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Tab. 1 The embryonic development features of Ptychobarbus dipogon
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S ffa 1 3.25(13:15) 13.77 Hgg'ﬁzkk%%, TERR2HESAN 7 24 EK, A 5% 328 ¥ 1) L 40 B0 S
(IR T -6)
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Tab.2 The larvae and juveniles development features of Ptychobarbus dipogon
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A8 & H BlBody pigment 1 4:K:(12.44+0.15) mm, ATH{$9.39 mm, fLJ51£2.78 mm, 0> F55—60{K/min, 477
fi & 15 Pectoral upward 60X}, WIWFEAT-fa B te i BE, M tig [, SLEpiif S On e %, Gk B ST, N B A AN
it 7% B H B Operculum B, [ 2R . O OB ERR 1T-1d-2)s L= (ERR 1T-1d-3)F#E ik EE (E
T 3 B Underjaw W AL-1d-5)H B, A7 TSk T o GRETRERT Ty, ML AN IR V2 8 DK 3 ik ) iy 2
primordial BNk ) i AR S5 SR AL, 1) J5 9 ] R B ik, R B BT I, R NREIKET R T A
Tk, 7R 175 R B S ET E BT A, 8 g IR N bk 32 [
W, 0 2% B AT AR AR A AT L S (AR L -1d-4) 0 SkEB5EJE 1/3 40 AT WA & (AR 1T -1d-
TSI, WA FL(FE AR 11 -1d-8) AN 55 B (Kl i 11 -1d-6) 3235 0 ol W, BAy b7 B ERIR
HE (IR 11-1d-9), FAEFE(FIRR 1T -1d-1) 3. i B BAE KR, FSRE, 1t
AT f oy PIIRE 92 7 2
it 5 Ji 2 HH P Branchial arch 2 4£:14.81 mm, LA 11.14 mm, AREE 1Y B 4£0.40 mm, /0 62{K/min, HEEEEE 5 JF 3
primordial (PR TT-20- ) L ELFT UL, PR LA 5B 52, FR 04 52 °F 5.
81638 H B Alimentary canal 3 OEE60—65 UK /min, JHAIE (B 1T-3d-3)8 &2, T 77 H B I ik & (P e 1T -3d-2),
JH M U Jir 2 B M FLAR MR, AR 1T-3d- 1)K, DI 3E 28 IR0 R BT AR IR, RV TG 21 0P 3%
Hepatopancreas primordial ?LE"]E&%(@W&H—M#), a1 7 B, B 1 K BB WY, iEshRe it —4
M58 o
HEHL H LGl raker 4 424:15.48 mm, JLATH11.39 mm, fT/54:3.91 mm, 02 #60—65¢K/min, AR &A1 40
AR 2R 2 H BiBody 85 4%, G55 A H B R D SR (BT T -4d-1), FMTI0E, Sk e i, 65 56 (4
pigment cell mass K, O MEFE T I i, AT B4R AT B RO 2 i € 3R [ (R A T -4d-2), 2 468 1) 26 SR 2%
UM 2T b,
I, WEL R, 5 (B AR DL -5d- DB R R A2, OANGRETK S, T Al et sh, o822 (B R
Stomatodeum, Gill filament 11-5d-2)JE i%, FECo i, A7 AR B b A sl RO R
MatERE . iERE . HEiERY 6 NN 3 sh B4R AR R, T2 (EIRR 1L -6d-1)37 W, HR AT 00058 vk, fid iRt
H BB £2 Elastic thread of tH I EERE HaZ WG K, RRHE o, FEREREREAN K, O B R 4k SIS 45 T O #2 B
