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Abstract

The morphology of the digestive tract of Whitespotted conger, Conger myriaster (Elopomorpha: Anguilliformes)
was examined by light and scanning electron microscopy. The digestive tracts consist of esophagus, stomach, and
intestine; no pyloric caeca were observed. The stomach was divided into cardiac, body, terminal and pyloric region.
The esophagus was composed of two layers of striated muscularis; inner longitudinal layer and outer circular layer.
The former was extended to the body region of the stomach. In contrast, the latter was terminated to the esophagus,
and became coincident to the boundary of the outer longitudinal layer consisting of smooth muscle in the cardiac
region of the stomach. The terminal region of the stomach was characterized by the thick longitudinal muscularis
and subserosa, and the gastric glands were absent. Ciliated cells were distributed in the intestinal wall. The digestive
tract secreted both acidic and neutral mucus throughout all regions. We found that the terminal region of the stomach
is characteristic of Anguilliformes. On the other hand, the striated muscle within the body region of the stomach was
unique among the Anguilliformes. These differences in stomach suggested the possible existence of morphological

differences that originate from phylogenetic position among the orders in Elopomorpha.

Keywords: Elopomorpha; Anguilliformes; Whitespotted conger;
Digestive tract; Histochemistory; Scanning electron microscopy;
Phylogeny

Introduction

Elopomorpha comprise a phylogenetically unique species that
form a bridge between the basal and higher teleosts. The species
within the orders Elopiformes, Albuliformes, Anguilliformes and
Saccopharyngiformes [1-3] have undergone considerable adaptive
radiation, making members of the Elopomorpha well suited for
evolutionary studies. The Anguilliformes are the most diverse order
in the Elopomorpha. Its members are classified into three suborders:
the Muraenoidei, Congroidei, and Anguilloidei [1,4] and are found in
a wide range of habitats from equatorial to polar regions, mountain
streams to the ocean floor, and seawater to freshwater environments.
The feeding habits are similarly diverse with Anguilliformes occupying
an important position for the examination of phylogenetic evolution of
the digestive system.

The digestive tract in Elopomorpha is characteristic of that in
teleosts; some possess both a stomach and the pyloric caeca [5],
while basal teleosts in Elopomorpha have a large blind sac stomach
only with no pyloric caeca [6-8]. In the Elopomorpha, the stomach
in Anguilloidei is histologically divided into the cardiac, fundus, and
pyloric regions [9,10], and in Gymnothoraxpictus [Muraenoidei], the
stomach forms the characteristic terminal region within the blind sac
stomach [8]. The terminal region of the stomach is characterized by
thick longitudinal muscularis and subserosa layers, and gastric glands
are absent. It is considered that the histological structure of this region
is associated with the transport of large food items [8]. The pyloric
region also lacks gastric glands and this region possesses the thickest
inner circular muscle layer in the stomach [8,9,11].

The intestines in Anguilloidei are separated from the rectum by
an ileo-rectal valve [9,12], and several partition-like mucosal folds are
observed within the posterior intestine of G. pictus [8], but are absent
in Anguilloidei [12]. Scanning electron microscopy (SEM) images
show that microvilli are densely distributed as a brush border on the
apical surface of mucosal epithelial cells [8,9]. In G. pictus, ciliated
cells are present between enterocytes [8], but these are not observed in
Anguilloidei.

The mucosa of the digestive tract usually secretes mucus onto
the luminal surface. The gastric surface mucous cells in Anguilloidei
produce both acidic and neutral mucus [9-11], and this is the same
as for the stomach, including the terminal region in G. pictus [8]. The
mucus within intestinal goblet cells in Anguilloidei also consists of a
combination of acidic and neutral secretions [10,13], but those in G.
pictus contain only acidic secretions [8].

Thus, the tissues and the cells that compose the digestive tract differ
among species in Anguilloidei and Muraenoide in Anguiiliformes,
and there are phylogenetic differences among orders in Elopomorpha.
However, the current anatomical and histological knowledge of the
digestive tract of species belonging to Anguilliformes is still limited
to orders of Anguilloidei and Muraenoidei, whereas the Congroidei,
which are phylogenetically positioned between these two suborders,
have not yet been sufficiently investigated.

In the present study, we examined histological and histochemical
features of the digestive tract of the Whitespotted conger, Conger
myriaster (C.myriaster) (Brevoort, 1856) (Congridae; Conger) by light
microscopy and SEM, and discuss the findings within the context of the
evolution of the digestive tract in the Elopomorpha.

