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T (Eleutheronema tetradactylum) (G A F4E, 2017), 3%
I EB£7 B (Centropristis striata)(FKAEIESE, 2017) . #8 &
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2 h BRI, B IR 4, 555 R HH HITACHIX-
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B BB R BRIEA T %, AL EW 1k, JERL T 1
JEM L E L i AR (K 1c); B R bR A



82 ook B

VeSS

VT = GRS
BL e TR T 56 55 % 7 10 4142 L (B R =200 )

Fig.1 Histological observation of the development of digestive system of larval M. salmoides (Bar = 200 pm)

a: 2d 4@yl b 4dfFaPY); o 6diraPyl; d. 6dIFMEIEY); e 10dFAHPYI; f. 12 d A EAREEDD;

g: 16 d A EEY); h: 20 d fFEIEHEREYD; i

24 d fr A HEREE D)5 . 30 d ¥R R A D)

Al: Hifs; B: HWAE; DT: jHfkiE; E: BR; H: OBE; G: 88; GC: AR4M; GG: iR HC. FF4iM; 1: s IL: B,
K: '&; L: Ji; M: 2 MF: FERE; P: BRAE; PC: WAITEZRE; Pl: 5%, SCE: HUZARIRANMI Si: 1m%E; ST: H; YS: Dpige,
a: Longitudinal section of 2 day-post-hatching (dph) larval fish; b: Longitudinal section of 4 dph larval fish; c: Longitudinal section of 6 dph
larval fish; d: Transverse section of 6 dph larval fish abdomen; e: Longitudinal section of 10 dph larval fish; f: Transverse section of 12 dph
larval fish abdomen; g: Transverse section of 16 dph larval fish abdomen; h: Transverse section of 20 dph larval fish abdomen;
i: Transverse section of 24 dph larval fish abdomen; j: Transverse section of 30 dph larval fish abdomen
Al: Anterior intestine; B: Buccopharyngeal cavity; DT: Digestion tract; E: Eye; H: Heart; G: Gill; GC: Ggoblet cell; GGC: Gastric
gland cell; HC: Hepatic cell; I: Intestine; IL: Islet; K: Kidney; L: Liver; M: Mucosa; MF: Mucosal fold; P: Pancreas;
PC: Pyloric caecum; PI: Posterior intestine; SCE: Simple columnar epithelium; Si: Sinusoid; ST: Stomach; YS: Yolk sac.
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Fig.2 Scanning electron microscopy observation on the mucosal epithelium
of the digestive tract in M. salmoides

A BRI B AR RS (R k) ><100; B B EBE /MY R AL (PR (6 35 35) <1000 ;
C: Wy b 32 B FhIEAE (SR 55 35) S 40 WAL (F1 0 553k ) ><1000; D iz b 2 Bz 2670 20 0 (S 0 357 3K ) B 43 I R (19 217575 3% ) <2000 5
E: WA TH 2E L7 4050 WAL A4 WA IURE (SR (5 8 3k ) <1000 F: M4 T ] 1 98 138 2 Zh Vi 40 i (P2 (.55 3k ) =000
A: Stomach mucosal epithelium and mucosal fold (black arrow) x100; B: Gastric pit and secretory cell (black arrow) x<1000;
C: Intestine mucosal fold (black arrow) and secretory cell (white arrow) x1000; D: Intestine mucous cells (black arrow) and

secretory granules (white arrow) >2000; E: Pyloric caecum secretory cell and secretory granules (black arrow) =<1000;
F: Pyloric caecum mucous cells (black arrow) 2000
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Fig.3 Histological observation of stomach and intestine of the death larval M. salmoides (Bar = 200 pum)

