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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 ‘C (Fig. 4). When the temperature raised to 27 °C, 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.

Key words: Mastigias papus; Polyp; Planuloid; Strobila; Ephyra

B KEE (Mastigias papua) PAEE
BB A O B KN a B, &
FIMIE¥) 1] (Cnidarian) # 7K £F44 (Scyphozoa)
# H 7K B H ( Rhizostomeae ) fif /K £F %l

(Mastigiidae) fH/KEEE, FE M THIL)E
VB SERRTE L ORI AT [ e ¥ 551 (Souza
etal. 2018) o PR/KBEZN/K BRI AR I L BLAARTR],
FEAFER AR BRI A I K B AR
HE [ 55 AR S (K RS HEAR . PR S R K B
AR TIOHE AR 1, YRR 1456 5 TR 2 RS O,
Za KB T E R KRS H, &)
B I8 [ B 2 ] PR AR A KA . FK A4 ]
DU IS BT 2 3 (AR PRV Chrysaora
quinquecirrha, Cargo et al. 1980)  FEEBIE AL
W EZE (Wi H /KB Aurelia aurita, Thein et al.
2012) BEEEBBERIF RS H L 2F (planuloid)

(nZzZ<qliZk Bt Cassiopea andromeda, Heins et
al. 2015) 575 AT LA TE, TERE 2 (17K
WELAA, 2 AE MR IR B , Wi FE Tt i (Purcell
etal. 1999) BGRZFEMK (You etal. 2008) \
HEEGAF (Custance 1964) FIELEARLL (PhEHSE
2012) SEIEUL N RARR, BERRGE, 42—
RIVERRE G BOK B

5548 R 2 H0R MK EEH BIK B A4,

AT A K BHA R B R, AMERS A 2, B
HEGRIESIRE ST, ERWKAATIE. 55k
YWIKEBE (Sanderia malayensis) 153§ v /K B}
(Catostylus mosaicus) EFEFHLL, EATIEAH
IKEERE Gy a7, B LRI ZOKBHIE, 2%
RUFPELE WK BRI 2R 2 — . HETRT B4
A 7K BRI 5 3 AR R ZK S A TG 1 AR B AT
IKEFR R FM MR R E T . EXFESE
(2012) BFFL T AR /K BRI N T2 24,
P2 IR0 AT A K BER KRR IE R ER
7 RO, W EOUT DU B AR . aRae
S (2011a) BT 1 AN [F) e OGS EXAf AR 7K B R
RAK . IKBESI A 0 RS AA A7 I T6] B AT 2R () 5
Wi, S 3G R AR o AN TR 1 B2 AT EAH K BE
TEARARF K BEGNAA A7 15 26, RIS 0 A4 1) 47
TEIN AT B R SOREEE (2015) WAL T
ELA M A 7K BESAR A =25 DL Je 35 6 77125 Sugiura
(1964, 1965) kN, H3E#H: (zooxanthella)
& A I AH /K B KBS AR R ) A BE 25 A, 3b 4R
HR I FE T B A7 A 7K RE 7K REL A SR
Wi, I 22 °CH i FKIR AR
H A7 E AN AT HoKEE (IR 1993)
AT SRS U 2, A FIRE T H
& /K EE (Cyanea nozaki, FEIESE 2006)
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# (Rhopilema esculentum, XSS 2009)
Ay FEviKEE (Pitt 20000 (4 TE LFRTES
A o A 5T ELAT A 7K BE AR TE M A 5
IR B ZF AR R KSR . 7K e A
L7 A RER AR UL B EARAR R B /K BEAR (1)1 78
FERBACHAT TSR, AHEBERLE R hE
A MEAE K BRI N T H SRR TR
1 eSS HE
1.1 SERbR

