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Effects of salinity on early development in sexual reproduction stage of the
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Abstract: In the past few decades, Nemopilema nomurai underwent blooms over many years that have affected ecosystems
in East Asian waters. In the fall, male and female N. nomurai medusa gather to spawn in coastal seawaters. The egg
develops into a tiny larva known as planula that swims to the seabed and transforms into the polyp stage. New polyps formed
by sexual reproduction replenish the polyp population, and after sexual reproduction, the mature medusa die during the
autumn season. The polyps survive in the winter to produce the following year’s progeny. Therefore, the number of polyps
serves as the basis for medusoid stage (free-swimming) blooms. The Yangtze river's offshore area is a principal breeding
location of N. nomurai, where its pelagic stages appear earliest in the Yellow Sea and East China Sea. Additionally, the

northern inner coast of the Liaodong Bay (LDB) is another breeding place, and as the season progresses, N. nomurai in
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this area grow and mature, expanding their area of distribution to the whole LDB or are advected to the southern Liaodong
peninsula. In these coastal waters, the spawning of N. nomurai coincides in August-September with the summer monsoon
season, where extreme rainfall subject fertilized egg embryo development, planula survival and settlement, new polyp
survival and growth. In this study, laboratory experiments were conducted to determine how prolonged exposure to salinity
(15, 25, 20, and 30) affected the development of the fertilized egg, settlement of planula, and the development of
metamorphosed new polyps. During the embryonic development stage, salinity 20 fertilized eggs developed the highest
percentage of planula, where the time to develop planula was synchronized with salinities of 25 and 30. Salinity 15 fertilized
eggs were stunted, and their embryo development rate decreased significantly. In the planula settlement stage, planulae
showed the highest settlement rates in environments with salinities of 20 and 25. At salinity 15, the larvae’s swimming
ability in water was significantly reduced, and the larvae developed slowly while the settlement rate decreased significantly.
A salinity of 15 significantly increased the planktonic larval duration, however, the settlement time was found to be
concentrated 3 or 4 days following culture, which was the same as the other groups. During the settled polyp stage, 4
tentacle polyps after settlement were observed to have the highest survival rate, relative growth rate and specific growth rate
in environments with salinities of 20, 25 and 30. At a salinity of 15, the predation ability of the 4 tentacle polyps
decreased, and the survival rate, relative growth rate and specific growth rate decreased significantly. This study
demonstrates that salinity has a significant effect on the survival and development of the fertilized egg, development and
settlement of planula and its survival, as well as the development and growth of the 4 tentacle polyps. In regard to the
development and growth of the fertilized egg to the polyp stage, the adaptive range of salinity was found to further increase.
Sexual reproduction of N. nomurai occurs in coastal waters, and its sexual reproduction behavior has a certain adaptability to
less saline water. Accordingly, when the water is highly saline (20—30), it is more favorable for sexual reproduction.
Therefore, high salinity has a positive effect on the supplementation of N. nomurai to the polypoid population via sexual
reproduction. However, when salinity in sea environments is too low ( 15), the development process in the sexual
reproduction of N. nomurai is slowed, reducing the development rate and adversely affecting the supplementation of sexual

reproduction to the polyp population.

Key Words: Nemopilema nomurai ;salinity ; sexual ;fertilized egg;planula;polyp

VP ( Nemopilema nomurai ) /=5 i KA KEEZ — | WA /KBE HAERTI5 2 m, (R EE AT 34 200 kg, H 20 i
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KRR GARTE LT 1 K M B, [R14E BBk 2= s K BERTE I 7 SRAR AT AT PR B8, R B H N 1k A7)
BAT BN AE 1 Y HULIRAAFORE | (ERE L Y 50 A5 A% Sl A R W), YDA R U A T 11 R e s 0%
YO O A Z Y R S XYY 93 R AT A G 484 i # 2 fof b A e SR 1) Ak 1 R 2 A A AR B
o BARANZ AR AR E AT REX VD B M B B Be i 40 e 7 A E A, DA TS i AR Al R R P
Fo ARSCAEILIR I YD H ™ I 2= 19 i R B PCEIR e Wil i N TEH ARG S R B 2R 00, 45
2 WA RS WEST T SR BRI B PR BAE B BER R T B0 R T AR R T U B T S
WrECZ RSN AT TR 4R A R A A S LR AR BTG 5 A R 28 5, WIFSE A SR T e 7 3R B X A 1
SEFE AR FERUE AL IR R VDI B R AL S IR 25 1F | SRV B AR R IR b 4 HE R A A
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1.1 REe AR

