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Simulation Study on the Growth Variation of
Fish with Special Reference to the
Mortality by Cannibalism

Hiroshi YamacisHr* and Kiyohide IsHioka

In respect to the higher initial mortality in fish by cannibalism, computer simulation of individual
growth variation was made in terms of coefficient of variation (CV) and skewness (sk) of frequency dis-
tribution. Three normal distributions of initial body length (), specific growth rate in exponential
growth or growth coefficient in Bertalanffy’s growth () and asymptotic value of the same growth (/.,)
consisted of each 8,000 in number were supposed. In all the case, changes of the body length (max-
imum, minimum and mean), CV and sk in the cannibalistic groups were compared with those of the con-
trol groups. At f, larger individual preys on smaller one between the randomly sampled two. From #
the body length ratios which enable the predator to prey on the victim were gradually expanded in the
course of time in different way according to the growth equation. After preying, the predator grows
additionally by M40 regardless of growth equations. Thus, survival rates were maintained on the level
of 6~12% at ¢, in all the cases.

In exponential growth CV and sk of both canmbalistic and control groups continuously increased in N-
N correspondent type and N-N type of the combination of I, with A, but slight increase and decrease of sk
was observed in N-N complex type of the cannibalistic group. In any type of the combination the values
of CV and sk of the cannibalistic groups were always smaller than those of the control groups.

In Bertalanffy’s growth, CV of the control groups gradually converged on CV of the given asymptotic
value after initial increase in all the cases. CV of the cannibalistic groups changed similarly to the con-
trol groups, but converged on the smaller values than the asymptotic CV of the control groups. Sk of
the cannibalistic groups finally converged on the positive values after irregular changes in negative and
positive values, contrary to the marked increase in negative values from the beginning and final conver-
gence on 0 in the control groups.

In pseudo-asymptotic growth both CV and sk of the control groups increased asymptotically in all the
cases. CV of the cannibalistic groups converged on the smaller values than the asymptotic values of
the control groups after initial increase. Sk of the cannibalistic groups finally converged on the similar
values to those of the control groups after irregular changes in positive values except N-N correspondent

bpe.
Key word growth, cannibalism, fish, mortality, simulation
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HOFHEFEELT, REEEEORL L SOEMSHE LTHET L L EOKEDEREE
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DL BT EWTRIC R oT2, FITHENL, BREICHEEZSEZVHIHEVIZL > THREHET S
FVI)EEEMEZ TCHREDOEFEERNY I 2L — Y a ¥ #iTo7, BETIR, HAVIEHFES
SIET ALEMABIETH Y, AEFEORVWIHRCOERO—2LEZ LMD,
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YIalb=—3ar0iHOTUS T LRS-V F LT Ea— ¥ —, NEC ® PC-9801 ES
(10.6 M 734 h @ RAM L HMET— % 7Ot v K, 80M /XA bOEET + A7 % ¥ L
T HAGE MS-0S/2 bt BASIC 12 & » THER L7, HEETEOTEFTIIBREL /NS T L0/
EEtHE ¥ FVvic, 2o BASIC TH | HOKMBEAETICH L TRETE2EEOHIL, £RkD
BASIC & F#RICEEEERR OB E T8 MR L WO HIRY D 5, L7d - THERELR EOWH
I OB TICREL. FORBIPY I 2L —2a V2T 720DT A — Y DEELKRITE
kR

DER L OERSH i a 8,000, hdfE (CFigE) %25, BHEL0.05, BEERE o
%0.25 (L7225 TEBMRE CV 120.05) & LTERSHE DY, BEREERILL 2. #0%
B, B/MEIZA.1, FAEIS.912% 572, Tablel, I FDERGH LR T,

HEOEEIZIE 320K, BKX, Bertalanfy B L CEBMENAN 1 VW2, ThEFhOR
EROF%E % KIIRT,

1. EHOETERS

ERXOERRRE A OERSH /K (=1 - exp (A) ICL BHRICBVT I 57 10
B35 A 05T, En £8.000, PR (FIHME) % log. 2=0.69315, FE#HIE%0.01, #%
HRE o 0. 198 LTERMM LD, BREYERILLAZIOTH B, BHILIZL - T oid
0.18945, CV 120.273342% 1), A D E/ME IR log. 2— (0.01 X64) =0.05315 12, A DEKMEIL
loge 2+ (0.01X64) =1.33315 1% 5720 Lo T I BERET B0, AOPR{EE L5
R 24512, A OB/MES & BMEMAILL. 05468512, A DKl % & 2413, 793045 1T T
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Table 1. Frequency distribution of initial body length (fy). #, o, CV and sk refer
to the number of individuals, standard deviation, coefficient of variation
and skewness of the body length respectively.

