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[ Abstract] Objective To observe the structure of the visual organ and functional development of marine medaka
and to provide a theoretical basis for further studying its behavior. Methods The structure of visual organ of marine
medaka was examined, with emphasis on the variations of its eyeball and retina. Results The medaka visual organ
developed very rapidly. At the embryonic period, the pigment layer of the eyeball appeared, and there already had a
significant eye area. At the first day, the structural development of the eyeball and retina were basically completed. At the
6th day, there was a significant difference of pigment layer and photoreceptor layer between light and dark vision. At the
23th day, the retinal structure was greatly changed, which can explain the reason about the change of medaka from the
floating stage to the benthic stage. During from 9 to 14 month-old, the thickness of all layers in the retina decreased,
indicating that the vision was degraded. Meanwhile, the kernel layer differentiation was obvious, as vertebral cells showed
photoreceptor layer structure closely inlaid with rod cells, that medaka has good light sensitivity and strong visual acuity.
The rapid development of medaka visual organ can be recognized as it needs to adapt the surroundings and to keep the life
events such as feeding. Conclusions The development process of the visual organ of marine medaka is obvious and can
provide a theoretical basis for further study of its behavior, and it may be a good experimental method for studying other

related species.
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Note. C. cornea; I. iris; CH. Chorioidea; R. retina; L. lens; VN. optic nerve; PE. pigment epithelium; S. silverskin; TC.

tunica conjunctive; AL. ligamentum annulare; SL. suspensory ligament; AH. aqueous humor; VH. vitreous humor.

Fig.1 Development of the medaka eyeball during ontogeny, showing the eyeball structure of

medaka at different days post hatching ( DPH)
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Tab.1 Morphological data of the medaka at different developmental stages

Hi(d) 2K (mm) K (mm) MR4% (pum) F R AR (um)
Day old Total length Body length Eye diameter Lens diameter
0 3.55+0.18 3.32+0.27 231.87 +6.24 97.00 +13.26
1 3.91+£0.03 3.44 £0.08 250. 88 +25. 06 113.13 6. 15
2 4.31 +£0.17 3.70 £0. 14 245.77 £10. 59 115.58 £0. 65
3 4.42 +0.19 3.74 £0. 05 259.30 £6.22 117.05 £0. 25
4 4.49 £0.05 3.77 £0. 13 281.14 £11. 41 119.25 +0. 25
5 4.60 +0.08 3.83 £0. 06 305.49 £6.79 126.72 £3.81
7 4.81 +£0.09 3.92+£0.12 331.27 £2.91 139.43 £0.53
9 5.46 £0. 31 4.48 £0.24 360.76 +1.37 156. 06 +2. 58
11 6.30 £0.29 5.54 £0. 06 396.02 £5.36 166.35 +1.01
14 7.22£0.22 6.05 £0. 05 414.52 +£29. 30 174. 46 +2. 61
16 8.09 +£0.23 7.31 £0.40 561.52 +14.71 212.98 +1.24
18 9.17 £0.26 7.38 £0.26 605.57 £5.06 250.22 +2.31
20 10.41 £0. 17 8.35+0.12 635.65 +7.76 275.15 +2.44
23 10.83 £0. 18 8.39+0.11 721.57 +£8.70 284.64 +13.21
25 12.58 £0. 18 9.28 +0. 69 875.92 £2.06 405. 60 +6. 83
28 14.34 £0.29 10.92 +£0. 30 941. 64 +12. 69 419.23 +£4.90
30 15.22 £1.24 11.31 £0. 56 1008. 31 +3. 16 429.12 +4.90
40 18.63 £1.54 12.78 £0. 82 1156. 64 +6.33 457.32 £5.24
50 20.33 £1.23 14.34 £0. 62 1274.34 +5. 47 503.66 +4.51
60 22.01 £1. 11 16.95 £1.33 1445.29 +7. 81 580.57 +2.70
180 27.28 £0.77 22.17 £1.15 1984.21 +8. 35 804. 81 £3.42
270 35.21 £1.26 28.02 £0. 68 2009.27 +5.61 833.24 £5.20
420 38.58 £1.17 32.48 +1.05 2372.33 +24.80 918.35 +13.48
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Fig.2 Development of the eye and lens of Medaka
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Note: PE. pigment epithelial layer; PL. photoreceptor layer; OLM. outer limiting membrane ; ONL. outer nuclear layer; OPL. outer
plexiform layer; INL. inner nuclear layer; IPL. inner plexiform layer; GCL. ganglion cell layer; NFL. nerve fiber layer; ILM. inner

limiting membrane.

