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(228 1 Fig. 1 continued)
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Fig. 1 Histological observation of the development of buccopharyngeal cavity of larva and juvenile of Sinilabeo. decorus tungting
a. The buccopharyngeal cavity of 2 DPH larva; b. transverse section of oral mucosal epithelium of 4 DPH larva;c. The
buccopharyngeal cavity of 6 DPH larva; d. transverse section of oral mucosal eclabium of 9 DPH larva; e. Buccal cavity of 10 DPH
larva; f. Buccal cavity of 11 DPH larva; g. Buccal cavity of 13 DPH larva; h. Buccal cavity of 19 DPH larva; i. Buccal cavity of 23
DPH larva; j. Pharyn cavity and oesophagus of 4 DPH larva; k. Pharyn cavity of 6 DPH larva; 1. Callous pad of pharyn cavity of 6
DPH larva; m. Pharyn cavity and gill rake of 9 DPH larva; n. Callous pad of pharyn cavity of 9 DPH larva; o. Pharyn cavity and gill
rake of 10 DPH larva; p. Callous pad of pharyn cavity of 10 DPH larva; q. Pharyn cavity and oesophagus of 13 DPH larva; r. Callous
pad of pharyn cavity of 20 DPH larva ; s. Anterior and middle pharyn cavity of 22 DPH larva; t. Middle and hind pharyn cavity of 22
DPH larva; u. Middle pharyn cavity of 43 DPH juvenile. APE: anterior pharyn epithelium; B: basilement; Cm: circular muscle; CP:
callous pad; GA: gill arch; GM: gill rake mucosa; GR: gill rake; KC: keratinocyte cell; Lm: longitudinal muscle; LM: lamina
muscularis; m: mouth; M: mucosal layer; MC: mucosa cell; OE: oesophagus; OF: oesophagus fold; OM: oral mucosa; PC: pharyn
cavity; PF: palatine fold; PM: palate mucosa; PMF: pharyngeal mucosa folds; SM: submucosa; SSE: stratified squamous epithelium;
TB: taste bud; Ys: yolk sac (scale bar=100 pum).
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Fig. 2 Histological observation of the development of gill rake, oesophagus and hepatopancreas of larva and juvenile S. decorus
tungting
a. Gill rake of 6 DPH larva; b. Gill rake of 9 DPH larva; c. Gill rake of 11 DPH larva; d. Gill rake of 19 DPH larva; e. Gill rake of 22
DPH larva; f. Oesophagus of 11 DPH larva; g. Oesophagus of 19 DPH larva; h. Oesophagus of 23 DPH juvenile; i. Oesophagus of 34
DPH juvenile; j. Oesophagus of 43 DPH juvenile; k. Hepatopancreas of 6 DPH larva; 1. Hepatopancreas of 22 DPH larva; AE:
anterior oesophagus; AIC:anterior intestines cavity; BC: bile capillary; CV: center vein; DM: developing muscle; GA: gill arch; Gb:
gill rake basement; GB: gill rake bone; GM: gill rake mucosa; GR: gill rake; GT: gas bladder tube; H:hepaticcord; Hs: hepatic
sinusoid; HE: hind oesophagus; L: liver; Lc: liver cells; LM: lamina muscularis; M: mucosal layer; OF: oesophagus fold; P: palate; Pc:
pancreatic cells; S: serosal layer; SM: submucosa; TB: taste bud; V: vacuoles (liver)(Scale bar=100 pum).
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Fig. 3 Histological observation of the development of intestine of larva and juvenile of S. decorus tungting
a. Intestine of 2 DPH larva; b. Intestine and liver of 2 DPH larva; c. Anterior intestine and liver of 4 DPH larva; d. Hind intestine of 4
DPH larva; e. Anterior intestine fold of 6 DPH larva; f. Hind intestine of 6 DPH larva; g. Fold of middle and hind intestine of 9 DPH
larva; h. Hind intestine fold of 9 DPH larva; i. Intestine of 13 DPH larva; j. Intestine fold of 19 DPH larva; k. Anterior intestine of 20
DPH larva; 1. Fold of anterior intestine of 20 DPH larva; m. Fold of middle intestine of 20 DPH larva; n. Fold of hind intestine of 20
DPH larva; o. Fold of hind intestine of 43 DPH juvenile; Al: anterior intestine; AIF: anterior intestine fold; BB: brush border; GC:
goblet cell; HI: hind intestines; HIF: hind intestines folds; I: intestine; IC: intestines cavity; IF: intestines fold; L: liver; LC: liver cells;
LM: lamina muscularis; M: mucosal layer; MIF: middle intestines folds; Pc: pancreatic cells; SM: submucosa (Scale bar=100 um).



