creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

RESEINE FHY AFF
HX A2 (budding and strobilation) ]
T2o] v x&= G

Effects of temperature on asexual reproduction and

somatic growth of Aurelia aurita polyps






REEENTY FHY AT
F-X A2 (budding and strobilation) ]
T=o] " x&= G

Effects of temperature on asexual reproduction and

somatic growth of Aurelia aurita polyps

2011d 2¢



%:H

= B bir o

i T o B

o ooy T Mﬁ
o

$ =

I =~ W | -

! oW ~

B o ol Tor o i ol

5 Tr= D o "

o) s N 50

o ®
_ITI

)l -
;01_

~

o % o

<& oF O oF

ARAE =2



A
24

= 3

LIST OF TABLES

LIST OF FIGURES

Abstract

Al A E
1.1 sja2) 5

1.1.1 =y

1.1.2 ;&AL
1.1.3 A4

114 44 2 4453

1.2 54

A2 F Ae R EH

2.1 A8
2.2 A3y
2.3 BAuy

A3 AR H 1B

3.1 &z A3}
3.2 A% Ay}
3.3 11z
A4F3EE
A
F= 1. sluke] o] AEA)
5= 2. dlgtele] 7 WA
B2 3. 3 Aot st F2 &g

Page

11

iii

co N O1 O W W

10
10
14

15
18
39

42

44
49

50
53



Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

LIST OF TABLES

Page
1. List of experimental conditions at colony level. ——— 11
2. List of experimental conditions at individual level. = 12

3. Numbers of new polyps reproduced via budding during 30

days at colony level. 19

4. Total numbers of new polyps reproduced via budding at colony
level. 21
5. Daily reproduction rate of polyps at colony level. = 23
6. Means of polyps calyx diameter increase at colony level. —— 26
7. Numbers of new polyps' reproduced via budding during 30
days at individual level. 28
8. Total numbers of new polyps reproduce via budding at individual
level. 30
9. Daily reproduction rate of polyps at individual level. - 32

10. Means of polyps' calyx diameter increase at individual

level. 35

11. Results of strobilation experiments. 38



Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

LIST OF FIGURES

Page

1. List of strobilation experiment conditions. 14
2. Process of asexual reproduction by budding. 16
3. Process of asexual reproduction by strobilation. = 17
4, Numbers of new polyps reproduced via budding during 30

days at colony level. 20
5. Total numbers of new polyps reproduced via budding in 5

different temperatures during 30 days at colony level, and

the result of non—linear regression test(p<0.005). = 21
6. Variations of daily reproduction rates of polyps at colony

level in 22°C and 26C during 30 days, and the result of

non—linear regression test(p<0.001 at 22C and p<0.005

at 26C). 24
7. Means of polyps' calyx diameter increase at colony level. 26

8. Cumulated numbers of new polyps reproduced via budding
during 30 days at individual level at 10C, 14C, 18T, 22T
and 26 C(20 Artemia). 29

9. Cumulated numbers of new polyps reproduced via budding
during 30 days at individual level at 10°C, 14C, 18T, 22TC
and 26°C(16 Artemia). 29

10. Means of total new polyps of Aurelia aurita s.l. produced
under a varying condition of food and temperatures, and the

result of linear regression test(both p<0.05).——mr 30
11. Variations of daily reproduction rates of polyps at the
individual level culture in 22 and 26°C during 30 days. 33

12. Comparison of daily reproduction rates of polyps at
colony and individual level in 22 and 26°C during 30 days,
and the result of linear regression test(both p<0.05), - 33

13. Means of polyps' calyx diameter increase at individual
level under a varying condition of food and temperatures, and the

result of linear regression test(p<0.05 at 16 Artemia)... 35

14, Result of strobilation experiments. 37



Effects of temperature on asexual reproduction and

somatic growth of Aurelia aurita polyps

Chul—Woo Park

Department of Marine Environment and Bioscience
Graduate School of
Korea Maritime University

Abstract

Common moon jellyfish, Auwurelia aurita s.l. has occurred abundantly in
Korean coastal waters such as Gyeonggi and Masan Bay since latter half
of 1990s, and damaged commercial fisheries and beach recreation. The
common jellyfish A. aurita s.]. has a complex life cycle, involving an
alternation of a sexual pelagic phase (medusa) and an asexual benthic
phase (polyp). The polyp stage is an important component of the life
cycle because the polyp is able to increase its population size through
asexual reproduction (budding) and produce many ephyrae through an
another asexual reproduction (strobilation). Ephyra develops into
metaephyrae, and grow adult medusa. Hence, understanding of the asexual
reproductions of polyp is essential to reveal the cause of recent mass
occurrences of jellyfish.

