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A risk assessment concerning model selections of somatic growth in stock management

Shuhei OHNISHI

Abstract

The von Bertalanffy growth function (VB model) has been used to describe somatic growth in a wide range of studies.
Although the interaction between growth rate and sexual maturation has often been debated, the trade-off of energy
allocation concerning the interaction has not been considered on VB model. When the biomass of stock is quantified based
on VB model, the robustness of estimation on biological reference point (BRP: e.g. optimal F value) is certainly influenced by
the accuracy of VB model. This implies that the bias on VB might bring somewhat risk for management for bio-resources.
The Biphasic VB is known as the flexible model that can provide two growth rate through lifetime. The BRP value given by
the Biphasic VB model is different from those of conventional VB model. This study starts from the comparison of the
statistical suitability between two types of VB model. Furthermore, the estimates of Fi..x (i.e. BRP) given by heterogeneous
VB models were compared. Comprehensive analyses regarding the model selection and the risk assessment for BRP on
management were applied to actual data. Most of results showed an occurrence of bias for the model estimation and an over-
estimation on Fp.. Additional discussion was provided to the reason for the occurrence of over-estimation on Fi., in the

respect of shifts in the centroid of biomass-age.
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— AR, KEETV (kEME) Citlsh
5. L OREET VDS %, von Bertalanffy €7V
(ULF VB E7V) @ERICHAEOS VB THS. VB E
FIVOHEE, BEFMPEHCORICEE ST, il
AR OMT, BN OERT — 5 W & WL WAF
B TOSNICB LA VB EFL TR, BKERK K
DERS A ZEACORE R BET 585 A= Thb. K
IRFERIIS, RERZBLUTALLEING. 20X %, 1
HEOHM X L5500 2T EHRVB EFVOREWN R EHT &

ENDL—HT, ETFTIVORBEMLIRA IR S UHDTW
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EYORARE R, ABIRERATT L OS MR
7o, BEPALNL. KEHEOZLRE, MEREIFAE
FERIC OB EMEERZ D720, ALLEEZD
NTw5 (Roff, 1984; Beverton, 1992). 1T %l & ik
DRRIE, BT AV F — O trade-off (2D THE X
NTwsb., ZhiZfEv, Day and Taylor (1997) 1%, VB
ETFNVTREBIHEOEEPZER SN TV Z IR L 72,
VB & FIWVIZEIHAND T AV F — Lo &2 R, Bk
VIR LI R ASRIICERE IS 2 5 2 L b Tw
% (Lester et al., 2004). % 7- length-at-age 7 — 7 1240
WERWN O T, EAR (K) %, WEni#T
AA v Frr7EEHIET, REMBOYTIE T 252H
TE& 5L Z & DPHER L7z (Porch et al., 2002; Araya and
Cubillos, 2006). =N 5 OHFIE, AW EHRICIBW
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VB £ 7N CHEE - BRAL S R R 25, & TR A
FEOERB O ERE & RIS 23054, HEEICBITA
bias (R V) OB, BIRMHTOLEPHIC KR 2BIX
FRICIHEIT O BT =, SR E Mo REDE (Beverton
and Holt, 1957) ICBWVWTKTHAB. A < ABRED I
RENLTH B MEKED, ELFETETwiRiThug,
FIRE T EHIC T =L 5. BRENS, #F
BUSEE R AWM 2 EOPBIZB W T, Aty
Wi FE&Nnb, BETHY A7 ELTIE, SERLCEHEOR
B L, ERRFEEIME SN, BEOHEHRE ORI
(&, TR L REM R E O GRE BN OB B W
72HBIEE S5 S (Chen et al., 2007). LALEAS, K
BEFVDOLEZ 24 %7 MiZowTiE, #LiEmsh
T, KREFFETIE, BEOMESRFOAYT7— 512D
W, VBEFMEHAD 2569, EHEAE L OBAER 2
EEE%Z, E7NVO L THIMET 5. VBETIVIZL 554
S 7B L, M OSBRI 2 32 0 128 < BRI
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R (RMoOMEIG ThoA, B fbolzoHIz]
£35%)
Lo : FRRRAR R
M BIRIECARE
n: SERIAR 7 — & OREAREL
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=,