Class Frequency Class Frequency Class Frequency Statistical

4.10 1 4.75 387 5.40 177 items
n=8,000
4.15 2 4.80 464 5.45 126
mean=>5,00
4.20 4 4.85 533 5.50 86 r—0.2498
4.25 7 4.90 589 5.55 57 CV—0.0500
4.30 13 4.95 626 5.60 36 k=0
4.35 22 5.00 638 5.65 22
4.40 36 5.05 626 5.70 13
4.45 57 5.10 589 5.75 7
4.50 86 5.15 533 5.80 4
4.55 126 5.20 464 5.85 2
4.60 177 5.25 387 5.90 1
4.65 240 5.30 311
4.70 311 5.35 240

Table 2. Frequency distribution of specific growth rate in exponential
growth or growth coefficient in Bertalanffy’s growth, A. Only
half of the distribution smaller than median is shown. Here,
0.69315 equals to log.2. As regards »n, o, CV and sk, refer to

Table 1.

Class Frequency Class Frequency Class Frequency
0.05315 1 0.30315 20 0.55315 128
0.06315 1 0.31315 23 0.56315 133
0.07315 1 0.32315 25 0.57315 138
0.08315 1 0.33315 28 0.58315 142
0.09315 1 0.34315 31 0.59315 146
0.10315 1 0.35315 34 0.60315 150
0.11315 2 0.36315 37 0.61315 154
0.12315 2 0.37315 41 0.62315 157
0.13315 2 0.38315 44 0.63315 160
0.14315 3 0.39315 48 0.64315 162
0.15315 3 0.40315 52 0.65315 164
0.16315 3 0.41315 57 0.66315 166
0.17315 4 0.42315 61 0.67315 167
0.18315 5 0.43315 66 0.68315 168
0.19315 5 0.44315 71 0.69315 168
0.20315 6 0.45315 76 : :
0.21315 7 0.46315 81 1.33315 1
0.22315 8 0.47315 86
0.23315 9 0.48315 91 Statistical
0.24315 10 0.49315 97 items
0.25315 12 0.50315 102 n=8,000
0.26315 13 0.51315 107 mean=0.69315
0.27315 15 0.52315 113 ¢=0.1895
0.28315 16 0.53315 118 CV=0.2733
0.29315 18 0.54315 123 sk=0

— 165 —




E
FE
B
H

%, Table 2, I FDERSH*TT,

BERICBIB L, EADBEEDE FBERIZBITE L & A DHAEDEIE, Kovama and
Kira (1956) 2L 2 7THY)DLRD3EN #HV, IhbidilgEEs (1988) &g - AR
(1989) AHENBERERDY I 2L - a YIZAWZODERLTH 5,

a) N-N correspondent B! © [, & A id K E SONEMICHIE L THAEDb SR, L, £BEAT
L& AEKESOMEMISHIC L THAS S TEEERSERET 5,

b) NNE & A, HLIZBWTI»FailflAGbih, UE CofsrgdhbEIzL-
TEBEEFRET 20

c) N-Ncomplex Bl 1 [y & AL, 4 12BVWT Ty FAIHAEDLEN, U, KESTLHA
Ty LICHAEDINTEEEIEET 5.

