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Abstract:  [Objectives] Jellyfish have a complicated life history including the asexual generation of sessile 

life and the sexual generation of planktonic life. Scyphozoan species usually have an obvious sexual 

generation, which is commonly named as medusa. However, the asexual generation is the key to ensure the 

population survival. Almost all jellyfish blooms were related to the strobilation of a large number of polyps in 

field. Therefore, it is particularly important to understand the asexual reproduction of jellyfish and the 

development process of ephyrae after strobilation. Although Mastigias papus is a popular ornamental species 

in aquarium and a common species in warm waters, knowledge about the asexual reproduction of M. papus is 

still very limited. Therefore, we made a detailed observation of the asexual reproduction including the 

formation of planuloid, the attachment process and morphological changes from planuloid to polyp, as well as 
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the process of strobilation, and the morphological characteristics from ephyra to juvenile medusa. [Methods] 

Morphological changes were observed and recorded using stereoscopic microscope or inverted microscope. 

[Results] The results showed that, as a widely distributed species, M. papus only showed one style of asexual 

reproduction, producing planuloid at the base of the calyx (Fig. 3). Planuloids metamorphosed into polyps 93 

hours after release at 25 Ņ (Fig. 4). When the temperature raised to 27 , constriction emerged on the calyx 

of the polyp and the polyp transformed into strobila, and then the ephyra larvae were formed at the top of the 

strobila. The ephyra would release 47 hours after strobilation with more and more frequently pulses. It took 21 

days for ephyra to develop into young medusae. [Conclusion] Planuloid producing was the only asexual 

reproduction mode for M. papus, but the reproductive efficiency was relatively high: each polyp could 

produce one planuloid in an average of 2 days, and planuloid could metamorphosize to polyp within 4 days. 

Ephyra in turn could develop into juvenile medusa within 21 days. The rapid asexual reproduction rate makes 

M. papus a popular species in aquarium and also make jellyfish blooms in nature. 
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Fig. 1  Morphological parameters of Mastigias papus 

a. ̕b. ᵣ̕c. ᵣ̕d. ᵣ▼ᵩ Ȃa. Planuloid; b. Polyp; c. Ephyra; d. Strobilation remaining. 

CDD. ᵣ ̕CH. ᵣ ̕MDD. ᵣ ̕RL. ᵣ▼ᵩ ̕StL. ᵣ ̕TBD. ᵣ

̕TBLPl. ̕TBLPo. ᵣῃ ̕TBW. ̕TMLL. ᵣ  

CDD. Central disc diameter; CH. Calyx height; MDD. Mouth disc diameter; RL. Remaining length. StL. Stalk length; TBD. Total body diameter; 

TBLPl. Total body length of planuloid; TBLPo. Total body length of polyp; TBW. Total body width; TMLL. Total marginal lappet length 
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Fig. 2  Planuloid formation of Mastigias papus 

a. ᵣ ᵝ ̔2ҩ ̕b. ₮ ̕c. ̂1 ~ 2 d̃ ̕d. ̂3 d̃ ̕e. 

̂4 d̃ ̕f. ̂4 d̃ Ȃ 

a. The position on polyp from where the planuloids produced (2 planuloids); b. Protrusion begins to form c. Protrusion grows gradually (1Є2 d); 

d. Protrusion t obviously (3 d); e. Forms an ovoid planuloid (4 d); f. Planuloid are about to release (4 d). 
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Fig. 3  Planuloid of Mastigias papus 
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Fig. 4  Metamorphosis from planuloid to polyp of Mastigias papus 

a. ↨ ̕b. ₮ ̕c ~ e. f̕. ᵈ ̆ ̕g. ᵣ̕h. ᵣ ᵣȂ 

a. Newly released planuloid; b. The mouth end begins to appear; cЄe. The development process after attachment; f. Attached endelongates, 

tentacles become longer; g. Mature polyp; h. Juvenile polyp. 

AK. ₮̕ C. ̕H. ̕M. ̕S. ̕ Pe. ̕TP. ̕TR.  