Materials and Methods

The study protocol was approved by the animal ethics committee
of Shimane University, and was conducted in strict adherence with
the guidelines for the care and use of research animals set out by the
committee.
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Sample collection

Twelve Whitespotted congers, C. myriaster, were collected between
2003 and 2012 and between the months of June and November
for morphological examination from the catches of fishing nets in
Nakaumi, Shimane Prefecture, Japan. In order to control for the
influence of seasonal differences and growth stages, only adult-stage
specimens were used [total body length (TL), 54.7 + 3.37 cm and total
weight, 233.8 + 36.58 g]. The conger eels were maintained in glass
tanks with running water under optimal oxygenation conditions, and
the temperature was maintained at 24.0 + 1.0°C throughout the 3-day
experimental period.

Tissue preparation

The conger eels were anesthetized by an overdose of 0.05% tricaine
methane sulfonate (MS-222: Sigma-Aldrich, Tokyo, Japan) in the holding
water. The digestive tract tissues of each eel were perfusion-fixed via the
heart with either 4% paraformaldehyde in 0.1 M phosphate buffer, pH
7.4 or with 1.5% glutaraldehyde in 0.1 M phosphate bufter, pH 7.4 over a
period of 15 min. The lumen of each specimen was subsequently washed
and perfused with the same solution, and the entire digestive tractwas
immersed in the fixing solution for 3 days at 4°C. Prior to analysis, small
pieces of the esophagus, stomach (cardiac, body, terminal, and pyloric),
and intestine (anterior and posterior regions) were excised from the
digestive tract and fixed in each of the fixative solutions.

Light microscopy

Excised samples of digestive tract samples fixed in 4%
paraformaldehyde were rinsed, dehydrated, and embedded in paraffin
wax. Serial 4 pm sections were prepared and stained with hematoxylin
and eosin (H&E), and histochemical staining was performed for mucus
detection. Sections were stained with Alcian blue, pH 2.5/Periodic acid-
Schiff (AB/PAS) after glycogen digestion by diastase. In this method,
neutral mucus is stained red and acidic mucus is stained blue. Sections
were observed and photographed with a BX51 photomicroscope
(Olympus, Tokyo, Japan).

Scanning electron microscopy

Excised samples of digestive tract samples fixed with 1.5%
glutaraldehyde were rinsed, dehydrated, conductive-stained by 2.0%

tannic acid and 1.0% osmium tetroxide, and freeze-dried with t-butyl
alcohol. Samples were subsequently sputter coated with platinum and
observed under a digital scanning electron microscope (S-4800; Hitachi
High-Technologies Corp., Tokyo, Japan).

Results

Anatomical observations

Digestive tracts were composed of an esophagus, a stomach, and
an intestine (Figure 1a). No caeca were observed in the pyloric region
of the stomach. The mean length of the esophagus was 3.3 + 1.06 cm,
and the color was white. The stomach was divided into four regions for
examination: the cardiac region continuous with the esophagus, the long
saccular body with a terminal region, and the pyloric region continuous
with the intestine. The color of the terminal region of the stomach was
white and clearly differed from that of the body region (Figure 1b). The
intestine was short and almost straight; the mean length was 13.7 + 3.53
cm and its ratio to TL was 0.26 * 0.06. The mucosal folds within the
posterior intestine were shorter than those in the anterior intestine; the
transition from the posterior to the anterior intestine was clear. Only
one partition-like mucosal fold was observed within the terminal side
of the posterior intestine in all individuals (Figure 1c). The ileo-rectal
valve, which is created by two mucosal folds, was observed posterior to
the partition-like mucosal fold.

Histological observations

Esophagus: The esophagus was composed of four layers: mucosa,
submucosa, muscularis, and serosa (Figure 2a). The majority of the
mucosal folds were primary folds, and secondary folds were rare. The
mucosal epithelium was composed of stratified cells, and numerous
saccular mucous cells were observed individually on the surface (Figure
2b). The muscularis was composed of two layers: an inner longitudinal
layer (Figure 2c) and an outer circular layer (Figure 2d), both of
which were striated muscles. In SEM images, the apical surface of the
polygonal mucosal epithelial cells showed fingerprint-like microridges
(Figure 2e). Mucus secretion from saccular mucous cells was observed
on surface of the mucosal epithelial cells.

Stomach: All regions of the stomach had four layers: mucosa,
submucosa, muscularis, and serosa.

Figure 1: The digestive tract of Conger myriaster.

of stomach.

