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Growth Curve of Abalone

Takashi Matsuisar”, Kazuyoshi Sarro?
and Yasuji Kanno?

Abstract

von Bertalanffy’s growth curve has been widely used to express the growth of abalone,
but this curve is known to fit poorly for the young growth stages. We used the von
Bertalanffy, Logistie, Gompertz’s, and Richards’s growth curves to fit the length-at-age data
of three populations of abalone collected in the southern part of Akita Prefecture, Japan.
Generally, the AIC of the von Bertalanffy’s growth curve was highest, and the logistic growth
curve had a low AIC. Thus the logistic growth curve is thought to express abalone growth
best. We also fitted this curve to length-at-age data by individuals, and examined the
correlation among the parameters. L., has a positive correlation with K and a negative
correlation with ¢. This indicates that individuals that undergo slow growth during their
young stages tend to bécome large.
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BERFEFEORERFOERRPHL 2 L1, AETECEUBRAIRERET 2HOEE
Thd, 7TVECRBRECHET 2% OMEND S (2L 213, EIL, 1940; BH, 1962d; Frh
5, 1969; BEH:S, 1970; BEH - Zofit, 1970; #&Hf, 1971; &ERFEKERBSERE RIS
N—F, 1972; B>, 1974; [LEE, 1974; /INE S, 1977; Hdr -HE, 1980; &H45, 1993), %
D% ik, RIEMPLDO VR % von Bertalanfly ORRHBRICH TIIOH T, RERONNTA—F %
ROEBDOTHB, LoL, REHBIC von Bertalanffy O EIHEE AV 5 Z £, REBEOD
EHRELHTRODIEHEVE I EORZYKRZIVLTH, BEALKRR IR TRV,

von Bertalanffy O ERIZ, BERHCO TR E VBB LBPHoNTWS (FhS,
1969 ; BEH:-S, 1970 ; EEMH-Z0ft, 1970; #5, 1974; H-HH, 1980), LH» L, Walford (1946)
DEER*PAVLI L E>THEII I A—FR2HETELI LR, EXRPLELHVONT
W3 WS EED S, MOREME: OBAHE 2 BT 5 2 i<, von Bertalanffy DR Rk
BHVSRTVLS, @85 (1974) 3, EBEBENIRIE S WIc= 5% 7 7 ¥ Nordotis madaka 1Zxf L
T, Logistic, Gompertz, von Bertalanffy 0 3 BHOREMRE HTEH TV EH, 7—F b

D Rl AE KR I R A R TR

(Laboratory of Marine Ecology, Faculty of Fisheries, Hokkaido Untversity)
D KHEKERE Y > 5 —

(Fishery Promotion Center of Akita Prefecture)
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BNIEbDHY, RRMBRERIRT 2 Z TREBES TR,

—Mi, R IIEGEEERD L, 7TV ETR, EEBFROBREOBEYE (HH, 19623, b, ¢),
AR\ (FF, 1971), AELELEE (FEFEKERBSBRERME SV — 7, 1972) Zi k>
THRREZEGBEDOE S Z LS T L KR EEERR D 2 BSOREMEOMEEICIT,
HFRITON T2 ZEREOFYRE 2REMBICD Taw 5 HEOMI, ik L icREhE
RWEET 2 5%, 20F07 -5 »EEREHBRCDO TR HERDH B, FNFNOHERE
BERZLEEZ N, WEBLBETH L, /NES (1977) X, @EZ L tRKEOBELZHRET L 726
B, @EIL B2 SEFRORRMEL2TT L 2Bs»IILTWS, LeL, flic7vED
BRRCELUTEEZ L CRERBE2HDTROT, FOUEBEZREUTOLIHEIRB S0,

AT, KHEREH THRES W7 7 EOERFIRE 7 — 412, von Bertalanffy, Logistic,
Gompertz, Richards @ 4 RER 2R AHEIC L D HTik®, AIC (Akaike, 1973) wHlh 7 7 € DE
BHEEOREY L0 I ERTIREMHBRE2FIN U2, £, HEZ L CHREMBE H T,
BEOEBEEOHE2HEL I LT,