1040 Hh [ K R

%29 %

37 HiE, fFHE@AFRENE , &8 A SUas
With, RBEREASEN. 43 HIR, DWE. 85
DR B FAR T

3 itig

31 HEKEURZNERAE

HR AW AR 85 AT HE f T Ak RS K B AL 21245
fE, 28 Buddington " i H KGN RGRE
R bR, AFFER AR EIH L R A R B
3 BB, SE—BrBE0~3 d): DAL S5 4b
SRR, TR e, (0 R E R B, 1%
Wifrea A~ H &R EMEILEE S, BT oEl, oy
WAL YRS IR, 5 Bt (4~13 d): fFfaJrn
B, IERTENIRE S 13 REIoE 4. X4
WrEE TR AHE R B, SO E N
Az, % B B T A R £ M B A ) DG
ARG R F A F b B B, i AE SL B B S il 42
BEIE R, 2 B R AR B 4 R O
JOE I BE(14~23 d): ANEMEE TR B, ALY
SERSEA A, St —3, HLEREIGEEE,
SRk EH KT A8, M R,
fAIRETHLRE & B 56 3% FUE . Solovyev 210
PRV A TRk B B BLAT IS, KA 3 By
Bed oy MANEPEE R T A T, s h
P4 45 B fill (Sebastiscus  marmor atus) {1 HE £ 714 1k &
GRE N 4 DB B, AW KB, MR R
FIRE A, WG ILEERERF 55N 3
BB
32 HURZEMALAZEETSRMENENL

AR fi 2 £ 28 M AD B 48 B 3% ) o o — il
o 2 HESAF ORI B TE B, (R AR 5T, e
HLRGEIIRE M AT, SO E LAt .4 A
FFOHE, DM LB, A B T sk
BEY, FirmiE G E RN B %A, a2 A
TR AR IR CHE . 6 H I 0 29 AL, 1R
Ji b R 0 R R )2 b AR R R A 4 T i 1 £
LR 248 L 53 06 1 R A ) 2 £ ) 5 R B JEE
By, (ke UR 8 I R AR, TR R
W/ DB A L0, T =R A2 N &
i, T 3 e AL PR A A A s £ A I

PR, AFfan] DUJF O 8 1 0 & LI sy,
g d . 10 HIREHIFLG ATk, X548 5l
PR A S T S5 3 A4 O PG 2 L T i i 2
AR AR B, AR 00 LT BB %, AREMH
Y, AR G S R R SRR ),
MR R TRIE Y —H S, 13 BiR, JBH
TE R R A FOIR f R4 4, 5 R & A B st
MAE R, HE Ty R O b S O T Ok
[ ANRME S TR B A ARG W o YUERAS AT 396 55 (point
of no return, PNR)J&EH] K H & ATt 32 Uik 1
Ik, I PNR ZERBEIH, B AT A7 g
RN RO RGN L ), BT
5 125 PNRPL A, 76 PNR 22 B {4 E ] A
-t 38 A5 0 LA RE, SR AT R B B
X, 43 HE, W 5 R Z M AR, I
R E RS, 2R, ABTREwEAR
B, WSS A I8 1 RIS SR A Bl T AF B ik v 0 R I
HRFE o AFHEAD TR IR LS5 1Y) R B 5 B
AR SR AR IE N 1Y o

