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ZRIG AN Wtk (Brachymystax lenok tsinlingensis) 2 St 78 f il B AY Ak MEfSS,
ANt — WA, SR EREAT, SRR oA RS, 1988 R4S K
P AR BN . ZR AN e R A Y B R, AL g3 A A A R T K
B N | i1 O 73 S 3 N o 152071 7 L AN B w2 I LD S 82112
Bl . NRAiBl g 8, 3 ERIE ANk ik 1 A BE U H 250, I Al R dr |
ORI BB I o AR SO Rl RET A SR A AT N TH, WS T 204 4 i
BE BRI R R, IEREST RS AP RE AL I R B R, B Ak 2R i 4 il i
N BB MR B S Bh 8 S hf . AASC 24 R h .

1. ZRUE AN R IR Ay i B O, BRI BRI, B0, WK TK, & KR
GUBE, ARWKEFBEAEA (3.8120.06 mm), HAZHER/KLE 30 s J5 OPARIA B 5ok
(4.25+0.05 mm). SZHK5HHAE 9.31~12.80 °C CF47KIE K 11.03+0.03 °C) 7K iR 41
T, BANRIRKELRDE 408 h, Prigiilih 193.35 °Cd, 734 6 DB 26 M
W, ARSI B (2.5h), SIAE (12.5h), FEMERTEL (34 h), IR B (70 h),
MR B (24 b)), SETEREBIE B (264 h).

2. W B A A Kl (9.64+1.03 mm), AN (22.9+2.0 mg), A{GIEH],
VIR, AR, DOJFE, MiECLEIr, BRI, TSEE4mH, Nhig
AL, WIOURKEET): B 3 d MAFATISEEI L, EEE. JEEEHILAEE, AR M
PR A 5 d IREERVEEE SR T B, AR ML =R EE,
W7 d fFEISEE, IEEERVEEEILRROY, REEAEE ML, Mot e B 12 d
JEONBERETTART R, THAR FH Y UE MR RE ) SRR 7R O 46 d HNBLALEERE, (ATE LA
gt | AR EENEN S

3. WML A AT R4S (951£50.2 pm), HAAKH 9.87%, XA HLfbE
FAT R B EK AR K (8.98%~10.44%), i WHZE 14 21 34 fik: (1T HR 42 AF 6] 44
KR SR EARLIRIE N 23.03%~31.18%, AR AR FIRERI LLFIE K MK
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HeRKWRNEAE, SRRt B Bk KOHg, XFFGWRKEm
(AR KR R

4. ZZW AR kAR I 1 DPH (Day Post-Hatch) I CL48 B — 200 2% b %
JZ, BEEMMREE—PRE, 5 ER)EEEEE. 14 DPH AFfa0 kR 46 4
W IRZ B)y; 2 04 20 i fick L T B AL 40 L s LSS ) S T RUAT 40, S DPH HS BRI AE
400, 9DPH MBI EMMATAINE, BEHZRI A AT, AT (C)
M B R BEARAAZ AT, HIETAT N A&, AT (RO B2, Mat
A (GO HTABTEL (9-18 DPH) FREHS, JERTBUMARE TP K BEEA
WA E A0 S 0 265 Y1 SRR P AR I W Y o, R R S S I B e AR A ELARAE
31 DPH HirsG g AR/, i s G, B/ A IR E S 20 DPH Y
0.0461, It/ HEA 1) e /IMEAE 56 DPH B (1) 0.0258 o A0 S Fofr 45 4y 2 5 2 U 41
BETE G S, JEE AR A K I K T U R TR T AHE Y, 15 23 04 40 S Bk (1 1L
BRI B SRR o
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Study on the early ontogenesis of Brachymystax lenok
tsinlingensis
Wetland Resources and Environment

Graduate Shi Deliang  Supervisor Wei Qiwei

ABSTRACT

Qinling lenok (Brachymystax lenok tsinlingensis), which is endemic to China and
distributes in the most southward of the world among salmonidae, is a typical landlocked
cold water fish. The species was listed as a Second Class Protected Animal by the national
government of China in 1988. B. Il. tsinlingensis has a narrow regional distribution,
centralizing in the tributaries of the Weihe River and Yellow River, as well as in the upper
Xushui River and Ziwu River which belonged to Hanjiang, a tributary of Yangtze River.
Due to habitat destruction and illegal fishing, the wild population of B. I. tsinlingensis has
declined markedly, Therefore, the study of species protection and stock enhancement is
urgent to be done. In this paper, all of the experimental materials (fertilized eggs, embryos
and larva) were collected from the artificial reproduction with the brood wild B. |.
tsinlingensis which were caught in the National Reserve for B. |. tsinlingensis at Longxian
county Shanxi Province. We observed the development of embryonic and larval fish as
well as retina during B. I. tsinlingensis ontogeny to update the knowledge of fish to help
the conservation as well as larva cultivation. The main results were as follows:

1. The unfertilized matured egg of B. |. tsinlingensis which had plenty of yolk was
spheroidal, yellowish, telolecithal. Its density was heavier than water. The egg was
immersed in normal saline for 30 s, egg diameter ranged from (3.81+0.06 mm) to
(4.25+£0.05 mm). The total accumulated temperature of the embryonic development was
193.35 °C-d under the condition of water temperature 9.31~12.80 °C (Mean+SD:
11.03+0.03 °C). We defined six broad stages of embryogenesis (the zygote (2.5 h),
cleavage stage (12.5 h), blastula stage (34 h), gastrula stage (70 h), neurula stage (24 h)
and organ formation stage (264 h)) which included 26 periods.
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2. B. I. tsinlingensis larvae were hatching with a body length of (9.64+1.03 mm),
body weight of (22.9+2 mg), had transparent body, obvious sarcomere and anal tubercle.
The larva after hatching had less swimming capability, and its mouth opened. The
pectoral fin, tail fin and rudiment of dorsal fin emerged except adipose fin. Three days
later, the larva had a little of melanin on the surface of the body and had dorsal fin,
rudiment of anal fin and pelvic fin. Boundaries between pelvic fin and anal fin part
obviously, amounts of melanin on the surface of the body on the 5 days after hatching.
Some of larvae with well-developed dorsal fin, pelvic fin, anal fin and rudiment of
adipose fin swim to upper water. The yolk sac began to disappear on the 12 days after
hatching, and the larvae shifted from the endogenous to exogenous feeding. Parr marks
began to appear 46 days after hatching, when fins of the larvae were the same as young
fish.

3. The diameter of eyeball of B.l. tsinlingensis at hatching was (951£50.2 um),
accounted for 9.87% of body length. The ratios (8.98%~10.44%) of eyeball diameter vs.
body length didn’t change so much comparing with the development of larvae, the result
showed that the diameter of eyeball was bigger relative to body length. Lens
diameter/eyeball diameter ranged from 23.03% to 31.18%, showing the proportion of lens
in the eyeball had a high value. The larvae of B. |. tsinlingensis grew slowly according to
the trend of body length and total length at early stage, which was in accordance with the
characteristic of cold water fish.

4. Retina of B. I. tsinlingensis was a filmy pigment epithelium (PE) that would be to
thicken as the development of retina on the 1 DPH. There were retinomotor responses in
the retina of larvae on the 14 DPH. The cones (C.) and rods (R.) didn’t appear until 5
DPH and 9 DPH, respectively. The density of rods increased gradually while that of
cones didn’t change so much but slightly decreased as the time went on. The density of
ganglion cells (G.) declined distinctly at early development stage (9-18 DPH) while
reduced gently later. The degree of network aggregation of retina increased gradually
accompanying with the development of B. [|. tsinlingensis. Subsequently, this

phenomenon became more obvious. It increased gently before 31 DPH in diameter of lens,
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then after it rose dramatically. The maximum and minimum of minimum separated angle
were 0.0461 on the 20 DPH, 0.0258 on the 56 DPH, respectively. The retina structure of

B. I. tsinlingensis was associated with characteristics of its habitat.

Key Words: Brachymystax lenok tsinlingensis, embryonic development, larvae and

juvenile, retina, Minimum Separated Angle
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1.1 &8XBEHEREREIRR

L1.1 ERSNEEF LR RS

RN (Life history) BIZEA R, ZI0M T 574G B RN 2L
TN A B, 2 LR NS S (Early life history of fish) 4548 MG . 17
61 3] 9% 7 BFE L0 010 IR B OB HR, 1995200 H AR MY R 5 2 Ji B 1
P E TR, W R ORI R I 2R R AR TSRS T 628 HAR RIS S
TR AL AR 3 (SRS OFMT, 1999), DRI P ARt £ 288 L35 A2 3 s (R0 5T
HIAE. AR EWFTH, BT RER. k. NEAESAR, A
7 2 2 o e B 2B 0 s ) BAT A RIS . K H AT A A a2 2 I N (1D 28
FR TR WL A RS RATf ) 43 K0, DRk Ak BT IR AN B AT A 3 )y iR
RE I AN FLABAT 5 1 MO AESEAL 2 5 A SR P B (201943 4)5 Hubbs (1943)
PEHAT a5 AR T (Prelarva) FE {70 (Postlarva), X MEE—HWH T
30 A AT, AHZ ) BT ER XX AN 44 T BRSO T2 > F 50RO S A7 £
o LY f (Early-stage larva) UEFET W17 £, MRUIf7f8 (Late-stage larva) UG
Wityfa; (3) Kendall 55 (1984) A0y, FEF IR LB BAFEIEA . AESMA
AR 2 R R PR AN L S — O B AN AR T A fr, AR TS S R R 2 T A G
N AR B G ARRFE AR BT R A, RN B4t A sk — 2 S 25 i
RIS S AN, A R R R A A IR PR R 1) A A
(4) HeZ 20 TF VB i T 0 IR JIG AT f0 1R 20 F e, ik 32 Lo T 1 5k iy
XA BAE A S S AT RO KA, [N R A SRR FE AR AN 4
(S5, 200600 AT G 1) 5 A0 S AT £ WIRFAE S eI, [R] i) 5 8 4 JE AT
B, AEREN T HE ],
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1.1.2 BRRRE | HFIERFETEI TR