TF—5 LB

F -4

FERIRET — Y OHIBICA VLT 7Y, 1990F7TH3H»5 1990411 A 29 H% ¢ofg
W40, KEHEBAEREY VY — WX > THREaN: 21BEETH 5, FRESTIIIKEEBBHFHER
SWEETHsE (Fig. 1) Th 3,

Z 2, JeKiE 7 1 7 7 E Haliotis discus D3EEB L TWwiz23, 1969 4E L b = V' 7 7 & Haliotis
discus hannat BPRFI N T3, Fiz, 1962 £ XY 1990 £ CRABERRE L VKRRV 7
TEEEEBHEL Tw5, LdS-T, OB, oS TEE s T, KA
[Wild type] £\v»5), ATHEEIE-75D ([AL] [Reared] ) &, BREE»SBHEINL D
@ ( [#4#] [Transplanted] ) O 3EERERL T3, 7V, BT L TROBRIER
BTEZZEBHISNTED (BH, 1962b), MO IHEO7 7 ROBIZE > TRAT Z 2 L8
C TEb, AIHEED» OB 77 VR, REFSROICE-TnE, BE»SBIBEI - EEC
RBRETICRBORERH 5, WEShERE, BROREZOVTWAIARESES 74 ¥ /53T
EL, REMORHM» S, KR, AT, BicHEL:,

FRMEER, RAORESPRLBRELLIBICIAAERELEBI VT, ABBEET 285
DR EFA L Bk (A, 1967) AW, SRNOBEERAET 2L E-T, FHTL
DBREEEI. MBS 1EC2RTEL L WIEHLH L5 FhE- X35, 1980), —ciz 14
IKEEEND LTI 8%, 2 TRBERICHYT 22 LT@ERL, HRcE
SHRVERBIC OV TRRAE Lz BeBE S L OREHEE2E 270, L EEIz D xBE 4 H
DHEEAIBRET — I B/ ONIZ DR FIR OB TN ET > 72, BIRCAWEEBEOFE « 18
(R L ERIRE 7 — 5 $% Table 1 125/ L7z,

@
LUF o 4 EEORE ki & v 7z,

1. von Bertalanffy @B gl
li,t:Lm(l_e_K(t_c))+ei,t ' (1)
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Pacific Ocean

Fig. 1. Location of sampling point

2. Logistic B R

b= ot eue )
3. Gompertz D5 R
Li=Loe " +e,; (3)
4. Richards (Richards, 1959) oG
b =[LE ™ —(LEm =i m)e k0-m et e, ()

I, L g, EE ER L OBRE, L 3EHEOBRKEERRT NI A—5, K 3IKEHR
B, ¢ 3IREOMFRS, m IREHBROBICET 2372 —3Thb, e, BEEETHY, @
h, 8T L HNT I8 of TIERAAAT % LIRET %, ARTERPEGC L > TR B0
ERET D, REMBIC LT K L c OEBVELZLZDT, HFLEUCHEERE LW,

Richards @ R FE 4% T i, m =0 OB von Bertalanffy OB %, m—1 O & & i Gompertz
O EMGEE, m=2 Dk %3 Logistic REMB L Z Lk 3,

ZhZPhOREHMBICDOWT, BAKC LY EHOMBEOERIIBRET -5 2B LTHT
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Table 1. Average and standard deviation of the length at age data of abalone in southern part
of Akita Prefecture, Japan

Age 1 2 3 4 5 6 7 8 9  total

mean (mm) 20.1 333 488 69.0 830 988 1094 1272 1355
Wild s.d. (mm) 28 47 77 118 118 118 106

N 2 24 36 37 36 21 6 1 1 164

mean (mm) 205 305 466 679 89.6 955 943
Reared s.d. (mm) 39 49 85 122 110 97

N 7 19 22 22 20 7 1 98
Trans- mean {mm) 23.1 329 471 644 771 807 881 95.0 99.0
planted s.d. (mm) 35 81 124 144 85 63 33