2. Bertalanffy ;XD FEEM

Bertalanffy ;O RIRE A Bertalanffy 3, Lh=I. [1—k - exp (—A)] (o X EBRMHE, &I
EH) OBEEE A, BEORBREFEREE L THAVW: AQERMM 2 20T AV,

Bertalanffy sSX VA ED LRR1E (o DD Bertalanfy X D/35 A — ¥ THHEED FR{E .
i, fE%on %8,000& L7zo lo DOARIEHIAER20, HEAZIEZ0.25, IEEERFE 0 %1258 LT
ERSEDLN, BREABERILLZ LD TH L, ZOKRE, R/AMEIRLS. 50, BAfEIZ24.50,
0 131.2480, CV 120.0624127%: 572, Table 3. 12 FDEKGH LT T lo SHD CV i, 112
7 (1988) D#ELEXDEED ERED CV LFEEIZ, L 5H/HD CV I DENIKRELLTH S,

Bertalanffy BT3B Iy, A BLV o DHAEEDE I, A BE Ve DHASDLEIE, B
ROBEIZES-T, a) b TIEWKEZOMEMISHE L THAEDL SN, LERZFOMAED
B L o> THRET B N-N-N corvespondent B, b) Hh IZBWT3ENT v ¥ Al Ehban,
UEFOMAEDLRIZL > THRETANNNE, o) (HilBWTlh L le 7 F2IZHAE

Table 3. Frequency distribution of asymptotic body length (I..). As regards #, o,
CV and sk, refer to Table 1.

Class  Frequency Class Frequency Class Frequency Statistical

15.50 1 18.75 387 22.00 177 n=8000
15.75 2 19.00 464 22.25 126 ~ mean=20.00
16.00 4 19.25 533 22.50 86 a=1.2489
16.25 7 19.50 589 22.75 57 ~ CV=0.0624
16.50 13 19.75 626 23.00 3 k=0

16.75 22 20.00 638 23.25 22

17.00 36 20.25 626 23.50 13

17.25 57 20.50 589 23.75 7

17.50 86 20.75 533 24.00 4

17.75 126 21.00 464 24.25 2

18.00 177 21.25 387 24.50 1

18.25 240 21.50 311

18.50 311 21.75 240
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bah, TOHAEDLTIZIHEIT LI ANT VY AIHAEGL SN THES D N-N-N complex
B35,

3. RELUEA 1 OFEEMS

RUEAEX1ICHUD - & ADHEAEDE  ILURIEA (1988) DFRFTEIZ X 5 EUEHTR;
1, b=h-1-exp WETY) (RIZ1 XY KREVEH) X, LBl lo=l-exp W [1-(/R)]} %
Hoo ZITikiZ2EL72 by & ADHASHLERIBELEKRTH S,
HBEWVCIIBAREORELHEBEORDERERE I3 6 ONATRALAKEE ST & A
(Bertalanfy X Tl lw ) 27V FLIZHEMMZTEL, RIZEPBEZON L, 2 2WT OB
DEDLRIZKESEREL, PLToNELBERERELEKICHAESNL L LTRET S, 4
FR DRI AEWVICLBELSHAER L HABEORRILY R L & S ICHEAT 5720, KELREGD
RIS ZBROEZAD (1+g) U ERTIEHEVRREZVWET DL, 22T idEH,
HIZEEEHT, ¢ 33EHRT0.1, Bertalanfty .T0.01, SELEHAR 1 TO.05% L7-, S542, #
HOHRELEHEFHEELIR/TIIRESELADI, BEORENIINIIZ, BERDEVIZHS
DLOLTHEEDFOHHADKRREIHAEDLER TV D A DI/AWETRFIZEESE, i
KEBEHERIZL ST, TXTOXTTIRTOMAELRFIZBOT, & BEEOEFERIIRID6 ~
12%127% 570 FGHEL AD/A0E L2BHIE, 77 7RROEWVII, BIBEEOENE
B D N-N correspondent BT, bk B O KEROKESN00,0005 B2 WX 5L T
H5b,

MHBEROBRENEFER TXNTORTINTOEROAAGLEICB T, MPHEHIFE LT
HAWHIFEUEAE>HAL, BEES0000F T RENDT V- TORENVEHLERDY 3 2
L—2a Ty, ChEFERELLTHEVEELEBL .

