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Abstract

Since the 1990s, the harvest of Manila clams Ruditapes philippinarum has decreased in one of the main fisheries areas on the eastern coast of
Ise Bay. Furthermore, there were less than 400 tons in 2014, and it has decreased to 1 ton or less after 2016, which is similar to the successive
tendency for the decrease harvests nationwide. Various factors have been considered about the nationwide decrease of Manila clams, but the
causative factors remain to be verified. Recently in Ise Bay, the analysis using the individual growth model revealed the association of the de-
crease of Manila clams and a drop in the quantity of phytoplankton. However, the conclusions may have been influenced by the characteristics
of the models that were used. Therefore, using three different individual growth models, I examined the reproducibility of the models as an
index for the growth and mortality of Manila clam on the Kosugaya tidal flat, eastern coast of Ise Bay. As a result, the Shiba model and DEB
model were able to reproduce the growth and mortality in the parameters based on the published papers. On the other hand, the Turushima
model was able to reproduce the growth and mortality by resetting the parameter level with values determined from field observations. It was
shown that the growth model is an effective tool to analyze the relation between the reduction in stock resource of Manila clam and the food
environment in Ise Bay.
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Yearly changes of harvested adult and transplanted young Manila clams on the eastern coast of Ise Bay from 1971 to 2017. Broken

and solid lines show the amount of harvested clams in Japan and eastern coast of Ise Bay, respectively. Bar graph indicates amount of

transplanted young clams
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Fig. 2 Location of surveyed area (rectangle). Shaded area indi-
cates the Kosugaya tidal flat
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Fig. 3 (a) Schematic diagram of the Shiba model (Modified from
Shiba et al., 2020). (b) Schematic diagram of the Turushima
model (Modified from Turushima et al., 2019). (c¢) Sche-

matic diagram of the DEB model (Modified from Flye-
Sainte-Marie et al., 2007a, 2007b)
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Table 1
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ZL LT, £5 (2020) 1F, AREANO IR VFE B
EEBLEZBMULZRERE L (U 2270
LW 2) (Fig. 3(a) BLUBERE. 1). ZEFIVI,
2012 4F 1 A% 52016 412 A2 B0 A AGHIR R % b
Ll R1) ZEHEL, TORENEILDO M T
BARME A R L L CRH SN AR ERE 7)) 0
AT 2RAMEEHE L, ERRzHEL T
5. BB, EmEOREMAERE LTRSS
REREZ R Z T T ) ORIR - B0 s 43I v 7%
HWELTWD, T2, AFEPRELS % (Rratio) 1&, B -
I (1994) OFAFER»SHEINE TICET L HE L H
IR TR WO RALEELZ S EIC—H15% L e LT
W5,

JIif B2 (Condition Factor)
_ BRI (o)
7 (mm) X 78755 (mm) X 52 E (mm)
A L7 %R/ 85 A —% % Table 1 (LIRS, 7H D
BRELT 7 A M) —RUICHKT 87 A —Fflia, b
BIUplE, TNENFig 4 ITRTT7H ) %R L&t

X100 (1)

Input parameters used in the growth model

Revision of

Parameters Unit Shiba et al., 2020 Turushima et al., 2019 Turushima
(This study)

a oW /mm’ 0. 000234 0. 00022 0. 000234
By gWW/mm® 0. 00030 0. 00030
b DW/ WP 0.0233 0. 0603 0.0233
c gC/gDW 0.436 0. 436 0. 436
D no dimension 0.993 0.9368 0.993
Agnas gDW/*/day 0.0132 0.00995¢C"/*/day 0.0132
Conax day ' 0.0155 0. 00940 0.0155
Al mm/day 0.257 0.28 0. 257
Cluax day ' 0. 00521

