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BWE ZRASEEBERLBINTHARBEXEESHNEXXAKX R RTHE L3aXBRERE
BEg, XEETEEEK -REXRRX W= b PEXRERATKPFENBRAMERE, &
MEK-RERRXRNEENE. SR NERERRELBEK BB, ARIHEE LF#H
1T oA,

Xig BX AKAKEXR HEHIE

BREKARE (F-MXRRBREYERRPEHRB RN TIENEZ — KA+
¥iW. Von Bertalanffy B3R ARKESEARKRMIL T RIEL, 5 TFZK Von
Bertalanffy £ K 5B, BE T AR ERKHRAMNERY, B AREHRKBAN KK
EEXRMERN W=>bL, K a M MEBHFEIMTSL. EEFHEEFERIIRLERT
ERAUAYZEE N NMETHENISR R rENEREMARSERRERRARZ I,
SP L RAARFRIFFANNERARKEZ LRUMBKEN T o ZEHHIA
HEH a R —BREHNEERKESHPEKEREZ WED, R, B w=bLH
REREKAEHXAN, TR LLREARKEAM (DNUKEER (W), XENER/AER
BN fE R, BRI B T, B R IR E X R AT R R BN AN R 3
BFPhK-GEXRUNH. EWRYRENEYEE S ARRILAREL RS, &
B £ 1A F A 2 B JLAT (Fractal Geometry) I H iR, 3t Rk KAE X R AT HES, 247
HYHEENEYENE L, A XN RE#TIL L.

1 E@aiRH
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W= bl (1)
BREERNSHITA, WRSH A EBRAB NS bNEBHNI W L RS a =
LNEHbHBRAFEERR W/ L.
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ERXQF, MR AFHE, BRI TR, AR-AEEXRLRLRR T HRKARRX
. Ha=30, X QRRAMNEKARBXRF G KEIJUA R KER R X
A, Ha# 3RRUBHEBR-ARRKRXAFFERRILAKERBERKEEHLRER, BBLK
B KA, MR ARG, MRS, BHlt, MREARXQBWALYES &
EHENER. XTEEAMEITHE LA ETR.

2 BEARSEARUENEK-FEXRES

ARNEETERI, BEHEE (&R f), FRIE N8 a), AR (g S m
), A6 KIS (g, ), 88 T2 RAANMEE D). ¥, Xk
48 0T LAE VEIE ML 9 25 [ L 4. Mandelbrot™ £ t 35 ¥ i 1f FE AR A9 = 4 BK FC 25 [a] 9
HEA TR EB-RERX RN

V1/3xS1/D (3)
X VAHEREMERRER; SHIFEABHERREE, D YEREME W &5 %
(Fractal Dimension) .
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S= kotsz—DVn/s (4)
AF kAEE CANBBER, B4 [1]. ZAWERNEMIER,

MRELERNE SR ANBRERAE, 0.

V=ks'? (%)
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R, AT LMER R RELXEESH T EAXE,

ROF @l EakERS, HALXNEEBIEREER, REBR SR
B, EXRMEAHESR. ¥EAREESUESE, K. K. 8. WE, L 2L EEAN
FUBEHIRTMAK SRF AR RER L EWHERKE, RPamkE (ERXE.
2R)EBFHENFANBERKES.

BEHREHR SAFERE LERR.

S=kIL" (6)
AP m ALEBRNREGKANEN (LS8 L ABRRFIEKE,
MRABRRFERE LAEK. O XRAG) L, TLBRELREHE-EKXREN.
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30 XFHK-HERHXANE SR

A RARMATEERZ BN XA, WEK-KEXR. ER-KEXR, FR-kK
XEZ BERANBREFATFE. BENEMXAR. BXL WHERAIMELRRMN
VHE At AR AEZRM HX EEERAEEE VW REXFZNE
S, WIREEEFITHERNAEYFBEXESBRANERE, XREFHRREAIHLELH R AL
Ek-KEXRWEN. 2BEREYVHE Mandelbort " “XEMBRERIARELE K —X
REHEATE, FBAZSTE HELESRELENE LB TR ZHRA.
HEKEEYHE, BN ERESHEEERBROARY. ERRAHHELH
THREARXESHEAXRR (), EREALRGRE, EHERTHITLUAR (6)FXH
Euib ERHERK-KEHRAEXE®). Q)XWHAICRIREH RANRERBLEK
BEXRHEBRBEXERA(W=>0L), AFEXESH IESHERERKTEDH S
B EHAHINRT.