I IN FEE A IR AR AN O B =0 o A, G b BN AL s T N ) 3
9y, SRR T E TR AR A0 S BN AR T A Sl M AN RS ] LAY =
FPIRLRGN: FEPESN . DUPEORATEIEPEON (B4R, 1995a). V#IEDN (Pelagic eggs)
TAREUN, OEEE], 2R N eog th ) e oK, Rk s, 2T
KIS ZHIFEIN S A E S ER IR Y 5L U TE TR Bt
UIPEDE (Demersal eggs) JEAREK, ORGSR 2 JRUTT /KIS &Mt B E
WL TR, A SRR TN O™ Tk o 22 a2 T BRI AR A 7K e BN AR A
ERE, RRRVEIN, GRS LN R ORI, R A
WL 2 [T BN R BT, 19 T SRR, SRR B AE Rk TR L TR, E il
PEAK b BE R K ISR, WY RS AN o

2R O I 2 JE A RE AT IR B, AR U RS R K I N B 2 A 1
AT EZ AT LUAS 4 RS (1) PRI s ey i N, IRIRLE DY
MR A E B BUR Y, A5 B IR 3 b 51 KR K 2 R B ORFFIFME (Yinetal., 1992),
XRAFA TR KR PR GAT RS, AP PP AR . (2) R KRB
ATRREGBBR A ADTIE O, Ay f 0F HY R AR T4 Z TR XS A8 B T B I
HATRGE WP B, R A i A B & R A R ZE G N e (3D WRBR A
WA EERY,  BESRAF 8 SK HAT i R R N A, I R B Bk K AR
PR JE, AUREREIN b, JBRCKEIE, RN, KRS R E, XA
ABGBOKFE, I HBEE TREAE. (4) JRAERL: kA TUEe, JIifra
oK AETT, ER LN EREN TR, FIIEAT R AR K, SO PR
DUKIR I ko, S Bt O S o0 o, A ds s AR B, A7
RNV NG Sl g e 2

1.13 8L RHEENESR

£ U AR 3 s s AN R IS AR R B AR AN RIS SR B 2R 4 (Balon,
1986), FHIEFRMBERE = AEB: (1) WSS (Endogenous nutrition), %M
BOZVIWE A TR . ISR ERARE B, ARSI,

8
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DAL 1) DB B R I o, 1 A AT 18 R 1) KR . Balon (1986) $8HY, P RIEE FRAL R
5T MU DL 3 R A AR A, A 2 U AR i sl h i L — iy 92 7 . AN
TS 1) DI AT 0 P25 5P & DR & 58 TR BT B B, T AN [R) W A A A 25 D o
ANTE], g R e SR (R A TR BN T BN, BN S RS, RE R BT
JE T UGN, SN S EE . MR TR R YUE A RE TR HH I SEAR RS (Orton,

1953), /b (1 BN E A L 05 FH AR SR AT f e 28 (R R BLAY, L 3T R 78 Tk I A T4
()i & R IUAY , AT AR 0 AR S0 77 SR 48 D AINAE 78 R 3R 15 SR (Wassersug, 1975)
(2) JRAMEFE (Mixed nutrition), XA B 5INPT K B FAHT RS B —
ANILERYBL, X BCRAF AL SR RIS B TR B 50 3 B 2 LA A A e
I M T, SN S NDUCIRAS, W R LA B T AN el 3 2, )
S| RKRATAIET, DURTCIS XTI & 2 5 (R 8 #4577 A BRI R,

D] L3 IS X0 A ) R %6 MR T R AR B PR R OB R, 1995b; FB AR
*F, 1999), Blaxter fil Hempel (1963) E/cfE AT i (The Point-of-No-Return,
PNR) SRl A7 (i LR RE J7, AN T30 R UHa (12 200 (R YU A T A ) 18k £ %A1
TR R0, WA EIE R AT — B ), ORI A Ik S i
BEI T o HETYUHEAE AT MET RN I R R T 2 — CRIBWSE, 1998;

Mkl 3, 2008). E8HSE (1999) W5t il (Gobiocypris rarus) ANHIIH A
M) 8~10 d, Tk sesE (2004) {E/KiEA 23.0~24.8 °C &A1, KL
(Engraulis japonicus {1 (1) PNR A ¢4k f5 2 6 d. B IE 455 (2004) /& L 1 i ( Dentex
tumifrons) AN TJ I A H LR A0 H S 25 8~9 d, F- i o a2 DL ) N T i
RO S 10 d (EEASE, 2006). BbAbh, JiifKfF (Acipenser schrenckii) PNR
HILAE 16 HiE (BEIEZEEE, 2007), F14E6F (A. sinensis) PNR HHILE 14 Hi# (Chai
etal., 2011). (3) AMJEMEE IR (Exogenous nutrition), AN BAT-f (K78 7% T 58 it
BRI R YA R, R A S T EAR G %A, JHBR T B O
o, ZO AR TSR IS AR B AR, (AN AR A ORI
PIVE Ry ME— I Er X (Liem, 1980).
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.14 EWaXREHABNIEEYRE

1.1.4.1 K8

R RIRE 5SS R T #AA B UIAROG, Wk, WAL e SRR K
B S EM RS CEERL, 1988). T WA — MY 32 5H (Hokanson,
1977), TAEX MG NBAIE T EMIige R 8 W& EilE (Rombough, 1997).
AN, AR EE AR BB PR R R AR A AR, R T e A AL b
FEKEAR 221K 10 °C BA L, 28 A 2 AN 0.1~1.0 °C, 713 B /K A,
2 KT, AR AR RE T, AN R A BE R R, XFFEVEE E Gl
JERETFET 10 °C, AEFRE R bR 2~3 £5), Mt BE s g KRG %
YRR, WA A%, SR ariE . AR AR B
] S0 AZ KR 0 B (B4R, 2008), JUIHRFIAR & B B 14T fa i Bow i
FE HAR AL R ) ABUB% (Rombough, 1997). faZRAMEKR B & — N Z PN E L
SRR, IR T R BRI HL (Kovae, 2002), 7EZ $uE t RAMAR & 11
AL A M) (Koumoundouros et al., 2001), PRES[ AR 4 G 3UX 24y
s, JCHORIER AR, SRR K E (Heath etal., 1994). fF#Ef
ffrBX (Beacham et al., 1990; Bjornsson et al., 2001) & E2AE. Green %% (2004)
TR0 50T S £ LI B IR R I, il 4l (28 °C) IR B oA f AR LG TG IR
4 (25°C) WIATAaA B RIAT ], Bt i 2E KR RS 5 (13 Tk g

G KB B ARG B B AR SEAN R T AN R, — IS AN 2 B ™ O 25 R By
KR AR, 52 Hok K PE AR, 7K VG 75 24 10~30 °C, M iX— AN
EIG R A i, S EgETs, WA ETER, 30 a) DU R B il B P 1) idE &
U8 B F ol AV L, XA R R BEa Dl 17~28 °C, Bl 25~27
°C; fiERHu RN & B KU A 0~16 °C (Peterson et al., 1977). [r]i#E— 5
W, LS LRI R S ARG, Gndl, fif, B TR 20 °CL 23 °C. 26 °C 129 °C
KA 50%H1 100% LR EE I A R A K CEFF YA, 1993), AA1E 25 °C. 28 °C.
30 °C. 31 °C 41 it (Siniperca chuatsi) M#J5% FIHEA PNR B[] 50504 8 d. 7 d.
6d. 5d, BHIERET:E, HKIA PNR (WIS HIEHHERT GRS, 1999), XFT-H A op

10
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RIA B IR SRR Wt R, — B DL N P R IEARSG, AT I ) Bt KR B It A2
K, B ETbm4eke, FEMRRIAET N, RARRX MRS, AT A R
Bi, BATAERFENESG B L RN T 11 M A FREREE N IRIGA F I TE

B 1.1 HFTEEARENRRE TR KL (Blaxter, 1988)
o1, BEBE, 2. JRfl, 30 dfE. 4 B NfA; 50 RPUEESE; 6. Ry,
7. KPS 8. RLEREE; 9. fif; 10. 6 11, g
Fig.1.1 The Timing of Egg Development at Different Temperature in Some
teleosteans (Blaxter, 1988)
Note: 1. Cyprinodon maculariu; 2. Salvelinus fortinali; 3. Salmo gairdneri; 4. Osmerus
eperlanus; 5. Clupea harengus; 6. Pleuronectes platesa; 7. Gadus macrocephalus; 8.

Enchelyopus cimbrius; 9. Scomber soombrus; 10. Mugil cephalus; 11. Morone saxatilis.

1.142 &5

FESNRE W, RIS RE Jde 2, DRI S /K10 T DR R A 1 A0 it ke 31 4
REEIEM . ARG AR T RA—FE, H, S AR BARRIK A S
HORE AN, KZIETOEDE, SRS SR A KRBT T R E R 2 B
PEREFEVEDY . B A A IABHHER & A BB D it e, X Rm AT I M,
FERE IS AR KRB, MR E DR, 2AH RO MRS, MRAIER, FE4

BEMAK, ERFRIT B UHE S OUEX B B, AR A EIR SR (K 1.2).
KRGt AE AL IR BL, IRARII 2 S ECRR I TE BT, W S2HS 2L

7/
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By AUINRE R BT, BB B AR S NI 1 mg/L 39K 215
e ETEARETL 7 mg/L (Alderdice et al., 1958).

