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1.1 HEskiREfE

2020 45 H FEINAR B RN A5 Be F T
TRVRAITFE P07 L1 S 50 B =5 D SR BEATL IR
(7, SR 4 300 Lk F Y 24 BRI 24
ALVEFRT 8 m' RPN D 235 H
KR UE JE ) B AR WK, R 32.0 £0. 6, pH
8.1~8.3, %% (D0) 5.8 ~6.5 mg - L™ JEJF
H2.0~30.8 °C, MR N R LA R 4%
W A AR BT 3% BRI FATC 3 F5 Y TR,
RSN RS, T H 15000 HEATHR 4%
MR AR S I OUAE 2% ~ 4% JE N TR %
HAK 1, ok R FRFEKARRY 2/3 5 81k
A AR S5 R R R

TEHCE R Z AR R L (length) & 58 W
(width) FI{& & TW (total weight ) 25 3 AR oE
FE, IR 1 AR BIEETEFR SLW (square
root of the length-width,/LxW ), T ¥
SERISHEAMIBAA R IK I3 J5 WiK 10 min, T F
TR TR RS 0. 01 g3 S %™
(73 BRI BN 0.2 mol « L™ fiky i fuf B I
WCPRRIAE S ~ 10 min, Ff H B AR TORS 52 8T AR 2
IF, AL AR AS BEAT 40 B, Gl 5T camera measure
BT BT SR U K A S8 800 s IR K 2
DT S i o B LT A i R B IR TR S 4
HARE I FE R R %] 0. 01 em, FHEAK Le
(estimated length) i1 SLW %% 1 3 , XK K i
SLW AT IH 152 J7#0 : Le = a + bSLW
1.2 HEHH

1) fiiikrEgit

i SPSS B XS M S ISR (L, W,
SLW) FA 7 & A7 40 B7 , 45 R 4 - Y E + 4
22 (mean = SD) 7R 5 X FE A FU I HE 4T KS-£6;
B, REMFEIESA(R D . HHEARRECY
(coefficient of variability ) F14% {4 [H T, #H & i1 5&

XK : CV = bRl 22/ F- B {E x 100% , 55 14 A ¥
( condition factor) = TW/L>, % F i % 4 By 1k 44
il LW SLW TW FZ&1 540 HT &

2) BB 0 b A

FIFH 10 FhASE Y (R AT Linear X 45l £&
F5 Logarithmic | Jz pRZL 2R A5 AY Inverse , — YR if
LA Quadratic , = Y HHZ AR Cubic | 75 B XA
I Power .S £ S curve model 3 K iy 2% F
B Growth X Z AR R Exponential 32 48 17
AR Logistic ) X2 JE AR 5 14 5 2 1Y) ¢ R
Fr Il o A FR i LA 5, TR A R 1 S A i
(L, DAL E 7 R/ SRy S T 25 Mk R A A i
R IIPPARHE(— B r* >0.70 B A )
PEHUR PSR, @SB SRR B R

3) SRR R

SHA KRR y = ax” FoR b {25
x WIESHHEME, A& y IR FTR o 5 ER
L0 RFEAE KT, 4 b =3 AR, b >3
HIEFHAELR, b <3 N SFE R, e R
B2 REM(P<0.05),

2 #ERS5HMm

2.1 ZERSEEEN

AN INE TR I 2 1M R AR H E
G F 2 AR 4R K 2 5 P08 oF 52 &
ANHEIOL AR A K AR 2 2 AL AR
Frohy VAR B R AR SR AR R, KRR
R ERL TR , R % B B3, 5 i S AR AR
K22 7y st 4% R &R K T H i [l R . DONG
SRR R TR W R SR R S LT
AT R S AR T A8 Sl it 70% ., 3k 1
UL, S S 5 MR OV RS FE 31.52% ~
66.85% W% 3y, Ho b R BT it 1 A8 S R B OKR, N
66.85% , i = T A VIR R R B B R R
(20% ~30% ),

®1 ZRSHERHRRERT

Tab.1 Descriptive statistics of characters of A. japonicus ( purple sea cucumber)

