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Evaluation of Methods Used in the Calculation of Condition Index
Using the Mussel, Mytilus coruscus (Gould, 1861) Collected from Chuja
Island, Cheju, Korea
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Faculty of Applied Marine Sciences, Cheju National University, 1 Ara 1 Dong, Cheju, Cheju 690-756 Korea

ABSTRACT

Condition indices (Cl) are considered to be useful
measurements of the nutritive and health status of
bivalves although studies on CI of bivalves are
limited due to the lack of a standard formula for
calculating Cl. This study attempts to generate Cl
of the mussel, Mytilus coruscus inhabiting along the
coastal area of Chuja Island in Cheju using three
primary formulas. The formulas used in this study:
(1) Cl-vol= [tissue dry weight (g)x1000] /shell
cavity volume (ml). (2) Cl-wt= [tissue dry weight (g)
x1000] [internal shell cavity capacity (g9). (3)
Cl-size= tissue wet weight (g)/[shell length (mm)J’.
Monthly condition indices calculated with the three
formulas are compared using ANOVA, Duncan's
multiple range test and Pearson correlation
coefficient.

In Chuja Island M. coruscus collected ranged
from 50 to 180 mm in shell length. Monthly ranges
of Cl-values were 67.48 to 140.61 (Cl-vol), 74.67 to
118.02 (Cl-wt) and 1.4x10° to 1.6x10° (Cl-size).
Cl-vol values in August were higher than two
Cl-values in the other months. Monthly Cl-vol was
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significantly  different from Cl-wt and Cl-size.
(p<0.05). The results of this study suggest that
volumetric condition index (Cl-vol) used in this study
is acceptable as a standard measure to evaluate
conditions of M. coruscus.

Mytilus  coruscus,
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M {

F¥Mytilus coruscus)= F3HY &F=, &, =
o, 42, A, 24, 493 AeY stx, AAE, HEE
=x9 9sis} HF Fo AAFdJe et al, 1990;
Kwon et al., 1993). $2] Yo A4 FHF+ 19964
o] Hallofalolsl AAaraFe] 70,058%, Uwhalld of4lel
2,191502 U AF AT o w2 vFE A4
3} ZFo|g}(Korean Fisheries Yearbook, 1997). %3t
L AFEre AL EaAx doke] FHaA EEIe TR
3 8= 1 gty a7z dste AEewA ZRATE 4
o AJejatAQl 7] 2ats g dF7) olu gk AA el

Condition Index(Cl)+ Z#(Mytilus coruscus)< ¥l
23 olujw| R <dekiulet Azl zEfxF FH3I
7] g A g=A d2] A4 oo HzZ R o
ClE olulsl§7} zhe 3o ket F3), o3aE
& Adusied 28 A xolw, F2A A &, &
i FHA, A A $A HAze] #3832 A
g 856 9 Fr g 2EH 2 AERA
A4 7bssidz ®astw glti(Rainer and Mann,
1992). Edt o] 2552 oujsFo 44 7HA H=E
24 o4 ciokd AW e RYE= AHEHL
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olth(Crosby and Gale, 1990; Rainer and Mann,
1992; Myarand and Gaudreault, 1995). $2 1zt
7% olv#F2 condition®] & HFE& whAH, Fie
g, 7tejn] Soll 9¥ 957k % (Won and Hur, 1993;
Na et al, 1995; Lee et al. 1996; Chang et al,
1997). 222 o A& FHY AW ¥y, FFF,
7o), &5F 5o A8E Ed= Fie AAE ClE
By 2, 3748 Aoz 247 dad AR F, o€
Al 7kA CIzre] Al E FEste A g Fie
Al g AAsA Jebd £ e CIE s o 53
o] sid.