®

8

E*@ ®

10/ O

|

R T T T
b =1 (N T

B 1.2 SERTER AR B EKE  (QAFR: 110,100 KLF; SR IN7E/KIER
8°C. HEF 1.5%%MH T4 15d BH) (Braum, 1978)
Fig.1.2 The Growth of Oxygen Consumption in Development of Herring Eggs

(Y-axis: 1 10,/100 per Egg; 15 d to Hatch at 8 °C, 1.5% Salinity) (Braum, 1978)

Hamor 5§ (1976) X RVEVEEERIBITC I, WEE T m IG5 & R )
Matschak 55 (1997) WFFE AL, 78 10 °C ZF F R TG n 21 22 R AR EE ) 150%,
BRI B IN TR B IR R, AR A KT AR A s AR BE 1K) 50%, IR R A& IR N
(FPRE ] G G, TR I 47K AT LSS M A INH I A0 %, fEmii 4l (10 °C) R
ERACF A TMIRIEE ) 30%0, FEAR AR RN, 2458 KT v 28 25 A A
FEFER 200%I}, Z4LHIRIR 4B IR H k. Matschak 55 (1998) BP9 1 il A1
A R S VR i R R UL A 5 AL (R s, RS 2 IR B G R, 7E 10 °C
N B AR B 2l AT A BE RGN, AR B SR B IR AR 25 Y3 D 41 4 4
MR . TR (1991) XJH KGR iR & B FEUCR MBFIUREL, 7F 23~24 °C 441
T, Bk G FEEUE B A B WY BOIAT R I AR T B AR S A T R, 3L
HHPE S5 SR T PR e S L I K e bR, SO 1 S A R 3 114 ] Sk 5 U i e AR 1
IeHE R TG R & AT e A ORE B 2, A O R B R R
B —ANRUKIREE, DRUFA/MIER L4y, X EMRERIE R KA . WA
Gz —

12
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1.1.43 BB

AR ESR PSR, AL IR IR TG NAE R RIROK )R, AL
T IFER RIS R N IR AR, MR IR IR Fr 2R R — s e 2 i 2 3
FOLIETS, WORMRIG f; 0 2 AP PRI T 5 AF P A REIEH AT, WAL,
SRR AT ESE BAFR, 1995a). JEIHRE/K AL 1 52 000 2 2R AL 5 I
AT L5 BN R A P A A2 52 5 SRR A 1 Rl (st 1k o it ) A (—
PR KR ) XTI REASE D e BBRE, N ITIASEA £20 007 Y (2222 A%, 1998) Ostholm
(1987) X RPUFEEEMBIFORIL, A AR A B2 ek sz 4%, JelE . ot
MBI S GBS Tl KA AL AT 50, M2 R 5 IR . X T
PR, IO, R Tah R, X EER ) R Hig
I B E MG A BT, AERREES L T, BRnAE R ST AL,
PSR ZU IR MR S 0 AT B 3 et ARG I, mI AT R0 v 8 1) B

1.1.4.4 JKRFOELE

11— AT K AR R, UMK TG R B & R A Ko 7E AR,
St TG KR 275 Gl (KB, SBUKATRLEY) . 548 3 T ks L &pH
(EfR B R i, #RESIE SN BE IE W K E, AP RBEIE W A2 . pHE HIEm G
FAEKEGRENTENEZ —, WEpHd mutd €, S50Kp S E2 ) mi &
R, LR T REFAR B B I, 0 A S A T A AN
(5] I 3 253G F S S K BRI K o (R 48RO, 70 # SRR R 1 %2, 2004)
FEMEIR A B T pH Fy 2 SN A, pHId IR O ik, R, P
W PEIRPEIIIER KT - Faris® (1987) WFFTICHE T = gl A1 0 48 A [l pHBEE T
ARG, RIpHA 6. 5SIMAFT Fd . 3R 4AF (2009) TILHFFEANRIEH L A pHAT B
Je BRI A B, AT AR A B IS B pHYE I 6.10~8.15, 41 MEfAE: & & HpHE
I o47.10~7.15.

VR R K A S IR ORI AT % E G N AN [ ) $R BV . K 22 B0t fa 2R ORI A7 f1
Ky, #hREER— N 1.2%~3.5%. —MI, HOKMMENBEE KR ER T, TS
BRI REAE AR SR B R I, SRR IE . (AN B2 R i B A R R

13
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B BT AT — AN IR AR o A DG ER X IG K & R T 2R K (8 N 441
ADIRIE, Vetemaa® (1996) AIFFTHh XML TG & & 520 R I, 5% Fik
510 mg/LI, WK & RAF, ZESUBITERINBET HAUE (<5%), ik E|
6~8x10° mg/LIt, JFUIETLFRIN SE T3 800, $hEARI9~11x10" mg/L, “4ikZ ¥
ERATE IR IR 45 SR I AAE T AR T 5% (2005) W K0T HE L £ 38 N AT 9T K BIL,
LN 2.8% 13 2% I A A GE WP HE L AT e e, 120 hN A 100%F192.5%: #h %
1.2%H14.0%I8 50 A AFE F AR M2 A5 (2004) XEH SS90, HkG
KA WG RN 2.5%~3.5%, (ETu N AL R AR T IA88% LA L, 47 Eh REK 172.0%
B T 4.0% A0 FR o W] S BRAIS, RIS R AT f i JE e s B2 T e PVENHE455 (2006)

X A [P R G RIS DN AL 0 & Bh BN 2.9%~3.8%, 1A
Bl A R B N 2.6%~3.4%; TR (2002) XAR A BRI R, 2R OEEAL
T Eh N 2.4%~3.8%, Iy ] ) HE IR SS0Ws & F A1

1.145 HEHE

2012080 AR, WUl B T AR Bl ey f 2 R AR LB B B T T B
K2z —, MiiEH e 72 51423 (Hunter et al., 1984; Bailey etal., 1989;
R HK, 1996) . taIFITCHEMESN P an A & A A2 2 (Copepods) . £ 12 (Cladocera)
SR O A, BOEIE. BRI DL E Rt O, L Aeal L Al
AT BT P08 R RS o e DR TR (K08 % . — B9k /K 0 208 T A0 7= B 4T LA £
GUVERI XSS, B2 41% (2005) fFHI40RAK12 ecm s, RIHE A5 oY
SEREFR12THL, e — R kA4S DAL, Sl B E A A ORI R EEHGRE T (D
SRALT= RAT N S B FCE A e LR R T (R 28, anVE 22 P A O (R £ 2 A
W)= B0, FAIG IR BRSBTS AT B IR SRR . (2) A BR AT 3 R
BEJT, Yin%5 (1987) KIMATAMJ7 1) M AT R R AEWI UGB 2 Ja A TE R, AT4a
(TSI K S R A A T it A B8 T R 7 T ), DA R 3 B RIS B 4% IR K
AR, #REEAFARREMAKER S (Williams etal.,, 1996; Sugisaki et al.,
20010 AR AR AW B, 5 B IR R BRI, ey
SR TERE S FTRFIE R B BB A A TG ] 45 R R4 (Moser et al., 1984; Fuiman et
al., 1994), IXLEHCRTEIEA B IERIE i 1 AF S e il 6 PR i A TG 2 X I T

14
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AERIBE ) (Osse, 1989), BishopZs (1992) WY KBl (FLE<30d) HT
TR AR D TR HR N, 4 £ 83 B s B PE AR B Sk e N, (]St
IR AT 5 E RO A A7 F AR Tl B AR R G R T A vy, e A7 8 HAT T3
AT B 5 T R TR B DA S P B 7 2 (R G o] S BB PRI AH AT A0 Levy (19900 X 4L
KRG (Oncorhynchus nerka, Salmonidae) HEfARFFTLG H B T EIERE H IZ0K
JRRIG 00 RfE A0 REAT O £ SRl £ 3 R R i FH =38 2 () AU A s — MRS 147
ZYp s . Shepherdd (2000 Xof 3 Y0 SRAT 57 i B 1 14 5 o Spi e ol 2 1 S i
Pt , RERETR FETE HH RO A — AN AR OCE, BJG AR, PR 5 70 )5 553~4
diX B K. (3) YUHAHT-fRERLAE I (RREMA, B R — eSS REdl £ IS S A Al
AN CAEE IS, BRI, WURAE BRI FAF TR L, B K A
WS B (Fuiman etal., 1994), GEAAT- RN B2 O] CAtkinson, 1996).
AT RFEESUER ], A RE K T A B 2 R AU (Milinski, 1993).

2 BRUKS

r%

B

]J

1.2.1 B8R E )

(o

L RIR ) e A S A MEZ P EEASARALL, o v JVR A T 99 A0 o 4 P HE A
(7] HEL V6L AFL X PR A1 IV J2 T BT i AR P S RS [ R A R, e A TRt 8 B v B
R (R, 199600 R pHR BRI B 48 B A 5, JErP IR R ly AR ke (2T 4RI
LA TEERIRE A ) RIHRER P9 2540 ORI AR RO ) o A A1) SR AR AR R 512
BT HAE, ABESCRTEAR, I LA IR B0 5 2 G e R A 55 R I 2 T
ISR 0 ST i i A E AR NN N P R PN N ST = R NN
PRI TR] PRI EE 2 (ARG AR, 1998), PR G £k B i 28— ARG Tk ik B2, fa
(G 20y 1 S R i 3, ke IR 4 Bt G HTe, 2009). fh
HELHR 194 52 = AR A AR T R EB A, A0 P A e P2 A A e 128, RAT IR s ) JOk
TERD, — MR L A R 454 £ 320 D02 (B 1.3), WA R R B dn i, L
M. XA A, LR o AT A (Rod cell) FIHLHELN I (Cone
celD, MATANMRIEAD LTS, RS, JelttEm, W UM AR B AE: A0
HEAN Mg e K, B, ARERURS AN R AE ST, AR SAE S A

15
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NAREALAE o B A SR R e A S TR N, R0 7 el A0 P e €7, 35 R A,
WAL I2 oK 52K 1 (Bond, 1979), AEYELRHSRIN (WIIE RN, MLMIRE (5 52 1 2 (Retina
pigment epithelium, RPE) (¥ CURTRIAL I MLANNL, 1AL B, SRR AR
DX GBS I (REIER), (B3 bR lnl, Mo RUAT 40 i R e 4 8 3 K A AT T
iz e (B 1.4). CaCRILAN MRS sl 75 B E IR TR), Ao RRIG £ SE i Y.

