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Acute effects of elevated CO, on ephyrae of the scyphozoan jellyfish, Aurelia aurita
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Abstract: Acute effects of elevated CO, on ephyrae of the scyphozoan jellyfish, Aurelia aurita were investigated
to assess the biological impacts of CO, ocean sequestration, which has been proposed as a possible measure to
mitigate the climate change caused by increasing atmospheric concentrations of gaseous CO,. Mortality and the
pulsation rate of ephyrae were observed under hypercapnic conditions of 0.5-5% CO, for 96 h. No mortality
occurred in any of the test conditions. On the other hand, the pulsation rates of the all CO, condition groups were
significantly lower than those of the control group (air). These results demonstrate that the ephyrae have much
higher CO, tolerance than the early developmental stages of cuttlefish and some marine fish previously reported.
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Fig. 1 Schematic of the apparatus used for the CO, exposure
for jellyfish ephyrae. Animal containers have mesh
windows on the wall (after Kikkawa et al., 2010) .
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Table 1 pH, temperature and salinity of the media used for this study

CO, . pH' Temperature (°C) " Lo
(%) Trial Test group Control (air) Test group Control (air) Salinity
0.5 A 7.11£0.02 8.12+£0.02 149+0.2 15.0+0.2 352
1 B 6.87+0.03 8.10 +£0.01 149+0.2 15.0+£0.2 349
3 B 6.37+0.02 8.10 +£0.01 149+0.2 15.0+£0.2 349
5 A 6.15+0.01 8.12 +£0.02 15.0+0.2 15.0+0.2 352
T mean + SD of repeated measurements with a 24-hour interval in each condition.
*2 mean + SD; recording interval, 1 min.
*3 measured at the beginning of each exposure.
:,:,/, ‘-\"/' 2.0+ (a)
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Fig. 2 Photographs of Aurelia aurita ephyrae. Left: normal
individual (normocapnia), center: typical atrophy of the 1.04 ° o
marginal lobes of ephyra exposed to 3% or 5% CO,, 1%
right: inversion and atrophy of the marginal lobes that
occurred in normocapnia after 5% CO, exposure for 96 h _ 0.5
(after Kikkawa et al., 2010) . j'\:' D\D_D/D 39%
S 0 T T T T T
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L7z, g .
RERUER RBREICRIT DpH, AKX O 1.5 *:-_"”" Air
ZTable 1 [Z/R LTz, BRE L7=9_XTOCOJEEX Y ’ 0.5%
B LUK CRUGBHRAER Lz, 3%H5 X 104
U5 Y% CO,X T 13 2 8 Bl 4R 1L 12 (- B E R D T4
FHMF Ik U TINAEGS DIRICTEA TS, 24BFHE& 11T 0.5-
FOHIBI L T2, 8% CO,K THIZE A 0 |
EAR DN HEVK T & TUNEZF D IEIZIL S, 5 % CO,X 0- v 5%
WCBWTTiEREERDN 2 oo Tz, T T T T T T T
0 20 40 60 80 100

5 O L7 WMEIRITATTF L TN e DRI
A TER LT (Fig. 2), 26 DOEKIT
3% CO,K LV % 5% CO,XKDSGN LD i< FEf
L, FRAHRERBHOIEREE & HI2E<EHME LT,
BN AT RBERE O EFICHEVNMET L, 0.5%
CO,X TII24M5[ % 38 L OV 1 % CO,X T I48HFRH LA
LOREFETHBX ELEXTHEERE TR OMN,
3% KN 5 % CO,X TIX24B L LD BB THE
& U, (P<0.025 (A IRRE) ; Fig. 3). L
U7 D 1 % CO,Z&FR T I1T 2 T2E[E 14 7> 596
REE &S T E Ko REN R s
(P<0.05, Student’ s t-test ; Fig. 3), Z DOHL
ST 7 4 T BN ECOBRETICHIML L4 5 AT hE
PEA R LT D,

BlE S - MBI A SRR B 1T B I Eh e
TERLTL00% 3 UC, KaEIFMB I ORZRR
JELZ DWW THXHAENR (%) 2Rk (Fig. 4),

Time (h)

Fig. 3 Effect of hypercapnia of 0.5-5% CO, on the mean
pulsation rate of Aurelia aurita ephyrae. Bars show
SEM. (N=9 for 1% CO, and N=10 for the others). a:
trial A (upper), b: trial B (lower) . Circles: control (air),
triangles: 0.5% CO,, diamonds: 1% CO,, squares: 3%
CO, and inverted triangles: 5% CO,. Open symbols show
significant difference from the pulsation rate of the
control group (P<0.025; the Shirley-Williams multiple
comparison one-tailed test) (after Kikkawa et al.,
2010).
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Table 2 Viabilities of the early developmental stages of marine organisms exposed to 5% CO,

Species Developmental stage at the start Exposure duration (h) Pe.rcent normgl "
of exposure hatching or survival
Sepioteuthis lessoniana’ " Juvenile 48 0
Pagrus major™ Cleavage 24 0
Preflexion larva 24 55.5
Flexion larva 24 3.2
Postflexion larva 24 24.0
Juvenile 24 0
Sillago japonica™ Cleavage 16.7 0
Preflexion larva 24 23.8
Flexion larva 24 46.9
Postflexion larva 24 17.9
Juvenile 24 0
Paralichthys olivaceus” Cleavage 24 56.4"
Juvenile 24 50
Euthynnus affinis™ Cleavage 24 81.6
T Kikkawa et al. (2008).
"2 Kikkawa (2004)
" Data of 3% CO,.
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O_I AR .I _I UL LR 2004)°
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Fig.4 Relative pulsation of Aurelia aurita ephyrae to
0.5-5% CO, exposure. Percent relative pulsation was
calculated as the ratio of the mean pulsation rate of CO,
group to that of the control group in Fig. 2. a: 24-h
exposure, b: 48—h exposure, c: 72-h exposure, d: 96-h
exposure.
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Fig. 5 Time course of CO, concentration showing 50%
relative pulsation of Aurelia aurita ephyrae. Values were
calculated from the regression formulas in Fig. 4.
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