Present study is focused on elucidating the two different types of
asexual reproductions of A. aurita polyp at colony and individual level, and
extracting the relationship of somatic growth with asexual reproduction.
The increase of sea water temperature has been raised as a plausible
cause of recent mass occurrence of jellyfish, and indeed, it was revealed
that seasonal changing seawater temperature was related with

development in each life stage. Therefore, of wvarious factor such as



temperature, salinity and prey, present study revealed the effect of
temperature on two asexual reproductions (budding and strobilation) and
somatic growth of polyps. Particularly, polyp asexual reproduction via
budding was conducted at colony and individual level, and polyp strobilation
in changing water temperature.

Aurelra aurita polyps rapidly increased their abundance via budding in high
water temperatures (22°C and 26C), while their somatic growth (increase
of oral disc) was insignificant. On the contrary, increase of abundance was
slow in cold water (10C and 14C), while their body size grew faster
than that of high water temperatures. Polyps cultured in 10C produced
pelagic larvae (ephyrae). All results suggested that polyps increase their
abundance in warm seasons, and become larger in cold seasons, and the
cold water temperature 1is favorable for strobilation.

Although trends in increase of abundance and somatic growth by
temperature variations between individual level and colony level were
similar, the daily asexual reproduction of polyps between them were
significantly different. The daily asexual reproduction rates in the
individual level was constant, but decreased exponentially at colony level
suggesting that the asexual reproduction rate of polyp was density
dependant. Temperature variation at the 10C accelerated polyp
strobilation, but the large wvariation of temperature limited number of

strobilae.
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Table 1. List of experimental conditions at colony level.

List of experiment conditions (ID)

Number Temperature
10C 14T 18T 22T 26T
1 10—-01 tad 18=01 22-01 26—01
2 10—02 14-02 18—02 22—-02 26—02
3 10—03 14-03 18—03 22-03 26—03
4 10—-04 14—04 18—04 22—-04 26—04
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Table 2. List of experimental conditions at individual level.
List of experiment conditions
Artemi Temperature
rtemia . . 5
! 10°C 14°C 18°C 922°C 26°C
10—16—-1 14—-16-1 18—16—-1 22—16—-1 26—16—1
10—-16-2 14—-16-2 18—-16-2 22—16—-2 26—16—2
16 10—16-3 14—-16-3 18—16—-3 22—16—-3 26—16—3
10—-16—4 14—-16—4 18—-16—4 22—16—4 26—16—4
10—-16-5 14—-16-5 18—-16-5 22—16-5 26—16—5
10—20-1 14—-20-1 18—20—-1 22—20—-1 26—20—1
10—-20-2 14—-20-2 18—-20-2 22—20-2 26—20—-2
20 10—20-3 14—-20-3 18—20-3 22—20-3 26—20—-3
10—20—4 14—-20—4 18—20—4 22—20—4 26—20—4
10—-20-5 14—-20-5 18—-20-5 22—20-5 26—20-5
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6°C-1 10°C

6°C-2 After 30 days 14°C
case 1 >
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14°C-1 6°C

14°C-2 After 30 days 10°C
case3 >
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18°C-1 6°C
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cased >

18°C-3 incubation 14°C

18°C-4 22°C

Fig. 1. List of strobilation experiment conditions.
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Fig. 2. Process of asexual reproduction by budding. (A) Mother polyp. (B)
Mother polyp and producing two buds. (C) Mother polyp and two new
polyps isolating from mother polyp.
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Fig. 3. Process of asexual reproduction by strobilaton. (A) Early step of
strobilation. (B) Strobilae formation step. (C) Final step before release of

ephyrae.
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Table 3. Numbers of new polyps reproduced via budding during 30 days at

colony level.