[ = 1.(1— e Flt=0)) (1)
TEbL, MBhE,

L(1—e ™) (¢ < t,)

= l:(l o e—Kl(zm—to)—Kz(t—tm)) (t > tm) (2)

Ll (O, WMERBKPEEBLC—E0M%E &5
Hifl (Monophasic) €7V, (2%, BEIER ¢, At T,
B RAREDS Kid & Kol28) ) B %5 Z 4 (Biphasic) €7
)V (Quince et al., 2008) TH 5. Lk EQ2)2 FNEFN,
ETFNVA ETFNVBEIR WETFTNVIIETNL KA
FA=F R RITENEFN, 3MHESMHTHA.

EWPMAERE 7T — % (length-at-age data) 12, EFIVA L
BEZhZENZHTIID, NI A—=F2HETH. HEils
e e /N IO W T T, (DER)IDET VO
ZUPEOIENZIE, IR & HHREBLE AICc(=AIC+
2k(k+1)/(n—k—1)) (Burnham and Anderson, 2002) %
A7z, TSR AIC I X 2 g, ERED 5%
WIEEIIAMTH LD, €9 TRWHEIERESLETDH
5. AlCc &, MEARDY & (BEAa n/k<40) TH, FHR)
BAETHHHE L X5 (Symonds and Moussalli, 2011).
AlCc T AIC L TAIEE, XD /NS %flizdbOET D, #
L) &R s LS.

T — %1%, ARFAOMIERITKD, FgilkE
T—= BEWS N TV L HH %R, FERICHET I
fE7—% 2 L7z, ARWFZETIX, 4 D DKEEIROHH
MY FiF7z. ENZENOKERIRICOWT, fMEKIEL
To#lE) THAE b, FTHENZ, #lokond )7
V5 (casel, case2, case3, case4) Z=ftL7:: (casel)
¥ /hoki (Macruronus novaezelandiae) (Horn and
Sullivan, 1996), (case2) ¥ 7L 7/silver warehou
(Seriolella punctata) (Horn and Sutton, 1996), (case3) 2
N7 Y /permit (Trachinotus falcatus) (Crabtree et al.,
2002), (cased) =+t 27 7% 1 /blackspot snapper
(Lutjanus fulviflammus) (Shimose and Tachihara, 2005).
WFNROF— 7 HMEHEEIIICE D 5NTEY, Flo
FHRE (BAXEFZRER) 77— MHWETH 5.
DHOFEFNIEARTA X2 =8N IZ%%. ABIFETIZ,
WO (B XE - £EROXF)) IZEELREKRZ FF
7o, D, RV A A0, BSIZowTiE [ME
Fl BZIZowTE [MAE] 45,

BiENA < REREDOETILE REEDEHE®@

RO EIZ, (DE@)DTT A M) ZEH w=pPTHT.
RIFZE TR D BAF RN, R OMHET L w. 22T,
TAE R ¢ = 0D ARE & ARHE No=1& L, $BEBIIC X
o> CTN=exp(=(F+M)t) L L7 N4+~ ABfFR
(w - N) k9 % i ifasEs dY/dt 1%, Beverton and Holt
(1957) 12XV, dY/dt=F-w-exp(— (F+M)t) L7 5.
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L72%3oC, BROEMEEH t=0--00, THbHEHED
R Y1,

Y = Ffowe"(“M)’dt (3)

