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B RS RLEAR ST IIESE T 2 NABFR K IS SR 58 DU D58k (Elentheronema tetradactylum) WP 5T
2 MEBMERZIECR . 48R R, PNFRERRRIE VRS (R BT 2 2 A 8 ARG (P<0.01), JfH.
P FRAE A A E B AR B A A SE R TR B i 7K (P<0.01). 5% IR /K SRA R (A A I B AR G R BE e KT
BRI R ki BRI 55 RS AR B AR SRR BE BRI S MR AU O 42
Ko B UK RRRTRR . BRI, R IRE L SR PRTEFNHIRAR XS 2 IR PR K SR 5H DU ik
PR R B HTIS BE K (P<0.05), DL EJEZSTRIRAY B MR E RELEAY 1.418; &K, B#iR . &
i R SRR SRS A AR B BRI I8 B K (P<0.05), DA EFEZSTRIRAY B M &
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Correlation among growth performance, morphological traits and body
mass of Eleutherollema tetradactyuulum cultured in indoor

circulating aquaculture system and aquaculture pond

LI Junwei', OU Youjun', WEN Jiufu', HU Ruiping’, ZHU Changbo', LAN Junnan', LI Jia'er', ZHOU Hui'

(1. South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences/Key Laboratory of South China Sea
Fishery Resources Exploitation & Utilization, Ministry of Agriculture and Rural Affairs/Guangdong Provincial Key
Laboratory of Fishery Ecological Environment, Guangzhou 510300, China; 2. Guangzhou Haiwei Aquatic
Science and Technology Co., Ltd., Guangzhou 510300, China)

Abstract: We applied correlation analysis and path analysis to explore the relationship between the body mass and the 12 morpho-
logical traits of Elentheronema tetradactylum cultured in indoor circulating aquaculture system and aquaculture pond, which had sig-

nificant correlation (P<0.05), and the correlation among the morphological traits of E. fetradactylum in the two systems was very sig-
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nificant (P<0.01). The descending order of morphological traits which affected on the body mass of E. tetradactylum in indoor circu-
lating aquaculture system and aquaculture pond were fork length>body length>head length>caudal peduncle height>total length, and
total length>caudal peduncle height>fork length>body length>body height, respectively. The path analysis reveals that body length,
body height, head length, body width and eye diameter had significant direct effects on the body mass of E. tetradactylum in indoor
circulating aquaculture system (P<0.05). The total length, caudal peduncle height, body height, trunk length and head length had sig-
nificant direct effects on the body mass of E. fetradactylum in aquaculture pond system (P<0.05). Besides, the total decision coeffi-
cients of those morphological traits to the body mass were 1.418 and 0.968 in indoor aquaculture system and aquaculture pond, re-
spectively. The results reveal that larger variation coefficient of fish in aquaculture pond is conducive to the breeding of improved
species, while more uniform specification of indoor circulating water culture is conducive to production. In different aquaculture en-
vironment, the correlation analysis of morphological traits and body mass of E. tetradactylum can provide theoretical basis for its

large-scale cultivation and breeding technology optimization.

Key words: Elentheronema tetradactylum; Indoor circulating aquaculture system; Pond aquaculture; Path analysis; Morphological

trait; Body mass

VU485 &k (Elentheronema tetradactylum) F )&
ThREgt . 6L H . DV H . SEF, DUiES
B, mrRrf. S, R, kS
I, FEGT R BNV LA B R A Y
VYR, FE AR R
WIT I . VLA, IR, SRR ui
KU R NI, HA KB . ABEESE . T
el , BABKRAIE T, PO4E Sk A B
AIARIE LR, MR, TESOESE, MBI T Y
B, ENCAIHuE B2 N THEET
FR, e T HIRG AR R R, EARE
WAHNTJE T 045 B il 1) B58 . KB A
T KRS A AR AR T
s R S mREL

