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A: 1 B3 (MTL 6.8 mm); B: 2 H i {f 1 (MTL 8.4 mm); C: 6 H ¥ {ff(MTL 12.1 mm); D: 10 H i#{f 1 (MTL 14.4 mm); E: 16
H &7 (MTL 19.4 mm); F: 19 H#& {7 (MTL 21.1 mm); G: 21 H#&fFf(MTL 23.3 mm); H: 30 H#&{7(MTL 36.3 mm). MTL:
2K Af BEE; Df: I56E; Ha: kS ; Hs: Bk Na: 65 ; Ne: B Ns: B6E; Pef: J#g; Pif: WEEE; Sp: R v: B A
Fig. 1 Development of vertebral column, dorsal and pelvic fin in Alosa sapidissima
A: 1 dah larvae (MTL 6.8 mm); B: 2 dah larvae (MTL 8.4 mm); C: 6 dah larvae (MTL 12.1 mm); D: 10 dah larvae (MTL 14.4 mm);
E: 16 dah larvae (MTL 19.4 mm); F: 19 dah larvae (MTL 21.1 mm); G: 21 dah larvae (MTL 23.3 mm); H: 30 dah larvae (MTL
36.3 mm). MTL.: total length. Af: anal fin; Df: dorsal fin; Ha: haemal arch; Hs: haemal spine; Na: neural arch; Nc: notochord; Ns:
neural spine; Pcf: pectoral fin; Pif: pelvic fin; Sp: spinous process; V: vertebra.
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A: 1 HiB{F(MTL 6.8 mm); B: 2 H #¥{F#1(MTL 8.4 mm); C: 10 H ##{Ff(MTL 14.4 mm); D: 16 H ##{F 1 (MTL 19.4 mm);
E: 21 Hi#¥{F(MTL 23.3 mm); F: 23 H#¥{Ff(MTL 24.5mm). MTL: 4 Af: B Dr: &5 0; Ha: k= ; Hs: JKOBE; Na: 855
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Fig. 2 Development of partial vertebral column in Alosa sapidissima (enlarged drawing)
A: 1 dah larvae (MTL 6.8 mm); B: 2 dah larvae (MTL 8.4 mm); C: 10 dah larvae (MTL 14.4 mm); D: 16 dah larvae

(MTL 19.4 mm); E: 21 dah larvae (MTL 23.3 mm); F: 23 dah larvae (MTL 24.5 mm). MTL: total length; Af: anal fin; Dr: dorsal rib;
Ha: haemal arch; Hs: haemal spine; Na: neural arch; Nc: notochord; Ns: neural spine;V: vertebra; Vr: ventral rib.
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A: 2 H i {F#(MTL 8.4 mm); B: 6 H#¥{F#(MTL 12.1 mm); C: 13 A #{£(MTL 16.3 mm); D: 17 H#4f & (MTL 20.2 mm);
E: 19 H#$ {0 (MTL 21.1 mm); F: 23 H#A{Ff(MTL 24.5 mm). MTL: 4K; Cl: 2 ; Co: LM ; Fp: 2888 JFIL; Fr: 854
Fig. 3 Development of pectoral fin in Alosa sapidissima

A: 2 dah larvae (MTL 8.4 mm); B: 6 dah larvae (MTL 12.1 mm); C: 13 dah larvae (MTL 16.3 mm); D: 17 dah larvae (MTL 20.2 mm);
E: 19 dah larvae (MTL 21.1 mm); F: 23 dah larvae (MTL 24.5 mm). MTL: total length; Cl: cleithrum; Co: coracoid; Fp: fin plate; Fr: fin ray.
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A: 5 HiR{Ff(MTL11.7 mm); B: 6 H#{F £ (MTL 12.1 mm); C: 8 H #¥{F#1(MTL 13.4 mm); D: 11 H &£ (MTL15.2 mm);
E: 12 HfF(MTL 15.7 mm); F: 19 H & (MTL21.1mm); G: 21 H#Ff(MTL 23.3 mm); H: 23 H ##{F £ (MTL 24.5 mm).
MTL: @K ; Ep: B L#; Fr: #84%; Ha: k5 Hs: kB Hy: B F&; Na: 885 ; Nc: B Ns: B60; Us: BFH.
Fig. 4 Development of caudal fin in Alosa sapidissima
A: 5 dah larvae (MTL 11.7 mm); B: 6 dah larvae (MTL 12.1 mm); C: 8 dah larvae (MTL 13.4 mm); D: 11 dah larvae (MTL 15.2 mm);
E: 12 dah larvae (MTL 15.7 mm); F: 19 dah larvae (MTL 21.1 mm); G: 21 dah larvae (MTL 23.3 mm); H: 23 dah larvae (MTL 24.5 mm).
MTL.: total length; Ep: epural; Fr: fin ray; Ha: haemal arch; Hs: haemal spine; Hy: hypural; Na: neural arch; Nc: notochord; Ns: neural
spine; Us: urostyle.