BRI & B g T HAEALSR B, 43 HiRW
ERADIEA & T A, S IE B YR, WS
TR D% 4 JIL PR WA &, SRS 5 R s S A 3 ) A
AH B4 R A 8 I, R 2 AT R AR A2 A HE S,
N T S £ ST B BEAE I, RN G 1
W2, 5 O Rk R AR )
S AR AR R A OB I SRV EE R, Bl e
W el R R OO AR T, 4~6 H
AT f0 S TE T B AR, T 2 2 B R A
BN, 9~13 Hi%, fFAEE AR EE .
o B S % T ARV S BN, kA R i LF o E
AN, KR A 2 A A T R
STE B7 A7 - i | A = NSO 7 TR S = I~
H 5 W RV B A A F T AR T g, RIS Rk 3R
FAUZA B T4 i A e dk— 281k, 13 |
W AT AR R SN S FR B Beth 5 R Z5 0 &
B S BB A,

W 18 2 B IE AL W Y FE A o AR AT
i 2 HIR RS bR A0k FF LR 40k, ELEIR Y
ol 5 B B 3 B T, AR T A X O R Y
WUSCRI . WIAREE AT (0 4 FIBTTIG I A 40 M 35 1



578

AW WAy . MERINAL RS R T HLU A 1041

HH A0 2 B AR G5 b, T RS R WS 2 AR
JE MR RS AN, A BT 54 IR AR ),
T B B Y i WO AR i I HE X EE 9 (Pe-
lteobagrus fulvidraco)4t 5—3**1, 6 Hit, i
ISR A BOR S, R E A — PR, 9~13
Hi%, Wil W Imas s s ek ks, Eis B
240 L B S5 A R O P SO Ok, 1 I e
1001 i 318 40 6 == T 3 e R £ L PR S P R T A B
Aedt, EATH b EE IR, J5 W 3 B
P 9 B, R EENLZ B R T,
5 )5 W B 6 AL 1 i HEE D RE A DG (& 3g),
55 0 et a1k R G ge A R —2 T 13 |
WA LLJ 25 0 25 1 g P 21 B0 UL 32 T T %
HL 28 W A0 38 0 S5 K AR R B Wk B ot s, HE
1 T 0 5 B 3 200 BRI 32 30 B R 0 SR T O
B AT HE a1 & A, IR S B AR A
T N o

WSS JE G H f, BhAn i o I Z R B
DLVRAN B S5 Bk, SR ZHOCE M,
ANALE B KRB AR B e
WAL BAFEEE, 4 BT 400 b B
B2 e, T bha o W R AL B, 5 4
H W4 A7 80T D 3 HE Y . Marthinsen ™ i 58 %
B ) 23 0 B AR R DI RE, APESE &
UM AR AP dE 6 H S ET, JHFA0 A B2 i,
ZIRAWAWIE M, XRW 6 HEE, frafFiEnT
DU I SN IE S SR o B HE T LRI ) e 4
JHF IR A v 2 B i b, bR R R Y 20 B
it & R AL . 22 HIE, FFBRAETh et —2 58
e, FEAKE UM A o S I E S5

4 #ig

AR A HE AL R SR T 20 3 BB,
RO B3] | R A ks SR BLA SN E IR B B
13 Hilk, Bs4ein sk, SEoh ks SRR I AE A,
HALR G4 i 5 oteC 853, KA
BEFRMAES . 22 B, HALEARL TS
WAL, BT L. B BRI AL,
IRZE 5L R G AU B A B R B AL
T8V o

5% 3k

[1] Wang B X, Liu S W, Tian X C. Preliminary observation on
ecological investigation, artificial propagation and seedling
cultivation of Sinilabeo decorus tungting[J]. Inland Fisheries,
1977, 1. 1-9. [E528E, XIS, H2J4). MR A 250H
A NTEI ST L E D] ARk, 1977,
1:1-9.]