Numbers of new polyps reproduced via budding

Days Temperature

10°C 14°C 18°C 22°C 26°C
1 — — — — —
2 - - - - 0.25
3 - - - - 0.50
4 - — - 0.25 1.00
5 - - - 0.50 1.75
6 - 0.25 0.25 1.00 2.50
7 - 0.50 0.75 1.00 4.00
8 0.25 0.50 1.00 1.75 5.25
9 0.50 0.50 1.25 2.50 6.50
10 0.50 0.50 1.75 3.75 11.00
11 0.75 1.00 1.75 6.50 16.75
12 0.75 1.00 2.25 8.50 19.25
13 1.00 2.00 2.50 9.50 21.00
14 1.25 2.50 3.00 11.00 27.50
15 1.50 2.75 4.50 13.50 33.75
16 1.75 3.00 4.50 17.50 39.00
17 1.75 3.25 5.00 23.25 54.50
18 1.75 3.50 6.00 27.25 63.50
19 2.00 4.25 8.25 35.50 74.50
20 2.00 4.25 11.75 41.00 81.00
21 2.25 5.25 13.75 46.25 88.50
22 3.25 6.50 14.25 48.00 115.00
23 4.00 7.50 15.25 51.00 130.00
24 5.00 8.25 16.50 56.75 138.00
25 6.00 8.75 17.50 61.50 166.00
26 6.00 9.00 17.50 68.75 181.00
27 6.00 9.75 17.75 76.00 194.25
28 6.25 10.75 18.25 83.25 210.50
29 6.50 11.50 20.25 91.50 227.00
30 7.25 16.00 30.25 110.75 277.75
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Fig. 4. Numbers of new polyps reproduced via budding during 30 days at
colony level. Arrow and X—arrow indicates periods of constant significant

difference in numbers of polyps between 5 different temperatures.
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Table 4. Total numbers of new polyps reproduced via budding at colony

level.
Total numbers of new polyps reproduce via budding
Temperature
10C 14C 18C 22C 26C

Average 7.25 16.00 30.25 110.75 277.75

STDEV 3.96 6.44 3.90 45.54 103.18

400 -

y = 2,5355e0.9226x

50 - re= 099
g 300 -
[=
(=3
F 250 -
QL
=
"E 200
oS
§ 1m0
=
B
,2 100 -

50

D : . .

10 14 18 22 26
Temperature(°C)

Fig. 5. Total numbers of new polyps reproduced via budding in 5 different
temperatures during 30 days at colony level, and the result of non—linear
regression test(p<0.005). Vertical denote SD.
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Table 5. Daily reproduction rate of polyps at colony level.

Reproduction rate of polyps in colony level

Temperature
Days 26T 22T
Daily Daily
. STDEV . STDEV
reproduction rate reproduction rate

7 0.90 0.73 -

8 0.40 0.37 0.75 0.43
9 0.13 0.22 0.38 0.41
10 1.00 0.47 0.58 0.25
11 0.49 0.12 0.81 0.43
12 0.13 0.08 0.29 0.23
13 0.08 0.06 0.10 0.11
14 0.29 0.13 0.14 0.14
15 0.21 0.09 0.22 0.23
16 0.19 0.12 0.27 0.20
17 0.44 0.33 0.44 0.33
18 0.24 0.15 0.25 0.25
19 0.17 0.05 0.31 0.14
20 0.09 0.04 0.13 0.08
21 0.09 0.04 0.18 0.11
22 0.31 0.08 0.04 0.05
23 0.13 0.05 0.05 0.05
24 0.07 0.04 0.10 0.07
25 0.21 0.12 0.08 0.09
26 0.09 0.04 0.13 0.03
27 0.07 0.04 0.11 0.03
28 0.09 0.07 0.10 0.02
29 0.08 0.01 0.10 0.03
30 0.16 0.07 0.06 0.17
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Fig. 6. Variations of daily reproduction rates of polyps at colony level in
22C and 26C during 30 days, and the results of non—linear regression
test(p<0.001 at 22°C and p<0.005 at 26C). Vertical denote SD.
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Table 6. Means of polyps' calyx diameter increase at colony level.