EBHRICLBIRRDEAKERO I 2L -2 3>

Figs. 1, 2, 3. (ZF N FH N-N correspondent B3, N-N BB X I N-N complex BLOMAE5HHED
182 & 3B B L BEE OB AMEAE (maximum 3 X F maximum-C), H/MEM (minimum 35
& O minimum-C) OFES L OVHEOKEDOEHME (mean B L F mean-C), HEAVWEDOEAEK
(n) OFfbE, MEBEOBEEDIMD CV (CV BLCV-C) & sk (sk BL U sk-C) DEILETRT,

N-N correspondent T3 t) (IZBVWT Iy & A % KE SOIEMISHE L THAS LY, LEI oM
AEDLETHRENFELEMLZMNASHLE TH B, HEBECEIRXER L R/MIGOEREZED
Lok bEEICHNS (Fig. 1), H£EVEETIR 4 BADOEEKAM, 218 (ETFHS2.73%), &
R DEFEATI0 (EFHI.88%) THbEH, RUGHEILL - THAEWRORAMBEEKIIASRE
L REL DD, LOASRBEIKENNIL > THRESNLHER, £EEVEOR/MEEIIHT
BELVEEDPIIKRE, FHEIZOVTHRAKTH S, CV & sk ZMFFL b ITHIMEBITHE
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Fig. 1. Changes of the mean, maximum and minimum values of the body length (left) and changes of coefficient of
variation (CV) and skewness (sk) (right) in N-N correspondent type of the combination of /, with A by means
of exponential equation. Solid and dotted lines refer to the cannibalistic and control groups respectively.
Symbols -C refers to the control group.
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Fig. 2. Changes of the mean, maximum and minimum values of the body length (left) and changes of coefficient of
variation (CV) and skewness (sk) (right) in N-N #pe of the combination of 4, with A by means of
exponential equation. As regards solid and dotted lines and symbols -C refer to Fig. 1.

PTHZLE—EL LV, HEVWHCRRAEE L R/MITOERREENSTREL VBN L7120,
XEVEO CVIIHBELD LTINSV, sk SR LEBRIZEY & A THEEDOL/2LT T
b,

N-NEITE HIZBWT LhIZAZT ¥ AfllaEbE, UEZOHAGSDLE THRENED
(Fig. 2.) o MHEBEETIE 4 128V T ly DERRMBERIZ A DRKMDS, I, DEMEEIS A OF/AMEDS
MAEHLENLHEIELD TRV S, BREGE L B/MEEOEREIZ—MEIZ N-N correspon-
dent BUIZ X A HREE L DSV, HBAWETIE 4 BEOEEEDY, 219 (EFZES2.74%), t, I
BOEFEED6T4 (EESS 43%) THh b, N-N correspondent B L G2, BV LI BL5%
BRICE > TEBEVWHEORKEERITHER L W K& 25205, DELHEEFEESNATHRESH
LFVZOEEVEOR/MABIIEEL DA IR E VY, FEHEICOWTHRETH B, i
BOCV & sk idlmekidmd+sI sid—Ed Ry, HEVETRERERL m/MEEOHK
FAFGBEEL VENT L7720, HEVEO CV IXBEL ) I FI/NSW, EVLED sk b
HHEEE L D /NE vy, T2 N-N BID CV & sk 1& N-N correspondent BIOIHET HEEL ) 4 /Sy,

N-N complex BU tg ICBWT LI AR TV FLIZHMAEGHELIZITERL, 406 1 BT
EIZLIZA RS VY AIHAEDLE THRESY LT, BEORBIZI2OMAEHLEDHT
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Fig. 3. Changes of the mean, maximum and minimum values of the body length (left) and changes of coefficient of
variation (CV) and skewness (sk) (right) in N-N complex type of the combination of [, with A by means of
exponential equation. As regards solid and dotted lines and symbols -C refer to Fig. 1.