=

M= g

dge 2zl Age FAE ke $FE4 98¢ 8
, 99, 129, 994 2%47kx] ¥ ¥ 15-1874AE A3
o Al A¥A= FAA dZA ¢ (shell length SL,
m)st #F%(total weight, TWT, g% A% §H A
o] R3& A3y 3 w7 mHe RAES AAz
CAPAGA A gt f4ake] €7 ¥]o]#(1000 ml)el
2 YA AAE ¥ OE feEe wAd ders 2
H2A"UgE o &(Fig. 1), ¥4 (total volume, TVL,
m)E 43 F $323 974E& e FAFFH(tissue
wet weight, TWWT, g), 7% %(shell weight, SWT,

S ZA s}y o}t ) zHEs (shell volume, SVL, ml)+ %
AL AAT g oAl vlolFAed Y Feds WA 4

Do B3 3@

Fig. 1. A cylindrical container filled with
seawater and equipped with an
overflow pipe used in this study to
measure shell cavity volume.
Shell cavity volume was estimated
from the difference between the
total volume and shell volume. (A;
Individual mussel, B; Overflow
water)

2= B9 ok d2AUYE o] &, FAsAL. HAWF
3 (shell cavity volume, SCVL, ml)& %3 sizHe
39 Az g 4 F KA AT
(-70C)ell @yt FAAZIE o3t WF A=z
stk WUE Azd $AL AAAES AHEsteq 4
Z(tissue dry weight, TDWT, g)& A5z AU F
7 SA4EF % v & (percent dry weight, PDWT)<
A4bstg . W7 -$A F(nternal  shell  cavity
capacity, ISCC, g& ¥%%3 H74F%# AL o83
o T3t

CIE %3¢ 42 Clvol, $%e| =& Cl-wts} =7]¢
42 Cl-size2 45 o3 Z& Aoz vz vjws
dt}(Crosby and Gale, 1990; Rainer and Mann,
1992; Villalejo-fuerte et al,, 1996).

SAAFFH(TDWT, &) 1 (00

Cl—vol = 725 (SCVL, mi)

. _ _SAAZH(TDWT. g)
Cl-wt = GRyea=ScC. g) <1000
Cl—size = LR

s 742 o] (SL, mm)®

o4 ¥ CcI9 W4ES(SL, TWT, SWT, TWWT, TDWT,
PDWT, SCVL, ISCC, Cl-vol, CI-wt, Cl-size)< %13
3 mFdas Jehllaz 4 4 gl S dd fA=
+ Pearsong AFHA$E o] &35 ¥ ¥ Cl-vol,
Cl-wt®} Cl-size? ZAAE REiHRH(ANOVA) Y
Duncan®| oF A 93td FAA 4L A3
gt

Z2 4

Age] 29 F3E 7o)zl 121-130 mm Ape] 9] 7 A
So| 7h4 waten, x4 717+ 5¢ AL AA F R
e AAe 55.7 mm, 7 2 A 178.5 mmSi o
(Fig. 2). Table 1> 9 ¥ CI# o]&& AHAs=d 8
3 w4, TDWT, SCVL, TWT, SWT, ISCC(CI-vol,
Cl-wt)®} SL, TWWT(Cl-size)S2] H##3 ZFHAE
RBolZ3 gl Cl-vol ol gl v|sf] 8¥e] &3t 2
o b gl Clwts 999 szt Esheu
Cl-sizec 9 ¥ W3le] e|7} A9 glsld. SAFTH
3} 7 Zeke] nlel PDWTE #4717 £ 0.18-0.219
o] nyon 84 /M ¥ £3F Rgd. SCVLE
84l 714 wokm, 1294 74 E3keh ISCCE 9949 2
Aol 7} woka, 12499 74 =gk

Table 2= 7z} CI 9 CI 4t4 ol o] &8 w47ke] 434
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Table 1. Monthly mean, standard deviations (SD) and number of observations (N) are represented for three condition
indices and variables.

Variables'
Month Value —

Sl TWT SWT  TWWT TOWT PDWT SCVL ISCC Cl=vol  Cl-wt Cl-size
Aug. Mean 182.86 183.30 111.81 36.77 6.47 018 4833 71.49 140.61 97.70 1.507°
(N=15) SD 11.28 58.25 35.23 919 145 001 1577 26.49 3253 25.62 2.007°
Sep. Mean 125.81 160.06 03.84 3046 625 021 8047 6622 84.45 118.02 1.407°
(N=15) SD 22.62 63.09 35208 1222 259 0.02 3524 34.99 37.45 B86.56 a3
Dec. Mean 14817 269.05 166.92 4477 9.43 0.21 111.13 102.13 91.91 102.56 1.407°
(N=15) SD 9.77 45 54 30.65 977 236 002 3825 37.05 3457 4012 215"

