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Fig. 1 Morphology of larva, juvenile and young Liza haematocheila

a. Newly hatched larva; b. 1 day post hatching (dph) larva; c. 2 dph larva; d. 3 dph larva; e. 4 dph larva; f. 6 dph larva; g. 8 dph larva;
h. 18 dph juvenile; i. 30 dph young. A: the second fin spine; An: anal; DT: digestive tract; E: eye; OG: oil globule; M: mouth; Y'S: yolk sac.
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Fig. 2 Histological observation on prelarvae of Liza haematocheila (HE staining)
a. longitudinal newly hatched larva; b. longitudinal newly hatched larva; c. longitudinal 1 dph larva; d. longitudinal 4 dph larva digestive tract.
B: brain; CA: cavitation; DT: digestive tract; E: eye; ES: esophagus; FS: fundic stomach; IT: intestinal tract.
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Fig. 3 Development of oropharyngeal cavity and esophagus on larva and juvenile Liza haematocheila (HE staining)
a. longitudinal 4 dph larva oropharyngeal and esophageal; b. longitudinal 8 dph larva oropharyngeal and esophageal; c. longitudinal
12 dph larva oropharyngeal cavity; d. longitudinal 12 dph larva esophageal; e. longitudinal 18 dph juvenile esophagus; f. longitudinal
25 dph juvenile esophageal. A: adventitia; BE: buccal epithelium; BP: buccopharyngeal cavity; CM: circuiar muscle; EG: esophageal
glands; ES: esophagus; GC: goblet cell; LI: liver; LM: longitudinal muscle; M: mucosa; MF: mucosal fold; MS: muscle layer; MT:
maxillary tooth; PE: pharyngeal epithelium; S: serosa; SB: striated border; SM: submucosa; T: tooth; TB: taste buds; YS: yolk sac.
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Fig. 4 Histological observation on the digestive tract of larva and juvenile Soiuy Liza haematocheila (HE staining)
a. longitudinal 2 dph larva digestive tract; b. longitudinal 4 dph larva stomach; c. longitudinal 8 dph larva stomach; d. longitudinal 12 dph
larva stomach; e. longitudinal 18 dph juvenile pyloric stomach; f. longitudinal 18 dph juvenile gastric caeca; g. longitudinal 18 dph
juvenile pylorus; h. longitudinal 25 dph juvenile stomach; i. longitudinal 25 dph juvenile gastric cardia; j. longitudinal 27 dph
juvenile stomach slit; k. longitudinal 27 dph juvenile stomach pylorus.
BP: buccopharyngeal cavity; BV: blood vessel; CM: circuiar muscle; CV: central vein; E: eye; GC: goblet cell; GCA: gastric caecum;
GE: gastric epithelial; GG: gastric gland; GP: gastric pit; IT: intestinal tract; LI: liver; LM: longitudinal muscle; M: mucosa; MC: mast cell;
MF: mucosal fold; MS: muscle layer; P: pancreas; PA: portal area; PG: pyloric gland; PI: pancreatic island; S: serosa; SB: striated
border; SCE: simple columnar epithelium; SE: stratified epithelium; SM: submucosa; St: stomach; SV: small vein; YS: yolk sac.
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Fig. 5 Histological observation on intestinal tract of Liza haematocheila in the early stage
a. longitudinal 4 dph larva gut; b. longitudinal 8 dph larva gut; c. longitudinal 12 dph larva foregut; d. longitudinal 18 dph juvenile
foregut; e. longitudinal 28 dph juvenile foregut; f. longitudinal 38 dph juvenile foregut; g. longitudinal 10 dph larva midgut;
h. longitudinal 17 dph larva midgut; i. longitudinal 28 dph juvenile midgut; j. longitudinal 10 dph larva hindgut; k. longitudinal 18 dph juve-
nile hindgut; 1. longitudinal 25 dph juvenile hindgut; m. longitudinal 38 dph juvenile hindgut. BV: blood vessel; CA: cavitation; CL:
central lacteal; FO: foregnt; FS: fundic stomach; GC: goblet cell; GCA: gastric caecum; HI: hindgut; HS: hepatic sinusoid; IG: intestinal
gland; IT: intestinal tract; IV: interlobular vains; KC: kupffer cell; LI: liver; LM: longitudinal muscle; M: mucosa; MC: mast cell; MF: mucosal
fold; MI: midgut; MS: muscle layer; MuC: mucus cell; P: pancreas; PI: pancreatic island; S: serosa; SB: striated border;
SCE: simple columnar epithelium; SE: stratified epithelium; SM: submucosa.
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Fig. 6 Development of liver and pancreas of larva and juvenile Soiuy Liza haematocheila (HE staining)