Ve LR BB 20 (R BRSSO 30 AT 40 BRI AN ET 4, 5. RLHE;
6. MUHELTYE; 7. SALHMEAN MO SR DR AN s 8-9. FREATTANN: 10. FRLT 40 M A %h
R 1L KRN 12, WEIRETYE; 13, HALF 40 RIS (K XU 2 i
Fig.1.3 Four Cell Layer of the Retina (From Lou, 1996)
Note: 1. Pigment Epithelium (PE); 2.Processus of PE; 3. Rods; 4. Nucleus and Fibre
of Rods; 5. Cones; 6. Fibre of Cones; 7. Bipolar Cell Contact to Cones Cell; 8-9. Ganglion
Cell; 10. Axon of Ganglion Cell; 11. Amakrine; 12. Muller's Fibers; 13. Bipolar Cell
Contact to Rod Cell

il ¢

Bl 1.4 BLFT . PLAER (3 R 4 fRZE AR 5
FUMBER B (. BEMN; A BE
R (Bx##K, 1995a)

Fig.1.4 Movement of Rods, Cones and
Pigment in Retina of Teleostean (Left,
Dark-Adapted. Right , Light-Adapted )
(From Yin, 1995a)

16
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%230 min ZiA7, XTEENZAITT 1 b, 1 B R — I ORI, I N A AR
i (Alietal,, 1975). B, EEEARASEZET, AIHERBURNEZE %)
(17, 33X AR 3R B A O Y B 1 22 2 S AR A R AR R (1), S A K I N 2
MBI 45 R

1.2.3 @M R E i RELE

A0 R A CRRBD BFTIT AR, W Al (1959) XK Pui L) 4
FRTHIL it 435 A6 FORR X A2 S HEATAE ST ;. Blaxter 45 (1963) 35 A% S 41 22 o) fiff (1) 40,
JE R & AL IEE s A TR 9T Kaneko (19700 i 4 I I (K KP4 B . BURK
20 R TGRS i (1 T A 2 A M AR AEBEA TR 9T Ahlbert (1973) iy £ 4 (1) 41
I 5% P (U 4N L 1) % T BEAT IR s Ahlbert (1976) [RIINAIFSY T K P4 v e oy 4 40
HELE R S AT EZ I 9C R . Pankhurst (1984) 5 KI5 1 f2 FAHE £ F R0 94 15
BHEATWIGE: Moorma (2001) R HE Sy (KA &% B K B #EAT RGWI 9T Padros 55
(2011) WFFE T HERIRERH LB SR E o 1 AR 2R IR & R TE A 42
We, WBRTFEESE (1996,1997) K FHZH L2 43 Sl w5 £ 18 I J5E 5 5 R 2 B L OH 00 oo
RE VAT S5 (2007) % o 600 IR & e EA TR S s
(2007 ) X3 ) VB IE SR 3 7 10K B M S & M OCREATHIIT: 9% 2255 (2007)
SN2 5 i £ AU X 8 28 A AN R 1 HEA TR 5

123 B8 M wRE EEEE

HR I VE b 2511632 2% (photoreceptor) (FKWEAR, 1998), fELHFhkr,
R EEr, Sl 20, |mEBZ), W, POlESETRE EENE
BALBIER (Ollaetal,, 19905 253555, 2009), AEAT R AE A 52 o Fi ot £ 47l £ &
(Browman et al., 1990; Vera et al., 2009), [l P&MAT A N I A S
MAA G URBIR, 1995a). HLEAE 2R AR st R EBAEH (Miller etal.,
1993), ZEXF - AR B (10 PH A R S 5 R I, Bl S — AN T 1 DA 3ok ik o
WfF A, SEm AR I RO GBI AT b 1R B K A (R 404 s P
SAEE (Gisbert, 19990 fEAMAKK H A 0 2R 5 R U A Wrg s (Otten,

17
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1980), 0 EHH AL 1T €75 B I AW R, Bl B ML A WD, e iAb e
YIRS (Rosenthal et al., 1971; Confer et al., 1975), ANEfIShli R IBUHI&
PRIAUIT B IR ) B 0 T B0 (R A ) O e 1 A IS U 2, e i 2 2 A B
Sz PO MM B HE % (Gerritsen etal., 1977), PRI DI R 858 T DASR oo 4l
B A AR IR I

1.3 RUSYREEELHT ST R

1.3.1 RISk FIFERESIIH

fit B4 25 (Salmonoidae) J& T-#E/Z H (Salmoniformes). V. H (Salmonoidei),
— NN, ZRIR AN SR AN R ) — R (R, 1966), AREFTRE, BTN
T T 2 AN SR S TR I = £ <<

TR AN S AR, R, A A A B 1.48~2.08 % TSR 7L 15 g
(B840 17 LURD, AIREE, MIkses, Mgt S, Dz, e,
o —ME B, SR B AN Ik, W) E R 11~210 > GRKEAE, 1989).

Z U 2 S ek A0 g v /K A0, A T /KR . K T Uk e 4
HOE (U, 2009), ZRUE @S BKIE D 9~22 °C, 1 0 °C ZeA3 /KR REVE 21,
20 B AR BRI R 25 °Cs AT B OB ARTERD IR 5 B 2 1), AN i) s X R8s (pH
i) &N YEHEY 5.75~7.8, UL L. TN 8.5 Fl 4.3, AR & MEKAE 6 mg/L
PLE GF 7355, 20060, PRGN 3~5 i, 4 8LL AR R =0 4 A
TR 6 H, KN 4~12 °Co BRTEOL RN AR 25 (3~6 1), H
T IE U 2R A YD ORI I AR B SO T B, 9~11 A4 A LRI
WER ERGE R CEIREEA ) BT (R4S, 2004). ZRU& 4N il 2 N &
PEE, BB VAR AK T IR d Pl 2R, i) dUAE B AR N
IKAEREY) . KA RIS (4=HUE, 1966), 5 & LE =51 5 B A Bk Hh K T 4% £ /1 /K I
AT R . AR B AR HE (R B[R] LRI, 7KL 10 °C ZiAq B 4y FrARHE
W, ARV F AT IER R

18



ZRU 2 e L ) R A O

1.3.2 hEER @ EHIES LA

ARFH SR JE P 3ROE Ja PR 2, B A K PERAE, YR T RR
Jesenty, ZEBPYLUK) IR R E M, EERATER (FEE, 1984).
EA 8 &, 17 MM, S AK R A R BRI, W&, BT, Wb
b2 S0 IN | T 2N S R b 1 S - P QT ey NS TR (1 S P LS T s 4
V7K, HrEE AR SR ARER, S KFNRSIKR (K 1.5). Mg
fif:Jag 7= T HACS SHEERIE, A 2 M, FRE KA gnfkiE (Brachymystax lenok) 1
Fite oA RIEIT MaRTT AMET BTV T, il VT LRGBS )
WURFIIK SR, ZR0e 1 DX 203 A 7T TR DUK TG0 R S

e \

1: 25 000 000

B 1.5 FEERERMME (AR, 1984)
LEJRTKR 2 BT S SRR R 3AURSFNIKR 44K R S0 1
i (ﬁf@%%) 6. G A ] B 7K R AL il 9. 280 R RE DL H
(KATAKARD 10 KHFEBKR TLIARKR
Fig.1.5 Distribution of Salmonidae in China (From Li, 1984)

7 T w A

Note. 1. Amur River 2. Tumen and Razdolnaya River 3. Eltrix River 4. Yalu River 5. Upstream of
Weihe River (The Yellow River) 6. Upstream of Luanhe River and Chaobai River 7. Hun River 8.
Upstream of Yangtze River 9. Upstream of Han River South of Qinling Mountains (Yangtze River)

10. Dajia River 11. Dongya water
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1.3.3 SRUSYAEHEEYIFRERIF R A SR IVIK

F1 196645 4= IR B P ) 2R 4 S ek 1A T itk LASKE, [ Py 2% 2800 ORI 97 3 4R
e OB AR, W A (1999) Jof K EL 15 /K VT (12 U6 240 s fiek: 5 ] o
7 T AP B 1 7 v F IR AT G R B AR SR, B R R AI7E5.4 )7
B CREESf) FFEEHARSCORY W 35 SRR (2004) Xof T i 2 0 4 i
BERUR AR, RIZFI G E 40 RN, BHEIRMEEIL S . B
PR (2006) o Bk BT AN g b A ) ST ST N SRR ORI EATIT ST BRI (2009) X
HR I AN EEOR Y LD E UL, R B A, BRI AN R4 . T
S HARRF ST L, LB (1986) X iZfa M E RGMATYIE W R B, Hoaf
SR — A AL, HALAURTE (1) WU BRI, 3504
B Bk b, 5 v DAURAR S e BN AE, A U “BER e (2) AR
A — et 28 K05, ATRES M 06, MiH S5 (1994) st H e B T &2
S Eme (20060 55X HFEAHR A S QAU T WP BEIT, R4 04 4 fif i 11
FEAUR AR T 3G Ik ), BB LI i3 0, FEAUEE AN 22 0 R BE IR FE TR T
FREE (38 i8I0, £ 3G (14 °C) 400N, ZRI8 40 f FE 4% B0 Wi 45
BARA AL, AEABSAR IR T AR B FEE (20100 XA LS A i i X 4
ff fick: (R W AR AT T, R B2 b DX 0 S0 R A 0500 5 0 M e 1) A s il
(2011) Xof Z U A i fc - Fle £ H A7 2 AR RO AT, A LA B 58 0 5 R
RS o AR ZRUE AN ek 5 7 TH (M F UL R LU 59, TR BT JRAH G R SE, LLF
THYFMRS . TR, INRSEEE CRRETELD XU an it 3R EhE. gt
ZREVETT R T REVERET, Fenl@ | s 7 N LA HAR B, AU %
RIHTINEL