AR BN AT TR = b R %
Character Min Mean + SD CV
{A& K- (L) /em Body length 0.88 21.39 10.70 +£3.58 33.46
1A 5& (W) /cm Body width 0.81 2.68 £0.91 33.92
SLW/cm 1.62 5.32+1.68 31.52
i (TW) /g Total weight 1.92 151.87 50.94 +34.05 66. 85
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SRS RERIIE S AR R A A T
BRI AR 1 FroR o 4 DA RPRR AR AR A T
O AT AS Y AN X R 23 A (i BEAEL 0 ), i J3E
017 ~1.59 A it , Ferfr, 2 DR 1 M J3E A 0
R R R, i B (R MR R . 3 M
AR AN AR Bl 7 AT T 25 S e A (e E
fH <0) ,WERE(E N -0.13 ~ -0.37 , Bdfa 7 Aii-F
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Fig.1 Frequency distributions of body length, body width, square root of length-width,
total weight and condition factor for A. japonicus( purple sea cucumber)
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2.2 ERSESERTMEREXZEREF

ViREIL/L N S NG S SN IUE Ve BV CESY
PRSI 7 BRI HIORE TR | i 450 R B R A TR K
PER A KB B A TR], 35 FH 0BT th A7 7 25 5 o
AWFFEHIFH 10 BB S 300 3 AR LW,
Le il TW (156 R AT 8T , S48 0 2 500 11
ARG 2 ~ £ 4 PR, —fek ~ >0.70
VRt 5E Jg B AR TR A AN b o, vl e T DL, 4%
H S BTG MR 5 AT B 56 R B L5 B A 3
N REET P 43928 0.75 0. 69 F1 0. 84, %
ZERLEH A S R IR e
—H,

VEICEIE 1T 25 98 b 2 0 T2 S R 5 A
JHR I R R R, 302 AN 25 O S TR fe ik,
SEREAN PP R ) A B r 4 L G R S
WBo X T AN A B R R U, A AR o i Y
FERRAALAUR K P A GE IR S i SR R

B 2B AR, POOT-SALAZAR™ 4 i1 328
MEGILESEbR SLW BARIE 80 i 728 554, i
b B HE 7 Bt B S B W 2 ( Isostichopus
badionotus ) I A= 4 ZE M HHURIE SR 5 1K 5t
G R R A, A 5T DA HE R B T
80% . AHEFELE R I, S0 SRR o i A
TR BT i ¢ R NG FEHEE, T AR -1 o
KERBA T mHAE RIS . H ] W, 21
WK Le EfA LS SR SRR E X R
ML ETE R Le X —E BB S T
PRRCFIMASE | REAE AT 250 il P8 25 00 2 B A e 4 i
gl W & B 1Y B B TR RS 5 S
( Isostichopus fuscus )" V> ¥ = ( Holothuria
arenicola) " S I A5 A IR -1 5 A F 9T v 24 R
B Le, G M THF K4S, Le 5 SLW
I 7 FE A Le =0. 60 + 1. 90SLW (* =0. 79,
P<0.05),

R2 ENSBRKESEREXRNRESTES M

Tab.2 Summary and parameters of relationship between body length
and total weight of A. japonicus( purple sea cucumber)