a. longitudinal 8 dph larva fish liver; b. longitudinal 12 dph larva fish liver; c. llongitudinal 18 dph juvenile liver; d. longitudinal 25 dph ju-
venile liver; e. longitudinal 12 dph larva pancreas; f. longitudinal 22 dph juvenile pancreas; g. longitudinal 27 dph juvenile pancreas.
BC: bile canaliculus; BV: blood vessel; CC: centroacinar cell; CV: central vein; DT: digestive tract; EP: exocrine pancreatic; FS: fundic
stomach; HC: hepatic cell; HCC: hepatic cell cords; HS: hepatic sinusoid; ID: intralobular ducts; IV: interlobular vains; KC: kupffer
cell; LI: liver; P: pancreas; PA: portal area; PAA: pancreatic acinus; PD: pancreatic duct; PG: pyloric gland; PI: pancreatic island;

V: vacuolar structure (liver).

18d



100

23
, 25d
Cahu D%
[4, 6] [39-40]
R R R Tanaka!*!
[4] 28, 7 g
3.2 , 38 d
18~ 51
22°C, , 48~54 h
[29-30]
33 ’
[38]
, fi% (Trachinotus ova- 42431
tus)[24] , [34](Sparus latus) ’
3d ,4d ’
, (Epinephelus coioides)m*%]
(Epinephelus lanceolatus)Bn
(Pseudoscjiaena croea)m] ,
) ,8d
18 d
, SE k-
5 P [1] Lu Z K. Concise Encyclopedia of Chinese Aquaculture[M].

Beijing: China Agriculture Press, 2001: 633-640. [



101

(2]

(3]

(4]

(3]

(6]

(7]

(8]

[9]

[10]

[11]

[M]. : )
2001: 633-640.]
Su J X. Ichthyology and Marine Fish Culture[M]. 2nd ed.
Beijing: China Agriculture Press, 2005: 378-410. [

M]. 2
,2005: 378-410.]
Cheng Q T, Zheng B S. Chinese Fish Retrieval System[M].
Beijing: Science Press, 1987: 270. [ s
[M]. , 1987:270.]
Lei J L. The developmental stages of Mullet. Mugil so-iuy
Basilewsky[J]. Acta Oceanologia Sinica, 1979, 1(1): 157-175.
[ . (Mugil so-iuy Basilewsky L.)
IR , 1979, 1(1): 157-175.]

Wang Q, Chang H M, Meng S Y. Histological study on di-
gestive system of Mullet (Liza haematocheila)[J]. Sichuan
Journal of Zoology, 2008, 27(5): 740-742. [ s R
. . , 2008,
27(5): 740-742.]
Lin C X, Li W J, Tang T D. A study on food organisms in
fry ponds and food habits, growth of mullet fry[J]. Journal of
Fisheries of China, 1982, 6(4): 359-367. [ s s

[n. , 1982, 6(4): 359-367.]
Xu G F, Chen X J, Du J, et al. Fish digestive system: Its

structure, function and the distributions and characteristics of

digestive enzymes[J]. Chinese Journal Fisheries, 2009, 22(4):

