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Abstract

This paper describes the differentiation and development of systemic organs and tissues of larval
and juvenile red sea bream, Pagrus major. They were from 0 to 50 days old and reared in Shizuoka
Prefectural Fish Farming Center from 1987 to 1988. The larvae that hatched individually formed an
esophageal cavity, rudimentary visceral organs, an intestine, an rudimentary heart, eyes with the lens
and germinal retina, nasal neuromasts, telencephalon and optic lobes of the brain, spinal cord, cavities
of the inner ears, notochord of the mesh work, lateral musculature consisting of myomeres, the
epidermis containing alarm substance cells and membranous fins. The rectum, head kidney with
nephron and hematopoietic cells, free neuromasts of the skin, and rudimentary gill arches developed on
day 1. Pancreatic cells, hepatic cells, a rudimentary swim-bladder and sensory papillae of inner ears
were seen, and the retina of eyes showed differentiation on day 2. Granular and molecular layers in
the brain such as telencephalon, optic lobes and medulla oblongata began to develop on day 3. In
these fish, gill filaments, a swim-bladder with a pneumatic duct, bulbus arteriosus, ventricle, auricle and
sinus venosus, pectoral fins also shaped up. The retina of eyes differentiated well on day 4.  Erythro-
cyte production occurred in the head kidney and on the endothelia of heart and sinus venosus when
hypothalamic saccus rudiment shaped up on day 5. Thyroid follicles and a splenic rudiment shaped up
on day 6. Primitive gas secreting cells differentiated and rate mirabile formed in the swim-bladder, and
blood circulation began to obvious on day 7. Pharyngeal teeth and a hypophyseal rudiment developed
on day 11.  Gill lamellae differentiated on day 12. Vertebral ganglions and pseudobranch formed, and
a pneumatic duct closed on day 14. The thymus containing large mononuclear cells and cartilaginous
hypurals formed, when the lateral musculature, heart and head kidney developed on day 17. Cartilagi-
nous hemal and neural spines began to grow as well as primitive lepidotrichiae growing in pectoral and
caudal fins on day 18. In 21-day-old larvae, their hypophysis differentiated into adeno- and neuro-
parts. Pterygiophore and muscle for the dorsal and anal fins, and renal tubules of the anterior kidney
developed. The cerebellum mostly composed of a granular layer. Also, splenic arteries, Stannius
corpuscles in the posterior kidney and rudimentary gill-raker shaped up around day 23 to 24. Their
brain, inner ears, noses, and gills began to develop. Gastric gland cells and oval gland cells of the
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swim-bladder formed on day 26. Pyloric caeca and interrenal cells on a renal vein formed in 29-day-old

juveniles.

When thymus produced small lymphocytes and a thickened chorda sheath began to make

articulation, the spines and lepidotrichiae grew long in the dorsal and anal fins on day 30. Scale sacs
containing a thin scale appeared in the dermis, and splenic sheathed arteries and pulps differentiated
well on day 31, Stomach exhibited gastric gland cells producing zymogen granules and nephron differ-
entiated in the posterior kidney on day 33. Taste buds increased in number in the mouth and verte-
brae accompanying the periosteum in the articular region shaped up on day 36. Stomach was lined by
mucosa and the liver developed into hepatopancreas on day 37. Then, systemic organs and tissues be-
came to develop well, exhibiting an increase in hematopoietic cells in the anterior kidney on day 47 and

in the posterior kidney on day 50.
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Fig. 3.

Fig. 4

Fig. 1.

Explanation of Plate I

Sagittal section of O-day-old larva. E: cavity of inner ear. F: membranous fin. L: lens of eye. M; Medulla
oblongata. O: optic lobe with a ventricular slit. R: germinal retina of the eye. Y: yolk. Arrows show alarm
substance cells in the epidermis. H-E stain, X200.

Detail of the rudimentary heart (H) of 0-day-old larva. The cylinder-shaped heart is composed of large mono-
nuclear cells and shapes up between the esophageal rudiment (E) and yolk (Y). H-E stain, X320.

Sagittal section of 1-day-old larva. Rudiments of four gill arches (G) form on an oral cavity. The germinal ven-
tricle of heart (H) is separated by transverse septum (T) from an abdominal cavity containing yolk (¥). The
head kidney (K) contains a collecting tube. H-E stain, X 160.