2015 4 9 J ZEIL AR VB TL 748 0 7 B 24308 1 v SR V3 IV 9 55 38 S A VD B K BB AR S 4 g e
FRAEE BB N RS  BORE A T A 00058 T S8 A I W M e 2 P I SR AR R ) — G
6 hJ&, %5 0.5 h BURENLER . 325 U0 ELA% 60—80 pm, 8% T o] WLARAA , 24500 B0 S FHALAE 25 wm BYTRZR EA T
Wt SEIRSE IR FH/K SR 30 7248 80 1 5 D43 i, e RS DLIE VDU e (. X a b (m) S (ks = K B
JE 30—32, /K Rifi % il i 20, Y FEl7E 23—26 °C Z [,
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IG5 EBTKIRS B K E | d 5, SRR R A PAL-06,
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SMZ745T) bif i EE | LA AR 18 21 B T 4R e 032 sl 17 IR 4 U b G Ge 40
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FEfREBE ( Nikon SMZ745T) T, ffi FIMAS HE I 50 AR SZHE O1, A BLAR 35 mm 53R ML, BE 31K
FU10 mL, FEVRIRAN R ILE B AR & B )52 K B0 1) e 242 TR IR W O AR 5 AT S B g, AR A 4%
TR IRA BB 30 A, BRI 3 AT e () 5 R LN 25 0k e b SR IR K e 2R k. B H R R B
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TFIR A AR S R Settlement rate of planula( SRP,% )= P,/P,x 100

715 % Survival rate (SR, %) = N,/N,x 100

AHX R Relative growth rate(RGR,%) = (D,— D,)/ D,x 100

FEE KR Specific growth rate(SGR,%/d)= (In D, In D,)/ tx 100
A, F, I T R I 32 K5 B0 AR, F AR KB B BN SR D20 M E, P, oA il T A6 I 7 TR 40 He i 4
i, PO I AG R PR IR &) H R AR A BLBIEARAR A B | NV, i B R BEAR AR i AB, IV, R i 4
AL A B B . D, D, 43 59 Ry i 0 S 4 R 2 S B L EOIR AR Y AR B AR (mm ) o MEIRAA AR ELAR
(mm) ¢ FITWEIB & e IR TRT A AR, >4 E DA S IR i, RO LT RTE e oK B AR 5 dwe/ N AR P L

iz AR 2R 07 22 7301 (One—way ANOVA ) K556 AN ] 55 B2 XS VD BU S O A 5 30 PP IR 4l B A 728 25 BT 38 Je
B A MARAR B A 16 AR B 52, X6 e F- 8 AR 1 22 (Mean + SD) 7R, H] Excel 2016 K SPSS 24.0 #fF:
XPEAE AT e 937, R H] Duncan’s 2 8 WK S0 20 8] 22 5%, LL P < 0.05 10 & K-

2 HREHS

2.1 EREEX VD G I R SR

H 2 1 0] 0L, VD B2 U AN 2% 75 e 30 8 /N IR A5 B B AL ARG IR & T N TRIR A e, Hoh 2R
JE 20,25 .30 ZH 3245 U0 (0 40 0 % T B AR — B, = NZAF I I IR A T 2RI Ak T RN
100% , % & 2 R IR R BE 30 BG40 K% B R0 100% , £65 25 KL 20 BG4 40 % & N 96.67%
H=HREZERANBE (P > 0.05) , R E B EFRL BB B2 K00 & & FIF MG TR, X8 EIF R UG
EhEE 20 AL T Rhems, N 56.67% , B s T HAbLH . EhFF 30 .25 3520 L) h 50.009% F1 43.33% , B4
22 R A RE (P > 0.05),

B 15 IR AV Z RGN & B 18 TIH AR A, & 7 S0 BEMRIY A st 1] e T AR B 4, 5 H Ak i 4
AN), A2 K5 B0 2 4 IR R B 4 N 2R IR E AN IR Z B LS A B 2RI N & B Rt i %
T HMER A, BT RN 56.67%, K ZE 8 h J5 HALTE B Z A5 90 & 7 217 IR 40 AL, A 4L 41 i 2 s BL£F
T RT3, A T IS AR, & B i T H AR A, B A & R B F I T HAEREL (P < 0.05)