AK. Aboral knob; C. Calyx; H. Hypostome; M. Manubrium; S. Stalk; Pe. Pedal disk; TP. Tentacle primordia; TR. Tentacle ring 
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Fig. 5  Morphology of Mastigias papus polyps 

a. ᵣḲ ̕b. ᵣᶷ ̕c. ᵣ̕d. ̕e. ╠ ᵣ̕f. ᵣȂ 

a. Top view of mature polyp; b. Lateral view of mature polyp; c. A hunting polyp; d. Peristome protrusion; e. Polyp before eating; f. Polyp after 

eating. 

AN. ү ᵣ̕C. ̕M. ̕Pb. ̕S. ̕TR.  

AN. Artemia nauplii; C. Calyx; M. Manubrium; Pb. Periderm beaker; S. Stalk; TR. Tentacle ring 
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Fig. 6  Mastigias papus polyps strobilation and recovery 

a. ₮ ̕b. ̂1 ~ 2 d̃ ̕c. ⱴ ̆ ̂2 ~ 3 d̃ ̕d. ῃ ̂4 ~ 5 d̃ ̕e. ᵣ ̂5 ~ 

6 d̃ ̕f. ₮ ᵣ̂7 d̃ ̕g. ₮ ̂8 d̃ ̕h. ⱴ̂9 ~ 10 d̃̕i. ∆ ̂11 ~ 12 d̃Ȃ 

a. Constriction begin to appear; b. Constriction obvious (1Є2 d); c. Deep constriction, tentacle fall off (2Є3 d); d. tentacles almost fall off (4Є5 

d); e. Ephyra about to be released (5Є6 d); f. Polyp after ephyra released (7 d); g. Tentacles appeared (8 d); h. Increased tentacles length (9Є10 

d); i. Polyp recovers to normal shape initially (11Є12 d). 

Co. ̕L. ̕M. ̕ML. ̕R. ̕RC. ̕T.  

Co. Constriction; L. Lappet; M. Manubrium; ML. Marginal lobes; R. Rhopalium; RC. Rhopalial crack; T. Tentacle 
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Table 1  The growth process of Mastigias papus ephyras 

 

Development time (d) 

ᵣ   

Total body diameter (ɛm) 

Ҭ  

Central disc diameter (ɛm) 

 

total marginal lappet length (ɛm) 

 

Samples (n) 

0 2 880 ± 170 1 180 ± 110 850 ± 40 20 

1 3 170 ± 150 1 560 ± 100 870 ± 60 20 

3 3 670 ± 160 1 870 ± 130 910 ± 50 18 

5 4 330 ± 180 2 620 ± 140 860 ± 40 17 

7 4 410 ± 140 2 730 ± 110 840 ± 50 15 

9 4 630 ± 180 3 230 ± 150 700 ± 20 13 

15 5 810 ± 140 4 760 ± 120 530 ± 30 12 

21 6 750 ± 130 ð ð 12 
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7  ֒ ᵣ  

Fig. 7  Ephyras development process of Mastigias papus 

a. ↨ ᵣ ̕b. ↨ ᵣ ̕c. 1 d ᵣ̕d. 3 d ᵣ̕e. 5 d̕ f. 7 ̕

g. 9 ̕h. 12 ̕i. 15 ̕j. 21 ̆ № ₮ Ȃ 

a. Oral view of newly released ephyra; b. Aboral view of newly released ephyra; c. The ephyra was released 1 days later; d. The ephyra was 

released 3 days later; e. The ephyra was released 5 days later; f. The ephyra was released 7 days later; g. The ephyra was released 9 days later; h. 

The ephyra was released 12 days later; i. The ephyra was released 12 days later; j. The ephyra was released 21 days later, the end of the oral arms 

differentiate to tentacles.  

AL. ׆ ̕AN. ү ᵣ̕CDD. Ҭ  ̕ GF. Ҝ I̕L. ̕L. ̕LB. ̕M. ̕ML. ̕

OA. ̕OL. ̕PL. ̕R. ̕T. ̕TBD. ᵣ ̕TMLL. ̕Z.  

