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Fig.1 The histological development of the eye in American shad at the embryonic stage

1. ZHK5J5 21 h 13 min, MLEHH; 2. 2855 26 h23 min, WAMERL, AT 0LSCRIRIL; 3. 22K5)5 35 h 44 min, JE LA RL
BRI, AARIETIF IR 534 s 4. Z2K5)5 47 h 35 min, AT ULERARIAS, 7 1Bz, BREKIEZLI L, 5. 245)5 60 h 15 min, JLIEIE
W, ATULERIRIRET4E s Bp, MkJREE; Ce, /Mili; CF JK#IE%; Co, ffif; Cue, v J5 [J%; Die, [lfi; H, O L, &
RIE: Ly, @RI Me PIi; NR, #iZ5; OPR, #ifl; Opc, #iAF: R, #LMIE: Te, il
1. The optic vesicle was observed at 21 h 13 min post-fertilization; 2. The optic cup and lens vesicle were visable at 26 h 23 min
post-fertilization; 3. The primitive retina appeared and the lens began to differentiate at 35 h 44 min post-fertilization;
4. The cubical epithelium of lens was visible and choroid fissure appeared at 47 h 35 min post-fertilization; 5. The cornea became
formed and lens fibers were obvious at 60 h15 min post-fertilization; Bp, brain primordium; Ce, cerebellum; CF, choroid fissure;
Co, cornea; Cue, cubical epithelium; Die, diencephalon; H, heart; L, lens; Lv, lens vesicle; Me, mesencephalon; NR, neural rod;
OP, optic vesicle; Opc, optic cup; R, retina; Te, telencephalon
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Fig.2 The histological development of the eye in American shad at post-embryonic stage (1)

1. PIATfaa] WL S AR AR L B R 2T A Z ;s 2. 1 B IR B OoR L RO R 3. 1 B IR A A
N AAE)ZE; 4.2 HIRFan] W R AR O)Z | 20002 | IRES AN th AR ML 4R 2R Ay I 5. 2
H A AL R s 6.3 H WA (LT 40 R R0 R 2 27 At B 7. 3 HRAFfn] DL R BRAR AT IR ; 8.5 H i A T JiE
LTS R . BB AE R 9.6 HEMT kB ol LI 40 ; AC, JERKZEUIMIZ; Be, M4UME; BC, BUKAMIZ;
Ca, HHHL; Cc, WHEAML; Cen, MAEME; Cep, MM I} Ch, IkZ& M Cue, o7 Bz Fi, £F4E; G & 4l
25 HC, KF4IHLZ; IN, NEZ; IP AMERZ; Ip, iEEEE,; I, ME; Ira, GLERTZEZ; Irs, STEERE; L, &
RIK; NEFIZGLF4E; Olm, SMSJZ; ON, SMZANAE)ZE: OP, SMMEEZE: P (A R)2; R, MME; Re, MAT4IHE; Sc, JLI;
Ve, W2z
1. Prominent lens and the ganglion cell layer was clearly identified in the developing retina of larvae at hatching; 2. The cornea
differentiated into epithelial and endothelial cells on Day 1 after hatching (DAH); 3. Larvae on DAH 1 possessed differentiated
retinal layers; 4. Larvae on DAH 2 showed an obvious pigmented retina with a visual cell layer including cones only, and the
choroid appeared surrounding the retina and the sclera consisted of cartilage and outer fibrous layer; 5. Larvae on DAH 2 had
clearly differentiated retina; 6. The rod cells were visible and the nerve fibrous layer was formed on DAH 3; 7. Larvae on DAH 3
showed the single annular iris; 8. The iris differentiated into three parts: iris anterior, stroma and pigment on DAH 5; 9. Blood
cellsin the choroid were visible on DAH 6. AC, amacrine cell layer; Bc, blood cells; BC, bipolar cell layer; Ca, cartilage; Cc,
cone cells; Cen, corneal endothelium; Cep, corneal epithelium; Ch, choroid; Cue, cubical epithelium; Fi, fibre; G, ganglion cell
layer; HC, horizontal cell layer; IN, inner nuclear layer ; IP, inner plexiform layer; Ip, iris pigment; Ir, iris; Ira, iris anterior;
Irs, iris stroma; L, lens; NF, nerve fibre; Olm, outer limiting membrane; ON, outer unclear layer; OP, outer plexiform layer;
P, pigment; R, retina; Rc, rod cells; Sc, sclera; Vc, visual cell layer
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Fig.3 The histological development of the eye in American shad at post-embryonic stage (I1)

