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Table 1 Dimensions and weight differences between individuals of three fish
populations in lake Tunghu Donghu

B% me | e | fmd | e | Tt | B oE
4.3 3.5 1.1 2.5 0.75
4.3 3.5 1.3 2.7 0.9
15.5 12.6 3.5 7.8 30.2
15.0 12.6 ‘ 3.9 9.5 38.8
32.8 27.3 8.6 19.5 363
32.0 27.3 8.8 21.0 430
40.6 34.3 10.1 21.5 615
- 40.6 34.7 11.3 25.1 810
50.5 42.3 11.4 - 26.3 1090
48.9 42.3 13.8 31.4 1475 g
62.8 53.0 14.3 33.0 2135 ey
61.7 53.0 15.8 36.2 2655 e
74.3 64.0 16.5 38.4 3620 2
73.2 64.0 19.0 45,3 5075 Q
81.0 70.3 19.3 46.2 5999 9
82.6 70.3 21.7 51.3 6930
27.6 22.9 4.8 11.4 92
27.8 23.0 5.0 11.7 110
48.1 39.6 7.4 17.7 475
—— 47.6 39.6 8.0 19.6 575
54.7 46.6 9.0 21.7 805
56.3 46.8 9.9 23.5 995
62.0 52.6 9.3 24.0 1135
62.3 53.0 11.3 27.9 1440
24.9 20.3 7.1 15.5 135
24.4 20.3 7.9 17.0 160
29.4 " 24.1 .0 20.0 270
28.9 24.1 9.8 21.9 315
£ % @ 37.8 31.6 11.0, 23.6 485
37.0 31.6 12.8 28.0 750
41.0 34.7 12.3 26.9 695
40.6 34.7 14.2 31.0 972
42.9 36.4 15.5 33.0 1149
42.1 36.5 13.1 28.0 785
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Table 2 Coefficients of linear correlation and their significance between weight
and length, height, circumference respectively in three species of fish
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Fig. 1 Plane diagram of a fish Fig. 2 Graph of H-S relationship

in three species of fish
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Table 3 Coefficients of exponential correlation (r) between weight, height and
circumference in three species of fish

EEpF ] kKER L A = i

W = aH?P 0.989567 0.987925 6.990184

W = aSP 0.992023 0.986322 0.993832
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Table 5 Frequency distribution of relative errors of individual weights estimated by

the various regression eqguations for three species of fish

a g@% 20.1— | 25.1— | 30.1— | 35.1—
B 0.0—5.0 |5.1—10.010.1—15.0{15.1—20.0
P W | 25.0 | 30.0 | 35.0 | 40.0
W = aLb 36 34 - 23 2 5
W = al.bsH?: 47 34 16 2 1
B W = al.b:Sbs 53 34 11 2
W == aL.Pb(HPagbs 52 34 12 2
W = al® 44 32 17 7
- W = altiHb2 59 31 8 2
W = al®1§bs 66 26 7 1
W = albesz": 66 27 6 1
W = aLb 53 29 12 3 3
W = aLbHP: 74 ‘24 1 1
Bl w=aLbishs 85 13 1 1
w W = aLbiH8bs 74 23 2 1
g | We=at 52 31 12 4 1
W = al®Hb: 70 27 3
88| W= albists 78 18 3 0 1
W = alb;HbaSbs 74 22 4
W = aLb 29 14 2 13 9 4 6 3
W = aLbHbs 62 30 5 3 :
Bl w=aLbst 74 20 6
W = aLb;Hb:gb; 78 18 4
Bl w=a® - 28 20 22 17 12 1
W = albHP2 69 26 4 1 ‘ ‘
B W= abists 78 16 6
W = albiHP28bs 75 21 4
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BHWEWZRREE. M 3FARE 100 BEAAhe R M ERNAATREERE
BB ERE, EETEBLBEEREN, 81—98% WAENIRZELE 0.0—10.0% HEEN,
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Table 6 Sum of squares of deviations (Q) and surplus standard deviations (o) from
the various regression equations for three species of fish
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W = aLb 3263850.0 551276.0 631476.0 182.495 75.0017 80.2722
W = aL?:H" 1592540.0 243205.0 77443.5 128.132 50.0726 28.2557
W = aLb;sbs - 1152560.0 259663.0 50989.4 109.005 51.7391 22.9274
W = aL.biHP2Sbs 1172500.0 220825.0 52038.4 110.515 47.9611 ' 23.2823
W = alb 2855840.0 474360.0 526689.0 170.708 69.5730 73.3101
W = alt1HPb. 1636620.0 221645.0 69515.0 129.894 47.8017 26.7703
W = albishs 1072960.0 246675.0 42640.2 105.173 50.4286 20.9664
W = alb:1Hb25bs 1055080.0 208028.0 43994.0 104.835 46.5506 21.4073
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Table 9 Frequency distribution of relative errors of individual weights estimated by