B w=bL% KRB RARRKR-AEXRNBRYEHR W=aL+b. W=>b +b,
L+ b0 W=be"' Fl W= be"%", B a. b HSH, W, LB NKEREK, £T—
FBEFEEFANEE, S EMARERAZNAREXALN W= b LHRANEMKX
B, XREMRERLEME W ELRBREXRS, S8 a.b(b,.b,. b)) LAREEN
HLEELEYEE YR SRR, FERBNAAEN R, AR A 0 L
. ME)XRETAREKHR-REHXE (G)RX) FH, APE&SHWERNEMIEN.
REBEERARA A W=>bL T BRRINALERK-BEXRRRFHY, WRB T Z B
NESHEE.

32 XTFBMMABRLEKEE w= "R

HOXTR, 28 a=3m/D. XEmBZO)XTHER [LWEARER(GERE
HE) R TBRARY, D AEREHEMN S % YEEEEH, FEDERFRLRETA
WARBRAXERERMNYSBE. YD=m=28  FREKH; DBEE 2, Ertk
BAHY, ZRaNFEDRBBXE WRETHARKRERN I HHE. YD=m=2
B, # R g = 3,3 X5 Von Betralanffy X T & & 5k K1 F BUIE BT, A A K
HRIZAHEYE. Ricker LA, aETLUARABBLRRELTERTERK. B, 3ok
ATEBERKRTFOAYUC, IRAY SR G THRE KRR MEKAESEEK
HRH .

AL —ERAREFNE W= bLREVEHEN ST aE, TUKH: (1) AKHL)
B AZE EEZ B HHEERK, ARMBEZE EBEER, EF5HRRE
BN, a HHEHEIE 24395 QEANER, o HEEZKT 3, ERFEEEK BEEANK
K, REMES, KEEMYY, A RAN a HHEFERKT 3, mEHEYP 08, kKT
58.3cm Bf afE K 2.417, KT 583 B H 2915 Q)EENY BT RAMERAETFLETH
R REEAK-FERER-BEERK (1),
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Tab.1 Values of parameter a in varicus species of fishes
BAFAE Fhit aff #E BRI R B
Fish species Populations Parameter a Remark References
H & Mylopharyngodon piceus .38 3.29 HE Eripe?
3.04 H
3.95 Bfa
2.80 e
& Hypophthalmichthys molitrix RUHFH 2.830 280 Eima®
3.161 1-20cm
KiT 2.924 zEx"
2 3UN 2.832
-y 210 3.024
8K Aristichthys nobilis RIEMW 3.420 2880 | I L
3115 1-20cm
¥ Cyprinus (Mesocyprinus)micristius M 2417 <58.3cm =TV o
micristius 2915 >58.3cm
FEILKE 2.720
WL 2.862 pepgg
B# Crenopharyngodon idelius pidan 2.854 B et
M Parabramis pekinensis 2964
AR Culter oxycephaloides 2.928
RG® Culter mongolicus mongolicus 2.864
M WE® Xenocypris microlepis 3.000
Y) #4 Rhinogobio typus 2.791
IR Squaliobarbus curriculus 2.760
BHf Onychostoma sima (418 2974 EYV A
&L 2.906
LM Acipenser sinensis KiL 3.247 MERf X gl
3.060 %
3.029 HER RS
3.088 B ERA
3.120 wrarks  SUTERATR
3.071 HrERE
ANIH#H 2.789 £ $4.5-30cm
B8 Acipenser dabryanus KiT 272 Gt
B Psephurus gladius KiT 3.234 3 EY 3
3.250 HE
URINS 45 Paracanthobrama guichenoti KT # 3.1 8.6-24.6cm L
R ENE Cantherines modestus 3.175 12-27cm ETE O
TIW perca fluviatilis 39 me ‘a‘—iﬁ?ﬁ%m
3.01 LERIEF
3.29 B2 |
34 28 LA B
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BEREREMERE B, W RE o AR, BEBERK. Kt o HR/), mitHafE
K, o HREEER KK ERRAE M, MR EREAREFAERERE, EBT 3(F 2;
E1),

BERHERKREE NHAERET, 2/ 7T AR # SR, EFRMNEREE, &
haiely AEBGSH, B A REREMAY TR, KRB, N B LR A EX
B RATAMERSBRPHESESEHER. A, AREKK-EKEXR QX EAFAMNE
KEB, KM SHRARER, HRRARERNEROAR, 2 BAE, tESHE. &
RARAEL, THERGNAKEE AREEALELRE L (GEFRENHLET), B

