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1
Fig. 1 Development of immune organs in turbot
1-1. 1 , ;12,7 , 0 1-3. 14 ,

, () :1-5.27 ; 1-6. 50 ,
; 1-8. 9 ; 1-9. 15 ; 1-10. 27 R
;1-12.13 ;1-13.23 s ;1-14. 35

;1-15.40 s s ; 1-16. 60
; PRT. ;St. ;SB. ;LR ; TH. ; S. ;P ; L.

5 1-4.22
s 1-7. 5
; 1-11. 55 ,

>

60 um; ND. ; SC.

1-1. 1 DAH larvae, showing pronephric tubules; 1-2. 7 DAH larvae, showing secretion cells, pronephric tubules, and nephric ducts; 1-3. 14
DAH larvae, showing pronephric tubules and lymphocytes; 1-4. 22 DAH larvae, showing blood sinus (arrow), pronephric tubules, and lym-
phocytes; 1-5. 27 DAH juveniles, showing the head kidney and thymus; 1-6. The head kidney of 50 DAH juveniles, showing the erythrocytes
(arrow); 1-7. The spleen anlage of 5 DAH larva (arrow); 1-8. The spleen of 9 DAH larvae; 1-9. The spleen of 15 DAH larvae; 1-10. The spleen
of 27 DAH juveniles, showing splenic sinusoid (arrow); 1-11. The spleen of 55 DAH juveniles, showing the melano-macrophage. 1-12. The
thymus anlage of 13 DAH larvae; 1-13. The thymus of 23 DAH juveniles, showing cell migration (arrow); 1-14. The thymus of 35 DAH juve-
niles, showing the cell migration and cell bridge (arrow); 1-15. The thymus of 40 DAH juveniles, showing thymus units and erythrocytes (ar-
row); 1-16. The thymus of 60 DAH juveniles. Bars = 60 um; ND. nephric duct; SC. secretion cell; PRT. pronephric tubule; St. stomach; SB.

swimming bladder; LR. lymphocyte; TH. thymus; S. spleen; P. pancreas; L. liver
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Ontogeny of immune organs during early developmental
stages of turbot
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Abstract: A histological study was performed to investigate the development of immune organs in turbot
Scophthalmus maximus from hatching to 60 days after hatching (DAH). The temporal sequence of the appearance of
immune organ anlages was head kidney, spleen, and thymus. At 1 DAH, head kidney anlage and primordial stem
cells were observed. Spleen anlage was present at 5 DAH, became lymphoid at 27 DAH, and developed slowly.
Progenitor thymus appeared at 13 DAH, and grew quickly. An outer zone and an inner zone in the thymus were
observed. Cell migration occurred between thymus and head kidney. The first functional lymphoid organ was thy-
mus, being followed by head kidney and spleen. During the posterior developmental period of the immune organs,
the melano-macrophage centers (MMCs) were not found in thymus, but was found in spleen and head kidney, with
higher abundance in spleen. During the early developmental stages of turbot larvae, before the maturity of immune
organs, non-specific systems might play an important role in the immunocompetence mechanisms.
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