the various regression equations for four groups of specimens of silver carp

w3l FH IR
R #(%) 0.0 5.1 10'.1 15.1 20.1 25.1
] | | | |
- T 5.0 10.0 15.0 20.0 25.0 30.0
AR | @y N\
I W = alb ' 9 16 6 3 1
W = al®Hb2 23 8 2 2
G5 W == albiSbs 20 11 3 1
I W = alb 17 13 3 2
W = alb;13b: 29 S 1
&) W = albi§bs 2 2 1
— b ;
- W == al 15 10 4 1
W = alb1HP®: 23 7
(30): W = albiSbs 26 4
v W = alb ‘ 13 7 3 6 1
W = albiHb 19 8
G0 © W = albisbs 27 3
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¥RK 1.8—19.2, 20.1—47.7 F148.6—71.2 EREHRAAH; %Wﬁ%%%ﬁﬁmm%
RAREEAREESE=ZA0E)EH. AEHRBINEBELERNTR I MK 10,
B9 ME 10 FLLEH, £OATENER T, RE—TS5ZTARNITEERT
EHBNEG BAREBNZTEIALBEEMRERRK, 88.6—100.0% NEXIRELE
0.0—10.0% HITEE N, K E /AT 5.0% WIERIREEN 57.1—91.4%; i —uEHE
%10 EM4EEENTEEENRNRERFN(QRNRFRME(D)

Table 10 . Sum of squares of deviations (Q) and surplus standard deviations (o) from
the various regression equations for four groups of specimens of silver carp

| Q & g

Al W = al? W = albiHb: W = albi18Ps W =alb W = alb1HPb: W = albiSbs
1 202.141 102.196 53.5620 2.47497 1.78707 1.29376

i 263184.0 149380.5 32466.9 89.3044 39.2828 31.8527
jiig 2423990.0 606348.0 517571.0 294.229 149.858 138.453
v 7605790.0 1726760.0 448097.0 521.186 252.891 128.826

BHERN BEAT 10.0% RWEMNRZES 14.3—33.3%, WENT 5.0% BHEMIRZEMR
5 25.7—50.0 % o HILEEANBHERNNEREF G ML —TRIFGTE/N 49.4—94.1%,
FIRVTHER 22/ 27.8—75.3 % , ITRARAOREEE DI HBR I T 28—75 %0 BHULTTIL, 4T
B, U AREREL BIE &R 100 BinAHENAR—SHRE,

Wit M—m AKX E, TREN TENMELEMBNENTES, ELAXFTHER
WER-SFAEYXABEMBETLEER. LUARNMNA.BRE—ENEBE LS
EIRANEN TR ,ER biﬂﬁﬁﬁ%ﬁiﬁﬁﬁﬁﬂﬁﬁ%#%o BEXREEARERITE
TR, B M RATREHISR F £ S0 /Ao

2. ERMEE Y —HE L HEE F AR BONERMERMENME N, Hit AW ER
SEPZAASHEFEEERRR (K 1), 2FLTHEINERA (R 7). ARHRA%
BHRERTEARBEENEM. XHEEERAKTENERMN, FHBEEREN RREKR
MBERERARARNSERER (F 1), MXBWUEH X TAKNERSKEMEXHN
—LAR, REARERREEEZREFHANKSHERNERRIE, inThEHR
BRERMER S LSRN —EA KD RERERN,