Detail of 1-day-old larva. Free neuromasts (arrow) shape up in the epidermis covering membranous fin,
Lateral musculature is composed of immature, striated muscle fibers with central nuclei and forming myomeres.
N: notochord of the mesh work. H-E stain, X320,

Longitudinal section of the head of 2-day-old larva. The lens (L) of eye becomes to dense. The retina (R) de-
velops. The inner ear (E) is lined by the epithelium containing three neuromasts. O: optic lobe. M: medulla
oblongata. H-E stain, X160,

Explanation of Plate 11

Sagittal section of 2-day-old larva. The ventricle of heart (H) consists of two layers of myeloblasts and connects
with rudimentary gills (G). B: olfactory bulb. E: epidermis with the obvious basement membrane. L: olfac-
tory lobe. M: mouth, N: nasal neuromast. P: rudimentary pineal gland. Y: yolk. H-E stain, X160,

Sagittal section of the abdominal region of 2-day-old larva. The slit of vein under notochord (N) contains large
mononuclear cells (arrows). F: membranous fin. I intestine. L: hepatic cells. P: pancreatic cells.
S: rudimentary swim-bladder. SC: spinal cord. Y: yolk. H~E stain, X320.

Sagittal section of 3-day-old larva. The heart differentiates into the bulbus arteriosus (B), ventricle (V), auricle
(A) and sinus venosus (%), C: cardiac region. E: esophagus. Ep: epidermis. G: rudimentary gill arches.
GL: granulation layer of the brain. I intestine. L: liver. M: molecular layer of the brain. P: pancreas.
S: swim-bladder forming a lumen. Y: yolk, H-E stain, X160,

Sagittal section of 4-day-old larva. The retina of eye differentiates well. The inner ears (E) begin to be sepa-
rated by extending cartilage. The pectoral girdle and fin (P) shape up. The head kidney (K) consists of renal
tubules and hematopoietic cells, Pancratic cells (arrow) produce zymogen granules and among them germinal
Langerhans’s islet (I) develops. A swim-bladder is lined by cuboidal cells as gas secreting cells, C: cornea.
M: molecular layer of brain, N; notochord. H-E stain, X160.

Explanation of Plate 111

Sagittal section of the head region of 5-day-old larva. B: olfactory bulb. E: inner ear. H: hypothalamus.
L: olfactory lobe. M: medulla oblongata. N: nasal neuromast. O: optic lobe. P: pineal organ. R: retina of
the eye. H-E stain, X100.
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Detail of 5-day-old larva. Around the renal tubules (T) of head kidney and on the endothelium of sinus venosus
(8), large mononuclear cells increased in number and produce spindie-shaped erythrocytes (arrows) around them.
I: Langerhans’s islet. P: pancreas. Y: yolk. H-E stain, X320.

Sagittal section of 6-day-old larva. The swim-bladder is lined by primitive gas secreting cells (G) and the rete
mirabile (R) develop along the wall. A splenic rudiments (S) consisting of basophilic large cells forms between
intestines (I). The cardiac region (C) expands. H-E stain, X320.

Sagittal section of 10-day-old larva. The gas secreting cells (G) of swim-bladder swell and become acidophilic.
The pneumatic duct (P) connecting with a cardiac region (C) has closed. N: notochord and its around cells
(arrows). H-E stain, X320.

Sagittal section of 11-day-old larva. The head kidney shows the production of spindle-shaped erythrocytes
around hematopoietic cells (%) surrounding renal tubules (T), M: lateral musculature consisting of muscle
fibers with obvious striations. P: pancreas. H-E, stain, X320.

Explanation of Plate IV

Fluorescence seen of the heart of 12-day-old larva. Erythrocytes brightly show specific fluorescence in the ven-
tricle (V) and auricle (). Large mononuclear cells (arrows) on the endocardium of ventricle and auricle exhibit
prominent fluorescence in their cytoplasms indicating the presence of hemoglobin. X 160. Window shows de-
tails of Auorescent, large mononuclear cells (arrows) and fluorescent erythrocytes around them. X320,

Longitudinal section of the head of 13-day-old larva. Gill filaments with arteries containing erythrocytes and
primitive lamellae consisting of the respiratory epithelia and pilaster cells shape up on the gill arches (G). The
inner ear is lined by the thin epithelium containing sensory papillae (small arrows), and walled off by cartilage
(C).  CM: choroidal membrane consising of capillaries in the eye. S sclera. A big arrow shows pseudob-
ranch, H-E stain, X100,

Sagittal section of 17-day-old larva. The cardiac region (C) forms folds that are composed of cylindrical epithelial
cells and the underlying connective tissue, and its muscle layers become thick. The auricle (A) and ventricle
(V) form the mesh work of cardiac muscle fibers, The liver (L), head kidney (K) and pancreas (P) develop well.
E: esophagus. G: gas secreting gland. M. lateral musculature. H-~E stain, X8Q.