(a) Gross structures (accessory organs removed). The digestive tract was composed of an esophagus, a long saccular stomach, and a short straight intestine. (b)
Sagittal section of the body-terminal region of the stomach. The terminal region of the stomach was white in color. (c) Sagittal section of the intestine- rectum. The
partition-like mucosal fold (arrow) and the ileo-rectal valve (arrowhead) were observed. Eso, esophagus; GB, gall bladder; Int.A, anterior intestine; Int.P, posterior
intestine; Pha, pharynx; Re, rectum; Sto.Bo, body region of stomach; Sto.Ca, cardiac region of stomach; Sto.Py, pyloric region of stomach; Sto.Te, terminal region
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Figure 2: LM and SEM images in the esophagus. a-d: LM images, H&E stain; e: SEM image.

(a) Whole sagittal section. Mucosa (Mu), submucosa (Sb), muscularis, and serosa were observed. Muscularis was composed of an inner longitudinal layer (ILM) and
an outer circular layer (OCM). Scale bar=200 pm. (b) Sagittal section of mucosa. Mucosal epithelium was composed of stratified cells and numerous saccular mucous
cells (arrowhead). Scale bar=50 pm. (c) Sagittal section of an inner longitudinal muscle layer. Striation was observed. Scale bar=50 ym. (d) Sagittal section of an outer
circular muscle layer. Striation was observed. Scale bar=50 pm. (e) The apical surface of the polygonal mucosal epithelial cells (A) showed fingerprint-like microridges
and secreted mucus (arrow) was observed between the mucosal epithelial cells. Scale bar=5 pm.

Esophagus-Cardiac region of stomach. From the esophagus to the
cardiac region of the stomach, cells comprising the mucosal epithelium
transitioned from stratified cells mixed with saccular mucous cells
to simple columnar cells (Figure 3a). The inner longitudinal striated
muscle layer in the esophagus was present within the submucosa in the
cardiac region of the stomach. In contrast, the outer circular striated
muscle layer terminated at the boundary of the outer longitudinal
smooth muscle layer in the cardiac region of the stomach.

Cardiac region of stomach: The mucosal epithelium of the
cardiac region was composed of simple columnar cells, and no gastric
glands were observed within the lamina propria. The muscularis was
composed of inner longitudinal, middle circular and outer longitudinal
layers (Figure 3b). The inner longitudinal layer consisted of striated
muscle, and both the middle circular and outer longitudinal layers were
smooth muscles.

Body region of stomach: The mucosal epithelium of the body
region was composed of simple columnar cells, and gastric pits were
observed between the cells (Figure 3c). Tubular gastric glands that
opened at the base of the gastric pits were observed within the lamina
propria. The muscularis was composed of inner longitudinal (Figure
3d), middle circular and outer longitudinal layers (Figure 3e). The
inner longitudinal layer of muscle was striated, sparser than in the

cardiac region of the stomach and was not observed in the submucosa.
Both the middle circular and outer longitudinal layers consisted of
smooth muscle. The circular layer was considerably thicker than the
longitudinal layer, and it was a large part of the stomach wall.

Body-terminal region of stomach: Mucosal epithelial cells were
present in both the body region and the terminal region of the stomach.
However, the gastric glands were absent in the terminal region (Figure
3f).

Terminal region of stomach: The mucosal epithelium of the
terminal region was composed of simple columnar cells, and the
lamina propria lacked gastric glands. The muscularis was composed
of inner circular and outer longitudinal layers (Figure 3g). Compared
with each smooth muscle layer in the body region of the stomach,
the inner circular layer was thin, but the outer longitudinal layer was
considerably thicker. The subserosa was thick and the blood vessels
were clearly visible within it.

Pyloric region of stomach: The mucosal epithelium of the
pyloric region was composed of simple columnar cells, and no gastric
glands were observed within the lamina propria. The muscularis was
composed of inner circular and outer longitudinal layers. Compared
with each smooth muscle layer in the body region of the stomach, the
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Submucosa (Sb). Scale bar=50 pm.

Figure 3: LM images in the esophagus- the terminal region of the stomach. H&E stain.