LR TES., BFEEHTIZ, wWhWwa [HEE] FOR
i) & HENCEEDO VT, YORI#EAFH s, ZZTY R
WKRILT D F% Fon £ 55, Fuu \E— R 2 W ENE
PR #E  (Biological Reference Point : BRP) ® O & © T,
2R (Total Allowable Catch : TAC) P DFEIZ,
WEEDOY =7y Mo LRE SN S (A, 1998). &
WrgE T, B ERISITM L, HWEEHEISER 8
NTwb LI 7%, FELELZEFHOTTOY A7 E,
R OB L Lizw, 20720, BUIRT X I ICH
FMOFHEZERLE LT, FiX ) dRRWEHELETH S
Fou(>Fy) 25, B)I22WT, YiRKILO S dY/
dF =07% 72 TR R F=Fux £ 71U,

%\F:pm = f : we Fmoctigy — f O;we’(F‘“““M”dt =0
(4)
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ANZR LTiE, HEH (ETVA B) O F2A—%
EARAT S AL TIEHRILETHREIZ, Jensen
(1996) DOFEERANIZIEDO VT, M=16-Ky& L7z. L ED
I BBIEICLY, DI Fau 20O RS, (41X
Foax COWTIERET LD BB TH 2720, HMeE
B2 T Foax TWIRIWICRT L IETER V. Fow 1%
% 7291213(4) % B IR S DD 5.

ANIERT 5 L,

1—F max[ f twe Pt gy / f we ¥ '"“"*M”dt]z 0 (5)
0 0

b, B)OFEIRNIL, B NA F < ADFELAE | & IR
L (Deriso, 1987), Z 3B D £ 912 Fox D BIEIC %2
5> TW3. I CTHMNOELEROMEE & (Fu &
EL, 65)%,

l_Fmaxg(Fmax) =0 (6)

EEXET. (5), (6IIIEDITIE, EHFREHO BRI
P Fo Ew IZIREL TS, TOZE XY, FITHT
HEMOBERF LRI, w iR L TWIEEETVO®E
WIZHRAET B,

BIo#iERE ViX, HAEREEw oflBIZfbhTns
EFNVOMBEEXIN LT, BHETLLEXIHL. Z07:
H, wOWEETINV KEMR) 2oL L, HMFELFIC
LoT, YERDLT., TNV, Fux & BTLOERC
(Fow) W 22WVWTH, WEEFIVDO Y A TOMZ R X
H72FKiL, Foo BEOE (Fu) AT 5.

AKifgecid, BENX (FFVA B) OR/NZHREREICE
LHTIED, E5I2 Fd Foul 2RO DEMHEZED, &

510%% 25 (2012)

TORMAERIIL, ¥FHH Y 7 R (R Development Core
Team, 2012) % H\WTHr-7-.
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casel-4 OREHER 7 — 7 122\, WEF VA, B DK
ENT5 XA — 7@ fiti® Table WK L7z, 2 BRERKO
I, EFNVAIROVTIE KOHEEEED LD, —
HTEFTNVBIZOWTE, t.HiEOHHBORSIZL S,
K& KOMEYEHE L $7—7 0EAE 2 LT
LTWa, mABEEFVONS XA—FHEk (A: 31,
B: 5ff) offHE»S, &£8@BYDOTFT—F Ly ME, ET
VBRI AICc S HESR S N B HE (n/k<40) % i 72
LTw/z., AICcHD LB DFE R, case3& 4 (W d
) O2o00FHFEKRE, EFVALIY)BOIEIN, 7
— Y OE®E LD EYICHWTE 7 (Table 1). Fig. 112
i, #EESNEEMBROBMEZ R Lz £ 8D OffFE
IZDOWT, EFNVBIZBWT, KBERLLEICEE O
LAsA 5N 5. Fig. 1OEF IV B DRFEDHBFIZDOWT,
AL L 72 EAMEI 5 2 &L, MRBEMICHET 2T
PHEWICHERTESL, —HET VAT, EFTVB&
Db RARMICHMT HHED, HEICHIL TN
(Fig. 1: 2M/F, 3F, 4M/F). ZT®Z kX, BEREOFIHE
B, ETNVADIZ)NKREL Loz R (Table 1) &3
HLTWAD. ETIVBAEERS TR Z B REPE D
1bid, MM O L b k3 2 ARk R & LT
bhb, whbwdIEREWKE (indeterminate growth:
Lincoln ef al., 1998) % /RE95 %. AlCc I X % E 7 IV &R
T, EFVBOEL MY HETVEHE SN %
doF—%Tl, EREREEOMEINE LTI ER EF
VBIZAIZHNT, CORBEZRIARPTVWEEZZLNS.