pectoral fin fold, dorsal fin PEIRIEE K, SLE8. B EREMB OB AR, 2R, K, T aamss, i
fold, pelvic fin fold FERE . THOERE. EEERE IR L2,
E U H HINose concave 7 SRR T -7d- 1) B, A7 FHRFT 5, 8822 i fm o m o, 68 5% 55 B ar s ik &,
TR B H I Astral PR LR PR B AR (EIR 11-7d-2), kst — PR, g — PR, 15
form pigment group G B A Ak B IR B e A M (i 1T -7d-2), EHER R 5B, A1 fa ] DL R
3, IR A E IR,
2 i JR 3 Hi B Swim bladder 9 Sk B SR B S 2 3K, IR TG BN, M /5 H0 90 B e v A — e, DB g
primordial (B MR 11-9d-1), Y4638 A 200 HLA 4508, IS A 1 B I ACE e, AP A
. HEETRS) LA V-4, fE 2 BB £ .
JRHERE ST U5 P Tail fin 11 2 0 8] (0] AN BT R T BB %, T LS B A A O s A B T Wik, B 4 I
EEMIRS AN F.
55— =2 1 Il Swim bladder 13 5 — 2= (IR IT-13d-1) 3, (L 3R A 52 o IRAEEAR WG (AR, FEBEE T ALK 5k & 0 75
one room FEi, BR B B EIR, IRGE R o 2 B IR, A7 T Bz, YA R 9k B, e A1
MU T B Semicircular A EE R I, BFWT L RS R BB TE, HREN ISR,
canal
% )51 5 H Bl Dorsal fin 17 B BN T -17d-D) I, BB CEE S . N8 I 65 2% B 2, 7T 0 668 S s . R
primordial IR, REEEAS AL B BOR. NIEW, Eegass, I85E sRa g,
HRAEZE I AR A AL BT T ] AL, PEFFR IR O, A HEE I HE
i % 4 2% i Bl Pectoral 19 #1251 -19d-1), 855 F 1] 0L M BRSO .
fins#2 — %5 tH I Swim
bladder two room
i B4 #5745 K Pelvic fin fold 21 G B IH O, T HEE W O 5, AT Ak B BAR G, HAE (BRI -21d- DI, BOEA
became bigger #EW
Rt Ji7 5 HH Bl Anal fin 28 WA, B 3K B R, AT AR OK, AT ok R AU i B, SR I — A
primordial B YRR LU BT (IR 11 -28d-1), REEEE 252056 /40, I EER/I, 4M& RER IR,
JRHE Y Bl Spleen i[5 5L H I3 AR SR e, MR AL R Ty L 6 S i (VI B 1T -28d-2), WMEBEFL S 7 H
i % J5 R 1 B Pelvic fin PR IR B (B 1 -28d-3). #8855 b B — 45408
primordial
£ i B Lateral line 29 B S SR, A R L — A BRI 2R, (IR 1T -29d-1).
1268 th B Pelvic fin ray 33 Bl ]I ARG B 11-330-1). FETBAR KR, 1L AR, 7
g‘B ] RIS 5o
g% Jv th B Scale 34 W22 N AT L IR IG5 8 (R 1T -34d-1), S AL TE RTSRIES K, 5o /0, % F %
WA T Oy In) b A, pR e v B L )
38 WAL S B 2% B ), JEAE M LI A, B ORI AN (1 26 8L
76 SRl a5 B XA, AR I o, R G, B B SRR
BT S PR, PO IR e IR R . FRAT S JI5 £ 7 o} e SN Yo} £ A (1) B ] B A B 2.0 mm,
THAR I, BAREE — 8RN 5 =2 il (1) N JA B — T PO R 5 8 O BRI 172.0 mm. XA 53 4