SR FHAR S ST RS AR 53 B 46 5 125 P AR 8 A
[Fi) 7 G S5 AN [ SR AP 1 (R S P ROV AR B
FRISZNR o AN IR PR AR 22 i K 7 IRl s R
AEIR . B IRMIR . BRI — R s
WA B Bt RLPERR B e LR R
T BT J7 R E G T AN R) 57 59 30 35 v 1) B E 68 62
(Trachinotus ovatus) . ¥4 ¥ A (Epinephelus
fuscoguttatus) . 1L (Lateolabrax maculatus) . S
(Sparus macrocephalus). Rilk754 . (Hexagram-
mos otakii), Wi (Lates calcarifer) S5 iR IE 54k
ST BHSENE, WA B BT T T
WA BEAIE SRS A Z A A e M,
TESHIR SRBT R ARG LIE S 2Rk &
ARSI AA . VUTE Dl Jg T IR 5 A,
AP CEAF RN AR R 2, JFH
VUi Dk — HAL T HREIRICIRES , TEARRI R SR ER

BRI AR 2SI RES, B—5EH
RS DU T A o A AT 0 A LA . R
T A SRBA Y B — PR BT N T AFAE X, 52
FEXS PR IR AR R 2R S A TR S 0. A
i, ARV St SR A A AN T (IR A
A AERE | SR LB DT E R L

AHIFECAL T 2 AR K TR LRI I 774
FEAPUE SERAATS . RSO, JFEE SRR
FEARIA B R A SYEIREE, o T BRI SN
ARAETRXF PUTE DI TR, AL AE SRR
FEPRZ A RYARSCHE, JFR G AL A M 7 i s
2 AL KR 7 58 DU i Sy BRI SR TS
PRRRTCR I Z 0l AT R, DU A [R) 3R A X
B[R] SRFE BRI T DU 48 1 fik AR KR DI A R 2
%, IR IR FE AL B BRI R L B e
WA o

1R ik

1.1 Wz FFFE

SRTE R K ST T BRI R S S T, R
FAN T B IR — e = U0 (4 DU F5 h e £ 1, ¥4
K (1.23+0.08) cm, ~F-HJIATE K (0.001 4+0.0002) g,
NG KRS ALH] 6 D IRFHHT (5 m™ ),
WFEEEREE N 180 BBom , AKAKEREEN 10~13, pH
H7.5~8.1, p (Bf#A)=6.5mg L ', HbHEFmmH%
B9 10 Beom L WBIERALN 1000 m®, K 1 m,
ISR AR R 3~11, p (AfRA)=50mgL ",
2018 4FE 6 AT 2= 2019 4F | A FRFSCRLE R, 7
B JETIAZE 197 do FRAE S0 55— A P F IR A £ 8 1
FAEHER, HALFRA AR S K kL,
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RAEME 2 K, B ORI 5%~10%, SC5%
SEHRI, TEMRN SR A e 150 i TIE
SHERIETRIE , /R IR AR 25 B
VR 2 INHERR K FRFEREAR
1.2 WEMRKEFE

0 TE 25 R IR 48 B A 45 O F ) kY 4 T i
0. 2K ). XK (x). K (). KK ().
AR (x5). KK (xg) . WK (x7) . HREE (xg). 7
(xo). FBAWET (x10) HRTFE (xpp) FIHRMEIEE (x)p). RH
P RFRRa iR, Kifs 0.01 g; i HiiFhn
R FEARSCHR bR, A% 0.01 mm,

VUHE hf ) R R PR R BRI AR KR
THEAAR:

BTG (SR)=SL 5645 R s A7 16 B0/ S 0 Wl HR v
B x100%

Tk 2R B (FCR)=1A) b3 M /£ AR 1 ol i

Fi e K (SGR)=(In &K Fi i —1n W 4R Y
J )/ R AE > 100%
1.3 #HESHIT

iz ¥4 IBM SPSS Statistics 19.0 il Excel
2010 X DU 5 T il (¥ T8 A MR A8 A A0 R 5 1 A 45
PTG T, R Excel BT IR HRRIE bR
WG4, I8 H IBM SPSS 19.0 %t B35 51
FER S BIEA TSI FEAR Y ¢ K55 A1 Duncan 2 [
B, AT AT R T AR AE AR 2 8] [ AH DGO
#, s AR kw8 SRR DU 5

