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Morphological development of embryos and larvae of Mystus macropterus
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Abstract: Mystus macropterus is a high-quality aquaculture variety that urgently needs to be developed. Exploring the charac-
teristics and patterns of early developmental stages of cultured M. macropterus can provide basic data for its seedling cultivation
and large-scale efficient seed production. We studied the morphological characteristics and developmental features of its embryos
and juveniles by microscopic observation, and measured the morphological indicators to derive regression equations for the
growth characteristics of juveniles. The results show that the fertilized eggs of the fish were oval and yellowish brown, with a dia-
meter of (3.46£0.3) mm. At incubation temperature of 26.2 “C, the embryos took 79 h to develop for eight stages with 28 periods,
including fertilization, cleavage, blastocyst, gastrula, neuroembryo, organ differentiation and hatching, and the total accumula-
tive temperature was 2065.26 h-°C. The total length of the larvae was (7.31£0.52) mm, the larvae stage lasted for 10 d, and most
of the yolk sac was absorbed at early stage of larvae. The full-length specific growth rate (SGR;) was 9.79%, and the weight-spe-
cific growth rate (SGR,,) was 12.31%. Most of the larvae opened 7-8 d after membrane emergence, and the yolk sac disappeared
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on 9™ day. The SGR; and SGR,, were 4.15% and 12.25% at later stage of larvae, respectively. The juvenile stage lasted for 11 d.

The fins were basically mature, and the body size and body color were close to those of adult fish. SGR; was 4.30%, SGR ,, was

13.17%, and the total length was 22-24 mm. The statistical model shows that the growth of the larvae and juveniles is of allome-

tric type.

Keywords: Mystus macropterus; Embryonic development; Larval and juvenile development
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EOEH . SR ), R aksk . AT TER
&, HARS A TRICMBRI RS, 2Ef#EhEK
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Table 1 Process of embryonic development of M. macropterus
ZHG e A ] R ] RS alTirE SEHK R TR
RE N Time after S - tion/ Average egg Average Accumulative & 1
Developmental stage fertilization/ ure;l ron diameter/  temperature/  temperature/  Fig. 1
h mm < (h-°C)
SZHG R SZHE 0
Fertilized egg Fertilized egg 0 2.00 3.4610.30 26.1 52.20 a
J A3 J 2
Blastodisc stage Blastodisc stage 2.00 1.35 3.44x0.16 262 3537 b
2 A
2-cell stage ¢
4 40t 3] d
4-cell stage
8 2 A e
B 8-cell stage
Cleavage stage 16 Y 3.35 3.15 3.52%0.12 26.3 82.85
16-cell stage .
32 43
32-cell stage g
EZ 0 h
Multicellular stage
PN .
Early blastula stage !
Eain FERR
£y ] BENR i) .
Blastula stage Middle blastula stage 6.50 12.65 3.53%0.17 263 33270 )
e AN K
Late blastula stage
I 1
Early gastrula stage
Jit Jti
Gastrula stage Middle gastrula stage 19.15 7.05 3.4240.18 26.3 185.42 m
I
Late gastrula stage n
PZE 0
IR Neurula stage
Neurula stage WL P 26.20 13.47 3.40%0.05 26.0 350.22
Blastopore closed stage P
RS HHL
Appearance of myomere e
JE B
Proto-renal stage r
HAY 1Y
Appearance of otic capsule s
RIS t
Tail bud separation period
JULPA AR
Muscular effect stage u
o BT CEBE B
Organogenesis stage  Heart pulsation 39.67 32.25 3.5710.28 26.1 841.73 v
AR A
Optic capsule stage w
Hof b B
Otolith formation stage X
5% XA R 1 B
The second pair of whisker primordia ¥
Ve fig J R LA
Thoracic fin primordium z
AR 3 s B
Occupation of ocular pigment aa
R HE) gl
Hatching stage Hatching stage 71.90 7.08 26.1 184.79 ab
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e oa A bR o2 40 do4 AR e 8 AR fole 4RMRLI; g 32 AR ho AN i IR, g R
k. BRI LSRN m. AP T; n R o MR p MRFLETATING q AR HIT; v S I s HAEE RO
t RZEAEW; w LA v DBk EhH; w IREEIE AU < Boa B y. 5B AR B

z. Mg JESL I ; aa. IREZEHBUNE; ab. AT ; F7R=500 pm,
Fig. 1

Note: a. Fertilized egg; b. Blastodisc stage; c. 2-cell stage; d. 4-cell stage; e. 8-cell stage; f. 16-cell stage; g. 32-cell stage; h. Multicellular stage; i. Early
blastula stage; j. Middle blastula stage; k. Late blastula stage; 1. Early gastrula stage; m. Middle gastrula stage; n. Late gastrula stage; o. Neurula stage;

