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KPS, s SR 550025,
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3. FOAURMEBH K2R 2B, BEPE %% 712100;

4, FXETIAKE TAEM, BEFE EXY 721000
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BE: 7ERKRIWZFWE A8 4E(Brachymystax tsinlingensis Li, 1966) N T. 28 13 72 & P H X CHUR H gt 5 B03E, H55]
R R TN B O NENTZ IS AR R, $2 S AL N T B E R, AT 0 2 4 40 7 vk X 2 04 41 6l 40030
AE LA AR K BRI T RGNS G5 R, RIS ANEEEEZ K55 177 h (hours post fertilization, HPF), i
JaiE AR E AL, MARCZ2IE AL 213 HPF, JRIAL R @RI ), 705 b A LA B 357 HPF, fmifkZEC
LRE N mRAE, ARAMZYEMER; 452 HPF, JUEH I, MMEEEh 4 J2(0FR LKE . SMEZR . WZER
AR Z AN ); ZAEINZ 508 h MM APIMATf, SRR oe & B 5 A W A i, 90 s £ 2501k
8 )=, HA LR 2 Ao 0N, JUE M A g mpcg AU n, iR 2aR, e, 5 A
(days after hatching, DAH){Ffa H B/ (W HE A0, A58 240 i 2 i 4454 . 10 DAH, M43 1b ok 58 3
10 J2 4514, ON/SC 2 1.27>1, A5 402 TF 46 A BOG AT 4, PIAZZ 06 s ey 3 )2, AT Aot i s
#55; 12 DAH B ON/G 4 1.07>1, 0 XI5 (o0 28 Y 3R AR B A IR, i 28719 4 M e 42 32 L4 M A% 3 {5 %5 16 DAH B LI
JIEE H 5 07 1 €8, R AR A (PD)IAME R 0.75, T B 3 1 1) £ R AR A (P ME W35 08/0 Ty 0.55 (P<0.05); 21 DAH (fffa i),
WA 2, MBI SR 5 BE5H; 41 DAH (RE@), drlinfboem, BRASIESEE, W e & Ehae
GoR B T4 o 2 U A il e A0 T R 5 ) RN R B A 1 R L L BGR OGURR e, Rth, AE 2804 gt gl e R B B o AR
T ARG O ] ek A R R g, R T AR S ISR TG B . AR SR A, SR N O 2R 0 A B Al Y R I A 5 R R AR 4t
BES%,

KR RISAnm:; WA E, UM, 48l RIAER
FESZES: S917 XEERERD: A XEHE: 1005-8737—(2024)12—1464—10

RTERE . SRR A RGE N OB IR S A fifk (Eleutheronema

tetradactylum) Fl i5 K #]

s sh, g BAE M FE N BASRE, B
AAARER MR, ST, FE AN & XHE
Z e B WIS AT TIRAR, JCHXT
£ ST R WL 2 ) A X 485 A R AL i R 1Y)
MR ARE T A FE &, KD (Danio rerio). VU8

s B EE: 2024-08-12; 1&iTHHA: 2024-09-18.

(Acipenser dabryanus)iL M L5 R 10 24
R 25 Hy, B WSS T R W& 83 (Cynoglossus
semilaevis) . KIZWE(Scophthalmus maximus)Fl5
(Siniperca chuatsi)PJ UL A% B & B FIAL M iz 5
PG 225, IR et SRR AE Y,

E&£MAB: X ARPIEESTH (32002392); SeMAEE T HAERHEAA BT H (B #8047 [2024]37); BEiiE EADFA T
T H (2018ZDXM-NY-037); Ak A T3k 7K A 4 22 B b AR 40 5 0 S 36 % P 0SS0 H (LFBC1109).
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WEEE: B8, RBIZEZ, DF5ET7 10 il 38 U5 5 5 AR 3 BF 5. E-mail: shaojian5098@163.com