(a) Sagittal section of the esophagus-the cardiac region of the stomach. Mucosa, submucosa (Sb), muscularis, and serosa were observed. The muscularis was
composed of an inner longitudinal (ILM), a middle circular (MCM), and an outer longitudinal layers (OLM). OCM terminated and became coincident to MCM. Scale
bar=200 um. (b) Sagittal section of muscularis in the cardiac region of the stomach. The muscularis was composed of an inner longitudinal (ILM), a middle circular
(MCM), and an outer longitudinal layers (OLM). Scale bar=50 ym. (c) Sagittal section of the body region of the stomach. Mucosa, submucosa (Sb), muscularis, and
serosa were observed. Gastric glands (GG) were observed in lamina-propria. The muscularis was composed of an inner longitudinal (ILM), a middle circular (MCM),
and an outer longitudinal layers (OLM). Scale bar=200 ym. (d) Sagittal section of an inner longitudinal muscle layer in the body region of the stomach. Striation was
observed. Scale bar=50 pm. (e) Sagittal section of a middle circular muscle layer (MCM) and an outer longitudinal muscle layer (OLM) in the body region of the
stomach. Each layer was composed of smooth muscle. Scale bar=50 pym. (f) Sagittal section of mucosa in the body-terminal region of the stomach. Gastric glands
(GG) in lamina-propria were disappeared from boundary. Scale bar=50 ym. (g) Sagittal section of muscularis in the terminal region of the stomach. Thin inner circular
layer (CM) and thick outer longitudinal layer (LM) were observed. Subserosa (Se) was thick and the blood vessels (arrowhead) were clearly visible within them.

inner circular layer was much thicker, but the outer longitudinal layer
was also thick.

Intestine: The anterior and posterior intestines were composed of
the four basic layers: mucosa, submucosa, muscularis, and serosa.

Anterior intestine: Mucosal folds were highly branched; long
secondary folds that appeared similar to branches were seen in Figure
4a. The mucosal epithelium was composed of simple columnar cells
and a few goblet cells (Figure 4b). The muscularis was composed of
inner circular and outer longitudinal layers. The inner circular layer
was as thick as the outer longitudinal layer. SEM images revealed that
the mucosal folds were composed of polygonal epithelial cells that
were densely populated with microvilli forming a brush border on
the apical surface, and the ciliary tufts of the ciliated cells were also
observed between enterocytes (Figure 4c). The ciliated cells tended to
be distributed on the tips of the mucosal folds.

Posterior intestine: Mucosal folds were less branched, and short
primary folds were observed (Figure 4d). The mucosal epithelium

was composed of simple columnar cells and numerous goblet cells
(Figure 4e). The muscularis was composed of inner circular and outer
longitudinal layers. Both layers were thinner than those of the anterior
intestine. SEM images revealed that the mucosal folds were composed
of polygonal epithelial cells that were densely populated with microvilli
as a brush border on the apical surface, and the ciliary tufts of ciliated
cells were observed between enterocytes (Figure 4f). The ciliated cells
tended to be distributed on the tips of the mucosal folds, and the
density was markedly higher within the posterior intestine than within
the anterior intestine.

Histochemical observations

PAS staining after diastase digestion showed that glycogen was
absent in mucous cells in all regions of the digestive tract examined.
The gastric surface epithelial cells were stained different colors by AB/
PAS stain depending on each region of stomach. In the cardiac region
of stomach, the epithelial cells stained red-purple, indicating that a
mixture of both acidic and neutral mucus was present in Figure 5a. But

J Phylogen Evolution Biol
ISSN: 2329-9002 JPGEB, an open access journal

Volume 2 ¢ Issue 1+ 1000125



Citation: Takiue S, Akiyoshi H (2014) Histological and Scanning Electron Microscopic Examination of the Digestive Tract in Whitespotted Conger,
Conger Myriaster (Anguilliformes). J Phylogen Evolution Biol 2: 125. doi:10.4172/2329-9002.1000125

Page 5 of 8

Figure 4: LM and SEM images in the intestine. a-c: the anterior region; d-f: the posterior region.

(a) LM image. Whole sagittal section. Mucosa (Mu), submucosa (Sb), muscularis (ML), and serosa were observed. Mucosal folds were secondary. H&E stain.
Scale bar=200 ym. (b) LM image. Sagittal section of mucosal fold. Simple columnar epithelium cells and few goblet cells were observed. Brush border (arrow) was
observed. H&E stain. Scale bar=50 pm. (c) SEM image. Ciliary tufts from ciliated cells were observed between microvilli. Scale bar=5 ym. (d) LM image. Whole
sagittal section. Mucosa (Mu), submucosa (Sb), muscularis (ML), and serosa were observed. Mucosal folds were primary. H&E stain. Scale bar=200 ym. (e) LM
image. Cross section of mucosa. Simple columnar epithelium cells and many goblet cells were observed. Brush border (arrow) was observed. H&E stain. Scale
bar=50 pym. (f) SEM images. Ciliary tufts from ciliated cells between microvilli increased than the anterior region of intestine. Scale bar=5 pm.