SIAG AT FH E AT A 7K BE/KREAA SR B 7 1
EVHERAF . fETILM GXZ-160B % fg
JHRERFRAE R TR, RMREN 25 °C. &R
Mo SRAIEREE 31+ 1 A TIRK (B iR AH
W 7K ZORIZE RO R S A 4K LD 375 .
KB ] MR IEA 24 h BIEAER (drtemia
sp.) TLMAR, FMEEEEEA 10 000 ~ 15 000
/L, 30 min W AR IR, oK E AR TR
IKARHT 172
1.2 SEWHFE
120 BERATMKEENSES K 30
EAG TR /K BEK B, M 25 °C. 4= SRS i
IKEIREFRFATRE ZE0IE 1 000 1x. JEfE ] 120 ¢
12D (B 12 h %l 12 h RS . IR 27 °CHH
HHeCHRIE IR A, KRR SRk By
HHPEERRAREEK (FREN31 1) o AK
WEAARRE S , L 12 MR 80 S Hp S
I, BB BORARATI R R S AR 7R
122 EEMBAEBESHINE 1 Leica
MBS0 13| & & {5 Al Leica M125 C 1= 5. m%s
LK LAS v4.12 BT A FE A &2
FIRG M ZEKE (total body length, TBL)
RIGEE (total body width, TBW) , sKHE4AI]
# B 4% (mouth disc diameter, MDD) . 4K (total
body length, TBL) . & (calyx height,
CH) Fif (stalk length, StL) , MBIk
K2 EH1% (total body diameter, TBD) . Ht.l»

M#L & (central disc diameter, CDD) 1%l
&K (total marginal lappet length, TMLL) %
MERAT R EBKE (remaining length, RL) ,
PAERIESTEAR BRI 1o 103K SREE
RGN AP R ZKIS AR AR IR (A % B 2
IKBEGIAR TSR B I R E s
BRCTR A AT A 28 1 b B R T80 ) BSR40 4 A5
MS-222 (0.04 g/L) R 5O Z I &

2 &R

2.1 EARERHEKERREIRS) B T AL

PRI IF IR &) HUH 27 2 E AT A /K BE /K S
RTEVES A I E— 5 e AT WA K RESS TR IR
&) e i AT E KRR ) B ST B, BRI AT
TER 182 MHZE, #5082 MRS, —HEX
FrorAn (B 2a). MZFE TR 1 Je e KA
B A 1 B2 AR (B 2b), K5
B SN ETE R R (B 2c~ D, &Ja
It 7 B BT B nT B ER K R SR TR TR 4 H
%, AR RS 4 ~ 5 d.
2.2 EARIEREKEERRIRS) R

IR T FRT EL AT i 7K B 27 VR 40y FRU R 2 4
e, 2REE, REARHE, DR,
{2 I #B Caboral knob, AK) 5 —EFEE 1R
H, KN (378.5+58.6) um, HEEA (350.1 +
59.1) pm (n=12). HERHE T o] REFIR
4y OB R AR K4 Ceilium, B 3).
SV IR 4y HUL 2F A 52 3 ) R 2 R TSORI 40
(nematocyst) . FEIFIRSN U ZF B A BRI H
FEBhRE ), @A B IR B TR AR 56
H B Al i £ e % « B 2 h 22 min, 0%
TR R ZER R B B, A — e R S I
PR EWII)E (hypostome),  HH85 H IH
B, SR OEH XA EE, RREKE
KA 253 (stalk & 4b). BEJBUS 12 h,
FRIFIR A HU 2 A Bl oAl B % 1 [ B 7E 7K )=
o ER R, FHRIE G R A .
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1 EAEHEKSESERIE
Fig.1 Morphological parameters of Mastigias papus

a. FRVFIRGHEZE; b, AKUER; o BERAE; d. BERMARIRFR. a. Planuloid; b. Polyp; c. Ephyra; d. Strobilation remaining.

