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Abstract: [Objectives] Distychus maculates is an endemic fish in Turks River of the Yili River basin. In order
to protect its resources, we carried out its artificial breeding to explore the embryonic development and
post-embryonic development pattern. [M ethods] In May 2021, artificial breeding of D. maculates was carried
out, the embryonic and post-embryonic development were observed and photographed with a dissecting
microscope, and the morphological characteristics of each developmental stage were recorded. Embryos and
early larvae were randomly selected each time. The biological indexes of embryos and larvae were measured
with Image pro plus 6.0 software. Photoshop CS6 was used for image processing and the SPSS 16.0 software
was used for data processing. In this study, K = NT, where K is accumulated temperature (‘C-h), N is the time
required for development to a certain stage (h), and T is the average water temperature at this stage (C).
Descriptive statistics was presented as mean + standard error. [Results] In the water temperature of 15.0 -
16.0 C, the embryo development of the fish was divided into 7 key stages: fertilization, cleavage, blastocyst,
gastrula, neuroembryo, organogenesis and membrane emergence, and the membrane was brokenafter 2
969.830 °C-h. The mature eggs were pale yellow with a diameter of 2.75 £+ 0.24 mm (n = 20). After 35 min of
fertilization, the largest perioocyte gap was 3.46 £ 0.16 mm (n = 20), and the volume of yolk accounted for
about 3/5. The relationship between the length of larval fish (Lt) and the days post hatching (D) was as
follows: Ly = 0.50D + 9.15 (R* = 0.90); The relationship between the length of yolk-sac (Ly) and the days of
membrane emergence (D) was: Ly = - 0.11D? + 7.61 (R* = 0.76); The relationship between larval length (L)
and yolk-sac volume (Lp) was as follows: Lt =-2.35Lpy + 19.96 (R* = 0.88); The relationship between
yolk-sac total length (Ly) and yolk-sac volume (Lp) was as follows: Ly = 0.49L, + 5.34 (R* = 0.68); The
relationship between yolk-sac volume (Lp) and membrane extraction days (D) was as follows: Lp = 0.002D? -
0.24D + 4.67 (R* = 0.98). The total length and volume of yolk sac decreased with the growth of body length.
The yolk sac was consumed 15 days after membrane emergence. The whole length of larva increased with the
days after membrane emergence. The whole length of larva increased significantly in yolk sac absorption
stage. [Conclusion] By studying the artificial reproduction of D. maculates, we explored its characteristics of
embryo and post-embryonic development, to enrich the data of its early life history, and provide theoretical
data for the breeding of unique fish seedlings, which further lays a foundation for the protection and
development of germplasm resources.

Key words: Turks River; Distychus maculates; Embryonic development; Post-embryonic development
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BT JE A (Distychus maculates) 3 Jg& T fif

J.H (Cyprinidformes) £} (Cydrinidae) %4
g /1 W Bl ( Schizothoracinae ) HE & f1 &
(Distychus), AFRBEE R, T fpfa (T
FHESE 1998), sEPREMALA KRG 2
J5, BTV A TR R B AN AL K
IKFR, BN A T AL L3 SR s 3] A
B R B SO R BT (FR#RSE 2012),
2021 FE AN E KT 9 E AR K A B A
Y (EFMAL R H4E 2021).

ITAESR, KT B JE M7t £ EE R
WA A5 2016, ;XS K& 2019).
R (EEThEE 2015). N TLYIREFS%
(CFEINEE 2016). A /KRB NG5
BJEl (&R 1997, IR AK - 3 FF A s 2%
2011) T4 (Oncorhynchus mykiss) 254k
PIFPRFEE G| NEFSESE 1998, FARSE 2012),
TP S S 2 SRR B BT UR H
U, FEEECRE SUR R R, ASHIFFTIE I T SR
v 0 B R f VG R B IR IS R B WL SR
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FT, DA B 5 f Ff 5t R OR 7 ST R 1R f
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1 #MRETS%

