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Abstract

The ontogeny of the digestive tract in Platax teira was studied by means of optical microscopy from
hatching to 30 days post-hatching. Collect fertilized eggs from P. teira broodstock, fertilize the
eggs to hatch in hatching net bags, and rear the larvae in higher-place ponds. Observe the
morphology and structure of the digestive tract of larvae 1-30 days post-hatching using tissue
slicing technique. The results showed that the oral cavity of the larvae was closed and had not yet
begun to differentiate at 1day post-hatching. Its digestive tract was close to the abdominal wall,
and the yolk sac was completely dyed dark red. At 4 days post-hatching, the oropharyngeal cavity,
esophagus, and stomach of the larvae had been communicated, and their oral cavity opened and
food intake begins, entering the mixed period of endogenous nutrition and exogenous nutrition.
Thereafter, the yolk sac gradually decreased to disappear, the esophagus, stomach, and intestines
continued to differentiate, and their functions gradually improved. During 25-30 days post-hatching,
the structure of the digestive tract of the larvae didn’t change much. Due to the increase in the
size of the larvae, most changes in the digestive system are related to the complexity of the tissues
and the size of the organs. Specifically, the number of mucosal folds and cells in the esophagus
and intestine increases, and the gastric glands and pits in the stomach increase. The number of
mucous membrane folds, mucosal epithelial cells and gastric glands in the digestive tract increase
with the growth of the larvae, indicating that the development of the digestive system of P. teira
is consistent with the growth of larvae, morphological development, feeding, metabolism and other
functions consistently, its developmental stage is also adapted to the stages of the early
development stage of P. teira.
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Introduction

Longfin batfish, Platax teira, also known as the long bat or batfish, belongs to Platax, Ephippidae,
and Perciformes, is a kind of marine fish living near the shore in tropical and temperate regions.
This species is native to India and occurs in the eastern Pacific, from the Red Sea and East Africa
to Papua New Guinea, north to Ryukyu, and south to Australia, New Zealand and Melanesia (Bai,
2009; Golani et al., 2011). P. teira is one of the most important fin fish species in Asian aquaculture
(Leu., 2018). P. teira is an omnivorous fish that prefers meat. It has a steep head, a small and
round mouth, and large eyes. The body is flat and slightly rounded. The body color is separated by
black and white, and the side line of the body is curved. The juveniles have 2-3 black horizontal
bands on their sides. The dorsal, ventral and anal fins are elongated and sickle-shaped, and the
adult fins become shorter. The caudal fin is double concave. P. teira grows rapidly, young fish have
a beautiful shape and can be used as ornamental fish, and the meat quality of adult fish is delicious,
with a high economic value and nutritional value (Liao, 2018). Adult fish grow fast, and in eight
months, this fish can grow to about a catty, meeting the requirements of the market.

The food ingested by the fish is digested and absorbed by the digestive system, thereby
maintaining its vital life activities such as growth, development and reproduction. Therefore, the
structure of the digestive system determines the diet of fish. The histological development of the
digestive system has been constantly used as a histological biomarker to estimate the nutritional
status of fish at early life stages of development (Gisbert et al., 2008, 2013 and 2014). A large
number of studies have shown that studies on the occurrence of digestive tract biological organs
in specific fish can better understand their function and nutritional physiology (Lazo et al., 2011;
Cuenca-Soria et al., 2013; Gisbert et al., 2014). Therefore, the study of the morphological and
functional changes during the early individual development of special fish can help improve the
breeding technology of this species of juvenile fish(Portella et al., 2014). A large number of scholars
have described the morphological and histological changes of the digestive system during the early
individual development of fish (Rgnnestad et al., 2008; Zambonino-Infante et al., 2008; Teles et
al., 2017). In the development of teleost fish, the basic mechanisms of organ and phylogeny are
similar, but there are considerable interspecies differences in their differentiation, development,
and functional relative time (Trevifio et al., 2011; Fan et al., 2018). Therefore, it is necessary to
conduct specific studies on the ontogenesis of the fish digestive system of some fishes to better
understand their morphology and tissue physiology.

