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Fig.1 Sampling locations in the Yarlung Zangbo River
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Tab.1 Embryonic development of Glyptosternum maculatum in Tibet (water temperature 13.1-15.0°C)

E AZ A B ]
s KB /(h:min) EBRHE 2
No. development stage time after major characteristics Fig. 2
fertilization
L R fertilized o 0:0 BUE R TOHEDE, JLTP R, L4 & GRS . A INBOKERK 11
A 9 T RBHURORIE, Sb IR A R 1-2
2 JR# blastodisc phase 320  JFEAFUFIRE SR E T, BEEEEIER, EEIE 22_:;
3 240l 2-cell phase 5:20  ABUY AN F/NHSE I A0AE, 40 ) AR B 3
4 AZAMIY 4-cell phase 6:20  SPRUBM 2> ffA . K/MHAERT 4 A 4
5 8 #4ififaill 8-cell phase 745 SRUERL 24 HEAG . R/MEIE L JRARARAIRY 8 A4, Wi 4 ASAnfFE N, 5
6 16 #ifull] 16-cell phase 9:25  SRUBM 44 A . KNI . JBARAAMRIAY 16 4K, 6
7 32 40/ 32-cell phase 10:25  SRUEAL 4>8 HiAE . KU/NMHIE . TEARAHRIM 32 A~ 4HAE. 7
8 64 4Nfll 64-cell phase 11:30 AR AR/ MR — H I IG & I B 08 B 2 31 8
2 40 b . AR IN BN B R, kBN oL, BRIV E M
9 X 13:00 9
multicellular phase R
10 BERREL 18:00 S RB A EH R £, A i A PR AR, 20 A AR R, 10
early blastula phase ' ZEFEBR b, H 550 FLRR A
1y BERReh 2420 JVR 5 200 0L ) o B T O, S R 1) R T R IS S AR i, L O ] Y B 1
mid blastula phase ’ FRAKIE A 5
1o R 29:20 JVS 25 200 e BB A P T R AR R, AT R R, AROP B R R L 1
late blastula phase ' WG F A B R o
13 R 48:20 RS AN AR ST R ) PR, AR E Y U3 kb, gIRRIEEY—, 13
early gastrula phase ' LNE AR,
JE—— RS AN N IR B2 12 kb, AUHRJE R SR A g RIS, TE AL a1
14 AT 58:20  WEFRCAUMLZE S TR AL AN RO R AN G, AT B S AR R

mid gastrula phase

RS o

(FF£E to be continued)
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e iG]
75 K /(h:min) FHRHIE 5l 2
No. development stage time after major characteristics Fig. 2
fertilization
5 JE g 6 4 63:30 WRELAN M N IR ER #E 2/3~3/4, WG MY &R, W3R T ik4E, CE 1541,
late gastrula phase ’ FRA I EARPEA, BN EIY, EZEEEE R, 15-2
16 HPZLICH neurulaphase  71:25  REEANIOAKZE FOL, BOHCEIEAI A, HLAMRIZHE L LA o
JOLS 2
17 appearance of myomere 80:20  HRARTYER b oA 8 B 2~4 XYY, SKERTFIRRE R, B S 17
phase
AR 20 20
18 appearance of optic vesicle ~ 84:30  TERAAHT I WM WO B3 BRI PER TS, TE /MR 18
phase
19 MEALETY 88:20  WRELANN FEL5EM, BEFLOGH] . FEUK K RE k00 172, 19-1,
closure of blastopore phase 19-2
b EH B 103:30 WA I v 5t 2 IR BICER, I 2 i B T OR B, R IR ARG S v O 20
appearance of tail bud phase ' 43 W Bl 1) P A
LR uER )
21 appearance of otic capsule ~ 106:30  MRRAKZEATK, TENRIRRETIZ) 1/4 Ab, 500X FR 1 S B R 2R 55 21
phase
2o WLARLE 119:25  JRARTT AN S RS N RHLED, BURRE . IRRARSIER, LTHZ 22
Muscular effect phase
yy DHEBMRIRN] R, ARG N I I T A O, O
moé)netar?]nce of heart rudi- ' PR, AER AR, IR
phase
- OIETF IR S B Bk ), BEE KB RRIAGRS I, (O REE ) it
o0 OHW 134:20  EWHK, BEADBURENINIL. B, 7€ 0.0%H9 NaCl USRI, 2D
P P LGV it T 2 5 0 A 8 3000 185 00 U A P, 35 5 W 1
o5 HAOHIN 146:00  EHIT AL LFANE A, TR L 25
appearance of otolith phase
’ gﬁiﬁﬁﬂfﬁﬁe s tomo | TRAETTHNBLAIY A0 MR RN RS | SR BT, T 261,
Dhase Y LV A 8 SR AR K, 20 4 4 26-2
Ji e 5 1 BRI
27 appearance of pectoral fin 174:30  FEHRJE R A XFRE BT H 5k, Mg R B, 27
rudiment phase
" . . VA 0 23R A ol JIRE AT MY, 2 3 e o) 4 A T 90 i Sk S B B I, A1
26 iR hatching phase 21580y g s, BRHIIFSE 12 h, AU B IRSER T UL, 28
221 ZAEURRMET  PREEEGkAAGN R FE, b ANE RO Z R 57, BKIE B A2 R R