CDD. IR/ O#EEAE: CH. /KMEARS3E 2 MDD. /KUEAR DA B A2 RL. MZRUARIRTKEE: StL. KB TBD. RIS HE
f&; TBLPL REHREIEMIZFCKE; TBLPo. /KIEALI; TBW. REERGIMMZFFEE; TMLL. BORAEZMEEK

CDD. Central disc diameter; CH. Calyx height; MDD. Mouth disc diameter; RL. Remaining length. StL. Stalk length; TBD. Total body diameter;
TBLPI. Total body length of planuloid; TBLPo. Total body length of polyp; TBW. Total body width; TMLL. Total marginal lappet length

2.3 EAAEREKEHEIRS) B B AR /KIS
NP

dc FMINIBRE ) B AT A 7K BER TR
W MZE, AR AEERTN)S 22 h 44 min, Ut
IARIEANG, IR E B E AR, e 5
IR . REFIRAN B ZF A6 5 13 h 48 min,
HJEHE A E N (manubrium), filF
X (tentacle ring) JiFHHIL 4 /M5 Jk
(tentacle primordia), MEH] 7K IEAAEA H 2%

fiae )1 (B 4d). KIFIRG HRZF LG 16 h
46 min, flFIH RTINS 8 4, fil
TR IR K, AT SRR AR N e H
d4e)o ZJG, FFIH EMfTFR A — DN,
RIEPET R, AR AR R T4
i, DIRATERE B n] sA M A AL B R 4
2. PRI, U ORISR
0 Cealyx)o R IR RANK IR, AR
IR B MR (pedal disk), HH#E
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faz
Planuloid

1 mm

B2 EAIAHEK BRI IR ) RS KT R
Fig.2 Planuloid formation of Mastigias papus
a. FKIGRMZFTERALE : 2 ANSRIFIRAI AU : b, SGRITIGHI: . TRIBHIZER (1~2d); d. FTGEUIE 3 d): e JETZRIFIRS
HURZFER (4d); £ FEFIRG AR (4 D).
a. The position on polyp from where the planuloids produced (2 planuloids); b. Protrusion begins to form c. Protrusion grows gradually (1 - 2 d);

d. Protrusion t obviously (3 d); e. Forms an ovoid planuloid (4 d); f. Planuloid are about to release (4 d).

FEECHEMIE. BEN SRR S 2 DA SR
TR, KENKEERLE (& 40, KiF

i R4 AE M I 70 h 21 min, TR _ER
D AT RCRMNZ 164, B — BB LAY
BN, LI, TRk i

(K 4g).

2.4 EARIEAE7K BEKREAA B TE S RHIE
B2 AT IV it 7K BF B K S A 7R 1 B AR
(772.0 £218.6) um, /KEGALKA (1380.1 +
375.0) um (n = 21), EMREFHEER, @EidfF
K Y (B 5). /KSR 2 4
SIERAE, ERREAMIRIGE, TERH
RFE B2 (periderm beaker), R34 IN7KBEAR [ &
B3 EAAEMK SRR R A e k. AT A K BEK IS A S TR,
Fig.3 Planuloid of Mastigias papus TKIEARIRKN (759.7 +£252.1) pum, IEHFIRZS
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TEREMAR, PR Tt — s,
LS SRR TR, AN
BeRZE (K sb). SRS AT AR, HLAk
FERIAE AL, SR, S 0y (198.2
+£15.3) pmo fi T, BREIMR,

EmEAAmFZREA T, it T EAK
BRI, HTHSED. T2 atdE
WK, AR FEEA—, 2808 16 %,
AIIZIE 20 &% (B 5a). filt 0 i) A
GRS, AL AT LRSS XA, DA A/

200 pm

Bl 4 EAEHEK SR IRS) HARSAKIE AR R
Fig. 4 Metamorphosis from planuloid to polyp of Mastigias papus

a. WIBUARIFIRGIAUREE; b, HITAR L c~e MPERMAEDR: £ WEmMK, MPARK, o BMBUKIEM; h KIEELE.