Embryonic development of M. macropterus

p. Blastopore closed stage; q. Appearance of myomere; r. Proto-renal stage; s. Appearance of otic capsule; t. Tail bud separation period;
u. Muscular effect stage; v. Heart pulsation; w. Optic capsule stage; x. Otolith formation stage; y. The second pair of whisker primordia;
z.Thoracic fin primordium; aa. Occupation of ocular pigment; ab. Hatching stage; Bar=500 pm.
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R =1 mm,

Fig.2 Development of M. macropterus larva and juvenile

Note: a. 1 d post hatching; b. 2 d post hatching; c. 3 d post hatching; d. 4 d post hatching; e. 5 d post hatching; f. 6 d post hatching; g. 7 d post hatching;
h. 8 d post hatching; i. 9 d post hatching; j. 10 d post hatching; k. 11 d post hatching; 1. 12 d post hatching; m. 13 d post hatching; n. 14 d post hatching;
0. 16 d post hatching; P. 17 d post hatching; q. 18 d post hatching; r. 19 d post hatching; s. 20 d post hatching; t. 21 d post hatching; Bar=1 mm.
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T BEE 2B 1) oAb AR AR IS e — e
g 4 FRBESc, DRI OHE AR (B 2-g), 8d
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g, BEEm MR, NUARRERAAER
BN, LA T A, Xt e A
VT, A7 80% JF I (& 2-h), BHLIG 9 d REET
AMARR BN B R T R, AT TN HEM Y HE
RTINS, B, HEASMNEMEE SR EL, M EERE B
BES A, T AR D B T R IR A R A (A 2-
i); WMLJ5 10 d EEETE AL 5 SkEE 4L, Ml iE 4
Wz (8 2-).

ME] . FEMCIE &8 E b oe i, fRTE ST
PRI 320 5 i AE

B 11~14 d, MEfaeK 14~19mm A4, B
BETPIRNIMN, TR BRI, B SRR
PR ERA, WIS, fREEmR, B
R AL TR . T i 2 R 1A B AT B A
BERRIAS , AR R — A= 1 B B
XEMRRDEE, HEESEE 5SRO S aRE.,
ATHTAFBERE L 2FRIH R, IREES0 8 45, RIMKEE
B T-£01 1 25 B8 JEAS Sk e BE I A MER R o3 A AR 5
Ao U 16~21 d BHEM KR 22~24 mm, £k
WL, HE S — MO g4, BN
7 5%, BEESN 16~18 7%, BEEEA N 10~14 55, 45
AT ko, SERESETHAe, MEMI g
W e RHE IR R 4l f R BT A, RS
B, FEAME, TR0, BEEH6, JEkie
eI, HERGELFT L (K 2-k—2-1),
2.3 (FiEBEREKER

it S 30 d KB 6 A7 HE A KT
(#2), MRS ST RES8, T
AERKBERR . y=—0.000 5x°+0.017 1x*+0.659 6x+
7.649 (R°=0.992 5), 4Kl H IR b4 ani 3-a
Fis o WHABTR S H ST RIS, iy AR s
AR : y=3x10"°x’+0.000 2x°—0.000 5x+0.013 6
(R’=0.984 3), MFimbE H k&ALt aniE 3-b B
Ny RFINZIIE A 52K R, 45
W 3-c s, HARHEEREUTE R : y=5x10"x*"""
(R°=0.948 7).,

R KRBEHEARE RERF. HEERKRTHER
Table 2 Growth variation of larval and juvenile
M. macropterus at different time

H i £ RER AREEE R
Days post Total Body KRR R
hatching/d  length/mm mass/g SGRy/% SGR,,/%

1 7.31£0.52  0.011£0.005
2 10.01£0.96  0.013%+0.001
3 10.19£0.42  0.016+0.001
9.79 12.31
4 10.85+1.76  0.018%+0.003
5 11.58+0.22  0.018%+0.003
6 11.93+1.19  0.020%+0.001
7 12.96+1.80  0.021+0.001
8 13.74+3.45 0.021+0.002
4.15 12.25
9 13.92+0.45 0.024+0.003
10 14.68+1.08  0.030+0.001
11 15.81+2.16  0.033+0.002
12 17.00£3.87  0.034+0.013
13 18.26+2.95 0.037+0.011
14 18.38+3.72  0.055%+0.003
15 19.19£2.60  0.056+0.013
16 21.65%+2.25 0.061+0.001 4.30 13.17
17 22.65%£3.79  0.062+0.007
18 23.06+2.93  0.089+0.004
19 23.11+4.08 0.100+0.011
20 24.11+0.21  0.115%+0.032
21 24.32+0.05 0.122+0.019
22 25.00+£0.23  0.125%0.001
23 25.32+£1.23  0.127£0.007
24 26.02+£0.78  0.130%0.004
25 27.28+2.55 0.140%0.011
26 27.9840.56  0.163%0.032 2.28 12.13
27 28.36+£1.78  0.189%0.019
28 29.50+£2.21  0.227£0.005
29 29.72+£0.66  0.227£0.019
30 30.02£1.68  0.230+0.035
3 1B