AT 3.10~3.60 mm, W BIRE M, H L4 H A,
DUMEDE, DRBTI5) oA o A DI 3 7K I 7K
R Mk, BN R OR, E A2 O BT Y BN AR S T TR
RS )2 BRI (IE] 3)0 20K B K B K 5 IR A T
4.80~5.60 mm, Hrf, PJJZIPAEJE 0.10~0.17 mm,
HMZBPEIE 0.80 ~1.10 mm, P4 )2 B B LAy, T
SMZOPIE LRI, B OR, E A R A
SN, A S W RRE K A R i A NSRS B,

2-(1-1,1-2)],

222 MREREME MIEFZH MDY ER,
BERIE G & B 1 o — IR, IR a2 RDE,
PR [E 2-(2-1, 2-2)].

223 BIHME WEIFHSZ, MREEHMN 2
UMW BRI 2, HETCIREWOTEG kG 0
SLVRBBETIN, or24 0 A AR B AR /DN, 4l
Jffa] AR A S B, 412 S R R AL (1A 2-(3, 4, 5,
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6,7, 8,9)].

224 FHEMEE  AMORWIZ, 40 ) A R AR
RN, 2RSS, REERREE
AR B, 25 40 M T O 0 A 4
J7 )2 T A, 4 )2 A i O B TR R
S )22 AR 1R 2-(10, 11, 12)] .

225 [FEBEME 4EEME T ERKL 13
Wbk, MG E B AT IEIA B . W8T E %
0 IV 26 2 S g B rh G IR, B TR U IR, 5 i

TR = AR IR . W2 4REE T ik Bp
B 2/3~3/4, TERUBIZLIE B« BR LR, G A b
TR . 76 J i e 10 RKs ik A 22 IR, AT D Ak
2 U0 BT BA W Rl 1A 2-(13, 14-1, 14-2, 15-1, 15-2).
226 MEREEME AWML EERESE, b
JZORIETE AT, IREL AN Ak S ) T e, Rk
2 )23 6 2 )R AR B LT R IR R S FE
M, HECRBIRIE 2-(16-1, 16-2)].

227 BREFEEAME INLEMERREA

(5% to be continued)
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(££I# 2 Fig. 2 continued)

K2 PUECRBEEBIR G K B I M 3B SRR
1-1: ZAEON; 1-20 ZAEONMOKIZNK,; 2-1: FRE; 2-2: IRELRER,; 3: 2 ZHAuIb; 4: 4 4HM0I0T; 5: 8 AHH1I; 6: 16 ZHAEIN; 7: 32 4HjE
1; 8: 64 ZUHEIN]; 9: ZA0MEI]; 10: BRI, 10: FEAR Y] 12: RIRHE); 13: R R 14-10 R P, MIEDWL; 14-2: 5
RO, W, 15-10 RN, MIEDW; 15-20 A IEIA, T, 16-1: MR, MEE, SNZIREE SRR IL; 16-2: 4R
W, A 170 WU, Wik LTS 180 MREE M I, #iSORIREE; 19-1: IRALE AT, MmN, kR AAL; 19-2: iR
FLEPI, P, FikoRE AL, 200 RAFH I, ®ikoR BA 21 B W, #ioRH 3, 220 JLAKON; 230 MR
SEW BN, W koD AEIEIE, 24-1, 24-2: O 250 HOE B, SR HoA, 26-10 HRE PRI, SR HRES I, 26-2:
LT AR LI, 27 Mg S s I, 7 ko Mg 0, 280 RN, LB R: 1 mm.
Fig. 2 Embryonic development of Glyptosternum maculatum in Tibet

