3 -18.45+0.16 9.33+0.11 4.8+0.73
Nuttallia olivacea B 3 -18.94 £ 0.47 9.75+0.29 6.0+ 1.04
D 3 -20.01 £ 0.66 8.07 £ 1.47 5.5+0.08
B 3 -19.58 £ 1.54 11.45+0.98 41+0.15
Nereidae C 3 -22.54+0.16 9.39+0.45 3.8+0.10
D 3 -19.47 £ 1.11 11.93+1.38 3.8+0.05
A 3 -22.82+0.85 7.67 +0.62 3.9+0.67
Sediment B 3 -25.69+0.11 -25.69+0.11 15.0+0.76
C 3 -27.48 £0.09 -27.48 £ 0.09 10.3 +£2.04
D 3 -27.48 £ 0.09 4.71+0.15 12.1+£0.53
MPOM 3 -19.62 + 0.08 8.96 + 1.70 5.6
EPOM 3 -25.58 £0.13 5.20 £ 0.46 3.1
Benthic microalgae 3 -16.3 6.2 -
Phragmites australis 3 -26.63 £0.76 2.79+0.31 25.51+0.05
Ulva. Sp 3 -15.81+£0.26 11.34 £ 1.43 12.15+0.50
Sewage DOM 3 -24.5+0.42 -0.6 +2.18 1.2+0.40
Sewage DOM 4 -21.4 £ 0.60* 11.6 £ 0.50* 1.2+0.15*%

n, no. samples analyzed; MPOM, marine particulate organic matter, EPOM, estuarine part iculate organic matter; *, Gaston et al. (2004).

Values are mean + SD.

8N = 4.71%0)= S E91 94 B1% 7149l 2k YeRickFig, 3).

MPOM?2] C/NB]E 5.60]CKTable 1). ©] 3y} 2 EZFT=2
Redfield ratio(=6.6)2} ] 37}5Pd MPOMS] 5+ F43/9%-2 4
5 Z9E = 7 0H9S ARek 9lth. tiRA 0 ® | TP(=25.5)
=2 CO/NH]Z VR 523k EPOMS] C/NH|(=3.1)= MPOM
Hrp vk k& YERITH(Table 1).

T

32 MM A% S20| OEIRIA H] SA
A PAHFER) B FALNE FL W wAH)

t}. Nuttallia olivacea= -20.01%o ~-18.45%02] HSE LERH O,

-10
8 13C(%o)

Sewage DOM* -
Sewage POM

Benthic microalgae °

MPOM T
EPOM
Phragmites australis —+—
Ulva sp. (macroalgae) ——
Sediment (Stn. D)
Sediment (Stn. C)  — .
Sediment (Stn.B) — .
Sediment (Stn. A)
— Nuttallia olivacea (Stn. D)——
— Nuttallia olivacea (Stn. B)——
—+ Nuttallia olivacea (Stn. Ay
Nereidae (Stn.D) -
Nereidae (Stn. C)

Nereidae (Stn.B) T

F A& A1219) Nereidae® -22.54%0 ~ -19.58%02] ML= Ve
o}, 53k AAa F9YA ¥ Nuttallia olivacea®} Nereidae©l| 4]
22} 8.07%0 ~ 9.75%0, 9.39%0 ~ 11.93%0:2] WIS LFEFith(Fig.
3). o123t A FHFEES] SGaAs E D4 v|o At
QFHAT o DA FSETF §5CE 0.8 £ 1.1%0, 8N
3.4 £ 1.1%7F B S713 354 718 FHoIZ
Nuttallia olivacea®) 8"C2) ;& sHi-élrolA ARz 45
23t} o] AL s elROA ARE ATE ST
w2 QA 718 29 MPOM3} TPY 70189 w3}s}
3 Zlow A}

L
.