49-55. [ s , s

[J]. , 2009,
22(4): 49-55.]
Gao L J, Shi Z H, Yan Y. Histological studies on develop-
ment of digestive system in larval Pampus argenteus[J].
Journal of Fishery Sciences of China, 2007, 14(4): 540-546.
[ , , .
[J1. ,2007, 14(4): 540-546.]
XuGF, LiuY, Li Y F, et al. Organogenesis of the digestive
system in Brachymystax lenok during early development[J].
Journal of Fishery Sciences of China, 2013, 20(4): 733-742.
[ ) , ,

[J1. , 2013, 20(4): 733-742.]
Liang Z Q, Li C W, Liu M Q, et al. Morphological and his-
tological observation of the digestive system in Sinilabeo
decorus tungting (Nichols)[J]. Journal of Fishery Sciences of
China, 2011, 18(5): 1051-1060. [ s s ,
1.
, 2011, 18(5): 1051-1060.]

Pu H Y, Zhai B X, Liu H L. Histological studies on

post-embryonic development of digestive system in larval

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

catfish Silurus asotus[J]. Journal of Fishery Sciences of
China. 2004, 11(1): 1-8. [ , ,
[J1.
,2004, 11(1): 1-8.]
Lauzon H L, Gudmundsdottir S, Steinarsson A, et al. Effects
of bacterial treatment at early stages of Atlantic cod (Gadus
morhua L.) on larval survival and development[J]. J Appl
Microbiol, 2010, 108(2): 624—632.
Gisbert E, Piedrahita R H, Conklin D E. Ontogenetic devel-
opment of the digestive system in California halibut
(Paralichthys californicus) with notes on feeding practices[J].
Aquaculture, 2004, 232(1-4): 455-470.
DulJ, Xu G F, Han Y, et al. Development of embryos, larvae,
fry and juveniles in lenok Brachymystax lenok[J]. Journal of
Dalian Ocean University, 2010, 25(5): 379-385. [ s
3] , 2010, 25(5): 379-385.]
Chu Q Z, Zhang J D, Chen G. Histological studies on
postembryonic development of digestive system in Rachy-
centron canadum[J]. Journal of Hydroecology, 2010, 3(4):
86-91. [ , ,
[J]. ,2010, 3(4): 86-91.]
Fang H H, Wang B. Histological studies on the development
of digestive system in larval and juvenile starry flounder[J].
Chinese Agricultural Science Bulletin, 2011, 27(14): 50-54.
[ ,
[J1. ,2011, 27(14): 50-54.]
Li X C. Digestive physiology study of Mugil soiuy[D].
Qingdao: Ocean University of China, 2008.[
[D]. ,2008.]
Huang H J. The effects of ammonin and ration size on
growth and toxicological of mullet, Liza haematocheila[D].

Shanghai: Ocean university of Shanghai, 2012. [

[D]. : ,2012.]

Hua J Q, Shen A M, Pan X Y, et al. Sutdies on adaptability
to salinity of Barracuda’s fingerling[J]. Journal of Zhejiang
Ocean University: Nature science, 2006, 25(4): 407-409.
[ , ) ,

[J]. : , 2006, 25(4),
407-409.]
Peng Y H, Huang G Q, Li J, et al. Energy metabolism and
oxidative stress of juvenile Liza haematocheila as dissolved
oxygen decline[J]. Guangxi Sciences, 2013, 20(4): 294-298.
[ , , ,

[J1. ,2013,20(4): 294-298.]

Jin G X, Xu W, Geng L W, et al. Histological observation of



102

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

early ontogenetic development of digestive system in bulat-
mail barbel Barbus capito[J]. Fisheries Science, 2013, 32(6):
311-315. [ , s , . i

[J]. , 2013, 32(6): 311-315.]
Shi Z H, Huang X X, Fu R B, et al. Salinity stress on em-
bryos and early larval stages of the pomfret Pampus puncta-
tissimus[J]. Aquaculture, 2008, 275(1-4): 306-310.
Guo W, Gao F X, Pan L, et al. Morphological observation on
larval and juvenile development of Oncorhynchus mykiss[J].
Marine Fisheries, 2012, 34(3): 263-269. [ s s

, . 1.