1.4 AARBEBNEEX

U TR B A AT MR, L 1R B R R R £ (B4 34
WFFLT, 1987), HATREERITNE, 1 1966 44 AL 22 U N 0t i 41 9t
AR, BT SOE LS o AU A0 P G TR . 5 F 00
AKAERZE RO T, I T M, e b i 5 Tl R 20 20 W 8521 5 5
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AT, BRESUR R, A ITREORY . [N, R0 AR i O P fr v K A8 2K,
AMERBEESE . EIREE, T H RS IREE . AHUE A ST 5T E
B R I A W Ot AT N B0, WL A - A AES R T DAL YR A A
FRATUES, FRHEAKIE . WA KRR ESR O R E N, 5 e
PRI AN ek T A B I RE S W IR 7, Ol 2R I A A () ) b D3 B LR AL B
FMEBARSR

21
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F28F FIRMBAEEEIEERITFHEEAENR
2.1 AIS

Z=I& 4 gk fE (Brachymystax lenok tsinlingensis) i )& T2 H (Salmoniformes).
fig#}l (Salmonidae). #EVF} (Salmoninae), AFKMEALf, Fffh, & IR () [ 5 70
KA, JEHEPULVK NI A7 A Ak A, Al s, b
Fr R, SRS B iR, 20 tHad 60 HEAR2= RELUEKE BR UK 171 1140 i
ik 52 g — B AN (B8, 1966« H 28 U A0 il ek AN 73 A7 75 o B 3 i) )V I 7K 3R
B[ {2 aR T w7 1 N SSEA W Y 8 | o 1520 = R T AN o [N b/ O D SN AR TN NGBS 793
900~2 300 m, Kt it~ AR KR A KR (BRI s e, 1987).
ZRI A BEEE— i 3~5 WIBRIMERN, JFTRER. B3 (3~6 H4r) W2k
T % SR/ INE T 08 £ I 58 OB, BKOR SCH B MUK 1) T R B0 BRI 2
ORI R A . A g hA (B, 2009). Wl EHWIAEE AL . A fidl
BV, PG N R A B H 23 08b, 1988 RS [ K 4 pifR 5]
Yy ORIISE, 1998), TR BEEE BB, BRIGA BUFFE 1997 4£25)5 78
X H BBl S 37 ZR 0 AN il | AR PR, {2 R A il e P BE R 5T A0 8 9 58
2010 FAYTIK =W FE P BRIGAE 7K BIF 9 B MRk o4 4 Bl EL 2 0 0 gt e [ 5K 2 B AR O
PHIX =07 EAF B RIAF N LB MY a3 5 1Dl gk ss, 2011), A4
g e AR S E D) A ORI BRI BT T e ft o

AT X 250 AN ek ARG . AT AR REARIY BOR B WSS, TR T 2504 40 5%
SRR G B IR, 1R T A SIS 0 LR B B, DU A 8 06 40 i ek iy A
TEIHA AR B IR OER AR S

22 MRl A&
2.2.1 SRIGHFRIRIR

2011 % 4 H 5 H~16 H-TBevu4s bl BT SC s e i (R g g R 47 X )
KA (R 8~10 V) fili R Bos P e ahosfa, RS0 B P B ra 4
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[ty L 7 0% 24 gl B 1] % 20 AR 47 DX Rl B e AR 4t i (N34°52.939', E106°38.9217) #J%
—JEAT, RERARE A RN AR = 34 52 R 1

222 LIHHE

W2 RG O E 4570 20 min, FREEIS AL AR AL EE N, AN BT TR) Ak
PR H TidbiT V2 T 2K A 3)id 584 (S H OnsetHOBO 2w A7, K524 0.001 °C)
LSk, ProODO W4AX (YSI A HZE/, KB 0.01 mg/L) kALK i i
A CRER 4 70,

223 HRAFXEEME

FEUCRAERE i 8~10 RS2 HREBN, 1HSZREE 0~12 h PAFR% 0.5 h HUFE 14K, 12~48 h
&R 1 h, 48~84 h N%ERE 2 h, 84~168 h INBERF 6 h, 168~240 h %K% 12h, 240 h
Ji ) HH B (] BE RS 24 h 25 RAE— K. RIS ANEEEEGN IR, 2R ON AR & I K, A
PSR LA R A, DAL AR B8R 5% 1) PP TS Y0 R R A ] i A 552 o i
J5 AT HEAAR TR 2 BT R (5 JD200~4; K52k 0.0001 g) FREE, 4K, KK
FEFs R R OR R 0.02 mm) W&, AR 5 B, ZAUN{E LEICA-Mz75 (f&
D) @ BE T HEE S W80 5% 1 H LEICA DFC 300FX F5 R A AT i -

2.2.4 MELFOFRIE S

AL RN SRR K IS R LR KR K TR A K, e i K B 5 K A T S AE M i
50 cm ZiA7, KEAE 3 kmo SEALIAN AR/ A 9.31 °C, #xmKilih 12.80 °C, ~F
Bk 11.3 °C, RGN 7.99~8.55 mg/L, ZAGINAL T RIS 44T N, R
SEAE OO, JF RN AEIE T O R, B AR (R G T B SRR G
BRI SR B R AE ST AT TT R F4E R (Artemia salina) , HEAKCH] 20
mm e A7 TR A PO IR A /K M RS ELRIK D R 1L T ~Boks il &
kB NO.2 ClhARTFF& R T, FZERSS: A =50%, HRTi>8%,
AT 4E<3%, FHK5r<16.5%), TR 3 % (6: 005 12: 00 Fl 18: 00D, FHZ4E

23
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P IR £ 605 IR B A AR AT S S 75

225 RERERE X

JUE S % 7 R PRV R A2 2 LLAZ AL S 6 50% LA_E (RREAS H B AE bRt , o,
BRI (°C « &) BITHE TR R
FZHBAEK (°C+d) =NxT
A N BB (d), T A% B KE ).,

22.6 BIRLES R

K H Microsoft Excel 2003 X T K5 i SZ06 Kb BT HL PR Sevh o0 M, 45 31
Biffi+hrifE 22 (Mean = SD) %7K, 18 f] LEICA DFC 300FX {4 KA 444 F1 Photoshop
CS3 b F E1%

23 #R

2.3.1 RIGMEEEEIERE A BT F

ZR U YN ek 52 K5 U AE 9.31~12.80 °C CFI417KIEL A 11.03+0.03 °C) 7K 414
AR ELREIIZ 408 h, 73004 6 BB 26 N (R 2.10: SZRGINET B (2.5
h), DR B (12.5h), FEETE: (34 h), JEBIERET B (70 h), MZ&RFrE: (24 h),
R HE R B (264 h).

2.3.1.1 =550

ZEUS AN ALKy ON Ny S w O, UMDY, CRETE, OMIRJE, BERIN A RBRIE, W
CElRR T -1, & RGPS, ARBOKN IR (3.81+0.06 mm), HIZEREER/KYE 30 s
JE UARIA B EK (4.25+0.05 mm), ARG R B FE P ORI 2 o BRAEIRK
2 J5 e 2E (V7 20 W2 5 W o) HH LRI B, 1 H A BRI AN IR
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Ll

R 2.1 RIRAGHEER G K T PR

Table 2.1 Duration of embryogenesis in Brachymystax lenok tsinlingensis

K E R LRI/ FEELI R /h Kiec  RBik/eCd
IR
Plate . Duration of Water Accumulated
Development stage Start time .
each time temperature temperature
[-1  %ZF550 Fertilized egg 0 1 12.30
[-2 1208 1-cell stage 1 2.5 12.26 0.51
[-3 2 iUl 2-cell stage 3.5 1 12.17 1.79
[-4 4 4)eiH 4-cell stage 4.5 1 12.16 2.29
[-5 8 Ziiuil] 8-cell stage 55 2 12.09 2.80
[-6 16 41}full] 16-cell stage 7.5 3 11.81 3.79
[-7 32 40l 32-cell stage 10.5 1.5 11.91 5.29
[-8 64 4full] 64-cell stage 12 3 12.17 6.05
[-9 Z41EH Multi-cellular stage 15 1 12.15 7.57
[-10 #EJLHLIY Early-blastula stage 16 6 11.44 8.08
[-11  #EEH Mid-blastula stage 22 21 12.05 11.04
[-12  #EJHe 3 Late-blastula stage 43 7 10.67 21.38
[-13  J5 ) 1 Early-gastrula stage 50 34 9.99 24.55
[-14  J5fl 3 Mid-gastrula stage 84 12 10.29 40.87
[-15 J5E/AMeH Late-gastrula stage 96 24 10.83 46.48
[-16 fHZ I Neurula plate stage 120 10.78 57.84
[-17 HRZEH LY Eye anlage stage 126 10.90 60.53
[-18 JRFLIKHIIH Blastopore closed stage 132 12 10.45 63.08
b #4> 1L ] Brain differentiati
[ M Brain differentiation 18 11.12 68.71
stage
ik % Ji 5 H 30 A Pectoral fin anl
| o BRI Pectoral finanlage - ) 18 10.71 77.05
stage
[-21 LB Tail bud formed stage 180 24 11.59 85.67
1 5 4 72 ) B0 3 Rudiment of
|y MWERAEBHILA Rudiment o 204 60 11.34 97.06
pectoral fin stage
I 5 L Eye lens formed
|y Mtk I Eye lens forme 264 24 11.65 125.72
stage
B H I Caudal fi
| g (EURHHILY Caudal fin appearance oo 24 10.90 136.88
stage
[-25 IR Eye pigment stage 312 96 10.54 147.84
[-26 4k Hatching 408 11.41 193.35
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SN 1 h e, SRR S AR OT 4h SR A8 D P8 T IR T RGO 5 B £ e SIS Bt 1
A (IR T -2), HILIFLRINEL.