1-1: fertilized egg; 1-2: fertilized egg absorbs water and expands; 2-1: blastodisc phase; 2-2: blastodisc uplift; 3: 2-cell phase; 4:
4-cell phase; 5: 8-cell phase; 6: 16-cell phase; 7: 32-cell phase; 8: 64-cell phase; 9: multicellular phase; 10: early blastula phase; 11:
mid blastula phase; 12: late blastula phase; 13: early gastrula phase; 14-1: mid gastrula phase, lateral view; 14-2: mid gastrula phase,
dorsal view; 15-1: late gastrula phase, lateral view; 15-2: late gastrula phase, dorsal view; 16-1: leurula phase, lateral view, outer egg
membrane had disappeared; 16-2: neurula phase, dorsal view; 17: appearance of myomere phase, arrowhead shows the myomere; 18:
appearance of optic vesicle phase, arrowhead shows the optic vesic; 19-1: closure of blastopore phase, lateral view; 19-2: closure of
blastopore phase, dorsal view; 20: appearance of tail bud phase, arrowhead shows the tail bud; 21: appearance of optic capsule phase,
arrowhead shows the optic capsule; 22: muscular effect phase; 23: appearance of heart rudiment phase, arrowhead shows the heart
rudiment; 24-1, 24-2: heart pulsation phase; 25: appearance of otolith phase, arrowhead shows the otolith; 26-1: appearance of eye
lens phase, arrowhead shows the eye lens; 26-2: appearance of red blood cells; 27: appearance of pectoral fin rudiment phase, arrow-
head shows the fin rudiment; 28: hatching phase. Scale bar: 1 mm.
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HIAS B R B, B4 ORI Ak .
Hof AR AR e s B, R AEITFIRTF RS, AW
FEAH; CAETTF AR BES, HPRLL AN, WEAR TS 3h A
WAL shAE It sh . BHFE, FLARRZ W
[l 2-(17, 18, 19-1, 19-2, 20, 21, 22, 23, 14-1, 24-2,
25, 26-1, 26-2, 27)].

22.8 HEME MEWANGSLE, 16 216 h
HEA BB B o 18 IRR B AS W72 Bl B 7 AL g ) 3
FIVEFT, WA R E e i i i, Rk
5, MARTEAFFIRE K, 7820 i W i 4
Ay TR SE A i 1 IR, DI A £ 308 AR Tk £
MG T IR, A, IRk
WERTE . AN BB BERRSE 12 h 2243, 4 K34y
A 5 RS (& 2-28)

P 3 7Y g R R ik 2 S B 1) X2 B9
a: WIZ BRI b: A1z BB
Fig. 3 Two-layer egg membranes of fertilized egg in
Glyptosternum maculatum in Tibet
a: inner egg membrane; b: outer egg membrane.

23 BRBRRENEIRE
AR & B WIE] SFEKIRZ) N 13.8°C, A
KRR M 2963.2~3132.4 h -C (% 2).

3 Wit

3.1 EBE/REMkARRS HA RIS IR AR

AP, ZHMEIEWE LK, AEZHES
o, PRUE S OR 8 K 5 Sz BN, 7 £ 2 40 o
(BRSNS, TE BB IR . A BRI . i
— BRGAE L[] A= 1 TORE G B VLAY 6 MR
PR P IR AR R B X 4R DR A ) R
PEIERARIG K B MEATAE R R E 5, AT A

x2 BRESAMERAEZIMERMNAINR

Tab. 2 Effective accumulative temperature of

Glyptosternum maculatum at different stages of
embryonic development

)Eﬁg,\b?ﬂj‘ Elzi’«]{u%fg ﬁﬂlﬁ]\{ﬁ

KW Fl/(h:min)  /C /(h-C)
development stage elapsed average effectlve_:
time temperature @accumulative
temperature
ZHK5ON fertilized egg 3:20 13.5 45.0
WRFELIE B Bt
blastoderm formation 2:00 135 27.0
stage
BRZIKT B cleavage stage  12:40 13.5 171.0
ALK BL blastula stage 30:20 13.6 4125
JF 7B Bt gastrula stage  23:05 13.6 313.9
MBI Bt neurula stage  16:30 13.7 226.1
e 1 A ol (AN A
RIARE R T B 127:10 13.9 1767.7
early organogenesis stage
HE hatching stage 12:00 14.1 169.2
it total 227: 30 13.8  2963.2-3132.4

WG & B A FOULER B T FRZ BRI, AR A
RI, HNZOPBEAE R I e A R T AL, 25 AR AR
PAT . HPEAR 22, IE A RRT 52 T 0%, (R
JZESE ORI . X5 TR RGO I 5
SR ARAL . AT ) TR S A AL
Jf 8k (Glyptothorax fukiensis)JR Gt & 91 T W2
DR, {HLA1 2 51 RS AE AT 0 B i 286 1 R i
PEABUREAR, I EET S 2Tk .