£ 50

Figure 5: Histochemical observation in the stomach and the intestine. AB/PAS stain.

(a) The cardiac region of the stomach. The gastric surface epithelial cells stained red-purple. Scale bar=50 ym. (b) The body region of the stomach. The gastric
surface epithelial cells stained red-purple. The neck cells of gastric pits (arrow) stained blue. Scale bar=50 um. (c) The terminal region of the stomach. The gastric
surface epithelial cells stained blue-purple. Scale bar=50 ym. (d) The pyloric region of the stomach. The gastric surface epithelial cells stained red. Scale bar=50 pym.
(e) The anterior region of the intestine. The mucus within all goblet cells stained blue-purple. Scale bar=50 ym. (f) The posterior region of the intestine. The mucus
within all goblet cells stained blue-purple. Scale bar=50 pm.
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the epithelial cells have neutral mucus, while the gastric pits contain
acidic mucus in the body region of stomach (Figure 5b). In the terminal
region of stomach, the epithelial cells stained purple, demonstrating the
presence of a mixture of both acidic and neutral mucus (Figure 5¢),
and the epithelial cells in the pyloric region of stomach stained red,
indicating the presence of neutral mucus Figure 5d.

In the anterior and posterior intestine, all goblet cells were stained
blue-purple by AB/PAS staining, indicating that these cells were filled
with a mixture of both acidic and neutral mucus (Figure 5e and 5f).

Discussion

The composition of the digestive tract of C. myriaster was typical of
the Elopomorpha Anguilliformes. However, compared to the findings
of other current research on the three suborders of Anguilliformes,
the histological structure was different despite having the same basic
components.

The stomach of C. myriaster was histologically quite characteristic,
and was divided into the four regions: cardiac, body, terminal, and
pyloric. Furthermore, the inner longitudinal striated muscle layer of
the esophagus was contiguous with to the body region of the stomach,
and the muscularis in these regions was composed of three layers. This
study is the first to report the existence of a striated muscle layer within
a body region of the stomach in teleosts, including the Anguilliformes.

In the esophagus, the mucosal epithelium was characterized by
stratified cells and numerous goblet cells, fingerprint-like microridges
on the apical surface of epithelial cells, and striated muscularis, which
is consistent with the features of the esophagus reported for other
species of Anguilliformes [9,14,15]. Based on histological studies,
these features are known to be well suited to the transport of food.
Microridges on the apical surface of stratified mucosal epithelial cells
may serve to protect the mucosa from mechanical trauma [15-17], and
mucus from numerous goblet cells can serve as a protective barrier
against hard and rough food as well as a lubricant for helping in the
movement of food [18,19]. The esophagus is composed of two layers
of striated muscularis; an inner longitudinal layer and an outer circular
layer. These layers have been reported in the Anguilliformes [15] and
Siluriformes [20,21] as being capable of rejecting ingested materials
[21]. Interestingly, it should be noted that the inner longitudinal muscle
layer of the esophagus was continuous to within the body region of
the stomach. On the other hand, the outer circular layer terminated,
and became coincident to the boundary of the outer longitudinal layer
consisting of smooth muscle in the cardiac region of the stomach, the
running direction of striated muscle layers were different. There are no
reports of striated muscles continuing to within the body region of the
stomach, but this structure makes it easier to reject ingested materials
more easily.

These esophageal features were reported not only in the teleosts that
branched off more recently than Elopomorpha but also in groups that
branched off prior to Elopomorpha, such as Elasmobranchii [22] and
Chondrostei [23]. However, some teleosts species possess pharyngeal
teeth that aid in the mastication of ingested food [6]. Additionally,
species moving to waters of differing salinity show morphological
changes in the esophageal mucosal epithelium during adaptation to
water with greater salinity [14]. In this way, the morphological features
of the esophagus are known to be transformed concomitantly with
changing physiological and ecological factors, and although the detailed
determination of the function of the striated longitudinal muscle layer
within the body region of the stomach remains to be clarified, the
relationship among these factors could be hypothesized.