2.3.1.2 WA

ZRU AN b RO, S2HE 5 3.5 h WA 38 L B — 4 I Sl 14 23 29 328 T
O RIREE Y R 2 ANUTAAHAE KNI Bk, S— RO (42 bR 2 40
By IR T =305 7E 4.5 h J5 I 5 55— 4% 0 SO A TR BV 02408, KA 1 4
AR, SEHEN 4 QI CERR T -4); 5.5 h G HFIREE = RN, 3
B—UCPAT, |HSHE R, CRIRE 8 AR, HEN 8 gt (KRR T
50 BEAE TS50, R E RN 16 4 (ERT-6), TERHAT 4 4F 16 40
MR, A FERUE AN s 3265 10.5h )5, 3ekit—2 0%, diA 3241
B (B 1-7); 5285 12 h J5 B RCEA 64 AN IREL, BRI 4 B IR 28/,
BEN 64 A (KRR T-8): BHANMRIIAKI 2, A EREk, 40 Eoickis 2,
IR BRI, iy HORANANE, (HF RSS2, Ba BN, et
ANZ A CERR T -9).

2.3.1.3 EREMER

SAGJE 16 h, AUHUgkS R, AMATR N, A1 IRANE R, AR Z R
RN BEIR 2 i 28RO B e b, IR AN AR e, A B e A, R AL S N
PR FHEMT, XA (B T-100; &1 6 h, TRZZHZRE. &
Vo, RIRCEARNG, AR QR T -11); 52HK)5 43 h, IRk
SRR, ARRORAIR, FERIZANNL I OB RE N A, 29 AN IRARIN 173, BRI BEASEIR
e CEhR T -12)

2.3.1.4 |RRABEMYER

A A 50 h, FEIRJZANMIRSE DU ORI B, DA BN SR KRG, A
GIL R )E A, BRI (Germring), SERFEEA S HHE (AR T-13); 1
if 34 h, WRIAGREAERYIN N, TR @ BAL CRKRIRAR IS, o3
R JZ AN R S R RIE AR I B = AB RN R 454, RIDUIRJE (Embryonic shield),
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JRRGHEN P (B T -14); %255 96 h, JWRER RAUB) 3/4, WGk, R
BRIR L O 2 S5 TR “ON B A, JIRIA T 3 P O fL, RS AT T
FHAI R I bR 3%, e IR R G 3 (AR T -15).

2.3.1.5 fHZBEMER

KA 120 h, FRIRIEETAR N IFAE AR A S P2 1l N BOR I IRAL (BB T
-16), UL RAARIE, IR AT L RS BOR, EZ R NIy s 528 132 h
Ja, BRSLOGH, RART S S AR, A ckm ok, SKERAEE L, I IR
P (BT -18)

2.3.1.6 BEEFRE KRN EL

SN 126 b A SR I i R 00 52— 0T B T 1) 2 A s o Y B4 R s (4]
JRT-17); 3 18 h &, WRAARETuGIFUR /40 s e (s i s b Ja =34y, ik
DR A (R T -19); 32H5)5 162 h, LERRARRG S 2247 T J5 350 BB AN /Nt
TSR, BN g S5 CEIAR 1-20), F4RL 42 h, Mg 5% 5 & mRedis i T
WL IEEAETE (BRR T -22); 32K5 )5 180 h, FRAA R b 4k e 10 5 25 dh aE {1, 3R 25
HIU (B T -2 RBA 2 108 h (IR E, g T IEIB uE WM EER, A2
g L) (IR T -24), U O REE SRR O EBES) (69+2.1 Y/min, n=5) A
THBT LA : 25 264 h, Mgk L4 kA 2R A AARY B (IR T -23): 2K )5 312
h, HRFETREWIE 2B EAR, IREHEED I, ter IR E R B (&I T
250, EASBHIMARIES LU B, SRR TR, A 2 5 AR AR e 43T 5
GG 408 h, BBt R (IR T -26), LAFAIEIRIL, B U7 X
T 2P, ST e, R R e 2R SRR BT H ik 95%,
HUD oy 2 RN th o W RSP fF A s B, VTS 2, AR E, O
O (81.5+1.05 /min, n=5). BT FEARE Se AT R R JC 7 Il (¥ b R
Ay J LA NI 77 2O AR, eIt B S PR LA R, AT o 7 I R R I
A B R T, SO H B R SO A AR 1 B
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232 RIGMEEEE(F. #HEAB

F T ek R A AR A M C WA 18, DRI ASAIE 7 ok H IS 28 4 1=
VR BUE AT, R VR BT AR IS EERETE B e e 8 SO RE A . 25 04 A i fik
ZREENAE 9.31~12.80 °C (CFI/KIR A 11.03£0.03 °C) /KT AT T 148 408 h HifiR,
W B A CBRIRRC T -AD 4R K (9.6441.03 mm) , A (22.9£2 mg) , AIRHIE,
TS E, DR AR, MRV, DCHE, WeECgRr, Righ
B, AL I, IREEIE AR I 28 3 d A (EIRRIT-B) /AR (27.442 mg)
K (1121111 mm) , FHEEHIL, E6E, EEEHIAEE, AR ER RO
s (ERRIT-C) 5 555 d frfa (EIRIT-D) BEHERVEEE SR 42 TP, (AR L
REMEOZES (BERI-E) , 58744 (ERI-F) /AE (29.542 mg) , &
K (1421+1.59 mm) , GREEEEAR/, 156E, JEEENEGEILARTE, IREEEIE LI,
WA T EVEs HBEEE 12 d M7 (EIRRIT-G) DR BETTanv 2k, T4 th s
B ANETEE TR, AR B ARIEE D X, HAR AN, RN ARM R AER
B, SUEA&HIL: 5 46 d ik (EIRIT-HD HILAEERE, (A8 L&A 4

BB

2.3.3 FIAIMEEE ARG & & AT (8]

ZR UG AR B 2 RS DAY 9.31~12.80 °C 454 T P4 408 h WiF Y, S e i it 2 (1) B
H193.35°Cd, HrpdsEIEBUNRIH IR (122.74 °C-d), 7 G INA]F) 63.48%,
FLUAR N IR B 3B BE (30.26 °C-d), 1 15.65%, FEERT B (16.13 °C-d), 1 8.34%,
PR RBT B (10.84 °C-d), 1 5.61%, SNEFEBCh (6.28 °C-d), 5 3.25%, K
YU Bt (1.28 °C-d), X 0.66%.

24 The5 o

2.4.1 RISMEEEEETES) 4K IARE & B IS1E
Ze U A e el 2 [ B RV £ 28, B S R A KPS, T AR BRI K R A B
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NHHMTEE, TR ZFE G~6 A6 B EIE NEER S A VRRE I
T B SO PEAT EIE, 9~11 H 4y B B3yl 2 F e i) R (RS %) B
ATHEA (AT8I55, 2004) o ZRUG AN GHEE SRS G4 9.31~12.80 °C 4 AF I IIZE 408 h H I,
P KRB R 193.35 °Cd, XRE5H P MM (£ (Hucho taimen) St (&)
(Brachymystax lenok) Z%A0FF (fRIE4%E, 2010). ¥ (BRAKIREE, 2008). &
FfeE (Coregonus Peleol) (iKkJb 145, 2001). a4 fE (Salmo truttafario L.) (5%
H4E, 2006) FTAS (Oncorhynchus mykiss) (BE4r324%, 2005) ZEebRb4a 25 (15
RABUEEUN, 5234 tktd: (Brachymystax.lenok) AT CFEAEZE, 2010) (%2.2),
HE A 28 U T ek Bt A /K b Ay AL T i S AR AR R IS, T AL 17 AN [] Ao
(KO0 & Pt R AN —FE . ZR I dn it R 207 sUMIR G R B e 5 48K %
BBy AL, KA ORI R B~ B TR - X 4 ANEr B (R4 7K,

1995a), AWFSHRELTE H A rh i, PUssiy AR E £ 2 9 Wy gn il e 1) i) 73
W22 MR EE IR & 504 6 AN BRI 26 NI 3], Btk 2 AMBA B CARRRR (AL -
ORI MBHEEAEFTEI, WG E AR, BUEH RN A2 AT 5
I EE R 5~7 d, HZ@UWe An e AT R R ARG B G, DRI . R I AN [ RA% 1) 4T
MEf MBS . @ZR I ANk O G DUPER S BB, BN H AN 3.81~4.25 mm, K5
54t (Oncorhynchus keta) (Mahon et al., 1956) (8~9.5 mm), K PEyF:fd: (salmon salar
L) (5.5~6.0mm) [)/h, OREEK, WEEVDS, SRHERE, KENEEK: @%
U 2T fighe i G e 2 5 A7 KRR g ek CRPENRIT ), & —FhE FRYIBL WhER— A T
PR SN, WK PEYEEE (Battle, 1944), MifE/DE kK n s Bia (5K
JKIREE, 2008). {Efifi (Lateolabrax japonicus). WIfil, K% wpsifa (Neosalanx
tangkahkeii taihuensis Chert). PGV %< fif: 55 51 55 BE R A W ER A1 ;. @5 [F) & fik
FBHAUTEE VYT AR 3720 50 8L, R AR IR AL oS A Z B 4B
R i dk, i 54 fill (Squalidus argentatus) (2= {5445, 2005). % K¢S
(Acrossocheilus monticola) (J*XBH%E, 1999). #-ffifi (Clarias fuscus Lacepede)

