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Field Investigation and Numerical Analysis of
Multilayer Structure of Bivalves on Cylindrical Substrata
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Figure 1: Schematic representation of changes in
material cycle due to activities of mussels on the
surface of artificial structures such as floating
platforms and wind farms.
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Figure 2: The location of field investigation and the
layout of land, a pontoon floating platform, and a
training ship (Shioji-maru). Substrata were suspended
on the sidewall of the floating platform.
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Figure 3: Time histories of water temperature, salinity, and dissolved oxygen concentration during September
2005 and August 2006, and seasonal changes in the monthly mean concentrations of suspended solid (SS),
particulate organic matter (POM), particulate inorganic matter (PIM), and chemical oxygen demand (COD)

during April 1998 and March 2005.

hav. H{E, W EEICHHOET 1 A
10psu FREZ(LT L2 E0nb0, EFFLiEz LR
15psu & FlEl% . AFRRIREE Y, BZRITiX 2 mgll
BEICETIRTT2Z L0805, 2N b DRE S,
IRIAAFIERIREE (X L T Y A T A OIEEY 2 IR
DEREMEN B 5. BB AEMIREZIE 6 ATk D
m<, 1 BIZIRV. BREREEER IR 1, RRERE
AREDIRED 1L5~3ERRETHY, LT HFAH
A DAHIBEIA~DEENRKRENEDEBZZ HILD.

232 TEBBEDOEN

2005 4 4 AICERIE LRI, R 9 H X4
WsftE LiabT=. SN, 7OV ARMES LT
WS, REICLT XA TARPayaz 1T
e N A BELEFEE o7, v —T7 ETIE, A
TYXATADPESEL, EERES—AT2ED 9
T 2O TV, £, PEFEBRAL LT,
2006 45 1 31 H & 6 4 16 AIS, AT %A HA
27 7 U VESERR XD L 72 RIS, 7 H 31 H,
8H10H, 8421H, 9A5H, 11A6HIC, &
— N FE LI LT XA A BRI L=

FigdlZ, e —7 OB LA T XA TA D
R EEREEORRERT. @IFTT, (b
X5 H, ©IE7H, IXIADLTIXAHA
ARG LR L mEROMGE TH D, wEE
IR O 3 RICHMHIT 573, A UR CTHI
HEIIRE B TWD., Z0Z i, [FU##
BOLTYXATA ORI, B2bONLALX
b DOETHA RIRED LT VXA HABEEN
TNWBHZEERBLTNS. 72720, 5 HDAZ
VXA HANFHEEIN NS WERBIZH D, i
IO, BRI LB ThHD LB BND.

WIZ, DIHXATA DA XEZDHEND
N D BRIZ DWW TR L 72, PIREBRIZE VT,
TR EICAHE LT AT V%A HA 2 AT,
DOOWEREE 5TV XA A O EE, #EED
BIRAFH~T=N, ARARBRIIR N7
ZZT, DTV XA A ORENONE ZIRET
LEMEL LT, BHEREN O OHEREAEM L.
DT Y XA T AT DBREN SRR L B AT
WAKAZID Aivd. RBFFETIE, Figb IRy &9
2, LTV XA AT A OO 30%% HEKDELY iA

WAEE/ 228 475 2010.3

HE

"



FIAEAR B ST L 7e MR O FRJEHE 1 0 B IR A & BUE it

500

400

300

200

100

Dry FreshWeight (v [mg])

0

0 5 10 15 20 25 30 35 40
ShellLength (x [mm])

(a) all the mussels
500

—NMax.
400 r

—Min.
300
200

100

Dry FreshWeight (v [mg])

0 5 10 15 20 25 30 35 40
ShellLength (x [mm])
(b) May

500

400

300

200

100

Dry FreshWeight (y [mg])

0 5 10 15 20 25 30 35 40
ShellLength (x [mm])

() July
500

—Max.

400 - —Min.

300 | + Sep

200

00000

0 5 10 15 20 25 30 35 40
ShellLength (x [mm])

(d) September
Figure 4: The relationship between shell length and
dry fresh weight of the mussels.
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Figure 6: Distributions of the populatlon of mussels in
each layer for each category of shell length.
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Table 1: The population number of mussels in each
layer and the area occupied by mussels (per 10 cm of
the rope).

Date 1st layer 2nd layer | 3rd layer
31 July 147 49
494 13.8
10 Aug. 74 41 13
58.7 20.9 4.8
21 Aug. 133 72 13
108.5 37.7 1.3
5 Sep. 161 53 16
121.5 40.5 1.8
6 Nov. 108 110 15
80.4 45.6 1.6

upper: population number (individuals)
lower: the area occupied by mussels (cm?)
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Figure 7: A growth submodel for a mussel based on
DEB (Dynamic Energy Budget) model.
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Field Investigation and Numerical Analysis of
Multilayer Structure of Bivalves on Cylindrical Substrata

Daisuke KITAZAWA and Shuhei FUJIMOTO

ABSTRACT : Bivalves generally form a multilayer structure on coastal artificial substrata. It is indispensable to
predict changes in material cycle and food chain due to activities of bivalves such as mussels. If ingestion and
respiration rates of an individual mussel are multiplied by total population number, their total fluxes are
overestimated since the inner mussels do not contribute to the ambient material cycle. In the present study, a
multilayer structure of mussels on cylindrical substrata was investigated at the mouth of Sumida River in Tokyo Bay.
The ratio of active mussels to total amount of mussels was revealed in the field investigation. A population model for
mussels on cylindrical substrata was developed and validated by the observations. The population model predicted
that ingestion and respiration rates are smaller by 20 to 30% than those in the case when all the mussels are assumed
to be active in the mussel bed.

KEYWORDS : mussel, multilayer structure, cylindrical substrata, population model, material cycle
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