LN A €/ T (S B U LI R aE IS
FARFARIFEA YN 150,

LA AT, BT ASERE AR X U4
AR (v) ZTCIIETTRE . y=bytb x,+byx,+
byxyt.. b, h oy ENRAS R, by N B,
by R RS 1 e, % AR 2 B 0 0] )9 R B
b 5y F R4y B4 M BR DL x, Ay MbrifE2E, P
x; Xy M EEEBAR R Px; =b>ox/o,. AL
x; 8 I x; xF AR Ay B0 ]2 AR R O
Pxjx=ryP;, (i#), P; N H A & x; XA y SN
BEBAR R, ry AR x, F X, Z TR AH G R AL
HHERGE R (d) WAAX N d=2r;P, P, .
P, H HZAR & x, MRS y B HEEE R P,
AR X XA Ry B HESE A R T
AR x; i x; Z VA R AL e REL (d)) 7t
BN d=Pry, Py, R EE R x W AR y Y
SRR R BRgia R UL P<0.05 HEF T
%, P<0.01 HZEFWBE,

2 44

2.1 ARFHEBEHERMERKEER

FREE SIS, 2 PG ERAKCRIth 3 77 5 DU 45
Tl i S SR 51% il 55%, R KR4y
A 2.46% F12.16%, THEFRESHIA 1.23 F11.85,
B TR A4y 0K 2.34 kgom f10.10 kg'm
(1),

®1 FAFEME T OEDERR E K

Table 1 Growth performance of E. tetradactylum in two aquaculture systems

FeH T IRCES (LTS G S T E ZORY ik L ik iy
Breeding method SR/% SGR/% Final average mass/g Yield/(kg-mfz)
% NIEFRIKF#FH Indoor circulating aquaculture 51 2.46 127.64 2.34
M FRFE Pond culture 55 2.16 70.14 0.24

FEIH IR EE AT, S OGP FRAH Y o AR I
fF 71.90~233.21 g, FIFiEN 127.64 g, KK
h 144.73~229.00 mm, “FIIEK K 184.45 mm, =
S IEFRE 1) R BT A T 22.06~287.00 g, P
KRR 70.14 g; KA T 111.20~247.50 mm,
SRR K 152.54 mm (% 1), FNTEIRKIFHE S
b 7 FE A DU ik 7E R T DL AR R KA
12 MEEHARIG IR B 22 7 (P<0.01); =
WIBPR K 2B G B B B P 3K 21.27 ¢,

AR IRl 30.74 mm. 28 AMbIE A DU 48
hff R AR B K 11.69 g, R34 H 1
£ 25.42 mm (K 2). % NG PR K758 R 3 5=
B D 4 S 1A B i Y 7R S R A0 R 26.03% Fi
81.56%, #<HHZE NAEFRIK FEHH Y DU F8 o ol (A Jo
(X5 B R b SR o PG K SRR A IR
(PP IEBI R TSR SRR, AR 5 ke A
BRKFR . IESRGE N AR S8 55 R A K
TENIEHRKTEE, LSR5 A T = 1)
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Table 2 Charateristics of morphological traits of E. tetradactyuulum cultured in two aquaculture systems
I I AR LNy 2k &S (AN RFK B
Breeding method Trait g X /mm Xo/mm X3/mm Xy/mm Xs/mm
ENIEKFE  FEhR 127.64+33.22" 228.78+20.16" 199.96£17.60  184.45£16.49" 43.09+4.80°  48.41+4.92"
Indoor circulating 75 5 2 #/9, 26.03 8.81 8.80 8.94 11.14 10.17
aquaculture
H PRt 21.27 38.13 33.32 30.74 7.18 8.07
mm-H
HYEFRIE SRR 70.14+57.20" 194.63+42.96 167.44+36.78" 152.54434.12" 34.3349.28 38.60+8.27
Pond culture A5 5 2% 81.56 22.07 21.90 2237 27.03 21.42
PR /g A 11.69 32.44 27.91 25.42 5.72 6.43
mm- A~
Ei- VN R Lk S R#% [ZN=] AR i AR [A]
Breeding method Trait Xe/mm X7/mm Xg/mm Xo/mm Xo/mm X1;/mm X|/mm
ENIEHOKIR PR EE 48.9944.06" 7.44+1.107 10.33+1.16" 49.454£526 22.86+2.37  24.98+2.99  15.60+1.82"
Indoor circulating A= Z H/0, 8.29 14.78 11.20 10.64 10.38 11.92 11.68
aquaculture
AT g A ek 8.17 1.24 1.72 8.24 3.81 4.16 2.60
mm- "
IR A bR 41.1548.04" 6.82+1.66" 8.57+1.38" 35.78+9.14" 17.67+5.56" 18.07+4.73" 12.84%3.13"
Pond culture A5 5 2% 19.53 24.40 16.10 25.56 31.48 26.19 2437
P KB /g 6.86 1.14 1.43 5.96 2.95 3.01 2.14
mm-H