(X)L HE%E, 2004). 45 (Sehizothorax) (FRK PEZE, 1999). 2 1Lk fa
(Scqphecthes macrolepis) (L1454, 2008) 25051 HR AR L i T- RS oS e
A ©FICMBEAR L S5 EAEMRB K E T OLIB, Mg, g LALLM L
ZHIOAWH, 8. IRES5 LG RIS TE R, IR R R fE e & F i e

g =~ E
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SER IX 5 SRR ek (FEAHE5%, 20100 35 20 GIRIKOREE, 2008) UK PE Vi (Battle,
1944; Blalinsky, 1975; J/kFESE, 2011) 25l ©ZRIE AWk E: IR IG K& & R IR
Y B R ATE R B B, ¥ 246 (2D (Hucho taimen) 54ifffh (&)
(Brachymystax lenok) Z&A8Ff (IffEEE5E, 20100, ¥T8 1 (GKAKIRAE, 2008) ALk
WyAn it CREAESE, 20100 BRI RAESERRMLIIE S, MH A2 AW S
RARMALINIG (FERRZR, 1996). JLKFERIAKEHEW Y (Blalinsky, 1975; K
A%, 2011) IR £ (Mahonetal.,, 1956) £y, YE#HX¥ P4 () (Hucho
taimen) S 4@t ( &) (Brachymystax lenok) Z4ACFf (IR3EAESE, 2010). #7214
CIRIAKIRZE, 2008) FIZRWIAN@ieE (FEAESSE, 20100 HIRIR LRI 7 ik F AR
IF R0 557
& 2.2 G ML H AR R L

Table 2.2 Comparison between Brachymystax lenok tsinlingensis and other salmons

Fp Vil /P C AL IR 1) /h B/ CC-d Hh AT fr AR
Species Water Duration from Accumulated /mm
temperature fertilization to temperature Body length at
hatching hatching

Z2U& 40 gk B. . tsinlingensis 11.03 408 193.35 9.64
%' H. taimen 7.5 839 262.19 18.45
W4 kit B..lenok 7.7 597 191.53 10.67

& 11 C. Peleol 5.6 1392 325 7.25
VUil = i S. truttafario 4.3 2196 393.5 13.09
W45 O. mykiss 6.3 1248 328.12 16.51
T () Hanwin (&)

JuAsF Hybrid of H. taimen 7.55 769 241.95 18.1

(%) B.lenok (&)

242 ZINFIRMEEEEERR A B IFHEEKMEE

2421 PEBRABEMEZE

SR O IR R — RN R GG IR IG R B T s, RN RE RS, R E
FHNH AR A R 7o, FER A K WL DB KRG AR
Y (BA4HR, 1995a).

R NG R B #5752 G B KR, 2T BRI #2852
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20526 2y B 40 ~42.5 °F A1 55 ~57.5 °F (Combs, 1965; Blaxter, 1988), 1%i#
EUR S TXANEHE, IR B R R EUR R RS IE /K a N, e
(V)& T I 1) SR 2 AR G, MLAAE 3 °C4PF RIFALIIINS 100 dBA_L, TfI#E 17 °CH
ANE) 17 dRIAT B (Blaxter, 1988). ZRUS AN GHEEAE 12 /Kilk 11.03 °CEAF 48 408 h
B, I AL S e IS TP S8 BRI B 2 (5RO 54, 2008) (7.5 °C/839 h), Tl
R AR E (525 155, 2006) (4.3 °C/2196 h) . W4 it (F14E%%, 2010) (7.7 °C/597
h). HAKLEE (Gadus macrocephalus Tilesius) 324&UF & B H% . WAL HI
A AAEE MBS R AEAE — € W VS A 32 KU A i 25, A i L A
FEEAHIE CRIRAR, 20100 ABFFT i T4 PF BRI AR E 287 DRI R 7K 2
X AR AT A PO OF R R, O R AR T B W I R R 22— 2010
TEAE 10.35 °CHI-E4il B2 T ASEAG 2 HH I 5 ARl A 197 °C-d, S HESAT A AR
8 6~11 °CIZKIRAAL A 25T 29~35 dIFALH I CRr i, 2011, X RBY T K4k
HE S WA TER . IR 1 OCR, DRt nT LA T B 1 ot e KR AN ZE R R 14
°C, il H /KN A HIE 6~10 °C.

1N R B R A BERBERIS,  OP S BURIRE ST AN IR, A B AT R A U
BT 20T, S2RE N AEA R BOW 77 48 i R A —FF, i (Clupea harengus L.),
HHAEES (Acipenser sinensis) [P UNAE R B VA B R BAK, 105 &by, 7EM L ar il
B R AR T 41 50 42 R A 3 f s 0% (Braum, 19785 JEEL, 2005), S/SKF
FERVEVESERI I & B 5 WIRNLA & & HAEZAEH] (Matschak etal., 1997), %
U4 2 85 £ 14 SR A K AR 48075 SR AE 6.00~8.55 mg/L, WHAR FIXANKPFEB L GHE T
IRLE, AEECE MG IR Y, 75 1E 3 AT P IRAG HIE R IG 5 i UK 2
Etbe —m, fE—wuln, FERERZDEKREMEIBIEL, eI
SRR T SR A SRER IR TR OB E AR, 2004) . RIS & IR K ARIE UK
FEDRUEZE IR A0 Ak R i 1E 8 R B IR —

SR AL KA (R K BT 2 DR UE IR I TE 5 K B 10— DN T AT, AW 7T AL K AR
FHRR R LI 5 | KRR TR B K s, FROR IR LUK A CREGR DD RS LU vl 1X
FERTRE 2SS0 B s i B B LA BRI 2 RS O 1A AR e s i, g
TEON AN AE G R [ R B, tHIRIRZEIX, HOInFESCE, ™ B g 1 R 1
EHRE . i it , — BRI R EE b B2 IET:,  nRER 5 G K FE
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CHIETEE, 2004), fERARAEPFpAEE R T € I HY & sh ik b T 55 K mT BETIR /K
B A

2422 (FiEBAEKENEZE

Z U4 0 e 1) LD B A AR KR (9.64£1.03 mm) , fAF N (22.9+2 mg) , It
I AT FE TR 8 AR SE BN SR A1, 8 TR VEE TR B, B B R R R Tt i
FERUK PSS, 5 BT A DR R R A IR/ 5o Mk I S C Pyt s 7R A
PEE TR, A2 F PERHORBE AT £ 25 B R 8 AL [RIAE FH I — AN B OBRA4 AR, 1991,
F RS HTRER CT IF) R B2 OSSN RIS I AL IR E . KK A
FFEERHRIE RS 00, MRAF 1) H 3 1R I (10%~50% ) (Rana, 1985;
Dou et al., 2005) , XALEEFAMIREEN, AL 0 10T 300 A T 1) Js DA
(RS A, 20100 o AFBRIUCER T BT 1 5 32 ZE Y P A TR K/ it Al
BRE, HRWIAR B A A R Z A LS . . WAk 1838 T DD RN 1
ZRU AN A AT Ak LT I, B058 3 d D & B PR S, HREIEE 12 d
BRI U FE (14 (Yolk-sac larvae) , VAU FEVE N E TR, o 12d IIIR TR D
WK, TRARREE, X 54Nk 3 Zh ik e RAE (RREEAE, 2010)

AT A0 LI A B S B T N AMIEVEE 5, 75 R KRR B, R, B
FHAEDASHE 28 W2 S A7 HE o AR 1) SR B 38 v B A 5% £ 5 82 B VL AR A
AROR S 7P T U ] P £ 1 £ B R B 5 7 0 A v T 1 i SR A 4%
1991) o KPUVEREZE/KIL 8 °C LA H B YI R B I (0] S5 #68 (Salmo trutta) .
41 i fiE (Salvelinus malma) FJIN F)—25, HZKHR ] 8 °C LLR K PU i g, 21
P B T T 2 (R N ALK B BB B, %4 R 3K R A 1 Bl A K T A
HuF M AT A — 50 (Jensen etal., 1989). H FyI¢ T Z8 & 4R Bl ek £ o 52 Ly il B2 (0 5K R
WRATWIE, AR PO, RIS ERE TR . TEDRVRI S KO/
ERER RBUFHE W) I ek $e, RSN IR a5t (Epinephelus akaara) #E
4R FH AN [ IR AR D DR B RAS RS L R MR e £, AT et s (BEH4%,
2004) o YRIAFEIEE, ZEUQ AN R T DR AR OO, AT AT Sl A,
SEAFHEAAK S 20 mm ZiAT, FRAAHEEMRNIRE KM ], £ R AR, B T
B, R R AR 2, I T AL DR Dk T A 23 U A e (e K T S BN VR AERE, TR
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SEAE N I PR I 51 7 2430 PR AN DR (098 45 8 20 AR AT AR, LI 2]
N LY H

243 FILMEHEEMEARA B IREP ISR RE

2010 FFAERTLAF=HETUHT« BRVE 2 7K =5 BT R0 Ik G Bl 21 2 0 4 il e [5] 52 4 1
SRS X = 5 A VE B A N BB R4l a5 B (W T, AR AP 5 B R LA T )
(1) #8245 2010 4F. 2011 FEEELR, @IIFA/KIRIEHIE 6~10 °C, AU

KR, R TR, S BOZRE IN B T AE T B B A (E

TR GRS
(2) WAREEHITE 6 mg/L B L, BACRAEIRNG K & i R b DRSS T AR 28 I 1T 3 20K

FRRE, BUGTE A FEIX S, KRR ZEE T, KA NS S B2 R

TR TAS I i AN A2 2B, TR I R 25 3 B0 52 RS B9 (13 s ) B 1E 4

MR RS, R BURE B CHEIR 21 Sl 3 B R 2 R B
(3) LR 8 e W R LA, ST F B HIRF S RN A R AT 6, By 1k sE 5w

WGOKEE, ERURGEN, NI SPE AR, BESRE RGO R, A

S0 A o T 52 RS O e S
(4) |1 T ZE 0 A i bt LI () AN — 30, S8 ST f AR TR, MRS HE )