A: 6 HIRFIEHEEY]; B: 10 HEMTMEMHED); C. 12 HiRfFMEMEE Yl ; D: 16 H (7 ME R ;
E: 20 HIRfF o dfpet]; Fo 24 HIRAF @RI A7 1A 1R B 5 HE iy e i ok ]
GC: Mtk4iiE; GG: HM; GP: /MM, 1. B; MF: FilEfE; MS: NAE; ST: B
A: Transverse section of 6 dph larval fish abdomen; B: Transverse section of 10 dph larval fish abdomen; C: Transverse section of
12 dph larval fish abdomen; D: Transverse section of 16 dph larval fish abdomen; E: Transverse section of 20 dph larval fish abdomen;
F: Transverse section of 24 dph larval fish abdomen. The upper-right corner is a locally enlarged image of the black box; GC: Goblet
cell; GGC: Gastric gland cell; GP: Gastric pit; I: Intestine; MF: Mucosal fold; MS: Muscle layer; ST: Stomach
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*®1 KROBEHFERRRERFEREAIRSAME 30 HERWEKERERLE
Tab.1 Comparison of growth level and survival rate of 30 dph larval M. salmoides after transformed artificial diet at different time points

H i RS GIENS E A £ 3USN £ USSR T A
Day Initial body length/cm Initial body weight/mg  Final body length/cm Final body weight/mg Survival rate/%
12 1.06 £0.09 7.07 £0.26 2.24 x0.21 145.55 +29.56 45,59

16 1.27 £0.13 14.03 +0.49 2.42 0.35 161.76 +=33.30 65.60

20 1.45 +0.27 21.18 £3.07 2.56 £0.38 168.24 +37.32 69.83
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H RS RGN K T IR EA IR B ERHIE
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2~5d MIRAEFRY, 6d 5 RIMNEEEFN,; ¥4
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IREEFRW, 19 d J5 AN E IR (kK R 4
2010), X425 HONE AR e R . B DL
S RAT OKIR) S5 R B VTR G

N 2R R R REERE AT LAY RO A B AR A
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ARG T, AFIE A S WA RS SR Y
FIEE T2 T, 20~24 HiRAT# i IR, FhIEG
) R A3 = 1 A2 2 s il (&1 10 AL 1h), KW 20 H B
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Early Developmental Characteristics of Digestive
System of Micropterus salmoides Larvae During the First
Feeding and Artificial Formula Feed Adaptation

L1 Wuhui?, SUN Chengfeil, DONG Junjian’, YANG Chao!, HU Jie!, TIAN Yuanyuan!, YE Xing"

(1. Pearl River Fisheries Institute, Chinese Academy of Fishery Sciences,
Key Laboratory of Tropical and Subtropical Fisheries Resource Application and Cultivation, Ministry of Agriculture and Rural Affairs;
Key Laboratory of Aquatic Animal Immune Technology of Guangdong Province, Guangzhou, Guangdong 510380, China;
2. State Key Laboratory of Developmental Biology of Freshwater Fish, Hunan Normal University, Changsha, Hunan 410081, China)

Abstract Micropterus salmoides is an economically important cultured carnivorous fish in China. In
recent years, owing to the development and wide application of artificial formula feed, M. salmoides
production has rapidly increased and reached 470 000 tons in 2019. However, a low survival rate of
M. salmoides larvae is observed during the first feeding and artificial formula feed adaptation.

In this study, to better understand the artificial formula feed adaptation of M. salmoides larvae, the
developmental characteristics of the digestive tract and digestive gland of the fish larvae from 2~30 dph
were observed and described using histological sections and scanning electron microscopy (SEM).
Moreover, the digestive tract (stomach and intestine) characteristics of certain dead larval fish during the
first feeding and the transformation of artificial formula feed were investigated.

For histological analysis, the larval fish (including stomach, intestine, pyloric cecum, liver, and
pancreas tissues) were dehydrated with an alcohol gradient (70%, 80%, 90%, and 100%), embedded in
paraffin, cut into 5 um sections, and stained with standard hematoxylin and eosin.

For SEM analysis, the stomach, pyloric cecum, and intestine of 30 dph larval fish were fixed in 2.5%
glutaraldehyde solution for 12 h. Then, the tissues were fixed in 1% osmium solution for 2 h, dehydrated
with gradient alcohol (70%~100%), soaked in tert-butyl alcohol for 2 h, dried with a lyophilizer, and
plated with gold by ion sputtering. Finally, the images were captured using a HITACHIX-650 scanning
electron microscope.