2012, 34(3): 263-269.]
Alvarez-Gonzalez C A, Cervantes-Trujano M, Tovar-Ramirez D,
et al. Development of digestive enzymes in California
halibut Paralichthys californicus larvae[J]. Fish Physiol
Biochem, 2005, 31(1): 83-93.
Zambonino-Infante J L, Gisbert E, Sarasquete C, et al. On-
togeny and physiology of the digestive system of marine fish
larvae[M]//Cyrino J E P, Bureau D P, Kapoor B G. Feeding
and Digestive Functions of Fishes. Beijing: Science Publish-
ers, 2008: 281-348.
OuY J, He Y L, Li J E. Postembryonic development of di-
gestive system of Trachinotus ovatus[J]. Journal of Ocean-
ography in Taiwan Strait, 2011, 30(4): 533-539. [ ,
[J].

5

\

s . 2

,2011, 30(4) : 533-539.]

Chen B N, Qin J G, Kumar M S, et al. Ontogenetic devel-
opment of the digestive system in yellowtail kingfish Seriola
lalandi larvae[J]. Aquaculture, 2006, 256(1-—4): 489-501.
Xiong H L, Yao Y H, Wang Z J. Histomorphology of the
digestive system during post-embryonic development of
Triplophysa bleekeri[J]. Chinese Journal of Zoology, 2013,
48(3): 437-445. [ s ,

[J]. , 2013,
48(3): 437-445.]
Lin Q, Li J Y, Zhang B, et al. Histological studies on
post-embryonic development of digestive system of seahorse
Hippocampus kuda[J]. Journal of Tropical Oceanography,
2007, 26(6): 46-51. [ , , s

1 )

2007, 26(6): 46-51.]
Anderson S A, Salinas I, Walker S P, et al. Early develop-
ment of New Zealand hapuku Polyprion oxygeneios eggs and
larvae[J]. J Fish Biol, 2012, 80(3): 555-571.
Jiang J H, Zhang D M, Zhu J Q, et al. The Development of
embryo, larva and juvenile of Acrossocheilus fasciasayus[J].

Oceanologia et Limnologia Sinica, 2012, 43(2): 280-287.

[32]

(33]

[34]

(35]

[36]

[37]

(38]

[39]

[40]

23
[ s s , (Acrossocheilus
fasciatus) [J7. , 2012,

43(2): 280-287.]
Liu L M, Jiang H B, Wang M J, et al. Study on the growth,
development and survival rate of laval, juvenile and young
Sebastodes fuscescens[J]. Periodical of Ocean University of
China, 2013, 43(3): 25-31. [ , , ,
B ]
, 2013, 43(3): 25-31.]
Cahu C, Infante J Z, Takeuchi T. Nutritional components
affecting skeletal development in fish larvae[J]. Aquaculture,
2003, 227(1-4): 245-258.
Wang Y C, LiJ E, Ou Y J. Histomorphology observation on
digestive tract of larva, juvenile and young yellowfin black
porgy (Sparus latus)[J]. Journal of Southern Agriculture,
2012, 43(8): 1212-1217. [ , ,
U1 ,
2012, 43(8): 1212-1217.]
Zhang H F, Liu X C, Liufu Y Z, et al. Embryonic develop-
ment, morphological development of larva, juvenile and
young fish of Epinephelus coioides[J]. Journal of Fishery
Sciences of China, 2006, 13(5): 689-699. [ s s
, . 1.
, 2006, 13(5): 689-699. ]
Liu D E, Zhang Y Z, Fang Q S, et al. Study on morphologi-
cal development of larval, juvenile and young Epinephelus
coioides[J]. Journal of Oceanography in Taiwan Strait, 2008,
27(2): 180-189. [ , s , .
1. , 2008, 27(2):
180-189.]
Zhou L, Weng W M, Li J L, et al.Studies on embryonic de-
velopment, morphological development and feed changeover of
Epinephelus lanceolatus larva[J]. Chinese Agricultural Sci-
ence Bulletin, 2010, 26(01): 293-302 . [ s s
[J1. ,2010, 26(01): 293-302. ]
Xu X J, Wang J, Xie Y J, et al. Post-embryonic histological
development in digestive system of large yellow croaker
Pseudosciaena crocealJ]. Journal of Dalian Fisheries Uni-
versity, 2010, 25(2): 107-112. [ s N s
1.
, 2010, 25(2): 107-112.]
Lou Y D. Histo-embryology[M]. Beijing: China Agriculture
Press, 2004: 45-13. [ M].
,2004: 45-13.]
Chen M Y, Zhang X M. Development of the digestive sys-