There are few studies on the digestive system of P. teira. In this experiment, the post-
embryonic development of the larval digestive system was observed to understand the occurrence
and development of the larval digestive organs. To study the structural changes of the digestive
tract tissue in its early development stage, and to provide a reference for the conversion of bait
during the breeding of larvae.

Materials and Methods

Spawning and breeding of larvae

The fertilized egg of P. teira were collected from a single spontaneous spawning from a broodstock
kept in captivity in the cage of the Tropical Fisheries Research and Development Centre, South
China Sea Fisheries Research Institute, Chinese Academy of Fishery Science, Lingshui (Hainan,
China). Fertilized eggs (approximately 1kg) are collected through the siphon method (Nufiez et al.,
2008). Eggs were disinfected with 5% povidone iodine for 4-6 min, then weigh and transferred to
Semi-closed hatching net containing 10 m3 of water a density of 100 g/m. 16 inflatable stones with
a diameter of 2 cm were placed in the hatching net bag. The first hatchlings were hatched out
under the conditions of 18h and water temperature of 27£0.5 °C (hatching rate=84%). The larvae
are placed in hatching net bags for 3 days, during which time the water is not renewed until it is
placed in the pond. The larvae are reared in the high pond for 30 days. During the experiment, the
water temperature was 27-30 °C, salinity 30 %o, dissolved oxygen 5.0-5.50 mg/L, pH 8.2-8.4,
ammonia nitrogen content <0.02 mg/L, nitrite index <0.005 mg/L. S-type rotifer larvae were to
larvae one times per day from 4 days post hatch until 8 days. The S-type rotifer was cultured as
described by Leu et al (Leu et al., 2009). Cladocera and Copepod larvae were fed from 9 days to
15 days. Artificial compound feed was fed to larvae from 16 days to 30 days. Feeding ration was
8% of body weight, and particle size was adjusted during the growing period.
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Sample collections and processing

The experiment continued for 30dph, and 30 larvae were collected every day from the first day
of hatching until the end of the experiment. When taking samples, eugenol was used to anesthetize
the larvae. After the larvae were completely anesthetized, the samples were collected in a sampling
bottle containing paraformaldehyde solution, and the samples were stored in a refrigerator at 4 °C
until they were used for histological research. The sample used is washed with running water for
12 -15h, then dehydrated with 70%-100% gradient alcohol, 100% xylene secondary transparent,
embedded in liquid paraffin and cooled to a solid wax block, then (5um) slice, HE staining, neutral
resin sealing sheet. Observe and photograph stained sections of a German ZEIZZ optical
microscope.

Results

Histological development of the digestive system of P. teira

At 1dph, the oral cavity and anus of the larvae are closed. The digestive tube is close to the
abdominal wall. The yolk sac is basically intact and occupies most of the volume of the body cavity.
The yolk sac stained with HE is dyed deep red. The esophagus is a straight tube with a mucosal
layer of monolayers of cells, and no muscularis and goblet cells are observed (Figure 1A). At this
time, the oropharyngeal cavity has formed, with a layer of oral mucosal epithelial cells, but not yet
a muscle layer and submucosa. The stomach primordium is found to be a simple solid structure.
The original structure of the stomach and intestine is not clearly distinguishable. The anus Not yet
formed. In the 2d larvae, the oral cavity and anus are still closed. As the larvae consume nutrients,
the volume of the yolk sac decreases. On the side of the yolk sac, you can see that the esophagus
is a simple short tube. At this time, the esophagus, oropharyngeal cavity, and gastrointestinal tract
Not completely connected (Figure 1B). On the 3rd day, as the yolk sac is gradually absorbed by
the larvae, the abdominal cavity of the larvae becomes larger, the esophagus begins to differentiate
toward the pharyngeal region, the stomach at the end of the esophagus forms a gastric cavity, and
the intestine is short with a mucosal layer and a single layer of columnar epithelium Cells (Figure
1C). On the 4th day, the eyes and mouth of the larvae were opened and started to feed, and
entered the mixed nutrition stage. The oropharyngeal cavity is enlarged, and both the maxillary
oral valve and the mandibular oral valve have appeared, and the upper jaw is longer than the lower
jaw. The digestive tract develops gradually, the esophagus gradually enlarges and the esophagus
wall gradually thickens, and the mucosal layer formed by cells on the esophagus is blurred. The
oropharyngeal cavity, esophagus and stomach is connected. The structure of the stomach and
intestine can be clearly distinguished, the differentiation of the stomach is not obvious, a certain
volume has been formed inside, the mucosa layer is thin and the initial wrinkle structure is formed,
the wrinkle is not obvious, the intestine is short and lacks goblet cells.