111 H R AF IR AR 2 2 1 R BTSRRI A K2, RN 2, SRR LT 4E s 2. 13 H IR AT RS IR R 3 5
3. 14 HigfraMIEse 2501k 4. 16 HiRfrfaf s 4 ZIUriE; 5. 16 H A7 s HE B2l e 6 nd ficiR 184
6. 20 H i1 firs B T S 2502 7. 22 HRAT 0 I 7R k28 BRI AR FNZAR AR 5 8. 26 H IAHE ff1 BT /R 58 42 K 1 AT JeE
9.45 R4 /R 2 JZKF40M; Ac. Hiipr; Ar, BUIE; Ce, MR LREZ4AM; Cen, fBENEZ; Ch, BKZ5IE; Chg, Ik45R
Ji#; Co, fifit; Cos, MNRILI)Z; CT, BitALEARAZL; HC, ACFAIE)ZE; Ip, MBEEERZE; Ir, 4T/, Ira, STBERTS)Z
Ire, TN E)Z s Irp, WDBEE )25 IrsUTIREAEERZ s L, SIRIA; Lea, FUFMENE; Lep, /G #MEME: LF SIRIALE4E;
MF, LAZF4E; ON, SMZAINLZ; Pc, 555 Ste, EJERT LK Ve, Mandif)z
1. Stratified squamous epithelium, lamina elastic anterior, endothelium in the cornea, the endothelium of the iris and the lens
fibers were observed in larvae on DAH 11. 2. Argenteum appeared in the larvae on DAH 13; 3. Larvae on DAH 14 showed
fully-developed cornea; 4. Larvae on DAH 16 possessed developing iris including four layers; 5. Larvae on DAH 16 showed
yellow-colored lenticular nucleus stained with HE; 6. Larvae on DAH 20 showed obvious iris posterior; 7. Larvae on DAH 22
showed clear choroid gland and linear argenteum; 8. Fry on DAH 26 showed the fully-developed iris; 9. Juveniles on DAH 45
showed two layers of horizontal cells. Ac, anterior chamber; Ar, argenteum; Ce, columnar epithelium; Cen, corneal endothelium;
Ch, choroid; Chg, choroid gland; Co, cornea; Cos, cornea stroma; CT, loose connective tissue; HC, horizontal cell layer; Ip, iris
pigment; Ir, iris; Ira, iris anterior; Ire, iris endothelium; Irp, iris posterior; Irs, iris stroma; L, lens; Lea, lamina elastica anterior;
Lep, lamina elastica posterior; LF, lens fibre; MF, muscle fibre; ON, outer unclear layer; Pc, posterior chamber; Ste,
stratified squamous epithelium; V¢, visual cell layer
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Histological Observation of the Eye of American Shad
(Alosa sapidissima) at the Early Developmental Stage

GAO Xiaogiang', HONG Lei*, LIU Zhifeng"?, GUO Zhenglong®, WANG Yaohui?, LEI Jilin"?"

(1. Key Laboratory for Sustainable Development of Marine Fisheries, Ministry of Agriculture,
Qingdao Key Laboratory for Marine Fish Breeding and Biotechnology, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071; 2. Ocean University of China, Fisheries College,
Qingdao 266003; 3. Jiangsu Zhongyang Group, Nantong  226600)

Abstract The American shad (Alosa sapidissima) is an economically and ecologically vauable
anadromous species native to the Atlantic coast of North America, distributed from the St. Lawrence
River in Canada to the . Johns River in northern Florida. In the past few decades, American shad have
been introduced as a candidate species into Chinese aguaculture because Chinese shad (Tenual osa reevesii)
was endangered. Nowadays the farming scale and techniques for American shad have been greatly
improved in China. However, little histological study has been done on the early development of A.
sapidissima larvae, especially on the eye ontogeny. Here we employed the paraffin section and HE section
methods in a histological observation of the eye ontogeny of A. sapidissima. The results showed that the
optic vesicle was formed in 21 h 13 min after fertilization, and then developed into the optic cup in 26 h
23 min after fertilization. At 35 h 44min the undifferentiated retina and lens were visible. As the
embryonic development continued, the cornea was formed in front of the retina, which consisted of single
cuboidal epithelium. On Day after hatching (DAH) 2, the sclera composed of cartilage and outer fibrous
layer became visible, followed by the appearance of choroid. On DAH 3 the iris was present, and the
retina differentiated into ten layers including pigment epithelium, visua cell layer, outer limiting
membrane, outer nuclear layer, outer plexiform layer, inner nuclear layer, inner plexiform layer, ganglion
cell layer, nerve fibre layer and inter limiting membrane, and then the rod cells were clearly observed in
the visual cell layer. On DAH 14, the cornea was well developed and differentiated into five layers that
were stratified squamous epithelium, lamina elastic anterior, stroma layer, lamina elastic posterior and
endothelium. On DAH 22, the choroid gland appeared. On DAH 26, the choroid completely differrntiated
into three layers (argenteum layer, the choriocapillary layer and the pigment layer). In addition, the iris
also underwent full differentiation and contained layers of endothelium, iris anterior, stroma, iris posterior
and pigment. On DAH 45, the inner nuclear layer of renita developed into two layers of horizontal cells,
and it was that moment when the devel opment of the eye structure was complete.
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