K5 SCUNETFE B g R E TR
A: 6 HIR{Ff(MTL 12.1 mm); B: 8 H IR fFf(MTL 13.4 mm); C: 10 H ##{Ff(MTL 14.4 mm); D: 13 H##{Ff(MTL 16.3 mm);
E: 23 H#4F(MTL 24.5 mm); F: 24 B2/ (MTL 25.1 mm). MTL: 2K, Fp: SCHEH JFUIL; Fr: #84%.

Fig. 5 Development of dorsal fin in Alosa sapidissima
A: 6 dah larvae (MTL 12.1 mm); B: 8 dah larvae (MTL 13.4 mm); C: 10 dah larvac (MTL 14.4 mm); D: 13 dah larvae (MTL
16.3 mm); E: 23 dah larvae (MTL 24.5 mm); F: 24 dah larvae (MTL 25.1 mm). MTL: total length; Fp: fin plate; Fr: fin ray.
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A: 10 Hi#fF A (MTL 14.4 mm); B: 13 H#ERAF M (MTL 16.3 mm); C: 28 H & 4f 1 (MTL 33.8 mm);
D: 30 H#FE(MTL 36.3 mm). MTL: 21; Fp: S8 5L, Fri &4,
Fig. 6 Development of anal fin in Alosa sapidissima

A: 10 dah larvae (MTL 14.4 mm); B: 13 dah larvae (MTL 16.3 mm); C: 28 dah larvae (MTL 33.8 mm);
D: 30 dah larvae (MTL 36.3 mm). MTL: total length; Fp: fin plate; Fr: fin ray.
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Early development of the vertebral column and appendicular skeleton
of Alosa sapidissima

DENG Pingping, SHI Yonghai, XU Jiabo, YAN Yinlong, XIE Yongde, LIU Yongshi, ZHANG Zongfeng
Shanghai Fisheries Research Institute, Shanghai 200433, China

Abstract: Alosa sapidissima is a fish that migrates to spawn, displays rapid growth and high economic value, and
is a good substitute food for Tenualosa reevesii. Some studies have reported skeletal development of Clupea
pallasii, Opisthonema oglinum, Engraulis japonicus, Sardinops melanostictus, and Coilia nasus in detail, but not
that of A. sapidissima. In this study, development of the vertebral column and pectoral and caudal fins of A. sapi-
dissima larvae (1-51 days post hatching [dph]) is described using a cartilage and bone clearing and staining tech-
nique. The results show that the vertebral column started to develop from hemal arches, neural arches, and hypu-
rals at 10 dph. The neural and hemal arches extended to the neural and hemal spines at 16 dph, respectively. Seg-
mental bone rings formed at 19 dph, and the vertebral column was completely ossified by 23 dph. The appendicu-
lar skeleton developed in sequence from the pectoral, caudal, dorsal, and anal to ventral fins. Development of the
pectoral fins started when the coracoid appeared at 2 dph. Cartilage of the appendicular pectoral fins formed at 13
dph, and the pectoral girdle and cleithrum ossified by 19 dph. The caudal fin began to develop when the hypurals
appeared at 5 dph, and two sections of the epural, one section of the urostyle, and six sections of the hypurals
formed at 12 dph. The caudal vertebra and caudal fin began to ossify 19 dph and were completed by 23 dph. The
dorsal and anal fins ultimately developed 18 and 22 fins, respectively. The order of development of the A. sapidis-
sima appendicular skeleton was the same as that of other fish. The appendicular skeleton, hemal arches, hemal
spines, neural arches, neural spines, dorsal ribs, and ventral ribs had cartilage ossification stages. The vertebra and
supracleithrum were formed directly from the periosteum, as cartilage staining had no effect on vertebra or the
cletthrum. Developmental deformities were detected in trunk vertebra, but the rate was lower than that observed in
C. nasus. Some caudal vertebrae grew abnormally during the trial. Early exercise had an effect on deformity of
longer caudal vertebrae. However, caudal vertebrae lacked protection from forks in the neural arch and ventral ribs.
Abnormal growth may have occurred due to nutrition, water quality, or other factors. Studying the early develop-
ment of the vertebral column and pectoral and caudal fins of A. sapidissima is important to understand functional
adaptation during early development, environmental optimization, and to classify and identify fish.

Key words: Alosa sapidissima; larvae; vertebral column; appendicular skeleton; pectoral fin; caudal fin; skeletal
staining
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