Riatio no dimension 0.15

Riefr no dimension 0.65 0. 65
R,y gC/day 0. 145 0.145
Lo mm 49. 27 50 49, 27
Ve L/gDW?/day 34.8 0.0423 m’/gC%/day 34.8
q no dimension 0.651 0.32 0. 651
€1 J/gDW 12940. 2 83712.0 J/gC 12940. 2
€ J/&C 47697. 6 47697. 6 47697. 6
AssE no_dimension 0.696-0. 0069 * L 0.5 0. 696-0. 0069xL
Ty C 35 32 35
T, C 25 25 25
B, °c! 0.2 0.17 0.2
T C 35 36 35
Toy C 23. 4 23. 4 23. 4
B, c! 0.17 0.28 0.17
Ty C 32 32 32
T,, C 28 25 28
B c! 0.2 0.17 0.2
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Fig. 4 Relationships between (a) shell length (mm) and total
weight including shell (gWW), (b) total weight including
shell (gWW) and total soft tissue weight (gDW)
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DI AN F =8 (¢,) 1, Platt and Irwin(1973) AR %D
72 11.4cal-mgC™" &g, L MO E TR0 ITEHR L
7z.
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BES (2019) bEEFNVERERC, THYOEE LK
i, B OHIREE L OBR % ME T & % Solidoro €7V
ZEELTWS. UL, ABIETRMIN - B
ERETAHBEICOVWTIEZET VERAL D, Hofmann
et al. (2006) #BEIZ7 V) OEETRE,NLOThE R
3 Condition Index (CI, 3X2) &b &12, ABMILL, ik
BB XORN - TR EBETL2HEET IV (R,
BETFVERT D) 2REL TV L.

W) =W (L)

Ccl =" TediB)
Wmax (L) - I/Vstd (L)

2

w(e): W5 OiRRER R FEER, W, (L) #%E L(mm)
WG U TP g R, W, (L) %5 L(mm) 12
B THTLRANER

BEET NV (Fig. 3(b) BLUOSEER. 2) 1%, AmER
NDI AT =[5 %, A-R BIEDYEEIZDHRED 65%
B OISEICH L, BOLEICIZAEHERICIET AV

WHOR M KB R OB EE A

g ]

F—mPELVIIIHELTEY, ZOHNEETIV
LR STV,

R L7728/ NF A —% % Table 1 1IRY. &B, #
BETFTLVCTE, THIVORKERERT7TE X MY =R
BT %785 2 — & i a(0.00022), 5(0.0603) B & T
p(0.9368) 13, BIAETIF 2% < BEAE O STk (BATS
2010; fERT 5, 2010) 2 BEIZZFNZ NG % OSCHE %
FIHLTW5.

2.3.3 DEB EFIL

Kooijman (2000) 1%, —#% 7% ZMEBFH oA BIREEIC
o2V, KRERWD), TRz AVF—(F), FRAMT
ANF— (E) O=Z2O0RBEEHCTHRHL T A
VFEF—=IFEZET NV (DEBETFI) M L, Flye-Sainte-
Marie et al. (2007a, 2007b) ¥ Z%& B L1271 1@
L7z, %8B, DEBETIVEEVPEOT7H Y ~#HH L7
BPE e 0DS, FHEET=EMCBIAYY Y Y IR
JEIRAT ISV 5T B (Pracoyo et al., 2011, 2012; #EH
5, 2016).

DEB £ 7V (Fig. 3(c) B X O'BE & k. 3) &, 1L
WEYVRY AT R VF— Pid, FROMER: &K
EBIUCHEMICHONS., A NVF— P lE—%E
DHEE (k: 89%) THRER (V) B X OHAEKMER: (P,) 12,
B ofE -k 11%) 2 AR (E) B X OB AR
(P) ITHLLTBY, —EmEAERRICH ST 5% 2
FHEEETFNVERUTHEL. B, P>P.OYHIER, %
DEFEEHMIANT—(E) L LTEHEZ LN HDHE
ZOOMHERKEETVERES RS, 512, HRHE
BUz2WTh, B DO E T 7V CIRREE K
17 L CEALY 2 M EE & B RE A SR 5 b
FEI2 X o THEIGESED 511525, DEB E 7 )V TILEH
FRERIFAIER (X)) I2EoTOADEDLNT VS,

BIHRE e RRR (1) [CEET B &, ADT-D O
FF— (P 1F, EWMAT AN F— () ~N& K
NA. IR - B, AEREIRARE (Gonad Index: MR
BRSNS A AR BER O R IL) 2%26% &M 2 72
(Pouvreau et al., 2006) (2T, E \ZEINKRETICR S
ELTwS. RO (cP>P) &, WEEILL,
Pe T RTHEFICHE DN D L LT, fIAEAEY
BIChDERIANVF— ()BT L holzb, E b
LRE I, XHICELXTELL KRB 15H
THLERELTNS.

