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Measurements of Sound Speed and Density Contrasts of the Moon Jellyfish
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Abstract : Physical properties such as sound speed contrast (#) and density contrast (g) of the interested
target are key parameters to understand acoustic characteristics by using theoretical scattering models. The
density and sound speed of moon jellyfish (common jellyfish, Aurelia aurita s.1.) were measured. Sound
speed contrast (%) was measured from travel time difference (time-of-flight method) of an acoustic signal in
a water tank for APOP studies (Acoustic Properties Of zooplankton). Density contrast (g) was measured by
the displacement volume and wet weight (dual-density method). The sound speed remained almost constant
as the moon jellyfish increased in bell length. The mean values +standard deviation of 4 and g were 1.0005
+0.0012 and 0.9808+£0.0195), respectively. These results will provide important input for use in theoretical
scattering models for estimating the acoustic target strength of jellyfish.

Key words : hydroacoustic model, moon jellyfish, Aurelia aurita s.1., sound speed contrast, density contrast

.A = 2t 93]S 2 Ath(Lee et al. 2006). 3 3}2]2] Fs|
£ FHaslelr] 9 ajute] MR S dAFoE f

FHZ A AAIARL sgkE] Jellyfish) A2 sl Al A== AR Al F4o] dasitt. sfjute] 7HA]
AR ol g} A9t akklel] HHAR FEFS T A F AR VIS BA A5 S22 UEES o]&st] AR
ThMills 2001). FEgE Agte)] $1x]8te] l4& o] &3t=  sh= WHI 19901 F5F o] Fof AR U= FoaF
AR AL 9 st Ae] HPFE F fEe] A 71ROl Atk Mutlu 1996; = &3l - 2009). ©] 7He-
d &3 2AF 712 3 9ls A tis)]) 2 4= Sl o

*Corresponding author. E-mail : dhkang@kordi.re.kr 3 AEHoR AN & e A wfdel e s



86 Kang, D. et al.

o] i A oA 2 -gakar
Colombo et al. 2003).
slute] JhAle §2 22 voks St 2% 71N A8
oM 7HE Fag 8ae e o] &3 WAL E (target
strength, TS)elth. =48 TS A5 52 2]
=& AL AFRETE A -L“é 52 AT HES 9
& a4 WeE TS AR 4 2
o] Je=rt 24 %E}(Medwm and Clay 1998). =8 %
HolF E2 A T AEFTY =F 5
A suke] & 54 vhet =3 AH 5%
& A= A<l EE]Z—] %"4 g e Aeske v

1t (Brierley et al. 2001;

¢

O

T

3l 7] 7Hiﬂ°ﬂ g 23 549 A3 7804 Mutlu
(1996)= Z-3l At ®¥323t= sl a2l (Aurelia auritays
3709] 7Hxﬂ A7)0 2 ERS & AH-79 el TS
SRS AABFA S, Hirose et al. (20092 541 e %
9] Nemopilema nomurai(order Rhizostomeae)2} Cyanea
nozakii(Semaeostomeae) 7} Aol thet TSE 3 -F0l A
747y A8tk L Hpol ofze]7h gkl EEsh=
Chrysaora hysoscella (Scyphozoa)®} Aequorea aequorea
(Hydrozoa)oll i3l 7RAE TS 5 =319 th(Brierley
et al. 2004). ZPS A4S T S 548 A7 e
Aahe] Jro] oke}l x| A, AR SR 0 85 ol
°] sjja}z] —H:L 5 oA oHROE ) 719 T8 A
O—]—wz— E.__ /Kg};ﬂ;ﬂ_q =9 }\g Z_oﬂ H] H )\H:HFQ__E __6]:
EA A7 =3 A3o|tH(Simmonds and MacLennan
2005).

ol oA oS

o] & ‘3—%] Pgo] AA=E AL e
o] &3 sfute] F3F 54 Tl Al
2] Monger et al. (1998y> A= 2159} o]& Y& o] &
ste] wl=t EA] sliQtel] BEske dlate] F< dequorea
victoria®} Pleurobrachia bacheidll 08t &3 5248 A
stlth. gk sfute] £ ARzt e 3 54 WE
< Hetslr] flete] 53 RdS A8 ]1% SFuTh(Lee
and Hwang 2009).

+F BdE o83 sluE] 53 54N P T8
9w Bd Y 3o AREsh= slukE] Aol S5
(sound speed contrast, 4) 3 UX=H](density contrast, g)%
ol 814 54 A= AAl TS 4 A2y ¢ Algk
o g o|folfitt o =l 54 A= vlw &
B AQtell A 2]3k= Ctenophore (Mnemiopsis leidyi)2}
lion's mane jellyfish(Cyanea capillata)®l] tg+ 2x=H] 2
5417} AAE A3 (Warren and Smith 2007), B4 E1H
& dote] dlulE] £ N. nomurai, Cyanea nozakii, A.