Heox BEERF (P<0.05); ** Wi EER (P<0.01), FEF

Note: y. Body mass; x;. Total length; x,. Fork length; x;. Body length; x4. Stem length; xs5. Caudal peduncle length; xs. Head length; x,. Snout length;

xg. Eye diameter; xo. Body height; x;,. Caudal peduncle height; x;;. Body width; x,. Eye distance; *. Significant difference (P<0.05); **. Very

significant difference (P<0.01); the same cases in the following tables

VR TT
22 ARFEBERSMERZ BHHEXES T
JITIN AN FRFE R AR DU 48 T ik (8 SR S R o
EHRIEASE, HAHRRIN B E KT (P<0.01),
M SRR 1 4 TE SRR S R B B B M 6 R 0
KFZE NG KRG AT SRS PR 5 (9 A O
RE EWNPEKIRFEBHAR R IAR BT 5 25 B SRR
KR, PR R R K, HUOR
K. kK. B, &k, K. KT,
FHOCHR BE fe /NP WD 5 T b S SR AR A 1) A o
SR MRA SRR e K MR, Hkoh
MK R RE L IR SKRRIMATE, AR
FE S/ NSRRI SRR A TE SRR Z 1Y)
R REITIA RN 7K (P<0.01), ZENTEFRK
FREHRFR S R Z A ek e R R A K 5 XK,
b I R B AR B R 5 SR A AT B R B A DG
ENEAIKSRFE R AT AR 2 (A O R 8/ MY
SRR SR, T SRR AR S MR Z [ AH G
FEE/M RS 5 IR GR 3).

2.3 ARFEFEESERIIMEREFBE RS

FENIEA K SRA DUFE DR 1 i A TR S R
. LKL IR KRR AATESE 5 NSRS TR
AR 3B A% R BGRB8 E KV WEEAER &
BORE, K (0.408)>1KF (0.337)>kK (0.215)>
K TE (0.160)>0R% (—0.096), Z& AKX pudi o i
R B A E R A A . IR A BB R Ok
TUE, RGBT R A, (HAREE
WK . RE . SRR X AR R A A T
YERZY 510 0218, 0.124, 0.200. 0.09, H i Ay[a]
AR RHBGE 0.64, $KIH T I E- .. MIEHEEH
RBOEE, LK (0.642)>HR12 (0.64)>14 T (0.583)>
A (0.497)>14K: (0.471) (£ 4).

HhIEFR B DUHE Sk 1 T A SRR, 2K
KT Sk R AEMRE 5 MBS R
R RECA I B E KT, N EREEAE R ECk
F, &K (0.417)>EH#iE (0.391)>1&% (0.268)>4K
T (0.122)>3%4K (—0.206), 2 WA B 1Y B3
VEFIH o S DU Th R A o i 1) B3 R i) 2R
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Table 3 Correlation coefficients among morphological traits of E. tetradactyuulum cultured in two aquaculture systems

S Mk R Ak XKk KK ORTK ORRK Sk wk o We e REE o
Population Trait y X X, X3 X4 X5 Xg X7 Xg Xg X10 X1
B N K SR5H X, 0.846"
Indoor circulating S 0891" 0937
aquaculture

x; 0880 09307 0987

x, 07707 0.768" 0.806" 0.824"

xs 07647 0.7537 07997 0.835" 0.781"

xs  0.8587 0.8777 0.899" 0.890 0.748" 0.740"

x; 05317 04947 04997 04717 0449 0428” 0.595"

xg 05457 0.6267 058 0535 05217 04017 05797 0338

xo 08347 07077 07337 0.6817 05917 05537 0716 05187 0.593"

xo  0.8477 07557 07897 07777 0.695° 0.693" 0.803" 05017 0.548" 0.839"

