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Effect of temperature and feeding frequency on asexual reproduction and polyp

growth of the scyphozoan Cyanea nozakii Kishinouye
SUN Ming, DONG Jing ", CHAI Yu, LI Yulong

Key Laboratory of Marine Biological Resources and Ecology, Liaoning Province, Liaoning Ocean and Fisheries Science Research Institute, Dalian

116023, China

Abstract; When jellyfish aggregate in great abundance and form large swarms, or ‘ blooms’ , they often cause significant
environmental and economic impacts. Cyanea nozakit Kishinouye is one of the jellyfish species causing problems in the
waters of China. C. nozakii has a life cycle consisting of a planktonic sexually-reproducing medusa and a benthic asexually-
reproducing polyp. Polyps produce young medusae ( ephyrae) through strobilation. Increasing medusa populations may
reflect the increasing success of asexual polyp reproduction. Environmental factors (temperature, salinity, light, food,
etc. ) significantly affect the population size of both polyps and medusae. Therefore, studying the effects of environmental
factors on the asexual reproduction of C. nozakii is important for exploring the reproduction potential of this jellyfish and to
forecast jellyfish blooms. In this study, polyps of C. nozakii, from Liaodong Bay, Bohai Sea, were tested in six temperature
gradients (7.5°C, 11°C, 14.5°C, 18.5, 21.5 “Cand 25°C ) and nine temperature (14.5%C, 18°C and 21.5 °C) and
feeding frequency (1/2d, 1/8d and 1/16d) combinations in laboratory experiments. The influences of the two

environmental factors and their interactions with asexual reproduction and polyp growth were observed. The results showed
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that polyps did not produce podocysts at low temperatures (7.5—14.5 °C). The percentage of polyps that produced
podocysts and the number of podocysts produced by each polyp increased with increasing temperature at warm temperatures
(18—25 °C). Podocysts germinated only in the 21.5 °C and 25 “C groups, but the difference was not significant ( P>
0.05,n=3). Optimum temperatures for podocyst reproduction were from 18 °C to 25 °C. Strobilation occurred only at 21.5
C and 25 C. At 25 °C, strobilation occurred earlier, the strobilation rate was always higher, the polyps strobilated more
times, and the time between strobilations was shorter than that at 21.5 °C. The results of the temperature and feeding
frequency combinations showed that the maximum percentage of polyps that produced podocysts and the highest number of
podocysts produced by each polyp occurred at the 21. 5 °C and Itime/2d feeding frequency combination. Podocyst
reproduction (P<0.01,n=45) and strobilation rates ( P<0. 05, n =45) differed significantly with temperature, feeding
frequency, and their interaction. Strobilation times differed significantly with temperature ( P<0.05,n=45). The polyp
survival rate was 100% in all temperatures (7.5—25 °C). The relative growth rate and the specific growth rate of polyps
increased with increasing temperature. The results of the combination of temperature and feeding frequency showed that
polyp growth differed significantly with temperature, feeding frequency, and their interaction (P <0. 01, n =45).
Strobilation times and ephyra primary diameter increased with larger polyp diameter. The cumulative number of ephyrae
released by polyps at the combination of 25 °C and 1time/2d was about 293 times that released at 21.5 °C and 1time/8d,
suggesting that temperature and nutritional conditions strongly affect ephyra numbers for C. nozakii. Temperature, feeding
frequency and their interaction significantly affected the potential production of polyps and medusa, indicating that both
increases in water temperature and increases in zooplankton prey abundance because of eutrophication and declining

fisheries may encourage prominent blooms of C. nozakii medusae.

Key Words: Cyanea nozakii Kishinouye; polyp; temperature; feeding frequency; growth indices; axseual reproduction;

podocyst reproduction ; strobilation
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2.1 RN A0 KRS TG B R
21,1 REEXT PR K REREDR (AR FE 58 T 5