£ 11 3HEXORRSHEERNEXRE () REEFBHAR TR (Q)

Table 11 Correlation coefficients (r) between weights and dimensions and sum of
squares of deviations (Q) of the regression equations for three species

of fish
TS e a
. \\\\ r Q (g
~. ﬁz ] 1
— \ BB | mmam | REE | B % | mwawm | k5@

W = aHP 0.990184 0.987925 0.989567 6688990 1133940 201112
W = aSP 0.993832 0.986322 0.992023 4210520 1283460 153948
W = aLb 0.995222 0.994148 0.966861 3263850 551276 631476
W = alb 0.995821 0.994966 I 0.972439 2855840 474360 526689 '
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M3 HEREERERNARERSERNEX AR ~THERE T BORE RS
FEOHEGE IDFAUEY: BTRSNARLaERK. BLEWERNIERER
A BER A RERIERHE S BN REFI MBS, EHEENEERERGCR(REA
RLERERRARAGRE . BRAKE QGEARK) RERAKERNEREARE
REEELF 60—70%; HILATRUAN AR AR ERNVEMER T AKKET,

3. EARFRNMERNFRTY . FEEREREAHESRT (REBFU(RER) L
REREERERAKRNSEZRENER. ERERERZN,, —REHERE . BhME
BENER-REXARREEEEOTED,

RITAAE LRVER R MS A B BN REFAECANER-REXRATHEK
BEE,REZHAREBRK . EREMIARLTHNERE. WRBEEBINRKERAH
CEAGEREFBRUNER-REXAXOIE ID, Bh S NEE S JI8T A ke
BAGY, WRKE. . SEMGARNEREFEFRAXEINETAR, RARINEER
BEREBL—TARERELIR? ETXELE, ?M]ﬁ%TEE 64 BRBERAEAR X
BREORERH (& 12),

%12 ARAAERNRBROFHY ZNRER TR (Q

Table 12 Sum of squares of deviations (Q) from two methods of back-calculating
weights from scales for silver carp

\\ REVHT 0 (&)

TTTT—

- ® o

EE N \ HH#I Fi

W = alb 30316136 29732800
W = alb1Hb: 32949636 . 29732800
W = albisb; 30231927 29732800
W = arb 29732800

TUE M, T EEERE T 1 BIF; KRl ARRA—TRELAREREY
BREFHALFB B BEAHSTARE R PR EY,

AR UREN: ERTEARNFATAREEES ENERER, Lt
PR EEE—E=M, Frl e SR %EB&H‘E%%?&EEEH’J#%—@IO £
SHRNFEREALFRE—FHR.

METARMAREANABERRE . RINAREREERNENR T AR, KA
AW =al(Dvs» FREERTEHEMNARERIT, HE, BRIKEROUER
WARENNETE, AR W =2LOH* UFEFLAR . A, ¥ THEREFRE
A (RIS RIE. EARNREFROBRE T NYUAENURERBGEHNE
B, BAXRESGRNTEHREMELABEINR, CERTEEZEMAEEOTER
iO

4 EARERNART . EFARERA—MRKENEE, ETRAB—HRENE
BT, BRINEE—NRE. AR 3 HARKE, BREEAK L SR FIE

i
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N, TERKEXEEBRRONMER (F14), BEREMRERNER-SEREPRA
KL, RAGKAUREETHRESKRBENNEREESEE. ETX—FE.RIIGEZTL
RAWESHBERTANGK, ANERH—T5$TARNS AR RKRET T
Bo MAZREN, RAKKIRENEREETENTHRBESRRALRURERD
[ )05 72 2, X IR AR TISE X A Ak R B B B R AP A L. BRL-EHBAEHA
RWER-FREPRARN , B R A G RKURE,