FBHOMHERE, BEENO AR OEHEBIZICE -
T, BETEDHELHD. BAMOBIGEZ S LITTES
N KEAER (5) 13, t, LM (Table 1) OZ4H:ZIG
g HIEMICR S, casel-4 I2DOWT OB X B 413,
UTFToEBY THo7z: (casel) 3<t<5 (Baker et al.,
1995), (case2) 4<t,<6 (Horn and Sutton, 1996),
(case3) t,=3.1 (Crabtree et al., 2002), (case4) 2<t<3
(Shimose and Tachihara, 2005). case2 T t, & &, DI #E
WEHZ > TREWD, PN OFHFTIE, b, &t DOf
B LTwa, FIHOKRET— 1%, WEHREOMIZ
FMEEDOBRAEDFATBY, 77— 7 OFHRITHT 5 HEFL
ERIZEAICIIHRTE v, F— 7 OIEROENDS, t,
Lt DRI LIZEH b HLLEEZOND. HROAE
el LC, E7VBOHEICHLTIE, BBUGAR
HURET, HEMNL 6, BROLNTWS EHWTL7-.
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Fig. 1 Differences in the orbit of the growth curve between
Monophasic and Biphasic VBGFs. The two-digit code added on
each plate shows the combination of the case number and sex
identification for data sets. The first and second digits correspond
to the case number as case(1,2,3,4) and the sex (M:Male, F:
Female), respectively. Open circles, broken lines, and solid lines
in scatter plots show length-at-age record on existing literatures
and curve fittings of Monophasic and Biphasic VBGFs (Model-A,
Model-B), respectively.

EYFNEBRE F.. QK

WETFNA BT A—FHfEEfli (Tablel) %(ANAE
AL, HTEAZBNT Fud & Faxl &b 2O 72 ROl
1 Table LIZR$13A, EF LV TORIED7-12, Fig. 2
WCHFR L7

Fuo & FaaP 1, 20087 2K (A, B) %00
PCHD, EEOREIETH L. 2A0REMGD, &
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NTWBEDT (Table 1), Foad & Fuad I22WTH, &Y
WD TE D, Foud & Fu 5 5%, BIROHOB)RE
WCiio S TEX A BRP EALRTIENTEX LMD, 22
T T HLEND 5.

Table 1& Fig. 2& 1, 8T RTITBW T Frad <Fonax
EhoTwa., F/2, 209 L 6MIIOVWTIE, BTN
72 & 912 AICc[BI<AICc[A] TH» % ([A]l, [B] EEF
VAR 2 B %), AICc 2 & B F VIR DR % 1%
T 5 &, KFEOKLOFHNIBNWTIL, Ful DT D5,
HROFEEZ L YIEL KW L72#Y 7% BRP TH 5 & \»
ARERIZED. LD Fral<Fuad ORI, #Y)7% BRP
DIFHIV, LA SLEMBIO TR EEELTW
5. =), Faa XV RERfEZ LD, FFFICAEY) 2
BRP & 7 5. B E N7z Fow OIEOK/NE, WHEEHLH
EHFHIED TR OMITIC. o THABRZ D L, Fuad 12
i TIELW - jE LW - %457 BRP, Fox® 121 #8572 -
Hw - fGbizZe BRP] LW E 5252 LA TE 5.

6HDOFFNZOVTE AR, Foud PWEHOERILET
BIREN D251, EoMPICHE) &, BRITRAeICEH
T&5L. LUK Fua 2SBINE N2H A, N F <A
DBURIZAA D, BB ORANF IR TLE
I, o TEBYEIC X B, GUER BRSO SRRk
LT, FEENLEICRD.