bok LHEMIIL D (Fig.3.). FO7-0xHHEE D FIRIT X 5 EAMEAN BB O R/MES & &
FABAKLZ 3> T N-N correspondent B & N-N B X D v { 60BNy, N-N complex BIOaF B Tid
1 20EEIZE—O A DPFIITTHAGDLENLIBEIEZLOTRVOT, FAEKROKEIL 3
DOHMAEHEDOHRTIES 5 & BBVY, B/MAKOEKIZ I D2OMAGLEDOPTIEL L)
L, ZOREKEEEBEMIFEOEEZE L~ N-N correspondent F & N-N BICOKEE
/s, EEVETI 4 BEEOEIFEAM, 218 (EFH52.73%), b B ulDOEFEATE6
(HA739.83%) Th b, N-N correspondent B1 5 X ' N-N B L [ERIZ, £EWICLARTLK
Bl > THEVWEORERERIGEEL Y KE (%505, IS REARPEAESLTRES
ha7zoR/MEKIISEEL Y ZEPIIKEV, PHEIIOVWTLAKTH L, HAVEFTIIR
K E T/ MERDREZEITBER L DH/NT L7720, EVWEO CV IZEMERKITLE 00,
ZOMIIHBEL Y BFINR 0, FAWED sk IRT 2R L Bh o THIALBBETEYETZ
EHHN, sk OMEE—FWIOTHEL ) L2 RELLDLIEND L,

Bertalanffy sX{C X 3REDOEFREREN a2l - a

Figs. 4, 5, 6. (2 # W Z 1 Bertalanffy 712 & B N-N-N correspondent &, N-N-N Fi3 L U N-N-
N complex RO F O 1 112 L 2 £ & VWH Lt BB OB KER, SRMMHEOKRES L UHEEOF
EOFHE, £AVWEOBERBOELL, MEORESHD CV L sk OFLERT,

N-N-N correspondent FADILEEE T 1) Wes DA HN, 218 (EFFHG2.73%), & RO
TFEP667 (1F%8.34%) TH A (Fig. 4.) . BKEROKERE, H~t OHHIZBVTHEY
HEABALLAESTLREYE ORI -OMBHELI DEIIIKRE VY, ThIUZEBmIECHES
HRED R, lo 2S5 NDTERIEAL L 25, R/MUAKDOERIL, HEIZILRET
SHE B L THAVHEIEBRELIZ L RE V. B/MEROKRRIIILE VT 4 DFF L
THMAIE T A45, WHREETIE k OIS T 2 BE» NI, FHEIZEEVEED T
HrLhkExw, CVIIMBEL LWL T 4 CHEBRFTIX0.17%, HEVWETIZ0. 1322
NERBZ LD, T CRAPIZED B, Fig. 4. (£) THO»R LI I, WHEETIR/MEFD
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Fig. 4. Changes of the mean, maximum and minimum values of the body length (left) and changes of coefficient of
variation (C'V) and skewness (sk) (right) in N-N-N correspondent type of the combination of I, and .. with A

by means

of Bertalanffy's equation.

As regards solid and dotted lines and symbols -C refer to Fig. 1.
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Fig. 5. Changes of the mean, maximum and minimum values of the body length (left) and changes of coefficient of
variation (CV) and skewness (sk) (right) in N-N-N fype of the combination of I, and /.. with A by means of

Bertalanffy’s equation.
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As regards solid and dotted lines and symbols -C refer to Fig. 1.
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Fig. 6. Changes of the mean, maximum and minimum values of the body length (left) and changes of coefficient of
variation (CV) and skewness (sk) (right) in N-N-N complex #ype of the combination of / and /.. with A by

means of Bertalanffy's equation.

As regards solid and dotted lines and symbols -C refer to Fig. 1.

RN b3 DR TI A ERMBEIEL TR WV2D, CVI20.0624120ET 5 I2F 5T,
FEVEETI 43 0.0306T CV IX—Filh o7z, HAVWHORLIXIOBATIET ), £6K
13606 (EFFFET.58%) Th o710 sk IMBHTERIDL LB LET, t DA T— 1I15EL
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7o EATHEANCEE L B A, ty OBFLITR B D LHMATRE, lo D sk THDHOIZPERL T
Wi, HAWEO sk 1IIRIICH0. 0419 LS EBUEA LT L 2 LRDEBIZAD,
t, T—0.83841E L2 S - HUBIMIEL T, o hHEQHEBMIZAD, fg D+0.3933T—EIZ
b,