Detail of 17-day-old larva, The germinal thymus (arrow) consists of large nuclear cells in the branchial cavity.
C: cartilage. E: inner ear. G: gill filament. O: operculum. P: pectoral fin. H-E stain, X160,

Sagittal section of the brain of 18-day-old larva. The hypophysis differentiates into neuro- and adeno-regions
(small arrow). The saccus vasculosus (big arrow) consisting of coronet cells enlarges and becomes to cystic.
H: hypothalamus.  T: thalamus with the developed granular (G) and molecular (M) layers. H-E stain, X160,

Explanation of Plate V

Sagittal section of 18-day-old larva., Cartilaginous neural spines (S) and hemal spines develop.  Spinal ganglions
(arrow) enlarge between neural spines. B: gall bladder. C: cardiac region. G: gas secreting cells of a swim-
bladder with the rate mirabile (R) and closed pneumatic duct (P), I: intestine. L: liver. M: lateral muscula-
ture. N: notochord. P: pancreas. S: spleen containing erythrocytes. H-E stain, X100.

Sagittal section of the head of 21-day-old larva. Granular layers and molecular layers develop in the olfactory
blub (B), olfactory lobe (L), optic lobe (0), thalamus (1), hypothalamus (H), cerebellum (C) and medulla oblonga-
ta (M) of the brain, The sensory epithelium of nostril (N) develop. CM: choroidal membrane. E: inner ear.
P: pineal gland. R: retina. S: saccus dorsalis.  *: cartilaginous crania. H-E stain, X50.
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Longitudinal section of visceral organs of 22-day-old larva. The cardiac region (C) with folds expands well and
contains food matter as well as intestines (I). The auricle (A) and ventricle (V) consist of the mesh work of car-
diac muscle fibers. Gill lamellae grow in gills (G). L: liver. P: pancreas. H-E stain, X50,

Longitudinal section of the spleen of 23-day-old larva. Spleen (S) forms splenic arteries and pulps consisting of
large mononuclear cells and reticular cells, I intestine. P: pancreas, H~E stain, X320.

Median section of the caudal peduncle of 22-day-old larva. A parhypural bone (P) and 1st and 2nd hybural bones
(H) grow under the straight notochord, which are cartilaginous. Lepidotrichiae (L) consisting of the cylindrically
arranged, stellar cells around the inner canaliculi develop. N: notochord. H-E stain, X 100.

Explanation of Plate VI

Sagittal section of the stomach of 26-day-old larva. The cardiac region has developed into the stomach (S)
showing many gland cells (arrow) without zymogen granules under the epithelium. An oval gland (short arrow)
consisting of acidophilic round cells develops in the posterior swim-bladder (SB). G: gas secreting cells of the
red gland. H-E stain X160,

Sagittal section of 26-day-old larva. Stannius corpuscle (arrow) composed of basophilic cells grows in the con-
nective tissue (C) along ureter (U) and caudal vein (V). UB: urinary bladder. H-E stain, X300.

Median section of the tail of 28-day-old juvenile. In the caudal peduncle, a parhypural bone (P) and from lst to
4th hypural bones (H) develop. Lepidotrichiae (L) of the caudal fin (CF) form ray-shapes. A: accessory cartil-
age. HS: hemal spine. NS: neural spine. N: notochord. H-E stain, X50.

Sagittal section of the head kidney of 29-day-old juvenile. The interrenal gland (arrows) consisting of acidophilic
cells develops along the renal vein (RV) in the head kidney. Hematopoietic cells increase in number in the
hematopoietic tissue (H). G: gal bladder. L: liver. P: pancreas. T: renal tubule. H-E stain, X160.

Section of the thymus of 30-day-old juvenile. The enlarged thymus (T) contains increased small lymphocytes
and large mononuclear cells. H-E stain, X160.

Explanation of Plate VII

Median section of the anal fin of 30-day-old juvenile. Lepidotrichiae (L), cartilaginous pterygiophore (P) and
muscle (M) motioning rays develop well in the anal fin (A). LM: lateral musculature. N: notochord. S: hemal
spine. V: caudal vein. H-E stain, X160.

Longitudinal section of the stomach and spleen of 33-day-old juvenile. Gastric glasds (G) develop and the gland
cells contain zymogen granules in the stomach (St). The spleen (8) formed sheathed arteries (A) and pulps (P)
containing erythrocytes and small lymphocytes. H-E stain, X160.

Longitudinal section of the skin of 35-day-old juvenile. Scale sacs (SS) containing a thin scale (S) develop in the
dermal loose connective tissue, The underlying dermal dense connective tissue (D) is composed of thick col-
lagenous fibers. H-E stain, X160.

Longitudinal section of vertebrae of 34-day-old juvenile. Secondary chorda sheath (C) of the centrum becomes
to thick. The around cells of notochord sheath (long arrows) and the periosteum (short arrow) produce collage-
nous matter in the articular regions. N: notochord. NS: neural spine. H~E stain, X160.

Longitudinal section of the anterior kidnmey of 38-day-old juvenile. Many primitive renal tubules and sinusoids
develop along the collecting tube (CT) in the anterior kidney (K). C: connective tissue containing fibrocytes,
fibroblasts and capillaries. DV: dorsal vein. LM: lateral musculature. H-E stain, X 300.
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