AL. Adradial lappet; AN. Artemia nauplius; CDD. Central disc diameter; GF. Gastric filament; IL. Interradial lappet; L. Lappet; LB. Lappet bud; 

M. Manubrium; ML. Marginal lobes; OA. Oral arms; OL. Oral lips; PL. Perradial lappet; R. Rhopalium; T. Tentacle; TBD. Total body 

diameter; TMLL. Total marginal lappet length; Z. Zooxanthella 
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8  ֒ ᵣ 

Fig. 8  Juvenile medusa of Mastigias papus 

 

ᶷ ₮ ̂lateral budding by means of stolons̃ȁ

₮ ̂óSanderia-typeô budding̃ȁ

/ ҉ ̂ reproduction from parts of 

stolons/stalks̃ȁ /

̂typical free-swimming bud/planuloid̃ȁ ꜚ

ᵌ ̂motile bud-like tissue particles̃

̂podocysts̃Ȃ ̆ ֒

ᵣֽ ѿ ֟

̆ ᵣ ֟

Ȃ י ȁ

̂Phyllorhiza punctatã   ̂Cephea 

cepheã ҍ ֒ ᵌ̆ ֽ

ѿ ̂Schiariti et 

al. 2014̃Ȃ ᵣ 5

̆ ᶷ ₮ ȁ ȁ

ȁ ᵣ̂ free-swimming 

propagules̃ № ̂ fissioñ̂ ט  
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Khabibulina ̂2019̃ ̆ᵣ

י ᵣ̆ 2 3ҩ Ҍ

ᵝ ̆ ֟ ̕ ѿ

ᵝ ֟ ↓̆

ᶭ ᵣȂ Ҭ ֒

ᵣֽ ѿ ң ֟

̆ ѿᵝ ѿ ֽ֟ ѿ ̆

Ҍ ұ ȂAdler ̂2009̃ ̆

ᵣ֟ ̆

ᴡ ѿ ᴪ ̆

̂Adler et al. 

2009̃Ȃҍ Ҍ ̆ ֒

ᵣ֟ ѿ ̆

Ҭ ̆ ᵣ ̆Ḃ ֟

̆Ҭ Ȃ 

Ҭ ̆ № ֒

ᵣ ̆

ѿ № Ȃ ҍ י

’ ᵌ̆

ᵣ╠ῒ Ȃ

י

4 d̂Neumann 1977̃̆№ҹ 5ҩ ̆

ȁ ȁ ȁ

ᵣ ̂van Lieshout et al. 1992̃Ȃ ֒

3 ~ 4 d̆

ҹ ᵣ ҍ י №

ᵌȂUchidâ 1926̃ ̆ ֒

֟ ҹ 100 ɛmȂ

Sugiurâ 1965̃ Ҭ̆ ֒

֟ ҹ 120 ~ 140 ɛmȂ
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Ҭ ֒ ᵣ ֟

ῃ ҹ̂378.5 ± 58.6̃ ɛm̂ n = 

12̃ ̆ ԍ ֟ Ȃ

ҍ

ҩᵣ ≢̆

ῒז Ȃ 

3.2  ֒ ᵣ  

ᵣ ᵌ̆ᵖׅ

Ҍ Ȃ ̂2011b̃ ̆

י ᵣ ̆ ῃ

ҩᵣᵣ 4 000 ~ 10 000 ɛm̆

5 000 ~ 12 000 ɛm̆ Ҍ ҩᵣ ₮

̆ᵖ

ҹ 24 ~ 32 Ȃ ֒ ᵣ Ӟ

̆ᵣ ֽҹ̂ 1 380.1 ± 375.0̃ ɛm̂n = 

21̃ ̆ᵣ ̆ ҹ 16 ̆

י ᵣ Ȃ ̂2012̃ ̆

ῃ ᵣ ̆ҍ

̆ ҉Ҍ №Ȃ ̆

̆ ᵈ ꜚ ̆ ҍ

Ȃ ֒

ᵣ ̆ҍ ≢̆

ꜚҍ ȂMorandini ̂2004̃

Chrysaora lacteaȁ ̂C. hysoscellã

̂C. melanaster̃ ᵣ

̆№≢ҹ250 ɛmȁ460 ɛm

200 ɛm̆ ԍ ֒ ᵣ

̂760 ± 250̃ ɛm̂n = 21̃ Ȃ ᵣ

Ҍ ̆ ᵣ№ҹ

ᵣ ᵣ̂Fuentes et al 

2011̃Ȃ ȁ

ҹ ᵣ̆ ᵣ

̆ҍ №̕ ֒

ȁ י

ҹ ᵣ̆ ᵣ ̆

ҍ № Ȃ 

3.3  ֒  

֟ ᵣ Ҍ ̆

ᵣ ҹ№ץ Ȃ

֟ ѿҩ ᵣ̆

֟ ҩ ᵣ̆

ᵣ ѿ Ȃ ֒ ȁ

̂Cotylorhiza tuberculatã̂ Purcell et al. 