On the 5th day, the yolk sac of larvae completely disappeared, and each digestive tube further
differentiated and entered the stage of exogenous nutrition. The esophagus is the most
differentiated, and the mucosal layer of the esophagus is clear. A layered structure can be observed,
including the mucosal layer, serous layer, and muscle layer. The length of the esophagus increases
and extends to the stomach, and the mucosa is differentiated into stratified epithelium. There is a
shallow crease at the junction of the esophagus and stomach, the volume in the stomach cavity
becomes larger, and the intestine becomes longer and thicker to form an insignificant tortuous.
The pyloric blind sac of the stomach begins to differentiate, and it will be divided into three parts:
pyloric stomach, stomach body, and cardia stomach (Figure 1D). On the 7th day, the esophagus
was increased in length, and no goblet cell differentiation was seen. It was able to distinguish
circular and longitudinal muscle fibers, formed part of the esophageal mucosa, and a thin layer of
connective tissue surrounding them. The stomach is still further differentiated, the boundary
between the stomach, esophagus and intestine is obvious, and the number of mucosa is increased.
The intestine extends further but still has no obvious tortuosity and lacks goblet cells (Figure 1E).
On the 9th day, the initial mucosal folds appeared at the junction of the oropharyngeal cavity and
the esophagus. A small amount of mucus cells and goblet cells were observed. From then on, the
larynx cavity and the esophagus had almost no changes except for the continuous increase of cells
(Figure 1F).

On the 12th day, the growth rate of larvae was accelerated, and the changes of the esophagus
were particularly obvious. The longitudinal mucosal folds were formed, and the epithelial cells and
goblet cells in the esophagus increased greatly. The thickness of the esophageal mucosa is
obviously increased in the circular muscle layer, which is divided into the adventitia, muscle layer
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and submucosa. The differentiation between stomach body, pylorus, cardia, and caecum is obvious,
in which the pylorus area and cardia area of the stomach are very short. The stomach body area
occupies most of the stomach, and the boundary between these three parts is obvious, with
longitudinal mucosal folds. The gastrointestinal wall has completed the submucosa, muscle layer
and adventitia (Figure 1G). On the 14th day, the epithelial cells of the intestine have vacuole
structure, and the mucosal folds are folded to a moderate degree, and the folds are obviously
increased and widened (Figure 1H). On the 16th day, the intestine of the larvae was lightly stained,
and the striated border could be seen. The number of mucosal folds increases and the mucosa
thickens. The intestine is increased in length and formed obvious tortuosities, making the anterior,
middle and posterior intestine zones obvious. There are some histomorphological differences
between the foregut, midgut, and hindgut. The villi of the foregut are slender and abundant, with
many goblet cells distributed on it. The folds of the foregut are longer than those of the midgut
and hindgut. The larvae's stomach is beginning to differentiate into gastric glands and pyloric blind
sacs. The lumen of the pyloric blind sac appears at the junction of the end of the pylorus and the
front of the fore bowel. Mucosa folds appeared in the lumen and a few goblet cells were distributed.
A large number of gastric glands are distributed in the stomach and the stomach glands are the
most. The gastric gland is opened in a single shape in the gastric pits. The stomach is separated
from the intestine by the pyloric sphincter, and the pylorus is rich in mucosal epithelial cells with a
thick muscle layer (Figure 1I).
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Figure 1 Histological observation of digestive tract of larvae of different days