5. ARMERTUSHFEEREEFEER, ﬁﬁﬁfﬂﬁﬁiﬁﬁiﬁﬁﬁ%*ﬁﬁ
— AR W = al g5 b B E(— 824 2-4) R HIFIRYLBI b = 3 B GFBEA K, b > =
<3 W RYIEEEAKY, FrESEARK XBREARERIBTAEMLERRER
35, EREBVMMAAR W = al® W HFEE KRR EATHIBESE —ENE. TN
AAR W =al® R#ERABNWER-REXRN, ATAREREEEANEWSEIERN
LA RKAEZMX IR (Beverton and Holt, 1957)®, Hit HAUARKEE Lt
EFRHALTREE b 5T 3o B0, MEARNERBES —E, MLEREFXMEE
ML, b HHRHA—ERNREE. A, A—ARHEIRREMNMROLEREES K
ZRE, b ERBEEHN Y EERRARKEOE L. AMIEBNS, ET%EEE%EO@%@
AR RSB AR ERERIEFER,

ARBTG5 6 BN 4 8T R F fRy — xﬁlﬂﬁﬁﬁﬁlﬂ%ﬁbﬁﬁﬁiﬁ&
3EA A= TEEFBH & REEARKE (b, b, b) WAL, BE—THEEHE
HE b EHUEGE (R 13) KERMWAER, 3 HMARNERBU SHWETFELK,

13 3PERATREARFENBARKME
Table 13 Regression coefficients of the various regression equations
for three species of fish ‘

@58 (= L € & R
W = aLb 3.09539 3.1742 .3.01380
W = alb:iHb: (b, +b,) 3.070386 3.21462 3.081922
W = aL®15%s (b, + by) 3.05375 3.20316 3.053304
W = aLb1Hb»:5%3(b,+b,+b,) 3.055632 3.214796 3.058214
W =al® 3.00052 3.02250 2.92666
W = al®1HPb2 (b, +b,) 3.002667 3.11682 3.04367
W = alb1Ps (b, + b,) 2.992908 3.10327 3.01704
W = al®1H?25%s (b, +b,-+b,) 2.9922262 3.122546 3.022871

% 14 3REHENKERTEHLMR
Table 14 The ratios of length (I) to other dimensions in three species of fish

H/l s/l AL=-nj
& %
A 95% BIEIR ¥ B A 95% Ef5HR ¥ ¥ E 95% BIEM
BB 0.3047  [0.2546—0.3548]  0.6920  [0.5909—0.7931]  0.2021  {0.1135—0.2907
2l w2 0.2028  [0.1808—0.2248]  0.4861  [0.4381—0.5341]  0.1992  [0.1485—0.2499
k% ® 0.3764  [0.3334—0.4194|  0.8234  [0.7273—0.9195|  0.1998  10.1582—0.2414
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A STUDY ON THE RELATIONSHIP BETWEEN BODY
WEIGHT AND BODY DIMENSIONS IN FISH

Hua Yuanyu and Ruan Jingrong
(Institute of Hydrobiology, Academia Sinica)

Abstract

The formula W=a 1" (or W=a L"), though widely recognized to be reflecting the re-
lationship between body weight and body dimensions in growth studies of fish, does have
its limitation. Proceeding from setting a boundary curve equation for a model fish and ma-
king use of the method for determining the volume of a rotating object, the authors establis-
hed a multivariate formula for body weight, length, and height: W=a 1> H» (or W=a
Lb H») ,and from which two other formulae have been derived, i. e., W=alt 8%
(orW=2aLbS*) and W =albH"S" (or W=a L2H"8" ), in which W stands for body weight,
L for total length, 1 for standard length, H for body depth, S for g1rth of fish, and by,bz.bs
for partial indices.

When checked with actual measurement of the population of Hypophthalmichthys mo-
litrix, Erythroculter \ilishaeformis and Parabramis pekinensis, including their various stages
of growth, the multivariate formula gives better agreement with the data of actual measure-
ment than does the unary form.

That the multivariate formulae can give better tesults is due to the fact that they reflect
more comptehensively the effect of various dimensions on the weight of fish.

For fishes of divergent body forms, the extent to which the various dimensions affect
the body weight is different, hence there should be some choice from among these dlmen-
sions when applied.

Since the body depth of a fish is easiet'to measure than is the girth, the binary formula
involving body length and body depth is of more practical interest.

To sum up, the authots recommend the use of the formulae W=a 1>H> (or W=a
LoH") and W=a 1 %S> (or W=a L P8%) in describing the relationship between dody
weight and body dimensions in theoretical or applied studies of fish growth.