[2] Fisheries Research Institute of Hunan Province. Ichthyology
of Hunan Province[M]. Changsha: Hunan People's Publishing
House, 1976: 103-104. [#]F & /K= FI2E050 . WiR fazs
BM] Kb IR AR M, 1976: 103-104.]

[3] Bian W, Li C W, Liang Z Q, et al. Biological characteristic
and resource dynamic of Snilabeo decorus tungting[J]. Journal
of Hydroecology, 2011, 32(4): 67-73. [ 4h, Z2&R, B
R, S NARER A YRR IR SN IIED]. KA
2FZ4R, 2011, 32(4): 67-73.]

[4] LiangZ Q,LiC W,OuLY, et al. Analysis and evaluation of
the nutrients compositions of the muscle of Snilabeo decorus
tungting (Nichols)[J]. Acta Nutrimenta Sinica, 2009, 31(4):
411-413. [, AL, BRI, 2. IAREL LA 5R
WA AT SRR [T]. B FRAR, 2009, 31(4): 411-413.]

[5] Nichols J T, Pope C H. Some Chinese fresh-water fishes[J].
American Museum Novitates, 1931, 449: 1-5.

[6] Liang Q S. Fish fauna of Hunan Province[J]. Journal of
Hunan Normal University, 1966, 5: 85-111. [42j5 2. J#r
BIEAX R[] B IIEERE2AR, 1966, 5: 85-111].

[7]  Wu X W. Records of cyprinidae fishes in China (Volume II)
[M]. Shanghai: Shanghai People’s Publishing House, 1977:
338-340. [{hik3C. HEEERAZECFH)M]. i b
AR R, 1977: 338-340.]

[8] Wang B X, Liu S W, Tian X C. Studies on the biology of
Snilabeo decorus tungting[J]. Acta Hydrobiologica Sinica,
1982, 6(4): 455-467, 469. [ =%, XIFE3L, HIW). HlkE
BREY A2 WEIE ] RAEAEYIZAAET, 1982, 6(4): 455-467,
469.]

[9] Zhao M J, Huang W Y, Wang Z X. The effects of temper-
ature on the embryonic and postembryonic development of
Snilabeo decorus tungting (Nichols)[J]. Journal of Fisheries
of China, 1982, 6(4): 345-349. [#XHH%], #3CHE, FAHLRE.
TRLEE X T AR VR G 5 5 & B IR A [T]. KA 4R,
1982, 6(4): 345-349.

[10] Solovyev M M, Campoverde C, Oztiirk S, et al. Morpho-
logical and functional description of the development of the
digestive system in meagre (Argyrosomus regius): An
integrative approach[J]. Aquaculture, 2016, 464: 381-391.

[11] Wu X F, Zhao J L, Qian Y Z, et al. Histological study of the
digestive system organogenesis for the mandarin fish, Sni-
perca chuatsi[J]. Zoological Research, 2007, 28(5): 511-518.



1042

o il K B 2

%29 %

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[REUE, B4R, &M, % SH LRGN E R MA
ZL2ET). SEARRST, 2007, 28(5): 511-518.]

Nie G F, Li J E, Ou Y J, et al. Histological studies on post-
embryonic development of the digestive system in larval,
juvenile, and young Liza haematocheila[J]. Journal of Fishery
Sciences of China, 2016, 23(1): 90-103. [2) 4%, Z=hnL,
XA, 5. ROfF, #. Gl REMEREWHA
2EMELI]. KRR, 2016, 23(1): 90-103.]