IR A 2RO AT 0 R R 5 A B AR A IR 25 C 4L, HA BRI BIARAIR, X R 48 %
B, A0 18—25 C A AT IELIRIAAT R 5825 G, HIP B2 B A MR AA LU AZ ST 25 S MR AR AT 1l 1 2 S B3 i
IR T E TN (2 1) , SR E 25 3 B % (P<0.05,n=45) , RIRA(7.5—14.5 C) &H L L,
Y] IR 7. 5—18 CA 0 RPN/ DRI R W A&, HAA 21.5 C A1 25 C 4 e g A& gk
4,25 C AL R FEH R H0E = T 21.5 CH L HAMZE R AR E (P>0.05,0=3), £ AR, AAEEK
R} 2 FEEHE I8 R E R 18—25 C.,

F1 ORENAEEKSEREEEEEAER AN

Table 1 Effect of different temperature on podocyst reproduction and strobilation of Cyanea nozakii

HEDHRAA JE 4 B0l Polyps podocyst reproduction T %4458 Strobilation
R ER  FREDNUDRA X . .
; i e T . LiSE NS Pis i e otk EFa AL
WHE MMREEHE RRARIER REBRR Polyps o —— Aol
T ture e 3 S “rminati ) - ) 5
emperature  Percentage of Number of Germination reproduction Strobilation Strobilation reproduction

/C polyps that podocysts rate of podocysts . . .

multiple rate/ % times multiple
produced podocysts produced by /%
/% each polyp

7.5 0 0 0 1 0 0 —

11.0 0 0 0 1 0 0 —

14.5 0 0 0 1 0 0 —

18.0 24.524+4.306a  1.167x0.236a 0 1 0 0 —

21.5 73.571+12.917b  1.22220.365a  13.645+5.301a 1.123 34.849+30.265a  1.144+0.998a 0.448

25.0 100+0c 2.922+1.285b  14.900+6.363a 1.435 90.476+16.496b  3.273%1.116a 4.251

[R50 B 5 AN TR 7B e oAb B R 22 53 4 2 (P<0. 05)

2.1.2  REEXT A R KRR 2L A 5 1 5

(1) TR XS P (o B K RS 2 A B A I ) R 2243 1) 52 i

1ol 24 A 1 O B K REREDIR AR K B S A ME—38 48, IS5 R BN IR 7. 5—18 CA41h igmgtk
RBIECA B RTINS X 21,5 C A1 25 C 4T AIERR A ) IR 24 A 5 | H A SR e (R 2B e 24 A B AR E RS LE
) BEIRLEE B TFEs s (1) . IRISAESS 18 KT 25 °C 41 P AYMEIR AR 5 56 Hh PR RE 24 A= %, e /&1 1 AT %0, 25
C YRR & A B R A L R SRR T 21,5 C 4, BRI, 15 X EUR (AR 2 SR i (g 3
(P<0.05,n=45),

(2) ¥ BE X A o B K R R A i A Ao S 11 52

P €0 BE KRR ELIR AR 22y MY ) B RRE R R 2R | EDIR AR B YR 235 SRR S 2B 0 I 28 o B R R T AR LA T4 2
RIS BT — AR R a0 S 51 P €0 R /K R EUIR A B 42 0 4 v K50 el 3 A P v 48 o, o 42 A
S5 ] o s () BB A T B T A i 21,5 C LM MRIRAR e 2824 3 WKk, 3000 1. 14 IR S B R 24 AR T 0 i
BFfaIEIRE A 5 d, Z 50 EE A 10 d—14 d,F¥28 11 d, 25 CHAMER AR 2% 8 I, P38 3.27 Ik
(1), EEMBEZAETENESEEERF R 2 d, 2805 ERA S d—10 d,F¥8 8.5 d, Buah, L EE R
S4B R He (91 B UL RS B T B T AN, 21. 5 CCLH N 18.79% 25 CH 4K 74.88% .

g5 b ANy R, 1 R KR R A R AL A B ) B T R R A R R, AR S R
Z B BRI R 2
2.2 R BRSO A KR O BRI A
2.2.1  RBE BB 0 E K BRI AL S 5 I A R

ARV BRI K BRI R AR R AR PR L3R 2, 14,5 CAM N AR 4L itk
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PRV o S M4 ,21.5 °C 1 /2 d a4 1200
WECHRAATE 15 11 J 208 500 T o 0 %) G PR A L 491 i K
18 CH21.5 CHM T, BEAMELRATE B 2 2EECRIE
G A B ) ELR AR L 081 A3 AR ARV 1 38 I T 384 A, B PR 2R
72O HT M Z2 T LR S5 S 6 A, 25 1R B TH A1 vk 4[]
2SR, FOE K BEUELR AR I 45 1 3 SR G bk i L