2012̃ȁ ̂  2006̃ȁ י

̂ Heins et al.2015̃

̂Rippingale et al. 1995̃ ҹ ̕

̂Winans et al.2010̃ȁ ̂ ׃  

1983̃ȁ ̂Holst 2012̃ȁ ┬

̂Condon et al. 2001̃ȁ ┬̂Chrysaora 

coloratã ̂Gershwin et al. 2002̃

̂Feng et al. 2015b̃ ҹ Ȃ ᵣ

̆ ᵣ № ᵝ῏ Ҍ ̆

ȂBerrill̂1949̃ ̆

ҍ ᵣ ѿ ῏ ̆ ֒

ᵣ ᵣѿ ҹ

̆ ᵣ ┬

ᵣ ᵣѿ ҹ Ȃ

̆ ֓ ֟ ᵣ

῏̆ ᾥ ̂Cyanea lamarckiî̃ Holst 

2012̃ Ῥ̆ 5 15׆

15 ̆ ҩ ᵣ ֟ 4ҩ ᵣ̕

Ῥ̆ 10 15׆ 15 ̆

ҩ ᵣ ֟ 10ҩ ᵣ̕ ѿ

15 ̆ ҩ ᵣ ֟ 12ҩ

ᵣȂ 

Calder̂ 1982̃

̂Stomolophus meleagris̃ ᵣ ̆

∆ ҩ ҹ ̆ӊ

₮ ᵌ℗ №̆ № ⱴ

2 ~ 3ҩ̆ ֓ № ᴪ ҹ

ᵣȂ ֒ ᵣֽ

ѿҩ №̆ғ ∆ ⱴ

₮̆ ̆ ҩᵣҌῬ ȂHofmann

̂1978̃ י ᵣ ̆

∆ Ӟ ̆ӊ

ᵣ ̆ ᵣ ҹ ᵣȂ

ҹ ֒ ᵣ



3  ̔ ֒  ¥333¥ 

 

ҍ י ᵌȂ 

3.4  ֒ ᵣ  

Ҍ ᵣΐ Ҍ Ȃ

ᵣ

̂Hoffmann et al. 2005̃̆ י ᵣ

῍ ̂Straehler et al. 2010̃Ȃ

֒ ᵣ ̆ ᵣ №

⌠ ῍ Ȃ ᵣ Ҍֽ

ҍ῍ ῏̆ Ҍ

Ӟᴪ ᵣ Ȃ ֒ ᵣ

̆ ֽҹ̂ 2 880.0 ± 172.2 ɛ̃m̂n = 20̃ ̆

ҍ ̂Rhopilema verrillĭ ᵣ

ҹ3 000 ɛmC̆alder 1973̃ȁ ̂

ᵣ ҹ 2 200 ~ 3 800 ɛm̆Kawahara et al. 

2006̃ ̂ ᵣ ҹ 1 500 ~ 3 000 ɛm̆

Ҁ  1981̃ ᵌ̆ ҍ

̂Phacellophora camtschatică ᵣ

ҹ 3 500 ~ 6 200 ɛm W̆idmer 2006̃

ᾥ ̂ ᵣ ҹ 4 000 ɛm̆Russell 

1970̃ ȂKienberger ̂2018̃

Rhizostoma luteum ᵣ ̆

↨׆ ᵣ ⌠ ᵣ

21 dȂ ᵣ 21 d ̆20 Ῑ

ҩᵣ ѿҩ ⌠ ᵣ 2̆5 

80% ҩᵣ ⌠ ᵣ ̆30 ῃ

ᵣ̂Astorga et al. 2012̃Ȃҍ҉ץ

ᵣ ᵌ̆ ֒

26 Ҋ̆ ᵣ 21 d

ᵣȂ ӊҊ̆

┬̂Chrysaora fuscescens̆ Widmer 2008̃

ҹ ̆ ᵣ 10 d ₮

ᴮ ̆9 ~ 12ҩ 15 ~ 20 cm

ҩᵣȂ 

ꜚ   ֒ ̆ 2020 1

20 ԍ ⇔
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