Calyx diameter increase of polyps(mm)

Temperature
6C 10C 147C 18C
4/27 size 1.70 1.51 1.43 1.22
3/28 size 1.27 1.03 1.04 0.93
growth size 0.43 0.48 0.39 0.29

09

08 -

07

06

05 4

0.4 4

03 A

Calyx diameter increase{mm)

0z

01 A

Temperature(°C)

Fig. 7. Means of polyps' calyx diameter increase at colony level.
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Table 7. Numbers of new polyps reproduced via budding during 30 days at

individual level.

Numbers of new polyps reproduced via budding

Temperature
Days 10C 14°C 18C 22C 26C
Numbers of Artemia
16 20 16 20 16 20 16 20 16 20
1 —_ —_ —_ — — — — — — —
2 - - - - - - - - - 0.2
3 - — — — — — - - — 0.2
4 - - - - - - 0.2 - - 0.2
5 - — — — — — 0.2 - 0.2 0.2
6 - - - - - 0.2 0.2 - 0.2 0.2
7 — — — - - 0.6 0.2 - 0.4 1.0
8 - - - N = 0.6 0.4 - 0.6 1.0
9 - - - W = 0.6 0.6 0.2 0.6 1.0
10 - — — - — 0.6 0.6 1.0 1.0 1.0
11 - - & = = 0.6 1.2 1.0 1.4 1.4
12 - - = = = 0.6 1.6 1.0 1.8 1.8
13 - - — - — 1.2 1.6 1.0 2.2 2.0
14 - - = 0.2 0.6 1.2 1.8 1.4 2.4 2.4
15 - - X 0.2 0.8 1.2 3.6 1.8 3.0 3.0
16 - - - 0.2 0.8 1.4 3.8 2.0 4.2 4.0
17 - 0.2 0.2 1.2 2.6 3.4 4.4 2.2 4.8 5.6
18 - 0.2 0.4 1.8 4.0 5.4 5.2 2.4 5.6 7.0
19 - 0.2 1.0 2.0 4.2 6.4 6.2 4.2 6.0 8.4
20 - 0.2 1.0 2.2 4.4 6.4 6.4 5.0 6.6 9.0
21 - 0.2 1.0 2.8 4.4 6.8 7.2 5.8 7.2 9.8
22 - 0.2 2.0 3.8 4.6 7.0 7.4 6.6 8.2 11.0
23 - 0.2 2.6 4.0 5.6 8.6 8.8 7.4 9.0 12.0

24 0.4 0.4 3.4 4.2 5.6 8.8 9.0 7.6 10.2 13.2
25 0.4 0.4 3.4 4.2 5.6 8.8 10.0 7.6 11.2 14.2
26 0.4 0.4 3.4 4.6 5.8 9.0 10.2 8.0 11.8 14.8
27 0.4 0.4 3.6 5.0 5.8 9.2 104 86 12.6 15.6
28 1.0 1.2 3.8 6.0 6.0 9.8 106 9.2 13.6 16.2
29 1.0 1.2 4.0 6.4 6.2 104 11.6 10.8 13.8 16.2
30 1.0 1.2 4.0 6.4 6.6 11.0 11.8 12.0 14.2 16.8
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Fig. 8. Cumulated numbers of new polyps reproduced via budding during 30
days at individual level at 10C, 14C, 18C, 22C and 26 C(20 Artemias).
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Fig. 9. Cumulated numbers of new polyps reproduced via budding during 30
days at individual level at 10C, 14C, 18C, 22C and 26C(16 Artemias).
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Table 8. Total numbers of new polyps reproduce via budding at individual

level.
Total numbers of new polyps reproduce via budding
) Temperature
Artemia
10°C 14°C 18°C 22°C 26°C
16 1.0 4.0 6.6 11.8 14.2
20 1.2 6.4 11.0 13.4 16.8
20
o |
18
—20 '/"
T — s34 -0 i
14 | rz = 0,99
y= 382 - 1.7
12 | rz = (.98

Number of budded polyps
o

10 14 18 22 25
Temperature(*C)

Fig. 10. Means of total new polyps of Aurelia aurita s.l. produced under a
varying condition of food and temperatures, and the result of linear
regression test(both p<0.05). Vertical denote SD.
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Table 9. Daily reproduction rate of polyps at individual level.