A, 1d larvae whole longitudinal section; B, 2d larvae whole longitudinal section; C, 3d larvae
whole longitudinal section; D, 5d larvae whole longitudinal section; E, 7d larvae whole
longitudinal section; F, 9d larvae whole longitudinal section; G, 12d larvae whole longitudinal
section; H, 14d intestinal cavity villous structure and goblet cell transverse section; I, 16d larvae
gastric structure longitudinal section; BP, oropharyngeal cavity; CA, cardia; E, esophagus; EG,
eosin Granules; EY, eye; GC, goblet cells; GG, gastric gland; I, intestine; LP, lamina propria; M,
muscle tissue; MC, muscle layer; MF, mucosal folds; MM, Mucosal Muscle; N, notochord; PY,
pylorus ; S, adventitia; SE, stratified epithelium; SEC, monolayer columnar epithelium; SM,
submucosa; ST, stomach; Y, yolk sac.
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On the 17th day, the intestinal mucosa folds and upper cells became flat, and the intestine
became longer and more curved. The number of mucosal folds and goblet cells increased
significantly (Figure 2A). On day 20, the esophageal epithelium was covered with dense goblet
cells, and the volume of mucosal folds became larger. The stomach further develops and the
volume in the stomach cavity continues to expand, increasing the number of gastric glands. The
pyloric caeca differentiate into more lumens, which become larger in volume and contain a large
number of goblet cells (Figure 2B). The striae are found in the villi epithelium of the intestine.
From 25 to 30 days, the structure of the digestive tract does not change much. During this period,
due to the increase in the size of the juvenile, most changes in the digestive system are related to
the complexity of the tissue and the size of the organ. Specifically, the number of mucosal folds
and cells is increased in the esophagus and intestines, and the gastric glands and pits in the
stomach increase (Figure 2C, Figure 2D).

At 30 days, mucus cells were distributed in large amounts in the esophageal mucosa and the
thickness of the esophageal mucosa increased. Epithelial cells and goblet cells are increased in
height in the esophagus, and the annular and longitudinal layers are thickened in the mucosa, and
the degree of mucosal folds increases. The thickness of the fold is increased in the stomach cavity,
and the thickness of the mucosal muscle layer and the lower layer is also increased. The staining
of the mucosal layer is clearly distinguished, and the submucosa is slightly darker than the upper
mucosa. The stomach has been developed to be more complete in structure and function. The
number of gastric glands is extremely large, and gastric pits appear in the stomach wall, which has
reached the structure of a fish stomach. The intestine is coiled and folded, the thickness of the
muscle layer and the mucosal layer is increased, a large number of irregularly arranged goblet cells
are distributed on the mucosa, and the number of intestinal folds increases. Since then, the
intestinal tract is mainly reflected in changes in length and thickness, folds, and the number of
cells (Figure 2E, Figure 2F).

Figure 2 Histological observation of the digestive tract of larvae of different days

A, 17d larvae intestinal cavity longitudinal section; B, 20d larvae stomach longitudinal section; C,
25d larvae stomach and intestinal cavity longitudinal section; D, 25d larvae stomach and intestinal
cavity longitudinal section; E, 30d larvae intestinal cavity longitudinal section; F, 30d larval
stomach longitudinal section; BB, striated margin; BV, capillaries; CA, cardia; CL, central chylous
duct; E, esophagus; EG, eosinophilic granules; EY, eye; GC, goblet cells; GG, gastric gland; I,
intestine; LP, lamina propria; M, muscle tissue; MC, muscle layer; MF, mucosal folds; PY, pylorus;
S, adventitia; SE, stratified epithelium; SEC, monolayer columnar Epithelium; SM, submucosa; ST,
stomach.
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Discussion

Significance of studying the digestive system of P. teira

Studying the differentiation of the digestive tract and accessory glands during larval
development is essential for synchronizing physiological development of feeding methods and
feeding procedures (Lazo et al., 2011; Rgnnestad et al., 2013), which is of particularly important
for new aquaculture species. Although the basic mechanisms of larval digestive system
development are not very different between marine teleosts, there are interspecies differences in
the timing of different individual developmental events (Santamaria et al., 2004; Chen et al., 2006).
This is related to different biological and abiotic feeding factors, and different breeding methods
between species (Trevifio et al., 2011). Many scholars have studied the development of the
digestive system of marine teleost fish, including Seriola lalandi (Chen et al., 2006), Pseudosciaena
crocea (Mai et al., 2005), Atractoscion nobilis (Galaviz et al. 2011), and Argyrosomus regius
(Solovyev et al. 2016). This is the first study on the histology of the development of the digestive
system of P. teira. Studying the development process of the digestive system of P. teira helps to
discover its feeding rules and understand the nutritional changes during its development, which
plays an important role in the breeding of larvae.