X 07447 06287 0.6627 0.638° 0.6597 0.6097 0588 0.445" 0614 0.761 0.705

X, 0615 0596 0.628° 0.602° 0595 0528 0597 0341 0617 0598 0.658 0.700"
HYEFRIE x 09757
Pond culture o .

x, 09737 0.998

x; 09727 09987 0999

x, 09557 09717 09717 09727

xs 09287 0.9607 0960 0964 0927

xs 09547 0983 09837 09837 0949 0.949”

x; 09007 09137 09127 09087 0877 08737 0.896"

xg 0877 0.898" 09007 0.894" 08717 0.861° 0884 0.871"

xo 09707 09777 0976 09757 0945 09257 0969 0.884" 0.876"

xio 09757 09747 09727 09727 09477 09297 0.958" 0.909" 0.883" 0.970"

X 09407 09437 0942 09437 09197 09137 09257 0865  0.860° 0.947  0.940

X, 09557 09697 0967 0968 09417 0937 09627 0877 08717 0964 0968 0919

R4 ENFERKFENEIRESERMERENBRON

Table 4 Path analysis of morphological traits to body mass of E. tetradactyuulum in indoor circulating system

Pedk et R [E)4H2/EH Indirect effect

Trait Correlation coefficient Direct effect &tz K x I xg IRAZ xq IN=EN ST X,
X3 0.880 0.408 0.471 0.191 —0.051 0.229 0.102
X6 0.858 0.215 0.642 0.363 —0.056 0.241 0.094
Xg 0.545 —0.096 0.64 0.218 0.124 0.200 0.098
X9 0.834 0.337 0.497 0.278 0.154 —0.057 0.122

X1 0.744 0.160 0.583 0.260 0.126 —0.059 0.256
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(0.833)>1A& % (0.701)>EHi (0.585)>1KFE (0.559)
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Table 5 Path analysis of morphological traits to body mass of E. tetradactyuulum in pond culture system

[B]44E FH Indirect effect

Pk MR ErpEE

Trait Correlation coefficient Direct effect &t s 2K x BTK x, e xg T xo FEARE X0
X 0.975 0.417 0.559 0.118 —0.202 0.262 0.381

X4 0.955 0.122 0.833 0.405 —0.195 0.253 0.370
Xg 0.954 —0.206 1.161 0.410 0.116 0.260 0.375
Xg 0.970 0.268 0.701 0.407 0.115 —0.200 0.379
X19 0.975 0.391 0.585 0.406 0.116 —0.197 0.260

2.4 AREFFEBERSERIERERNREEHR
S

B DU SR L SRS PR B R A AR O R
IS A PR B M SO o A A PR ]

FEsem 2 NI PR KRG DU F8 ik 5 AR B
Perle e S0 E REUE AN 1.418 (R 6), £M
L LKL IR IR mE AR ST e 2= N R R K
FREE DU 45 B fif A i i ) E R, BT X
5 A HERRHA BT = S A AE 25 5 . I E e E 72
JEF, RSEHABT R T E R R 0.554, &
THAW 4 DR WEHEGER R, K. Sk
P ) s e e A I P PR R B 5 (0.156) 6
I FRAE VS Tk 1) 5 B AR By E M
FH RS AR PeE /R TR B0 B 0.968, Ui
R BT K R SRR 2 S
JhEFEHH VU4 T ik A T i A R 2R AMR . AKX

®6  ENTERAFFHEMIE DGR IERIER  RER
REERARE

Table 6 Determinant coefficients of morphological traits to
body mass of E. tetradactylum in indoor
circulating aquaculture system

PR LSS SSIS [ige N 58 it
Trait X3 X6 Xg Xg Xy z
X3 0.166 0.156  —0.042 0.187 0.083
X¢ 0.046  —0.024 0.104 0.040
Xg 0.009 -0.038 —0.019 1.418
%o 0.114  0.082
X1 0.554

i T ol R o e 1 D E R B AR (0.174), Hak
MM (0.153), /N AIKT (0.015); MH4E
PE R AT, AN RAR = LR VE R AR o 2 1)
PUERRE K (0.318) (32 7).