Daily reproduction rate

Temperature
Days 26°C 22°C
Daily Daily
_ STDEV ) STDEV

reproduction rate reproduction rate

1 _ —

2 0.10 0.00 -

3 _ —
4 - 0.10 0.00

5 0.10 0.00 -

6 — —
7 0.50 0.43 0.10 0.00
8 0.10 0.00 0.50 0.00
9 — 0.10 0.00

10 0.20 0.00 -
11 0.40 0.00 0.30 0.50
12 0.40 0.47 0.40 0.00
13 0.30 0.00 0.20 0.00
14 0.30 0.00 0.20 0.00
15 0.60 0.50 1.00 1.10
16 1.10 0.49 0.20 0.00
17 1.10 0.48 1.20 0.71
18 1.10 0.49 0.80 0.47
19 0.90 0.50 0.90 0.45
20 0.60 0.00 0.50 0.43
21 0.70 0.49 0.80 0.47
22 1.10 0.48 0.20 0.00
23 0.90 0.50 0.70 0.83
24 1.20 0.40 0.30 0.00
25 1.00 0.31 0.80 0.35
26 0.60 0.40 0.40 0.00
27 0.80 0.47 0.90 0.50
28 0.80 0.49 0.70 0.37
29 0.10 0.00 0.90 0.00
30 0.50 0.43 0.40 0.00
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Fig. 11. Variations of daily reproduction rates of polyps at the individual
level culture in 22C and 26°C during 30 days.
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Fig. 12. Comparison of daily reproduction rates of polyps at colony and
individual level in 22C and 26C during 30 days, and the result of linear
regression test(both p<0.05). Vertical denote SD.
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Table 10. Means of polyps' calyx diameter increase at individual level.

Calyx diameter increase of polyps(mm)

Temperature
Artemia
10C 14°C 18C 22°C 26°C
16 1.13 0.95 0.86 0.80 0.76
20 1.09 0.95 0.76 0.74 0.76
1.6
141 = -0.0902¢ + 117
~ =092
E y= ~0.087x + 1.1214
= rz = 0.80
%
@
[ ]
£
g
[al]
=
o
-
3
i}
o
10 14 18 22 26
Temperature(*C)

Fig. 13. Means of polyps' calyx diameter increase at individual level under a
varying condition of food and temperatures, and the result of linear regression
test(p<0.05 at 16 Artemia). Vertical denote SD.
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6°C-1 10°C 0

6°C-2 14°C 0
case 1 =

6°C-3 18°C 0

6°C-4 22°C 0

10°C-1 6°C 0

10°C-2 14°C 10/19
case2 ———

10°C-3 18°C 0

10°C-4 22°C 6/15

14°C-1 6°C 0

14°C-2 3 10°C 0
case3

14°C-3 18°C 0

14°C-4 22°C 0

18°C-1 6°C 0

18°C-2 10°C 0
cased >

18°C-3 14°C 0

18°C-4 22°C 0

Fig. 14. Result of strobilation experiments.
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Table 11. Results of strobilation experiments.

Result of strobilation experiment

D Size Starting Ending Strobilae Active Inactive

(mm) days days ephyrae  ephyrae
10—14-1 1.56 1 20 10 10 0
10—14-2 1.25 1 22 12 12 0
10-14-3 1.40 3 27 9 9 0
10—-14—-4 1.41 3 27 7 7 0
10—-14-5 1.33 3 20 10 10 0
10—14-6 2.38 3 8b ¢ 7 6 1
10—14-7 0.98 4 20 7 7 0
10-14-38 1.42 5 27 9 9 0
10-14-9 1.59 5 RS~ 7 5 2
10-14-10 0.96 9 - 6 6 0
10—-22-1 1.31 1 6 6 6 0
10—-22-2 2.10 3 10 8 8 0
10—22-3 2.72 3 - 4 - -
10—-22—-4 1.29 3 9 7 7 0
10—-22-5 1.14 4 9 4 4 0
10-22-6 1.89 4 - 3 - -
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