—X— 21.5°C
1000 f —O—25°C

80.0 -

60.0 |- I
40.0 | T x
X

#5242 Strobilation rate/ %

20.0 |
RGBT 9 8 T . 28 LUK 38 7 2% 40 T NI § . |
(F23), Ul B R LA VR B DR 255 ) D S iR B 5 AR 0 10 20 30 40
VB L AR AT 11 €635 7K AR ELHR P A2 2 S5 7 1 3 HSHI Time/d
M 4335 BB b 2 /K- (P<0.01,n=45) H1 FREETAGEKSEIEENENTL

Fig.1 Changes of strobilation rate of C. nozakii at different

temperature

F2 AEEBEETRESANEGEKSIEREEESAMEREENI N
Table 2 Effect of different feeding frequency on podocyst reproduction and strobilation of C. nozakii at different temperature

IR M 5 95

% Factor . 1 %42EFH Strobilation
Polyps podocyst reproduction
. IECPR A B A £ .
R PR T ToE AN
EUIR A AR Oy Asexual
- 2 YT S, . P
. Percentage of Number of . . Y reproduction
Temperature Feeding multiple Strobilation Strobilation .
polyps that podocysts ) multiple
/C frequency rate/ % times
produced produced by
podocysts/ % each polyp
14.5 1 %&k/2d 0 0 1 0 0 —
1¥k/8d 0 0 1 0 0 —
1 %/16d 0 0 1 0 0 —
18 1 %&k/2d 24.524+4.306a  1.167+0.236a 1 0 0 —
1 %/8d 12.222+10.715ab 0.666+0ab 1 0 0 —
1k/16d 0b 0b 1 0 0 —
21.5 1 k/2d 73.571£12.917a  1.222+0.365a 1.123 34.849+30.265a  1.144+0.998a 0.448
1 %&/8d 32.778+7.515b 1.000+0a 1.045 4.167+7.217a  0.333+0.577 a 0.014
1 &/16d 11.111+19.245b 0.333+0a 1. 005 Oa Oa —
[} 5 B4 5 AN [ 7 BE R R AL B ) 22 57 {2, 25 (P<0. 05)
®3 BWREERLEERNTESN
Table 3 Analysis results of polyps podocyst reproduction indices
TE IR 2 PR MR A L 451 R R RE N U INUSIANUREL 1241
AR Sk IR A B Percentage of polyp which Number of podocysts
Source df had produced podocysts/% produced by each polyp
75 Mean square F )5 Mean square F
R B Temperature ( T) 2 3610. 082 44.696 ** 0.433 23.221*"
PSR Feeding frequency ( F) 2 1922.256 23.799 ** 0.295 15.807 **
TR XBAESR (TXF) 4 773.094 9.572** 0. 140 7.493 "

{222 Error 18 80. 769 0.019
# % 78 P<0.01

2.2.2 R BAEBU H @B R EERR A FE ARG R
14.5 CHI18 CHMF T A BAHBI L H BIREIR RS AR A E R RS (6 2) o 21,5 C5 1 k2 d 4IEE0IR
PREIRE 2R RN BIRZ ,21.5 CH 1 K/8 d A —DIRIRARTR T —BRIR AR B 2R AR 2L
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BEARAEAA R 3G I s 3 (R ZH ] 22 55 R 3 (P>0.05,n=45) . ZXAR T Z0Hris (£ 4) RERHFER
Y FH DL R R 5 BAFAT R 38 A F A €0 85 /K RRECIR AR R 24 R 10 52 i) 5 3 (P<0. 05 ,n=45) , T X {6
A 7K ERMECIR AR S VR BR )52 0] g 2 ( P<0. 05 ,n=45)

x4 HEREFEBRNFESN

Table 4 Analysis results of strobilation indices

A5 e IR g %45 Strobilation rate/% BEZYCEL Strobilation times
Source df Y77 Mean square F Y7 Mean square F
IR Temperature( T) 2 507.390 4.717" 0.728 4.929"
BHAIK Feeding frequency (F) 2 362.189 3.367 0.346 2.346
TRLEE X B AEA (TXF ) 4 362.189 3.367" 0.346 2.346
2 Error 18 107.561 0.148