K7 BEHNBEFEMIEIHES
REEREH

Table 7 Determinant coefficients of morphological traits to body

SR XA BT E R

mass of E. tetradactylum in aquaculture pond

ik ek KTk Kk ke BWe 4t
Trait X X4 X¢ Xg X190 z
X1 0.174 0099 -0.169 0218 0318
X 0015 -0.048 0062  0.090
X6 0042 -0.107 -0.154 0.968
Xo 0072 0.203
x10 0.153
25 ZEEEFENETL
Wt Z I, s R KR
() MWIEFRTH (vy) PUHE DEOE MR G AR TR
SESEIl =y
Vo =—231.439+0.823x3 + 1.756x5 —2.77 1 x5
+2.13x9 + 1.788x,
Yo = —134.385 +0.555x; +0.751x, — 1.467x,

+1.677x9 +4.020x,,
R,y IEEE, x AMEK, xy MK
K, xy HIETER, xg LK, xg HIREE, xo RiK
. xi0 MR, xy KT,
B K FRFE ATt 38 3558 1 22 T B A D7 AR 1)
] OC R Yy ik il i 2 K7 (F=234.27, P=0.000;
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F=1051.96, P=0.000), R’4+%I% 0.891 F10.968.
ENTEIRKIRFEITER x5, X6\ Xg. Xou Xy XTVUFE
L fifg A 5T £ 9 0 T D) 2R 00K 3 e 3 b ek 3 KR
(3 © 6367, P=0.000<0.01; x, : =3.211, P=0.002<
0.01; xg: =—2.575, P=0.011<0.05; x, : t=6.781,
P=0.000<0.01; x,, : t=3.418, P=0.001<0.01); 3ih
JEFRFE T BE PR x o xas X0 X9 FlT Xy X PO4E L5
e A o ) O T U 2R 5 B S /K (x, ¢ 123,538,
P=0.001<0.01; x, : t=2.120, P=0.035<0.05;
Xg : =2.668, P=0.008<0.01; xo : =3.796, P=0.000<
0.01; xj0: £=5.979, P=0.000<0.01), Z3t4M¥r,
SIS P A PR 1B A 7 R AR Ak 0 OR300 G
WEES, RUNZZ 0Lk RIE 77 7 AT LATERR S i
PP FRFEIAE T U8 DL S MR SR B 2 (A Y
HHERR

3 hHE

ARFRFEI G 2 SRR 2R R A R fE . A
[FIFRFEINE T, FRAKIRTEKR . WA KRR
USRS DT YA AR, SEGRFE AR K
et B2, HTENT) RFRAMKIE . RRIE
BEAAR T IE IR R0, 3 A N 3R G B T
(Chromileptes altivelis) KR R ™Y T
KRR . RIEREYD | TR S RS . KRR
PERHER, JF HAKMR i & s e A i, W
I SE TR AR SRR A AR i A R MR e T fbR
g NG R AT, R R
TR . BB RR, R T RS (Microp-
terus salmoides) H= K NERE W 55 T R it I8 %
P, AW, S NIEFR K IR TS Dk kK
PR UPRLRE, BT A T SR
It H ARG B NIEER KSR TE A S SR A R
BT DU S SR R 978 S R R 26.02% Al
81.56%, F=WIZ NI K FRFH 7™ i AL AS T ¥
5. BENEAKFILRA MR . m%E . 5%
B, IR RIR AR, A RKEER R, Mk
BTSSR 5 5 52 A R IR T
W, WAL, KR, FhEEARLAE, FRAE ik
AR WEZ BN, ARSIE, PUHE Sl
B, EWNIEHKIRH RGP IR T, 2
A IEPRLE R R BR T HNeR I, R a R
. AT RERRE INTRFK FRAE T b ik A R P A
M FEZE A, SRR T H 37 5E

AR, MR AERKES . ENE
IRIK FRFEA A TP DO FE Sh ik () B SR Ik, H g2
JRATTREE . 1) FRAAA KRS /N, DUTE 6k 1) Ui
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