3l 4 s}

aurita®] N3 LEH] 2 244 E =74 519 th(Hirose et
al. 2009). AIHAQ1 sfjgte]e] x| 9@ S5 AEe &
o 2d Aol Mg 2 B FUHE flst] wdT
Folgt AE Tt A7), 7 W, Ao Tl &

Ae A4 e ARE F/F 3 Atk

2 AFdME e RIS o]&g At due] e
EH—L Fol BEgE3]3te](Moon jellyfish, Aurelia aurita
S.I.H L3k EA _4.(11—0]]/\1 3 A o]E:l HER /\}Q_E] )
2 sl gkE] 9] S-4:1](sound speed contrast, 4) X UIEH]
(density contrast, g)& A3

2. A5 9wy

I R

g Al HEEEsatels 20084 9¥, f-2vhet
AQtA X HE7} H2 AFo g Izl Astset &
@ Q1 ol AR st s oee 4% ARk ol&
sto] oy ZekE 871(15 ) Hld FHURE AYs3
ok Ay S AR T sl $ sl E Hot Al
sk, A 7% 40”’\1 nA 71327t s gk Aol 19
o == S glol7] fls] Ao PdE x20A
AR A& AN AFoNA wA 7127 F2FE sl gt
2= S AYAZ T AstEoA fF 3 REEE
ot sl £2Q2m 7FEX2 m AZx1 m Eol)el,
Y A el AR el HE o4 m 7t
Zx4 mAZ x4 m =0 B F 2509 ArH|E
ZA skt

AFE Ak F 15704 58] SA, A= 2
TH] A0 o] &slith(Table 1). A3l AHEH HEE
el uele 550 52 YEH] SAo| oA 2zt siA ol
galiA 1 em ZHHS2 AE 29 Fekiy £7]9) 3
FE AFa, BedEsgE e 7t HAE gol ¢4t
(bell)o] HA| == sl 92+ 27 (bell diameter, cm)S =
At

Table 1. Sample collection of moon jellyfish, Aurelia

aurita s.l. for measuring sound speed and
density contrast
Sampling site / Numbe.r of Measurement
date sampling
Shiwha lake / 10 sound speed contrast (h)l)
September 2008 3 density contrast (g)*
Tongyeong coast / 5 sound speed contrast (/)
September 2008 3 density contrast ()

Dp= ¢jle,,, c=sound speed (m/s), j=jellyfish, w=seawater
Dg=p/py, p=density (g/em’), j=jellyfish, w=seawater
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Fig. 1. Schematic drawing of measuring sound speed
contrast of the moon jellyfish, Aurelia aurita s.l..
One part of bisected or quadrisected bell of the
jellyfish samples was measured
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Fig. 2. Relationship between bell diameter (cm) and wet
weight (g) of moon jellyfish, Aurelia aurita s.l.

Table 2. Summary of the sound speed contrast (4) for moon jellyfish, Aurelia aurita s.l.

Measurement No. @Y ¢, (m/s)? [ (m/s)¥ h Location
1 0.27 1518.08 1515.29 0.9982
2 0.43 1517.02 1520.71 1.0024
3 0.50 1517.02 1516.17 0.9994
4 0.51 1517.28 1521.20 1.0025
5 0.71 1517.02 1518.31 1.0008 i
Shiwha lake

6 0.60 1517.28 1516.79 0.9997
7 0.25 1523.56 1521.80 0.9988
8 0.22 1523.67 1524.37 1.0005
9 0.55 1523.41 1524.27 1.0006
10 0.53 1523.15 1523.99 1.0005
11 0.51 1523.15 1525.29 1.0014
12 0.52 1522.89 1524.26 1.0009
13 0.47 1521.54 1522.25 1.0005 Tongyeong coast
14 0.37 1522.62 1523.18 1.0004
15 0.59 1522.85 1523.70 1.0006

mean (ts.d) 1.0005 (£0.0012)

Dyolume fraction; the ratio of the jellyfish volume to the total volume

Dsound speed of the surrounding seawater
Isound speed of the moon jellyfish flesh
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Fig. 3. Sound speed contrast with bell diameter of moon
jellyfish, Aurelia aurita s.l.
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Table 3. Summary of the density contrast (g) for moon jellyfish, Aurelia aurita s.1.

Measurement No. Temperature (°C) Salinity (psu) P (g/em)V p; (g/em’)? g
1 229 30.9 1.0207 0.9929 0.9727
2 22.7 30.8 1.0208 0.9866 0.9665
3 22.8 30.7 1.0207 0.9724 0.9527
4 21.9 30.5 1.0210 1.0171 0.9962
5 22.1 31.0 1.0208 1.0187 0.9979
6 22.1 31.2 1.0213 1.0199 0.9986
mean (ts.d) 0.9808 (+0.0214)

Ddensity of the surrounding seawater
Ddensity of the moon jellyfish flesh
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Table 4. Acoustic parameters (h, the sound speed contrast and g, the density contrast) of the various marine organisms

Measurement No. hY e R® Reference
N. nomurailtissue 1.0008 1.004 0.0024 Hirose et al. (2009)
C. nozakiiltissue 1.038 1.073 0.0538 Hirose et al. (2009)
A. auritaltissue 1.0001 0.989 0.0055 Hirose et al. (2009)
M. leidyiltissue 1.007 1.009 0.0080 Warren & Smith (2007)
C. capillataltissue 1.0004 1.009 0.0047 Warren & Smith (2007)
A. aurita|tissue 1.0005 0.9808 0.0094 This study
Fish flesh|body 1.05 1.04 0.0439 Medwin & Clay (1998)
Swimbladder|blad 0.22 0.001 0.9996 Medwin & Clay (1998)
E. superbalentire 1.030 1.025 0.0271 Chu & Wiebe (2005)
Calanus sp.|entire 0.959 0.995 0.0234 Chu & Wiebe (2005)
Squid|tissue 1.041 1.029 0.0343 Kang et al. (2006)
Dsound speed contrast
Ddensity contrast
Ipressure reflection coefficient
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