%128

TR Fie B EEAL SR H R R E A

i
i
=
e

1465

M OC TS a8 B IRAG I & A L oAb S s 4 1 5
BE R A X B = DB ] B ¥ % 6 (Hucho
bleekerikimura) % 58 W £ L 38 B OGP0 55 AT gk 2 A0
i o7 T T B 0 R A R, R BR WA £ (Oncorhynchus
keta) IR IR AL I 2% B i8R & B 5B H ot &
LR R EHEIETMY, Htl, a2k Rk EH B
B R AR (e g8 B . AL RE P AR SCHLRE),
AT T A I A AR S A, IR PR AL
W o B AN RS 1 & B R AL, ATOUAR PR AL BR B,
Bt AT ORI, W A B 7, M
T4 12 2 A U A AL R AT Ao | s e 450,
Z& W 21 % fk: (Brachymystax tsinlingensis) > J&
F#EIE H (Salmoniformes) . #EF}(Salmonidae), 4
& 8 (Brachymystax), IR ERFA R K IEMAZE,
20 s BE R B . ARSI A A K
ZN%, M2 N A P SR, 5 B0 0 g
fie Y o AR AR R BB, BT R A AR ™
TSI A E R R shy o, ek, A
e Ja X 2RI AR g e g L) K RO AR Sk
N ¥ =) ¥ NI 5 S LAy 15l
THFFE ., ZIRgiheE N\ T 25 5 R B L s w4
SRk, [H N TRk S i A 85 & 30 AE X A R
AR, o A IR A R L R O B B
FELL B T 115G 62 52 058 28 B 2 75 BRI 27280,
W, ASHIFSE R T AL 225 T 100 2 0 240 i fiek L
B RERE UMM i Tt o, B7EE
7N 25 U A B8 ek AL 285 i A B R REAE BT R I
R B R, TR AR R R R CR, FE
Z U4 20 itk LI 5 AR W R ORE, Ol 2 U A i
PRGNSR R AR RS

1 MR57E%

1.1 SRIEH

S AR BTG A K T EL 2 e R 04 AR
B N TR a0 (9 VG 4 23 U 20 Bl e I o 37 ),
2023 4F 4 H 28 H X SR ik N T A= #4G, Bl
OV A 5 22 45 B9 & 1 05 T8 S K AR HE vh g4k, TF
O R R EHAR N 2 m RIS M T .
SCES AR K IRTE R 9.2~14.2 °C, Wf#%E N 6.8~
7.8 mg/L, pH N 7.08~7.54, &} H 5 it i B 5% 53 1

BEFIZEAE 5 18 H A S =y Wi (1 % 90%),
M HICH 1 Hi¥(days after hatching, DAH); itfii
WIORE: 2 7% it 1l PO 2R 0 A1 0 e L 00 2 B
AL BRI SR e A KB, HES LT
SEEHLEURE, FERE 10 KL, > MEHRE 2 4 (5
2 5 kD). WRRGIEIHERE: SZR5URIF S 2 20 DAH,
1dBORE 1R, 21~41 H®, 2 d BUFE 11K, 41~56 H
1%, 4~5 d BURE 19K, 60, 75, 90 DAH 1545 HUkE—
K, ERRBEPLEURE 10 B o B R R EEAR 5> A H2
(B 5 )5 AT 3 N AN B 3 Ry, 5 3 1V 7E
TENARM T BEERFE, BIE N ZEEIR(3000 1Ix) T 5 h
Jo BEAT SR AR, PR B S IR NS AR AR S B T
Bouin’s & 1 [#5E 24 h, J5 T 70%Z By 1 H R 1F
FH, SRJE SIS = AT L) SR
1.2 HIENESHE
1.2.1 MMEELE 3 MAERAHEMLE B
A3 BN SCLON 5 G 3 Fhaii R Beg (7%,

FLE: 4> MILL ON/SC J& ON/G #7:BY,

Arp, SCAUERMAHELH I, ON FRRSMZ = 4t il
¥, G AR 4L
1.2.2 IMEIEEh RSSO &K 5 8 (pigment
index, PI)[3 0l.

Pl=P/V

X, PL MG EIEEG P ONORIZIERE, Bl
um; VAL ANIEZ R, B pm,
1.3 BERABSHELE

S FH 62 W 08% (Nikon  801) HF 1741145 1K1 Fr,
{#i F§ Photoshop CS6 471K FAbBR, AN S5 38 o
Excel 2016 #1754 5211, FIF SPSS #4172
RS, (E YR B bR 1fE 2% (* +SD)FR
N, BEESMH P<0.05 FoR.