Feb. Mean 103.08 100.38 53.81 17.54 329 0.19 5072 4657 6748 7467 1.607
(N=18) 8D 1096  27.84 12.34 44 088 002 16.36 17.74 18.12  20.15 3.52°°

“Variables: SL. shell length (mm), TWT, total weight (g), SUWT: shell weight {g), TWWT. tissue wet weight
(q). TOWT; total dry weight (g), PDWT: percent dry weight, SCVL: shell cavity volume (ml), ISCC.
internal shell cavity capacity (g), Cl-vol; TDWT / SCVL x 1,000, Cl-wt; TDWT / ISCC x 1,000,

Cl-size; TWWT / SL®

Table 2. Results of Pearson correlation coefficients between three condition indices and variables by period.

Month Variables”  SL TWT  SWT  TWWT TOWT  POWT  SCVL  ISCC
Civol  —0.350 -0.261 0408 -0.179 -0.139 0.184 -0.687 -0.038

Aug.  Cl-wt  —-0.407 -0.638' -0.440 -0.485 -0.412 0437 -0.204 -0817°
Cl-size  -0.424 -0.088 ~-0.147 0.143 0079 -0.267 -0.174  0.003
Clvol _ 0.134 -0.036 0023 0205 0395 0676 -0.446 -0.089

Sep.  Cl-wt  -0.004 -0.191 0209 0058 0208 049" -0.177 -0.555
Cl-size ~ 0.033 0273 0289 0442 0481  0.118 0201  0.20f

Cl-vol 0319 0228 -0.113  0.321 0.442 0.441 -0.639" 0.374
Dec. Cl-wt 0.196 -0.431  0.272 -0.208 -0.005 0.461 0.0756  -0.755"
Cl-size  -0.296 0.266 -0.343  0.466 0.367 -0.054  0.208 0.611"

Cl-vol -0.386 -0.143 -0.209  0.166 0.414 0.799° -0.440 -0.078
99-Feb.  Cl-wt 0.069 -0.307 0.066 0.114 0.253 0.389 -0.123 -0.528
Cl-size -0573" -0.178 -0.367 0.102 0.293 0.588" -0.432 -0.024

Yariables: SL; shell length (mm), TWT; total weight (g), SWT: shell weight (g), TWWT; tissue wet
weight (g), TDWT; total dry weight (g), PDWT: percent dry weight, SCVL; shell cavity volume (ml),
ISCC: internal shell cavity capacity (g), Cl-vol; TDWT / SCVL x 1,000, Cl-wt: TDWT / I1SCC x
1,000, Cl-size; TWWT / SL°

* P<0.05

% (Pearson’s correlation coefficient)® Yepd i glo. A71 8 AtgaAsl g Aoz deyd, 7 A48
77be] CI AHAe] W WSS, & SL, TWT, SWT, o & Abyshd "ed wezle 4adAE 59 54
TWWT, TDWT, SCVL, ISCC #telg AbztzAl= A7 o] g} zt7] =7 Jelken, Clvold #A$ o] 4
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Mt 7h Abgko] glE W4 SCVLE yephd i,
Cl-wte] A% TWT, Cl-sizeq #$ SL3} PDWT®Z e}
deh  Cl-sized A3 F A9 32 7o e
2 4te] gldld

A4 A7l w2 zk CI %] W3 Clvold] 7594
ot EAA oAzl Al v, o CIES 4 8 W
7} HEela ¢e ez eyt (ANOVA, p>0.001,
Table 3). Cl-voldl 93 Duncan® o544 A3, FF
e 8l 7k E3, 19999 24 b WA Jelge
o], Cl-vol2 o} CISe #l&) AAY HsE A Jepd
2 9lch(Table 4). ©] dFo A4= M coruscus? 7
<. o 9 ofokabele} A, 2EH L 5 W ofF A
A a4 W& Cl-vole] Cl-sizet} Cl-wt 2t} 243t
w0 2 Al g €l ch(Table 3, 4).

il &

Cle &9 A7Zx =& vged FHFHe 7ee=
chofgt ol ofste] AtEEO] ofnfsFo PE}H el
o] 4= o $r}. Higgins(1938)x= ©|#i=]F2] condition
index® of5-3 72 Ao osle] Azfs} sgich