AN VUSRI K, A74E 5 2257 (P<0.05), (A2 —ANAEE UL, AR SR TR N, T YK 5K
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Tab.3 Comparison of embryonic development between Schizothoracinae fish and Barbinae fishes

I G oK AR

Bt R

£ 25Fish X5 Code  UIFRED FELNH EDI SR BPA  BFURAT Data soutce
o %4 Ji5i 11 IV B} Schizothoracinae
o o ZLI5 11 J& Schizothorax
BB . Schizothorax lissolabiatus Fish1l 2.20 8.50 3.20 1.00 2189.76  CHR[44]
5% H 245 fa.Schizothorax prenanti Fish2 2.95 11.00 4.20 1.25 2211.00 XHk[32]
VY )11 Z4HE 01 Schizothorax kozlovi Fish3 2.65 8.30 3.70 1.05 212550  SCHR[29]
if: iﬁ%fi%awma) biddulphi Fish4 1.75 7.50 2.75 1.00 1656.20  3CHR[36]
% ZINE 0 Schizothorax chongi Fish5 2.80 10.00 3.75 1.45 2108.00  XRR[27]
ﬁﬁ%hﬁffx pseudaksaiensis Fish6 1.75 7.90 3.03 1.28 2510.00  3CHR[41]
S BE 8 Schizothorax o connori Fish9 2.92 8.97 3.72 0.80 2656.80  SCHA[42]
SN A Schizothorax o connori Fish10 2.40 9.84 3.67 1.27 2451.00 CHR[50]
$ir e B 8 Schizothorax waltoni Fish13 2.95 10.67 4.03 1.08 2004.00  SCHR[S0]
& WIZ4HE 6 Schizothorax grahami Fish14 2.70 11.10 4.01 1.31 2556.00  SCHR[38]
/NEERG . Schizothorax parvus Fish19 1.90 7.50 3.00 1.10 2495.37 CHR[33]
RN 8 Schizothorax wangchiachii Fish20 2.70 11.36 3.68 0.92 2539.98  CHR[49]
¥ 058016 4 Schizothorax wangchiachii Fish21 2.36 8.70 3.68 1.32 356530  SCHA[47]
$6 20245 £ Schizothorax wangchiachii Fish22 3.18 10.88 3.96 0.78 2633.68 Hik[48]
o o YL E J5 11 & Gymnodiptychus
Ggy }fﬁiﬁcﬁfus pachycheilus 2.50 - 4.41 1.91 1962.00  3CHR[45]
o o VAL i 1 J& Schizopygopsis
HI R LA Schizopygopsis pylzovi Fish7 2.30 10.10 3.20 0.90 2727.50  3CHR[40]
B B L Schizopygopsis pylzovi Fish8 2.20 11.20 3.20 1.00 3880.80  ICHR[39]
oz W2 2
S%Z;zfi)z}ii malacanthus baoxingensis 3.41 8.39 B B 4006.15 SCRR[37]
giﬁi@i younghusbandi Fish12 2.50 10.86 3.54 1.04 3038.50  3CHR[S0]
o o L JT Oxygymnocypris
RARIE Oxygymnocypris stewartii Fish11 2.57 10.27 3.22 0.65 272640  CHR[43]
o o MR J& Gymnocypris
FRE LRI Gymnocypris chilianensis Fish15 1.94 8.20 3.24 1.30 2429.15  SCHR[46]
AR EE Gymnocypris potanini Fish16 2.80 8.00 4.00 1.15 2520.00  SCHR[31]
H AL Gymnocypis przewalskii Fish17 2.10 9.05 4.00 1.90 2574.00 SCHR[30]
e oI i 4 J& Ptychobarbus
XU Zi 8. Ptychobarbus dipogon Fish18 3.80 12.50 5.17 1.37 3360.20 A5
o o )i ) 1 J& Aspiorhynchus
B8 ) 8. Aspiorhynchus laticeps Fish23 1.87 7.50 3.37 1.50 2511.04  SCHR[34]
a8 V) fa Aspiorhynchus laticeps Fish24 1.60 7.50 2.70 1.10 2000.00  3CHR[35]
ofit V. £} Barbinae
oo (. E i JB Acrossocheilus
fﬁitoi%lus Junnanensis Fish25 1.93 7.50 4.05 2.12 2019.00  3CHR[S1]
oo 4t & Tor
445 €61 Tor brevifilis brebifilis Fish26 1.80 6.60 2.60 0.80 151480 SCHR[S2]
o o B il J&B Spinibarbus
AT IR Spinibarbus caldwelli Fish27 2.00 7.40 3.00 1.00 1199.10  SCHR[S3]

7E: (1) ED: Egg diameter (mm); LNH: Length of hatched larvae (mm); EDI: Egg diameter after inflation (mm); PA: perivitelline space
(mm); AT: accumulated temperature (h- ‘C); (2)7#% H £4# /& *F-#){f The data in the form are average values
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J& T RO . G 0 TR0 28 X ) T 60 TR
FEIR A RAE T LI TRVE GBI A P % B A
BT MR Fr, BRONE B, e A R
3 LK PR 5 e ST A 5T B KR B,
MR8 I R AR (KRB, DU 68 AT 8 7 A eI ) /)
G, 7 TR SR RERAE DTN T IR IG K B
M 8E G 1 R K I i BUVAT L 90 ) AN 3 B P4 5
ZPT BRI 0 b, K B 0 e g R