wm EAG T ' SH
Model Model analysis Parameters
2 I df, df, Sig. Con. b, b, by
LRPERETE Linear 0.66  587.45 1 299 0.000 -31.90 7.74
X B i LAY Logarithmic 0.60 447.52 1 209 0.000 -111.14  70.26
2 REH 2R K Inverse 0.46  258.74 1 299 0.000 102.75 -481.52
W IR Quadratic 0.67 295.98 2 208 0.000 -20.89 5.49 0.10
IR A5 Cubic 0.67 202.76 3 297 0. 000 17.61 -7.16 1.33 -0.04
TR BB Power 0.75 882.34 1 299 0.000 0.39 1.99
S K7 S curve model 0.71  723.56 1 299  0.000 5.26 -15.09
oK i 2R B Growth 0.69  665.57 1 299 0.000 1.49 0.20
SRl 28 4 Exponential 0.69  665.57 1 299 0.000 4.45 0.20
TB BT I AT Logistic 0.69  665.57 1 299 0.000 0.23 0.82
x3 ERSUEBESEREXZNERS TS SEMGEIT
Tab.3 Summary and parameters of relationship between body width
and total weight of A. japonicus( purple sea cucumber)
) EIG T 24
R Model analysis Parameters
Model
P F df; df, Sig. Con. b, b, by
LR PR Linear 0.68 623.11 1 299 0.000 -31.59  30.72
St EC i AR T Logarithmic 0.61  466.94 1 299 0.000 -15.04  71.40
S ERB LAY Inverse 0.48  280.81 1 299 0.000 106.57 -130.11
W2 Quadratic 0.68 321.04 2 208 0.000 -12.21 15.13 2.80
Z IR LAY Cubic 0.68 214.15 3 297 0.000 2.28 -3.22 9.70 -0.79
FLRBUE T Power 0.69  658.69 1 299 0.000 6.42 1.92
S £ S curve model 0.64  525.50 1 299 0.000 5.26  -3.79
a6 T Growth 0.66  569.82 1 299  0.000 1.58 0.77
FE R LB 47 Exponential 0.66  569.82 1 299  0.000 4.83 0.77
BRI ] 2R Logistic 0.66  569.82 1 299 0.000 0.21 0.46
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Tab.4 Summary and parameters of relationship between estimated
length and total weight of A. japonicus ( purple sea cucumber)
o LY 53 #r S
PR Model analysis Parameters
Model
2 F df, df, Sig. Con. b, by b
LR PR Linear 0.78 1079.27 1 299 0.000 -44.67  17.99
X Bl Z6 457 Logarithmic 0.71 732.89 1 299 0.000 -83.49 83.21
S ERB LA Inverse 0.57 393.63 1 299 0.000 115.97 -306.86
TR TR Quadratic 0.79  560.48 2 298 0.000 -23.32 9.35 0.79
=W ZAA] Cubic 0.80  385.20 3 297 0.000 21.42  -19.15 6.26 -0.32
TR BB Power 0.84 1600.20 1 299 0.000 0.93 2.30
S AT S curve model 0.81 1285.08 1 299 0.000 5.61  -9.30
A 6T Growth 0.78 1084.74 1 299 0.000 1.21 0.46
5B 2R 4578 Exponential 0.78 1084.74 1 299  0.000 3.36 0.46
BRI A 2R Logistic 0.78 1084.74 1 299 0.000 0.30 0.63
2.3 SHSREEKMEN 160 . .
=
SEH AR R A AT A KR AR g 110
. p v S
He—FPRFAE 5 55 b — PR IE A AR 22 52, ;X Fh R 42 - 10
- _ . 2 100
R AAE TS E K R Y L RIS, IR E
= — v . N = 80
K- e &, b (E R AR BR 32 YR ) P 78 5 k7 o
22 R RE ML, i 5AUE TR A K IR 8 s
BRI AT R R E
bHFEEHMAEL.5 ~3. 5 MMFSHREREN, L F
b A 5 BT, O 0.65 ~2.958 Fi A K
0 2 4 6 8 10 12

Wb B/NT 30 ABTEERS Tl A KT
iy =0.93c""(r =0.84) (&2) , Tl A K
b H2.3(P<0.05), %W 24 A EMS AL
R KA (b <3) , BT RHSER KT
AR HE SR AR T R B AT, BB S
PR A PR T A B 3G, X 5 R 2 =
PRI G R — 80 RSS2 AK
T el 7R, DRG0 96 SRR BE 4y 34 T
[0 AT X AL 1 — M S a4 . B
ARISE KA E S, R RS A KR ES
M. WEIERML AT RT 1, RUTE R
SRR AR P SRS S AR T
LI g T EP AR 2 O O B AR 2 ) B
BEMCH T A B A8, SRS S B R A, X —
AL B 5 A5 5 W 2 A K RS ) B
T2 —, T ELE 7 26 A5 58 02 B 19 sk o
IEPN:i=A

3 NG

SRS Jm TU A, A K28 HHA Y
Btk il i =02 2 AR DL B RE IR B S M

K& /g Total weight

2 ERNSERERK-FREXR
Fig.2 Relationship between estimated length and

total weight of A. japonicus ( purple sea cucumber)

o APFTRBL, SRS S ETER S R C
FA I B0 D45 8 0 g R o B Y, BB AR K Le
SR SRS SR 5 R R R Y
AIEbR . 24 AR SRS RF A AT AL T PR
AR BB, A KR, SR 2R SR
3R T A AR PR S
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Morphometric correlation and regression of morphometrical
traits and total weight of 24-month-old
Apostichopus japonicus ( purple sea cucumber)

HAN Sha', ZHAO Bin', LI Chenglin', WU Peng”, HU Wei', XIN Yu’, WANG Qi', YAO Linlin'
(1. Marine Science Institute of Shandong Province, Qingdao Shandong 266104, China; 2. Fishery Technology
Extension Station of Wendeng District Weihai City, Weihai Shandong 264400, China; 3. Shandong Foreign
Economic Trade and Aquatic Product Co. , Lid, Jinan 250014, China)

Abstract: Sea cucumber Apostichopus japonicus is one of the most commercially important mariculture species
in China. In recent years, the market requirement and consumption of sea cucumbers have gradually
increased. Therefore, the sea cucumber farming industry has been developping rapidly and become the pillar
industry of coastal fishery economic in China, especially in the north China. Although the development of sea
cucumber industry is rapid, several issues are demanding prompt solutions, such as lack of basic biology
research, germplasm degradation, slow growth and reduced stress resistance of the existing varieties.
Compared with other aquaculture species, special varieties with high-quality economic characteristics are few,
and the lack of improved varieties in sea cucumber restricts the development of farming industry. Therefore,
germplasm creation has become one of the key points of sea cucumber farming research.

