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Abstract: [Objectives] Hippocampus abdominalis is the largest of all known seahorses. To characterize the
early embryonic development of H. abdominalis and provide a biological basis for captive breeding and
rearing, we observed the embryonic development of this species. [Methods] We selected males with mating
intervals within 0.5 h and conducted the experiment at the water temperature of 18.5 = 0.5 °C. Morphological

observation was carried out on fertilized eggs and litters collected in the brood pouch every 30 min after the
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start of the experiment. The embryonic developmental status at each stage was recorded. [Results] The
findings revealed that the peak mating period of H. abdominalis primarily occurred between 11:00 and 13:00,
with significantly fewer or no mating behaviors observed at other time points. The eggs are oblong, measuring
2.63 to 3.37 mm in length and 1.28 to 1.75 mm in width. Upon fertilization, the yolk contracts into a spherical
shape, creating a perivitelline space, with the yolk diameter shrinking to half of the egg’s long axis, while the
overall size of the fertilized egg remains unchanged. The development process was categorized based on the
external morphology and characteristic features of the embryos into fifteen distinct stages: cleavage stage,
blastula stage, gastrula stage, neurula stage, optic vesicle and muscle ganglion formation stage, tail bud
formation stage, heart formation stage, brain formation stage, ocular melanin appearance stage, dorsal fin and
pectoral fin formation stage, ventricle and atrium formation stage, yolk sac circulation stage, hatching stage,
pre-larval stage, and larval stage (Figs. 1, 2). Calculations indicate that after approximately 16 d and 12 h in
the brood pouch, the embryos sequentially emerge. They then undergo approximately 4 days of further
development within the pouch before being expelled when the yolk sac is nearly depleted, transitioning
into the larval stage. The initial larvae measure between 10.58 and 13.02 mm in total length upon expulsion
(Table 1). [Conclusion] This detailed developmental timeline of H. abdominalis offers valuable insights into
the unique reproductive strategies and early life stages of this species, providing a foundational reference for
further studies on seahorse biology, reproductive ecology, and conservation efforts. The comprehensive
characterization of the development from fertilization to the larval stage underscores the complexity and
specificity of embryonic development of seahorses.
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Table 1 Early developmental processes of Hippocampus abdominalis

R E I I KA Kl

Incubation duration Development stage Fig.

30 min ZZFE 50 Fertilized egg 1b

1 h 50 min B 2 [ ERIR Orbicular egg le-1, 2, 3

3 h 20 min Ji 45 2% Uplifted embryonic discs 1d

6h 55 min 2 4 i 2-Cell stage le

8 h 30 min 4 41 4-Cell stage 11, 2, 3

11 h 5 min 8 lifitl 4] 8-Cell stage lg-1, 2, 3

12 h 35 min 16 ZHfiu}H] 16-Cell stage 1h-1, 2

14 h 15 min 32 4Hiffi ] 32-Cell stage li-1, 2

16 h 5 min 64 A1 64-Cell stage 1j

18 h 35 min Z A3 Multi-Cell stage 2a

22 h 35 min =ML High blastocyst stage 2b-1, 2

31h R Low blastocyst stage 2

78 h 20 min J5 5 Early gastrula stage 2d-1, 2

82h Ji [ = # Miid gastrula stage 2e-1, 2

90 h JFE ] Late gastrula stage 2f

98 h 30 min M2 ] Neurula stage 2g

99 h HR L7 538 Eye follicle formation stage 2h

102 h 25 min WL T R Muscle ganglion formation stage 2i

115h JEZF T R Tail-bud formation stage 2j

146 h 30 min O JE A3 Heart formation stage 2k

231h Jibi /& B3] Brain formation stage 21-1, 2

256 h AR 2B 5 Y Ocular melanin formation stage 2m

277 h 30 min Tt 8 iR B 3 Dorsal and pectoral fin formation stage 2n

290 h 20 Y Ventricle and atrium formation stage 20

316h YU S ZE MG HA Yolk sac blood circulation stage 2p

396 h fFERETH] (4H) Pre-larval stage (beginning) 2q

472 h {F AT () Pre-larval stage (end) 2r

496 h 1 Hi#& 474 1-Day-old larva 2s
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B1 RS Ree
Fig.1 Embryonic development of Hippocampus abdominalis
a. REAEHIGN; b, BULHEIN: o1, BEIBRIEZREIN: c-2. AMBUA: 3. MIRBIR UREBOO: d. EETEMR: e 2 40/: £1.4 40/ (U
A £2. 4 4000 CEMMD; £3. 4 40 CRFBO; g-1. 8 4 (M g-2. 8 4liffls GEMMD;: g-3. 8 4l UMLK h-1. 16
A O h-2. 16 4 CERDW); i-1. 32 400 COEINL; i-2. 32 400 CIEEIAD; j. 64 4 (UMD Ed. R Og. MHiER: Vm.
G
a. Unfertilized egg; b. Pyriform fertilized egg; c-1. Spherical fertilized egg; c-2. Cytoplasmic fluid; c-3. Cytoplasmic fluid (zoom in partially); d.

Embryonic disk formation; e. 2-Cell; f-1. 4-Cell (lateral view); f-2. 4-Cell (front view); f-3. 4-Cell (zoom in partially); g-1. 8-Cell (lateral view);
g-2. 8-Cell (front view); g-3. 8-Cell (zoom in partially); h-1. 16-Cell (lateral view); h-2. 16-Cell (front view); i-1. 32-Cell (lateral view); i-2.
32-Cell (front view); j. 64-Cell (lateral view). Ed. Embryonic disk; Og. Oil globule; Vm. Vitelline membrane
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Fig.2 Embryonic and postembryonic development of Hippocampus abdominalis

a. ZAIME: b-1. @EIE (TAD; b-2. MEM CEMmI): o KEE DUWED; d-1. BT W d-2. BB GEmD;
e-1. R (IEMWD: e-2. R (WD £ RIS o #hERyl; h BB i DUWRESY: j. BFREH: k OB
B -1 RO 120 B GRED: m. IRBEZIEEE: n WHEMEEEIIYRA: o LEOHEAM: p. INEREMLEIEL
W q AFARTH (46D o AFAATHE (D5 s. 1 HEdTf. Bv. % (MRIGH); Df H#E; Ef R¥E; Er MB¥F; Es. WJE; HE O
A Me. Wl Mg, LT Mo. IEfik; Np. #PZeiR; Nt #h&E; PL Mg Tb. B Te. il

a. Multi-cell stage; b-1. High blastula (lateral view); b-2. High blastula (front view); c¢. Low blastula (lateral view); d-1. Early gastrula (lateral
view); d-2. Early gastrula (front view); e-1. Mid gastrula (front view); e-2. Mid gastrula (lateral view); f. Late gastrula; g. Neurula; h. Eye follicle
formation; i. Muscle ganglion formation; j. Tail-bud forming; k. Heart formation; 1-1. Brain formation; 1-2. Brain formation (head); m. Ocular
melanin formation; n. Dorsal and pectoral fin formation; o. Ventricle and atrium formation; p. Yolk sac blood circulation; q. Pre-larval stage
(beginning); r. Pre-larval stage (end); s. 1-day-old larva. Bv. Blood vessel (Blood circulation); Df. Dorsal fin; Ef. Eye follicle; Er. Embryonic ring;
Es. Embryonic shield; Hf. Heart formation; Me. Mesencephalon; Mg. Muscle ganglion; Mo. Medulla oblongata; Np. Neural plate; Nt. Neural tube;
Pf. Pectoral fin; Tb. Tail-bud; Te. Telencephalon
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