The terminal region of the stomach was similar to that of the
Muraenidae, in that it lacked gastric glands and possessed thick
longitudinal muscularis and subserosa. The following functional
mechanism of this region was proposed by Takiue and Akiyoshi: when
large food items enter the stomach, the longitudinal muscle cells in the
terminal region relax in order to accommodate the food, and after the
food has been sufficiently digested, the longitudinal muscle cells in the
terminal region contract and transport the digesta to the pyloric region
[8]. The absence of gastric glands in the terminal region may be related
to the need for significant relaxation and contraction of longitudinal
muscles in this region.

The intestine in the posterior region of digestive tract had a
distinctive histological structure in that it was intermediate between
the Anguillidae and Muraenidae. The partition-like mucosal fold was
the only one fold present in C. myriaster, but it was found in several
places in G. pictus [8], and was absent in Anguilloidei [12]. The ciliated
cells within the intestinal wall were also observed in C. myriaster, but at
a density that was lower than in G. pictus. We previously proposed that
the partition-like mucosal folds in G. pictus may have a similar function
to the spiral valve that is observed in the group and which is ancestral
to basal teleosts. We reported that the ciliated cells within the partition-
like mucosal folds play a critical role in the passage of digesta [8].

That the secretion of mucus is mainly a function of the digestive
tract in C. myriaster is interesting. In mucus within the gastric surface
mucous cells, neutral mucus was abundant in C. myriaster, and G.
pictus basically secreted acidic mucus [8]. In contrast, acidic mucus
predominates in the terminal region of the stomach inC. myriaster
same as G. pictus, and it also indicated the histochemically special
aspect of this region which lack in other teleosts. The intestine in C.
myriaster secrets both acidic and neutral mucus throughout all regions.
Anguilla Anguilla [9,10] and Anguilla japonica [13] also produced both
acidic and neutral mucus, but G. Pictus solely secretes acidic mucus
[8], suggesting that differences in digestive function may exist among
suborders.

Mucus secreted into the mucosal epithelial surface plays an
important role in protecting the digestive tract against chemical
[17,24,25] and mechanical damage [26,27], and it is also involved in
osmoregulation [28,29], digestion [30,31], and absorption [32]. Mucus
is divided into acidic and neutral types depending on the glycoprotein
it contains [33], and the amounts of each glycoprotein in the mucus
differ between different regions of the digestive tract. Differences in
the distribution of acidic and neutral mucus determine the chemical
environment of lumen as well as differences in the chemical functions
of different gut regions [34]. Generally, the stomach of teleosts
maintains an acidic environment in the lumen and secretes neutral
mucus to protect the mucosal surface. The intestine produces both
acidic and neutral mucus in order to achieve optimal activation of
various digestive enzymes. Acidic mucus suppresses the degradation
of the mucus by proteases or bacteria [33] and aids in the absorption
of digesta smaller than water-soluble molecules by increasing mucus
viscosity and adhesion [32]. Acidic mucus may also contribute to the
formation of an acidic environment on the luminal surface. The activity
of the acidic protease pepsin is highest in strongly acidic environments
[35]. Furthermore, Pérez-Jiménez et al. [36] suggested that lysosomal
protease groups, such as cathepsin, might be prevalent in low pH
regions of the pyloric caeca and intestine in Dentexdentex. Neutral
mucus is combined with sites of alkaline phosphatase together they
facilitate digestion [9] and, in conjunction with microvilli, they may
have an absorptive function in enterocytes [30]. The maintenance of
a neutral environment at the luminal surface is considered to form an
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ecological niche for bacteria responsible for the production of specific
vitamins or digestive enzyme [37]. In Elopomorpha, the finding that
the intestines of the Congridae and Anguillidae synthesized both acidic
and neutral mucus, whereas those of Muraenidae secreted only acidic
mucus is interesting. Indeed, in addition to ecological factors such as
food habits, these differences in mucous production could be used to
infer the phylogenetic relationships among these taxa.

The observation that the terminal region of the stomach was
similar between G. pictus and C. myriaster suggests that this region is
characteristic of Anguilliformes. In addition, this terminal region may
also be related to the absence of the pyloric caeca in the Anguilliformes.
On the other hand, several distinguishing characteristics were identified
among Anguillidae, Muraenidae and Congridae, including the presence
of a striated muscle layer within the body region of the stomach, the
partition-like mucosal folds and ciliated cells within the intestinal wall,
and the relative proportion of the different glycoproteins that compose
the mucus secreted into the digestive tract. In particular, it was found that
the striated muscle that was continuous from the esophagus to the body
region of the stomach was a morphological structure that was unique
among the Anguilliformes. These differences in stomach suggested the
possible existence of morphological differences that originate from
phylogenetic position among the orders in Elopomorpha.
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