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

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

AK. REOERE; C. i H OBE; M. O S, 255 Pe. &4 TP il FFE; TR, il F3E
AK. Aboral knob; C. Calyx; H. Hypostome; M. Manubrium; S. Stalk; Pe. Pedal disk; TP. Tentacle primordia; TR. Tentacle ring
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500 um

B 5 EmAEREKKERES
Fig. 5 Morphology of Mastigias papus polyps

a. BAKIBARMALEL: b, B KIEARMALE: o IETERMERIKIEM: d HERE: e BERMKEMA: f HEKERE,
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. FEBRTEILM; C. i M. [F; Pb. MOIRE R S, 2%

TR. fitFIF

AN. Artemia nauplii; C. Calyx; M. Manubrium; Pb. Periderm beaker; S. Stalk; TR. Tentacle ring

TR BRI, i TFRRE M EIEE L, O
Wi b FiEshc &Rl F, Bl 2P E 8
& (Bl 5c Ml d). B FRtes B KRS AR Y
JEAS: PURM KRN H S M mIAL A&, 14
GEIER, WA B R WA KE
IRECR, EIICHEZER, W WAt 347
HITEATGRI A, BB AR, AR R
(& 5e 1 1)
25 EAAEHEKEHERTRE

B A A 7K B 7K MR T G 8 L T 7K i A 2
PR AR TR, 2R T A i T 2 [R] P A g
T B HIR4:JR (constriction). 2218 Hoist £
(2007) MIEEIEZE (20060 FIWFTE, 2<SZE6H
“CHRIRI I R S KSR T IR R R I b
(H 6a). BERIFUHIEZ 12 h, 20RHAE, Mt
B PRI A REAAR TR AR S . B AR AR A

By BB IR N TR, G IR AL B R
A e 7K RS AA B 1 [ BT R B . T
W EHIZ N (marginal lobes), T Bivk
(K 6b). BEZFFUR)S 4 h 50 min, il FHFLHE
WY, GiiRSENEE, WHEE RGN b
(AR IR 4 4k JT 46 W 4E 4 B, R W R
(rhopalium). /E3i544% (rhopalial crack) H
B, I R TR R B (B 60).
FEZTFAGR)E 12 h 21 min, il FIEAR 4K,
AR, B, BOrRET I, O
W, BORA AR e s iz ml (& 6d):
REFFARSE 47 h 24 min, 4R ERIBEIRZ A
CEFEARK G AR, B8 mix, &t
B R RGO B 2, AN R E AN
M (lappet, L), AR POER
71, REEIT#ERA (B 6e). BEEIWLEHZ)
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500 pm

Bo EAmImKEKIEAERAEEBEEHESE

Fig. 6 Mastigias papus polyps strobilation and recovery

a. JFARHILATR: b, ZURYIE (1~2d); c GURINA, MTBE 2~3d): d ATREAREHBE 4~5d): e BEREEERR 5~
6d); f HMEERIKIE. (7d); g KT 8d); h MFKENIN (9~10d); i FEMEZRIEFEESE (11~12d.

a. Constriction begin to appear; b. Constriction obvious (1 - 2 d); c¢. Deep constriction, tentacle fall off (2 - 3 d); d. tentacles almost fall off (4 - 5
d); e. Ephyra about to be released (5 - 6 d); f. Polyp after ephyra released (7 d); g. Tentacles appeared (8 d); h. Increased tentacles length (9 - 10
d); i. Polyp recovers to normal shape initially (11 - 12 d).