11 3 5 7 9
8 1N(%o)

11 13 15

Fig. 3. §"°C and §8"°N of benthic invertebrate, sediment and potential POM sources in Nanakita Estuary. *, Gaston et al. (2004). The plots

and error bars indicate mean and SD, respectively.
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Fig. 4. Dual isotope plots of §"°C and §"°N (mean+SD) for Nereidae,
Nuttallia olivacea, sediment and its potential food sources in the
four sampling stations (based on Table 1). BMA=benthic microal-
gae. [=Nereidae of station B. [I=Nereidae of station C. III=Nereidae
of station D. microalgae. IV=Nuttallia olivacea of station A. V=
Nuttallia olivacea of station B. VI=Nuttallia olivacea of station
*=Gaston et al.(2004).

BMPOM v
100% g
90% I 3
80% I
70% Y/
60% |
50% I /
40% /
30%
20% 777
10% [

00/0 1 1 J

FBMA E1 EPOM

/] v/

A\
"\
O
"\
o

W\

VUL,
N

N\

N\
MUY,

~

"\

N\
R R

N\

SOV

O\
)
N\

OO
WL

WAL

100% [
90% |
80% | /
70% |
60% |
50% |
40% |
30% |
20% |
10% I
0%

N
N

N\
N\
N\
N\
N\

Contribution of potential sources (%)

N\

Stn. B Stn. C Stn. D

Fig. 5. Percentages of contributions of potential POM sources to
sediment and diets of primary consumer, estimated by IsoSource, in
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ol A3 Sl AN 2215 Bl 9lolx LAl o
o] oHAEY YA B} Nuttallia olivacea R Nereidae2] <4
FYLHE 71%=E, TP, MPOM, EPOM U BMA 4712] ZA)

Aol Hole] 719 7]9i&-S Fig. 59 vepdtt. 1 43, s
Aol AAlel= A 23550 thet 710182, Stn.A2] Nuttallia
olivacea®A TP= 12.7(0~30)%, MPOME= 12.5(0~35)%, EPOME=
13.6(0~37)%, BMAT 61.2(43~75)%% YERILL, Stn.BS] Nuttallia
olivacea® =, TP 11.4(0~30)%, MPOM= 24. 3((%50)%, EPOM
= 15.9(0~41)%, BMAX 48.4(28~68)%At}. T3}, Stn.D2] Nuttallia
olivacea®] TP 36.2(22~48)%, MPOMi= 4(0~15)%, EPOM+
8(0~29)%, BMAE 51.7(42~61)%Sit}. o] Ax2HE | w 3
MPOM¥} BMAS] 7]of&o] 58 & F Uitk &, A4 Dol
A& BMA T3 22 MPOMXECT} TPE] 7|oj&0] A YERiT)

SFH | Nereidae® QoA 7191&& R, StnBol|A TP
6.6(0~20)%, MPOM< 74.5(56~93)%, EPOM= 9.9(0~27)% %
BMAE 9(0~25)%23 1, Stn.CollX] TP 20.6(0~56)%, MPOME=
29(0~54)%, EPOM= 41.9(0~79)%, BMAE 8.5(0~29)%3ITF. &
3t Stn.D2] Nereidae ] TP 4.5(0~15)%, MPOME= 83.1(71~97)%,
EPOME= 7.4(0~21)%, BMAE 5.1(0~17)%% MPOMZ} EPOM2)
7103&0] A YERIAIRE, A1 colldE MPOM B EPOMS®}
o] TP 7o17} & & + ATk

4.1 &

Aedor qYalA & sl UgE ZAF Sl 94 -
2ol AP R At FHE T wel] YAFR] RN D&
T U, E=S sl WAAR Hol A& F S F
dah= Zlo] 27 FATHHall[2000]). 18U HZ] gh4-A % ¢F
7 FHL2NE o] &5t U A Q] HolA o] st Aol 2
3t AE2 AEZFS HIE A ALl AFEE Hol A
=9 #2 Wkgsks Ao ® HEsHA ¥ F th(Sakano[2005],

