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Tab. 1 Temperatures of 7. arcticus grubei at different stages of
embryonic development

e THIRE B
I Average  Accumulative R I
temperature  temperature  Plate |

RE A
Development  Elapsed

stage time (h) (0) (h-C)
JRALT 4h 10.80 43.20 1—2
RER3 10h10min  12.01 122.14 3—9
BT 32h45min  12.26 401.52 10—12
Ji o 31 24h35min  11.90 292.50 13—15
TS AR 3 11h30min  11.41 131.22 16—17
A E A 140h 10.99 1538.60 18—24

WAk HE 3 78h 10.97 855.66 25—26
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I 5 B A PR 43, T G, #E 52K J5 6 1h20min,
TNRIEWEERKL/2, HENEBH BT -
14). 2245 2971h30min, IR Z 4000 N 2508 H
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Tab.2 Embryonic development of T. arcticus grubei
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12345678 910111213141516171819

E RPN
Days after hatch (d)

GRS FE RN
Yolk sac volume (mm?)
S~ WE L

B bR A7 f R S BRI R B o5
Fig. 1 Relationship between yolk sac volume and days of hat-
ching of T. arcticus grubei

16 [ 3=0.0005x*-0.0201x°+0.2264x>—0.3773x+9.6102

EASS
Total length (mm)

1234567 891011121314151617
HR R R %
Days after hatch (d)
B2 Jbtkrs m ar iy AR i 2

Fig. 2 The early growth curve of T. arcticus grubei
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3.1 deiREie ATEEFS

ghA N T ETE I HEN, AUk 6 e 5 AR
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cus grubei Dybowski)" IS 44T 14 4 (Thymallus
arcticus yaluensis Mori)' " 17 B IR} 5] A — %
B T AR G I 1 PR I RL AR, S R R A B A
BB ) RV A BRI R . AR RN LA IR
58 R I, ACAR 1 8 PRI R B R AR RS, @&
TR I VRGP AT N T R IR Y
AR 5 05 55 B IR B AR DIAR O, B § M8
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A2 BRI, BN R KA 1 R e . A
(158 3G B K L T K, KRS T13°C, lidk
FH KR, fR45(0.37£0.10) m/sR /KA. [
B, fESR MRS E B SRAE 5, 35 R R
2, AR PR T ROk HURIOK 27 4 B R R, Gk ET DA
PR E S (VR . GBI DL RS R SRR E
B KR KRS 72 = K78 K, SR sk 1
AN 1) 5T 5, AT H2 i 32 kG 22 AR AL %
32 JREEERAZENTS

B R TH £ 1) R IR K B R AR TG < IR 2R - R AR TR

-2 B oA -SE AL BB R o 55 DR 4 A i £
AR, Ak TE R iR K B LA B A B T e X,
S AL I K F934.55%, JT 5 AL B e, FLOKGR
o EHA, A I KR 25.91 %, H 5 3 4 4
2—3d, HER AR D . JbilE R 2 88 B R
fi6 & B Ja IR © & o0 A E hl, G 8 6l A i i 55, R
RV BERBEE IR Tk, HEE, 5
fig | Y5 g AVEHEE AR Sk Ak, BB S 0k, X5
B8 (Hucho taimen)!'" . ZZV& LM%tk (Brachymystax
lenok tsinlingensis)"'” . RV AHBEEE(Brachymystax
lenok)" FIMT 8 (Oncorhynchus mykiss)' 254 T
FeAR tH, 50t SR IR BT 75 B A R N &
7K IR AN GP A%, FE iR Y0 N, KRS R G R B
FiE 52 TEAH O, AKX SR A4 A K0 i 55 R ek ) 2 i) 2
KT ORAE, GRAR I 2 th g H) AT f0 42 K 1) B 22 A
FIN B A Y B R (R 3), JbiRE
R A LT 5 2 U 4 gk e A T, (LB A R R i 22
KT 2R U R i) I 2 EH T 22 0% SR kB 11 DA 4
R, T 2L B I AT AR e T
FE7KIR6.9—7.8 CEAAF T, il 408h i, Fir i BliR
92808h-"C"", bR 1 e % i v SR R VL 1,
R G 6 R B, T P A e AR IR v T R eV T
o JB AR T £ B AR AN AT f K RE i /N T ik R
38, HiE o RHa RBON L (R 3).
33 MKEMRRAZEEREPHINEHERRIER
FE AL T A G e AN A BB, 78 OF R 5
WA MBR e WER— BAFAE T 7 B R 2RO,
UK T 8L (Salmo salar)! ™ 1 % SUE M 1 (Seleno-
toca multifasciata)[]o], M AE/DER IR K 2R %
! a R S B 1 (Escox lucius Linnaeus)”
SO R A W ER A o JERTE AL AR 1 R R R

