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Development of the Digestive Tract in Tiger Puffer (Takifugu rubripes)
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ABSTRACT : Anatomical and histological observations were used to examine the morphological differentiation and development of
the digestive tract during ontogenesis in tiger puffer, Takifugu rubripes. Before hatching, the digestive tract was located between yolk
sac and notochord of embryo. Newly hatched larvae had a straight tubular digestive tract. The larval mouth opened at 2 days after
hatching (DAH). At 4 DAH, sphincters separated the digestive tract into the esophagus, anterior intestine, mid-intestine and rectum, and
the anus was opened. At 5 DAH, the larval intestine bent between the anterior and intermediate parts and mucous cells developed in
the esophageal epithelium. At this time yolk sac was absorbed completely. At 6 DAH, the digestive tract was differentiated into the
U type with expansion of the anterior intestine toward the head of the larvae. At 10 DAH, the expanding anterior intestine became
wider and a elliptical. At 15 DAH, the anterior intestine was divided into two portions by invagination of dorsal epithelium and the
mid-intestine was convoluted dorsally. At 21 DAH, the frontal portion of the anterior intestine formed a differentiated expansion sac.
At 24 DAH, the second convolution was observed in the anterior part of the posterior intestine. At 30 DAH, the expansion sac was
extended longitudinally and the digestive tract took on the form seen in adult fish.

Key words : Development, Digestive tract, Expansion sac, Histology, Tiger puffer.
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Fig. 1. Increase of total length (mm) in tiger puffer larvae. The
arrow head indicates the time of first feeding. Observed (A)
and calculated (logistic curve) data. Each point corresponds to
the mean of 20 larvae. Feeding schedule (—) is illustrated at
the top of the figure. YL: yolk sac larvae.
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Fig. 2. Morphological development of 7 stages of external digestive
tract in tiger puffer from pre-larvae to juvenile stage. (A)
0~2 DAH; (B) 4-5 DAH; (C) 6~8 DAH; (D) 10 DAH; (E) 15
DAH; (F) 21~24 DAH; (G) 30 DAH. Al anterior intestine, E:
esophagus, EX: expansion sac. MI: mid-intestine, P1: posterior
intestine, R: rectum.
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Fig. 3. Photomicrographs on the development of digestive tract
during embryo and early larval stages in tiger puffer. (A)
Section of fertilized egg in the embryonic shield stage showing
the digestive tract between yolk sac and notochord. Scale bar=
25 pmy; (B) Section of newly hatched larva possessing a tubular
and straight digestive tract. Scale bar= 25 m; (C) Section of
2 DAH larva showing the opened mouth. Scale bar= 25 m;
(D) Section of 2 DAH larva occurring a segregation of intestine
consist of a columnar epithelium. Scale bar= 25 um; (E)
Section of 4 DAH larva showing the four distinct regions by
sphincters. Scale bar= 50 m; (F) Section of 4 DAH larva
showing the opened anus. Scale bar= 25 ym. A: anus, Al
anterior intestine, DT: digestive tract, E: esophagus, M: mouth,
MI: mid-intestine, N; notochord, R: rectum, S: sphincter, YS:
yolk sac.
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Fig. 4. Photomicrographs on the development of digestive tract
during Iate larval stage in tiger puffer. (A) Section of 5
DAH larva showing completely absorbed yolk. Scale bar= 50

wm; (B) Section of 5 DAH larva showing mucous cells in the
esophagus epithelium. Scale bar= 25 um; (C) Section of 6
DAH larva showing the expansion of anterior intestine
epithelium toward head of larva. Scale bar= 50 um; (D)
Section of 10 DAH larva showing more expansion of anterior
intestine. Scale bar= 100 m; (E) Section of 15 DAH larva
showing separated two regions of anterior intestine, Scale bar=
200 yam; (F) Section of 15 DAH larva showing the gland of
expansion sac. Scale bar= 25 m. Al: anterior intestine, E:
esophagus, EX: expansion sac, G: gland, MIL: mid-intestine,
MC: mucous cell, S: sphincter.
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Fig. 5. Photomicrographs on the development of digestive tract

during juvenile stage in tiger puffer. (A) Section of 21 DAH
larva showing development of sphincter between expansion sac
and anterior intestine. Scale bar= 200 um; (B) Magnification of
esophagus epithelium in Fig 5-A. Dorsal part of expansion sac.
Scale bar= 25 m; (C) Magnification of anterior intestine
epithelium in Fig 5-A. Ventral part of expansion sac. Scale bar=
25 m; (D) Section of 21 DAH larva showing development of
goblet cells in mid-intestine. Scale bar= 25 m; (E) Section of
24 DAH larva showing residual mucousal folds in the ventral
part of expansion sac. Scale bar= 400 m; (F) Section of 30
DAH larva showing development of digestive tract similar to
adult fish. Scale bar= 400 ;. AE: anterior intestine epithelium,
Al anterior intestine, E: esophagus, EE: esophagus epithelium,
EX: expansion sac, GC: goblet cell, MI: mid-intestine, S:
sphincter.
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