Co. 4iJil; L. &l M. I ML. 4 R.OEGEHE RC. EHER4E; T. T

Co. Constriction; L. Lappet; M. Manubrium; ML. Marginal lobes; R. Rhopalium; RC. Rhopalial crack; T. Tentacle
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RNBRZIT AR, BORATER R IEZ) S0 h
JE R BRMAR IR AR N (1 241.8 +
226.0) um (n = 12), SEMAEZLSE 17K B fih
FIEA R, A REVLEE R JF A i 555 mE
i (E 6. BRI ~ 1.5 d )5, KiEfE
Kl 4 ~ 6 Al TF, SRR AFREA RS (E
6g); BERMBER 2 ~3 d 5, flFKERINIE
ATDHE, HETMFHRERD, MR
ik (B 6h); MEARIAREN 3 ~4d )5, /KEEHAfh
FHEWME 8 %, WURIEMARE, VP
WMEREFEES (B 6D,
2.6 BEAEHEKESERER KT IRE

IR TR E2 A7 A 7K BEER A 2 s R
FESOIRR, WIAEZK RSN, B4R (2 880.0 +
172.2) um (n=20), BERAE 8 AN, 8 A4
S A LA S 8 o A i [ T BIDIR 1) 2, a8
PR G 0] Bk gy asE, O
B — O, DWAAE 4 2~ 1)E (oral
lips)o BERAR B EIL AR, (A — B 2.
FUR /N SR AR BRI C, BRI
IR REIR AR, DO R, Al A
T 2 HEFERTLEER: DB 4
IR TR B PR /N e B NIRRT REtR A4k 11
WA, B HER Y, e B R IHEL
(E7afib); BEE 1 ~5d, BOREKER.
Hol D EAR MG FEEG P, Eies
M (perradial lappet) FlEIFEZ I (interradial

lappet) A ILNFEZ I (adradial lappet) (1)
ZEZE (lappet bud), FifEIEHT KB NMNIRS
Mo LIRS, BT RLE s 3

o B TETE, 5 49, YIAEAB
MEE 1 25 B2 (gastric filament), Ffif5H %2
BeErgm, HAae g (B 7e~e). BIE
5~9d, BRRAEEOAE, PIABETE,
IR G — PG, SR SRR K
4 IESR R (AR e A R Sl iE 42 31—,
TR GERE T (B 76 Rl @) BETSUE 10 ~ 14
d, BERAR TR N 75 K & Hh 4 % H i Coral arms),
RS B FR R 2r X, 3 8 25 M. [ iR by
FHER/NOMT, nTHPEY (B 7Th. BIK
J5 15~21d, BEREBEE—PER, TIRE
W, At BE, RNERE KT T
4, AT EAAYE N, TR Sk T B 0,
HEREIHME (B 7i 8 ). BRPE 28 EY
hn, EARRE Syt R, RN K B K EES)
& (B ) MR B I A2 Hh -8B A A FE AR
WA 1.

3 Wig

3.1 EAREAEK BRI IR Sl B 2R TR B
BRI BEEN o 2487 3k A7 A AR HEAA TG 1 AR B 1
PL%.. Schiariti %5 (2014) X 11 Ffk BEKUE A
17 THHIE, i 1 7 Mok ot T A &
P MITH H ZF (typical lateral budding ). & 2%

®1 EAEHKERREEKEE
Table 1 The growth process of Mastigias papus ephyras

KRB TE] WERIA B AR b DA EAR EES/IISSIS HAYE
Development time (d) Total body diameter (um)  Central disc diameter (um)  total marginal lappet length (um) Samples (1)

0 2880+170 1180+110 850 + 40 20

1 3170+ 150 1560 + 100 870 + 60 20

3 3670+ 160 1870+ 130 910 +50 18

5 4330+ 180 2 620 + 140 860 + 40 17

7 4410+ 140 2730+ 110 840 + 50 15

9 4630+180 3230+ 150 700 + 20 13

15 5810+ 140 4760+ 120 530+ 30 12

21 6750+ 130

— 12




* 330 B2 E Chinese Journal of Zoology 57 &

200 pm

K7 EmMTREKEER KT TR
Fig.7 Ephyras development process of Mastigias papus

a. WIUBSERAR DT b, RUBSERAR s DT e B 1 d JEROBRIRAR: d. B 3 d JERURRIRAR: e BSUS 5d; £ BESUR 7 Ks
g BWUE 9 K h BWUE 12 K i BOUE 15 K j. BElUR 21 K, CBEASR ML H il T