At present, new varieties of sea cucumber have been selected and bred successively with excellent
economic characteristics, such as fast growth rate, high temperature resistance and disease resistance after
great effort of breeding research institutes and production units for many years. It has laid the germplasm
foundation for the further development of the sea cucumber industry in China. A. japonicus ( purple sea
cucumber) is a kind with special skin characteristic of sea cucumber. These high-quality strains will lay the
foundation for the diversification of sea cucumber species.

Accurate size measurements are important for the determination of growth performance for aquaculture.
Most methods are used to estimate growth through length frequency data analysis, which depends on body
measurements and biometric relationship. It is very difficult to measure the growth characteristics of sea
cucumbers because of the difficulty in determining age by stress and dirty discharge, water spitting after
leaving water, and body stretching and deformation. Precise measurements of body weight and body length in
sea cucumber are challenging under different conditions. The body length of sea cucumbers can change
considerably by elongation or contraction, and the body weight also varies considerably depending on the

amount of water in respiratory trees and the intestinal content. Body size and body weight relationship is also
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important in determining the nutritional condition of the organisms. At the moment, there are no standard
evaluation methods for accurate measurement of sea cucumber. In addition, compound indices that combine
different biometric parameters can be applied to generate more precise biometric relationships.

The study was conducted to explore morphometric correlation of morphometrical traits and body weight of
24-month-old A. japonicus( purple sea cucumber). 300 individuals were selected and relaxed by placement in
containers with menthol of 0.2 mol + L' for 5 to 10 min. Then boby length (L), body width( W) and total
weight(TW) were measured for each individual. When the body was relaxed and stretched, the camera was
used to take pictures of the samples, and the data of body length and width were obtained by image calculation
with camera measure software. Body length was measured from the center of the tentacle crown to the anus
(curved length). Body width was measured dorsally at the widest point. Total weight was measured with a

digital balance, accurate to 0. 01 g. Indirect methods were used to estimate the growth by use of compound

index. A compound index that combined body length and body width to produce SLW index(v/L x W) and its
transformation Le were utilized to obtain more precise biometric relationships. Length-weight relationship was
evaluated and the optimal fitting morphometrical traits and curve model were also selected by regression
analysis.

Results showed that the coefficients of variability of growth characters were 31. 52% -66. 85% and the
highest and lowest character was body weight and SLW, respectively. The regression analysis results of the
best fitting model of morphometrical traits and body weight were all power function model and Le was the best
fitting morphological parameter for length-weight relationship. Biometric relationship was useful to carry out
transformations of body length to total weight. Body length and weight relationship have not been established
for all sea cucumber species. First study applying a compound index on A. japonicus( purple sea cucumber)
was accomplished. Body length, as well as body width, was also an important morphometrical trait.
Therefore , it could be assumed that recalculated length from SLW might be useful to get accurate body length
of sea cucumber. This study established indirect method for estimation of total weight in A. japonicus( purple
sea cucumber). Using estimated body length(Le) from the compound index SLW enhanced weight estimation
accuracy in this study. The SLW compound index could reduce the variability of body length to homogenize
the samples, facilitating the calculation of growth parameters by indirect method.

A power model was used in the weight regression of A. japonicus( purple sea cucumber), and a strong
correlation was found between weight and SLW. The 24-month-old A. japonicus( purple sea cucumber) grew
allometrically with negative allometry tendency. It grew rapidly with better performance of morphological traits
than body weight. The relationship among morphological traits at different development stages was unclear,
neither the impacts of morphological variation on economically important traits at different stages. This study
developed an algorithm to estimate A. japonicus ( purple sea cucumber) weight by measuring its feature,
including body length and body width. The indirect method and Le-weight regression models in this study may
be useful in growth evaluation of A. japonicus ( purple sea cucumber). The results of this paper provide
theoretical guidance for growth and cultivation for A. japonicus( purple sea cucumber) .
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