OuY J, LiJ E, Ai L. A study on the histology of digestive
system in early life stages of Oplegnathus fasciatug[J]. Journal
of South China Agricultural University, 2015, 36(1): 23-27.
[X3GH, 2L, 3. Za 8k & Bt R g H
GUARTIEN]. SRR RS54, 2015, 36(1): 23-27.]

Shu Q L, Huang J, Xu X, et al. Effects of changing to
different diets on the growth and survival of Coreius guiche-
noti larvae[J]. Hubei Agricultural Sciences, 2020, 59(4):
129-131, 140. [&FHOMR, B0, 8, 45 ARFEITRDT
PR B QTR AT KA R ). #degolBl, 2020,
59(4): 129-131, 140.]

War M. Growth and survival of larval snakehead Channa
striatus (Bloch, 1793) fed different live feed organisms[J].
Turkish Journal of Fisheries and Aquatic Sciences, 2011,
11(2011): 523-528.

Khoa T N D, Waqalevu V, Honda A, et al. An integrative
description of the digestive system morphology and function
of Japanese flounder (Paralichthys olivaceus) during early
ontogenetic development[J]. Aquaculture, 2021, 531: 735855.
Liang Z Q, Li C W, Liu M Q, et al. Morphological and
histological observation of the digestive system in Snilabeo
decorus tungting (Nichols)[J]. Journal of Fishery Sciences of
China, 2011, 18(5): 1051-1060. [#:&58, ZEAER, XIWK,
8. MESETH AL RGBS A S EVEDTE ). K™
B2, 2011, 18(5): 1051-1060.]

Bing Z. Carp organization[M]. Beijing: Science Press, 1983:
16-21. [Sfk. M4 M]. dbat: B dRat, 1983:
16-21].

Buddington R K. Digestive secretions of lake sturgeon,
Acipenser fulvescens, during early development[J]. Journal
of Fish Biology, 1985, 26(6): 715-723.

Riar M G S, Ara R, Amin S M N, et al. Morphological
characteristics of Tenualosa ilisha (Hamilton 1822) larvae
collected from lower Meghna River of Bangladesh[J]. Journal
of Environmental Biology, 2020, 41(5(SI)): 1365-1370.
Kumar A, Pradhan P K, Chadha N K, et al. Ontogeny of the
digestive tract in stinging catfish, Heteropneustes fossilis

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

(Bloch) larvae[J]. Fish Physiology and Biochemistry, 2019,
45(2): 667-679.

Yang J Z, Qi C, Xu S L. Histological studies on development
of the digestive system in larval and juvenile Sebastiscus
marmoratus[J]. Journal of Tropical Oceanography, 2019,
38(2): 58-66. [#fEHs, FFE, MR, 185 ohir HEa it
REUR T MHLUEVEET]. P, 2019, 38(2):
58-66.]

Hu P, Gong X, Han Y Z, et al. Ontogenetic morphological
and histological development of digestive system in larval
Pacific cod Gadus macrocephalug[J]. Journal of Dalian Ocean
University, 2015, 30(3): 243-247. [{Il}, ‘&9, S, 4.
KPS AL R G R BRI L2 EMEE )] R
FEMFPERFEFR, 2015, 30(3): 243-247.]

Yang R B. Study on ontogenetic development of the diges-
tive system and feeding in yellow catfish Pelteobagrus fulvi-
draco larvae[D]. Wuhan: Huazhong Agricultural University,
2010. [EmR. EHOAHEAHLRGER T KRR
WFFE[D]. BB ferhgll K, 2010.]

Su J, Wen A X. An initial research on the structure and
function of the wild and farmed carp oropharyngeal cavity
palate[J]. Journal of Biology, 2013, 30(1): 39-42. [z, iR
TR, BRI TSR FH A 4 1A i R 45 4 5 Th BE )
HWFIE[I]. AR, 2013, 30(1): 39-42.]

Li Q, Yao M, Du J, et al. Study on growth and development
of early postembryonic stage of Onychostoma sima[J]. Agri-
cultural Science & Technology, 2013, 14(2): 354.