®3 JtihEe S HAER B & LR

Tab.3 Comparsion between 7. arcticus grubei and other Salmoniformes

K A s ] iR SRR WK S5 IR HH A £ 42K
S e?ies Duration from fertilization to Water Accumulated Egg diameter after water Body length at
P hatching (h) temperature (‘C) temperature (‘C-h) absorption (mm) hatching (mm)
T £
j}l;j%cs—gz;bei 301.00 11.06 3384.84 3.14 9.33
BRI AT
arcticus gr[szei 408.00 7.35 2808.00 3.19 8.78
Dybowski
WS &%y T F T
arcticus ol 600.00 7.50 4800.00 3.00 10.00
valuensis Mori
SIET N
tfife;ﬁ 839.00 7.50 6292.56 5.55 18.45
ZRUE Atk
B. lenole 1 408.00 11.03 4640.40 425 9.64
tsinlingensis ~
HLEO. mykiss' 1248.00 6.30 7874.88 5.24 16.51
S,
017 1944.00 6.14 10173.00 6.17 17.89

leucomaenis
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B HIEEAN AT o B A A0 R A 1 2 ) AR AT 4 7,
BRI BN 2 A A A& 07 T R AR AL 552
K G- D 24 3012 R 15 R v, T ERAE U B 2 Py (i 1
B4y A B e FE AR R ML A AR IR BL AN R O, ELE
L ARG ], BEVRTT 46 R s ST 4h, hER IR AR 44
(1) LT R AR A AR T TR B, A8 R FL T AT, v R
NEBEI AN TN . WERE R T Rk
AT A E RS, BRI RS K, 7EHE 5 (Salmo trutta
fario)? FNHL 65 B OB AT AN, B R T A B
. GREEER (R E AR AR L 2 T Bl ER Y B
JE MR B2 A A EER R, AW RE
B, BRI R LR 2 HOR TR R & 153
B, fE MR FLE A 2 AT B RS B N A, 1X 5 Ahlstrom
SR IR (bathylagid smelts) I 5045 1 — 3K,
[ RE b, S ERTE B ARG R B IR A ) T 2%
IR, AN TR Tl 22 103 BR ) 2 A o R i A5
A

TERRIRE I RE R AE A, KRR B %
R B SRR KA S R 4, A U B 3
RE R S B R B R AR R Y, FEAK
AT, WK EIRIA R E & H R 5 77 iR K
(YRS T), e R A PR R 2R A Nk e R BB E R IR R B
AR R IEERE AR BEREVE AT . EREG T A
B A 4b, 7EBaras5 > fRIBIF 95 f 2 B, W1 BRTE 6 K
Hp R B A R SR TE I L, 1R — b B SR,
fH A9 3RS 5 KR, e B2 KRG 5
Z IS o AR T ER Bl R AT B I AR R A R RS
MBS, HEM I BRE B A R IR 1R, PR AR A
FKIE P o R R B 7R Bl S AN 1) A0 S IR 2Rt B i i
DANETE
34 tRE&FEAEMEKTS

JE R TH T AT 42 KR(9.33+0.35) mm, 5
25 UV 4T i ek AT L 0 Y T £ T, AL T AT £
KRR IR AR, SRR H
T o AL T A 01 O K FEAE2—9 H W4 I 1R) A1
PR E, A7 A KRR, 10—18 H b T FERR 2%
1, At K B A TP 22, 18 H WS I B 3 B4k o
SV HE. AR AT AR 1—10 H R I A YR
FEM B, 11 B a5 & o e, JF DR R i 5%
A 240 it gk U R0 20 gy 2 g U 2 B % £ i ] A
o E11—17HE IR A MEE IR B, S taab T
PR IR % B AR R R A B, 6 A £
WA U T, L B R O RE SRR,
MRS = AR LR T B IE W A KT R R R,
B UL BT AR K2 S, Rk, AT AT f AR K
e ARLR AR R, BERY B 2 TR R B A AT

8% B K WL R AT GG A oK AT —
Afal ™. 18 8 UN B I 5 A K, FFERIEA S
PEVEE TR B, 5 R VLT AT 820 H i 58 2 TH AR
BB £ e S — B ATt TR e ]
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KR AIFF PR PR A 5, A7 FF g 14
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EMBRYONIC AND LARVAL DEVELOPMENTAL CHARACTERISTICS OF
THYMALLUS ARCTICUS GRUBEI