SAAZHF(2)%100 ............ (1)
o Zhu] 531 (ml)

Condition Index(CI) =

3 Quayle(1950)= ot=7|d e|2=2] H2]E o] 435}
AU i & 73 §, o|F |43 =94 CI AMANHS
Atatddct, SAAFF} AANWEAE ol 4T Aoz
Weslley(1959)+= Crassostrea gigas$ Ostrea lurida
2%9 AHAQ CI #H3E 232, Haven(1960)->
Crassostrea virginica®] A4, F7k#<¢ CI W3} ¥4
€ B3tk Newell(1985)3 Emmett et al.(1987)
2 (1) °l-&3le C. virginica®t Mytilus edulis 73S
¢] CIE 4339 c}h. Lawrence and Scott(1982)2 7| A
o FFFH ARTAd AE o8 AL EAHF
(internal shell cavity capacity)?} 2753k Wi g
ol oJaf A (2)F T3t

SARZZEYRI00. osirinsimniiisiias %)

CI = =S 2=%(g)

Hawkins et al(1987)& 4 (2)& $£43ste Mya
arenariad CIE &3 7te] AbA 5}¢l ).

FHAFTHF(E)X1,000 . e, 3)
) zhl) A gk (g)

Cl =

g Villalejo-fuerte 5(1996)-& 4tetz] o] #zl =8 A=

Ne]  elZEel  Laevicardium elatum®  condition
factor(CF)E 4] (4)& °|§3lo 443 u} Sl

CEF = imﬂ B R T T T PP PP TP [4]

7} (mm)®
22| vzte] #$ Won and Hur(1993), Lee(1996)&
v}2| 2t (Ruditapes philippinarum)® 54| ¥ (Spisula
sachalinensis)®] ¥ ¥tE(Fatness Index, Condition
Factor)® th5¥ Z-& Aoz AHAstd Rad ¢ gld.

FI = HAFEFTH(2)x1,000 N ()
Zta (mm) % ZF3L(mm) % ZHE (mm)

Q

5o A=A AdE AFssc Py Hudd I
$ell A gt vheh o] chefd FHe At ohod
o $&dx e AHeld. Y o]¥¥ Cle 2
g 34 9ol o3 2 EAHE 42 g AHA, 3
A (Corbicular leana), ¥ ZHR. philippinarum) 53}
2 239 oA FEL AR R} 23 ClvolE F
Az Zol oy A (4% (B)F o] o]f¥U
(Villalejo-fuerte et al., 1996). F A= ZAe] z7|E
48517 g e A 2gE 4 + U= Wil
gz $AGEF A o/(mm)’dl s FaAE 4
@9 745, AsHAZ 9 A4z sA9 vz A5 =
g Add. =28 $AFFTFE ol E3h= AS 7 A
7} E3sls R oo oA 94FE won, 53
Ado| oz} FEo FHE YL WeolE ¥, oz
FAA, vhA g T3 AL 2% oujH R A £
F5FEcs SAAFFS Aok stx A7 RaE 34
87 ol fmz W EHFE ]84 Cl-wtd o§3
Cl 4ol nig=ld Wy 7oz Alzdd. &4, A7
of FaAEo] W ouuFE W EAFE o &3t
Cl-wt9] Zhell d3& wo] Fo= o|d Aol jzhy i
g o] 43 Cl-volE AH§3lc Aol AAE 7oz Hal
ok 53] oy oluiuF A, T 2 A7 Ede o
G FRAES TSI glon, o5 HA FAE A