Morphological characteristics of the early development of the digestive system of P. teira

Like most fish, the development of the digestive system of P.teira can be roughly divided into
three stages: endogenous nutrition stage, mixed nutrition stage and exogenous nutrition stage
(Kozaric et al., 2008; Wegner et al., 2009; Yang et al., 2010; Saelee et al., 2011; Pradhan et al.,
2012). The period of P. teira and Oplegnathus fasciatus is the same in the endogenous trophic
stage (Ou et al., 2015), starting from the initial hatchling to the end of 3d. At this stage, the mouth
of the larvae is still closed and the digestive system is not differentiated. The digestive tract is
linear, and there is no feeding ability. During the period, the nutrition of the larvae is provided by
the yolk sac and oil balls. Different fish are in different periods of mixed nutrition. Barracudas spend
5-7 days in mixed nutrition (Nie et al., 2016), while Acanthopagrus latus (Wang et al., 2012)
directly enter exogenous nutrition. It does not go through the mixed nutrition stage. From the 4th
to the 5th day, P. teira is in the mixed nutrition stage, at this time the digestive system has just
started to develop, and the digestive function is imperfect. The larva grows relatively slowly. On
the 4th day, the eyes and mouth were opened, and the mouth and esophagus were just beginning
to communicate. At this time, the larvae have a certain swimming ability and start to take the
initiative to eat, but the food is eaten small and less, and the digestion ability is poor. It is the first
critical period of artificial nursery. The yolk sac and food is each provided with a portion of the
nutrients, and the larvae are provided with suitable bait as an important factor in survival. From
the 6th day, the digestive system develops further, the digestive organs become more complex,
and enter the stage of exogenous nutrition. At this stage, the larvae gradually strengthen their
swimming ability to eat more and bigger food. Food is provided with all the nutrients needed for
growth and development. The oropharyngeal cavity, esophagus, stomach, and intestines gradually
developed completely, and finally reached a structure similar to that of adult fish. It shows that
the feeding, growth and morphological development of P. teira are consistent with the development
of the digestive system.

Feeding of P. teira adapts to the development of digestive system

The developmental stage of the digestive system is compatible with its function and structure.
Different fish have different digestive characteristics. Hippocampus kelloggi does not have the yolk
sac to provide the endogenous nutritional stage of full nutrition, but directly enter the mixed
nutritional period (Lin et al., 2008). This reason is due to the reproductive method of ovoviviparity
and the larvae already have relatively complete digestive organs and feeding ability in 1-2 days.
Research showed that the Hucho taimen, as a fierce carnivorous fish, broke its membrane 30 days
after fertilization (Guan et al., 2007). It takes 24 days of endogenous nutrition period until 30 days
before entering the complete exogenous nutrition period. P. teira is different from H. kelloggi and
H. taimen. The larval fish has a simple digestive tract structure with poor digestive energy in the
first 3 days. The powerful nutrients are only provided by the yolk sac, which is the endogenous
nutrition stage. Then on the 4th to 5th days, it goes through a short-mixed nutrition stage and
completely enters the exogenous nutrition stage.
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The type of food that the larvae of P. teira are consistent with the development of the internal
digestive system. There must be certain developmental changes in the structure of the digestive
tract to meet its survival needs. Rotifers are fed to larvae in the early stages, then copepods and
cladocerans are gradually fed to them, and finally larvae are domesticated to eat artificial
compound feed. The reason for the feeding strategy is that the early larvae have a small mouth,
poor swimming and feeding ability, and weak digestive ability. Then the digestive system continues
to develop, the structure and function of the digestive tract are constantly improved, and the
feeding and digestive capabilities are enhanced. The appearance of esophageal mucosal folds
increases the area of contact with food, while increasing the volume of the esophagus encourages
fish to eat more food. The differentiation of the stomach body, pyloric stomach, and cardia stomach
makes the division of the stomach clearer, the function is more complete, and the digestion
efficiency is higher. The enlargement of the pyloric blind sac is more conducive to digestion and
absorption. The intestine increases the food contact area by bending and folding, and the mucosal
folds and goblet cells increase in humber. These structural changes all increase the rate of food
digestion and absorption.
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