3.1 KRE#SHMEBTEALMRAFILR
REESESZAG N R BRE , BB @ AEW
SSFE, HHARESE H AR IA —E B
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Y=5x105x24137
R*=0.948 7

0.30
0.25
0.20

y=3%x10"°x*+0.000 2x>-0.000 5x+0.013 6
R*=0.984 3

10

5.00

Fig. 3 Early growth curve of M. macropterus
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Table 3 Comparison of embryonic developmental characteristics between M. macropterus and other Siluriformes fish

20 30
H#& Days post hatching/d

WK e Btz
ke IiFE Egg diameter T MK  WRAEKE  WEREE R Sk
i~ Egg diameter/ after water Hatching Hatching Temperature/ Embryonic
Specis . Reference
mm absorption/ pattern length/mm C development
mm
fig il —
Zj\; ne 2.7240.2 3.46+0.30 BRI 7.3140.52 26 79h A3
. macropterus
e kil o .
Pelteobagrus fulvidraco 1.86~2.26 R 4.8~5.5 24~27.5 62 h 50 min [18]
K1) Bfe T
k% . S 2.18~2.35 2.51~2.58 AR AR 5.33~6.62 21~27 59 h 5 min [19]
Leiocassis longirostris
3 20~24.5 49 h 15 min
FIREFif
Pelteobjz s vachelli 1.67 2.04 Jeesiienigd 4.2~4.35 [20]
24~28 64 h
1,55 B fg .
N o 2.0 2.5 TR R 7 25.5~26 49 h 26 min [21]
Pseudobagrus ussuriensis
B i e
Most 3.1~3.8 4.0~4.2 2R 27.540.5 55h [22]
ystus guttatus
21.5~22.5 53 h 10 min
22 P .
. . 2.07~2.4 3.44~3.46 R 45 24~25 39 h 37 min [23]
Silurus lanzhouensis
27~28 30 h 20 min
ey
F i g e
FIR o 2.089 3.055 BRI 5.0~7.05 16.5~18.5 53 h 25 min [24]
S. soldatovi meridionalis
iy "
57 1.4~1.7 4.05~5.7 TR R 4.64~5.32 27.5~31 29.5h [25]
. asotus
i ; o
AT 1.7~1.9 1.9~2.1 JEERON SR 4.8~5.1 28.5~31 28 h 25 min [26]
Claris fuscus
BT
EHATER 1.23~1.36 1.34~1.43 FERBIE R 3.12~3.62 26.4~29.2 23 h 45 min [27]

C. gariepinus
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M2z R (3R 3) . HAUADNIONAE R (2.7240.2) mm,
TEERHOSSREIIEEOR, BOKIFEIE (346+0.30) mm,
WK FIG KL 27.21%, & T IR (Pelteo-
bagrus vachelli) (22.16%) . %75 HL6fi (Pseudo-
bagrus ussuriensis) (25%), A TR 7 R S
(Silurus soldatovi meridionalis) (46.24%) Flfi
(S. asotus), IXJE K A IIEE R /INE PRI A [F)
FEEESM . EDERIBETE T, SR K b it 52
KE BN IR AR K 5 A T 3.5~3.8 mm™, WK TAH
F¢, KT RE S IR AR ™ B R AN [l A