Ak 0 A IR ) 2 G A )2 A Sk B[]
15 Ak, SRR REEZ KA T — R 558 N
PEARARI8Y, A2 B ) B AT Bt 2 X R 85 ) —
Tl 107 XoF 5 o R RE D Mk — JBEHE B P e U Ak
AR EER R, WEEIR T LLBRAON E, fEE A
LI N TR, RIS F 12 01 B 0 26 1
ey 10 NSNS ES R B AN EOR TR TR /DN EEY, 2 7N
LRAESE PRI, 7E [ ARIREE D, HMZ 0PI AT
i DR H BT VD i L mlof SR ), SORT 2 B R A B
H A /NSRS R 8 i Bk 1 B, DA S
IR, i AT BE G A2 R O (] B BAR R, PRE
W fiG & B R A SR T SR o SR T k™ B9 13
WEFF TS I, Bl A HE A BE R X — XK
AL WMAEARENL, WEIEAIEEK L,
N TR R R sk AR, SZAG I SR8

7
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W, H ARG T e K i 30 32K OB 434 2] By
Ak, BB PSP R ok, A2 N AR X
—d PR R AR — AR E, L
TRAESZ A B1 H07% I e A ki 81, 76 LU AE I X
BN 5 RS A A BT, DARE R PR, ORIE
PP EEATIST, IR Gr v O AP, PR Ak i 4 X B
Bl 3R LU TR B 0 R A A A
TR S HNZOPRRRE | SRR AT, PR OK
rhl BRI | SR T A AN AR, DRI Y
EWER, URERLR,

KT BB SEMIG & B B SORHEE R AR,
SRk £ 28 R LA Ja SR Y IR i B XUZ R,
ST RV 6 1 L2 N A A4 A 55 3 R
AW, MAESE A ZIR R R T, AT
E— 25 I SR
32 EWEBEREZENS

H o TR IR IG & B I HGE, B REE
J ARk IS, A UL S M ok e 1 i e S M gk 0T R ik
J& 1 fif(Bagarius yarrelli)[12],

SRTE kRS & B Y S — R 25 120
Wlia & & AE, (HEA AR (1) BEATAE
ZAEE®, WKIEBIEIKIE BOSUZ IR, (2) IRfL
B PATET, PRORRE BT LT IR B, TR

Jik ik 1 I SR S E IR FL A A S TR R 5 R 42
(3) H T M 58 S I it L 1 B, 5 A G sk A
Al (4) MR BT Rkl G, £ 0.9%11)
NaCl W H# L R RG ST ORAE AR, & IR
WIHAENG, AT R . ULBH IR NS R
5 0.9% NaCl A 175 15 I A5, IR PR
O 4 IE B AP IR 5508 R IR B (5) Al A
BE AR R B 5t T A e S M ik 2 8 R Sk 2
i d; (6) MG R B AN, LI R )k 6, [5]
— ARG AT 2 189 h gl g2 21 A1 f4, 216 h 2
AR R, TR IR IR TE 240 h JE A BRI
(7) PRBE ko RV K 2 IR IR & R[]
AR S R A AR, WAL P AT LY 29 12 %,
R TR, HIRARA RO R T AEIE,
T i e S M B T . — ORI, #RE R E W
RN 58 5 A5 5 fa SR IG A 9 S 6 IR iR 20
K AR BT A T e 1 2 B A PR 3),
A5 5 1 T 45 L0 S B R S U i 7 B T
BB B 28 B A BN B e B AN A ] . ARF
FER B, WREE B IR LB A AT, DU Y &
JPOMHRE . IRFLE . RBZE . B, S5afIREL
B JE AMRUCHH B0 T H4 | AR R 2R 07 AN [
ARBEFT IR WELH, S ok i i IR G Ak 2 B

*3 BHERGISHMBBEXMBREHRMILE

Tab. 3 Comparison of embryonic developmental characters among Glyptothorax maculatum and other fishes of Sisoridae