COXI B A MBS 512, BEREDOGITICH
70T, EFNVAOHMOMHITMITLRETHL., K
MEOHBITIE, EFNVBAMbY, 2HEOET V%
i) 2 & T, XV%47 BRP S ENN. BIREFICHE
T o0, AR EZ RO 2050 2B T, EFIVA
WABRCLEDBETFTVBEMZ, BEOET VMBS L
THERREZEL LED DD, BEOETIVOELEDF
fili& BRP O ZMAGDOETHRIFTHIEICED, #
BEOMKHEE, TNl O 2EFEEHOY 27 %
BMTELRHMIED 5.

BREETIVOBZMBAICHD Frax DEIEE

FATRBRRIZEH I, FH8HDH B 6MTIE, Fuub<
Foa* OBfRI, BREHOY 27 OFEERIRL TV A,
CITIE, BRETVOEBEEZIMNE) Fux DY 7 O
AL A EIC AN TEL.

WI BB E, 22D %R7% 5 von Bertalanffy € 7
VD, DT, YP, YPWE2@BYERTSH. B MO
38 & 3 4. Beverton and Holt (1957) 2 & % &, 0<F
<o DHIPAIZ Frox AFTEL, YIE RSO TH
(Deriso, 1987). MEETFNVDOFNIZ LS Fou ¥ 7 O
B&ix, Fig. 30 & 9 12H#ilF 2 DT, Fig. STOFEMOMHE %
(NZFEDNVWTERT L, Fra <Fual® b & T,

1 7FmaxD1§Dl(FmaxDl) =01 7FmaxD1§D2(FmaxDl) >0
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Fig. 2 Values of biological reference point (BRP) as Fi.x calculated for two types of Monophasic and Biphasic VBGFs (Model-A,
Model-B). The two-digit code added on each plate shows the combination of the case number and sex identification for data sets.
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Fig. 3 Schematic diagram for the shift in Fi,.x value caused by a
replacement of two growth models: D; and D.. Lines with black
and gray colored indicate the theoretical value of yield, when D,
and D as two independent growth models are assumed in model
description for the dynamics of yield. The sign of gradient of
tangent on indicated points (P1, P2, P3, P4) gives the following
four relationships, P1: 1 = Fpnu &2 (Fna®) =0, P2: 1 —
Frax?C% (Fnax®) =0, P3: 1 =Fpna?' &% (Fnax) >0, P4: 1 -
Fnal 8 (Frna™) <0, respectively.

liFmaxngDz(FmaxDz) =0 1 7FmaxD2 Dl(FmaxDz) <0

WAL T B, FXZERL, AENAAL TEIET S
&,

CDZ(FmaXDl) < §D1 (FmaXDl)y éDQ(FmaXDz) < §D1(FmaxD2)

MWEANL, INHIEE, WEETNV (D, D) DNV
£ %, HOERY 7 boMEHAE, BREMITR LRRIC
oTWh, Fral<Fpo&, DAFEHIZE o THEL B84
F < A OAEROAT LA, Mo 5 5.

I HARBLE OTARZEAL &, N A F < ZAFLLERED ¥ 7
MZOWTOMMAITHAMTH S, wHl0EFDITKER
2L 2L ITHIRZEZ N, FRIES TS F <
FOERIIEILT 5. COBEEZ, KENT A —FiHEE
O D ISR EETHFWIE UL, K OEERED 25K
EL e Bl3l, T2, t GEIESER) 2SR bITL,
FOAER I AL T 5.