11 EHERIE
2021 £ 4 AF 5 H, AR R ALE R BT
AR SR VA /K f TR A (B BR K 2 7 2 it 2
O, fK4E TR (20000 HEEAFE . ART
iRt E s faoEfm 12 B, HhErE 8 B, K
(344.11 £ 15.18) mm, AT (510.08 + 60.90) g;
etk 4 B, fAK (289.65 + 26.09) mm, {KHE
(301.69 = 116.64) g, JFREN T 5.
12 ANTE®H
MEP=FI B T8 R, 2L
$1# (domperidone injection, DOM) (2 ml:
0.1 gx 10 30 REAREBME (luteinizing
hormone releasing hormone A, for injection,
LRH-A) (25 pg x 10 32) FIZEE e M iz
(human chorionic gonadotropin, HCG) (2 000
AL 3 MVRAMH. EACRA 2 RES, (8]
BRI () 24 h,  HEEAE B ES, &R
48 h fu A opf .
TRr D HH J #5 F0 ISR v L A T B ik
i, MERELL 102881 3 PR TEARAE, e
PG, TEKMPEZREOP 2 ~ 3 min, Z ORI
KRG AR AL o 42 A5 O -F 4l T TR E AR
KA (4.00 m x 0.80 m x 0.50 m) [ 40
HifZ8 (0.90 m x 0.75 m = 0.10 m) WFILHEN,

WP 2 ~ 4 ki/em’, FOKFEEML, BERA
9.00 mg/L LA F, /KR 15 ~ 16 C. &K 8:00
i 16:00 B AT 24:00 B &5 48 1 Ik, fREFR 2
W, BiIEHERREOOE; R BRIEEEN, LARIK
I
1.3 BUFEFIIER

WO ATAERE 1 h B 10 Kion, B Ts 5
%% (SMZ-140 N2GG, MOTIC, JE[]) T,
1l (PowerShot A3000 IS, Canon, FkifE) ic
KRG R BRHE. fPRUB S, &F 12 h U4 10
B, WMEEANBIEAAR, 41 B & R T
SR (L) IR TR AR (Ly) RN IR B TR AR (Lp) .
YR BE FARFH AR IR 2 DR S (2009) AL,
V = DH /6, X, D AIEHEK (mm), H
NUIE R (mm). MEAGR B S0 BOE SR
M (S 2012), K=NT, R, KK
I CCh), NAREZREF—BrBAra i iE] (h,
T NZK BB 7KE (C.
14 RS

Photoshop CS6 #ATE JrALb#E; Image pro
plus 6.0 I FEFIFHE ; SPSS 16.0 S HrAbF A,
ERPIPIME £ PrifEZE (Mean+SD) KR,

2 ERE545MT
21 MiERE

P8 5t IR AG R B RE R s ks . e
. B/, HIE. AR, B E TR
I 7 ANPYEE, JE26 3 (R 1),

®1 REEARBEAELIE

Tablel Embryonic development of Distychus maculates

FRSZREISE] et 1]

REMB TR ERRAE (h:min) (h:min) F%‘*Ef .

Developmental stage Brief characteristics Time after Time g
o . ordinal

fertilization ~ duration

SR Fertilized egg W, BB, &YW, yiiEn 0:00 0:00 K 1a
Pale yellow, round, transparent, sedate eggs Fig. la
JE#E Blastoderm stage BN i T F B A A 1:06 1:06 B 1b
Animal extremes form a raised blastodisk Fig. 1b
2 ZHHH 2-cell stage RTREE 1 ENA, 40 2 AN 3:20 2:14 B 1c
There is a longitudinal fissure at the top of the blastocyst, and 2 Fig. 1c