ofd ~
Su of rfr

WL

Ao gle] FAHE olr]sl7|= 3o (Crosby and
Gale, 1990). =9 A% dztydd AFd3], Q=F

9 oeokgk FRAEe] EA st AA F9 FZFA B
o o Hri=e AAE . AA, A A2
gigas)?} 7e] AA =l 9z o oz} 7zt A Az}e|
o7} A% ojulH FE & 4 Aotk od A4 Cl9 4
Aol 9ol FARcs Az R i $AFF
¥]¢l Cl-vole] o] AAE 7oz Alztdd. Borrero and
Hilbish(1988)+= Ful9 %<, Geukensia demisad]
AlZbel] mE S #zhe] wiste] o3t A4 w74
AL 6, 79 Abolel A& o] F9, Atztriel 8¥ F= 7
&gz Bag = g whd §ale AL 149444 5
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7R BFAT AAE Reld 58 F 1047 A
£49 A niddz rusia U o Y F
Aol ol qz] o] go] Wznc= A o ol AFHX
A9 sjztzt SA-e AA-e] wE AdiHel A Ao
9Jon}, wo}z}4 Rainer and Mann(1992)2 °| %o ¢
3k CI AHA o] 9lo] sjzhe] FA7F Ml Cl-wtRehs 9
7h) B3 E o] 43 Clvol& o3l Ze] B %HAF
el Zlew wysty gid

B AFdAE 4 (2), (3). @el 7123t zt A F
i, A4, 2719 9T 2Ag2A A kA CIE AHEd
vt dFAgel F3& =7|7} 55.7-178.5 mm
i*i djztd] 23§ FAs=d o2&l 3121‘4. CI-size

B A9F 5 249 #e dzhe] Holote T Aol

2 AAR AFE o] W Zle=z *l-ildt}l’fable 1,
2). Cl-sized] 2%, EF9x19 Aol 93] #4 2%
Wal7h Aol ¢igdert, 999 249 Aoz & IS
wel Azt AAEY Aert JEsrjRds g A7)
ulsf 77 o)z} 22 Aol 7]9lg 7oz Algs th(Table
2, 4). 2822 Cl-size A 79 WH3l= AAAd 9F
B AAe 274 93 #H45H+ Aoz 2 Clvol
o] A Fk F 8Ye] o2 oo vl & o]f+ TDWT
2} sCVLe ztel o2 < ¥ls) AdAez 2 A,
1299 7% SCVLe| 8¥xc ax %t TDWTZL w2 &
Aol 7] ¢l 3k} :LEIUr 1299 Cl-wts SAZFeFe] 2
2|3k v go] ZALol® EFIL ¥ A FhE UER
% ch(Table 1). °|2“1ﬂ alol& sjzte] FAle oF Al=
A Z3e CIE stebsicde AAsA X3 o= A
2dd. a8les FHM. coruscus)e CI 4HA el 2lolA
Crosby and Gale(1990), Rainer and Mann(1992) &
o] i3t upst o] AU R E o] 83 ClvolE %
st Aol B HAg wyel Zoz Algdc)

2 ¥

Condition index(Cl)e= dubx o= o|vslFe] o 4t
e} A7 5o A AHE 4] A FLF A5
th. o] dAFE AFE Fab deedl AAsE FHM
r:uruscusH CIZ o233 7& A 7}x) Wes AHEd

o] Z u|i3tgich: (1) Cl-vol=[tissue dry weight(g)x
1000]{ shell cavity volume(ml). (2) Cl-wt=[tissue
dry weight(g) X 1000]/internal shell cavity
capacity(g). (3) Cl-size= tissue wet weight(g)/[shell
length (mm)}’. Cl-vol 4H4& $I8 iz ¥l o=
Fleel 22 e E ol fetgion, AA £ $AE Al
Ag dzte] 23] 4F o] 43le] A&t € ¥ A 7t
A CIEe W3 Pearsong AdAS, HAHEA
(ANOVA)3} Duncan®| o4& A43td Al 259
oAz Aegazte] A ARE A4
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Aol o]gd F3e =7+ 7% 50-180 mm °|
tf. Al A9 W= 67.48-140.61(Cl-vol), 74.67-
118.02(CI-wt), 1.407°-1.607°(Cl-size)%lt}. Cl-vol-&
Cl-wt, Cl-size$t+ ot27 AAd] =& {FoAE B2
1 (p<0.05) 894 714 ¥& £xF B 2= o
zZh) B3 E o] 4% Ci= Fite AHE AXE=H U
b4 Al Aoz Agdd,

AL 2

o] A= FEHe 19979E A 11 IBRD &3
/‘.l{li‘.i}‘— 7]2]-71{ At el A A dd 71z o 2] ste] o]
FolHgUc Al A3 ¥ B gL =5& F4A A
Fostn sl FARIEIe o|AF, i el
AL e =9y

(1
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