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. MIEZHE; AN, EEIET4M; CDD. fuLO# S GF B#4; IL. MIESH: L 298 LB. 4% M. i ML. &
OA. HJfi; OL. HJ&; PL. IEMEZHE; R. 5l T ibF; TBD. BRRIEER; TMLL. SR, Z. B

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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B8 EAmIEmKELE

Fig. 8 Juvenile medusa of Mastigias papus

il T tH 2 (lateral budding by means of stolons )
LoRyb/R B 2F (‘Sanderia-type’ budding ) 4
/& 2 EAFE (reproduction from parts of
stolons/stalks) [ FHIFIK I 27 /28I IR &) HL il 2F
(typical free-swimming bud/planuloid) . iz z/j7}
AZELH SR (motile bud-like tissue particles) Fll
JEHEETE (podocysts) o AT I A I, ELAR LA
IK BEAKHEARA AT — = A2 2R 4 UM 2 1 TG
PEAETETT A, RIZK SR B = AR R IR %))
dOM . 2 e Al K BE LU BE ALK B
(Phyllorhiza punctata) F1S258/KEE (Cephea
cephea) 5 EATIAHKBERAL, HAA LR
IR A d 0 2F X — e 1t 4 56 77 X (Schiariti et
al. 2014). g HIKBEKEEAARS 5 Fpoo A58 77
Ao EFEMIT HEF AR EREATE . B E 2R
AT HHEIEIKEHEMAE (free-swimming
propagules) 14> A4EFE (fission) (ff B %5
2012). Adler %5 (2009) WFFEEIL, HRibK
BEKBEAA R TE I AR T T N2k 9 i, ALdEA AR
PEAERRERAR L AR B UK N 2 2R TR 4 HU
2 B RDEF A RRISE . Feng 5 (20152)
K, W EKEEH B E R KEE (Nemopilema
nomurai) XA YR FEIX — Mot A58 77 5,
FEmiE (27 °C) A5 d —IRIFEIRATR 26 1F
PR SRR, SERYIE (117 d) RRKEER

mEZ LA (23+1.7) AN EHE. EARTAEK
BELE 27 cCRIEE H ML, 1 N /KIEAA-F
¥)1d 2] DI AE 1.7 DNRIFIR A U 2F . 45
R, KBRS AT AR B 7 S g S AT
H—EMRKFR, WEOKEEHZ A AEREIRS)
HAEE, (H A R4 R SR
PEAGE T A IS BE. R ERANE
T4 100 55 D] 25 0 AT e s e G ik A B 1) 7 AR
.

Khabibulina 25 (2019) 70 K8, 1A%
KAl BEZKIEAE, ATLE 2 8 3 ANEEEA
[FINIE, [FW 2 A BRI IR Y R EF s A —
A B 72 AR R PRTR 4 B i 28 T RIS,
MR B 7K G o AHE 70 b T AT WP A 7K BEZK E
AASASL A S50 0 PR — Ak BSRE X FoR 10 9 Ak 2 A 2
TR R, A — A B — A= AR — MO 5,
MZEAR R 2R, Adler % (2009) RIL, 5
KeVb K BE KM= A2 SR TR A 23, R AE
RIE— B 8] 5 A4 = T R 4k S T0 1 A 5, ) Bk
MR 2 H A EARLFE (Adler et al
20090 5 5RybIKEEANR], AT AN K BEKEE
A IR IR G L ZF A — e IS, BT
ORI, KUEAR R B, fE R RS AR
IRGIHARZE, B AR