N 1 10 14 15 15 11 9 5 1 81

mean (mm) 20.7 322 478 677 861 931 965 1003 117.3
Total s.d. (mm) 34 47 80 120 129 131 130 135 258

N 10 53 72 74 71 39 16 6 2 343

3, REMED/ ST A —F OBRAHEES & CHEERE (EHEEE) 2RO/, Richards DR
figit, MORBHRE DT A —FHBELBETRRIETELVDT, /37 2A—FROMM
L 2BEORYERMIE L RO BHRERE AIC iy, AARLSAORES RS L (EHRT
2R AR BN 72,
BINTREMBEL2AEBT L IcHTiRD, BEIRLATA—FORE LT A —FHEOHEE
BAREEE L, 20K, HEISNI/IT A —F I & 0 ERMEZED 1.96 S LR b D%
SEEOHETEMIE, BREBELARLTBRW,

& F
BEEORE

WEINI/SF X —-%iF, Table2 Dk 3 25tz KADERIIBRET — 5 LHEEINTKE
i % Fig. 2 10R Lz,

von Bertalanffy QR % BG83, tHORRMEEHWIEE LD b AIC K& L,
HTEFEOBRENT EBboT,

Richards O FiifRE= AWV 2 &, AOWEALE LL 3Rxb/NEKD, pTREVBIVI L
WRENIz, ZOREMBRIE, MORBHBIZENTSI A1 2%0nE, m ODEEEZS
CERE-> T MORRHELRBETLIIENTELZOTC,MMOKERL D LLBWKELS BB
Li3H DB, AIC THE T % &, Logistic JRE #iifR > Gompertz DX R MR & W28 &t
AT Richards D REEZRAWIBEBKE YL, Zhid, NFTA—FE21DEPLTH, THICR
EIRTDHTREYDUBBRVENRI ZERRLTWVS, BERLDRONTA—FTTY
EOREERBEL X5 £ 5% 5, Richards O ER#R L D &, Logistic ¥ Gompertz DRl
BOAMBENTLBE WS ZEWRENT,

Logistic fxFE iR % 272354 & Gompertz DREHRE AW IIBER, RAOEETCIIEET
BEDF AIC /N E v, ZRLADIFEE Tt Logistic BRE R Z W55 5% b AIC 3/
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Table 2. Maximum likelihood estimators of each growth curve and population.
AIC value with % is minimum each population.

Wild
Growth function L, K ¢ m o2 LL AIC
von Bertalanffy 125.0 0.2976 1.031 79.27 724.68 1457.36
(se) (452) (0.0221) (0.770) (181)
Logistic 127.8  0.5982 3.760 99.48  609.90 1227.80
(se) (6.96) (0.0634) (0.213) (10.98)
CGompertz 147.6 0.3444  3.022 99.21 609.68 1227.36%
(se.) (12.08) (0.0428) (0.205) (10.95)
Richards 139.0 —1.351 9.165 1.313 99.10 609.59 1229.18
(se) (22.8) (3.232) (5.462) (0.702) (0.11)
Reared
Growth function L. K c m ok LL AIC
von Bertalanffy 114.7 02842 0.7211 128.8  461.78 931.56
(se) (76) (0.0351) (0.120) (16.6)
Logistic 1105 0.7051 3.370 136.9 380.12 768.24%
(se) (9.4) (0.0959) (0.291) (19.6)
Gompertz 133.6 0.3743 3.090 140.0 381.18 770.36
(se.) (200) (0.0773) (0.313) (20.0)
Richards 98.59 —0.4511 12.58 4.005 135.4 379.54 769.08
(se) (874) (0.1123) (307) (2407) (19.3)
Transplanted
Growth function L, K c m ol LL AIC
von Bertalanffy 1049 0.3213 0.8244 61.89 334.24 676.48
(se) (47) (0.0400) (0.1737) (8.87)
Logistic 9544 0.6574 2.969 91.22 297.72 603.44%
(se) (4.27) (0.0923) (0.176) (14.23)
Gompertz 100.8 0.4447 2.743 91.25 297.74 603.48
(se) (6.0) (0.0739) (0.437) (14.34)
Richards 9764 —1.113 9.591 1.494 91.08  297.65 605.30
(se) (8.39) (2.355) (7.323) (1.290) (14.31)
All data agregated
Growth function L, K c m o? LL AIC
von Bertalanffy 1162 0.3020 0.8734 95.22  1541.66 3091.32
(se) (3.1) (0.0168) (0.0607) (6.71)
Logistic 1059 0.7221 3.200 129.2  1320.43 2648.86%
(se) (29) (0.0466) (0.098) (9.9)
Gompertz 115.3 0.4498 3.206 131.8 1323.79 2655.58
(se) (45) (0.0369) (0.237) (10.1)
Richards 101.1 —0.4788 12.65 3.191 1285 131949 2648.98
(se) (36) (0.0994) (227) (1.036) (9.8)