FE3—5 F1 43, 0 SE Y60 G AU 230 #87 G A o A
3 HT A, HAKIRAE XA I AL K, KR
DO TRAN, FEF TR BT I R K T =, TUARAE /D
DU B 18 0 A 4 R B I 2R 10 52 8 D AR B A
SEARM AR T, Il T A8 SRR R AR ES 7Otk
ARG S 8 o T DU K 5t BB T IR (E oK 4, 2
PR Ry, R BT B0 R PR3 2 Ok B
MR

1.0
09 t
0.8
0.7
0.6
05

Fish23
F1sh33

Fish6
Fish15

04 | _F1 F2 F3

F4

0.3

SRR

1014 9 131 5 2 6 3 7 4 8

11 15 12 16

K1 e WR SRR § EESHSOMES,

Fig. 1

SOM cluster of key parameters of embryonic development about Schizothoracinae fish and Barbinae fishes

a. iR PiwardBk R 5%, KBRS AT R 2001, S U2, b ARTE O R . WIFpAT @K B, MoK O R, O & B BR324 08 fa 30 R}
5030 R 2RI R R B 1T SOMEEZK; Fish1—Fish275 W% 3

a. Dendrogram of the hierarchical cluster analysis according to the ward linkage method using Euclidean distance, defining four cluster; b.

Classification of embryonic development about Schizothoracinae fish and Barbinae fishes. Based on egg diameter, length of newly hatched

larve, egg diameter after inflation, perivitelline space and accumulated temperature; Fish1—Fish27 referred to Tab. 3

F4 ETSOMERU ARG KRR L BHAED T

Tab. 4 Characteristics of SOM clusters for four groups fish embryonic development

1B ¥rIndex F1 F2 F3 F4
§i4%Egg diameter (mm) 1.88+0.21° 2.09+0.32° 2.9140.43" 2.6240.34"
7 e /. BF
BIRHT 1<% Length of 7.5£0.6" 8.16:0.58" 10.44+1 39° 10.52+0.82°
hatching after larvae (mm)
"UKII4EEgg diameter after 2.88+0.23° 3.58:0.38" 4.1240.5" 3.5:0.3°
inflation (mm)
Up i ilPerivitelline 120.11° 1.5£0.38" 1.2740.13° 0.8740.14"
space (mm)
] ye a a
ik Accumulated 1842.54+474.91" 2533.43£501.56° 2587.174426.83 2886.24+465.37
temperature (h-°C)
SOM SIS RS R R & FRAE n°
F1 Fishl, Fish4, Fish19, Fish24, £ &8, RWfa)g, 4 IR/, YIWAT KRN, ik
Fish26, Fish27 J&, {305 S0 IKERAR/N, BRI BRIE H, A 6
"o,
F2 Fish3, Fish6, Fish15, Fish17, 8 )&, HElE, Rt IIEED, v A KEE
Fish21, Fish23, Fish25 &, JeIE g R, WK BRARIE R, O B 7
R, BRUEE
F3 Fish2, Fish5, Fish10, Fish13, 5 &8, -2t g, RuRET R4 K, W17 KB G ,
Fish14, Fish16, Fish18 J&, s WK BRAE K, BRI BEE , 7
RIS .
F4 Fish7, Fish8, Fish9, Fish11, Zff )&, )R BRARIE R, W17 R,
Fish12, Fish20, Fish22 WK BRARE R, B A BN, 7
PRZ.

VE: e RIRFEALL

Note: n°: Number of samples
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log(AT)=0.1938 ED+2.917
R2=0.4199

W W W
[V e NS |
.

.

SRR A
Log Koc of accumulated temperature (h-°C)

wow W
[[SIERTERENN
®
.
.