* Fe78 P<0.05

2.3 REX A AR RRR A A K A 5

T 0 10 1] 2% 2 ECRAAR B SR 4R 100% | MEARIAHI IR AR AR TS A 0. 30—2. 00 mm, 3424 0. 97 mm,, X545
FEATEL 18 KRR 25 C IR R /e H IR 24N G | TR A & A B R A 5 5 AR R & 46 /0N, BT DA
M LHMECR AR HH A S5 A A AR R 2 B, A IR AR I AR AR TS L 0. 40—2. 50 mm, “FH45K 1. 32 mm,
5 ZHL LR AR P8 A T 14 B 3R R AR A A K R T 00 S DR AR Y AR RS L (L 2, 181 3) o I R R T 7.5
CHSERIETETN, &K IR PRBER T E g, 58 4 21,5 CHI25 C AR A& KA R34
B, BURIGHS 10 R A A KA bn e AHX B R AR AR KR SR X R BUE (E 4,8 5) , K3
IEUPR AR X 3 AR AR ORI BB OC A ROR SIRE R R R y = 1.6469x-8. 6845 (n=
6,r=0.9917,P<0.01) JFEAKREGREMREZN y = 0.1348x-0.6221 (n=6,r=0.9926,P<0.01), F#
S BTAE SRR IR BERTIER AR A5 A K AR PR B 12 2 (P<0.01,n=45) . Z5 b, ARIREIA G KBRIRR
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Table 5 The relative growth rate and specific growth rate of C. nozakii polyps at different temperature and feeding frequency

F8F5 Indices

eI

=85S Temperature/ C

Feeding frequency 14.5 18 21.5

WERAAAT) 3 A 42 (B mm 1 %/2d 0.91 £0.10 1.00 = 0.08 1.03 £0.12

1 %/8d 0.74 +0.04 0.82 = 0.05 0.79 + 0.08

1 %/16d 0.68 + 0.06 0.77+0. 14 0.74 +0.05
20 d IR B AR L/ mm 1 %/2d 1.18+0.23 1.4420. 14 1.58+0.17

1 %/8d 0.85+0. 06 0.94+0. 06 0.94+0. 11

1 k/16d 0.70+0. 06 0.81+0. 15 0.78+0.06
AHXT KA RGR/ % 1 %/2d 32.11%11.61a 48.391.08a 57.66+0.45a

1 /84 17.19+1.44a 18.08+1. 16h 20.21+2.25b

1 %/16d 5.15+0.85b 5.8320.83¢ 7.37+0. 83¢
FEEAKHE SGR/ (% /d) 1 %/2d 1.36+0.43a 1.92+0.05a 2.23+0.04a

1 %/8d 0.77+0.08a 0.80 = 0.04b 0.90+0. 09b

1 k/16d 0.23+0.03b 0.27 = 0.04c 0.34+0.03¢

[ S B304 I S ) R R A 34 ) 25 53 2. 3 ( P<0. 05)
F6 ERIBIRNFES
Table 6 Analysis results of growth indices

AR R f A F HINHE K 3 Relative growth rate i A K Specific growth rate
Source df Y77 Mean square F Y77 Mean square F
¥ Temperature ( T') 2 238.934 14,653 ** 0.318 13.784
FHRIK Feeding frequency ( F) 3761.582 230.691 ** 5.599 242.936 **
L SR VAR ( TXF) 4 137.073 8.406 ** 0.150 6.497
2% Error 18 16.306 0.023

# % F7n P<0.01

2.5 FEERBRELIR AR RATIA A /N5 1 20 1) E R AR AR ) OC 2R

TER WA A B, B R R MR AR B 25 ) e e 20 U 28, ARG R ECIR AT 5 — U SR A A A2 5 I B 45 R
AR R UCROULIN 235 2R, | ST R AR SR B R RIS A, MU, R 8 B RIFAME R R
(FE6) o FRUIHEARMR /NG AR YR VIR O SRR B B SR U R AR AR R R T 3 X vl R ph T
BORABEARM S 5 TP {3t 2 R R A B P I AR IO BB AR
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