R, 2 LRI/ ELB R OB G, DRI T B A IR RIS 22 3 O (1 1 e

YIRS PR A A

33



SR 2012 JRBERE 52 i 3

EIE ZRIFMuAsIMIERERLZ TR
3.1 BIE

12 B KA I B, MR BOAAN 2 BA 1 S HUA R 28 8, AR B
SVHWIREE, e, T, SRR 7R RO S T R AT AR E R R,
1995a; Rodriguez etal., 2001). AR B MTESIIIE « A0 TE B AN 7K Ik i
FRIRE R DG, AR IR I I 7= AR A B 1 2 ER A, AN TR A= S PR R > 2 1 0 A0 Y
AL S NN B, DRt # S 0 JE L R 7 AR AE R, AR T S R
T RN R B R 5 K o A I 0 AR 25 3T

Zrle A e 2 TR RFAT IR« SR 20 AT BBl 3 ARV K #1282 T KRR AIG
TR U UK o A 40 8 e A0 I 5 30 B AR ORI ORI . AR SR AR 4t
LR 22 100 2 0 A i A R T RSB BEEA T L%, 15 A Ay R U A B ek A7) R A 4
PEILRL R AR TORE, 2R 2 i ik 4)) £ TR S AL BB LA

3.2 MRl 5A®
3.2.1 #rRiRE S A8

2011 4F 4 J, AEBRVS 45 B B 7% 0 g0 6 6 [ 5K g0 Ok 37 IXOR0E OC DR B
(N34°52.939', E106°38.921"), XJiZ% HiZORI X i K11 i hor e AT N LG4t
408 h (ML T3 041465000 2, 5 H 18 H A H I slee Y, %R e b HA I 1 3
WA RS 1d, Be)E B 10 d WERERBURE— 0, HIIRES 10 d 255 60 d W EERE 2~5 d
WORE 1 WK RRRIRE B A 16 2, 43R 2 A1, 43 3 HEAT I 3E R RT3 1. %5 /b 120 min
LA FJ5 FH Bouin IRIEEAT [ 22, [ € IR 42 /D 7E 24 h LA B, BT R AR DI, HE
Qe B fr, B REE TSIl AR D
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322 HEMESHE

3221 &1, K. RIEFEREKERZEN =

W T 6y BH IS 38 1 DR S50 6 e ) s & CHIAIOR, RS 0.01 mm) &
AR KRR S, ffaKE) 15 d GO ies <R R3] 0.1 mm) Jil&,
p AR EARLE [ 8 JG A LEICA-Mz75 (FEED ffdles © s ek e il (g
¥, 2006,

3222 BAER ENERENE
P RS D)D) B 4% Trowell fr “ 5k vHE02:” 14 (Trowell et al., 1959),
3.2.2.3 ME LSRR 3 FhempmitEL

TE BT N A DX A0 R I K 1) S A, BEANZE KA F T 5E 100 pm HA7 K
JE, SHRHEARIE (CO. AMZEZIZ (OND FIf&LT 4l (G B AmEaeidiiT
4% (Blaxteretal., 1967).

3224 R&/NDEA (MSA) itE

ZR U4 A1 ek £57 /1N 53 38 4 2 % Tamura 1 Wisby (Tamura et al., 1963) )7k
Sin o= (1/f) [0.1 (1+0.25) x2/n'?], f=2.55r
Hrp, AR (mm)
r-AreRAR I 242 (mm)
n-FL BB EAAT T AR (0.01 mm®)  EARAE %R (1 ANXUESR 2 AT 3D

3.2.2.5 HEEALIE R E K RIE

¥ 31z FH Microsoft Excel 2003 4T AMEE, 45 WK IR - E+bntEZ, JHEHIRY
5 LEICA DM 2500 Wik #kiTH14%, LEICA DFC 300FX K4 RKAE 4l
Photoshop CS3 Ab# 14
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33 EREHT

’

3.3.1 RIMEEETIRIKE R ASFETL

3.0 RN T RGN BRI BOIR AR SRR AR SR K KA
fad, WIRZRIG N ERE TR SN (9512502 um) . (HAK (1) 9.87%, XANHLIBE
FATAI R B KA AR (8.98%~10.44%), 1t A Z3 WA 21 il ik [T HEL AR AL )
RAK SRR B AR LR PR R 23.03%~31.18%,  fttRAA ( HRER I EL B4 s Mk
KE5AKWBNERE, BRI B BOE AR E KBS, KGR KIMEM
I AERAE

& 3.1 NAKBRYREABEESEERE (n=12)

Table 3.1 Morphological data in different stages of Brachymystax lenok tsinlingensis

HEH® (D 2K (mm) K (mm)  RE (um) SRR EAR (um)
Day Post-Hatch Total Length Body Length  Eye Diameter Lens Diameter

1 11.78 9.64 951 227.50
2 12.01 10.00 1013 259.30
3 13.01 11.21 1105 281.50
4 14.10 12.00 1308 301.30
5 14.97 13.00 1335 329.30
6 15.34 13.03 1377 331.30
7 16.23 14.21 1428 358.80
8 16.82 14.86 1458 360.30
9 16.87 14.95 1497 383.80
10 16.96 14.79 1528 429.30
12 20.44 17.80 1583 436.50
14 20.53 17.94 1682 443.80
16 21.30 18.86 1694 456.50
18 21.46 18.55 1752 460.50
20 22.29 19.44 1858 477.00
23 22.62 20.18 1900 481.00
26 22.90 19.54 1911 494.70
31 23.78 20.52 2106 534.30
36 26.04 22.36 2208 641.00
46 26.79 23.56 2460 767.00
56 32.17 28.03 2877 828.30
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332 RN NMEEERXNEELE

X R 27 it e - A 0 P A0 I SRR BB R U DD e 3R W, AN R B it
W i e B AE G AL AR AN IR L R 22 57 o

3321 BEZLFKE (PE) PEGBEMNSH

N ERL B 1 DPH (Day Post-Hatch) B &I #EH K —E 0 & LY E
CEIRII-1) , BEEM MY — DK E, (3R LR RS 5 (ERdI-3) . 1~13 DPH
(- e P IGE T R Do 6 b (1 28 €, 38— B A AR AR A A0 CEIRiRITT-4, B RRTTL-5)
F W] LR B AT WL B2 5 SN o 14 DPH A1 £ 15 38 I KL IR0 L B0 25 A o] 31 (1, 255 )2
b CEIRRIL-S, EhIV-1) , RBIRIHGA T MEZS), $) 26 DPH I, BiiEN
R4 e ) PR 0 2R BEAR 47 RO E AN AW A0 M2 R AP AT AT . (IR -3) 5 I i AR
W RO SR BE R I I B (R 2, S AT /e AR HEA i LRIV -2) s
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Plate I Development stage of Brachymystax lenok tsinlingensis embryo

1. zygote. 2. 1-cell stage. 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. Mubhicellular stage. 10. Early-blastula stage. 11. Mid-blastula stage. 12.
Late-blastula stage. 13. Early-gastrula stage (arrowhead:germ ring) . 14. Mid-gastrula stage

(arrowhead: embryonic shield) . 15. Late-gastrula stage. 16. Neurula plate stage C(arrowhead:
Blastopore) . 17. Eye anlage stage. 18. Blastopore closed stage. 19. Brain differentiation stage. 20.
Pectoral fin anlage stage. 21. Tail bud formed stage. 22. Rudiment of pectoral fin stage. 23. Eye lens
formed stage. 24. Caudal fin appearance. 25. Eye pigment stage. 26. Hatching.
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Plate I Development of Brachymystax lenok tsinlingensis larvae and juveniles
A. hatching larva (arrowhead: anal tubercle) . B. 3 d larva after hatching. C. 3 d larva after hatching
(enlarged: melanin) . D. 5 d larva after hatching. E. 5 d larva after hatching (enlarged: melanin) . F.
7 d larva after hatching (arrowhead: Rudiment of adipose fin) . G. 12 d larva after hatching; H. 46 d
juvenile after hatching
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Plate III Development of Retina During Brachymystax lenok tsinlingensis Ontogeny

-

1. The Dark Adapted Retina of 1 DPH Larvae of Brachymystax lenok tsinlingensis
2. The light Adapted Retina of 1 DPH Larvae of Brachymystax lenok tsinlingensis
3. The Dark Adapted Retina of 2 DPH Larvae of Brachymystax lenok tsinlingensis

B

The Light Adapted Retina of 2 DPH Larvae of Brachymystax lenok tsinlingensis
The Dark Adapted Retina of 5 DPH Larvae of Brachymystax lenok tsinlingensis
The Dark Adapted Retina of 9 DPH Larvae of Brachymystax lenok tsinlingensis
The Light Adapted Retina of 9 DPH Larvae of Brachymystax lenok tsinlingensis

0 9 Y D

The Dark Adapted Retina of 14 DPH Larvae of Brachymystax lenok tsinlingensis

Note. O.N.: Outer Nuclear Layer. [.N.: Inner Nuclear Layer. G.: Ganglion Cell layer.
PE: Pigment Layer. TC: Twin cone cell. C: Single Cone Cell. R: Rod.
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Plate IV Development of Retina During Brachymystax lenok tsinlingensis Ontogeny

»

0 9 Y D

1. The Light Adapted Retina of 14 DPH Larvae of Brachymystax lenok tsinlingensis
2. The Dark Adapted Retina of 26 DPH Larvae of Brachymystax lenok tsinlingensis
3. The Light Adapted Retina of 26 DPH Larvae of Brachymystax lenok tsinlingensis

>

The Dark Adapted Retina of 36 DPH Larvae of Brachymystax lenok tsinlingensis
The Light Adapted Retina of 36 DPH Larvae of Brachymystax lenok tsinlingensis
The Dark Adapted Retina of 46 DPH Larvae of Brachymystax lenok tsinlingensis
The Light Adapted Retina of 46 DPH Larvae of Brachymystax lenok tsinlingensis

0 9 N D

The Dark Adapted Retina of 56 DPH Larvae of Brachymystax lenok tsinlingensis

Note. TC: Twin cone cell, R:Rod
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