®2 TEGKEERA/LMEEEKARER (H=sL" )K"
Tab.2 Values of parameter a in different body length intervals of various species of fishes

R RS TR KL (mm) ofti HER K (R) TS
Fish species Length intervals Parameter a Correlation coefficient Samples

k] 37-570 2.994 0.9936 994
Coreius guichenoti 37-100 2927 0931 406
37-200 2.9502 0.9873 860

37-400 2.989 0.9932 988

100-570 3.0221 0.992 605

200-570 3.1733 0.9685 138

300-570 3.1259 0.8982 61

400-570 3.1833 0.9788 5
100-200 2.9138 0.9744 472
200-400 3.1775 0.9621 133

200-300 3.1958 0.9227 o
150-200 27717 0.9039 164
#a 81-530 2.9298 0.9845 158
Coreius heterodon 81-200 2.8825 0.939 71
81-300 2.8841 0.97 125

200-530 3.0771 0.9806 87

300-530 3.1161 0.9455 34

400-530 3.8418 0.9691 8

200-400 3.0283 0.971 79
) 4 121-365 3.0808 0.9702 484
Rhinogobio tpus 132-365(%) 3.0534 0.9716 398
121-224( %) 2.7716 0.908 86

121-150 2.8814 0.6326 72
121200 3.0835 0.9402 422
121-300 3.0849 0.967 480
150-365 3.0752 0.9634 416

200-365 3.1756 0.9691 66

200-250 2.8283 0.8897 49

250-300 3.2528 0.878 14
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B BOE 8 R R 3R 5 B B, W

10 000 =

BUMEFAESIRBAAREA
8)R. 21 000
33 XFIR#EE : :
MW ORFREWE), RIER 2 =
AHRaENREYERAANAE %
B, RN 2
R= (W/ L*) x 100 9) '10 o 1 000
Kb, WHIKE, B4 g LHKE, % Bods lenaih/ (mm)
B0 oms R NETE, 45 0HE BH & X, Bl EOEfEE RRRRE R R
AFRRGE RFAMAKWGRRpR 0 o one of el wiionty
Z IR (A6 B L. w=2x 1o-’L2-’g"; 7 = 09936
# @) RRA 9)RA:

R = (pkL’~*) X 100 (10)
HARA, ARNERESERANSH B X, |a3BK, AKRBBHBX., WRA
B W-LERR, IR € SGET B
R’ =W/ L)X 100 ¢8))
A R HEIEMIERHE, HARA.
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FRACTAL CHARACTERISTICS OF LENGTH-WEIGHT
RELATIONSHIP IN FISH

Huang Zhenli and Chang Jianbo
( Institute of Hydrobiology, The Chinese Academy of Sciences, Wuhan 430072)

Abstract In the study of measurable or numerical properties of fish bodies, statistical
methods are usually employed to establish equations of the correlation among the
properties. For example, the body length (L)-weight (W) relationship has generally
been described as W= bL' , W=aL+b, W=b, +b,L+ b}, W=be"'* or W= be™
in various literatures. However, only a few authors have defined the biological
significance of the parameters in these equations, but no one has ever considered how
to resolve the problem of dimension disharmony when the weight is expressed in
relation to the length. In fact, the significant“correlation” may be found statistically
even if there is no biological relationship between any two physical measures. But, a
generalized applicable expression must be established when the biological significance
and dimension harmony of statistical parameters is considered. In the present paper,
the mass of fish body is assumed as being fractally distributed, the length-weight
relatonship of fish can be described as W= pkL>’” on the basis of the fractal
relationship between surface area and volume in irregular bodies, where p and m are
constants, D is the fractal dimension, and k is a factor including D. If b= pk and
a=3m/ D, W= pkL’™'” can be recorded as W= bL’. Tt is shown that there are
problems of dimension disharmony in the statistical relationship between the body
length and weight in fish except the equation W= bL’°) and that if the mass of fish
body is a constant the fractal dimension D in the expression W= pkL™™'” represents
the degree of uniform in the growth speed between length and weight of fish.
Moreover, calculations of parameter a within different body length intervals revealed
that from juvenile to senility, the ratio of fish growth between length and weight is
initially varied, then uniformed, and finally back to varied.

Key words Fish, Body length-weight relationship, Fractal characteristics.