Zhang J M. Starvation and determination of point of no
return in Schizothorax prenanti larvae[J]. Fisheries Science,
2020, 39(4): 532-538. [FKHEH. FF H2UE AT YLkiE
KORTHAA SR E ], KRR, 2020, 39(4): 532-538.]
Yang R B, Xie C X, Fan Q X, et al. Ontogeny of the
digestive tract in yellow catfish Pelteobagrus fulvidraco
larvae[J]. Aquaculture, 2010, 302(1-2): 112-123.

Marthinsen J L. Ontogeny of the digestive system in lumpfish
(Cyclopterus lumpus) larvae in relation to growth and start
feeding diet-A histological and stereological approach[D]. Tron-
dheim: Norwegian University of Science and Technology, 2018.
Ofelio C, Cohen S, Adriaens D, et al. Histochemistry of
goblet cells and micro-computed tomography to study the
digestive system in the long-snouted seahorse Hippocampus
guttulatus[J]. Aquaculture, 2019, 502: 400-409.
Banan-Khojasteh S M. The morphology of the post-gastric
alimentary canal in teleost fishes: a brief review[J]. Interna-
tional Journal of Aquatic Science, 2012, 3(2): 71-88.



%7 W AW WAy . MERINAL RS R T HLU A 1043

Histological study of the development of the digestive system of Sinila-
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Abstract: Sinilabeo decorus tungting is a category of endangered fish that urgently requires resource protection. A
histological study of the digestive system of larvae must be required to improve the survival rate of the artificial
larvae of S decorus tungting. In this study, the digestive system of S. decorus tungting from 2 to 80 days
post-hatch (DPH) was studied using tissue sectioning technique, HE (hematoxylin-eosin) staining, and
histochemical staining. The initial digestive system appeared to have a differentiated buccopharyngeal cavity and
intestine at 2 DPH; However, the buccopharyngeal cavity was not opened outward. Further, hepatocytes closely
surrounded the foregut and formed the hepatic cord. At 4 DPH, the gastrointestinal epithelial cells began to
differentiate functionally, and the hepatocyte mass increased accordingly, filling between the yolk sac and
digestive tract with light cytoplasmic staining and hepatic sinusoids initially. The digestive tract was connected,
and the larvae were found to have entered the endo-exotrophic period. At 6 DPH, the cleft of the mouth deepened,
assuming the shape of “>,” and the snout was gradually shaped with mucus cells. The callose pad of the throat was
keratinized, and the mucosal epithelium of the branchial arch was thickened. Mucus cells and taste buds were
initially observed. The muscular layer of the esophagus was found to become thicker, with circular muscles as the
major type. Several vacuoles were formed between hepatocytes, which became smaller. There were folds and
striated margins on the intestinal epidermis. Further, the folds from the foregut to the hindgut became shorter as
the goblet cells increased. At 9 DPH, the muscular layer of the posterior pharyngeal callose pad was identified, and
the mucosal layer on the opposite side of the callose pad began to sag and form folds. The esophageal circular
muscle developed; however, the longitudinal muscle did not manifest. Goblet cells were distributed in the intestine
and the posterior segment to a greater extent. At 10 DPH, the lip cells displayed a keratinization trend, and the
comb processes were formed on the surface of the callose pad. At 13 DPH, the yolk sac was completely absorbed,
and the endo-exotrophic period transitioned to the exogenous nutrition period. At 43 DPH, the structures of the
oropharyngeal cavity, gill, and intestine aligned with those of adult fish and gradually developed and improved as
the fish grew. Herein, the development process for the digestive system of larvae and juveniles was further divided
into three stages: endogenous nutrition period, endo-exotrophic period, and exogenous nutrition period. The
change in feeding habits was found to be relative, and the digestive function was found to improve accordingly.
Key words: Snilabeo decorus tungting (Nichols); digestive system; organogeny; histology
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