2 HRESH

21 HFIRHSERRPAUNERELXTIUR
A% S5 B[] (hours post fertilization, HPF) 177 h
F, WRIRHE AR B A, i R 4 v 27T M1 R
WY SUZ AR, S0 KB R 2 402 S AR
WIZ, W2k B ROREMIEZ AAINZ, 41
EHEII A Y, WA 1a.
213 HPF, tARNANZ 20 E 0, )2 40 ik
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PIE®WATT, BEMBEIE, WARSNZ % 8,
PR B2 25 1 i B 3G S, 30 AL [ SRR B R 4 400 Y
J o TR B, A AR 30 O Il A A e, A 200 B 4K
W L, ZHES R ETR, RATE A,
MR B RAUZ, WZE R LM, S8z R
ST R, Hr A 2 A0 R AR 5T 4 TR
Ja, KA MBS, WK 1b,

357 HPF, fik$e&F R iRk, MRk

TR A i A £ 4 20 M e R A B2 ST b R A i
WEE . WAL, R 401G amiE,
LKA 1c.

452 HPF, 25 R )Z 1 30 /0 & i 28 0 =
ki, MR AT N AL ZE . e AR TR HES
BB M HME R DL R R SR I N N 2 B
PR HIMZ P R R 2 0], H 452 2Z [ A R
AR, UL 14,

Bl1 o ZRie i IR i e B AL VR F

a. ZAEJE 177 hy b, S2HE)E 213 hy e 2HEJE 357 hy d. S2H5)5 452 h. CA, FAMEIEIEL; Co, fAlE; Cue, 77 I,
GCL, M 42, L, aRIK; Le, MRTZE; LE, SOIRIRLT4E; INL, W2 IPL, W2, I, T
Lv, &iRifl; Ope, AR, ONLAMEZZE; P, (AR AHIZE; R, PRI,
Fig. 1 The histological development of visual organ of Brachymystax tsinlingensis at the embryonic stage
a. 177 hours post fertilization; b. 213 hours post fertilization; c. 357 hours post fertilization, d. 452 hours post fertilization.
CA, cornea anlage; Co, cornea; Cue, cubical epithelium; GCL, ganglion cell layer; Lc, lens capsule; LF, lens fiber;
INL, inner nuclear layer; IPL, inner plexiform layer; I, iris; Lv, lens vesicle; Opc, optic cup;
ONL, outer unclear layer; P, pigment; R, retina.

22 RINESERBERARSEELTUNE
LIS A G I AE 9.1~11.0 CEKMUET, &
508 h JE B IR T, 0ok 1 H kT £
I DAH fFAaMmME el 8 2, 4rili: @
REEE. SR, SMEZE . AAME . WRZ
WAZZE . M2 . M 42, BkasiEmh

— = B PR T 72 5T 2H AR B D BRI (8 2 2
SO Z ), S0 DURR P, Sy 40 1) e 4t
7%, WK 2a,

2 DAH T A5 F fik 28 J5 ) o DR A2 R £ 15 22 (1) 2B
e 1 BRI EE, EASAbRORAMNE,
BT 5555 gt bR A A E 2 [) 7 s R 43 Sl R Sy I o AR
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a. 1 HIRHLSEAE; b. 2 HIRAMLIE AR E; . 5 HIRALIAE; d. 5 HIRULAR; e. 10 H IS FKESAR; £. 10 H 47 0 JR AL 4 ILAT ;
g 21 HIS LR T, he 41 HISAMAME 1. 41 H IR, Ar, SR055; Be, MA0MI; Ce, MLAEANMI; Cos, fAMKILTZ;
Ch, PKEEBE; Ip, ST ZE)ZE; Tre, WLIENZZE; Ira, ULHERTZ)ZE; Irp, UTHE)S )2, Irs, HIHEILFT)Z; Lep, Jo HL:RE;

Lea, HIFVENE; Re, YAFAIML; Sc, JUBE; Ste, &JZ P L5 AC, TEKRANMIZE; BC, BURANME)Z; GCL, #1574l ii)=; HC,
KFANAE; INL, WAZ)Z; IPL, IWIZ; L, @Rkik; MF, JILINZF4E; OFL, MELT4E)2; ON, L4, ONL, #MZJZ; OPL, ShM )2,
PE, B ZK/fZ; R, M.

Fig. 2 The histological development of visual organ of Brachymystax tsinlingensis at post-embryonic stage
a. Visual organs at 1 days after hatching (DAH); b. Visual organs of 2 days after hatching; c. Retina of 5 days after hatching;

d. Iris of 5 days after hatching; e. Choroid of 10 days after hatching; f. Cone optic rods on the retina of 10 days after hatching;

g. Visual Organs of 21 days after hatching; h. Cornea of 41 days after hatching; i. Iris of 41 days after hatching. Ar, argenteum; Be,
blood cells; Cc, cone cells; Cos, cornea stroma; Ch, choroid; Ip, iris pigment; Ire, iris endothelium; Ira, iris anterior; Irp, iris posterior;
Irs, iris stroma; Lep, lamina elastica posterior; Lea, lamina elastica anterior; Re, rod cells; Sc, sclera; Ste, stratified squamous
epithelium; AC, amacrine cell layer; BC, bipolar cell layer; GCL, ganglion cell layer; HC, horizontal cell layer; INL, inner nuclear
layer; IPL, inner plexiform layer; L, lens; MF, muscle fibre; OFL, optic fiber layer; ON, optic nerve; ONL, outer unclear layer; OPL,
outer plexiform layer; PE, pigment epithelium; R, retina.