cells are separated




30 TR B SRS N R BRI R £ 671 -
gx1
BESZHRSI ] Rpafima] B
REHE [GELSR0R (h:min) (hmin)
Developmental stage Brief characteristics Time after Time 1gure
fertilization ~ duration ordinal
4 A 4-cell stage RN K PRI ) 3:40 0:20 & 1d
Four cells of similar size Fig. 1d
16 ZHAIH 16-cell stage 16 N R/NHABL, PRARAE /N 4:22 0:42 le
16 similar-sized, shrunken cells Fig. le
32 A 32-cell stage ZRRLN, 32 AR 4:55 0:33 & 1f
The cells were divided into 32 irregular cells Fig. 1f
ZHAAY Multi-cell stage AR LE T2, AR 6:48 1:53 K 1g
The cells continue to divide and the clumps swell Fig. 1g
FER I Early blastula TENE A PR =B IR, AR R, SRRAN 8:38 1:50 &l 1h
Blastocyst protrusion concentrated into a "high hat" shape, the Fig. 1h
number of cells increased sharply, the boundary is not obvious
T Middle blastula IR, PR/ N ACSE ] 10:32 1:54 li
Protruding is obvious, the size of both sides is basically equal Fig. li
)5 Last blastula LR )Z I U R M R A B 16:50 6:18 1j
The blastocyst spreads along the surface of the egg toward the Fig. 1j
plant pole
JE - Early gastrula BZ T 173, RHHI, @50 24:36 7:46 1k
1/3 of the hypoderm is enclosed, and a ring of the embryo Fig. 1k
appears, enclosing part of the yolk
JR 7 ] Middle gastrula EETH 12, WEEHRB 29:33 4:57 & 11
The hypoderm encloses 1/2 and the blastocyst appears Fig. 11
JE A Last gastrula R EEA IO, BEMK 35:38 5:55 B 1m
The germ layer encloses most of the yolk and the embryo Fig. Im
shield elongates
/NGREEAEH Little egg yolk plug stage  HIPIMAMYEE /NN E,  TE AR IH 2 A4 43:19 7:41 Bl 1n
Only a very small yolk is exposed at the extreme of the plant, Fig. In
forming a yolk plug
#HZE I3 Neural embryo formation  FRPRSENGERBETE,  Hirv I KTE sl 54:59 11:40 & 1o
The embryo body clings to the yolk sac and the front end Fig. lo
expands to form a brain bubble
L3} P ] Closure of blastopore EZET 6, AL 55:23 0:24 & 1p
The hypoderm is enclosed and the blastocyst is closed Fig. 1p
LA B Appearance of myomere 22 % W UL 57:48 2:25 1q
Multiple pairs of distinct sarcomere Fig. 1q
AR ZE H I Eye capsule appears stage Sk 353 57 53 7 [ F, - AR 2R 775 Bl 59:24 1:36 K 1r
Both sides of the head oval depression, clear eye sac Fig. Ir
HIEHIY Otocyst stage MRFEMIRE, Jo kPR H3E 61:47 2:23 Kl 1s
Eye sac depression, posterior brain on both sides of the Fig. 1s
vesicular small ear sac
FE 2 Tail-bud stage AR FE SRR, BN BEARAE/N, TE AR 65:53 4:06 Bl 1t
The posterior end of the embryo body elongates and the yolk Fig. It
sac shrinks to form the tail bud
WL %48 ] Effects of muscle stage  FRARTHES B 5 74:27 8:34 B 1u
The embryo body faintly vibrates Fig. lu
HA # Otolith appear stage FEAR P -5 2 AN FTkL 84:48 10:21 v
There are two granulosa in the two lateral auricular sacs of Fig. lv
embryo body
L Cardiac stage Lo Bl H 55 2 5 90:23 5:35 1w
The heart beats from weak to strong Fig. 1w
LRG3 ] Blood circulation stage /U [l Sk ki,  MLRIR 4T € 121:43 31:20 & 1x
The heart supplies blood to the head, and the blood is reddish Fig. 1x
HEHH Embryos hatching NN e 154:40 32:57 1y
The embryo body comes out of the membrane and moves Figure 1y
violently
HiELAF 1 Hatching larvae iR FEAT B MAGER], 41K%) 9.28 mm 165:17 10:37 K 1z
The whole body of yolk sac larva is transparent, with a total Figure 1z

length of 9.28 mm
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211 FREATIRITEARHE B E S A P,
WK, BEERE, wEGO. B, BKE
ik, BR4E4) (3.46 +0.16) mm (n=20) (|4 1a).
STRG G FLRR R R, B K e, BT
155, IURLAM L. A 1 h, AL SR
EEL) I 1/4 (E 1b).

212 GPRBTE KIS 3 h, RS H I
RN, PR 2 AR gE AR, BD 2 4
(B 1e0); MR E IR, 55—k
B R — 02 I, g sk, B 4

LJ

> o = @

i (B 1d); ke %, AR/,
HEZIAKI, B 16 4003 (B 1e); 32 4HfiY,
SHIRANMEZE TR (1D, HR4kaLitfT,
SYRERIGIN, UK EOyHERRRER, AZ A
(12,

213 BB SRS 10~ 18 h, iiffugkst
S, KBENM, MERERAE, AT
(Bl 1hyo IR FE R B, B (B 1D,
BB R AR A Gy R, IREGE/N, L«
Mg~ 55 T OnsedE, RIZEARREI (1A 15).