ST, KEEHERINNG & & 45
B HMmIEMEARK, BHRGAE WA A SR
R, 5 MEsIE B 2R U 0 P G T IR AN
[F], JEE e I 2 Py it ()2 Y 1.8 £, X
Al RE R T RN FRA K . A0 N BRI XERTEL,
XAE W) fa (Aspiorhynchus laticeps)™ | JFfHH
(Oxygymnocypris stewartii)"> | BEE & (Diptycus
maculates)™ SEIIRIG R F h A LB, KogHER
W AR R S E IR AL, R TR
RUSLE e Moss | FERREERE | Azl b &A% B 4
B, XHHMEIGIER., IEEE . BERYER
B, RS RS E IR IE A K ITR A G, (RS
R SRR . (R £ B LR
—FERO,

s, ARG A& F W TE 5 K IR 2 D AH
KB RIEHEICIGTE 26 C AT, WZHE 3
AT R 79 h, J& 26.5~31.5 °C R EFAE K g i
RIG B 1 1.55 £570, FE IR & B i85 001K
INFG, BRAR R IR G R B8 Y A I IR
JETT, KM 52 K BR BF A% 008 Ak H E i 5 AR
(2 065.26 h-C) ¥ KT B Fith (Pelteobagrus fulvi-
draco) (PRI 1645.3~1921 h-°C) F11% 75 B fifi (FRIE
1285.27 h-C), A H N KZEHFAIGLEE M
1.2 f5 0 b, ROIREAER 1.5 f5 21, X ATRES
YR A B R B A G, AT RE S A B PR R %
BAAEA D), KEg N R R A 3R, ATt i
FEFRIRIBEINT T, X 5 RAER T H 23—,

32 KEHGFHEERE

AR R A KA, 2 & T BBy Bk
WA 2250, SREAH MRS, AR
DARSBESER A TG S Vo £, SRS, HH
WG & B 4 R AT 0 L S0 A £ S0 A AE

i,

NI AT 2 KO 7E 7.31 mm A4, KT
w8 M TS (Clarias gariepinus)'”
FENE B, (H/NFEAEIE B a0, R
B BT, AR T EST MR R, XS s R
BRI,

KEEHER AT DN B BERA, AL H MIENKIR
S BHEREAAR D, HLRBAEAE N A A4 (R AR 1S 3
BmEymeee . BeERIE &, Wi
AR BB R AR, PREAF 0 KA A
WR P BEAE BRI, REEHETT IR R e
KRR Y, ARG ETY ., KEEHEN R
EIHRTIE 9 d, B> (40 h), FEHFEY FIEA
TG (4~5 d) PIlTTEK ; AS[RI Y R0 B0 2 A A7
i) 25 S R, K I B9 #  B A I ) (A K i
i FH PRI R A 1) SRR SR R B (R4S UAE
AR T AT AR G2, AR X A A E PR EE I8 1
PER—Fh LB KEEHE I 11~14 d, #5EEFA
G ASERL, g fb i R ER ) K, 5
181 22 NS (S. lanzhouensis)*V fa & /LI [E] G
W25, WE s IaEg, J545 88 BT IT
e, HAEER & BT 5 22 NEEEA AN, X
2 DR Ry F B ) T SR 8 Iy Bl 2 £ S ) R AR A
WA T WiAR Ak, DOE R AR AR K hg fi
TERFAL R AT S i T s e Bk, 22 d J5 it
Aghfalyl, 52 MESM IS & B ML, FiET
BRR IR G B R AR R, R 15 d AR
SRR B s S R E R,
[ 25 d e ok Agh iy s — 25 AT RE R KR
B EIBERFARF BTEC,

K B it L I A £ B B st ELAT I 8 A SR Ak |
WG Z R AR M, X 5 HM WA AL
TR B AR N, S AREfRIE, HARE
SREEHK, NIAM&EER LT TS, ko
BN, ARV S MR Y B R T
FATEIIREAL , PREEAS AL I s P 2 P A 3K —
AR S HAb S IE B a2 429 255 (Procyp-
ris rabaudi)* . TPV F-14 (Siganus oramin) ZEFILL.
33 KREE#EFHEENEREY

Bl HIB RS, REEHERE (R - 2 e s 12
RS, HARR SR SRR, IRBTRIG
5o At 10 d, HPEAFARETN, SGR. K
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PRI A RBEBEIIT G S A FAE £ B LS 69

9.79%, W m TAFEEIIARE@E, 7dEfF ot
MM, SRR KR, 9d
JE TR BN, R AT, ik
ARIFOSEE, UPEfE AN IRE SR o E 2 T
S ENE—2RE, MAGRREZ R E M
ETR RIS, MEHERGER BTN EE, (F0
TR, W R E G T A SRR
WG, W2 R0 E TR RE B TS AF fY
WA AR R IRE S, XEmm | o
#F (Paralichthys olivacens)™* | DUJI[1EH (Sini-
brama taeniatus)*” ZEFRE P BALEBE I, 5
Hh, KEEHEATHE f0 1A BT 5 5 4K 1 AH G Ml IH 5 72
) b{A (2.24137) 8T 3, RPAENTFRHERMT
A AT 1 A T R A A
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