Hipr, LA 2b,

5 DAH W B4 2 Ak 2L ok, #0240 B = A
0K 2 5AMZE 2 1] B, I IR0 5% 40 i g 4 40
HEANM, N2 o010 B OB A . K4 e
AT M, TSN Z oA 2 i 2 (B A D
R Pk FRTZ)ZE, WA 2¢, 2d.

21 DAH #L W B BE S, AT A £ . A
oAt 4, N mA R WRZE . EE)E 5
iz misEE A E R E R, ULE 2.

41 DAH 40 LAREAT AR &=, W2 R

A1 BACFAME ., S 5E a, Ak sk
2. A ERE . MRS . MRS )2
TN B 2 . KSR B 63, e iRz,
BRI AN A 2 o BUis, 2806 40 ol e R 5 25 45
Wb kB e 4, WK 2h, i,

2.3 MMPE AR, LT A AN A% R 4R
MENSHMEREHEL

231 MR L3 MMM EMILE AR
WA A i Bk A K R, L A0 LI e A B R R
TREH(A 3), 24 8 DAH 24 23 ind/100 pum, 90
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DAH H}% 10 ind/100 pm, 8 DAH %] 16 DAH [ B¢
T REIE BE K, T 25 DAH % 90 DAH B, T 418
e T 22 H 4 i 3 A B0 4 1 7 SR T
(13.6~10.2 ind/100 pm); &Mz )2 40 A% 0 A8 1k
£ EF#as, 8 DAH #| 13 DAH - fi 5 i
23.6 ind/100 pm ik FFH#) 41.8 ind/100 pm, %

=
S

r — PU4ELRH single cone cells (SC)
| —— #2540 ganglion cells (G)

—_— N W B W
S © o o o o

S A%t distributive quantity

Bl 51 DAH J5, SMZ)IZ MR AR TE 5
IKF-(57.4~60.6 /100 pm); #2548 i it 50
WAL RS, 1 8 DAH 1Y 41.8 ind/100 pum
[% 2 90 DAH A9 11.8 ind/100 pm, 7£ 51 DAH J5
3 AT B B AT AL A 1) o A B A R AR A
7K F-(12.2~11.6 ind/100 pm).

-~ SMZJZ AR nuclei of the outer nuclear layer ON) . . g7 g T

(=

2t K %/d days after hatching (DAH)

P13 ZRI ARk L I - 100 pum K RE TP HE AR IE(SC) . #2835 40 (G RSN 2 2 LA (ON) 1Y) 43 A 5
Fig. 3 The distributive quantity of single cone cells (SC), ganglion cells (G) and nuclei of the outer
nuclear layer (ON) per 100 um unit length in the retinal of Brachymystax tsinlingensis

232 HINASEHANEMNMZEARZONS
MESOMHWET(G)WHEELL IMX)ZHM ML
5 25 A0 B L (ONVG) . AN 2 20 i S50
Bk 401 i A5 2 L (ON/SC) ¥ it 2 U4 441 B e (1) A= K
B EIALI R WLIE 4 10 DAH B ON/SC
h1.27>1, DCETRLSE AN ZE O 28 0 /D 5 LT
Y f, (AALALEEAR A 32, M 33 d BF ON/SC
3.83, LA R AT 4E . 12 DAH B
ON/G N 1.07>1, BLHFHMZ)Z MRS R S5
TN 2, B2 AR G B8 1 52 BT 40 e
FERMME S, 12 DAH J5 Bl % 2304 4 A4S W7 G %

[ -=- ON/SC
- = ON/G

¥ & W1E quantitive ratio
S = N W A UL ®

B, 00 R I 4% 45 ) )4 5 A2 2o 3 Y SR R B Al
BT R (A 4)

233 UMEEREEH MELKELD, £
UV 290 1 e 1 BH % 325 10 I 400 0 S 1) €0 R 8 Bl (b 22
SACR (& 5). 9 DAH I, A7 BA 38 1 S 15 1 fe
ORI, WA MBGZ S A, 11 DAH
Ja AT Ui B 32 Bl v B 2 16 DAH B,
NS SR U AR 2 R A S VA A1 BT VA
(8, SR PH B K 0.75, T I 7 5 35 0820y
0.55; 51 DAH B, R F5E(PY)IIE H BAE R Y 0.88
KM EIE VY 0.45, HLMIIEAZ )) 5 A i & (&1 5).