B1 HEEGKEERE

Fig.1 Embryonic development of Distychus maculates

a. ZKEOP: b. WA c.2 Al d. 4 AHE: e 16 MR £32 MM ¢ AW h. BRI i B . BRI
k. R LR mo I, o WA o ANONERRIN, p. AEFLEPIN; o WURHIIUN; r IRZELPUE; s FRED
Wt RAHW: u DI v, BAREI: wo MRG0y, BB 2 R R,

a. Fertilized egg; b. Blastodisc formation stage; c. 2-cell stage; d. 4-cell stage; e. 16-cell stage; f. 32-cell stage; g. Multicellular stage; h.

Early-blastula; i. Mid-blastula; j. Late-blastulad; k. Early-gastrula; 1. Mid-gastrula; m. Late-gastrula; n. Neurula; o. Little yolk plug stage; p.

Blastopore closing stageo; q. Appearance of myomere; r. The stage of optic vesicle present; s. Appearance of otic capsule; t. Caudalbud

appearance; u. Muscular effect; v. Otoliths formation; w. Blood circulation stage; x. Heart pulsation; y. Hatching; z. Newly hatched larvae.
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214 JFREBB K )E 20 ~37h, FEIEGH
MR SR E ST 13, MRLSE
thERIEER, AERG I (B k). FRER—4h
Mk e, BRJE e (B 1D, R JE B
BER, DA BRI B e, RS
H (E 1m).

215 WEWEPBR ZH)538~57h, BZET
BRI 5/6 kb, THPIMIRTERA, F/NGEEE
e (). “HEE” R, AR
EMFOREEE, NHAEME (B 100. BETE
UREE, MESLAIA, BOARALEAH (B 1p).
216 H{EBHME K5 59 h45 min, JIE
KRR FAT 2 ~ 4 %F, BWHZ, HIL
FHE (B 1. 61 h 21 min, FIEKEERE
BEALY RN, IRFEFCERIE AL, EPERZEH
P (B 1. 63 h44 min, HRJ5 7 FIEZ A i
LR T %, B2 H I 15).67 h 50 min,
GRBEERIVIE, R SUPEERDE, AN
(E 1), 76 h 24 min, WAL A NS,
FEERTRAE, MERL 7 ~9 W/min, JEBHHIER,
EPALA N3 (& Tu). 86 h 45 min, RfAH:
FTNHIL LN ST R, N EA T U
(B 1v). 92 h 20 min, WAL OF 3 Fe kb
OEZ, AOoBks), MEEE, RLOE)
H (B 1w). 123 h 40 min, O f)SkEFALL, I
WRLL A, BVBAERA A (B 1%,

217 HEREB S5 156 h 37 min, {7
I, HENHE (B 1y). HRRT IR A EIR
BRI, IR, GRS, AR,
R O, W RK R, BEEH 3R
2, wEOAEKR, EAREAHE (E 12). NIl
AT R B, K20 9.29 mm, B FAARNTIA
T, MERERRIVH. RN 2R, 5EE
R BT ARG, U3 bt Z IR AT I,
MRERELZ. R, Mg RS R, Tk
T 1 3 R O 5 P 1 55 W 1 Bl = =B =) 8
22 Rfiraak®E

IR, FaRELRER BN, At
RO, RS O S RSO P A
A (B 2). iR, . M. 68, 62, ik
tBER. WIRG. MBEARGERE BT
e, GPEROIR RS E ANETEE R .
221 MREBEHIM GBS, fFAeK (928 +
0.02) mm, PPFEFEKALE (6.26+0.01) mm (n=
20), SR, FimhE KWRERTE, 5 o B AR .
YA R R R IR AR B 12h, IR
B, RS A IIBE SR, R AR
HIE 25 h 36 min, 44214 (10.76 + 0.02) mm,
PR FEKAR (6.74+£0.02) mm (n=20), HPi%
BB G, ArumEERET N, REFHZE
B, RGRERGBRNEZ, RAKHRHE.
222 fREERHIH K 82 h 20 min,