At a water temperature of (23:1)<C, the larval yolk sac and oil drop gradually decreased at 0~4 dph,
the digestive tract was initially differentiated, and heartbeat, blood circulation, mouth crack, esophagus,
and anus were observed at 4 dph. Larval fish were in the endogenous nutrition period at this stage. In 4~
6 dph larval fish, the esophagus, stomach, intestine, liver, and pancreas regions gradually formed, the
digestive tube opened to the outside initially, and yolk sac and oil drop significantly decreased and then
completely disappeared, indicating that the larval fish entered the endo-exotrophic period. At this stage,
sufficient Artemia salina should be provided to induce the larval fish to open their mouth and perform
first feeding. In 10~16 dph larval fish, the stomach, pylorus caecum, and intestine were closely arranged.
From the surface of the intestinal cavity, the mucosa, submucosa, muscular, and serosa layers were
successively presented. The size of the mucosa columnar epithelial cells and the number of goblet cells
clearly increased. The masses of hepatocytes and pancreatic cells significantly increased, and a vacuole
structure appeared in the hepatocytes. The pancreatic cells were arranged closely, and the blood cells and
pancreatic ducts were distributed. At this stage, larval fish entered the exogenous nutrition period. From
this stage onward, larval fish are better able to transform feeding artificial formula feed step by step. In

@ Corresponding author: YE Xing, E-mail: gzyexing@163.com


mailto:gzyexing@163.com

51 PR K H RSTIT LR 5 e B N T C & TR 1 R 48 7 Ak

89

20~24 dph larval fish, the stomach gland was well developed, and the stomach wall thickness and number
of stomach glands further increased. Furthermore, the mucosal folds and connective tissue of the
submucosa were further differentiated, and the longitudinal mucosal folds increased and curled. In
addition, secondary mucosal folds in the intestine gradually appeared and the number of mucosal folds in
the pyloric cecum increased. Fatty accumulation and secretory granules were observed in the liver and
pancreas, respectively, indicating that the larval hepatopancreas was similar to that of adult fish. The
digestive system of larval fish was completely developed at this stage, and the larval fish had the ability to
transform and adapt to artificial formula feed.

No significant differences were observed in body length and body weight of M. salmoides larvae
(P>0.05) during the adaptation to artificial formula feed at 12, 16, and 20 dph. However, the survival rate
of 12 dph larval fish (45.59%) was lower than that of 16 (60.60%) and 20 dph larval fish (69.83%). In
addition, the body length, body weight, and survival rate of M. salmoides larvae were positively correlated
with the time point of feeding artificial formula feed.

SEM results showed abundant polygonal reticular mucosal folds in the gastric epidermis of
30-day-old larval fish, and there were dense secretion pores between the gastric pits. Mucosa folds with
fixed shapes were observed on the inner surface of the intestine, and mucous cells, secretory pores, and
secretory granules were clearly observed between the mucosal folds. Interestingly, the inner surface
structure of the pyloric cecum was similar to that of the intestine. A difference was the mucosa folds
without a fixed shape on the inner surface of the pyloric caecum. These mucosal folds and secretory pores
are important for food digestion, absorption, and excretion, indicating that the larval fish are old enough to
adapt to the artificial formula feed at this point.

During the first feeding and artificial formula feed adaptation, the stomach and intestine of the larval
fish were incompletely developed and accompanied by tissue damage in the dead individuals. For
example, the stomach and intestinal cavity were significantly shriveled, the inner epidermis did not have
the molding mucous membrane fold and goblet cells, and the mucous membrane layer was cracked or
absent. These results indicate that larval fish overfeed and fail to effectively digest, absorb, and expel
nutrients, which ultimately results in death associated with nutritional deficiencies, intestinal blockages,
and inflammation.

During the process of adaptation to artificial formula feed for M. salmoides, the development of
larval digestive system was investigated. The digestive system of larval fish at 4~6 dph gradually
differentiated and was still in the mixed nutrition period, and sufficient A. salina should be provided to
induce the larval fish to open their mouths and perform the first feeding. At 6~16 dph, the digestive
system gradually developed and larval fish entered the exogenous nutrition period, and sufficient food
could be provided. At 16~20 dph, the digestive system of the larval fish completely developed, and this
stage is the optimal time to switch to artificial formula feed. Our study provides basic data for feeding
condition optimization of M. salmoides larvae.
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