8 9 1011121314 1516 17 18 19 20 21 23 25 27 29 31 33 35 37 39 41 46 51 56 60 75 90

§ H K ¥/d days after hatching (DAH)
Pl 4 206 2 i 00 ) 24/ J2 A4 A% (ON) 57 L 4 4 L (S.C) R A 281 441 B (G I B3 L

Fig.4 The quantitative ratio of nuclei of the outer nuclear layer (ON) to single cone cells (SC) and to
ganglion cells (G) in the retinal of Brachymystax tsinlingensis
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1.0 M #%3E M dark-adapted .
§ O] B35 R light-adapted w2 =
*
8 0.8} * —
8§
&M—
(="
=
04}
%
g
0.2 L
9 11 16 21 31 41 51

§% Hi K %/d days after hatching (DAH)

K5 ZR0 2 ek 0 I JEH] I 3 o 2%
TERBH L
ARARB LI A (] (RS B0E S W (P<0.05)
Fig 5 Changes in pigment indices of the retina under light and
dark-adapted conditions in Brachymystax tsinlingensis
* indicates significant difference between pigment indices of

retina under light and dark-adapted conditions are significantly
different (P<0.05)
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Z U 20 8 fe SRR BT o RE SR R B R R AR,
FEAN T RIS NG . RSN SR R Y
TERL . AL i & B S R, A ) i
REC HBAAR, XS ARk ie, X5 R2%5
2 LSE B T & B FE i —5°7, 213 HPF, ML
PRPAM 2 40 i S0 T8 1 (B 5T B i 2 PR DX 6,
TRBETE ATUFRIN; 452 HPE, BRI 25434kt b
B2, WEZ . WA ARZU R GEZ 4 2490
MZ, CRZESHLENRBEETR, 24401
JZFRANBH o 2R 04 A i ek B v 48 50K HUR IR &
B EERAS, Ji% 508 h FALBEIE, PIEATfa iR
TR A3k 58 4 BT 5 AR AR LA 1, 30 I Bt E
2ok 8 J2, HoaT UL A R 2 B ) 8 R 0k,
P B K B AEX L6 . 5 DAH, ¥l
)AL A4 L, O A )22 Dy AL A B 5 A, T
I BLUT 88 (Oncorhynchus mykiss) . TR 4] 874
PR 28 B AT 0 i 2, % 2 ik
HACE- A . AU A A TC K 41, 10 DAH,
PR oAb A SE i, HLA SR 10 2454, @
RZTHBRZHRAZRER, 5402106 H
BB AT AN, BB &0 16 I 1R R 4,
HEIF OIS E RO IR . 21 DAH, A0
Wz, ML SRR 5 RA M, SR E R

JEREJI IR, AT XTI TR U . 41 DAH, T
HECRN Wk 45 Bt oAb & B 63, X AN & 5 A 38
ET BE 7 BE IR A B v A
32 HIWESEHNEMEL TSN RIFE
LI S 2 A i i B S T Bk R S5, 7R AR
R T B PUE PR PE R, FEE R TR
Wl ALk . LI Y (8 2R 02 Bh R N R I A B
X G R ) R A R, 5RO €0 3% 40 it 7 6 A0
FEAN M, 3 O A0 T 40 A 22 fk 21 5 > B 32 2045145,
5596 (0 2 40 i 2 5 L0 AT AN A, mT e i AT 40
R AE 5556 T SRR U8 R 345 5
R H P BEE AT A Y & B R A T, R4
figh A7 £6.(9 DAH) AL I IS 25 BH IS 38 1 e, € 3K 48
BOC P, R IUR L R & A i2 8, PAF
Y R R T e 4, A DR A7 40 it R A
HE AU i 11 DAH W0 IR 28 B 1 58 1
L D) 5 s BT B A A P A s s g, 3% B R A
FRAMETF IR R H o T 20 i PR R 2 45 5 H Bt
R I TE) AR — 058 200 T 4 43 b AR 40 i Sk 3
JO7 AP B JSE (0 IR 58, 4l 0 PR 400 IO 2 3 g £ 1Y)
BRI A5 R0 A gk e 1 R 5 7 o A o
KI 10 DAH fFagFFT e R, 1M 28 04 2 i fe:
PRSI 3 Fh 4 it £t L 7E 10 DAH B ON/SC R
1.27>1, BLBR05E 40 M J2 B 48 B2 B i AT 41
Jit, EATS AR A4 R 3 . 12 DAH B ON/G B4
ik, R 1.07>1, &0 I At 400 19X JEE o) 4% 31 S e 2
ik, SMZ)ZMMAZ SR AN B A 2, e
720 LA g P B OB A AL R 1A, R
JEA A TR B2 o b i R sh 5 12 DAH
Jei, AL IR0 B ) % 55 R AT SRR B T, R TR
WL FR G, A ATl T80, X
Z U6 A1 i e 5 A G ZR AR I ¥ B RN H MR B B R AT
BETE A A AR 4E R AT LA B
U 2 i i e T L () RO AR, 45 A H A
KBRS, Bl I DmE, IR JT O AT E
EYGTERAE, ATtk EE, #
AR