T—ADREYICETBEE

KR thDHEEME DY 1, length-at-age 7 — & DA
RAEW T & OREABOM Y OB EZ TR 3. Fig. 212
R L7z casedlTBWTIE, Fuw BEOEAKE V. casedll
DWT, AR hOHEME A D &, MBDr — R LI
LT, e T/hi3nwz e’ bh» s (Fig. 4, Table
1). 412, casedMEd fi, 1Z1T-5TH5H. Z D cased®

WA SFALEEREFTR [ HE—H % & 3L
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tolfEEAEAS, EFNVA L B EDIT/NEWEEIZOWTIE,
HWRE I OEARBOSA T 5 TH - 722 LR RIS
4. case4 Tl 0712289 A & DR EEEANHER T E TV
22 0b 5T, MHNPFEERRETDH - 72720, 2891H
BT RTCVPREST 2SS TH D, ZoHICiE,
2.9cm @ /N B AR B fE B & 1L T\ 72 (Shimose and
Tachihara, 2005). Fig. 1 TTiZ, casedDfitilot) R ol I,
>10cm TH % 285, /NUEROE RS BRAA S N TS 0%
ZRE 9 E, Fig. 1o [,(>10cm) (&KIEZ2 @ KHEE, ©
D HIZOVWTO (KliE%) @NEEPEL TS EEZ
S5hn (Tl - 2JE, 2006). BigE % KWL 72 Wl s s
PNTVDEW) BIRTH 5.

R OEWREARIL, HEOMNRE RS BVWIEAITIE,
BEAEPRDSHE L <, 2D ICHRETRZLE TS, MiloH
WA REE 2 720, F—F Xy FhLBRINENRDLZEDDH
5. ZOXI %, HMAOERT—5 OLRRLRED, b
WM LB EEEBIERIL, X512, NI YA
DAERORFE D ICHIBOR & &k L, $4bb [
NDOYT M BFEHETAH TIORREE, TOLH)LH
M HRBIERZ T, MR Fax OB KIEED ) 27
ELCHEILT 5. RSB 7—7 O, §FIC
B OREARER & v TIE, EEILETHL. ET
VBIX, EFNVALD S HHENEWZD, RN T
— Y OAREED, ETFNVHEEERIIK I, EFI)IVB
O, ZOXHIBRT—FORY OFEEZNSITLHMW
ZBWTY, filgEEro6Ns.

RERNT % & CTEREBO—HOF 5T, fmfh
JEOFEBIED) A7 WL 572012, 77— 5 OWUENGE
DR E, BYILETNVOEALR, HbETYHETLHI L
WUETH 5.

A E

ARMOTELZAHRZBLT, BESPDS2EHR VLT
L7z, ELoRGEIC, EBOEHNLET.
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PNICSE

= 5

AR R, BB W TIR D EARW 2 5HHH T 5. von Bertalanffy €7V (VB EFV) EEWIUTEZF
O, IR EHTRE LR EETVE LTHONS. VBEFILVTIE, ZHMBERIEZEEINTES Y, HIGoBERE
DOERILEDSEENERALTELVIGENRD L. WA A ADENEET VL, EWFREHILE (BRP) & L ORI
WEEZIET L4, KEHEORIETEIE, NEYZ% BRP 2#E . 2O L EE-EHEEMICE LY 27 0L
ALTWwA. VBETFIVO A (Biphasic) (&, MABLOMAEKEDORIEZILZ 2FHATE, ZD72H BRP IIHERD
VBEFVDHDERLLMIZH D, AETIE, kD VBETFIVE MBI VB EF VI X ZEESMMEITV, T2
NOET VO R Z 42T 5. KICHET VAR L T2 54 A~ A8 G L, BRP & LTk i
JEEHINT 5. BT NVORYEE mERETOMHE 5 - §Hili L, BREHICBIT 5, 7 Vo, BRP OHfEd
WY, ELICHEBIIBIT L) A7 OWHEEICOVT, BENICEZE L. BEOWED 4 DO %6 % Tkl L 72458, 7€
KD VB ETFNEM - 7204, REEEEOPEICB VT, WAMEEITA U, oEiEEoMKHEEORKE LT, N
A F < ZABELAEROBNMEESZET O NS, GIHEEEEEFIVICBIT 2 MEOBK - #/NMEEE, EWlET — % O
FEUREREDOANRDPOELDZNA TRAELT, EL250LEND L.

F—TI—=FRVIFTF T 4ETN, ZHETIV, HERIER, AWaEnes itk

WAL [HE—H IR & 3L