tem in larval and, juvenile and young turbot Scophthalmus



1 : 103

maximus[J]. Acta Hydrobiologica Sinica, 2006, 30(2): [ s R , . (Hucho taimen)
236-240. [ , . 3. s
[. , 2006, 30(2): 236-240.] 2010, 41(3): 422-428.]

[41] Tanaka M. Studies on the structure and function of the diges- [43] Lian Q P, Zhong J S, Lou B. Histological studies on the
tive system of teleost larvae[D]. Kyoto: Kyoto University, development of digestive system in larval and juvenile
1973: 136-140. Miichthys miiuy[J]. Journal of Shanghai Fisheries University,

[42] Zhang Y Q, LiuY, Yin J S, et al. Morphology and histology 2007, 16(3): 212-218. [ , , . fg
of post-embryonic digestive system of Hucho taimen[]]. [ , 2007,
Oceanologia et Limnologia Sinica, 2010, 41(3): 422-428. 16(3): 212-218.]

Histological studies on post-embryonic development of the digestive
system in larval, juvenile, and young Liza haematocheila
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Abstract: Liza haematocheila is a fish species with potential economic value; therefore, it is important to study the de-
velopment of L. haematocheila larvae, juveniles, and young. In this study, the digestive system of Liza haematocheila
from 1 to 39 days post-hatching (dph) was morphologically observed by light microscopy, and developmental charac-
teristics were described. The results showed that digestive tracts of the newly hatched larvae at 20-22°C were com-
posed of a single tube for digestion. At 4 dph, the upper and lower jaws appeared, and the yolk sac was absorbed. The
gastrointestinal tract was generated in coils by the digestive tract. The stomachic prototype came out of the first coils,
and the following coils formed into the foregut and hindgut. At 7 dph, the yolk sac was completely absorbed, and the oil
globule were absorbed fairly well and disappeared; the post-larvae individuals obtained nutrition by exogenous feeding.
At 8 dph, the digestive system was clearly differentiated into organs such as the esophagus, stomach, intestine, rectum,
liver, and pancreas. At this time, nutritional requirements of the larvae gradually transitioned from endogenous to ex-
ogenous. Subsequently, with larval growth, the digestive tract changed to have increased wrinkles in the mucous layer,
thickened walls, and a bigger cavity. From 15 dph to 18 dph, elongation of the digestive tract, deeper folds, and increase
in the absorption surface were observed. At 18 dph, the pyloric caeca was formed, and gastric glands were observed,
which indicates the beginning of digesting exogenous protein. Meanwhile, the intestinal epithelial cells further differen-
tiated, the muscle continually thickened, and the intestines became segmented and circular. The larval feeding habits
began to change to herbivory. Subsequently, the digestive system gradually improved both functionally and structurally.
As of 18 dph, the juveniles had rapid increase in body length by exogenous nutrition. These results showed that L.
haematocheila digestive system development was consistent with functional improvement.

Key words: Liza haematocheila; histology; larval, juvenile and young; digestive system; post-embryonic
development
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