Fig.3 Development and differences between light and dark adaption of retina during medaka ontogeny( x400)
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Fig.4 Development of the retinal layers of medaka
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Fig.5 Development of the photoreceptor layer of medaka retina
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Fig.6 Development of the outer nuclear layer and outer

plexiform layer of medaka retina
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Tab.2 Changes of the retinal layers at different developmental stages of medaka

R ?i’)% BAEE MR SR RARTZ PR MR A
H i (d) (jpm) Pizment (pm) (pm) (pm) (pm) JZ (pm) JZ (pm)
Days Retina ﬁ] li Photoreceptor Outer Outer plexiform  Inner nuclear  Inner plexiform Ganglion
layer epllde um layer nuclear layer layer layer layer cell layer
ayer
0 129.31 +£8.38  3.98 +2.25 14.72 £0.75 0 0 36.29 £0.70  25.47 +£1.02  33.98 +7.34
1 96.20 +4.36  6.31 £1.53 15.79 £0. 80 8.10 0. 50 3.74 £0. 83 21.56 £1.54  21.97 +0.25 12.32 +1.78
2 93.16 +4.47 5.52+0.34 17.56 £0. 06 3.67 £0.08 2.84 +0. 66 23.46 £1.32  23.41+1.26 13.56 £1. 80
3 91.64 £2.64 6.32£0.04 19.73 £1. 19 4.84 £0.10 2.54 £0.11 22.76 £1.70  21.48 £0.75 12.75 £0. 34
4 86.53 £1.14  6.48 +0.33 21.94 +0.52 5.85+0.10 2.33 +0.04 17.99 £0.86  19.30+0.74  11.54 £0. 12
5 88.10+1.22  6.46 +0. 13 22.73 £1.05 5.60 +0. 44 2.28 £0. 13 18.90 £0. 52 15.31 £0. 69 10.53 £0. 21
7 91.46 £3.15 6.38 £0. 04 18.75 £0. 11 5.42 0. 05 2.29 +£0.02 21.89 £0.96 12.49 £0. 32 9.69 £0.93
9 109. 11 £12.5 6.27 £0. 09 22.27 £1.05 6.30 £0. 04 2.47 £0. 11 23.29 £0.96 16.26 £0. 80 9.46 £0.49
14 116.78 £9.11  6.89 +0. 15 25.32+2.58 6.69 +0. 04 2.96 +0.46 25.94+2.02 24.80+0.83 10.20 £1.91
16 118.98 £1.22  6.49 +0.08 31.67 £1.58 6.84 £0.01 3.71 £0.38 24.74 £0.57  27.23 +0.29 9.26 £0. 06
18 121.59 £0.28  6.78 0. 13 37.90 £0.03 9.12 £0.21 3.88 £0.11 23.68 £1.68  26.39 +£2.44 9.58 £0. 21
20 124.49 +1.39  6.10 +£0.08 40.43 +£7.93 9.96 +1.01 4.62 +0. 65 23.21 £1.66  24.13 +2.91 10.33 £0. 18
23 126.65 £3.28  5.44 +0.08 42.27 +10.3 7.64 +1.03 4.19 £0. 06 21.69 £0.52  22.29 +0.43 11.13 +1.40
28 134.74 £1.44  5.14 +£0.36 53.22 £0.04 8.55 +0.46 6.15 +£0.95 23.51 £4.81 22.12 £0.98 5.00 £1.09
30 137.54 £0.88  5.25+0.33 55.71 £0. 67 8.26 0. 19 6.12 £0. 19 23.38£1.12  22.29+0.29 4.98 £0.33
40 145.25 £0.37  5.17 £0.36 56.23 +0.54 7.67 £0.22 5.97 +£0.13 21.84 +£2.34  24.77 £0.43 4.92 £0.41
50 153.61 £0.28  5.11 +0.26 57.11 £1.27 7.12 £0. 12 5.73 £0.22 20.16 £1.21 27.06 £1.12 4.89 £0.27
60 161.29 £1.02  5.06 £0.52 57.91 £2.74 6.76 £1.71 5.23 +£0.27 18.33 £0.95 29.97 +1.82 4.85+0.62
180 177.21 £0.47  5.13 £0.90 83.04 +5.59 15.6 £0.48 10.07 £0.9 16.87 £0.49  29.90 +1.09 5.34 £1.12
270 208.63 +£9.49  5.78 +0.13 82.49 £2.88 15.73+0.8 9.06 +0. 10 15.15+0.47  27.70 £0.57 4. 65 +0. 66
420 182.19 +£10.3 5.34 +£0. 46 71.81 £3.51 14.91 1.0 7.48 £0.42 10.99 £0.76  25.40 =0. 88 4.62 £0.31
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Fig.8 Development of the ganglion cell layer of

Medaka retina
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