LL : inverse log maximum likelihood
n: number of estimated parameters
s.e.: standard error
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Fig.2. Data and estimated growth curve of wild population

B Eol, ZDZEHS, TT7EDRERRHET 51213 Logistic DR EHENRHEL T2
rEZOND,

BROBF%

#{EE Z i Logistic BUREIRE H T3, EET L DREMBED/ ST A — 8 BHE LIz, /3
A= DEHESEL, Table3 D&k iz o, £/87 2 —F O, Tabled Dk 512
olz,

L. b K Oz, HHBMRBT 045 (Bi) 55 —0.72 (KR) OADHBNE SNz, 2 O
Rid, BEMTREL 22EBREERERESBERSD 2 2 L £2F7T, L £ c ORiciZ, 0.65
(BHE) 25 0.89 (AT) OMWEOHEBAS N, c BEEIBRLEVWERLMET 20T, B
(SRR T 5 BFIE CEBROBRPAZ VI EERL TV, K & c OBICIZ—0.71 (i)
»5—083 (RR) OAOHRABA LNz, Zhid, B hoRETA2AEKE FaRIIRET 3 2
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Table 3. Averages and standard deviations of estimated parameters in logistic growth curve
fitted to length-at-age data of each individual

L, K ¢ o? N
Wild Type 150.2 0.6129 4.382 1.692 30
(s.d.) 39.8 0.1651 1.139 2.111
Reared 164.0 0.6352 4.502 4.564 21
(s.d.) 51.72 0.1468 1.115 3.814
Transplanted 109.3 0.6311 3.596 2.652 11
(s.d.) 20.3 0.1955 0.638 1.737
All 141.8 0.6254 4219 3.023 65
(sd.) 38.6 0.1869 1.108 3.251

Table 4. Correlations of estimated parameters of logistic
growth curve fitted to length-at-age data of each indi-
vidual. Values with t and } indicate they are
significant at the 5%, and 19, level (test of significance
of correlation coefficients ; H,: r=0).

Wild type

K c
L, —0.725% 0.8761
K —0.839%

Reared

K ¢
L. —0.584% 0.895%
K —0.752%

Transplanted

K c
L, -0.451 0.660t
K —0.711¢

All data agegated

K ¢
L, —0.579% 0.863%
K —0.770%
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LERLTWS,
ZD LD, RuBHLSHET 2BBIRESEVLIEREOEREZ/NE Y, FHEhg
FREMBLEEE, BicKEL kRN TE R,

# =
FRMENBRELT—INOHTIIHOER

HERpOSWEINTRBEE L OPIFE (Jo & 21E, Bdh-Hd (1980) 2205 (1993) 13, BE
PEBHILICEFYL, ZOEELSHEEET> T3, Zhid, EL{IfTbhTwaHETH2
B, FT L IEREEBICESD LFEE, HECKERBEIBECSZL0b B,