K2 REF&NEIMFARE
Fig.2 Larval development of Distychus maculates

a. IRERGRHIUN; b AERBIU: o SR d P sE e RUal.

a. Eye pigmentation increasing period; b. Body pigmentation increasing period; c. Air bladder inflated period; d. Yolk sac absorbed completely.
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4K (12.57£0.02) mm, JPBEFEKLR (738«
0.00) mm (n=20). kIHHEHIZBIE, -
FERARS S B . B, URTE A
i, ARt R ST
223 #E#mSH 212 h 50 min, {4
£ (14.47 £ 0.03) mm, BPBTELKLE (7.05 +
0.01) mm (n=20). ffAkLHIMERITIRKZE,
EREINER . TR B SR ES, SHUTRRE B
o UbEF, EERASER, WHHIERETE, B
g4, AT
224 BPREBEARWHE HE312 h 15 min,
fFfa4s K (1471 £ 0.04) mm (n=20), HPE
BSE MR, ANEE FRATIE o

RIEFESEE, HEEARRRE TR
RGN, IR, EIIE. M. e
TERCFIHFE 7 ANBY B, 3£ 26 ANETHAL 7K 15.0 ~
16.0 CF, MSZHREEREIIEAL I 167.23 h, FRIR
2 969.83 “C'h, Hr, GPZUHFERS 749 h, TR
136.53 “C-h, FELWIHFERS 8.12 h, FUE 156.59 C-h;
JR I IHFERT 10.50 h, FUE 285.69 C-h; #Z
JEHAFERT 12.07 h, FiE 305.95 C-h; #E 5"
TCIHIFERT 63.92 h, FiE 1018.84 C-hs
23 PEERWSfFaEK

DY S M 2 RE ORI LSS, XTI S A
IUBRAARR . B REAMF KL AR
(3.

ffFfa 4K (Ly, mm) A R$ (D,
d) #FFHRX: Lr=0.50D+9.15 (R =0.90);

IR B4 K (Ly, mm) FIHE S K% (D)
¥ AR Ly=-0.11D*+7.61 (R =0.76):

fFta i (Lp) FORE AR (L, mm®)
FAR: Lr=-235Lp+19.96 (R =0.88);

PR K (Ly) FIUREEEEMAA (Lp) *
3 Ly=0.49Lp +5.34 (RR=0.68);

UNEEFEAAAN (Lp) AIHEERE (D) k&K
X Lp=0.002D - 0.24D +4.67 (R =0.98).

HH AT f0 B B B A K L AR B AR K I K T 9
N CE 3D AFH S 2 d DR BETEREE D
HIEE 6 ~ 11 d, INSEFEHAERCR, JEHREE

16 4

= {ff41 Laval .
14 o JIEEHE Yolk sac .

=
12+
10 -
8 L L}
o o °

6L

0 2 4 6 8 10 12 14 16
Hi i j5 K4 Days after membrane emergence (d)

4> Total length (mm)

15 20 25 30 35 40 45
YR #E{AF Volume of yolk-sac (mm?)

N » w » b
(%] (=) (%] (=] (%]
T T T T T

HH 25 ZE{AFH Yolk sac volume (mm?)
N
o

1 1 1
0 2 4 6 8 10 12 14 16
HiIRJ5 X3 Days after membrane emergence (d)

B3 HEE&AFARE

Fig. 3 Larval development of Distychus maculates

—
(%]

a. MG RBEIMHELK, FEEKIIKR: b, HERS
PSR EAK AT AKIIR R o HIELE RS INHRAERIIR R,
a. Relationship between the number of days after membrane
emergence and the total length of yolk sac and larva; b. Relationship
between yolk sac volume and total length of yolk sac and larva; c.
Relationship between the number of days after membrane emergence

and yolk sac volume.
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HREROK. G 15d, ORI,

K pE H B S RO K. IR B FEIR L
BB, frfekK KR, HAaBma o
i, KD, HIEE 1 ~4dPaEKE
IR E, SN
3 i
31 WEEAZEINRIE