FSAE £
e s

Gustafson[2007]). Wby =3 A& g5
28] A ETtel A AFE Hol =gl HAQl

ohjrjl /\371—6]— 2= 011:]—

TP §°C, §"N9| #h> Z}2} -26.63%o, 2.79%033 T} ©] k2
C33 Fe<S Wk Anl o A9 €3 A= fi7]1=(6"°C
= -23%0 ~ -30%o, 8'"°N = -5%0 ~ 5%0)2} H| W3} 1 B $] Qlol] 3
Falal Qlth(Yokoyama[2003]). B3k, A 2 A At sl
Ho| M= W2 3 Al A=o] AAska alsol &2 =
A Fig. 32] §°C2] A= u|Fo] ¥y EPOMS TP} 24

kel 23] o]F® MPOMS] 348 AlAKHLL Qltt. shdell
vlal] et o2 U 7Y 7] wiitel] shrellAE Ak
7 l% | EPOMel| 83 Z2F9UX = 22t} 121 Fig. 39
HEHYLHE B EPOMS MPOMYELE W2 Z1S
LH Qo FdAEe] 7R ghe veRia olvk e,
A sRdelM = F5AAR gt AFAITe] F7] wiEel B A

ZHFEe] EPOMe] tligt 71odi= Zu)ar kel th(Kasai[2005]).
$h, EPOMS] C/NH|7} R-&- o]fis= Aaell f1AIskal Q= st
FAHYGO R HlEH e 17189 9SS 7ol

z r“ r°*‘ N ot

! r

Eﬂrﬂ

¥ Fﬂ ﬂHﬂ e



STkl AR FTH(Table 1).

215 ZE o]9)o)l, BMAE A, shel A&k 9l
SolM % oJmlyd 2)xfef] Qlojr F Q3 o)
3L 3 TH(Stanislas[2007]). L At olahd
FAlo] 2 A GolA 2] BMAS] A A& FHIES] Al
AAAG 1 oPde] AAPEE Zha k- 2143tk (Cahoon[1992],
Jahnke[2000]). Yokoyama[2003]2] ZAtell ©]81H, Gokasho Bay
of|A AA 22 Y FHAAARS] e A, 2Rl 9l
Al AX iR o] &5t AE A EC] dAsta e Hol
AT}t 20 5= YERT bk, MPOMell HElA, BMA
= Nuttallia olivacea® 2.3+ Holo 2 AztEtt BMAY}
Nuttallia olivacea] Holo] & 4= Q= QA0 R Ao oJgt
YEA] B2 AR Aol 28l AX HHZTOoOZRE 77
o7 ARF H AL A XA (Nuttallia olivacea) ol I3l ©]
2531 & 7Vl AAFE I Qe A=, Nuttallia olivacea®)
HoldL ol Xkl e FAEolAY 24d oF A
- ¥ BMAY TP 59] f71EdS 23t =3=oleal Als
HtHAlfaro[2006]).

A | B X 52212 2 4% Nereidae?] Ho]¥ 0 Z4+= BMA
9} HEo] SOMe] YRk o7 AAH L Ylth(Doi[2005]). 3FAI%E
Fig. 52| Azl 23l BMARTE MPOMS] 7]o1&0] 34T, 9]
Al holo g A-AQ 2913} $ E2]4el &S I 2
Qloz AZe 4= i}, s+ el 3lojA] BMAS] F+ 9-4F2
TEFZ B 7Fel 7P 2 AESS VERIAT ALl 9l
oAM= AEFO] AT ofe}, ALH = vlwd 7717
713} Hi= AEE Kol e 7 TS A4S AdEHE A7
hH(Fig. 2). olelst A1 537 A Z3Eel et =& 3%
9} 22 8] oHIEAR] @il 2JsA MPOMe] A& o
2 8k e A A% B9 84 248 4oy gl
ok AR TH(Shin[2008]). ©12$t 4O = Nereidae] Hold
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