N-N-N BIDxF BB Tid N-N-N correspondent B OB IZ R TR AKEEROBRIZL LERS
7, B/MABROEEREFICW LS EY (Fig.5.). FECHE T 4 BAOEFK0, 225
(FETE%52.83%), t; B OAEFFEADI0 (EFFE.75%) Thhb, RAEEOERIZ, Hh~t D
HIRIZBLTIIEBEIKEVWEL DV HAKREVD, ThEUBITWmEEICHREL FREICE
SLOILEREL R kb, BMEROKRRIBHREIC L 2BENH L -0BRICB W THA
WAL D E L (KE Vv, HAWEETIE fy ORSTR/AMEKDERDOEMAL T 545,
ITIRBE TS fyy DBFSTh BEDLEMITHE . FHEREEVEIERELINEIIKRE Y, CV
FEANCIHEIN L CATEEBECIR0. 168 2, HAVEETIRO0. 13SED A, §CBAIEL %,
Fig.5. (£) THOL R L1, dMBECER/MABOEEDN by OREATEZ EREIELT
Wiz, CVIZ0.0624 R T 2ICE Tk, HEWHETHEHRTNILE S fy ODRHD
0.0397 C—F % 5720 LI E B by OREHDIRBECBEOEFHIZ460 (EFFHS. 75%) T
Boto sk IIMBEHRTIIHBETALLY, ZORIBMP LRI, o OFFT—0.9425(3F L
72 EWNNCEE L 295, tso DEFETL R BWMATRE, 0ICPOETAIZE > Ty, W
B sk OB X 3HEMT, MEBELABICROICAOEBICAN —0.2713E T 503 CHmk 44
D, b PHLEDFRICA S THMLAD ERDIEE T, 5 h5BUROEBICAY, #MinLT
ty TIEQFEMIZEY, 4 D+0.3311T—Filhk 572,

N-N-N complex BIO R FE DI IBEETIE N-N-N BUIZH AN TR RXEBROERICKREII L WA, &
IMEROEE ISR ) W (Fig. 6.) . EEVWETE L B OATERN, 229 (E1F3E52. 86%),
t B O EF DB (EFE.39%) Thb, BREROEREIL, bt~ OPBEIICBWTIEH
HEVEINEEL D LPREVD, ZRLURIEIED ERHEISE I -DIZZRILL B L%

o HAVEOR/MEKIHAEICL > TRESNS/HDEHMAE U GHREL DK E WV, R
BTty OEEAT, £EVWHTIX f, ORI TRMIKORREOMMAIE T 5, FIOHEEIH{KE
WEEASTIREE L DEICKE GV, CV ZRANIIEML THEE LS 0. 1305E 325, § CBAICERL,
KRBTt BATERED CV PR T 5, £EWETE Hy DEELD0.0373T—EIl% 572
HEVCEOECR IO TIET Y, AFERII433 (EFHE41%) Th o7z, sk ZRWICHE
ELTEERULBDEL & 575, HEWHETIR 4 OBSTEOHIRIIAD, ZL0OMREE DR
L, to DEFEITH0.3964123E L7z2H E WAL LT by DEFED+0.3757T—EIZ R » 72,

SREOHEX 1 ICKARROERERD I 2b—T 3>

BREHEIZ & HBAEAN | CRE/MIGRORRIZEHLOTEL, HEXPIZEREISET S,
CVid—EDHEIZIUREL, sk idBOEE & STENEIZRNET S (LUAHIA, 1988),

Figs. 7,8, 9. I Z N FHRELHER 11X B ) & A DHMAE DR N-N correspondent
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Fig. 7. Changes of the mean, maximum and minimum values of the body length (left) and changes of coefficient of
variation (CV) and skewness (sk) (right) in N-N corvespondent type of the combination of /, with A by means
of pseudoasymptotic equation 1. As regards solid and dotted lines and symbols -C refer to Fig. 1.
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Fig. 8. Changes of the mean, maximum and minimum values of the body length (left) and changes of coefficient of
variation (CV) and skewness (sk) (right) in N-N #pe of the combination of [, with A by means of
pseudoasymptotic equation 1. As regards solid and dotted lines and symbols -C refer to Fig. 1.
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Fig. 9. Changes of the mean, maximum and minimum values of the body length (left} and changes of coefficient of
variation (CV) and skewness (sk) (right) in N-N complex type of the combination of [, _, with A by means of
pseudoasymptotic equation 1. As regards solid and dotted lines and symbols -C refer to Fig. 1.
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