Zi b B RIR E b A 20 2547 ARER EE X 2 U R B R R T B . IR S B RG B0 41 i
REH MR B LT R BREC, mEREAR W ZAE I & E X R B R 5,
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Table 1  Effects of different salinity on the development rate and speed of N. nomurai egg
K5 1 % B s E] Developing time of fertilized egg

. 2.5h 5.5h 8h
T 3
. R FIR B . K SR . -ackllid =
S‘ 1 t 25 A B 2 L 2 L
s i WAL/ % K WAL B/ % L AN/ %
Developing stage . Developing stage . Developing stage .
Developing rates Developing rates Developing rates
15 FHEH 100£0 B 56.67+5.77 a JE I f 3 33.3325.77 a
20 BRI 100+0 JE e 96.67+5.77 b THIR S & 56.67+5.77 ¢
25 BRI 100+0 JE 96.67+5.77 b EREAL 43.33£15.28 b
30 PRI 100+0 JE e 100.00=0 b THIR S & 50.00+10.00 b

[F) 5 Bl AN [ - B3R m AL BRI 25 5 . 25 (P < 0.05)

2.2 TREEXTFRIR AN HU B A A A
TG I A PR BV B TR IR 4 AR R ER B REIR T B AR AR R T B AN SRR RS A 2257
RIS H05 1K $hIE 15 4P i IR A B — B DU e B SR LR AN 3l 75— &8> 2248 (1 e ELUE 3, RS AT
W HAERBE AL vp IR A ARSI RS A e ) ) I B 3R L b i 8, RS T
FEIREYEE 2 K R 15 R PR A R BE— 20 R 1 HLAT— RO A3 IR 4 R — 3R 23t A i
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GERAE 20 ZHZE AL E (P > 0.05)  HhE 15 41HEE L @E”
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25 SIS I AR B AR T 15304 ZE
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& 1 Al UL R 20 30 HAERE SRR A 3 RIFIR A S
A L B S A5 TR R B 15,25 AL BRI 1 0
o 4 RI B S TFIARGE , IR% A5 T IS, & SRR Time/d
S22 2 R G R R AR I R R R A T

2025 HREFRIG 5 2 RAEME B9 R HUERAR A B €Y Fig. 1 Settlement rates of N. nomurai planula at different
RIIFIRG A, e 3 K 4 KEFFRIMPC TRIR salinities
gy Hy, S B 9 28 B AR AR AR A D R N 32 R TR TR 4 1
PR R ) USSR & . AR 15 UAEREFRIG 50 2 KA WLER B0 T7 TR 4l s i i e Ak | BAE 5 1) 7 S gtk
A T BE N AR R Bt TR TR ATy s SRR A AR A SRR 1 S PR I 2 A IR B S B PR IR 4 R TR R A

g5 b AR S R S R IRIRA RN E SR B MM E SR TR T EE, B
20 .25 EVP T RN HUL B I FAREE S L N e L BRI A T & B AR R ), e
B s IR, AR S BORIRG BTG TR R B IR BRI, BRI T IR IR S A7
T B RS B2 TS IR IR G O TR B .
2.3 EREEXTRUBIMELIR A AR IS KA K B
2.3.1  ERBEXFLMECR AT B 5 R
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aaf i, g b DR SRR AR i RO SE T AR L
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ARRAEE SR T S 800D B S R R 25 4 (A7 T B Time/d
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TRIR WS & I, A B 1) IR TE b TS 45 J5 different salinities
TR BE e Bl 2 0 DO ZE 4 | A 4, HCK
SO, T LAAE S0 00 ) 1 S0 Ao S 4 A 25 2 IS P i LA 3G T B s S S EDIR A A LA P35
0.1 mm, IG5 25 SR A RELIR AR FUA AR AT K 0.5 mm, 5 12050 2H 5 ST ELIR PR 0 R Xof 15 4 A8 R o i 8]
WL W SRR A A A O AP 3 0T DL 4% 3 A e S ECER A% i AR b 485 4K 3 i 25 7% % i 1) 388 K i T 55
FERGFREE Od JE X R I 22 5 B0 25 SR, ER B 25 30 .20 AL ARG KR 0 35 & T 15 41(P <
0.05) (H =g FAHE (P > 0.05) . £5+hEE 2 PR 0 5 3 K R EIF AR, e ER B 15,20
2 (A S RS R IR RS TR, $h 5 25 30 AU7EH5 5% 12 d JRdeE KRB FRE (B 4) eI 45 o)
i, EhEE 25 .30 .20 HAYFHNT G R R 2 5 TR 15 4(P < 0.05) (H=4EZF AR E (P > 0.05),
RIS A5 R R Eh AR 20—30 [A)3E B VD3 P HAMEDIR (AR () A= K IGER B T S Bov b 3 R A MEDIR A ook T 25 4 52
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Fig.3 Relative growth rate of N. nomurai 4 tentacles polyp at Fig.4 Specific growth rate of N. nomurai 4 tentacles polyp at
different salinities different salinities