EBZ, RARODT—F 2FWT, £TOF — 1 von Bertalanffy O Eliig % H T HE
EE, SEBTOHIECH TIH I HEEM% Table5 2R L7z, #E 372 von Bertalanffy 0
BREMRE Fig. 3R L, ZOF—FTiE, 1R -8 -9BDT— I P hnizd, FHHIZ
HTEDIHEER, ThoD T —FKHEIBEIND, B8R IRDT— I 2 L5 LHBTE
2 EEO7 7V ERENREP ol 1:®, L BPBRICHEEERTWSE, ZhiZHL, £7—F
HTEBHILBERIID LI RHEIRT RN,

INES (1977) X, 20X HEY REHET 270010, BERTOYEEE R, EREROES
T %27 TRRERERD T2, BAEBSEWIES, Z0X5hhEr2L s, FXROREY
BEBEh2,

BRI LIlHTEIDLBRE—IELTHTIDBENER

B CHERBIRET -7 exl, —FELHELR/ ST x—% (Table2) &, & LITHEEL
7285 % —% DF# (Table 3) i3 F7% 3, Sainsbury (1980) i, von Bertalanffy 0% s iz it
I BRRCEBEND ZBEE, /87 A —5 OHEEMENRHIES 2 & 2R L Tw 5,

AW DB E 1L, Logistic RERMRE FH T3 DT, Sainsbury OFRITE#BIIH TITE S &
WS, KRR AL 27— O OWTHROBED L. L b8, —FELTHELEE X
DHRELIEESNT VS, FIC Lo 1T, 15% 525 48%, L KIBIZEHEZ & /85 A — & OEHHE
BREV, ZORERAIZ, Sainsbury DL & 5 e r—iET 2 2 L2k 28D oftuc,
BEOBWEEKZICEHE CEBRT I ) aiEb Er o3,

FRRTHOL 7V ERBER» SRES N T 0T, BEOFERIEVZ L8l h 5,
Ll, BRROEDLD TR, 1ER2HAM, 77E2ERRET2RENTHLILTED, BE
WWem U ED7 7EBREIN TS, BREL 6 OHA D BEEICH 28413, 10em LA EofE
FREEINTL S5 WEESRVWOT, REHROMEESRIENLED 2, kT v ik
BEHETIE, BREOEENZEERN, 7TVERBEOREOREE2 LV ERchobT L
RarbLlikn,

L, BT L CERETELHE, HEREFOERIRET -7 CRBRSORELT

Table5. Estimated parameters of von Bertalanffy growth curve fitted to all length-at-age
data and age averaged length-at-age data

L, K c

Fitted to all data 125.0 0.2976 1.031
Fitted to average 349.8 0.0557 0.0789
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Fig. 3. von Bertalanffy’s growth curve fitted to all length-at-age data (line) and to age-
averaged length-at-age data (dashed line)

HITE2BMBEY RO DE, L BFEBERMICKELHEEINIBEEN D S, £, BEETHE
+, ExOEEORE LD BEEHOEHLE LT, REXZEEI b RTITHS S,

7 EDFRTE

H EKH (1980) i, BEREFRMEERSMT 2Lk > T, HEINBRIrEO=T AT Y
Bz onT, E2XDBEDHRENTHEIEERLTWS, 1 (1987) ik, L DTV ED
BRECETIHEE V2 —L, BRI E > THREFL TL 3HERD%  235E 2 3&/N i FHf
LTnw3d I LBRLTWS, FRTE, BB L 285808 TR e A% LTI L2, 8RR
PEBEEL L TRYUDEI 2 E2RETIALENRDH B,

L, FZ2EKOBBMBERETCHWE TV EIR D TETWAEE, REXFENMNITHEL TW

— 61 —



dt R & E &= # 46(3), 199%.

ZEREM D H B, L L, WS ERBLEFAL TwaRY, REMBROBRCEEOEEED
BEIZoWTE, BESLCONBZENE I ik,

| 5

Az TR w, REAFHRBRFRETFEAEE, hEEAFAEFRER K
iR, HEAFEBEAREBRERE, KARKERREL > 5 —IHE—EERR, LBE—
HEFIRECRE#HT 5,

X 73
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