SEIG AR I, HB A A A K BRI IR &)
R ZEAE S KSR B DA TR T, I
A S5 — AR E R . X 5225l
IKBERPRIRY) B ZE R B IEOLEL, 7R
TKREAAR AT FLR IR IR 4 Ha i 2 B AR 2 T R
LK B RIF IR R F B RE 75 2
4d (Neumann 1977), 438 5 ANid#E, HIFEREK
W B EBEKH IR AT BSOH A K S
HARI (van Lieshout et al. 1992), EARTAS/K
BERIZIRG M o e S KB RE 3~4d,
AR E NI FE S 2 Al K B4
fl. Uchida (1926) WFFCAI, EATIEAHKE:
AT AR Z K EAA N 100 pm. 7E
Sugiura (1965) K7L, EATEAEKEEA P
AP A IR S A A 120 ~ 140 pm.e A



© 332 B2 E Chinese Journal of Zoology 57 &

BT 7 H B A R 7K B K R T P A B A 2
FIRGIHZE KA (378.5 £ 58.6) um (n =
12), BB KF A AR EPRIRG . A1
AR B SR SR IR G B BV IR 4 B Te PR AR B
TE B PR IR B MR R/ INAEAE B R 2 031
TXFR IR GAE AR A RS 1 R WA
3.2 B YEAE K B K RS A4 R RPAE

BRIKBEA 7K BEZK RS AR AT R EHBL, (BT
HIFZ A LS (2011b) KIL, ROAK
BEH (22 2K BRI AR 2 S AR, 54K
B H/MEEKATIE 4 000 ~ 10 000 um, fil K
5000 ~ 12 000 pm, EIRA[FIAA AT H L)
PR B AR RORZE 57, IR b T Hom
N 24 ~ 32 %, ELAERE /K BEKREAARTE A5 0 2
AR, KA (1380.1 +£375.0) um (n=
21), WAEEUN, MFHEZHCN 16 5%, %
SR BEAKRE R/ . FIESE (2012) TFFEARIN,
A KR B 52 4 KSR S o, S
HEE SR & 97, M EAS X5y, DEE, [
WM, o RgE oM, e esS
BIRSER/NECEE TR R EER . AT A K EE
ARSI, SEMAHEX 5, CWaT
RIFIE 8 5 kTR A4 & - Morandini %5 (2004)
X} Chrysaora lactea 38 W%t 7K EECC. hysoscella)
FiME& 5K BE (C. melanaster) 17K BEARFE
AT E, 43008 250 pm. 460 pum Al
200 pm, /8T ELAR M0 A 7K BEZK IS AR AR K
(760 £250) pm (n=21). HHEAKUEAAAH L AN
BEERTEAANE, R K RN B KRR S N
15 754 7K A AT A 2 7K MR 4K (Fuentes et al
2011), g H7KEE. A EEEKEERTE RID KBS
JE 7K B H AR R 2 AR B K IS4, /KIS 4
WESAH A, S5 R RIX 4y B A A
IKEBE WYHBE p K BER 22 G Al 7K BESEAR 117K BF
EP/SSEASES it LU NI LN TSR
LRI 4B
3.3 EfREAEKERER