4 Hig

ZUG AL R Ve K2R, AR KRGE, NI
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SRR o AT e B 23 U A e A - £ R o
HUMBEC 36 8 12, 5 DAH B34 )=
AL AN U257, 10 DAH B FF 46 3 BB AT
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B FR W AN P A e e, R R S
HBEAT AL BE, PRSI, AT 4R R A R A
FA RS R (AR VLRI, ISR R B R
AJRES AR IR 7 IR AR G, AR ST AR X
ZE e AR AL A% B R A T AT T AU,
KT HEA AT SR ROe A RS S PR AL A
(B EE- 20/ e
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Histological observation of the visual organ of Brachymystax
tsinlingensis Li 1966 at the early developmental stage
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Abstract: Brachymystax tsinlingensis Li (1966) is sensitive to light and susceptible to death by strong light during
long-term artificial breeding, especially during early developmental stages. The development of visual organs and
the characteristics of retinal development were systematically observed using histological methods to analyze the
physiological causes of this phenomenon and improve the efficiency of large-scale artificial breeding. The results
showed that the embryo entered the organ differentiation stage, and the optic cup was formed 177 hours
post-fertilization (HPF). At 213 HPF, a primitive retina and crystal sac were formed, and the cuboidal epithelium
constituted the cornea. The crystal sac had developed into the lens, the cells of the neural layer of the retina had
increased notably, and the staining of the pigment cell layer deepened at 357 HPF. At 452 HPF, the sclera appeared,
and the retina differentiated into four layers (pigment epithelium, outer nuclear layer, inner nuclear layer, and optic
ganglion cell layer). After 508 h, the fertilized egg broke the membrane and hatched larvae. The visual organs of
hatchlings were relatively well-developed, and the lens is fully differentiated and has the same structure as that of
the adult; the retina has been differentiated into 8 layers, and the pigment granules in the pigment layer are clearly
visible; the sclera consists of elastic fibers and cartilage; the iris is in the form of a single-layer ring; and the
choroid is present. At 5 days after hatching (DAH), a small number of cone cells appeared, and the visual cell
layer was pure cone cell structure. At 10 DAH, the retina differentiated into a complete 10-layer structure, ON/SC
was 1.27>1, a few optic rods began to appear in the visual cell layer, and the inner nuclear layer was differentiated
into three clear layers with the initial visual imaging system. At 12 DAH, ON/G was 1.07 > 1, the retinal network
was less convergent, and the number of nuclei in the outer nuclear layer was comparable to the number of ganglion
cells, which was sufficient to receive signals from the visual cells. At 16 DAH, the mean value of the retinal
bright-adapted pigmentation index (PI) was 0.75, whereas the mean value of the dark-adapted PI was significantly
reduced to 0.55 (P < 0.05). At 21 DAH, the number of optic rod cells increased, and the cornea differentiated into
a complete 5-layer structure; at 41 DAH, the iris differentiated, the choroid was perfected, and all parts of the
visual organs were fully developed. Therefore, the retinal structure and visual characteristics of B. tsinlingensis
show strong light sensitivity, and vision plays a major role in its behavior and feeding activities. Reducing
environmental light appropriately during early breeding of B. tsinlingensis could reduce the stress response and
improve the survival rate of seedlings. The results of this study provide a reference for the proliferation,
conservation, and utilization of B. tsinlingensis resources.
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