i L7-%H/85 A — % % Table 2 \Z/R9. 2@ DEB
EFWVICIBEHD/ST X —FHAEFEL, Flye-Sainte-Ma-
rie e al. (2007a, 2007b) (&, 7H VICHT AESE S
B oT2NTG A= IZOVTIE, K& S 4 BRI
P72 B BEHEIZOWTHESNHZ VTV 5.
B, EEREARIEH () OftiiE, SCEEIICIERAR
RSN TV ARV, £l 5 (2003) 2SHLTE B
W7 )RR O R RE & BRIl 3 % 72912 DEB £
7 & [k 7 BRHELIURRE 2 B D A 72 e S DGR €
FNVTHWTWAE (3.1) 2 L7

F7:, DEBETIVIZIETH ) OB T OMEIL
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Table 2 Input parameters used in DEB model

Parameters Interpretation

. . Flye-Sainte-Marie
Dimension

et al., 2009
K Fraction of mobilised reserve allocated to soma no dimension 0. 89
[EG] Volume-specific costs of growth Jeem® 1900
Xk half-saturation constant uge Lt 3. 1%
(Pt Surface-area specific maximum assimilation rate J-cm’- day’! 91.9
[Em] Maximum storage density Tecm® 2200
Vp Volume at start of reproductive stage cm’ 0.0125
0 Shape coefficient no dimension 0.29
g Energy investment ratio no dimension 1. 384
v Energy conductance cm + day’! 0. 042
ky Maintenance rate coefficient day’’ 0.013
Ty Arrhenius temp. K 6071
T, Lower boundary of tolerance range K 275
Ty Upper boundary of tolerance range K 300
T, Reference temp. K 288
ky Reference physiological reaction rate at T, no dimension 1
T Arrhenius temp. for lower boundary K 299859
Tay Arrhenius temp. for upper boundary K 30424
0 Structural volume to dry weight coefficient gDV - em™® 0.216
nE Energy content of reserves I g[)w”l 17500
Kp Fraction of reproduction energy fixed in eggs no dimension 0.95

*: X is taken from Kanatuna et al.(2003).
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HHIZBIT 5 Z20mHE OBRE Fig. 71”7, &8, Fig.
6 BL U Fig. 7121&, 7)) DI D P TORT

ZET (Fig. 5(2) T, M HOMAEIHZE R (DW)
EAGEIRE R (R) 245 L2 R mE L, RIEERIG
HEH2 SHIMERZ/RL, 11 A 16 HIZiR K 0.0604 gDW
L, RAERBMERE LEY, BN - Bkt -
Twz., DWIE, 11 26 HIZH KD 0.0445gDW & 72 o
LB AR T, 20154E1 A 11 BB R R R
(0.0359gDW) % Flul - 7=,

55 7 v (Fig. 5(b) TIX, kAR ERE wQ)
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k—2.09 LRI NI, —F, BEETVORFICET
% CI (Fig. 5(b)) 1%, WHHFIE QMM 0 55229 THE
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AEIRE R 2 AR L ek Rz ERE (tow) 1, §
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Mo 722 & BN - BUREAEZ D, TDWiEFH L <
WA L7z pwix, 11 22 HICI K D0.0426gDW &
%o BRI EmAEE, 12 A27 HIZEFARR SR
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EMHOREZHEE LR 270 CEBRRRTE
i, BRREDICHGBIIMME K& Enid e, F
AR TIZOVWT B SN —F, #BEETLVT
1, BRRIIRIFICHBE SN, WA ERITK S
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Fig. 5 Changes of calculated soft tissue weight of Manila clams (gray and yellow curves), estimated critical lethal starved level of soft tissue
weight and CI (chain curves), and phytoplankton concentration in the Kosugaya tidal flat (solid line, see Fig. 2), and CI (blue curve).
Panel (a), (b) and (c) corresponds to the Shiba model, Turushima model and DEB model, respectively. Vertical arrows indicate the
first date when DW became lower than the critical lethal starved level
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Fig. 10 Monthly-mean shell length of identified cohort of Manila
clams collected in the Kosugaya tidal flat from June 2014
to Oct. 2014. Solid color lines indicate the shell length
calculated by the model in this study. Error bars indicate
the range of shell length
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