PR A 2= R HOR AR = AN R, /K EBEK
WS AR T T LA A SRR R AN 2 A i

RURE SRR OB R T R P2 AR — R AR, T 22
TR LA R 2L N AT 7 A 2N OIR AR, BBR
WEBE—EEEER. ERWTHKEE &
JKEBE (Cotylorhiza tuberculata) (Purcell et al.
2012). HEEKEE (HIEE 2006). 2k
( Heins et al.2015) Al JH BE £ 7K
(Rippingale et al. 1995) &k FRLAE AU Y
H/KBE (Winans et al.2010). #F#H (RS
1983). &%l /KEE (Holst 2012) K PGV
(Condon et al. 2001). K8UHH| (Chrysaora
colorata) (Gershwin et al. 2002) F1EFFf KB}
(Feng et al. 2015b) S5 AL RERIRIRL. AT
5, KIEARREZ T SO e R RA K, JiE
H K EE H ORI FK BE H #A BRs s 2 0 2 1
AL R . Berrill (1949) FIRFFERIL, H
SR 5K MR I TEARE — € R &R, W AR
i 7K B AR A S5 =2 50 RH T 1) A B — iR Oy B
T AR, T o H 7K B KOS AR AR K 78 o o il 7K
AR S5 = [5] FH ZRK EAAR — O 2 i R AR 2
AL, A KBRS 2R 7 A RRR A 1) 450 AR
xR, WH 5w /KEE (Cyanea lamarckii) (Holst
2012) M 15 °CHIMEERER A 5 °C, #THE R
15 °C, BFASKIEARER R 2 74 4 DMEIRAE
M 1S CCHIMREEREIRZ 10 °C, FFHEE 15 °C,
FEAN TR AR R i 2 7= A 10 MR i —
BEAERF 15°C, BN KEE R Z MR =4 12 4
PR .
Calder (1982) X % i U A 2 (1) S0 5 7K B
(Stomolophus meleagris) TEFMRWT LRI,
RPN TR G NIR, 2 5l
T tHISRARAT) AR 43, BRI 4 5 0
22 ~ 34, REEIIRER 7B JE 2 K B R
Ao BT AR A 2R P E AT A 7K BR R SR AN TR i
—ANIRIRER 5, HAENERA IS IR A58
t, AR, KRZHEAMMEAFIEE . Hofmann
& (1978) Xf 22l K B RLAR A 78 K K
KRBV RO A MRS, 2 51
RERBE R E , I Ja 28 KRR B IR A
() g LA A A ) T A PR K B SRR R B i
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T2 2 Al K BEARBL
3.4 EARIEAHK BERRR A FR 4P AE
ANEAPSE KB AR B AN R .

U 7 7K BERSEIR A DR J8 8 35 R A7 (£ T 52 2048 £

(Hoffmann et al. 2005), %< il 7K BEREIRAA ]
HUpE AR 2 4% (Strachler et al. 2010).
EAT I AH 7K BERSRAA E imt f,  RIRAAR 535 5
AR U S B R B ) AR . BRRIRAR AT
S QGEEA K, B S OREMEREERA
[ 0 2 S M ORI . EEA A 7K BRRSEAR A4
BN, AN (2 880.0+172.2) pum (n=20),
51F B PERiEHE (Rhopilema verrilli, TEARAK
4249 3 000 pm, Calder 1973). BFAf /K £ (i
RIEEAA 2200 ~ 3 800 um, Kawahara et al.
2006) A H (BERAE 424 1 500 ~ 3 000 pm,
THETESE 19810 K/MHALL, TS5 FKEEH
R IKBE (Phacellophora camtschatica, TEARAE
BN 3500 ~6200 um , Widmer 2006) i
i KBE (BARIAEAEN 4 000 um, Russell
1970) AHEH# /N, Kienberger 5 (2018) X
Rhizostoma luteum WIWRE K EHATMEE, K
IR TR REAR A4 B B 7K BEG A4 K £ 75 4L
21 do EEFKEHORARE 21 d 5, 20 °CHE 9%
I — AR BIKBRLAARY B, 25 °CIF
80% I MAIE BIZK BEGIART BL, 30 °CHY 4 K
B K EESK (Astorga et al. 2012). 5L EM
FI7KEE H BIRER A K B IS TAAHAL, AT A K
BETE 26 CCIUMES N, WORIARK 21 d KB
KBRS . AT, HEEKEEH RS
| (Chrysaora fuscescens, Widmer 2008) X
BRAZE, BRAFE10d EAARRKE H
DT, 9~ 12 DPHKER 15 ~ 20 cm KK
A
HEsY EAATAEKEE, FRE) 2020 4 1
H 20 BTSRRI E AV R G5
ol

Z % X MW
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