(5]
—_

w

1.9 24 2.9 34 3.9
[Uikes
Egg diameter (mm)

_.
IS

P2 ZE 0 TR 585 6 TR} £ 5% O AR LS AR RN 6] 5C &
Fig. 2 The relationship between egg diameter and accumulated
temperature about Schizothoracinae fish and Barbinae fishes
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CHARACTERISTICS OF EARLY DEVELOPMENT OF PTYCHOBARBUS
DIPOGON IN XIZANG AUTONOMOUS REGION

LIU Hai-Ping', LIU Meng-Jun’, MOU Zhen-Bo', LIU Yan-Chao"*, CIREN Luo-Jie*, LIU Shu-Yun’,
LIU Le-Le’ and RAO Chang-Wei’

(1. Institute of Fisheries Science, Tibet Academy of Agricultural and Animal Husbandry Sciences, Lhasa 850002, China; 2. Institute
of Livestock Research, Tibet Academy of Agricultural and Animal Husbandry Sciences, Lhasa 850000, China; 3. Tibet
Agriculture and Animal Husbandry University, Nyingchi 860000, China; 4. Azha Township, Zhanang County,

Shannan 856000, China; 5. Tanggu Township, Linzhou County, Lhasa 850000, China; 6. Tibet Animal
Epidemic Disease Prevention and Control Center, Lhasa 850000, China; 7. Pangduo Township,

Linzhou County, Lhasa 850000, China)

Abstract: This study provided technical support for its scientific protection and rational development through explor-
ing the embryonic and larval development characteristics of Ptychobarbus dipogon. The result indicated that the egg
diameter reached 3.7—3.9 mm, and egg diameter after water absorbed could reach to 5.1—5.3 mm. The hatching of
egg taken 336.02 hours at temperature of 10°C. Based on external morphological characteristics, embryonic develop-
ment were separated into 7 stages and 34 periods, including cleavage preparing stage, cleavage stage, blastula stage,
gastrula stage, neural embryo stage, organ differentiation stage and hatching stage. Characteristics included newly
hatching fry with body length of 12.4 mm, 1 day fry after hatching with pectoral fin upwarp, operculum, pigment and
underjaw primordial appearance, 3 day fry after hatching with hepatopancreas primordial and alimentary canal appea-
rance, 4 day fry after hatching with gill raker and body pigment cell mass appearance, 5 day fry after hatching with sto-
matodeum and gill filament appearance, 6 day fry after hatching with pectoral fin fold, dorsal fin fold and pelvic fin fold appea-
rance, 7 day fry after hatching with nose concave and astral form pigment group appearance, 9 day fry after hatching
with swim bladder primordial appearance, 11 day fry after hatching with tail fin appearance with pectoral fin trembled,
13 day fry after hatching with swim bladder one room appearance, semicircular canal formed, 17 day fry after hatching
with dorsal fin primordial and pectoral fins formed, 21 day fry after hatching with larger hyomandibular of pelvic fin
fold, 28 day fry after hatching with spleen appearance, 33 day fry after hatching with pelvic fin appearance, 34 day fry
after hatching with scale appearance, and no difference for the fish 85 day after hatching. Egg diameter of Ptychobar-
bus dipogon is the largest one among Schizothorax fishes, and its perivitelline space is smaller than four major Chinese
carps, which may explain by cold environment at the plateau uplift.

Key words: Xizang Autonomous Region; Schizothorax; Ptychobarbus dipogon; Embryo; Larval and juvenile; Early
development
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Plate |  The embryonic development of Ptychobarbus dipogon

1SRG O, 2. OB R B BROR; 3. IRAEREES; 4. 24 A, 5. 440 HH; 6. 8AHMLHA; 7. 1640 HA; 8. 32401 HH; 9. 644HffLHA; 10. Z AL HH; 11.
SECHA; 12, FERR LA 13, I, 14, FERRRGHH; 15, J5Ul R 30; 16. IR P, 17, ISl A 18. s IR, 19. #4715 B, 20. IEFL
BT, 21 HRJFIE B 22, BRPE B 23. WrBE ), 24. AT BLIYL; 25, R AF HH LY, 26. IR At BLS; 27. WILAAAOSE A, 28. 0o i
JEEE B 29. RN 30. Lo 0 31, MR I 1 LAY 32, IO, 33. LA 3E; 34. FEATEEREI; 35. I IE/E (16-1); H&R(18-1);
PRFT(19-1); WaiE R FE(20-1); HRIREE(21-1); Wr2E(23-1); H AT (24-1); R AR (26-1); FElCo s (28-1); ok SR FE(28-2); MRFE(29-1); Hiil i Ji 5
(31-1); WALIE(31-2); ATHR(32-1)