SN A — A 2T v SRR, LT
A5 T TE (1) 2% Y Bk 45 T TE 1 2 (LR S
1964, WIS FIA 25 52 75 TR 3506 008 1 1 )5 A
Uity PR BT IE N o AT FE 5% B B HLJ 57 Y
SR A, ARG BTN APl (ZRAR
WA 2011, FKEEEAZE 2019, #HA- %% 2020,
XEHFE 20200; HFEFESAR T g X 1
/R JE T AR (Triplophysa yarkandensis) (%
AFEE 2015), IR R (T, angeli) (F4E
&5 2009) LK S RS (T, bleekeri) (= REF]
& 2009) FHRL, DREAHINR . RSk
G IR R I R IE R, DLAREEY)
FhaEste

YA A s WA A 3dt AL i R ) B AR )
fiE, B KIHE NIAEE45 R (Yamamoto et al.
1992). AHF5THBEHE A IIRLE 2.75 mm £ 45,
FH KT 45 22 = £ | Gyminodi ptychus dybowskii »
§ifE (2,57 + 0.01) mm] CRIEFES 2020),
A2 24 5 #1 ( Schizothorax pseudaksaiensis)
(1.70 ~ 1.80 mm) (ZAENE 2011), PNTFFM
NG (S prenanti) (BREEEHZE 2019, JI4EA
2.9 ~3.0 mm), FEOHWHAS davidi, IIfE
(2.91+0.29) mm] (FH{= =5 20200, 5% W
Ao TR AR ERARE (P >
0.05). 5 IR ARG, 3 H 5 A G4
BART S (Procypris merus) (FfE 4%
2018) FIEJEEE (P rabaudi) (&= 2006) [
SRt . FURAR A SRR KNS R B
B RN R (ZEER 2006, BREF 2021).
32 HEEBAMKKRERME

R KB AMURK = ShE LR E
AV B SRR, K B A AR

PSR (Bobe et al. 2010) . P JE £ iRfif
REFSGEDTIRETE . IR, TR SR AAE
FHERIE 48 5 T ROF H A B, G841 T VR /KA
HHEMAG KGR (de Martini 1991).

XL E R IG K B A H, HGE
AL IR B SN 22 °C, XS H T I EER
Biooe e ST R & KR A BIR. BE
HIFAEKE SRS, HIERT I,
53X NO2EMH GRES 2019) —5, H5H
SRR B R (X TR AR S 2020) AR AL 2405 f0 (5%
MRS 2011) M) HBEE S L E G
PYBL, R, X S5HEEEn URE
25 2020) HAIZLIE M CZEMRENEE 2011) AHLL;
SRIMSF &G H GRS 2019) FIE NRUE
i (B R5E 20200 H 7 IR R H AR
[IHRFAIE , 1% 5 f RFR AR 8 (IRIESE 2018).,
33 HEEAMERERE

WIAT- /N o] 5 BiEsl, HEBRSE
PRBHREE MREZE 2018, HHEHEMEE 2020).
B BT 4K (9.29+0.02) mm, 55%
FZ4fE (9.0 ~10.0 mm) CGGKEEIIZE 2019) #H
Bls FETHTERARE B A (10.79 £0.07) mm (X
A 20200, HEOZEH (11.00 + 0.18) mm

(F= =55 20200, HENBE E 5 )47
NG TEY ] E i AT R e A

P 5 R R GBI 15d, H
I | ~ 4 dik KA KSR, ULIAWIIAT 1 ~
4 d g A K R R R B NIRTEE IR TR R
GHRVE TR B, Hi T8 48 (L iz s i
AT, WRERIraeE, HAKREG

(Hodson et al. 1986, Enrique et al. 1987); i
JEJE 6 d, A7 RSSO s 3, A R
(Farris et al. 1959). PIE S HAEE 15 d 5
HRHFEIA R, 5RiA2E M (S connori) (7K
Ria 2011 MEESHESH (G pachycheilus)
CrkHEPESE 2013) BB FETH FESRSFENS 22 7 A
wE (P> 005, 5 (Aspiorhynchus
laticeps) U JEH FE5R)AERT 8 d (HEEZE
& 2021), EHARIEMA (S biddulphi) #E
8 d CGRAEMESE 2021). HERIEMA (S
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lissolabiatus) #EfT 8 d (HIZ2 445 2013) FiI5%
DI EmFER) 7 ~ 10 d GRS 2017) M
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