BiH item ATk

Glyptosternum maculatum

el ke 5

L fif B i i
Glyptothorax fukiensis = agaritis yarretll

J& genes

Y {4, egg color

Ji4%/mm egg diameter

WK 2 K J DR A /mm

egg diameter after water-swelling

R IE R B I

whether to form two-layer egg membrane

ALY BEEE] myomere formation time

IR 3% 1 PEE ] optic vesicle formation time

i f et L ]

pectoral fin rudiment formation time

NS IR R H 525 TR A I /h:min

time from fertilized egg to the end of hatching
AL /KIRIC water temperature

JH#k/E Glyptosternum

IREAEZ light yellow

3.10-3.60

4.80~5.60

JE yes

JEFL PTG
before closure of ephase

JUFL S BT i

before closure of ephase

H BT before hatching

227:30

13.5-14.1

o fkk)E  Glyptothorax
W4k light green
1.30-1.80

3.36

J& yes

FLE 5
post closure of ephase

WAL E R

post closure of ephase

HBETT before hatching

116: 50

15.6-18.5

#&J8 Bagarius
Jeid & no record
1.20

3.50

JEig 5% no record

JRSL 3 fS
post closure of ephase

WAL E R

post closure of ephase

JEig 5% no record

24: 00

27
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Embryonic development of Glyptosternum maculatum in Tibet

PAN Yingzit, LI Baohai!, KELSANG Gyatso?, LIU haiping?, ZHOU Jianshe!

1. Tibet Academy of Agricultural and Animal Husbandry Sciences, Institute of Fishery Sciences, Lhasa 850032, China;
2. Maizhokunggar County Forestry Bureau, Lhasa 850200, China

Abstract: Glyptosternum maculatum is the only species of Glyptosternum in China and is uniquely endemic to the
Yarlung Tsangpo River system. With the rapid dwindling of its populations and gradually shrinking distributions
due to overfishing and the impact of water conservancy projects and foreign fish invasion in recent years, it is
considered a critically endangered (CR) species by the Red List of Chinese vertebrates (2015). It is the only one of
the 77 known Chinese sisorid species to be ranked on this list. In this study, the broodstock were captured in the
four Yarlung Zangbo River sections of Shigatse, Tibet, including Xaitongmoin, Lhatse, Ngamring, and Saga. The
altitude distribution range of the four sampling sites is approximately 3900-4500 m. From mid-May 2015 to
mid-June 2015, 79 females were artificially induced to spawn, another 7 females naturally produced eggs and
about 57440 eggs were spawned. At the same time, 15 males were dissected and their testes were broken for use in
artificial insemination. Approximately 42208 fertilized eggs of G. maculatum were obtained. The fertilized round,
demersal eggs were slightly yellowish with strong viscosity. The fertilized eggs were laid flat on a special sieve
net and hatched in a small trough of a running water. In Lahsa, Tibet, the entire embryonic development process
from fertilized egg to hatching was observed and the effective accumulated temperature of the embryonic devel-
opment was calculated. In the fertilized egg and cleavage stage, the same batch of fertilized eggs were sampled,
observed, photographed and recorded every 30 min. After the cleavage stage, samples were taken every 1 h. At
each time point, 10 fertilized eggs were taken and the stages of embryonic development and the period for entry
into each were examined by microscopy. More than 50% of the embryos appeared to have corresponding charac-
teristics. It was found that the timing sequence for embryonic development of G. maculatum was consistent with
the general rule of teleosts, divided into eight stages—fertilized egg, blastoderm formation, cleavage, blastula,
gastrula, neurula, organogenesis and hatching stages—and further subdivided into 28 phases according to the
morphological characteristics of each stage. Myomere and optic vesicles were formed before the blastopore and its
closure, optic capsules, heart rudiment, digestive tract, otoliths, eye lens, pectoral fin rudiments formed succes-
sively in the organogenesis stage. The red blood cells were found after the heart started beating. Meanwhile, the
observation records revealed an average temperature of about 13.8 <C, and the effective accumulated temperature
2963.2-3132.4 h -C, with a hatching rate of approximately 70%. However, unlike the eggs of the six common fish
in the Yarlung Zangbo River, the fertilized eggs had a two-layer membrane that formed immediately at the point of
water absorption and disappeared completely at the neurula stage. The two-layer egg membrane as a special
structure may be responsible for environmental adaptability. The outer membrane may play a role in the adhesion,
fixation and buffer protection in the process of egg transmission and incubation. This study may contribute to un-
derstanding the characteristics and laws of G. maculatum, embryonic development and provide a theoretical ref-
erence for artificial breeding and scientific protection of the species.

Key words: Glyptosternum maculatum; embryonic development; morphological characteristics; two-layer egg
membrane; Yarlung Tsangpo River
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