3 e
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AR (6—7 HFXEREE 25—26) M40y, YA W i AR T HABAE 0y . RIS, A5 A0 5% 2 38 V0 32 SR A 5
H A AEAFER IR R 15—37.5' IR AR XU H s v] B & A 7E R R B BE, AR SCHFSE X R 1D
BT AL RS AT 1 X, VD H R Wi 2 — 2 Y UDH I 8—9 HA 0y, g X Eh B S AR R R i,
SRR 8 H A TR, 9 H CIRER X (R < 30) AR K'Y, ARBFGRAS R, FEEh i 15—30 JE R X
VA PE B A B B R ) 3
3.1 EREEXTVDE A O IR IR R E B

RGOSRV A Y R BRI R B IR, IR B EIRIRAI R IR RE R E M E K4 3
BB, & B IR A AR IR SR 8h 5 R 20 .25 30 A2 KGO0 & E HTRIRYH , FEINIKE AT LT T
FEOK A HLF S, 3R 15 2R 00 & T Z RIS A AR B 2 BLAF B 1 R A48 F 5%, Yuan'™ FIRRIK
TR F K BEIRIG % T IS & B2 R B0 M 5 R 30 % 3 20 TR IR 4l R — Nt i i AR AP BT IR T
JE i RI0], PRI 4 B B G T AN B i 5 ol X T AR B LR A IR, H RS IR 32 0 R 1 R
UL TFIRIE , A SCHIFSE 2 PR AE 32 K5 U0 2% 1 I 0188 B L T U = LR 2 MR, R B IRER B (15) X % B B9S2 I K
TR (30) . MEREAREMZAE I LT (A & &R AR, AKEh 3288 00 40 i &k & 2838 1 HL &
HRIBRRAE, ZAE 00 & B ol N 20, K500 & 7 RHI RIS 2t M gs M1 i i fe s ZURHY  Ho& & R
) Bz B B R i R S A 3R B A, I & B2 R I0 & B R, o TR FE 4R i e — B HL
BT LR, 250 21 B B2 RG B A 0 10, ISR M 51 BE F AN TR IR A 0F R SR B R |, REA SR KOG
R AT RE X I 6 4% S A S

TOEL PR IR &) H A N BT S A8 AR , 26K LAST B G I (i 5 R BE X7 IR 4l HORe i R AR TG )
RH AT AR IUA D7, ARSCHFFE 45 W, 5R B XD BV IR G U I S R B 2, KR
JEC15) BRI RIS TFRAL . L F IR MHE kTR BERAL, X5 H AR IR B BT 45 AR, Holst
ALVt i ] b RV B ) PR ES KB Cyanea capillata B C. lamarckii $E47 7 BFSE AT WL ER B % A7 M B0 [y BEAY
SEMARIE , 15 AR SR R T 20 BRI IR 4D G B 2R 4 . Conley 250 B g8 45 3 (KSR XT B A I3 385 14 165
HIKEE(Aurelia aurita) 1T IREN RIS AR =0 BB R IR 20 15 PRIRA AR BIREE, AMEESE 1F
FE R DN U RV K BEPRIR A A AR ER FEPRBE N (18,22 .26) iz a5 AR, A8 SOMLER Kk B4k
15 BFVR IR 4 HOA7 3 B (a1 K (ER B 3 B TR) 4 P e 5 32 5 136 3—4 R, Z R T IR ) R AETE 2 RABAT
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