XING Jun-Xia', YANG Mao-Yuan’, CHEN Peng', LI Li-Wei’, ZHONG Xin’, CHEN Li-Gang’,
WU Shi—YanQ, HU Jun® and GUO Yan'

(1. Institute of Fisheries Research of Xinjiang Uygur Autonomous Region, Urumqi 830000, China; 2. Xinjiang Irtysh River Basin
Engineering Construction and Development Administration, Urumqi 830000, China)

Abstract: Thymallus arcticus grubei is only distributed in the Irtysh River basin in northern Xinjiang Uygur Autono-
mous Region in China. In recent years, due to overfishing and construction of water conservancy projects, its resources
have declined sharply. It was listed as a second-level protected fish in Xinjiang Uygur Autonomous Region in 2004.
This research carried out systematic observations on the embryonic development of artificially propagated Thymallus
arcticus grubei, and recorded and analyzed the morphological characteristics of their embryos and larvae at various
stages of development, aiming to provide necessary basic data for the breeding of Thymallus arcticus grubei and re-
source protection. The results showed that the fertilized eggs of Thymallus arcticus grubei were spherical, golden yel-
low, sinking eggs, unabsorbed eggs diameter (2.46+0.14) mm, water-absorbed eggs diameter (3.14+0.18) mm, and
there were multiple oil droplets in the yolk. The number and spatial distribution of oil droplets changed regularly dur-
ing embryonic development. Under the conditions of incubation water temperature (11.06+0.72)°C and dissolved oxy-
gen of 8.3—9.8 mg/L, it takes 301h to complete the entire embryonic development process, and the required accumu-
lated temperature is 3384.84h-"C. There are 7 stages, zygote, cleavage, blastula, gastrula, neurula, organ formation and
hatching, totaling 26 stages. The differentiation of caudal and pectoral fins and eye pigmentation of Thymallus arcticus
grubei larvae have been completed in the late embryonic development of the fertilized egg, and the dorsal fin, pelvic
fin, anal fin, adipose fin, etc. differentiated in the post-embryonic development process. The average length of the
newly hatched larvae is (9.33+0.35) mm. The yolk sac and oil droplets are completely consumed at the age of 18 days.
The growth characteristics of its early developmental stage (0—16 days old) conform to the formula: y=0.0005x4—
0.0201x™+0.2264x"—0.3773x+9.6102 (R2=0.9968). This study preliminarily clarified the timing characteristics of the em-
bryonic development and larval development of Thymallus arcticus grubei, and provided a theoretical basis for the fu-
ture large-scale breeding of seedlings.

Key words: Embryonic development; Larval;, Morphological; Irtysh River; Thymallus arcticus grubei
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Plate I Embryonic development of 7. arcticus grubei

L SZREON; 2. AL A 3. 240 ML 0; 4. 42 @300; 5. SURMEIYL; 6. 1640 MMLIY; 7. 3241 IH; 8. 644 NEIl); 9. ZARMMLY; 10. FEAE YL, 11. 38
JRH 12, BRI 13, s S Sk FR R IRER); 14, 5 300 15, R0, 16. R IR, 17. IR LA PR ; 18, o I (57 Sk 38
ML), 19. BRFE U (7 k87~ IR FE); 20. 5 28 I (AT Sk Fam B 6 25); 21 R 2R IA(FT k48 7R 2 2F); 22. @ik B Sk HE 7R
mfA); 23. FREEII(HT K478 R IE); 24a. LR TIUN; 24b. B (H7 KRR HA7); 25, IR I(ET K48 0 IE); 26. IR $5RFK750.4 mm
1. fertilized egg; 2. blastoderm; 3. 2 cell stage; 4. 4 cell stage; 5. 8 cell stage; 6. 16 cell stage; 7. 32 cell stage; 8. 64 cell stage; 9. multi-cell
stage; 10. early blastula stage; 11. mid-blastula stage; 12. late blastula stage; 13. early gastrula stage (arrowhead indicates germ ring);
14. mid-gastrula stage; 15. late gastrula stage; 16. neurula stage; 17. closure of blastopore stage; 18. brain differentiation stage (arrowhead
indicates cerebral vesicle); 19. appearance optic capsule (arrowhead indicates optic capsule); 20. pectoral fin appearance stage (arrowhead
indicates pectoral fin); 21. tail bud period (arrowhead indicates tail bud); 22. eye lens formation stage (arrowhead indicates eye lens);
23. caudal fin appearance (arrowhead indicates caudal fin); 24a. Eye coloring material formation stage; 24b. statolith (arrowhead indicates
statolith); 25. gill circulation stag (arrowhead indicates heart); 26. hatching stage. Scale bar=0.4 mm
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Plate Il Larva development of T. arcticus grubei
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