1. Fertilized egg; 2. Perivitelline space maximum; 3. Blastdisc stage; 4. 2 cell stage; 5. 4 cell stage; 6. 8 cell stage; 7. 16 cell stage; 8. 32 cell
stage; 9. 64 cell stage; 10. Morula stage; 11. Morula stage; 12. Early blastula stage; 13. Mid-blastula stage; 14. Late gastrula stage; 15. Early
gastrula stage; 16. Mid-gastrula stage; 17. Late gastrula stage; 18. Neural embryo formation; 19. Metameres appearance; 20. Blastopore
formation; 21. Optic anlage; 22. Eye bud formation; 23. Otic vesicle phase; 24. Otoliths stage; 25. Tail bud stage; 26. Eye lens formation
stage; 27. Muscular contraction stage; 28. Heart rudiment stage; 29. Olfactory capsule stage; 30. Heart pulsation stage; 31. Pectoral fin stage;
32. Anal membrane stage; 33. Blood circulation stage; 34. Caudal fin fold stage; 35. Newly hatching stage; Embryonic shield (16-1);
Notochord (18-1); Somite (19-1); Brain vesicle primordium (20-1); Eye primordial (21-1); Otic vesicle (23-1); Otoliths (24-1); Eye lens (26-
1); Cardiocoelom (28-1); Cardiac primordia (28-2); Olfactory capsule (29-1); Pectoral fin primordial (31-1); Alimentary canal (31-2); Anal
membranae (32-1)
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Plate I  The larvae and juveniles development features of Ptychobarbus dipogon

1d-1. FHURE; 1d-2. 0 55; 1d-3. 0 E; 1d-4. M5E; 1d-5. §#KSE; 1d-6. B8 58 ; 1d-7. B1E; 1d-8.MAHFL; 1d-9. FH; 2d-1. 68 5 F2E;
3d-1. FA; 3d-2. FFBEAT R 3E; 3d-3. JH4bIE; 3d-4. I3 4d-1. B840; 4d-2. R RN Sd-1. DU 5d-2. 8842 6d-2. HtE#E 6d-3. 1
fEFY; 6d-4. MEERE; 7d-1. B11; 7d-2. BEORGER]; 9d-1. ST JEEE; 13d-1. 82— 17d-1. 1$IE R 3L, 17-2. IIEEE 5% 19d-1. B,
21d-1. HAE; 28d-1. JRIF; 28d-2. fE#E5IIE; 28d-3. /BB JFIIE; 29d-1. MI2k; 33d-1. IREEHES%; 34d-1. % A

1d-1. Underjaw primordial; 1d-2. Atrium; 1d-3. Ventricle; 1d-4. Blood sinus; 1d-5. Venous sinus; 1d-6. Operculum; 1d-7. Esophagus; 1d-8.
Cloacal orifice; 1d-9. Cochlea; 2d-1. Branchial arch primordial; 3d-1. Underjaw; 3d-2. Hepatopancreas primordial; 3d-3. Alimentary canal;
3d-4. Blood vessel; 4d-1. Gill raker; 4d-2. Body pigment cell mass; 5d-1. Stomatodeum; 5d-2. Gill filament; 6d-2. Pectoral fin fold; 6d-3.
Dorsal fin fold; 6d-4. Pelvic fin fold; 7d-1. Nose concave; 7d-2. Astral form pigment group; 9d-1. Swim bladder primordial; 13d-1. Swim
bladder one room; 17d-1. Dorsal fin primordial; 17-2. Pectoral fins; 19d-1. Swim bladder two room; 21d-1. Hyomandibular; 28d-1. Spleen;

28d-2. Pelvic fin primordial; 28d-3. Anal fin primordial; 29d-1. Lateral line; 33d-1. Pelvic fin ray; 34d-1. Scale



